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GENERAL MODULE INFORMATION
Introduction

This handbook accompanies the General Handbook and Programme Handbook in providing you with information and assisting you in making the most appropriate choices during your undergraduate career.

This handbook contains module descriptions of all modules provided by the Department of Physics for physics-based programmes, in addition to modules provided for the Foundation Year. 

You will have modules provided by other departments, in particular by Mathematics and Meteorology, as part of your programme. You should refer either to information provided by the other departments, or the University Module Directory at:

http://www.info.rdg.ac.uk/module/
for descriptions of these modules.

The University Modular system

(This information is also available in the General Handbook)

The University's undergraduate modular system is intended to give greater flexibility in student choice, in provision of teaching and assessment, and in the construction of programmes.  Each programme has an associated Programme Specification, which is a document that sets out the requirements for each programme in terms of required modules, optional modules, pre-requisites and co-requisites.  At the beginning of each part of their programme students will register for specific modules, each of which carries a credit-weighting.  Assessment may take place within a module, or a module may be assessed at the end of Part 1, Part 2 or Part 3 (or Part 4 where appropriate) of the degree programme. Assessment may be based on submitted work, or on an examination, or on a combination of the two.  At the end of the programme students will receive a transcript of the modules taken and the marks obtained.

You will find the Specification for your programme in your Programme Handbook, and on the web at:

www.reading.ac.uk/progspecs
As previously stated, the details within the Programme Specification are correct at the time of publication, but may change during your period of study here at Reading. Such changes will be published on-line, and you should check regularly for any updates.  The Programme Specification lists the ‘core’ modules and, where appropriate, the ‘optional’ modules that it is intended will make up the Programme.  Module Descriptions, which give details of the teaching and assessment for particular modules are given in the Module Description Handbook.  You will see that each module has a code which comprises three elements:

(i)
A two letter code, which indicates the School or subject area to which the ‘module’ belongs – this might not necessarily be the same as for the programme;

(ii)
A single digit indicating the ‘Level’ at which the module is placed.  In general these correspond to the Parts of your programme, so that Level 1 modules are taught in Part 1, Level 2 modules are taught in Part 2 and Level 3 modules are taught in Part 3.  Occasionally some modules may be taught to students at a slightly higher or lower level, and you may find in Part 3 that you are taught a module which is placed at the ‘M’, or Masters, Level.

You may also sometimes find that Level 1 modules are referred to as being ‘C’ or ‘Certificate-level’, Level 2 modules are referred to as being ‘I’ or ‘Intermediate-level’ and Level 3 modules are referred to as being ‘H’ or ‘Honours-level’.  This is because the University complies with a framework for degree qualifications which uses this terminology set down by the Quality Assurance Agency, the body which regulates standards in UK Higher Education.

(iii)
One, two or three alpha-numeric characters which designate a single module within the subject area/Level code. They could have mnemonic significance, or could be characters of no intrinsic meaning.

Physics modules are coded PHpxyz, where: p is the part (1-4); x specifies the term for a single term 10 credit modules, or is 0 for a two-term 20 credit modules; yz is a unique 2 digit identifier for the module.

For example, Part 1 Classical Physics is PH1002, Part 3 Stellar Physics takes place in Term 8 (Part 3, Spring) and the code is PH3811.

Each module is assigned a credit value.  The majority of modules are worth 10 or 20 credits, although it is likely that some projects or dissertations may have a higher credit value.  Each credit equates approximately to 10 hours of work (including all contact hours such as lectures or classes, as well as further reading and any assessments) for the average student.  Normally, each Part of a programme has a total of 120 credits (although there are some exceptions) and each programme has 360 credits in total for a three-year degree or 480 for a four-year degree.

Whilst the University hopes that all undergraduate students complete their programmes, in order to allow students greater flexibility and to reward achievement it has built in two ‘stopping-off points’ so that students successfully completing Part 1 and/or Part 2, who leave the University for whatever reason, may gain a qualification.  Therefore, students who successfully complete modules totalling 120 credits (normally equating to Part 1) are eligible for the award of a University Certificate in Higher Education, whilst those who successfully complete modules totalling 240 credits (which normally equates to completing Parts 1 and 2) are eligible for the award of a Diploma in Higher Education in the subject that they have been studying.

FOUNDATION MODULES

PH0A: Foundation Physics A

Providing School: MMP

Level: 
HE0




Number of credits: 20
Terms: Autumn, Spring and Summer
Number of ECTS credits:10
Module convenor: Dr D. Dunn

Pre-requisites: None 



Co-requisites: 
CE0EMA, CE0EMB, PH0B

Modules excluded: None



Current from: 
2004-05

Summary module description:

Aims

The module provides the first half of a foundation of competence in Physics for entry into Part 1. 

Intended learning outcomes:

Assessable Outcomes
Solve simple problems involving:


Force, mass and acceleration


Energy conservation


Momentum conservation


Simple force systems 


Young’s modulus, stress and strain

Explain the difference between elastic and plastic behaviour in materials

Additional outcomes

Students will develop transferable practical skills in conducting laboratory experiments and in measurement, and these will be useful in a wider context.

Outline content:

[Ms Jo Lakeland]

Measurement: Units, S.I., orders of magnitude. Instrumentation, errors: systematic and random. Precision, accuracy, mean value.

Dynamics: Kinematics: velocity, acceleration, Newton's Laws, Momentum, conservation, elastic and inelastic collisions. Rotational dynamics, simple harmonic motion. Forced oscillations, resonance, damping (descriptive only).

[Mech Eng Lecturer(s)]

Statics: Forces and moments, equilibrium, gravity, friction, hydrostatics, pressure.

Mechanical properties of materials: Elastic and plastic behaviour. Stress and strain. Young's modulus.

Energy and power: Potential and kinetic energy. Energy sources and conversion. Fuels and pollution. Power stations.

[Dr David Waterman]

Laboratory experiments in physics: Brief description of teaching and learning methods:  Lectures and demonstrations supported by laboratory work and tutorials
Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	15
	20
	

	Tutorials/seminars
	7
	10
	4

	Practicals
	6
	9
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	28
	39
	4

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework : 

Laboratory work and written assignments.

Relative percentage of coursework : 


Practical report:
20%

Module tests:
20%

Penalties for late submission:
In accordance with University policy 10% of the total marks will be deducted from practical work which is submitted up to one week late. Work submitted later than this will receive no credit unless there are extenuating circumstances. Written assignments which are submitted late will receive no credit unless there are extenuating circumstances.

Examinations : 

One three-hour examination in June: 
60%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements : 

Re-examination in September. Coursework marks to be carried forward.

PH0B Foundation Physics B

Providing School: MMP

Level: 
HE0




Number of credits: 20

Terms: Autumn, Spring and Summer
Number of ECTS credits:10

Module convenor: Dr D. Dunn

Pre-requisites: None 


Co-requisites: 
CE0EMA, CE0EMB, PH0A

Modules excluded: None

Current from: 
2004-05

Summary module description:

Aims:
The module provides the second half of a foundation of competence in Physics for entry into Part 1.

Intended learning outcomes:

Assessable outcomes

Solve simple problems involving


The lens/mirror equation


Refractive index


Doppler equation


Heat transfer equations for conductivity and radiation

Describe the wave particle duality theory

Additional outcomes

Students will develop transferable practical skills in conducting laboratory experiments and in measurement, and these will be useful in a wider context.

Outline content:
[Dr Mark Peace]
Light and Optics: Reflection and refraction, mirrors and lenses. Colour. The photoelectric effect.

Wave Phenomena: Progressive and standing waves, describing waves. Reflection, refraction, diffraction, interference, superposition, polarisation. Wave equation. Electro-magnetic spectrum.

Sound and Acoustics: Properties and speed of sound. Music: strings, pipes and harmonics. Sound intensity. Doppler effect. Applications

Atomic Physics: Radioactive decay. Uses and dangers of radioactivity. 
Nuclear energy: Fission and fusion

Structure and properties of matter: Atoms, molecules, inter-atomic forces, bonds. States of matter.

Heat: Temperature, internal energy, temperature scales, thermometers. Expansion of solids, liquids and gases. Kinetic theory. Heat capacity, change of phase, latent heat. Heat transfer. 

[Dr David Waterman]

Practical experiments in physics:  Brief description of teaching and learning methods: 
Lectures and demonstrations supported by laboratory work and tutorials. 

For Structure and Properties of Matter and Heat only: 10 hours lectures supported by 20 hours independent learning.  The latter will be implemented by the following FLAP modules: 

P7.1: Atomic basis of matter

P7.2: Temperature, pressure and ideal gas laws 

P7.3: Internal energy, heat and energy transfer 

P7.4: Specific heat, latent heat and entropy

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	15
	15
	

	Tutorials/seminars
	7
	7
	4

	Practicals
	9
	6
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	31
	28
	4

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework : 

Laboratory work and written assignments.

Relative percentage of coursework: 


Practical reports
20%

Module tests
20%

Penalties for late submission:
In accordance with University policy 10% of the total marks will be deducted from practical work which is submitted up to one week late. Work submitted later than this will receive no credit unless there are extenuating circumstances. Written assignments which are submitted late will receive no credit unless there are extenuating circumstances.

Examination: 

One three-hour examination in June: 
60%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements: 

Re-examination in September.  Coursework marks to be carried forward.

CE0EMA: Foundation Mathematics A

Providing School: C M and E

Level: 
HE0




Number of credits: 20

Terms: Autumn and Summer

Number of ECTS credits: 10

Module convenor:  Dr B Cosh

Pre-requisites: good pass in GCSE Maths or equivalent



Co-requisites: 
None

Modules excluded: None

Current from: 
2004-05

Summary module description:

Aims

The module provides the first half of a foundation of competence in Mathematics relevant to entry into Part 1 of BEng programmes in Mechanical Engineering, Integrated Engineering and Electronic Engineering and BSc programmes in Physics and in Meteorology.

Intended learning outcomes:
Assessable outcomes

Solve simple problems involving:


factorisation


sine and cosine rules


three dimensional vectors including scalar and vector products


transposition of formulas to give straight line graphs


simultaneous equations with three unknowns

Additional outcomes
Key skills in problem solving and numeracy.

Outline content:

Numbers:  Elementary Algebra. Revision of pre-A level topics: simplification, factorisation, transposition, etc. Nature of equations, identities, inequalities, functions, partial fractions, quadratic equations, indices, surds, logarithms, Pascal’s triangle. 

Functions: Domain and range.  Mapping.  Quadratic and cubic functions.  Rational,  logarithmic and inverse functions. Cartesian coordinates, coordinate geometry of the straight line. Coordinate geometry of the circle. 

Vectors: Vectors and scalars. Addition, position vectors, base vectors, Cartesian  components. Direction cosines. 3-dimensional equation of a straight line in Cartesian, parametric and vector forms. Scalar product.

Trigonometry and trigonometrical functions: Radians. Arc and sector. Trigonometrical ratios, sine rule, cosine rule, inverse trigonometrical functions. Trigonometrical equations, general solutions. Small angles. Further properties of triangles. 

Graphs: Intersection of lines and curves. Loci. Curve sketching of even, odd, continuous and periodic functions including trig functions. General methods. Modulus notation. 

Brief description of teaching and learning methods:

Lectures supported by tutorials

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	40
	
	

	Tutorials/seminars
	40
	
	10

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	80
	
	10

	
	
	
	

	Number of essays or assignments
	3 tests
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework: 

3 tests during the Autumn term.

Relative percentage of coursework: 
30%

Examinations: 

One three-hour examination in June: 70%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements:

Re-examination in September only. Coursework marks to be carried forward.

CE0EMB: Foundation Mathematics B

Providing School: C M and E

Level: 
HE0



Number of credits: 20

Terms: Spring and Summer

Number of ECTS credits:10

Module convenor: Dr B Cosh

Pre-requisites: good pass in GCSE Maths or equivalent

Co-requisites: 
CE0EMA



Modules excluded: None

Current from: 
2004-05

Summary module description:

Aims:
The module provides the second half of a foundation of competence in Mathematics relevant to entry into Part 1.

Intended learning outcomes:

Assessable outcomes

Solve simple problems involving


Differentiation of polynomials, exponential, logarithmic and trigonometric functions


Differentiation of powers, products, quotients and function of a function


Integration of polynomials, exponential and trigonometric functions


Numerical methods for areas


Complex numbers; amplitude and phase


Matrix manipulation

Additional outcomes
Key skills in problem solving and numeracy.

Outline content:

[Dr Ben Cosh]
Differentiation : Gradient of a curve.  Differentiation of polynomials. Tangents and normals. Stationary values. Differentiation of exponential functions, logarithmic differentiation. Differentiation of trig. functions. Parametric equations.

Integration : Indefinite integrals. Integration  as the reverse of differentiation. Integration of products, fractions, trig functions.  Change of variable.  Definite integration as summation.  Areas by integration.

[Mech Eng Lecturer(s)]

Numerical methods : Simple examples of iterative methods, e.g. Linear Interpolation, Newton-Raphson. Numerical integration by trapezium and Midpoint rules. Simpson’s Rule. Selecting best straight line on graphs. ‘Least squares method’ Reduction of laws to linear form and their graphical interpretation Use of linear interpolation. Estimation of maximum error in calculations for given bounds of data.

Complex Numbers: Imaginary numbers. Algebra of complex numbers. Complex roots of quadratic equations. Argand diagrams. Amplitude and phase. 

Matrices : Matrices, order, determinants.  Matrix addition, multiplication by a scalar, matrix product,  inverse matrices (2x2 only). Transformations and inverse transformations.

Brief description of teaching and learning methods:   

Lectures supported by tutorials

For Differentiation and Integration only, 10 hours lectures supported by independent learning.  The latter will be implemented by 20 hours of workshops involving the following FLAP modules: 

M4.1: Introducing differentiation

M4.2: Basic differentiation 

M5.1: Introducing integration 

M5.2: Basic integration

Contact Hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	30
	

	Tutorials/seminars
	
	40
	10

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	70
	10

	
	
	
	

	Number of essays or assignments
	
	6 tests
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework : 

Module tests during the Spring term.

Relative percentage of coursework : 
40%

Examinations: 

One three-hour examination in June:  60%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements: 

Re-examination in September. Coursework marks to be carried forward.

EE0A: Electrical Science A 

Providing School: Electronic Eng

Part: HE0



Number of credits:  20

Terms: Autumn and Summer
Number of ECTS credits:10

Module convenor: C.G.Guy

Pre-requisites:
A good pass in GCSE


Co-requisites: CE0EMA, CE0EMB, EE0B combined science or equiv.


Modules excluded: None

Current from: 2004-05 

Summary module description:

Aims:
An understanding of the basic principles of electrical engineering science

Intended learning outcomes:

Assessable outcomes

Solve simple problems involving


Circuit analysis


Electromagnetic induction

Additional outcomes

Competence in Word and Excel

Outline content:

Electrical Principles: Atoms and interatomic bonds. 
Conduction by flow of electrons: charge, current, potential difference, resistance and their SI units. Types of resistor and colour code. 
Resistor networks: series and parallel connection, potential and current dividers. Emf sources with internal resistance. Kirchoff's Laws, power in resistive circuits.

Capacitance: capacitors and electric fields. Concept of electrical charge. Coulomb's Law, electric field lines, electric field strength and potential. 
Capacitance: parallel plate capacitor, permittivity. Capacitors in series and parallel, energy stored in a capacitor. Capacitors in dc circuits.

Magnetic fields: Magnetic field lines, electromagnetic fields, force on current carrying conductors, flux density, Fleming's left-hand rule. Force on a charge in a magnetic field.

Electro-magnetic induction I: Induced emf's, magnetic flux, Faraday's Law, Lenz's Law eddy currents, emf induced in a moving conductor and rotating coil

Introduction to Computer Packages: Word and Excel 

Brief description of teaching and learning methods:

Lectures supported by tutorials

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	40
	
	8

	Tutorials/seminars
	20
	
	4

	Practicals
	18
	
	0

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	78
	
	12

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework: 

Computational assignments and practical work.

Relative percentage of coursework: 
Computing:  20%






Lab work :    10%

Penalties for late submission:

See School Handbook for students.

Examinations: 

One three-hour examination in June: 
70%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements:

Re-examination in September only. Coursework marks to be carried forward.

EE0B: Electrical Science B 

Providing School: Electronic Eng

Part: HE0



Number of credits:  20

Terms: Spring and Summer

Number of ECTS credits: 10

Module convenor: C.G.Guy

Pre-requisites:
A good pass in GCSE

Co-requisites: CE0EMA, CE0EMB, EE0A combined science or equivalent


Modules excluded: None

Current from: 2004-05 

Summary module description:

Aims:
An understanding of the basic principles of electrical engineering science

Intended learning outcomes:

Assessable outcomes

Solve simple problems involving


Electrical properties of semi conductors


Digital circuits


Operational amplifiers


Resonance in circuits

Additional outcomes

Outline content:

Electro-magnetic induction II: Applications of electromagnetic inductions, AC/DC motor and generator, transformer. Self and mutual inductance, inductors in dc circuits, energy stored in an inductor.

A.C. circuits: 
Waveforms: RMS, average and peak values, frequency, period and phase. 
Capacitance and inductance in AC circuits: reactance, voltage/current phase relationship. Power in resistive and reactive AC circuits. Series resonance.

Electronics: 
Energy bands: conductors, insulators and semi-conductors , p-n junction. 
Devices: diode, LED, Zener diode, transistor characteristics and operation. 
Diode and transistor applications: halfwave and fullwave rectification, voltage regulation, simple amplifier, switch. 
Amplifiers: basic parameters, the operational amplifier, effect of feedback. 
Operational amplifier applications: inverting and non-inverting amplifiers and comparator. Logic: logic levels, basic gates, binary arithmetic. Logic applications: simple control logic, binary addition.

Introduction to Computer Programming: 
Delphi

Brief description of teaching and learning methods:

Lectures supported by tutorials and laboratory work

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	40
	8

	Tutorials/seminars
	
	20
	4

	Practicals
	
	18
	0

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	78
	12

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework : 

Computational assignments and practical work.

Relative percentage of coursework: 

Computing:  20%







Lab work :    10%

Penalties for late submission:

See School Handbook for students.

Examinations: 

One three-hour examination in June: 
       70%

Requirements for a pass: 

A mark of 55% overall.

Reassessment arrangements:

Re-examination in September only. Coursework marks to be carried forward.

PART 1 PHYSICS MODULES

PH1007 Classical Physics and the Great Ideas in Physics

Module title: Classical Physics and the Great Ideas in Physics

Module code: PH1007 





Providing School: MMP

Level: C 







Number of credits: 20

Terms: Autumn and Spring





Number of ECTS credits: 20

Convenor: Dr R.J.Stewart 




Other Staff: Dr S.V. O’Leary

Pre-requisites: Basic mathematical skills acquired at A-level or from the Foundation year.
Co-requisites: None






Current from: 2007-8 

Summary: 

A 20 credit module introducing fundamental ideas in physics and their development. In the Autumn term, some of the Great Ideas in Physics are described, namely, Newton’s Clockwork Universe, Special Relativity, and Quantum Mechanics. In the classical mechanics part of the module the following topics are discussed: Co-ordinate frames; Vectors; Basic forces; Newton's laws of motion; Rectilinear motion; Conservation of energy and momentum in collisions; Work done by a force; Motion of projectiles; Circular motion; Conservation of angular momentum; Central forces; Centre of mass; Motion of projectiles; Reduced mass: Dynamic equilibrium; Couple; Conservative and non-conservative forces; Potent energy; Law of conservation of mechanical energy; Potential wells; Newton's law of gravitation and its application; Satellites orbiting a planet; Energy in circular orbits; Planetary motion; Kepler's laws. 

Aims: 

In the Autumn term the module aims to prepare students for their forthcoming studies by providing an inspiring account of what are, in the opinion of the lecturer, The Great Ideas Physics. In the Spring term classical mechanics is taught with the aim of providing students with an understanding of fundamental topics in classical mechanics and vector algebra. An additional aim is the development of problem solving skills in classical mechanics using vector algebra, simple calculus and algebra. . 

Assessable learning outcomes 

After the module each student should be able to: 

· Describe the Great Ideas in Physics covered, how they were conceived and what validity they have; 

· Solve basic physical problems, such as introductory relativistic or uncertainty principle calculations;

· Engage in the mathematics relevant to the physical theories covered in the course; 

• Use rectangular, cylindrical and spherical co-ordinate frames 
· Apply the concepts of vector addition, vector subtraction, position vectors, displacement vectors, component vectors and unit vectors to problems in classical mechanics. Define and use scalar and vector products 

· Apply Newton's laws of motion 

· Solve problems in rectilinear motion including those involving time dependent acceleration.

·  Solve problems involving the motion of projectiles 

· Define and apply the concepts of the work done by a force. 

· Explain the concepts of conservation of energy and momentum and use them to solve problems in classical mechanics 

· Develop the velocity and acceleration in circular motion in vector form and apply these to solve problems in classical mechanics 

· Define angular velocity, torque and angular momentum in vector form and apply them to problems in rotational motion 

· Apply the conservation of angular momentum to problems involving a central force 

· Develop the idea of centre of mass

· Define dynamic equilibrium 

· Explain the concept of conservative and non-conservative forces 

· Define simple harmonic motion and apply the ideas to problems involving 

oscillations in mechanical systems including the effects of damping 

· Apply Newton's law of gravitation 

· Describe the Cavendish experiment to determine G 

· Define gravitational potential energy and use it to solve problems. Derive the formulae for the escape velocity from the gravitational potential of a massive object. Explain the low concentration of hydrogen and helium in the atmosphere of the earth 

· Use the idea of the total energy to describe the elliptical and circular orbits of planets about the sun and satellites about the earth 

· Define and apply Kepler's laws. Derive the second and third law. 

Outline content: 

The first part of the module develops the Great Ideas in Physics, emphasizing the importance of the empirical scientific method approach. In the classical mechanics part of the module the following topics are discussed Co-ordinate frames (Cartesian, cylindrical and spherical co-ordinates); Vectors (position vectors, displacement vectors, vector summation, multiplication by a scalar, components of a vector, unit vectors, scalar and vector products, angle between vectors); Basic forces: relative magnitudes and strengths; Newton's law of motion; Rectilinear motion (use of differential calculus to define the instantaneous velocity and acceleration, time dependent acceleration); Conservation of energy and momentum in collisions; Work done by a force; Motion of projectiles; Circular motion (centripetal force, angular frequency, angular acceleration, vector representation of acceleration and velocity, angular velocity, torque and angular momentum as a vectors, the relationship between torque and angular momentum); Conservation of angular momentum; Central forces; Centre of mass (centre of gravity); Motion of projectiles; Reduced mass; Dynamic equilibrium; Couple; Conservative and non-conservative forces; Potent energy; Law of conservation of mechanical energy; Potential wells; Newton's law of gravitation; Cavendish experiment; Relationship between Universal Gravitational constant and the acceleration due to gravity; Gravitational field strength; Gravitational potential energy; Escape velocity; Satellites orbiting a planet; Energy in circular orbits; Planetary motion; Kepler's laws.  

Brief description of teaching and learning methods: 

The Great Ideas part of this module is taught through a series of weekly lectures during which the development of the main concepts used in physics is presented  In the Autumn term the observation-theory-experiment cycle that leads to a deep understanding of the laws of physics is emphasized. The students are recommended to read the following books to complement the lectures: “Physics for Scientists and Engineers” by Raymond Serway and John Jewett, "Physics For Poets" by Robert H. March and "Seven Ideas That Shook The Universe" by Nathan Speilberg and Bryon D. Anderson. An extensive additional reading list is also provided. The lectures are supplemented by weekly workshops, where the questions are at a level that stretches students to improve their understanding of the topic without making inappropriate mathematical demands. There is a mixture of assessed examples and 'just for fun' examples which the students are expected to research and discuss amongst themselves in the workshops, with guidance from the lecturer. 

Contact hours 
	
	Autumn 
	Spring 
	Summer 

	Lectures 
	10x2hr 
	20 
	

	Tutorials/seminars 
	10 
	10 
	By request 

	
	
	
	

	Total hours 
	30 
	30 
	

	Number of 
	4 
	
	

	essays or 
	
	
	

	assignments 
	
	
	


Assessment: 

Coursework:   In the Spring term about 30 problems are done during the supervised workshop sessions. The final grade awarded for completing this module is obtained in three parts. Firstly there is an open book departmental examination at the end of the Spring term on the Classical Mechanics part of the module. In this examination, which contributes 20% of the total final assessment, students have to answer 2 questions in one hour from a choice of three. During the Autumn term, for Great Ideas, a number of assessed problems will be set and marked, the marks obtained again contribute 20% of the total final assessment. The remaining 60 % of the assessment is by means of a formal two hour  examination.
Weight : 

Assessed examples 
20% 

Open Book Examination in Classical Mechanics 20%
Examinations: 

One two-hour Examination in June, 60% 

Requirements for a pass: 40% 

Reassessment arrangements: 

One three hour examination in September, 100% 
PART 2 PHYSICS MODULES

PH2001: Thermal Physics


Module title: Thermal Physics

Module code: PH2001



Providing School/Department: MMP 

Level: I





Number of credits: 20   

Terms in which taught: Autumn, Spring, Summer
Number of ECTS credits: 10
Module convenor:  Dr R A Bennett


*Other teaching staff:

Pre-requisites: PH1001, PH1002 and PH1003 or equivalent

Co-requisites:  None

Modules excluded: None


*Module type:

Maximum number of students:


Current from: 2005/6

Summary module description:

A 20 credit module covering classical thermodynamics. The module also includes the equivalent of 5 credits of Condensed Matter Physics and 5 credits of Career Skills.
Aims: 

· To enable students to develop an understanding of the macroscopic properties of matter
· To provide students with an understanding of the concepts of classical thermodynamics, and to develop problem solving skills in applications to a range of physical systems
Note that the Thermal Physics content contributes 10 credits. See Additional Outcomes for details of the remaining 10 credits.

Assessable Learning Outcomes 

· After the module each student should be able to: 

· Employ partial differentials in mathematical operations

· Explain the distribution of velocities in an ideal gas

· Define the terms isothermal, isobaric, isochoric, adiabatic, quasistatic, to recall the first law of thermodynamics and to use it in solving problems related to the ideal gas

· Describe the Carnot engine and to use the Carnot cycle and entropy in solving problems on the ideal gas

· Apply the first law to problems on real systems

· Define enthalpy and describe its use in flow processes

· Define reversibility and irreversibility, and develop the Clausius and the Kelvin-Planck statements of the second law

· Explain Clausius' theorem and describe the general properties of the entropy function

· State what is meant by a microstate of a system

· Solve simple problems for isolated systems when the counting of microstates is straightforward

· Account for the successes and limitations of the Einstein and Debye models for the heat capacity of solids

· Derive (but not necessarily recall) key results for systems in contact with a heat bath and apply these to simple problems

Additional Outcomes

In addition to the Thermal Physics content, an Introduction to Condensed Matter Physics is provided, to a total of 5 credits. The remaining 5 credits is an element of Careers Skills, embedded in this module.

Outline Content:

Classical thermodynamics, condensed matter physics and embedded Careers Skills.

Brief description of teaching and learning methods:

The teaching approach is via lectures and workshops at roughly two lectures per week followed by a workshop. Skeleton notes are provided on Blackboard and the intranet comprising of the principal equations, key points and suggested readings. Students are given fuller versions of the arguments which have a fairly high mathematical content.  Since much of the material is provided in this form, lecture time can be devoted to discussion of the less routine points in arguments, to the significance of the results and to problem solving.

Independent learning is encouraged by directed reading towards the end of each term. In the first term the topic will be broadly on Heat engines and Efficiency and the material will be briefly outlined after the independent study period such that students can ensure they have fully covered the brief. In the second term the topic for independent learning will be Thermal Physics in Condensed Matter, which will not be further outlined. 

Suggested reading:

The recommended book for the early part of the module is Carrington's Basic Thermodynamics (Oxford Uni. Press) which follows the ideal gas first approach and has a good selection of worked examples. For later sections of the module it is suggested that students obtain personal copies of either Statistical Physics by Mandl (Wiley) or Introductory Statistical Mechanics by Bowley and Sanchez (OUP). For various sections of the module it may be useful to refer to other text books such as Thermal Physics by Kittel and Kroemer (Freeman) and Introductory Statistical Physics by Betts and Turner (Addison Wesley).

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	15
	16
	

	Tutorials/seminars
	7
	8
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	22
	24
	

	
	
	
	

	Number of essays or assignments
	1
	1
	

	Other (eg major seminar paper)
	
	Departmental test
	


Assessment:

Coursework: 

Part of the continuous assessment comes from submitted solutions to examples selected from the workshop problems. The remaining part comes from a departmental test set during the Spring term.

Relative percentage of coursework: 
 40%

Examination:

One three hour examination in June, 60%

Both independent learning topics will be assessed in this formal examination.

Requirement for a pass: 40%

Reassessment arrangements: 
One three hour examination in September, 100%

PH2002: Quantum Physics

Module title: Quantum Physics
Module code: PH2002



Providing School/Department: MMP 
Level: I





Number of credits: 20   

Terms in which taught: Autumn, Spring, Summer
Number of ECTS credits: 10

Module convenor:  Dr D Dunn


*Other teaching staff:

Pre-requisites: PH1001, PH1002 and MA111 or equivalent
Co-requisites:  none

Modules excluded: none


*Module type:
Maximum number of students:


Current from: 2005/6

Summary Module Description:
A 20 credit module developing the concepts, techniques and interpretations of quantum theory.

Aims:
· To provide an introduction to quantum physics and the solutions to Schrodinger’s wave equations

· To provide students with an understanding of the structure of quantum theory and to develop the mathematical skills required for its implementation

· To provide students with an appreciation of the differences between quantum and classical mechanics and an awareness of the problems associated with the interpretation of the theory.

Intended learning outcomes 

· After the module each student should be able to: 

· Recall and use the expressions for total energy, momentum and kinetic energy for a free particle in a single travelling wave representation
· Recall the spatial wavefunctions for a confined particle in a one-dimensional box and show that these lead to definite energy states
· Define and use the differential operators for momentum and kinetic energy for a particle moving in one dimension
· Determine whether a function is an eigenvalue of an operator and use an eigenvalue equation to determine eigenvalues and observables
· Recall the time-independent Schrödinger equation for a free particle moving in one dimension, with and without a potential energy function, and use this equation, together with appropriate boundary conditions, to obtain the eigenfunctions and energy eigenvalues for a particle in a one-dimensional box
· Recall the Born probability interpretation of the wavefunction and relate this to the idea of a stationary state and to normalization
· Recall the time-dependent Schrödinger equation for a particle moving in one dimension
· Write down the Schrödinger equation for the harmonic oscillator, verify and sketch the first few eigenfunctions and verify the eigenvalues
· Recall and use the general formula for the energy eigenvalues of the harmonic oscillator and calculate the probability density functions
· Compare and contrast the classical and quantum results for the harmonic oscillator and indicate when the quantum model is required
· Write down the time-independent Schrödinger equation for the electron in the hydrogen atom
· Recall the expression for the energy levels of atomic hydrogen according to the Schrödinger model and calculate frequencies and wavelengths of transitions between these levels
· For simple cases, sketch the radial wavefunctions and the radial probability densities for the stationary states of atomic hydrogen
· Evaluate expectation values and uncertainties
· Recall the postulates of quantum mechanics and solve simple eigenvalue equations
· Describe the differences between quantum and classical mechanics
· Evaluate commutation relations and explain their significance
· Appreciate the connections between the wave and matrix representations, and manipulate the Pauli spin matrices
· Describe the essential elements of the Copenhagen Interpretation
· Appreciate the significance of Bell’s Inequality and its experimental tests
· Compare and contrast the Copenhagen Interpretation with an alternative scheme
Module Prerequisites

· Knowledge of the historical development of Quantum Mechanics in the early decades of the 20th century as described in PH1001

· Basic mathematical skills as taught in Year 1

Outline Content

The module includes: 

· Review of plane-waves in classical and quantum physics

de Broglie waves and the Heisenberg Uncertainty Principle

· The Time Independent Schrodinger Equation (TISE)

· Particle in a box 

· The Harmonic Oscillator

· Spherical Harmonics

· The Hydrogen Atom and the Periodic Table

· Expectation Values and Uncertainty

· Eigenvalue Equations and Hermitian Operators

· The Superposition Principle

· The postulates of Quantum Theory

· Commutation Relations and Angular Momentum

· Matrix Mechanics and Spin

· The Copenhagen Interpretation and paradoxes

· Bell’s Inequality and Aspect’s experiments

· Alternative interpretations of Quantum Theory

· The mathematical skills required will be introduced as they are required.

Brief description of teaching and learning methods:

Quantum Theory is traditionally a demanding topic for many students, and despite the central role that it plays in physics its mathematical complexity deters many undergraduates from mastering it. The syllabus of this course has been chosen to address this problem by keeping the mathematical content down to an essential core, and to include a consideration of the paradoxes associated with the various interpretational schemes proposed for quantum theory. In this way it is intended that the students can be motivated to study this topic to the extent warranted by its importance.

The core of this course is provided through lectures and some printed notes. The notes provide students with the key points made during each lecture, which are expanded and illustrated by the lecturer using the black board. The board work typically talks the students through mathematical derivations and worked examples, where interaction with the students ensures that they experience the whole problem solving process and do not just see the final solution.

The twice-weekly lectures are accompanied by weekly workshop sessions where students tackle problems that are set to build upon their understanding of previous work and to incorporate the current information provided in the lectures. During the workshops the lecturer (and if required an assistant) is on hand to encourage the students and to provide helpful hints on tackling the problems. The questions are sufficiently demanding to require most students to put in extra work outside these sessions. Some of the workshop questions will be marked for the Continuous Assessment element of this module worth 20%.

The final element of the course concerns the interpretations of quantum theory. The lectures describe the standard Copenhagen Interpretation and consider some of the paradoxes associated with it such as Schrodinger's cat or Renninger's negative result experiment. In addition, students are given possible essay titles at the start of the module, one of which they write under examination conditions.  This counts for 20% of the module's assessment. This essay asks them to describe an alternative interpretation of quantum theory and to contrast it with Copenhagen. A number of suitable books are recommended for this task, including “Quantum Mechanics” by Alastair I.M. Rae (IOP); “Quantum Physics: Illusion or Reality?” by Alastair I.M. Rae (Canto); “In Search of Schrodinger’s Cat” by John Gribbin (Black Swan); “Schrodinger’s Kittens” by John Gribbin (Phoenix); “Speakable and Unspeakable in Quantum Mechanics” by J.S. Bell (Cambridge). The first on the list also provides a good coverage of the whole of the syllabus and so is the recommended text for the course.

The final 60% of the module's assessment comes from the formal examination.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	20
	

	Tutorials/seminars
	10
	10
	1

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	Total hours
	30
	30
	1

	Number of essays or assignments
	5
	5
	1

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework

Assignments and Essay Examination

Workshop problems



 

20%

Essay examination





20%

Relative percentage of coursework: 40%

Examinations

Formal university examination (3 hours May/June)

60%

Requirements for a pass: 40%

Reassessment arrangements

3 hour formal examination in September 100%

PH2003: Electromagnetism
Module title: Electromagnetism

Module code: PH2003


Providing School: MMP 
Level: I




Number of credits: 20
Terms: Autumn, Spring and Summer
Number of ECTS credits: 10
Module convenor:  M.W. Matsen

Other Teaching Staff:

Pre-requisites: PH1002, PH1003

Co-requisites: None

Modules excluded: None


Current from: 2005/6

Summary Module Description:

A 20 credit module covering electric and magnetic fields in free space, electromagnetic waves and electric and magnetic phenomena in the presence of materials. Necessary mathematics is embedded.

Aims:

To learn the standard methods of calculating electromagnetic fields, and to develop a working understanding of Maxwell’s equations. Through the embedded mathematics, the student will also learn basic concepts in vector calculus.

Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Calculate electric fields from arbitrary charge distributions using Coulomb’s law
· Calculate electric potential
· Calculate electric flux through a surface
· Understand Gauss’ law and know how to use it to evaluate electric fields
· Work out the energy of an electric field
· Calculate magnetic fields from arbitrary current distributions using the Boit-Savart law.

· Calculate the magnetic vector potential
· Understand Ampere’s law and know how to use it to evaluate magnetic fields
· Work out the energy of a magnetic field
· Understand and use Maxwell’s equations
· Derive the required conditions for electromagnetic waves
· Calculate electric fields in the presence of a conductor
· Calculate electric fields in the presence of a dielectric material (insulator)
· Evaluate multi-dimensional (volume, surface, and line) integrals
· Derive and use the divergence theorem and Stokes’ theorem
· Perform multi-variable substitutions
· Use basic curvilinear (i.e., polar, spherical, and cylindrical) coordinates
Additional outcomes

Students will develop a greater appreciation for the most well understood force in the universe.

Outline content:

The module starts with vector calculus. Once the background mathematics has been developed, the course begins with electric fields in free space followed, in a parallel fashion, by magnetic fields. Once all the Maxwell equations have been covered, the course moves onto electromagnetic waves. The course concludes with a treatment of electromagnetic fields in the presence of materials 

Brief description of teaching and learning methods:

Two 50 minute lectures will be given each week, in which new material is presented with a selection of worked examples. In addition, there will be a weekly 50 minute tutorial in which additional problems are discussed as well as providing an open forum for discussion of relevant topics. Every two weeks, a set of assessed assignment questions, in most cases similar to the worked examples in lecture/tutorial, will be issued for the students to test their understanding.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	20
	

	Tutorials/seminars
	10
	10
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	30
	30
	4

	
	
	
	

	Number of essays or assignments
	5
	5
	

	Other (eg major seminar paper)
	
	
	


Assessment:
Coursework:
Assessed problems completed in private study, set at regular 2 week intervals.

Relative percentage of coursework: 
 20%

Penalties for late submission:
There will be a deduction of 4 marks (out of a possible 20) if the assignment is late by up to one day. No marks will be given for assignments that are more than on day late

Examinations: 
One 1.5 hour, closed-book examination in January, 20%

One 3 hour examination in June, 60%

Requirements for a pass:
40%

Reassessment arrangements: 
One 3 hour examination in September, 100%

PH2004: Experimental Physics II
Module title: Experimental Physics II

Module code: PH2004


Providing School: MMP 

Level: I




Number of credits: 20
Terms: Autumn, Spring and Summer
Number of ECTS credits: 10
Module convenor:  L.J. Frasinski

Pre-requisites: PH1004 

Co-requisites:  None

Modules excluded: None


Current from: 2004-5

Summary Module Description:

A 20 credit advanced laboratory module to develop further skills in experimental physics applied to a wide range of phenomena.

Aims:

· To provide students with advanced skills in experimental physics.

· To relate a wide range of theoretical concepts to observable phenomena.

· To develop skills of practical problem solving.

Assessable learning outcomes

After the module each student should be able to:

· Use X-ray diffraction spectroscopy
· Relate the atomic structure of inner shells to absorption and emission of X-rays
· Apply Fourier methods to waveform analysis and synthesis
· Calculate statistical errors in a counting-type experiment,

· Quantify charge carrier behaviour from semiconductor bulk properties
· Work with a laser beam of low intensity
· Measure the polarisation properties of a beam of light
· Relate the atomic structure to electron-scattering experiments and emission of spectral lines
· Measure very low currents, in the picoampere range
· Understand the practical meaning of fractal dimensions
· Measure the thermodynamic properties of various gases
· Handle liquid nitrogen
· Appreciate changes of physical properties of materials at low temperatures
· Take into account relativistic effects on trajectories of energetic particles
· Keep a good record of work in a log book
Additional outcomes

Outline content:

A laboratory-based module in which students complete ten experiments, keeping a detailed logbook for each experiment

Brief description of teaching and learning methods:

Students complete ten experimental projects and keep a detailed experimental logbook throughout the course of this module. Typically students work in pairs but the assessment is made on an individual basis.

Each project involves some prior background reading as well as work during each laboratory session. If, as is usually the case, the analysis stage of the project is not completed during the laboratory session, it should be completed in the students’ own time. A schedule for each student with respect to these ten projects is displayed in the laboratory during the first laboratory session.

This module is assessed completely by continuous assessment. Every two weeks, which is after the completion of each project, students hand in experimental laboratory logbooks, which are examined by the supervisors. The depth of understanding is assessed taking into account the logbook record. Unfinished work is marked pro rata, unless there are extenuating circumstances. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	30
	30
	12

	Other contact (eg study visits )
	
	
	

	Total hours
	30
	30
	12

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Logbook records

Relative percentage of coursework: 
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
1-hour oral examination in September based on theoretical and practical aspects of all ten experiments., 100%

PH2005 : Introductory Computational Physics

Module title: Introduction to Computational Physics

Module code: PH2005


Providing School: MMP 

Level: I




Number of credits: 20

Terms: Autumn, Spring


Number of ECTS credits: 10

Module convenor:  D Dunn

Pre-requisites: PH1002, MA111

Co-requisites: None

Modules excluded: PH2401


Current from: 2005/6

Summary module description:

A 20 credit module introducing the techniques of computational physics, and introducing the use of the FORTRAN 95 programming language.

Aims :
To introduce students to some of the techniques of computational physics through a series of programming projects using FORTRAN 95 on PCs: to demonstrate, through examples, that simulation studies can provide additional insight into physical processes and to teach students good programming practices

Assessable learning outcomes

After the module each student should have learned how to: 

· Read a simple program written in FORTRAN 95 and explain what it does
· Construct simple programs in FORTRAN 95 by making use of programming elements covered in classwork examples
· Incorporate standard ‘library’ subprograms into programs
· Use some standard computational techniques (specifically, numerical solution of differential equations, Fourier analysis, matrix eigenvalue methods, Monte Carlo simulation and numerical integration) in investigations of problems in physics
· Keep full records of their work, including summaries of what has been achieved in each of the series of two-week projects.

Outline content:

In each week of the module there is a 4-hour supervised session in a PC laboratory and a further 4-hour unsupervised session in which these laboratories are available to students for program development.  The module is divided into 8 projects.  The projects are:

· Introduction to FORTRAN 95, Part I

· Introduction to FORTRAN 95, Part II

· Equations of Motion in Physics

· Planetary Motion

· Analysis of Waveforms

· Random Processes

· Monte Carlo simulation methods
· Eigenvalue equations & quantum mechanics

Brief description of teaching and learning methods:

The course is entirely PC-laboratory based.  Each student works individually at a PC in the computer laboratory.  Each week there is a 4-hour supervised session with a member of staff and a post-graduate assistant in attendance.  There is a further weekly scheduled (but unsupervised) 4-hour session in which students have guaranteed access to PCs in the laboratory.  

The laboratory manual and associated program elements are provided on the physics intranet.  Each project includes a statement of the objectives and there is generally a section covering the background theory to the physical problem being tackled.  By attempting a sequence of problems, the student is led through steps in the development of the project whilst having the relevant background knowledge reinforced. 

Elements of the FORTRAN 95 language are introduced gradually within provided working programs.  Students identify new features as they arise and find out what is achieved by them by practical applications.  Information on the commands is readily available in the Salford FTN95 Help (Language Overview) program and links to other useful Web Sites are provided on the department’s web-server.  

The module is assessed completely by continuous assessment based on the logbook record submitted after the completion of each project.  The mark takes into account (a) the completeness of the record, including justifications for actions, derivations of results used, etc; (b) a statement which summarizes the achievements and (c) a bonus for any extra work or for evidence of initiative or originality.  To ensure uniformity of marking, one demonstrator marks all the reports on a particular project. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	40
	40
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	40
	40
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	4 computer projects
	4 computer projects
	


Assessment:

Coursework:
Logbook records

Relative percentage of coursework:
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
A 4-hour computational assignment carried out under examination conditions in September.

PH2006: Astrophysics

Module title: Astrophysics

Module code: PH2006


Providing School: MMP 
Level: I




Number of credits: 20

Terms: Autumn, Spring and Summer
Number of ECTS credits: 10

Module convenor:  P.A. Hatherly

Other Teaching Staff: L.J. Frasinski
Pre-requisites: PH1001, PH1002, MA111, PH1005 

Co-requisites:  PH2001, PH2002

Modules excluded: None


Current from: 2005/6

Summary Module Description:

A 20 credit module covering observational astronomy and stellar physics. Assessed by set problem worksheets and a final examination.

Aims:

Introduce the methods of observational astronomy and show how they are used to gather

information about the Universe.

· To develop the basic physical principles required in astrophysics and to develop stellar models in order to discuss the properties, classification and evolution of stars.

Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Locate and identify astronomical objects

· Describe and use astronomical coordinate systems and time information to determine the visibility, motions and relationships between astronomical objects

· Describe typical astronomical instrumentation and detectors and discuss setting up, principles of operation and limitations

· Describe the use of atomic and molecular emission and absorption spectra to determine stellar and interstellar constituents
· Evaluate distances to stars using parallax and carry out calculations on stellar motions
· Define absolute and apparent magnitudes and use their relationships to evaluate distances and luminosities
· Recall the stellar classification scheme and relate it to the temperature and spectrum of a star
· Produce a Hertzprung-Russell (HR) diagram and identify important populations of stars.

· Evaluate the dimensions of stars using their temperature and luminosity
· Evaluate the masses of stars and produce the mass-luminosity relationship for Main Sequence stars
· Describe qualitatively and quantitatively the internal structure of stars and evaluate relevant parameters such as the temperature and pressure of stellar cores
· Apply the Boltzmann and Saha equations to stellar atmospheres
· Describe the power sources of stars and evaluate energy production rates in stellar cores
· Describe the nature of star forming regions and carry out calculations on Kelvin-Helmholtz contraction, summarising the results on a HR diagram
· Evaluate the main sequence lifetimes of stars, and discuss post main sequence evolution.

· Describe Cepheid variables and their role as “standard candles”
· Discuss the events leading to the deaths of low and high mass stars, the formation of exotic objects and the generation of heavy elements
Additional outcomes

Students will develop a greater appreciation for the unity of physics through this module, as it draws upon all areas of classical, thermal and quantum physics covered in Parts 1 and 2. 

Outline content:

The module is in two parts. The Autumn term covers aspects of observational astronomy, including time-keeping, coordinate systems, stellar cartography and instrumentation. The Spring term covers the physical properties of stars, stellar interiors and stellar evolution. 

Brief description of teaching and learning methods:

Typically two 50 minute lectures will be given each week, followed by a workshop session in which selected problems are discussed as well as providing an open forum for discussion of relevant topics. Evening observation sessions will be organised subject to local weather conditions.

Private study weeks will be organised, permitting students to review and consolidate their knowledge, to study new topics and to address continuous assessment work. A web page is provided to support the Spring term topics. The page contains a timetable for the module, lecture notes, workshop notes, assessment questions and feedback, and links to external pages providing additional information.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	12
	16
	8

	Tutorials/seminars
	6
	8
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	6
	
	

	
	
	
	

	Total hours
	24
	24
	

	
	
	
	

	Number of essays or assignments
	5
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework:
 40%

Examinations: 
One three hour examination in June, 60%

Requirements for a pass:
40%

Reassessment arrangements: 
One three hour examination in September, 100%

PH2007: Group Projects in Physics

Module title: Group Projects in Physics

Module code: PH2007


Providing School: MMP 
Level: I




Number of credits: 20
Terms: Autumn, Spring


Number of ECTS credits: 10

Module convenor:  D.R. Waterman

Other Teaching Staff: R.H. Olley

Pre-requisites: Part 1 Physics 








Co-requisites:  None

 Modules excluded: None


Current from: 2004-5

Aims:

The aim of this module is to develop the skills required to work as part of an experimental research team under the conditions prevailing in a national, industrial or university laboratory.

Assessable learning outcomes

On completion of this module each student should be able to:

· Work reliably and effectively as part of a team
· Plan a project and divide it into specific tasks for subsets of a team
· Design an experiment to obtain required data
· Perform a safety assessment of the experimental work
· Maintain good experimental practice
· Keep a comprehensive and accurate logbook
· Assess experimental uncertainties and interpret experimental data
· Formulate the important conclusions from a project
· Evaluate a project
Additional outcomes

Outline content:

Students are divided into groups of 4-6 and each group is assigned to two projects, different from other groups. Only minimal objectives are given and the students are expected to 
explore, plan, complete and evaluate each project during an eight-week period.

Brief description of teaching and learning methods:

A laboratory-based module, including the following topics:

· measurement of refractive index of oil/plastic
· investigation of evanescent waves
· determination of the characteristics of light-emitting diodes
· determination of the characteristics of various optical detectors
· determination of viscosity using a falling sphere viscometer
· investigation of optical rotation.

· various electronics projects

· various optics projects

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	30
	30
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	30
	30
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Logbook records

Relative percentage of coursework: 
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
3-hour practical examination in September following completion of the module: 100%

PH2401: Programming Skills

Module title: Programming Skills

Module code: PH2401


Providing School: MMP

Level: I




Number of credits: 10

Terms: Autumn



Number of ECTS credits: 5

Module convenor:  D Dunn
Pre-requisites: PH1002, MA111

Co-requisites: None

Modules excluded: PH2005


Current from: 2005/6

Summary module description:

A 10 credit module introducing the techniques of computational physics, and introducing the use of the FORTRAN 95 programming language.

Aims 

To introduce students to some of the techniques of computational physics through a series of programming projects using FORTRAN 95 on PCs: to demonstrate, through examples, that simulation studies can provide additional insight into physical processes and to teach students good programming practices

Outline content:

In each week of the module there is a 4-hour supervised session in a PC laboratory and a further 4-hour unsupervised session in which these laboratories are available to students for program development.  The module is divided into 4 projects.  The projects are:

· Introduction to FORTRAN 95, Part I

· Introduction to FORTRAN 95, Part II

· Equations of Motion in Physics

· Planetary Motion

Assessable learning outcomes

After the module each student should have learned how to: 

· Read a simple program written in FORTRAN 95 and explain what it does
· Construct simple programs in FORTRAN 95 by making use of programming elements covered in classwork examples
· Incorporate standard ‘library’ subprograms into programs
· Use some standard computational techniques (specifically, numerical solution of differential equations, numerical differentiation and numerical integration) in investigations of problems in physics
· Keep full records of their work, including summaries of what has been achieved in each of the series of two-week projects
Brief description of teaching and learning methods:

The course is entirely PC-laboratory based.  Each student works individually at a PC in the computer laboratory.  Each week there is a 4-hour supervised session with a member of staff and a post-graduate assistant in attendance.  There is a further weekly scheduled (but unsupervised) 4-hour session in which students have guaranteed access to PCs in the laboratory.  

The laboratory manual and associated program elements are provided on the physics intranet.  Each project includes a statement of the objectives and there is generally a section covering the background theory to the physical problem being tackled.  By attempting a sequence of problems, the student is led through steps in the development of the project whilst having the relevant background knowledge reinforced. 

Elements of the FORTRAN 95 language are introduced gradually within provided working programs.  Students identify new features as they arise and find out what is achieved by them by practical applications.  Information on the commands is readily available in the Salford FTN95 Help (Language Overview) program and links to other useful Web Sites are provided on the department’s web-server.  

The module is assessed completely by continuous assessment based on the logbook record submitted after the completion of each project.  The mark takes into account (a) the completeness of the record, including justifications for actions, derivations of results used, etc; (b) a statement which summarizes the achievements and (c) a bonus for any extra work or for evidence of initiative or originality.  To ensure uniformity of marking, one demonstrator marks all the reports on a particular project. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	40
	
	

	Other contact (eg study visits )
	
	
	

	Total hours
	40
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	4 computer projects
	
	


Assessment:

Coursework:
Logbook records

Relative percentage of coursework:
 100%

Examinations: 
None

Requirements for a pass:
40

Reassessment arrangements: 
A 2-hour computational assignment carried out under examination conditions in September.

PH2501: Applied Physics

Module title:
Applied Physics 
Module code:   PH2501


Providing School/Department:  MMP
Level: I




Number of credits:   10

Terms in which taught: Spring Term
Number of ECTS credits: 5
Module convenor:  R J Stewart
Other teaching staff: S V O’Leary

Pre-requisites: PH1002, MA111 








Co-requisites: None

 Current from:   2005/6

Summary module description

The syllabus includes the following topics:

(i) Electronics:

DC circuit revision. AC Circuit analysis using complex algebra. Filter Circuits and applications. Basic properties of operational amplifiers  General features of negative feedback. Operational amplifier applications Amplifier design considerations. Microprocessor basics. Stepper motors and their control. Microprocessor interfacing .

(ii) Essentials of Optics.

The 'hierarchy of optics' from quantum optics down to paraxial geometrical optics - how does it all fit together?  Image formation by a thin lens and mirrors.  Applications of lenses and mirrors. Optical fibres. The concept of interference and its applications. Diffraction theory.

An introduction to the idea of polarization of light. 

Aims 

· To enable students to develop an understanding of basic electronics and optics
· To provide students with an understanding of the concepts of circuit design and analysis, and to develop problem solving skills in applications to a range of electronic systems
· To give students an understanding of the very basic optics that every physicist should know, and at least somewhere to start on a few more advanced topics
Intended Learning outcomes 

After the module each student should be able to: 

· Employ circuit theorems to analyse dc and ac circuits 

· Design simple filter circuits

· Employ the complex representation to determine the transfer function of an ac circuit

· Sketch a Bode plot of first and second order systems

· State the ideal and non-ideal properties of an operational 

· Design simple circuits involving operational amplifiers

· Define negative feedback

· Employ the infinite gain approximation

· Determine the circuit response functions in operational amplifier systems involving negative feedback
· Specify what approximations are used in obtaining a solution to an optical problem in the paraxial limit of geometrical optics
· Define and use the concepts of refractive index, dispersion and optical path
· Use Snell's law
· Use the complex amplitude to calculate a quantity proportional to the measured irradiance
· Use graphical ray-tracing to obtain the image position and magnification for a thin positive lens, a thin negative lens and a mirror in air, in the paraxial approximation
· Obtain and use a conjugate formula in a suitable sign-convention, to calculate the image position and magnification for a single refracting surface, a thin lens and a mirror in air, in the paraxial approximation
· Describe the optical principles of the human eye, the astronomical telescope, the hand magnifier and the compound microscope, and carry out simple calculations of image position and magnification
· Describe the principle of light propagation in optical fibres and calculate the numerical aperture of a fibre
· Define interference.  Explain the principle of Young's experiment and obtain an expression for the fringe separation
· Describe the idea of coherence in simple terms
· Explain the origin and form of interference fringes formed in a wedge, and in a parallel-sided plate and solve simple problems based on their application
· Describe the optical arrangement and principle of operation of an interferometer which uses each of these fringe types, and solve simple problems based on their application
· Describe the conditions under which diffraction of a light beam becomes important
· Explain physically the form of the Rayleigh-Sommerfeld diffraction integral in terms of the Huygens Fresnel principle
· Explain the meaning of the Fraunfhofer diffraction limit, and its significance
· Obtain the form of the Fraunhofer diffraction pattern of a rectangular aperture, sketch it, and perform simple calculations based on an understanding of its significance
· Write down the form of the Fraunhofer diffraction pattern of a circular aperture, sketch it, and perform simple calculations based on an understanding of its significance
· Describe the difference between the Fraunhofer and Fresnel diffraction limits
· Describe the principle of a diffraction grating, obtain the diffraction grating formula for a beam at normal incidence and calculate the positions of diffracted orders in a spectrometer
· Describe the states of polarization of a light beam in terms of the relative phase and amplitude of the components of the electric field
· Describe how the polarization-state of a beam may be changed using a retarder and using a polarizer
· Explain Malus' Law
Outline of Content:

Electronics (DC, AC circuits, filters, operational amplifiers, microprocessors and stepper motors). Essentials of Optics (Geometric optics and instrumentation, diffraction and interference phenomena, polarisation)

Teaching, Learning and Assessment Strategy

The teaching approach is via lectures (2 per week) and workshops (1 per week) Detailed notes are handed out for much of the course because of the fairly high mathematical content.  

The recommended text for the Essentials of Optics part of the course is Optics by Eugene Hecht (Addison - Wesley) Fourth Edition.  This is an excellent text, well worth buying. Its one disadvantage is its use of an outmoded sign convention in geometrical optics - students should be aware that Dr. O'Leary will use a different sign convention, which is now far more widely used by workers in the field. 

Contact hours 

	
	Spring

	Lectures
	20

	Tutorials/seminars
	10

	Total hours
	30


Assessment:
Coursework

Submitted solutions to examples selected from the workshop problems; departmental tests

Relative percentage of coursework:
 40%

Examinations

A formal closed-book examination in the Summer Term, worth 60% of the total mark for the module.

Requirements for a pass   40%.

Reassessment arrangements:  
A single 2h examination in September, 100%.

PH2503: History and Philosophy of Science I

Module title: History & Philosophy of Science I

Module code: PH2503


Providing School: MMP 

Level: I




Number of credits: 10
Terms: Spring




Number of ECTS credits: 5

Module convenor:  J.A. Blackman

Pre-requisites: PH1001, PH1002, MA111 

Co-requisites:  None

Modules excluded: None


Current from: 2004-5

Summary module description:

A 10 credit module introducing the ideas and practice of philosophy as applied to the development of physical ideas.

Aims:

To provide students with:

· A knowledge of the historical, cultural and philosophical background in which classical physics developed

· An understanding of the concept of scientific knowledge as seen by philosophers of science from early times to the present day

· To develop skills in expression, presentation, communication and writing
Assessable learning outcomes

· By the end of the module each student should:

· Know the contributions of Aristotle, Ptolemy, Copernicus, Kepler, Descartes, Galileo, Newton to the understanding of the physical world
· Have some appreciation of the political situation and of the religious and cultural climate in 16th and 17th century Europe and, in particular, in England, France, and the Italian and German regions
· Be able to discuss philosophical terms such as rationalism, empiricism, positivism, falsification, conventionalism
· Be able to discuss some elements of the philosophy of, for example, Plato, Aristotle, Bacon, Descartes, Hume, Popper, Kuhn, Poincaré
· See how the scientists of the 16th and 17th century used a classical format for their writings (Newton/Euclid; Galileo/Plato)
Additional outcomes

Students will develop a greater appreciation of the place of Physics within a wider cultural context.

Outline content:

The unit explores the development of classical physics up until the time of Newton. The objectives are threefold:
(a). To understand what the physical ideas were and how they evolved, starting with the Greeks and the Ptolemaic period and following developments through to the publication of Newton’s Principia in 1687.

(b). To appreciate the historical context in which the scientific ideas developed, in particular the strong Aristotelian influence on the ways of thinking and the impact of the religious beliefs and conflicts of the time.

(c). Epistemology is the branch of philosophy that enquires into the scope and limits of human knowledge, and with how it is acquired and possessed. The unit will look at different approaches to the problem of knowledge, with particular reference to the period of study and some later developments.

Brief description of teaching and learning methods:

Lectures provide the basic structure of the unit.  There is a strong emphasis on student research into details and presentation to the class followed by discussion. There will be a study of selected writings of the scientists and philosophers referred to above. Students are encouraged to use the web in their researches.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	8
	

	Tutorials/seminars
	
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	16
	

	Total hours
	
	24
	

	Number of essays or assignments
	
	1
	

	Other (eg major seminar paper)
	
	2
	


Assessment:
Coursework:
Two presentations and one essay assignment.

Relative percentage of coursework: 
 60% (presentations 24%, essay 36%)

Examinations: 
One 1½  hour examination in June, 40%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PART 3 PHYSICS MODULES

 PH3002: Advanced Experimental Laboratory III

Module title: Advanced Experimental Laboratory III

Module code: PH3002



Providing School: MMP 

Level: H





Number of credits: 20

Terms: Autumn, Spring and Summer

Number of ECTS credits: 10

Module convenor:  P.A. Hatherly


Other Teaching Staff: A.C. Wright

Pre-requisites: PH1004, PH2004
Co-requisites:  None

Modules excluded: None

Current from: 2005/6

Aims:

To develop increased competence in experimental techniques and the use of research level equipment and techniques. To experience and participate in a peer-review process of assessment.

Assessable learning outcomes

During the course of the module, students will:

· Experience a range of research-related experimental techniques including, but not limited to, vacuum technology, high resolution spectroscopic techniques and high precision measurements.

· Perform extended experiments involving a high degree of personal initiative and planning.

· Prepare both brief and extended reports on experimental work carried out

· Experience and participate in a peer-review exercise on extended reports 

Additional outcomes

Students will develop their experimental skills to a point appropriate for carrying out a research based project. The experience of peer-review will provide students with an appreciation of this important mechanism for the refereeing of research proposals and publications.

Outline content:

Extended experiments on a range of topics and using a variety of research related techniques. Peer-review assessment 

Brief description of teaching and learning methods:

The module will comprise weekly 3-hour laboratory sessions in the Autumn, Spring and Summer terms. Students will typically work in pairs and in the first 15 weeks of the module, carry out three experiments. Laboratory handbooks containing instrument manuals and guidance notes will be provided, and staff will be available to provide advice. Students will keep a record of their work in laboratory log books. At the conclusion of each experiment, students will prepare a brief report.

The final five weeks of the Spring term will be used by students in preparing an extended report on one experiment, which will be submitted to other students on the module via the convener for anonymous peer-review. The peer-review procedure and final allocation of grades will be completed early in the Summer term. At each stage in the peer-review process, guidance will be provided.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	30
	15
	

	Other contact (eg study visits )
	0
	3
	3

	
	
	
	

	Total hours
	30
	18
	3

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	2
	2
	


Assessment:
Coursework:

Short reports submitted at the completion of each experiment, 15% each
An extended report on one experiment, 30%
Peer-review process, 25% 

Relative percentage of coursework: 
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
Extended reports on all three experiments to be submitted by the start of the academic year following completion of the module. 100%

PH3003: Physics Project

Module title:
Physics Project

Module code: PH3003



Providing School:  MMP

Level: H





Number of credits: 40
Terms in which taught: Autumn/Spring/Summer
Number of ECTS credits: 40
Module convenor:  RJ Stewart


Other Teaching Staff: J Macdonald








+All Staff as Project Tutors 
Pre-requisites: Parts 1 and 2 

Co-requisites: None

Excluded modules: none

Current from: 2005/6

Summary module description:
This course is designed to introduce students to some of the skills associated with planning a research project and, subsequently, disseminating the results.  In it, they will devise a project, which may relate to scientific research, equipment design and construction, computational physics software design and implementation or physics education.

Aim:
To provide students with an opportunity to plan and carry out a project in Physics.

Intended learning outcomes

At the end of the planning stage students should be able to:

Define the objective of a project.

Identify a sequence of distinct task that will enable these objectives to be met and, then, to Define interim milestones.  

Demonstrate basic time and resource management skills.

Prepare a GANTT chart.

Prepare and deliver an oral presentation of a specified duration.

After the completion of the project students should be able to:

· present their project findings in the form of a scientific poster.

· Describe and explain the subject of their project orally and place it in a wider context.

· Develop conclusions from the work done and identify the underlying strengths and weaknesses of the case.

· Describe how the work might be taken forward. 

· Show that they have been able to write a concise report in the style of a scientific paper. 

· Show that they have been able to summarise the salient points of their work in a poster

· Explain why the project was carried out in the way chosen.  

· Show a competence in the application of Physics. 

Outline Content:

Initially, an introduction to the basic aspects of project planning is given.  In this, the importance of clearly defined objectives is first highlighted and, then, it is shown how a sequence of tasks can be built up to enable these to be met.  This involves the identification of the tasks themselves, the association with each of a duration and early assessment of required resources.  From these elements, the GANTT chart is introduced.  The topic of formal oral presentation is then considered.  Students are shown how to construct a short presentation so as effectively to convey specific key points. This includes preparation, delivery and the use of visual aids.  Throughout this part of the Unit, considerable emphasis is placed upon the importance of practice and the confidence that success instils.  Finally, the presentation of results in poster format is discussed.  Upon completion of the project itself, the findings are presented in the form of a scientific poster.

Using the above range of transferable skills, a project plan is developed.  This will contain the background to the proposed project, including a full literature search, a description of the work to be performed including an assessment of feasibility, contingency plans etc and a provisional timetable for completion of the project including objectives and milestones presented in the form of a GANTT chart. For design projects, it must additionally include, a complete specification for the design, a method of design, a method of testing, an estimate of cost, and a list of required components and equipment  This information forms the basis for both an oral presentation (15min plus 5mins for questions) and a formal written plan.  Much of the above will be carried out as private study under the guidance of the Project Tutor.

After the planning stage is completed, students carry out a project in Physics, write a report and prepare a poster on the work done.

Recommended texts: 
Handbook for Speakers, IEE Professional Development Section.

Teaching and Learning Methods:

Brief Description:

The planning part of the module has 20 hours allocated to it; approximately 6 hours are taken up with formal lectures and 2hours of supervised workshop sessions.  The remaining contact time involves assessed oral presentations.  In addition, the Unit involves private study, which includes, researching topics within the main University Library, conducting computer literature searches and the preparation of presentations.
Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	6
	
	

	Tutorials/seminars
	2
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	6
	6
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	2
	2
	

	Other (eg major seminar paper)
	
	1
	


Assessment:



    
Weight:
Planning stage

Coursework: 

Presentations

 


4%




Oral presentation of the Project Plan

8%




The written Project Plan


8%

Project

Coursework

Assessment based on 


progress 




9%

report


 


40%

poster presentation 



15%

 


viva





16%.

Requirements for a Pass: An average of at least 40%
Re-assessment: Practical examinations in June (following completion of the degree course)

PH3701: Relativity

Module title: Relativity

Module code: PH3701



Providing School: MMP
Level: H





Number of credits: 10

Terms: Autumn




Number of ECTS credits: 5
Module convenor:  D Dunn

Pre-requisites: PH2001, PH2002, PH2003 or equivalent


Co-requisites: None

Modules excluded: None

Current from: 2005/6

Summary module description:
A 10 credit module introducing the ideas of special relativity and its consequences

Aim:
The aim of the module is to give an understanding of the concepts of space and time according to Einstein’s theory of special relativity.

Assessable Learning Outcomes 

After the module each student should be able to: 

· Understand what is, and what is not, a vector
· Know, and use, the rules for addition and multiplication of vectors
· Integrate and differentiate vector functions of a single variable (eg time)
· Determine the relationship between the components of a vector in different reference frames
· State the principle of Galilean relativity (the laws of physics have the same form in all inertial reference frames) and be able to apply Galilean transformations
· Describe the concepts of scalar and vector fields
· Use Galilean transformations to analyse the Michelson-Morley experiment

· Show that Maxwell’s equations are not invariant under Galilean transformations 

· Discuss the significance of the result of the Michelson-Morley experiment

· Describe consequences of assuming a constant speed of light (non-invariance of distances and time-intervals)

· Analyse simple experiments demonstrating time-dilation and length contraction

· Use Lorentz transformations

· Derive the velocity transformation from the Lorentz transformation

· Define the three space-time invariant distances: space-like distance, time-like distance and null distance

· Describe the essential property of the straight line between two points with a time-like separation (it is the longest time-like path between the points)

· Define the properties of the four-vectors in terms of the four basis vectors

· Determine the relation between components of four-vectors in different reference frames

· Use four-vectors to study Doppler effects; particle decay times; clock paradox; and particle dynamics

· State the relativistic form for particle energy and momentum

Outline Content:
· Newtonian space-time and invariant distance and time-interval

· Spatial displacements and vectors

· Properties of vectors: addition; scalar and vector multiplication

· Reference frames, basis vectors and vector components

· Change of reference frame and transformation of components

· Galilean transformations; inertial reference frames and Galilean relativity

· Some examples of non-inertial reference frames: Accelerating origin; rotating reference frames; Coriolis and centrifugal forces

· Concepts of vector and scalar fields

· Michelson-Morley experiment

· Wave equations of Electromagnetism

· Consequences of constant speed of light; Time dilation; Length contraction

· Lorentz transformations; velocity transformations

· Space-time invariants; time-like, space-like and null distances

· Space-time diagrams; straight lines

· Space-time vectors; scalar products of four basis vectors

· Transformations of components of four-vectors

· Dequations of motion; four-momentum

· Brief discussion of general relativity

Brief description of teaching and learning methods:

Space & Time is a challenging topic since it introduces new concepts in physics that require application of mathematical techniques for a full understanding. 

The basic approach is that concepts are developed in lectures and reinforced through problem solving.

The recommended text is “Spacetime Physics” E F Taylor & J A Wheeler (Publ: W H Freeman, New York 1992).  This provides an excellent discussion of the concepts of relativity and has many examples.  It does not however include space-time vectors.

Links are included on the Web page to historical aspects of the module. 

There is a workshop session each week in which students attempt problems associated with the module.  The lecturer is on hand to provide individual help.  

There are two problem sheets issued during the term that contain problems similar to those presented in workshops.  These form part (20%) of the assessment of the module.  Such marked assignments provide a means of assessing both each student's progress and the progress of the whole class. Feedback is provided by posting solutions to workshop problems and the assessed problems on the Web page.

The overall understanding developed during the course is assessed through a formal University examination. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	16
	
	

	Tutorials/seminars
	8
	
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	24
	
	4

	
	
	
	

	Number of essays or assignments
	2 sets of assessed problems
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in May/June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3702: Condensed Matter

Module Title:  Condensed Matter

Module Code: PH3702



Providing School: MMP Physics

Level: H





Number of credits: 10

Terms: Autumn




Number of ECTS credits: 5

Module convenor:  A.C. Wright

Pre-requisites: Part 2 Physics

Co-requisites:  None

Modules excluded: None

Current from: 2005/6

Summary module description:
A 10 credit module introducing condensed matter physics, paying attention to the states of condensed matter and their thermal, electrical and magnetic properties.

Aim:
To provide an introduction to the physics of condensed matter and, in particular, to the structure of crystalline, quasi-crystalline and amorphous materials, and to the thermal, electronic and magnetic properties of solids.

Assessable learning outcomes

After the unit, each student should be able to:

· Define the interatomic potential and explain how the various types of bonding arise
· Explain the difference between a metal, insulator and semiconductor in terms of simple band theory
· Describe the various defects present for elements with Van der Waals and metallic bonding and for simple ionic materials
· Explain the origin of Dulong and Petit's law and derive an expression for the specific heat according to the Einstein model
· Derive the dispersion relationships and density of vibrational states for monotomic and diatomic linear lattices
· Discuss the Debye model for specific heat
· Describe the origin of thermal expansion
· Derive an expression for the energy levels for electrons in a metal, according to the free electron theory, and for the resulting electronic heat capacity
· Define the terms Fermi energy, sphere, surface and wavevector
· Outline how the nearly free electron theory leads to energy gaps and bands
· Explain how band theory can account for the electrical conductivity of the elements in groups I - IV
· Describe the conduction and optical absorption processes for intrinsic semiconductors
· Explain what is meant by direct and indirect band gap semiconductors
· Discuss the origin of localised and weakly bound excitons and account for their optical spectra
· Discuss the origin of extrinsic semiconduction and the location of the resulting Fermi level.

· Explain what is meant by the Peltier coefficient and thermoelectric power.

· Derive a classical expression for diamagnetic susceptibility.

· Explain the quantum theory of paramagnetism and derive an expression for the paramagnetic susceptibility for a two-level system.

· Describe the various forms of magnetic ordering found in crystalline and amorphous solids.

· Explain the origin of the domain structure of a ferromagnet.

Outline Content:
An introduction is given to the structure and properties of modern materials (condensed matter), which includes the following topics:

Introduction: Basic definitions; the states of matter; polymorphism; brief survey of the properties of metals, semiconductors and insulators; effect of impurities.

Cohesion and Bonding: Electronic configurations of atoms and the periodic table; types of bonding; interatomic potentials; 8-N rule; relationship between bonding and properties; electron bands and conduction in metals, semiconductors and insulatiors.

Qualitative discussion of crystal structure and Brillouin Zones 

Van der Waals and Metallic Systems: Spherical atom approximation; crystal structures (hcp, fcc, bcc and simple cubic); number of atoms in the unit cell; co-ordination number; packing density; point, line and interfacial defects and their effect on properties; alloys.

Thermal Properties: Dulong and Petit law; Einstein Model; linear monatomic and diatomic lattices; sound wave limit; phonons; vibrational density of states; Debye model; thermal expansion.

Free Electron Model: -k relationship for a free electron; energy levels in 1, 2 and 3 dimensions; Fermi surface; density of states; occupancy at finite temperatures; electronic heat capacity; soft X-ray emission spectra.

Metals, Insulators and Semiconductors: Band structure and conduction; Effective mass; positive holes; optical excitation; intrinsic semiconductors; direct and indirect band gaps; localised and delocalised excitons; Raman scattering; impurity levels and extrinsic conduction; variation of Fermi level with temperature.

Thermal Conductivity: Peltier coefficient; thermoelectric power; thermal conductivity; phonon flow; geometrical scattering and 3-phonon processes; normal and umklapp processes; conduction at high and low temperatures.
Magnetic Materials: Magnetic susceptibility; types of magnetism (brief survey of diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism, ferrimagnetism), Curie and Néel temperatures; typical susceptibility values.

Brief description of teaching and learning methods:

Typically two lectures will be given each week, followed by a workshop session. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	
	-

	Workshops
	10
	
	-

	Total
	30
	
	-


Assessment:
Coursework:
Assessed workshop problems

Relative percentage of coursework:  20%

Examinations:
Formal University Examination:
80%

Requirements for a pass:
An average of at least 40%

Reassessment arrangements:
1½-hour formal examination in June (following the conclusion of the degree course)

PH3703: Atomic and Molecular Physics I

Module title: Atomic and Molecular Physics I

Module code: PH3703



Providing School: MMP

Level: H





Number of credits: 10

Terms: Autumn




Number of ECTS credits: 5

Module convenor:  M W Matsen

Pre-requisites: PH2001, PH2002, PH2003 or equivalent

Co-requisites: None
Modules excluded: 


Current from: 2005/6

Summary module description:
A 10 credit module introducing the theoretical concepts of atomic and molecular physics 

Aims:
To provide students with a basic understanding of atomic and molecular spectra observed from the microwave to the x-ray region in terms of the electronic, rotational or vibrational excitation.

Outline Content:
The module includes the following: the Bohr model of hydrogen, the spectra of hydrogen-like (one-electron) ions; the quantum theory of hydrogen (in outline only) and the introduction and meaning of the various quantum numbers; magnetic topics (eg precession) and the Stern-Gerlach experiment; electron and proton spin resonance; the normal Zeeman Effect; fine structure of spectral lines; spin-orbit splitting; hydrogen fine structure and its measurement; the periodic table and the Pauli exclusion principle; central field ideas, with reference to alkali spectra and x-ray spectra; many-electron atoms and L-S coupling; bonding in diatomic molecules; molecular rotation, molecular vibration and the spectra associated with these motions; the diatomic vibrating rotator.

Assessable learning outcomes
After the module the student should be able to:

· Explain the principles of emission, absorption and fluorescent spectroscopy
· Recall Bohr’s postulates and how these may be used to derive the formula for the energy levels of the hydrogen atom
· Calculate wavelength shifts for hydrogen isotopes and hydrogen-like (one-electron) ions
· Recall the formula for the energy levels as the solution of the Schroedinger wave equation for hydrogen and the form of the wavefunctions for the ground and lower excited states
· Explain the relevance of the quantum numbers, n, l and m 
· Recall the magnetic topics introduced to understand the Stern-Gerlach experiment and explain the experiment itself
· Explain the electron spin resonance experiment and calculate the g-value for the electron
· Explain the proton spin resonance experiment and calculate the g-value for the proton
· Describe the normal Zeeman Effect and calculate the splitting for specific magnetic fields
· Explain the physical cause of the spin-orbit splitting of energy levels (and therefore spectral lines)
· Explain how the Pauli Exclusion Principle allows us to understand the Periodic Table
· Describe, in general terms, the Central Field Approximation and how this explains the spectra of the alkalis and the characteristic x-ray emission lines of all elements
· Explain, in general terms, the bonding of atoms to form a diatomic molecule
· Explain the rotational spectrum of a diatomic molecule
· Calculate internuclear separations from the rotational spectrum of a diatomic molecule
· Explain the vibrational spectrum of a diatomic molecule
· Explain the vibration-rotation spectrum of a diatomic molecule.

Brief description of teaching and learning methods:

The course is taught by a combination of lectures and workshops.  The lectures are, in a sense, conventional ‘talk and chalk’, with a modest interaction with the class during lectures.  Copies of the lecture notes are handed out to students prior to each lecture and therefore the student can simply listen to the lectures that are intended to highlight and amplify the important aspects of the lecture notes.

There are many texts on atomic and molecular physics and no specific text is recommended for purchase.  However, ‘The Physics of Atoms and Quanta’ by H.Haken and H.G.Wolf is extremely good.

There is ample opportunity to interact with the lecturer and query specific aspects of the course during the workshop periods.  During this time, the students attempt problems based on the lecture material and receive help and guidance from the lecturer.  The students are thus able to assess their progress.  Problems of particular difficulty are discussed during the workshop.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	16
	
	8

	Tutorials/seminars
	8
	
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	24
	
	

	
	
	
	

	Number of essays or assignments
	2
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3707: Computational Physics I

Module title:  Computational Physics I

Module code: PH3707



Providing School: MMP
Level: H





Number of credits: 20
Terms: Autumn




Number of ECTS credits: 10

Module convenor:  D Dunn

Pre-requisites: PH2401 or equivalent

Co-requisites: None
Modules excluded: 


Current from: 2005/6

Summary module description:

A 10 credit module developing FORTRAN programming skills and their application in some basic methods in computational physics.

Aims:
To extend the computational physics skills acquired in PH2401 through a series of programming projects using FORTRAN 95. In particular to gain practice in using Fourier analysis, random processes and eigenvalue methods.

Assessable learning outcomes

After the module each student should have learned how to use the following methods to solve problems in physics: 

· Fourier analysis; 

· Random number generators and Monte Carlo simulation

· matrix eigenvalue methods.

Outline content:

In each week of the module there is a 4-hour supervised session in a PC laboratory and a further 4-hour unsupervised session in which these laboratories are available to students for program development.  The module is divided into 4 projects.  The projects are:

· Analysis of Waveforms

· Random Processes

· Monte Carlo simulation methods:.

· Eigenvalue equations & quantum mechanics

Brief description of teaching and learning methods:

The course is entirely PC-laboratory based.  Each student works individually at a PC in the computer laboratory.  Each week there is a 4-hour supervised session with a member of staff and a post-graduate assistant in attendance.  There is a further weekly scheduled (but unsupervised) 4-hour session in which students have guaranteed access to PCs in the laboratory.  

The laboratory manual and associated program elements are provided on the physics intranet.  Each project includes a statement of the objectives and there is generally a section covering the background theory to the physical problem being tackled.  By attempting a sequence of problems, the student is led through steps in the development of the project whilst having the relevant background knowledge reinforced. 

Elements of the FORTRAN 95 language are introduced gradually within provided working programs.  Students identify new features as they arise and find out what is achieved by them by practical applications.  Information on the commands is readily available in the Salford FTN95 Help (Language Overview) program and links to other useful Web Sites are provided on the department’s web-server.  

The module is assessed completely by continuous assessment based on the logbook record submitted after the completion of each project.  The mark takes into account (a) the completeness of the record, including justifications for actions, derivations of results used, etc; (b) a statement which summarizes the achievements and (c) a bonus for any extra work or for evidence of initiative or originality.  To ensure uniformity of marking, one demonstrator marks all the reports on a particular project. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	40
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	40
	
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	4 computer projects
	
	


Assessment:

Coursework: Logbook records

Relative percentage of coursework: 
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
A 2-hour computational assignment carried out under examination conditions in September.

PH3708 Physics in Medicine

Module title: Physics in Medicine

Module code: PH3708



Providing School: MMP
Level: M





Number of credits: 10
Terms: Spring and Summer



Number of ECTS credits: 5
Module convenor:  R J Stewart

Pre-requisites: PH2001, PH2002, PH2003 or equivalent

Co-requisites:  None

Modules excluded: None

Current from: 2005/6

Summary module description:
A 10 credit module studying key concepts in physiology and medical technology and the application of physics to these areas.

Aims:
The module aims to introduce the physical principles underlying some of the operations of the human body and those associated with the main physics based diagnostic and imaging techniques used in medicine. In addition the module aims to provide an insight into the work of a hospital physicist. 

Assessable learning outcomes 

After the module each student should be able to:

· Explain the operation of the cardiovascular system in terms of the flow of a viscous fluid through pipes of different diameter
· Recall the various techniques for measuring blood flow and pressure
· Explain the transport of molecules across membranes in terms of osmotic pressure, potential differences and the application for example in dialysis
· Describe the transmission of electrical signals in nerve fibres and their application in electro-cardiology and the functional operation of the brain
· Explain the use of optical fibres in endoscopy and the use of lasers in surgery
· Describe the interaction of sound waves with interfaces and explain how ultra sound is used examine moving boundaries (for example blood flow). Explain the application of ultrasound in imaging
· Recall how radioisotopes are produced and describe how they are employed in gamma ray imaging
· Recall the use of radioisotopes in radiotherapy and be aware of the issues surrounding the biological effects of radiation
· Recall the quantitative units used in the measurement of radiation

· Describe the physical principles of x-ray production and the use of x-rays in diagnostic imaging
· Recall the physical principles behind nuclear magnetic resonance and its application in magnetic resonance imaging
Outline Content

The module includes the following topics:

The cardiovascular system. Measurement of blood flow and pressure. Transport of fluids across membranes and osmotic pressure. Transmission of electrical signals in the body via the nervous system. Electrocardiograms. Optical instrumentation - fibre optics and endoscopy. Use of lasers - eye surgery. Reflection of sound waves at interfaces. Ultrasound - production and use in imaging. Radio isotope production and their use in imaging. Radiology.  Radiation safety. X-ray production and use in diagnostic imaging. The phenomenon of nuclear magnetic resonance and its application in magnetic resonance imaging.

Brief description of teaching and learning methods:

The module comprises 20 lectures and 10 workshop sessions utilising mainly traditional methods of presenting material. OHPs are used in the lecture and copies are given to the students. During the workshop sessions the students work through a set of problems at their own pace,  interaction between students and between the students and staff during the workshop sessions is encouraged. The workshop problems are used as learning aids to illustrate particular principles and improve the students’ reasoning ability.  A selection of these problems forms part of the assessment of the module (20%).

There is not one book which covers this module entirely at the required level. Pope, J.A. Medical Physics Heinman is a useful general book. The following cover specific aspects of the unit: Bushberg, J.T. & Seibert, J.A. The Essential Physics of Medical Imaging, Williams & Wilkins Cameron, J.R. & Skofronick, J.G. Medical Physics, Wiley; Dyson, N.A. Radiation Physics with Applications in Medicine and Biology. (2nd Ed), Horwood; Fish, P., Physics and the Instrumentation of Diagnostic Medical Ultrasound, Wiley; Monaghan, M.J., Practical Echocardiography and Doppler,Wiley; Nias, A.H.W, An Introduction to Radiobiology, Wiley; Cameron, J.R., Skofronick, J.G. & Grant, R.M., Physics of the Body, Medical Physics Pub; Webb, S. (Ed),The Physics of Medical Imaging, IOP; Wehrli, F.W. & Shaw, D. Biomedical Magnetic Resonance Imaging, VCH; Hobbie, R.K., Intermediate Physics for Medicine and Biology (2nd Ed), Wiley;Roberts, M.B.V.& King, T.J. Biology a functional approach. Students’ Manual, Nelson

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	
	8

	Tutorials/seminars
	10
	
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One end-of-term departmental examination 

20%

One 1½ hour final examination in June, 

60%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

 PH3713: Laser Physics

Module title: Laser Physics

Module code: PH3713



Providing School: MMP Physics

Level: H





Number of credits: 10

Terms: Autumn and Summer


Number of ECTS credits: 5

Module convenor:  L J Frasinski


Other teaching staff: S V O’Leary
Pre-requisites: PH2001, PH2002, PH2003

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module introducing laser physics and the applications of lasers.

Aim:
Firstly, to provide students with an understanding of the basic physics of lasers in relation to the microscopic aspects of lasers, such as statistical physics and atomic physics and to macroscopic aspects such as cavity design.  Secondly, by studying applications in the measurement of velocity, of rotation, and in cutting and ablation, to provide the student with an understanding of the key properties of laser radiation which can be exploited for practical purposes, and an appreciation of the factors that determine the selection of an appropriate laser technique for a given application.

Assessable learning outcomes:
After the module each student should be able to: 

· Identify the basic physics and the conditions necessary for laser action
· Apply the above to calculations on practical laser systems, such as evaluating gain coefficients, threshold conditions, mode spacings and pulse lengths in mode locked systems
· Explain the special properties of laser radiation compared to more conventional sources
· Describe the properties of various practical laser systems and comment on their suitability for given applications
· Describe both qualitatively and quantitatively the behaviour of lasers with intra-cavity devices (mode lockers, Q-switches etc.) and the production of short, high intensity pulses
· Explain the principles and describe and identify the applicability of laser Doppler velocimetry, distinguishing between the single and dual-beam methods, and derive the appropriate equations from both the Doppler and the fringe-pattern viewpoints
· Apply the principles of cavity-based laser action to explain the operational method and the practical application of the ring laser gyro to the measurement of angular velocity; also describe the form and function of the fibre-laser gyro, and compare and contrast this device with the ring laser gyro; also to solve problems concerning the selection and use of laser-based instruments in the measurement of both velocity and rotation
· Describe both qualitatively and quantitatively the propagation of gaussian laser beams and their focusing, and calculate, from basic principles, what laser power is needed to cut and ablate in various applications
· Demonstrate that they can think about the best ways to solve various laser-based tasks
Outline Content:
The interaction of radiation with matter

Radiation in a cavity, black body radiation. Rayleigh-Jeans Law, Planck’s Law. Properties and limitations of thermal sources, introduction to coherence. Interaction of radiation with matter, spontaneous and stimulated emission, absorption. Einstein A and B coefficients and the relationship between them. Widths of spectral lines, causes and magnitudes.

Requirements for laser action

Laser amplification - basic requirements.

Threshold conditions for laser action. Standing waves in a laser cavity, longitudinal mode structure, transverse electromagnetic modes. Practical problems in achieving laser action. Steady state excitation of three and four level systems. Practical design criteria for laser mirror systems.

Practical laser systems

Practical laser systems - characteristics and applications. Generation of high power pulses using Q-switching and cavity dumping. Short pulse generation through mode locking, synchronous pumping, saturable absorption. Laser amplification.

Laser Applications 
Applications of lasers in measurement

Measurement of velocity: Laser Doppler anemometry, single and dual-beam techniques, fringe interpretation.  Measurement of angular velocity: ring-laser gyro and fibre gyro compared and contrasted.

Applications of lasers in cutting and ablating

Gaussian beam focusing and transport.  Power density calculations.  Selected applications.  Laser selection.

Brief description of teaching and learning methods:

The physics of lasers requires competence in many areas, such as atomic physics and classical optics. The module is therefore designed in such a way that the individual areas are reviewed and developed in the proper context before the whole is brought together in a complete description of laser physics.

The first part of this module, on the principal physics of lasers, is taught via traditional lectures and interactive workshops. The use of lectures allows a step-by-step approach to the development of the topics required, with time made available during lectures for reviewing of particularly difficult ideas, either at the students’ request or as part of the overall strategy. The workshops are arranges such that students attempt questions which are then discussed in the workshop session as a class, with the students initiating discussion rather than the lecturer, who acts as a facilitator. By this means, the students are encouraged to think through the problems encountered and to exercise their analytical and presentation skills.

The applications part of the module is dealt with by directed reading and problem solving.  It is mainly by means of solving the set problems, and, just as importantly, the often wide-ranging discussions that arise out of them, that the students assess their understanding of this part of the module and also come to appreciate the finer points and deeper physics that are always near at hand in this subject matter.

There is one principal recommended text for this unit, “Lasers; Principles and Applications” by J. Wilson and J.F.B. Hawkes. However, a bibliography is provided of books available in the library and reference may be made to these.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	10
	
	8

	Tutorials/seminars
	5
	
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Assessed Coursework: None

Examinations: 
One 1½ hour examination in June,
100%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

Reassessment: 1½ hour examination in June (following the conclusion of the degree course)

PH3714: History and Philosophy of Science II

Module title: History & Philosophy of Science II

Module code: PH3714


Providing School: MMP Physics

Level: H




Number of credits: 10
Terms: Spring




Number of ECTS credits: 5

Module convenor:  J.A. Blackman

Pre-requisites: PH1001, PH1002, PH1003,PH2001, PH2002, PH2003, PH2503

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module exploring the development of post-Newtonian physics and of the philosophical  challenges raised.

Aims:

To provide an understanding of the historical development of Physics post-Newton, and of related philosophical issues.

Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Describe the development of Electromagnetism leading to Maxwell’s equations
· Describe the evolution of Special Relativity
· Give an account of the principal developments in Quantum Theory
· Discuss significance of the EPR experiment and Bell’s inequality
· Discuss the Copenhagen interpretation, collapse of the wavefunction, non-locality and the hidden variable concept
· Describe philosophical concepts such as determinism, realism, and positivism
Additional outcomes

Students will develop a greater appreciation of the place of Physics within a wider cultural context.

Outline content:

Historical developments in Electromagnetism, Special Relativity and Quantum Mechanics, and related philosophical issues.

Brief description of teaching and learning methods:

Lectures provide the basic structure of the unit.  There is a strong emphasis on student research into details and presentation to the class followed by discussion. There will be a study of selected writings of the scientists and philosophers referred to above. Students are encouraged to use the web in their researches.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	8
	

	Tutorials/seminars
	
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	8
	

	
	
	
	

	Total hours
	
	16
	

	
	
	
	

	Number of essays or assignments
	
	1
	

	Other (eg major seminar paper)
	
	1
	


Assessment:

Coursework:
One presentation and one essay assignment.

Relative percentage of coursework: 
 40% (presentations 15%, essay 25%)

Examinations: 
One 1½ hour examination in June, 60%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3715: Statistical Mechanics


Module title: Statistical Mechanics

Module code: PH3715



Providing School: MMP Physics

Level: H





Number of credits: 10

Terms: Autumn and Summer


Number of ECTS credits: 5

Module convenor:  R.A Bennett


Other teaching staff: 

Pre-requisites: PH2001, PH2002

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module introducing the concepts of statistical physics and their applications.

Aims:

To give students an understanding of the fundamental methods of statistical mechanics and to demonstrate, by working through examples, the connections between a wide range of problems in classical and quantum physics.

Assessable Learning Outcomes

· Derive expressions for densities of states and know how to transform between different variables (e.g. wavevector, frequency, particle speeds, energy)

· Derive the laws of thermal radiation

· Establish properties of a monatomic ideal gas by applying the key results for systems in contact with a heat bath to non-interacting atoms in a box

· Explain the significance of the chemical potential

· State the distinctions between fermions and bosons and derive the Fermi-Dirac and Bose-Einstein distribution functions

· Explain the electronic contribution to the heat capacity of metals by considering the electrons to form a Fermi gas

· Derive the mass-radius relation for White Dwarf stars

· Explain Bose-Einstein condensation and show that the heat capacity of a gas of bosons displays a lambda transition

Outline Content

The module includes: A brief review of probabilities, permutations and combinations; Einstein model for heat capacity of solids; Boltzmann statistics, partition function and the Helmholtz free energy; energy fluctuations for a system in contact with a heat bath; Debye model for density of vibrational states and heat capacity of solids; thermal radiation (Planck radiation law, Stefan law, Wien displacement law, radiation pressure); derivation of (mostly familiar) properties of monatomic ideal gases; Maxwell-Boltzmann distribution of molecular speeds in a classical gas; chemical potential; introduction to Fermi-Dirac and Bose-Einstein statistics; the Fermi gas as a model for electrons in metals and White Dwarf stars; Bose-Einstein condensation.

Brief description of teaching and learning methods:

The teaching approach is via lectures and workshops at roughly two lectures per week followed by a workshop. Skeleton notes are provided on Blackboard and the intranet comprising of the principal equations, key points and suggested readings. Students are given fuller versions of the arguments which have a fairly high mathematical content.  Since much of the material is provided in this form, lecture time can be devoted to discussion of the less routine points in arguments, to the significance of the results and to problem solving.

Independent learning is encouraged by directed reading towards the end of each term.

Suggested texts include: Statistical Physics by Mandl (Wiley), Introductory Statistical Mechanics by Bowley and Sanchez (OUP) and Introductory Statistical Physics by Betts and Turner (Addison Wesley).

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	15
	
	

	Tutorials/seminars
	7
	
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	22
	
	4

	
	
	
	

	Number of essays or assignments
	1
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework: 

Part of the continuous assessment comes from submitted solutions to examples selected from the workshop problems. The remaining part comes from a departmental test set during the Spring term.

Relative percentage of coursework: 
 40%

Examination:

One 1½ hour examination in June, 60%

Independent learning topics will be assessed in this formal examination.

Requirement for a pass: 40%

Reassessment arrangements: 
One three hour examination in September, 100%

PH3716: Physics in Archaeology

Module title: Physics in Archaeology

Module Code: PH3716




Providing School : MMP
Level: H






Number of credits : 10

Terms: Autumn 





Number of ECTS credits: 5

Module Convenor: A.M.Macdonald

Modules Pre-requisites: Part I and Part II Physics or equivalents
Co-requisites: None

Modules excluded: None

Current from: 2006/7

Summary module description:

A 10 credit module introducing the range of physics techniques used in art and archaeology.

Aims: 

To give an overview of the physics behind the analytical techniques used in Art, Archaeology and Conservation of historic artefacts and the importance of the application of Physics to the preservation of historic artefacts

Assessible learning outcomes
After the module each student should be able to:

· Recall an overview of the history of the application of analytical techniques to art and archaeology

· Explain the need for analytical techniques in art and archaeology to supplement historical scholarship and conservation techniques
· Explain the issues in the application of analytical techniques including the need to non-destructive testing and in situ testing

· Explain the nature of techniques that are suitable for testing archaeological materials

· Explain the most commonly used analytical techniques and describe examples of their successful use in art and archaeology 

Outline content:

An overview of the history of the application of analytical techniques to art and archaeology

The need for analytical techniques in art and archaeology to supplement historical scholarship and conservation techniques and the issues involved in determining the appropriate technique for a specific case

The pros and cons of techniques that are suitable for use on archaeological materials and their applicability to specific situations

Discussion of the most commonly used analytical techniques and description of their successful use in art and archaeology including:

Raman spectroscopy

Infra red spectroscopy

X-ray diffraction

X-ray fluorescence

X-ray luminescence

Laser Induced Breakdown Spectroscopy (LIBS)

Neutron activation analysis

PIXE

Brief description of teaching and learning method:

Basic concepts are developed in lectures but students will undertake research into selected techniques and their applications and present their findings to others.

Contact hours

	
	Autumn
	Spring
	

	Lectures
	
	
	

	Tutorials/seminars
	20
	
	

	Practicals
	
	
	

	Other contact (eg study visits
	
	
	

	Total hours
	20
	
	

	
	
	
	

	Number of essays or assignments
	1
	
	

	Other (eg major seminar paper)
	
	
	


Assessment: 100% coursework

Coursework: 
Case study of two specific techniques and their application to historic artefacts: written report and presentation to colleagues.

Reassessment: Resubmission of case study

PH3801 Nuclear and Particle Physics

Module title:
Nuclear & Particle Physics

Module code: PH3801


Providing School: MMP
Level: H




Number of credits: 10

Terms: Spring and Summer


Number of ECTS credits: 5

Module convenor:  K. Codling

Pre-requisites: PH2001, PH2002 or equIvalent

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module introducing the properties and models of nuclear matter and basic concepts in particle physics.

Aims:
To provide students with an understanding of the properties of the nucleus, the various models of the nucleus (liquid drop, shell), the properties of the nuclear force and the decay processes that occur in unstable nuclei.  At a more fundamental level, the aim is to understand the conservation laws in nuclear decay and nuclear reactions in terms of quarks and leptons and the particles (bosons) that mediate the strong, weak and electromagnetic forces (that is, in terms of the standard model).

Assessable learning outcomes

After the unit, the student should be able to:

· Sketch the forms of the binding energy per nucleon versus mass number (A) curve and explain it in terms of the liquid drop model
· Explain the relationship of the above curve to fusion and fission
· State the evidence in support of the various properties of the nuclear force (short range, charge-independent, etc.)
· Know the decay law relating to (, ( and ( emission and the reasons underlying these decays
· Calculate energies of emitted particles
· Describe and explain the Cowan and Reines experiment
· Describe and explain the experiment on non-conservation of parity in weak interactions
· Explain the various processes that occur when (-rays interact with matter
· Explain the Mossbauer Effect
· Explain how nuclear reactions provide information on excited states of nuclei and determine energies of such states
· State the various conservation laws in nuclear decay and nuclear reactions.

· Explain how these laws are related to the quark model
· Explain why coloured quarks had to be introduced
· Explain the principle of the experiment that showed the existence of quarks
· Relate the range of the various forces (the strong and weak nuclear forces, the electromagnetic force) to the mass of bosons exchanged
· Discuss the Standard Model and the discovery of the various leptons and bosons that underpin the model
· Recall the Grand Unification Theory
Outline Content:
The module includes the following: nuclear binding energy, the liquid drop model, the independent particle model; properties of the nuclear force and the exchange of mesons; nuclear decay - (-decay, (-decay, (-emission; the Mossbauer Effect; nuclear reactions; Meson physics; conservation of baryon number, lepton number, strangeness, charm, bottom and top in nuclear decay and nuclear reactions; the quark model as a basis for the conservation laws; deep inelastic scattering; coloured quarks; gluons and colour charge; reactions and decays using quark line diagrams; the weak interaction and experiments to detect the W and Z particles; Grand Unification Theories; the coupling of leptons and quarks.

Brief description of teaching and learning methods:

The course is taught by a combination of lectures and workshops.  The lectures are, in a sense, conventional talk and chalk, with a modest interaction with the class during lectures.  Copies of the lecture notes are handed out to the students prior to each lecture and therefore the students have little need to write extensively during the lecture; they can simply listen to the lectures which aim to highlight and amplify important aspects of the material handed out.  There are many texts on nuclear and particle physics.  The present recommended text is Introductory Nuclear Physics; by K.S. Krane which covers both areas quite adequately.  The Cosmic Onion by F. Close is strongly recommended for light reading.

There is ample opportunity to interact with the lecturer and query particular aspects of the course during the workshops.  During these periods, the students attempt problems based on the lecture material and receive help from the lecturer.  The students hand in specific questions to be marked; these questions are attempted either during the workshop or outside.  The students are thus able to assess their progress.  Problems of particular difficulty are discussed during a workshop. Some problems are assessed.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	16
	

	Tutorials/seminars
	
	8
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	24
	4

	
	
	
	

	Number of essays or assignments
	
	4 sets of assessed problems
	

	Other (eg major seminar paper)
	
	
	


Assessment:
Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3806: Atomic and Molecular Physics II

Module title: Atomic and Molecular Physics 2

Module code: PH3806



Providing School: MMP

Level: H





Number of credits: 10
Terms: Spring and Summer



Number of ECTS credits: 5
Module convenor:  A.C. Wright

Pre-requisites: PH3703

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module developing advanced concepts in atomic and molecular physics, especially experimental techniques.

Aims:

To provide students with an understanding of molecules observed from the microwave to the x-ray region in terms of solutions to the various energy eigenvalue equations involved and the appropriate selection rules.

Assessable learning outcomes

After the unit, the student should be able to:

· Sketch the vibrational and rotational spectra of a diatomic molecule and explain it in terms of the appropriate energy level diagram and selection rules.

· Derive a value of the internuclear separation.

· Derive a value for an isotopic shift in the rotational and vibrational spectrum.

· Explain the absorption spectrum of a diatomic molecule such as I2 in the visible region in terms of the Franck-Condon principle.

· Explain, in general terms, the basis of selection rules in atomic and molecular spectra.

· Discuss the Central Field Approximation and its relevance to atomic spectroscopy.

· Explain the difference between the normal and anomalous Zeeman effect and calculate the splitting observed in specific situations.

· Explain the difference between L-S and j-j coupling and the underlying physics behind the Landé interval rule and Hund’s rule.

· Draw an appropriately labelled energy level diagram for helium and explain its appearance in terms of the Central Field Approximation and the indistinguishability of electrons.

· Explain the Lamb shift experiment in hydrogen.

· Explain the existence of hyperfine structure in hydrogen and sodium.

· Explain the Rabi atomic beam experiment and determine the gI-value for a nucleus such as fluorine.

Outline content:

The module covers the physical properties of simple molecules and introduces topics relating to electron-electron and electron-nucleus interactions in atoms. 

Brief description of teaching and learning methods:

Typically two 50 minute lectures will be given each week, followed by a workshop session in which selected problems are discussed as well as providing an open forum for discussion of relevant topics. 

Private study weeks will be organised, permitting students to review and consolidate their knowledge, to study new topics and to address continuous assessment work. A web page is provided containing a timetable for the module, lecture notes, workshop notes, assessment questions and feedback, and links to external pages providing additional information.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	16
	8

	Tutorials/seminars
	
	8
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	Total hours
	
	24
	

	Number of essays or assignments
	
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3807: Cosmology I

Module title: Cosmology I

Module code: PH3807


Providing School: MMP

Level: H




Number of credits: 10

Terms: Autumn



Number of ECTS credits: 5

Module convenor:  J.A. Blackman

Pre-requisites: PH1001, PH1002, PH1003,PH2001


Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module developing quantitative models of the Universe and testing prediction against observation.

Aims:

To provide students with knowledge of models for the evolution of the Universe and an awareness of the experimental observations on which current understanding is based, to develop their appreciation of the underlying physical principles, and to enhance their problem solving skills.

Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Define the terms absolute luminosity, apparent luminosity, absolute magnitude, apparent magnitude, distance modulus, number density, and to use them in solving problems

· State Hubble's law and show its relation to apparent magnitude and red shift measurements 

· Explain the meaning of 'scale factor', derive an expression for its time dependence using Newtonian physics, and show what evolutionary paths for the Universe can result

· Define 'deceleration parameter' and 'critical density' and explain how they determine the behaviour of the Universe

· Show the relation between the age of the Universe and the Hubble parameter

· Describe the characteristics of the cosmic microwave background in terms of the Planck distribution law

· Use the first law of thermodynamics to determine the relation between the radiation density and the scale factor, contrast that with the behaviour of the matter density, and use these ideas to describe the significance of 'matter dominated' and 'radiation dominated'

· Describe the process of decoupling matter from radiation

· Describe how ideas involving gravitational and inertial masses, inertial frames of reference, absolute space, and the precession of planetary orbits create problems for Newtonian physics

· Describe the Einstein principle of equivalence and its consequences in the bending of light and the gravitational red shift

· Describe simple illustrations of non-Euclidean geometry, and distinguish when a metric tensor does/does not represent flat space (both in cartesian and in spherical polar coordinates)

· Recognise the Robertson-Walker metric, explain the meaning of 'comoving coordinates', and do simple problems related to this metric

· Recognise the Friedman equations (equations for the scale factor that include the cosmological constant), and demonstrate the possible types of behaviour that these equations yield

· Define 'object horizon' and 'event horizon', and solve associated problems

· Describe how the deceleration parameter can be obtained experimentally, and discuss criteria determining choice of models

· Solve problems related to the steady state model

· Describe briefly processes important in the early stages of the Universe: particle-antiparticle annihilation, proton and neutron numbers, helium nucleosynthesis, unification of forces, inflation
Additional outcomes

Students will develop a greater appreciation for the unity of physics through this module, as it draws upon all areas of classical, thermal and quantum physics covered in Parts 1 and 2. 

Outline content:

The module includes the following: historical background, the contents of the Universe, key cosmological measurements (including luminosities, magnitudes, red shifts, Hubble's law), the expansion of the Universe according to Newtonian physics, photons and the cosmic microwave background, problems with the Newtonian viewpoint, a brief introduction to general relativity (curved space-time and the Robertson-Walker metric), Friedman cosmologies, cosmological measurements and the choice of models, elementary particle physics following the Big Bang.

Brief description of teaching and learning methods:

Typically two 50 minute lectures will be given each week, followed by a workshop session devoted to problem solving skills. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	16
	

	Tutorials/seminars
	
	8
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	24
	

	
	
	
	

	Number of essays or assignments
	
	1
	

	Other (eg major seminar paper)
	
	
	


Assessment:
Coursework:
Single assignment in the form of an open book examination.

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3808: Computational Physics II

Module title:  Computational Physics II
Module code: PH3808


Providing School: MMP

Level: H




Number of credits: 10

Terms: Autumn



Number of ECTS credits: 5

Module convenor:  D Dunn
Pre-requisites: PH3707 or PH2005 or equivalent

Co-requisites: None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module developing advance computational skills and their application.

Aims:
To extend the computational physics skills acquired in PH3707 (or PH2005) through a series of programming projects using FORTRAN 95. In particular to use computational methods to study chaotic motion, quantum statistics and phase transitions; and to explore the use of object-oriented programming

Assessable learning outcomes

After the module each student should have learned how to use object-oriented programming methods and should be able to apply computational techniques to the study of: 

· Chaotic motion
· Random walks
· Phase transitions
· Fermi and Bose quantum statistics
Outline content:

In each week of the module there is a 4-hour supervised session in a PC laboratory and a further 4-hour unsupervised session in which these laboratories are available to students for program development.  The module is divided into 4 projects.  The projects are:

· Chaos

· Object-oriented programming

· Quantum statistics

· Random walk & phase transitions

Brief description of teaching and learning methods:

The course is entirely PC-laboratory based.  Each student works individually at a PC in the computer laboratory.  Each week there is a 4-hour supervised session with a member of staff and a post-graduate assistant in attendance.  There is a further weekly scheduled (but unsupervised) 4-hour session in which students have guaranteed access to PCs in the laboratory.  

The laboratory manual and associated program elements are provided on the physics intranet.  Each project includes a statement of the objectives and there is generally a section covering the background theory to the physical problem being tackled.  By attempting a sequence of problems, the student is led through steps in the development of the project whilst having the relevant background knowledge reinforced. 

Elements of the FORTRAN 95 language are introduced gradually within provided working programs.  Students identify new features as they arise and find out what is achieved by them by practical applications.  Information on the commands is readily available in the Salford FTN95 Help (Language Overview) program and links to other useful Web Sites are provided on the department’s web-server.  

The module is assessed completely by continuous assessment based on the logbook record submitted after the completion of each project.  The mark takes into account (a) the completeness of the record, including justifications for actions, derivations of results used, etc; (b) a statement which summarizes the achievements and (c) a bonus for any extra work or for evidence of initiative or originality.  To ensure uniformity of marking, one demonstrator marks all the reports on a particular project. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	
	

	Practicals
	
	40
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	40
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	4 computer projects
	


Assessment:
Coursework:
Logbook records

Relative percentage of coursework: 
 100%

Examinations: 
None

Requirements for a pass:
40%

Reassessment arrangements: 
A 2-hour computational assignment carried out under examination conditions in September.

PH3809: Problem Solving in Physics

Module title: Problem Solving in Physics

Module code: PH3809


Providing School: MMP
Level: H




Number of credits: 10

Terms: Spring




Number of ECTS credits: 5

Module convenor:  J Macdonald
Pre-requisites: Parts 1 and 2 core physics topics
Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module enhancing problem solving skills applied to modelling of physical systems, and enhancing communication skills.

Aims:

To continue the development of the subject specific skills of scientific methodology, mathematical modelling and problem solving, along with the general skills of self-reliance, communication and teamwork.  

Assessable learning outcomes

The module has learning outcomes in terms of specific problem solving skills and also in terms of self-reliant, communication and teamwork skills.

After the unit, a student should be able to:

· Demonstrate graphical and other mathematical skills needed to solve basic physics problems across a wide range of topics
· Identify the scientific principles involved in a problem and the limitations or conditions on the validity of these principles
· Identify the key features or variables involved in a given situation and so analyse the situation
· Identify possible simplifying aspects of a problem which allow its speedy resolution
· Apply scientific principles to a familiar or unfamiliar situation and make appropriate deductions or predictions
· Make an order of magnitude estimate of a quantity
· Identify possible simplifying approximations in a problem and consider the validity and impact of these approximations
· Identify and evaluate alternative strategies for solving a problem and choose a best strategy in a given situation
· Establish mathematical models for a wide range of systems and so make predictions about their behaviour
Additional outcomes

After the unit, a student should also be able to:

· Form and present an individual view on a problem
· Take an active part in a team discussion
· Modify an individual view, as necessary, after team discussion
· Contribute to directing team effort and team building

· Undertake and deliver an agreed part of a team solution
· Present a team solution
Outline content:

The module takes place in the Spring term and comprises a series of workshop and presentation sessions designed to develop problem solving skills at individual and team-member levels.

Brief description of teaching and learning methods:

The module is designed so that a student gains confidence and competence in solving an unfamiliar problem, either alone or as part of a team. This requires the development of cognitive skills (thinking skills) which enable knowledge to be used in new situations. Assessment of a student’s performance in the module consists of measuring problem solving skills and communication and teamwork skills. Individual problem solving skills are measured in the final examination paper. Communication and teamwork skills are measured through a number of team presentations of their solutions to set problems. The quality of an individual’s contribution within the team is not assessed directly, but there is a participation element of the assessment that is linked to attendance at the workshop sessions. For the team presentations marks are given for the quality of the solution to the problem, the quality of the presentation and the teamwork demonstrated in the presentation and in a worksheet submitted at the presentation.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	
	20
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	20
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Continuous assessment and team participation.

Relative percentage of coursework: 
 50%

Examinations: 
One 1½ hour Examination in June, 50%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3811: Stellar Physics

Module title: Stellar Physics

Module code: PH3811


Providing School: MMP

Level: H




Number of credits: 10

Terms: Spring and Summer


Number of ECTS credits: 5
Module convenor:  P.A. Hatherly

Pre-requisites: PH1001, PH1002, PH1003, PH1005, PH2001, PH2002

Co-requisites:  None

Modules excluded: None


Current from: 2005/6

Summary module description:
A 1 0credit module exploring the observable properties of stars, developing stellar models and studying stellar evolution
Aims:

To develop the basic physical principles required in astrophysics and to develop stellar models in order to discuss the properties, classification and evolution of stars.

Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Evaluate distances to stars using parallax and carry out calculations on stellar motions.

· Define absolute and apparent magnitudes and use their relationships to evaluate distances and luminosities.

· Recall the stellar classification scheme and relate it to the temperature and spectrum of a star.

· Produce a Hertzprung-Russell (HR) diagram and identify important populations of stars.

· Evaluate the dimensions of stars using their temperature and luminosity.

· Evaluate the masses of stars and produce the mass-luminosity relationship for Main Sequence stars.

· Describe qualitatively and quantitatively the internal structure of stars and evaluate relevant parameters such as the temperature and pressure of stellar cores.

· Apply the Boltzmann and Saha equations to stellar atmospheres.

· Describe the power sources of stars and evaluate energy production rates in stellar cores.

· Describe the nature of star forming regions and carry out calculations on Kelvin-Helmholtz contraction, summarising the results on a HR diagram.

· Evaluate the main sequence lifetimes of stars, and discuss post main sequence evolution.

· Describe Cepheid variables and their role as “standard candles”.

· Discuss the events leading to the deaths of low and high mass stars, the formation of exotic objects and the generation of heavy elements.

Additional outcomes

Students will develop a greater appreciation for the unity of physics through this module, as it draws upon all areas of classical, thermal and quantum physics covered in Parts 1 and 2. 

Outline content:

The module covers the physical properties of stars, stellar interiors and stellar evolution. 

Brief description of teaching and learning methods:

Typically two 50 minute lectures will be given each week, followed by a workshop session in which selected problems are discussed as well as providing an open forum for discussion of relevant topics. 

Private study weeks will be organised, permitting students to review and consolidate their knowledge, to study new topics and to address continuous assessment work. A web page is provided containing a timetable for the module, lecture notes, workshop notes, assessment questions and feedback, and links to external pages providing additional information.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	16
	8

	Tutorials/seminars
	
	8
	4

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	24
	

	
	
	
	

	Number of essays or assignments
	
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:
Coursework:
Assessed problems completed in private study, set at regular intervals

Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%

PH3812: Galactic Physics

Module title: Galactic Physics
Module code: PH3812
Providing School: MMP
Level: M
Number of credits: 10

Terms: Spring and Summer
Number of ECTS credits: 5

Module convenor:  P.A. Hatherly
Pre-requisites: PH1001, PH1002, MA111, PH1005, PH2002, PH2003, PH3701


Co-requisites:  
Modules excluded: None


Current from: 2005/6

Summary module description:

A 10 credit module introducing the properties, structures, dynamics and evolution of galaxies.

Aims:

To develop a basic understanding of the properties of galaxies.
Assessable learning outcomes

By the end of the module it is expected that the student will be able to:

· Discuss the evidence for galaxies being distant, extended objects

· Discuss the techniques for establishing the distances of galaxies

· Recall the Hubble “tuning fork” diagram and the scheme for classification of galaxies

· Recall the Hertzprung-Russell (HR) diagram and use it to assess populations of stars

· Discuss surface brightness functions and their use in calculating effective sizes of galaxies

· Discuss and evaluate the properties of elliptical, spiral and irregular galaxies, including:

· Stellar populations

· Galactic rotation

· Chemical composition and evolution

· Galactic interactions and mergers

· Discuss and evaluate the properties of galactic nuclei and the evidence for super-massive black holes

· Describe the properties of active galactic nuclei including:

· Quasars and Seyfert galaxies

· Radio galaxies and synchrotron radiation

· Galactic jets and super-luminal motion

· Discuss the dynamics of galaxy clusters and the large-scale structure of the Universe

Additional outcomes

Students will develop a greater appreciation for the unity of physics through this module, as it draws upon all areas of classical, thermal and relativistic physics covered in Parts 1 and 2. 

Outline content:
The module covers the physical properties of galaxies, their evolution and interactions. 

Brief description of teaching and learning methods:
Typically one 50 minute lecture will be given each week, followed by a workshop session every other week in which selected problems are discussed as well as providing an open forum for discussion of relevant topics. 

Given the small number of lectures, a significant amount of private study will be expected, permitting students to review and consolidate their knowledge, to study new topics via directed reading and to address continuous assessment work. A web page will be provided containing a timetable for the module, lecture notes, workshop notes, assessment questions and feedback, and links to external pages providing additional information.

Contact hours
	
	Autumn
	Spring
	Summer

	Lectures
	
	10
	2

	Tutorials/seminars
	
	5
	1

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	15
	3

	
	
	
	

	Number of essays or assignments
	
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular intervals
Relative percentage of coursework: 
 20%

Examinations: 
One 1½ hour examination in June, 80%

Requirements for a pass:
40%

Reassessment arrangements: 
One 1½ hour examination in September, 100%
PART 4 PHYSICS MODULES

PH4001: Physics Project

Module title: Physics Project

Module code: PH4001



Providing School: MMP 

Level: M





Number of credits: 60

Terms in which taught: Autumn, Spring, Summer
Number of ECTS credits: 30

Module convenor: R.J. Stewart  


*Other teaching staff: All Staff 

Pre-requisites: Parts 1,2 and 3 Physics based degree

Co-requisites:  

Modules excluded:


*Module type:
Maximum number of students:


Current from:  2005/6

Summary module description:

A 60 credit module in which students plan and carry out an extended research-based project in a specific area of physics, and present their results to their peers and staff.

Aims:

To provide students with an opportunity to plan and carry out a substantial research project in Physics.

Intended learning outcomes:
Assessable outcomes

At the end of the planning stage students should be able to:

· Define the objective of a project
· Identify a sequence of distinct task that will enable these objectives to be met and, then, to define interim milestones
· Demonstrate basic time and resource management skills
· Prepare a GANTT chart
· Prepare and deliver an oral presentation of a specified duration
After the completion of the project students should be able to:

· Present their research findings in the form of a scientific poster
· Describe and explain the subject of their research orally and place it in a wider context
· Develop conclusions from the work done and identify the underlying strengths and weaknesses of the case
· Describe how the work might be taken forward
· Show that they have been able to write a concise report in the style of a scientific paper
· Show that they have been able to summarise the salient points of their work in a poster

· Explain why the project was carried out in the way chosen
· Show a competence in the application of Physics. 

· Show ability as a research Physicist 

Additional outcomes

Outline content:

Initially, an introduction to the basic aspects of project planning is given.  In this, the importance of clearly defined objectives is first highlighted and, then, it is shown how a sequence of tasks can be built up to enable these to be met.  This involves the identification of the tasks themselves, the association with each of a duration and early assessment of required resources.  From these elements, the GANTT chart is introduced.  The topic of formal oral presentation is then considered.  Students are shown how to construct a short presentation so as effectively to convey specific key points. This includes preparation, delivery and the use of visual aids.  Throughout this part of the Unit, considerable emphasis is placed upon the importance of practice and the confidence that success instils.  Finally, the presentation of results in poster format is discussed.  Upon completion of the project itself, the findings are presented in the form of a scientific poster.

Using the above range of transferable skills, a project plan is developed.  This will contain the background to the proposed project, including a full literature search, a description of the work to be performed including an assessment of feasibility, contingency plans etc and a provisional timetable for completion of the project including objectives and milestones presented in the form of a GANTT chart. For design projects, it must additionally include, a complete specification for the design, a method of design, a method of testing, an estimate of cost, and a list of required components and equipment  This information forms the basis for both an oral presentation (15min plus 5mins for questions) and a formal written plan.  Much of the above will be carried out as private study under the guidance of the Project Tutor.

After the planning stage is completed, students carry out a substantial research project in Physics, write a research report and prepare a poster on the work done.

Brief description of teaching and learning methods:

The planning part of the module has 20 hours allocated to it; approximately 6 hours are taken up with formal lectures and 2hours of supervised workshop sessions.  The remaining contact time involves assessed oral presentations.  In addition, the Unit involves private study, which includes, researching topics within the main University Library, conducting computer literature searches and the preparation of presentations.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	6
	
	

	Tutorials/seminars
	2
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	6
	6
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	2
	2
	

	Other (eg major seminar paper)
	
	1
	


Assessment:

Coursework:
The assessment will be divided into 4 categories:

· Progress

Each student will provide three short progress reports using a proforma at regular intervals throughout the project.  The module convenor will grade these using the benchmarks described in the project booklet. 

· Report

Each student will complete a research report using the formal guidelines given in the project booklet.  The project supervisor and the area project co-ordinator prepare assessments using proformas and each provides marks using the benchmarks described in the project booklet. They take into account both the project report and any items generated by the student, for example computer software or instrumentation.  

· Poster Presentation

Each student prepares a poster presentation on their project using guidelines in the project booklet.  These are displayed and manned during a session in Term 9. The appropriate Area Project Co-ordinator and the Module Convenor both provide marks using the benchmarks described in the project booklet..

· Viva

The appropriate Area Project Co-ordinator and the Module Convenor will conduct viva voce examinations in Term 9.

Relative percentage of coursework: 100% 

Requirements for a pass: P 40%s

PH4003: Physics Project (MPhys Phys/Met only)

Module title: Physics Project (MPhys Phys/Met only)

Module code: PH4003



Providing School: MMP 
Level: M





Number of credits: 40

Terms in which taught: Autumn, Spring, Summer
Number of ECTS credits: 20

Module convenor: R.J. Stewart  
*Other teaching staff: All Staff 

Pre-requisites:  Parts 1,2 and 3 Physics based degree

Co-requisites:  

Modules excluded:


*Module type:
Maximum number of students:


Current from:  2005/6

Summary module description:

A 60 credit module in which students plan and carry out an extended research-based project in a specific area of physics, and present their results to their peers and staff.

Aims:

To provide students with an opportunity to plan and carry out a substantial research project in Physics.

Intended learning outcomes:

Assessable outcomes

At the end of the planning stage students should be able to:

· Define the objective of a project
· Identify a sequence of distinct task that will enable these objectives to be met and, then, to define interim milestones
· Demonstrate basic time and resource management skills
· Prepare a GANTT chart
· Prepare and deliver an oral presentation of a specified duration
After the completion of the project students should be able to:

· Present their research findings in the form of a scientific poster
· Describe and explain the subject of their research orally and place it in a wider context
· Develop conclusions from the work done and identify the underlying strengths and weaknesses of the case
· Describe how the work might be taken forward
· Show that they have been able to write a concise report in the style of a scientific paper 

· Show that they have been able to summarise the salient points of their work in a poster

· Explain why the project was carried out in the way chosen
· Show a competence in the application of Physics
· Show ability as a research Physicist
Additional outcomes

Outline content:

Initially, an introduction to the basic aspects of project planning is given.  In this, the importance of clearly defined objectives is first highlighted and, then, it is shown how a sequence of tasks can be built up to enable these to be met.  This involves the identification of the tasks themselves, the association with each of a duration and early assessment of required resources.  From these elements, the GANTT chart is introduced.  The topic of formal oral presentation is then considered.  Students are shown how to construct a short presentation so as effectively to convey specific key points. This includes preparation, delivery and the use of visual aids.  Throughout this part of the Unit, considerable emphasis is placed upon the importance of practice and the confidence that success instils.  Finally, the presentation of results in poster format is discussed.  Upon completion of the project itself, the findings are presented in the form of a scientific poster.

Using the above range of transferable skills, a project plan is developed.  This will contain the background to the proposed project, including a full literature search, a description of the work to be performed including an assessment of feasibility, contingency plans etc and a provisional timetable for completion of the project including objectives and milestones presented in the form of a GANTT chart. For design projects, it must additionally include, a complete specification for the design, a method of design, a method of testing, an estimate of cost, and a list of required components and equipment  This information forms the basis for both an oral presentation (15min plus 5mins for questions) and a formal written plan.  Much of the above will be carried out as private study under the guidance of the Project Tutor.

After the planning stage is completed, students carry out a substantial research project in Physics, write a research report and prepare a poster on the work done.

Brief description of teaching and learning methods:

The planning part of the module has 20 hours allocated to it; approximately 6 hours are taken up with formal lectures and 2hours of supervised workshop sessions.  The remaining contact time involves assessed oral presentations.  In addition, the module involves private study, which includes, researching topics within the main University Library, conducting computer literature searches and the preparation of presentations.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	6
	
	

	Tutorials/seminars
	2
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	6
	6
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	2
	2
	

	Other (eg major seminar paper)
	
	1
	


Assessment:

Coursework

The assessment will be divided into 4 categories:

· Progress

Each student will provide three short progress reports using a proforma at regular intervals throughout the project.  The module convenor will grade these using the benchmarks described in the project booklet. 

· Report

Each student will complete a research report using the formal guidelines given in the project booklet.  The project supervisor and the area project co-ordinator prepare assessments using proformas and each provides marks using the benchmarks described in the project booklet. They take into account both the project report and any items generated by the student, for example computer software or instrumentation.  

· Poster Presentation

Each student prepares a poster presentation on their project using guidelines in the project booklet.  These are displayed and manned during a session in Term 9. The appropriate Area Project Co-ordinator and the Module Convenor both provide marks using the benchmarks described in the project booklet.
· Viva

The appropriate Area Project Co-ordinator and the Module Convenor will conduct viva voce examinations in Term 9.

Relative percentage of coursework: 100% 

Requirements for a pass: 40%s

PH4A01: Advanced Quantum Theory

Module title: Advanced Quantum theory

Module code: PH4A01


Providing School: MMP 
Level: M




Number of credits: 10

Terms in which taught: Autumn

Number of ECTS credits: 5

Module convenor: M W Matsen 

*Other teaching staff:

Pre-requisites: PH1201, PH2002, PH2003

Co-requisites:  

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module developing the theory of quantum mechanics into advanced topics.

Aims:

To learn the mathematical formalism of quantum mechanics for bound systems, in particular, the simple harmonic oscillator and the hydrogen atom
Intended learning outcomes:

Assessable outcomes

By the end of the module it is expected that the student will be able to:

· Apply standard matrix methods to Hermittian matrices
· Derive theorems pertaining to the commutator and simultaneous basis vectors
· Specify the fundamental postulates of quantum mechanics
· Derive the Heisenburg uncertainty principle
· Understand the connection between the Dirac and Schroedinger formalisms
· Work with the relevant orthogonal polynomials
· Solve the Schrodinger equation for a one-dimensional simple harmonic oscillator
· Make use of the parity operator
· Work with ladder operators
· Solve the Schrodinger equation for a spherical potential
· Work with angular momentum and spherical harmonics
· Understand the significance of spin and the use of the Pauli spin matrices
· Calculate the effect of a uniform electromagnetic field on a hydrogen atom
· Derive and use perturbation theory
· Apply the relativistic Dirac equation to an electron in a uniform field
· Apply the relativistic Dirac equation to a hydrogen atom 

Additional outcomes

Students will develop a working knowledge of quantum mechanics that can be extended any bound system.

Outline content:

The module starts with review of linear algebra. Once the background mathematics has been covered, the course begins with a description of the basic theory, presented in both the Dirac and Schroedinger formalisms. As a first example, the simple harmonic oscillator is discussed in detail. This is followed by a comprehensive study of the hydrogen atom, ultimately finishing with the relativistic Dirac treatment. 

Brief description of teaching and learning methods:

Two 50 minute lectures will be given each week, in which new material is presented with a selection of worked examples. In addition, there will be a weekly 50 minute tutorial in which additional problems are discussed as well as providing an open forum for discussion of relevant topics. Every week, a set of assessed assignment questions, in most cases similar to the worked examples in lecture/tutorial, will be issued for the students to test their understanding.
Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	
	

	Tutorials/seminars
	10
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	30
	
	

	
	
	
	

	Number of essays or assignments
	9
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, set at regular weekly intervals.

Relative percentage of coursework: 
 20%

Examinations:
One 2 hour examination in June, 80%

Requirements for a pass: 40%

Reassessment arrangements:
One 2 hour examination in September, 100%

PH4A02: Lagrangian Field Theory

Module title: Lagrangian Field Theory

Module code: PH4A02


Providing School: MMP 
Level: M




Number of credits: 10

Terms in which taught: Autumn

Number of ECTS credits: 5

Module convenor: D Dunn 


*Other teaching staff:

Pre-requisites: Part 3 physics

Co-requisites:  

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module developing fundamental physical relationships from considerations of symmetry and the variational principle.

Aims:

The aims of the module are to show that the fundamental equations of Physics can be derived from variational principles and that the symmetry properties of these equations give rise to conservation laws. 

Intended learning outcomes:

Assessable outcomes

After the module each student should be able to:

· Express the equations of classical fields in terms of a Lagrangian densities

· Use the Euler-Lagrange equations to determine the dynamical properties of classical fields
· State the relationship between equivalent Lagrangian densities
· Specify transformation properties of space-time variables and fields
· Specify condition for a transformation to be a symmetry
· Use Noether’s theorem to relate symmetries to conserved currents
· Discuss the relationship between local symmetries and interactions

Additional outcomes

Outline content:

Classical Field Theory

Action and Lagrangian density

Hamilton’s principle and the Euler-Lagrange equations
Examples of Lagrangian densities and the resulting field equations
Equivalent Lagrangian densities
Examples

Symmetry transformations

Transformations of space-time variables and fields
Condition for a transformation to be a symmetry
Noether’s theorem and current densities

It is shown that each (continuous) symmetry gives rise to a conserved current density
Space-time translations

Rotations

Lorentz Symmetries

Relations between symmetry generators
Gauge transformations

Local symmetry transformations and Interactions

It is shown that interactions can be derived from (local) symmetry principles and, in particular, that electromagnetism is a manifestation of local gauge invariance

Brief description of teaching and learning methods:

Lectures, example classes and directed reading
Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	20
	
	

	Tutorials/seminars
	
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	20
	
	

	
	
	
	

	Number of essays or assignments
	3
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework

Assessed problems 30%
Relative percentage of coursework: 
 30%

Examinations:
One 2 hour examination in June, 70%

Requirements for a pass: 40%

Reassessment arrangements:
One 2 hour examination in September, 100%

PH4A03: Current Topics

Module title: Current Topics

Module code: PH4A03


Providing School: MMP 
Level: M




Number of credits: 10

Terms in which taught: Autumn

Number of ECTS credits: 5

Module convenor: G R Mitchell 

*Other teaching staff:

Pre-requisites: Part 3 physics

Co-requisites:  

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module allowing students to carry out in-depth scholarly research into a current research topic and to develop presentation skills.

Aims:

To provide students with the opportunity to carry out scholarly research in topical area of physics, to present the results of that research to their peers and to participate in discussions on that and other topics

Intended learning outcomes:

Assessable outcomes

After the unit each student should be able to: 

· Perform scholarly research in a topical area of physics 

· Present in a coherent manner the background physics to their chosen topic 

· Summarise the key points of the topic, the current challenges and future directions anticipate in discussions
Additional outcomes

Outline content:

Each student will carry out scholarly research in an area of current interest to physicists and present the results of their research to their peers through an informal seminar series. All students will participate in these seminars and in the ensuing discussion.

Brief description of teaching and learning methods:

Initial contact with students early in the term will establish, via seminars and discussion, a range of topics for study and the techniques and approaches to be employed.

Students will conduct independent scholarly research for much of the module, with an interim review session in the middle of the term.

The module will conclude with students delivering individual presentations on their topcis of choice. Students are expected to attend all presentations.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	4
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	10
	
	

	
	
	
	

	Total hours
	14
	
	

	
	
	
	

	Number of essays or assignments
	2
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessment will be based on the following criteria:
Students’ understanding of the topic area and the current issues 
(50%) 
The structure of the presentation
 (25%) 
The quality of the presentation 
 (25%).

Relative percentage of coursework: 
 100%

Requirements for a pass: 40%

PH4B01: Statistical Physics and Critical Phenomena

Module title: Statistical Physics and Critical Phenomena

Module code: PH4B01


Providing School: MMP 
Level: M




Number of credits: 10

Terms in which taught: Spring

Number of ECTS credits: 5

Module convenor: M W Matsen

*Other teaching staff:

Pre-requisites: Part 3 physics

Co-requisites:  

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module developing thermodynamic and statistical physics into an understanding of phase transitions and critical phenomena
Aims:

To extend students' understanding of classical thermodynamics to phase transitions and critical phenomena.

Intended learning outcomes:

Assessable outcomes

After the module each student should be able to :

· Explain salient features of a phase diagram;

· Explain the differences between first and higher order transitions.

· Describe the thermodynamics of nucleation in spherical and lamellar geometries
· Describe the thermodynamics of nucleation in spherical and lamellar geometries.

· Explain how the entropy of mixing can introduce solubility gaps into a phase diagram of a binary mixture.

· Explain how real fluids would be expected to show a region of two-phase stability with critical behaviour in the limit.

· Show why critical exponents would be expected for real fluids near the critical point.

· Explain how scaling laws predict critical exponents.

Additional outcomes

Outline content:

The syllabus includes: general conditions for equilibrium; classification of transitions; phase diagrams; nucleation and growth; binary alloys; higher-order transitions; superconductivity; critical behaviour and scaling theory.

Brief description of teaching and learning methods:

The module will be taught via traditional lectures, with additional problem-solving workshops and seminars. 

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	20
	

	Tutorials/seminars
	4
	10
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	30
	

	
	
	
	

	Number of essays or assignments
	
	10
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework

Assessed problems completed in private study, set at regular weekly intervals.

Relative percentage of coursework: 
 20%

Examinations:
One 2 hour examination in June, 80%

Requirements for a pass: 40%

Reassessment arrangements:
PH4B02: Modern Spectroscopic Techniques

Module title: Modern Spectroscopic Techniques

Module code: PH4B02


Providing School: MMP 

Level: M




Number of credits: 10

Terms in which taught: Spring

Number of ECTS credits: 5
Module convenor: L J Frasinski

*Other teaching staff:

Pre-requisites: PH1002, PH2001, PH2003, PH3702, PH3713, PH4A01

Co-requisites:  None

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module exploring current techniques in atomic and molecular physics and developing advanced study skills
Aims:

To introduce a wide range of modern spectroscopic techniques

To develop the skills of studying advanced research papers

To improve presentation skills

Intended learning outcomes:

Assessable outcomes

By the end of the module it is expected that the student will be able to do most of the following:

· Describe the techniques of laser and evaporative cooling

· Discuss the properties of the Bose–Einstein condensate

· Evaluate methods of trapping atoms and ions

· Describe a practical implementation of an atomic clock

· Explain the concept of quantum entanglement

· Define the concept of a “qubit”

· Discuss the applications of quantum cryptography

· Explain why a quantum computer can be more efficient than a classical machine

· Describe how optical tweezers work

· Outline the method of optical nanostructure fabrication

· Discuss the properties of quantum dots in optical microcavities

· Review biological photonic structures

· Explain the optical properties of photonic crystal fibres

· Outline the applications of surface plasmons in photonics

· Discuss the recent developments in compact ultrafast lasers

· Describe the technology of producing intense few-cycle laser fields

· Explain how a free-electron laser works

· Describe how laser is used to align molecules and how this alignment is measured

· Discuss the relevance of femtosecond frequency combs to optical metrology

· Compare the wave-function and density-functional descriptions of quantum systems

· Review the discoveries of producing shorter and shorter laser pulses

· Describe the technique of scanning tunnelling microscopy and its variations

· State the resolution and other key parameters of a scanning tunnelling microscope

· Discuss the relevance of fundamental research in quantum physics to modern technology

Additional outcomes

Students will develop a greater appreciation for the unity of physics through this module, as it draws upon all areas of classical and quantum physics covered in Parts 1, 2 and 3. 

Outline content:

The module covers the latest developments and discoveries in the broadly-defined field of spectroscopy. New topics are added to the course as this research field progresses.  

Brief description of teaching and learning methods:

The main part of the course consists of seminars.  At each seminar a student presents a topic based on a recent review articles plus any supporting literature. Normally, there is a wide range of articles to choose from. The topic is discussed during and at the end of the presentation. The convenor ensures that the key concepts are explained. Secondary concepts are left for home study. Tutorials to explain any unclear points are allocated on individual basis.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	
	

	Tutorials/seminars
	4
	20
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	20
	

	
	
	
	

	Number of essays or assignments
	
	
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
The depth and clarity of each of the presentations is assessed. The emphasis is on the content rather than the form. For example, black and white transparencies are perfectly acceptable as long as they are legible to the audience.

Relative percentage of coursework: 
 30%

Examinations:

One 2 hour examination in June,780%

Requirements for a pass: 40%

Reassessment arrangements:
One two hour examination in September, 100%

PH4B03: Cosmology II

Module title: Cosmology II

Module code: PH4B03


Providing School: MMP 

Level: M




Number of credits: 10

Terms in which taught: Spring

Number of ECTS credits: 5

Module convenor: J A Blackman

*Other teaching staff:

Pre-requisites: PH1001, PH1002, MA111, PH2001, PH2002, PH3807

Co-requisites:  None

Modules excluded: None

*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module developing the principles of General Relativity and their application to cosmology
Aims:

To develop the ideas of General Relativity through a detailed study of a particular application, and to acquire an appreciation of some current theories of Cosmology
Intended learning outcomes:

Assessable outcomes

By the end of the module it is expected that the student will be able to:

· Describe the basic ideas of General Relativity
· Perform calculations using the Schwarzschild metric and the geodesic equation
· Obtain the rate of precession of the perihelion of a planet
· Calculate the bending of a light beam as it passes in the vicinity of a gravitational mass
· Perform simple calculations on the motion of masses and light in the presence of a blackhole
· Outline some current theories of Cosmology such as string theory and quantum gravity
Additional outcomes

Students will develop their research skills through an investigation of the current theories. 

Outline content:

The module covers the basic ideas of General Relativity and its application to the gravitational effects of a point mass. Current theories of Cosmology are explored as a research topic within the module.  

Brief description of teaching and learning methods:

One lecture/tutorial will be given per week to provide the basic mathematical structure. The students will tackle problems to develop their manipulative skills and to consolidate their understanding. The research topic will take the form of private study following advice on possible sources of information. Convenor will be available for further discussion as required.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	10
	

	Tutorials/seminars
	4
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	
	

	
	
	
	

	Number of essays or assignments
	
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Assessed problems completed in private study, and essay.

Relative percentage of coursework: 
 100% (50% problems, 50% essay)

Examinations:
Requirements for a pass: 40%

Reassessment arrangements:
One 1½ hour examination in September, 100%

PH4B04: Particle Physics and the Standard Model

Module title: Particle Physics and the Standard Model
Module code: PH4B04


Providing School: MMP 
Level: M




Number of credits: 10

Terms in which taught: Spring

Number of ECTS credits: 5

Module convenor: D Dunn


*Other teaching staff:

Pre-requisites: Part 3 Physics modules

Co-requisites:  None

Modules excluded: None


*Module type:
Maximum number of students:


Current from: 2005/6

Summary module description:

A 10 credit module examining the standard model of particle physics, its succeses and limitations
Aims:

The aims of the module are to explore the successes and limitations of the “standard model” of particle physics.

Intended learning outcomes:

Assessable outcomes

After the module each student should be able to:

· Derive and make use of free field solutions to spinor field equations;

· State the properties of creation and annihilation operators
· Use the creation and annihilation operators to determine number and energy operators for quantum spinors
· Define and use the concept of helicity
· Discuss the axioms of standard model theory
· Discuss the main predictions of the theory
· Derive predictions of the theory involving Z and W bosons
· Discuss the limitations of the current theory
Additional outcomes

Outline content:

· The “standard model” theory of particle physics
· The main predictions of the theory
· The successes: the confirmed predictions
· The limitations: the predictions yet to be confirmed
Brief description of teaching and learning methods:

Lecturers, example classes and directed reading.

Contact hours

	
	Autumn
	Spring
	Summer

	Lectures
	
	20
	

	Tutorials/seminars
	
	
	

	Practicals
	
	
	

	Other contact (eg study visits )
	
	
	

	
	
	
	

	Total hours
	
	20
	

	
	
	
	

	Number of essays or assignments
	
	2
	

	Other (eg major seminar paper)
	
	
	


Assessment:

Coursework:
Continuous Assessment:
Assessed problems
30%

Relative percentage of coursework: 
 30%

Examinations: 70%
Requirements for a pass: 40%

Reassessment arrangements:
Examination in September
120

