Programme and Module Information 

The School of Physics and Astronomy runs the following undergraduate programmes

•    BSc Physics

•    BSc Astrophysics

•    BSc Theoretical Physics

•    BSc Physics with Particle Physics

•    BSc Natural Sciences (with 2011 being the last year of recruitment to this programme)

•    MSci Physics

•    MSci Astrophysics

•    MSci Theoretical Physics

•    MSci Physics with Particle Physics

MSci Physics programme outline

All undergraduate students at Queen Mary take 120 credits a year.  A BSc degree consists of 360 credits and an MSci degree consists of 480 credits.   Most modules are worth 15 credits which means that students normally take 8 modules a year.  In your third year students study for a project worth 30 credits and MSci students will study for a 45 credit project.

Students are required to take all modules marked as ‘compulsory’. 

Year 1

PHY-103 Scientific Measurement C 

PHY-116 From Newton to Einstein C 

PHY-121 Mathematical Techniques 1 C 

PHY-108 Condensed Matter C 

PHY-122 Mathematical Techniques 2 C 

PHY-210 Electric and Magnetic Fields C 

PHY-215 Quantum Physics C 

PHY-101 Our Universe S 

Year 2

PHY-217 Vibrations and Waves C 

PHY-218 Mathematical Techniques 3 S 

PHY-302 Nuclear Physics and Astrophysics C 

PHY-214 Thermal and Kinetic Physics C 

PHY-321 Modern Computation in Physical Science S 

PHY-319 Quantum Mechanics A C 

PHY-201 Physics Laboratory C 

PHY-304 Physical Dynamics S 

PHY-250 Physics of Energy and the Environment S 

PHY-226 Condensed Matter 2 S 

PHY-222 Electromagnetic Waves & Optics C 

PHY-307 Stars S 

Year 3

PHY-913 Physics Review Project C 

PHY-300 Synoptic Physics C 

PHY-305 Physics of Galaxies S 

PHY-308 Space Time and Gravity S 

PHY-321 Modern Computation in Physical Science S 

PHY-413 Quantum Mechanics B C 

PHY-328 Statistical Data Analysis S 

PHY-306 Elementary Particle Physics C 

PHY-325 Quantum Mechanics and Symmetry C 

PHY-550 Solid State Physics C 

PHY-403 Statistical Physics C 

Year 4

PHY-400 Physics Research Project C 

PHY-912 Physics Investigative Project S 

PHY-966 Electromagnetic Theory S 

PHY-415 Relativistic Waves & Quantum Fields S

I17461 Plasma Physics S 

I17148 Atom and Photon Physics S 

I147502 Low Temperature Physics and Nanotechnology S 

I17147 Advanced Quantum Theory S 

I10477 Electrons in Solids S 

I17151 Molecular Physics S 

I17471 Condensed Matter Physics S 

I17152 Particle Physics S 

I47082 Statistical Mechanics S

==============================================

B.Sc. Index - Foundation level courses

Mechanics and Materials SEF-005 0/A M&M 

Module

Mechanics and Materials (M&M | SEF-005)

Year: 0 | Semester: A | Level: 3 | Units: 0 | Credits: 15

Prerequisites: GCSE science or equivalent

Lectures: 33 | Lec: 21 25 41 Tut: 44 45 46 (notation) 

Exam: 

Practical work: none | Ancillary teaching: exercise classes 

Course organiser: Miss Evette Burton | Course deputy: Dr Andrei Sapelkin

Synopsis:

Only available to students on certain programmes. This is one of three courses providing a firm grounding in the ideas of Physics. Newtonian mechanics including statics, linear and rotational dynamics. forces and energy are discussed along with their role in the molecular structure of matter, properties of solids, liquids and gases. The basic concepts of thermodynamics are introduced. The emphasis is on physical understanding rather than mathematics. 

Aims:

This is the first of three courses in the Foundation Programme providing a firm grounding in the concepts and techniques of physics and its application to engineering. Forces and energy are discussed, along with their role in the molecular structure of matter, and the properties of liquids and gases. The course also introduces the basic concepts of thermodynamics. The emphasis throughout is on physical understanding rather than the mathematics. 

Outcomes:

On completing the course, students should be able to answer questions at an appropriate level (both qualitative and quantitative) based on: vectors; equations of motion; Newton's Laws; parabolic motion; momentum; energy; collisions; power and efficiency; energy sources; turning moments; conditions for equilibrium; centipetal force and equations of motion; moment of inertia; rotational momentum and energy; atoms and atomic sizes; intermolecular forces; nuclear model of the atom; macroscopic properties; microscopic properties; materials; fluids at rest; fluid flow; Bernoulli principle; temperature; transfer of heat; heating bodies; real gases. 

Recommended books:

Breithaupt, J.

New Understanding Physics for Advanced Level

Nelson Thornes, (1999)

ISBN 0-7487-4314-6

(or with Study Guide and CD

ISBN 0-7487-4466-5)

[essential].

-------------------------------------------------------------

Fields and Waves SEF-006 0/B F&W 

Module

Fields and Waves (F&W | SEF-006)

Year: 0 | Semester: B | Level: 3 | Units: 0.0 | Credits: 15

Prerequisites: SEF-005

Lectures: 33 | Lec: 23 33 42 Ex: 46 47 48 (notation) 

Exam: 2½ hour written paper (70%), coursework (30%)

Practical work: none | Ancillary teaching: exercises, tutorials 

Course organiser: Mr Jim Murphy | Course deputy: Dr Sanjaye Ramgoolam

Synopsis:

This is one of three courses in the Foundation Programme providing a firm grounding in the concepts, facts and techniques of physics. This course considers the phenomena connected with gravity, electromagnetism, light and sound. It stresses the idea of describing natural phenomena by fields and the widespread occurrence of wave motion in various areas in physics.

Aims:

This course is intended as a sequel to SEF-005 (Mechanics and Materials) and PHY-105 (Principles of Mechanics and Materials). It will introduce students to the role of fields in physics, and in particular the gravitational and electromagnetic fields. The course will also treat wave motion, and relevant related topics in the physics of sound and optics. 

Outcomes:

On completing the course, students should be able to answer questions at an appropriate level (both qualitative and quantitative) based on: gravitational fields: force and potential, Newton's theory of gravitation, planetary fields, satellite motion; electric fields: field patterns, uniform electric fields, parallel plate capacitors, the inverse square law, charged spheres; magnetic fields: magnetic field patterns, magnetic field strength, motors and meters, charged particles in magnetic fields, field formulae for current-carrying wires; electromagnetic Induction: the principles of electromagnetic induction, generators, induction motors, transformers, self-inductance; oscillations: describing oscillations, principles of simple harmonic motion, oscillation of loaded springs, the simple pendulum, energy of oscillating systems, forced oscillation and resonance, 

Wave motion: progressive waves, measuring waves, wave properties, stationary waves, mechanical waves and resonance; sound: nature of sound waves, properties of sound, resonance of air columns, vibrations of strings and wires, the Doppler effect; physical Optics: the wave nature of light, interference by thin film, diffraction by slits and obstacles, diffraction gratings and spectra; optical Instruments: mirrors, lenses, the eye, the camera, microscopes, telescopes, electromagnetic Waves: the nature of electromagnetic waves, radio waves and microwaves, infra-red radiation, ultra-violet radiation, polarization of electromagnetic waves, the speed of light. 

Recommended books:

Breithaupt, J.

New Understanding Physics for Advanced Level

Nelson Thornes, (1999)

ISBN 0-7487-4314-6

(or with Study Guide and CD ISBN 0-7487-4466-5)

[essential].

------------------------------------------------------------

Electricity and Atomic Physics SEF-007 0/B EAP 

Module

Electricity and Atomic Physics (EAP | SEF-007)

Year: 0 | Semester: B | Level: 3 | Units: 0.0 | Credits: 15

Prerequisites: SEF-005 and SEF-006

Lectures: 33 | Lec: 21 25 31 51 54 56 Ex: 35 36 44 58 (notation) 

Exam: 2½ hour written paper plus coursework assessment (30%)

Practical work: 4 x 1 hour | Ancillary teaching: exercises, help sessions 

Course organiser: Mr Jim Murphy | Course deputy: Dr Kevin Donovan

Synopsis:

This is one of three courses in the Foundation Programme providing a firm grounding in the ideas and techniques of physics. The course covers various aspects of electronics and their applications in logical devices. Electronics is demonstrated through laboratory and computer simulation sessions. The basic properties of the electron and the atomic view of the atom and the nucleus are discussed, including an account of radioactive decay and nuclear energy. There is a short introduction to Quantum Physics.

Aims:

This is one of three courses in the Foundation Programme providing a firm grounding in the concepts and techniques of physics. The course covers various aspects of electronics and their applications in logical devices. The basic properties of the electron and the atomic view of the atom and the nucleus are discussed, including an account of radioactive decay and nuclear energy. There is a short introduction to Quantum Physics. Four short laboratory exercises are included as an introduction to experimental method. 

Outcomes:

On completing the course, students should be able to answer questions at an appropriate level (both qualitative and quantitative) based on: circuits; charge, current, potential difference and resistance; Kirchoff's Laws; meters and bridges; capacitors; alternating current circuits; reactance, impedance and phase difference; digital eelectronics including logic gates and half adder; nuclear structure; nuclear stability and radioactivity; binding energy, fusion and fission; electrons in free fpace; the photoelectric effect; electrons inside the atom; energy levels and spectra; wave particle duality. 

Recommended books:

Breithaupt, J.

New Understanding Physics for Advanced Level

Nelson Thornes, (1999)

ISBN 0-7487-4314-6

(or with Study Guide and CD ISBN 0-7487-4466-5).

========================================

Programme outline - Physics MSci

Year 1, Semester A

Physics Code Course Name Code

-------------------------------------------------------------------

PHY-103 Scientific Measurement C 

Module

Scientific Measurement (SCM | PHY-103)

Year: 1 | Semester: A | Level: 4 | Units: 1 | Credits: 15

Prerequisites: none

Lectures: 10 | Lec: 24 54 Lab: 16 17 18 26 27 28 46 47 48 56 57 58 (notation) 

Exam: no written paper; assessment entirely by coursework.

Practical work: 16 x 3 hours | Ancillary teaching: weekly exercises and training in computer skills

Course organiser: Dr Jeanne Wilson | Course deputy: Dr Eram Rizvi

Synopsis:

Practical work in the laboratory serves to illustrate basic concepts in physics, and the processes of carrying out experiments and interpreting their results. Students are taught techniques of measurement and the use of instruments and computers. There are some lectures on statistics and data analysis which are applied to the laboratory measurements. There is no final examination. All assessment is by coursework and laboratory reports. 

Aims:

The main aims of Scientific Measurement are to teach laboratory techniques and skills to be used in later courses, and to train students to think critically about experimental data (and other numerical information) and their precision. 

Outcomes:

By the end of the course students are expected to accomplish the following: be able to use everyday physics laboratory equipment such as oscilloscopes and other electrical equipment, optical instruments, and high-precision measuring devices; demonstrate how to tabulate data and display it in the form of histograms, or linear or logarithmic graphs. Demonstrate how to draw sensible curves through plotted data and how to derive results from, for instance, the gradients of such curves; demonstrate an understanding of the fundamentals of statistical analysis of data, and especially the importance of experimental errors; demonstrate how to estimate and compound experimental errors, and demonstrate an understanding of their importance in the interpretation of results; keep adequate laboratory records of their work; use basic word processing and data presentation and fitting techniques using personal computers to present their work in formal reports; organise their time efficiently so as to finish the experiments and write up their reports on time. 

Recommended books:

There are no required books. A number of books are recommended 

and are available to borrow from the Teaching Laboratories and the 

Main Library Short Loan Collection, the most useful being:

Squires, G.L.

Practical Physics

CUP, (2001)

ISBN 0-521-77940-5

Silyn-Roberts, H.

Writing for Science

Longman (1996)

ISBN 0-582-87816-0

Barlow, R.J.

Statistics

Wiley (1989)

ISBN 0-471-92295-1

Taylor, J.R.

An Introduction to Error Analysis

University Science Books (1997)

ISBN 0-935702-75-X.

----------------------------------------------

PHY-116 From Newton to Einstein C 

Module

From Newton to Einstein (NtE | PHY-116)

Year: 1 | Semester: A | Level: 4 | Units: 1 | Credits: 15

Prerequisites: Algebra and elementary calculus

Lectures: 33 | Lec: 31 41 43 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercises and tutorials; essay 

Course organiser: Dr Mark Baxendale | Course deputy: Dr Alex Martin

Synopsis:

This module reviews the developments in man's understanding of the laws of space, time and motion, from the seventeenth century to the present day. Topics in Classical Mechanics include kinematics and dynamics; rotational motion; dynamics of a rigid body and the gyroscope; gravity and planetary orbits. In Relativistic Mechanics one studies Special Relativity; the Lorentz transformation; length contraction and time dilation; the clock paradox; relativistic kinematics and dynamics; General Relativity; tests and consequences of General Relativity; Black Holes and galactic lenses. 

Aims:

The aim of this course is to understand the kinematics of moving bodies in Newtonian space and time and how this is modified in a relativistic account. 

Outcomes:

By the end of the course the students should be able to: apply the conservation laws of energy, momentum and angular momentum to calculate particle kinematics and dynamics in systems with translational and rotational symmetry; relate the Coriolis force with aspects of world weather and to comprehend the motion of a gyroscope; predict the trajectory and perform simple calculations on circular and elliptical planetary orbits; deduce the Lorentz transformation in Special Relativity from basic principles and understand how time dilation and length contraction arise; deduce and interpret E=mc2 and apply to simple mass-energy problems, for example in nuclear physics.

Recommended books:

Young, H.D. and Freedman, R.A. et al

University Physics With Modern Physics

Longman HE, (10th edition, 1999)

ISBN 0-201-60336-5.

------------------------------------------------

PHY-121 Mathematical Techniques 1 C 

Module

Mathematical Techniques 1 (MT1 | PHY-121)

Year: 1 | Semester: A | Level: 4 | Units: 1 | Credits: 15

Prerequisites: A-level Mathematics

Lectures: 16 | Ex: 11 12 21 22 51 52 Lec: 14 15 23 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: 22 exercise classes 

Course organiser: Dr Marcella Bona | Course deputy: Dr Adrian Bevan

Synopsis:

Techniques of mathematics, mostly calculus, required in the study of the physical sciences. Complex numbers and functions, differentiation, partial differentiation, series, integration, polar coordinates and multiple integration. The course structure includes both lectures and self-paced programmed learning, with assessment by coursework and an end of year examination. 

Aims:

This is a first course in applications of calculus; it also introduces complex quantities. Its main purpose is to prepare the students for the mathematical manipulations, which they will encounter in all subsequent Physics courses. The types of examples used are, consequently, heavily Physics based.

Outcomes:

At a basic level, students should be able to: find the first and second derivatives of functions of a single variable; apply calculus methods to curve sketching; calculate the first and second derivatives of quantities defined parametrically; calculate the first and second partial derivatives of functions of many variables; use partial derivative methods to solve small change problems and rate of change problems for functions of many variables and parametric situations; establish Maclaurin, Taylor, Binomial, and Fourier series expansions for (relatively) simple functions; Series expansion for two dimensional problems, proof by induction, manipulate complex numbers in cartesian and exponential form (including converting to and from both forms); find roots of complex numbers; hyperbolic functions; integrate functions of a single variable by various methods (substitution, parts, partial fractions etc.); integrate functions defined parametrically; establish reduction formulae for given integration problems; use integration methods to evaluate areas and averages of functions (including rms values); use integration methods to calculate volumes of revolution and centroids of figures; express simple multiple integrals; apply multiple integration methods for evaluating areas bound by curves and volumes bound by planes as well as other Physics based problems (e.g. moments of inertia); Compute Fourier transforms; understand the meaning of an analytic function, and integrate and differentiate complex functions; be able to solve problems related to conformal mapping. 

Recommended books:

Stroud, K.A.

Engineering Mathematics 7th Ed.

Palgrave, (2007)

ISBN 978-1-4039-4246-3

Riley, K.F.; Hobson, M.P.; Bence, S.J.

Mathematical Methods for Physics and Engineering

Cambridge University Press (2006)

ISBN 0-521-67971-0

Other books to consult: 

M. L. Boas

Mathematical Methods for the Physical Sciences

Wiley (2005)

ISBN-13: 978-0471365808.

--------------------------------------------

PHY-108 Condensed Matter C 

Module

Condensed Matter (CM | PHY-108)

Year: 1 | Semester: A | Level: 4 | Units: 1 | Credits: 15

Prerequisites: A Level Physics and Mathematics or equivalent

Lectures: 30 | Lec: 32 34 55 (notation) 

Exam: 2.5 hour written paper (70%), coursework (20%), mid-semester test (10%)

Practical work: none | Ancillary teaching: none 

Course organiser: Dr Andrei Sapelkin | Course deputy: Dr Mark Baxendale

Synopsis:

This course describes the structure of bulk matter starting from the intermolecular forces at the microscopic level. Using simple mechanical and thermodynamical ideas the structure of solids is described. An introduction is provided into electronic and dynamic properties of solids. Simple models of transport processes like diffusion, thermal and electrical conduction will be introduced. The concept of order/disorder will be explored.

Aims:

The course is intended to make students acquainted with the basic principles and key concepts used in the description of condensed matter. It will provide students with essential tools enabling them to deal with descriptions of static and transport properties of matter, interatomic interactions, concept of phases of matter, electronic band structure, and lattice vibrations.

Outcomes:

Upon completion of this course, the student will be able to answer qualitative and quantitative questions on: Interatomic Forces: van der Waals, ionic, covalent and hydrogen bonding; Properties of Solids Related to Interatomic Forces: binding energy, surface energy, the cubic lattice, elastic properties, heat capacity, an introduction to phonons and electronic band structure; The Liquid State: loss of order, radial distribution function, macroscopic properties of viscosity and compressibility, molecular; Transport Properties; Electronic band structure; Lattice vibrations; Introduction to Magnetism.

Recommended books:

de Podesta, M.

Understanding the Properties of Matter

Taylor & Frances, (2nd edition, 2001)

ISBN 0-415-25788-3

Tabor, D.

Gases, Liquids and Solids: and Other States of Matter

Cambridge University Press, (3rd edition, 1991)

ISBN 0-521-40667-6

.

--------------------------------------------------

Year 1, Semester B

Physics Code Course Name Code 

--------------------------------------------------

PHY-122 Mathematical Techniques 2 C 

Module

Mathematical Techniques 2 (MT2 | PHY-122)

Year: 1 | Semester: B | Level: 4 | Units: 1 | Credits: 15

Prerequisites: PHY-121 or equivalent and PHY-217

Lectures: 26 | Lec: 32 33 42 Lab: 16 17 57 58 (notation) 

Exam: examination (60%), coursework (20%), practical coursework (20%)

Practical work: 9 x 2 hours | Ancillary teaching: None

Course organiser: Dr Alex Martin | Course deputy: Dr Adrian Bevan

Synopsis:

Further techniques of mathematics needed in the physical sciences. Complex numbers and hyperbolic functions. Polar and spherical coordinates and coordinate transformations. Multiple integrals. Line and surface integrals. Vector algebra. Vector calculus. The theorems of Gauss, Green and Stokes. Matrices. Determinants. Eigenvalues and eigenvectors. Fourier series and transforms including the convolution theorem. Differential equations. Computer algebra (Mathematica) is used in the practical classes to enable the students to learn a professional physicists approach to real problem-solving. 

Aims:

The aim of this course is to teach essential mathematical skills which are necessary for a wide range of work in physics

Outcomes:

By the end of this course, a student would be expected to be able to: understand and use basic complex analysis, in particular the symbol 'i', multiplication, graphical representation, polar form, exponential form and roots; have a familiarity with hyperbolic functions and their relationship with trigonometric functions; have a familiarity with double and triple integrals, polar and spherical coordinates, line and surface integrals and coordinate transformations; use and understand the meaning of scalar and vector quantities, vector components, addition, direction cosines, scalar and vector products, angle between vectors, vector differential operators, div, grad and curl and properties; comprehend matrices, their order and type, operations, inverse and transpose, symmetry, orthogonality, Hermiticity and unitarity, determinants, eigenvalues and eigenvectors, use in solving linear systems of equations; know the elements of Fourier expansions, coefficient formulae, applications and the convolution theorem; be able to solve simple, linear first and second order differential equations; have a working knowledge of the use of the Mathematica package for solving mathematical problems, basic syntax and techniques, sources of error, cross-checking, simple applications, use in more complicated problems arising in all the above subjects. 

Recommended books:

Stroud, K.A.

Engineering Mathematics 7th Ed.

Palgrave, (2007)

ISBN 978-1-4039-4246-3

Stroud, K.A.

Advanced Engineering Mathematics 4th Ed.

Palgrave,

ISBN 1-4039-0312-3

Riley, K.F.; Hobson, M.P.; Bence, S.J.

Mathematical Methods for Physics and Engineering; Cam Uni Press (2006) 

ISBN 0-521-67971-0

.

--------------------------------------------------

PHY-210 Electric and Magnetic Fields C 

Module

Electric and Magnetic Fields (EMF | PHY-210)

Year: 1 | Semester: B | Level: 4 | Units: 1 | Credits: 15

Prerequisites: PHY-121 or equivalent course of elementary calculus

Lectures: 33 | Lec: 34 53 54 Ex: 43 44 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercise classes

Course organiser: Dr Alan Drew | Course deputy: Dr John Dennis

Synopsis:

An introduction to the basic laws of electromagnetism: electric force and field; electric potential and energy; capacitance; electromotive force; magnetic force and field; the Lorentz force; electromagnetic induction; mutual and self inductance; magnetic energy; Maxwell's equations; introduction to electromagnetic waves; applications in science and engineering. 

Aims:

The aims of this course are the basic laws of Electromagnetism. It is based around the development and use of Maxwell's equations in integral form. 

Outcomes:

At the end of the course, successful students will be able to: state and explain the basic laws of electromagnetism; apply them to elementary problems involving steady and changing fields and currents; understand the nature of electromagnetic radiation. The main Aims and Learning Outcomes of the course may be summarised as follows: To learn and remember the rigorous definitions of, relationships between, and physical significance of the important quantities in basic Electricity and Magnetism: Electric charge and force Electric field and flux Electric energy and potential Capacitance Electric current and resistance Electric power Magnetic force Magnetic field and flux Electromotive force Mutual and self Inductance Most students will have met many of these ideas before, but the course assumes no prior knowledge. To learn, remember, understand and apply the basic laws describing the relationships between these quantities and the behaviour of the Electric and Magnetic Fields, i.e., Maxwell's equations. This is the most important element of the course, and involves: being able to STATE the mathematical expressions of these laws; being able to EXPLAIN using words and simple diagrams the physical meanings and implications of the laws; being able to APPLY the laws to solve problems. The emphasis is on physical intuition and visualisation rather than an overly mathematical approach. To acquire a good conceptual understanding of how the fundamental relationships, as embodied in Maxwell's equations, imply the existence of electromagnetic waves. To develop and practice some general skills which are essential for the course, and also have many applications in other subjects: e.g., vector algebra; basic calculus (simple integration and solution of first-order differential equations); 3-dimensional visualisation. 

Recommended books:

Young, H.D. and Freedman, R.A.

University Physics With Modern Physics

Longman HE, (11th edition, 2003)

ISBN 0-201-60336-5.

-------------------------------------

PHY-215 Quantum Physics C 

Module

Quantum Physics (QP | PHY-215)

Year: 1 | Semester: B | Level: 4 | Units: 1 | Credits: 15

Prerequisites: PHY-121 and PHY-116 or equivalent courses of elementary calculus and special relativity

Lectures: 33 | Ex: 12 13 26 27 Lec: 21 22 23 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercises, tutorials

Course organiser: Dr Gabriele Travaglini | Course deputy: Dr Rodolfo Russo

Synopsis:

An introduction to quantal properties in nature, and the theory developed to describe them. Descriptions of the evidence for particle-like properties of waves, and wave-like properties of particles, are followed by a study of their consequences and their formal expression in physical law: topics include Heisenberg's uncertainty principle, Schrodinger's equation and elementary quantum mechanics.

Aims:

The aim of this course is to teach the empirical basis for the early development of the quantum theory of the microscopic world, as well as to give a first conceptual account of the basic quantum phaenomena. 

Outcomes:

By the end of this course a student would be expected to: utilise the terms and basic methods of quantum physics; be familiar with the key historical experiments which demonstrated the wavelike-nature of matter and the particle-like nature of electromagnetic radiation; account for interference effects in two-slit diffraction, X-ray scattering and low-energy electron scattering experiments; account for particulate effects in the Compton scattering of X-rays and the photoelectric effect; display familiarity with the Heisenberg Uncertainty Principle and its application to simple one-dimensional systems; be able to solve the one dimensional time-independent Schroedinger equation in some simple case; understand the meaning of the quantum numbers that arise in solution of the Schroedinger equation. 

Recommended books:

Young, H.D. and Freedman, R.A.

University Physics With Modern Physics

Longman HE (10th edition, 2000)

ISBN 0-201-60336-5

Krane, K.S.

Modern Physics

Wiley, (1995)

ISBN 0-471-82872-6

R.P. Feynman, Robert B. Leighton, Matthew Sands

Lectures on Physics (vol. 3)

Addison Wesley ISBN 0-201-02115-3

.

--------------------------------

PHY-101 Our Universe S 

Module

Our Universe (UNI | PHY-101)

Year: 1 | Semester: B | Level: 4 | Units: 1 | Credits: 15

Prerequisites: none

Lectures: 33 | Lec: 11 15 25 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: none 

Course organiser: Dr John Dennis | Course deputy: Dr Eram Rizvi

Synopsis:

The course is a broad survey of Astronomy aiming to acquaint students with evolution of the universe and its constituents. A particular theme is the role played by the known laws of physics in understanding astronomical observation. Students will: gain a familiarity with the constituents of the observed universe; appreciate, and be able to explain, the important part played by the laws of physics in designing observations, and in interpreting and understanding them; be able to explain the different types of information obtainable from observations across the entire electromagnetic spectrum from gamma rays to radio waves. 

Aims:

The aims of the course are: to acquaint students with a wide-ranging view of the universe from the solar system to stars, the Galaxy, its constituents and to the universe beyond our galaxy; to inform them of the role played by the known laws of physics in our understanding of the observed universe; to train them to use astronomical information sources, especially those on the web providing services both to the astronomer and the layman; to provide the opportunity for students to gain experience of writing and talking about astronomy at a level either appropriate to a scientist or a layman. 

Outcomes:

By the end of the course students should: have gained a familiarity with the constituents of the observed universe; appreciate the important part played by the laws of physics in making observations, and interpreting and understanding them; be able to explain the different types of information obtainable from observations across the entire wavelength range from gamma rays to radio waves; have gained a familiarity with astronomical resources on the web and in the library; be able to give written accounts and and oral presentations on topics related to the course at a level appropriate to a particular audience by using web and library resources. 

Recommended books:

Kaufmann, W.J. & Freedman, R.A.

Universe

W.H. Freeman, (6th edition, 2001)

ISBN 0-7167-4647-6

Chaisson, E. & McMillan, S.

Astronomy Today

Prentice Hall, (2001)

ISBN 0-13-091542-4.

===============================

Year 2, Semester A

Physics Code Course Name Code 

----------------------------------------------------

PHY-217 Vibrations and Waves C 

Module

Vibrations and Waves (V&W | PHY-217)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-121 and PHY-116 or equivalent courses of elementary calculus and mechanics

Lectures: 33 | Lec: 46 47 51 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercises 

Course organiser: Dr Lucio Cerrito | Course deputy: Prof Andreas Brandhuber

Synopsis:

An introduction to oscillatory phenomena and wave motion. The concepts and phenomena taught in this course occur throughout nature from biology to quantum mechanics. Topics include: free, damped and forced vibrations, resonance, coupled oscillators; the nature of travelling waves and transport of energy; types of waves including sound, water waves and light; interference, beats and standing waves; dispersion; simple diffraction phenomena. 

Aims:

The aim of this course is to provide a basic understanding of the laws of vibrations and waves, beginning with the ideas of simple harmonic motion and ending with those of tsunamis. 

Outcomes:

By the end of the course the students should be able to: apply the laws of simple harmonic motion to various oscillating systems such as pendulum, the LC circuit, the Helmholtz resonator, etc; relate the driving force with aspects of resonance and to comprehend the driven simple harmonic motion; perform calculations of normal modes for coupled oscillators; deduce the 1D wave equation for a uniform continuous string; understand superposition of waves of same and different frequency; comprehend waves in gasses and solids; explain the physics of tsunamis.

Recommended books:

French, A.P.

Vibrations & Waves

Chapman & Hall, (1990)

ISBN 0-412-38460-4

Young, H.D. and Freedman, R.A.

University Physics With Modern Physics

Longman HE, (10th edition, 2000)

ISBN 0-201-60336-5

[background reading].

--------------------------------------------

PHY-218 Mathematical Techniques 3 S 

Module

Mathematical Techniques 3 (MT3 | PHY-218)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-122 or equivalent

Lectures: 33 | Lec: 13 32 33 Ex: 22 23 52 53 (notation) 

Exam: 2.5 hour written paper (60%), coursework (25%), exercise classes (15%)

Practical work: | Ancillary teaching: 10 Excercise classes (including 3 Mathematica labs)

Course organiser: Dr Sanjaye Ramgoolam | Course deputy: Dr Kevin Donovan

Synopsis:

This course explains the use of Mathematics as a tool for formulating and solving problems in Physics. Extensive practice with mathematical calculations develops confidence in handling theoretical concepts of Physics. 

Aims:

The course is intended to show how the mathematical concepts introduced in MT2 are extended and used in the context of real physical problems. It is intended to equip the second-year students with a solid grounding in mathematical solution of physics problems and prepares them for advanced theoretical concepts of subsequent Physics courses. 

Outcomes:

On completing this course students should be able to: Use Index notation as a powerful tool for manipulating matrices and vectors. Appreciate the concept of a vector space, basis vectors and linear independence, with examples using coordinate vectors and functions. Manipulate matrix and differential operators; Solve a variety of 1st and 2nd order differential equations both ordinary and partial for physical problems Use various methods, including separation of variables and Green function techniques. Understand the basics of variational calculus Understand contour integration, the residue theorem, special functions and some physical applications. 

Recommended books:

Mathematical Methods for Physicists 

G.B.Arfken and H.K. Webber

ISBN-13: 978-0-12-059876-2

ISBN-10: 0-12-059876-0

Mathematical Methods for Physics and Engineering

K.F.Riley, M.P.Hobson, and S.J.Bence 

ISBN-10 0-521-67971-0

ISBN-13 978-0-521-67971-8

.

-----------------------------------------------------------

PHY-302 Nuclear Physics and Astrophysics C 

Module

Nuclear Physics and Astrophysics (NPA | PHY-302)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-215 or equivalent introductory course in quantum physics

Lectures: 33 | Lec: 41 45 55 (notation) 

Exam: 70% exam 15% in-class debate 15% midterm exam

Practical work: none | Ancillary teaching: weekly exercises

Course organiser: Dr Eram Rizvi | Course deputy: Dr Adrian Bevan

Synopsis:

A course describing sub-atomic phenomena and explaining them in terms of the theories of quantum physics and relativity. Nuclear properties, reactions and decays. Nuclear astrophysics and its cosmological consequences. 

Aims:

The student will be introduced to the concept of the atomic nucleus and the standard model of particle physics and will become familiar with various forms of radioactivity. Models will be considered which explain most properties of nuclei in terms of constituent nucleons. Both radioactive and fission decay modes as well as cosmological abundances of the various nuclides will be related to these properties by big-bang and stellar nucleo-synthesis mechanisms. Applications of the properties of nuclear radiations will be considered briefly, including their use in medicine. 

Outcomes:

Recommended books:

Introductory Nuclear Physics

K.S. Krane

Wiley, (1987)

ISBN 0-471-85914-1

Nuclear and Particle Physics

W. S. C. Williams

Paperback - Clarendon Press;

ISBN: 0198520468

.

---------------------------------------------------

PHY-214 Thermal and Kinetic Physics C 

Module

Thermal and Kinetic Physics (TKP | PHY-214)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-121 and PHY-116 or equivalent courses of elementary calculus and mechanics

Lectures: 33 | Lec: 12 14 25 Ex: 43 44 53 54 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercises, tutorials 

Course organiser: Dr Kevin Donovan | Course deputy: Dr John Dennis

Synopsis:

Temperature and equilibrium. Heat, work and internal energy; the zeroth and first laws of thermodynamics. Thermal properties of materials. Kinetic theory of gases; the Maxwell-Boltzmann velocity distribution; equations of state; mean free path. Heat engines and reversible processes; entropy and the second law. Order and disorder; the absolute temperature scale. Free energies and Maxwell's relations. Change of state, phase equilibria and irreversible processes.

Aims:

The aim of this course is to explore how energy transformations are constrained by the Laws of Thermodynamics and how such macroscopic processes are related to microscopic kinetic phenomena at the molecular level.

Outcomes:

A student who successfully completes this course will be able to: state the four Laws of Thermodynamics describe and contrast the concepts of empirical temperature, ideal gas temperature, kinetic temperature and thermodynamic temperature; analyze reversible processes represented in a $P - V$ diagram in terms of work done and heat flows by use of the First Law of Thermodynamics; describe heat engines, heat pumps and refrigerators and calculate their figures of merit from the cyclic representation in a $P - V$ diagram; understand how the Second Law of Thermodynamics limits the efficiency of all engines and to evaluate this maximum efficiency for a Carnot engine; appreciate the macroscopic definition of entropy and relate it to disorder at the molecular level through Boltzmann's hypothesis; apply the Laws of Thermodynamics to physical processes occuring in simple fluids, ideal paramagnets, elastic substances and cavity radiation; use the mathematics of partial differentiation to derive Maxwell relations and other thermodynamic identities; derive the ideal gas law and the Maxwell-Boltzmann velocity distribution for a gas starting from molecular kinetic assumptions; describe how diffusion and heat conduction take place at a molecular level and to express the role of the mean free path in such transport phenomena. 

Recommended books:

Finn, C.B.P.

Thermal Physics (Physics and Its Applications)

Stanley Thornes, (1993)

ISBN 0-7487-4379-0

[essential]

------------------------------------------------------------------

PHY-321 Modern Computation in Physical Science S 

Module

Modern Computation in Physical Science (MCPS | PHY-321)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: GCSE mathematics

Lectures: 12 | Lab: 27 28 29 Lec: 21 22 23 (notation) 

Exam: 3 hour in-class examination (60%), coursework (40%)

Practical work: 50 hours | Ancillary teaching: None

Course organiser: Dr Alex Martin | Course deputy: Prof William Gillin

Synopsis:

Introduction to the C programming language, basic notions of C++ programming, structured programming techniques, scientific applications using simple numerical analysis concepts. 

Aims:

The aims of the course are: to introduce students to, C++, a modern general purpose programming language; teach students to basic concepts of computer programming; to train students in some of the simple techniques of modern scientific programming; introduce students to the basic object oriented programming principles. 

Outcomes:

By the end of the course students should: understand the basic building blocks of computer languages; be able to write simple programs in C++; have a basic understanding of scientific computing concepts; be able to develop software at the level required for subsequent project work. 

Recommended books:

Bronson, G.J.

C++ for Engineers and Scientists

Brooks Cole, (1998)

ISBN 0-534-95060-4.

--------------------------------------------------

Year 2, Semester B

Physics Code Course Name Code 

--------------------------------------------------

PHY-319 Quantum Mechanics A C

Module

Quantum Mechanics A (QMA | PHY-319)

Year: 2 | Semester: B | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-216 and PHY-215 or equivalent introductory courses in quantum physics

Lectures: 26 | Lec: 13 21 25 Ex: 51 52 54 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: 2 x 1 hours | Ancillary teaching: weekly exercises, exercise class 

Course organiser: Dr Theo Kreouzis | Course deputy: Dr Kevin Donovan

Synopsis:

This course aims to introduce the fundamental concepts of quantum mechanics from the beginning. By studying applications of the principles of quantum mechanics to simple systems the course will provide a foundation for understanding concepts such as energy quantisation, the uncertainty principle and quantum tunnelling, illustrating these with experimental demonstrations and other phenomena found in nature. These concepts are introduced and applied to systems of increasing (mathematical) complexity: (i)Infinite 1-D quantum wells. (ii)Finite 1-D quantum wells (introducing graphical solutions of transcendental equations). (iii)LCAO methods for modelling ions. (iv)Simple Harmonic oscillators (introducing Hermite polynomials and applying energy solutions to molecular vibrational spectra). (v)Beams of free particles, probability flux and reflection/transmission in stepwise varying potentials. (vi)Finite potential barriers and tunnelling, Tunnelling through arbitrary potential barriers (the Gamow factor), field emission and Alpha decay and tunnelling. The Scanning Tunnelling Microscope (STM). (vii)The solution to the Hydrogen atom, including separation of variables, spherical harmonics, the radial equation and electronic energy levels and the quantum numbers n, l, ml and ms and resulting degeneracy. (viii)The treatment of angular momentum in quantum mechanics, its magnitude and projection along an axis. (ix)Introduction to first order, time independent, perturbation theory. 

Aims:

This is a first (semi) formal quantum mechanics course; the idea is to teach basic quantum mechanical skills, which can later be used in advanced quantum mechanics courses and other related physics. 

Outcomes:

At a basic level students should: Quote the Time independent Schroedinger equation (TDSE) and Time independent Schroedinger equation (TISE) and the conditions leading from one to the other. Be familiar with the concept of a wavefunction and the Born interpretation of the wavefunction; be able to sketch wavefunctions and probability densities for simple problems. Be familiar with eigenfunctions and energy eigenstates of simple systems. Normalise wavefunctions. Be familiar with the concept of operators and resulting eigenvalue equations (specifically those relating to the energy, position and momentum). Calculate the expectation value of and observable using its related operator. Calculate the uncertainty of an observable. Be familiar with the Heisenberg uncertainty relation. Realise that quantum mechanics is based on postulates and have seen/discussed these postulates. Realise that the most general solution to a quantum mechanical system is a linear combination of eigenfunctions. 

Recommended books:

B.H. Bransden and  C.J. Joachain

Introduction to Quantum Mechanics

Longman Scientific & Technical

ISBN 0-582-44498-5

[strongly recommended]

--------------------------------------------------

PHY-201 Physics Laboratory C 

Module

Physics Laboratory (PLAB | PHY-201)

Year: 2 | Semester: B | Level: 5 | Units: 1.0 | Credits: 15

Prerequisites: PHY-103

Lectures: none | Lab: 16 17 18 26 27 28 46 47 48 56 57 58 (notation) 

Exam: no written paper assessment entirely by coursework (laboratory notebook 60%, two reports 40%)

Practical work: 16 x 3 hours | Ancillary teaching: none

Course organiser: Prof William Gillin | Course deputy: Dr Eram Rizvi

Synopsis:

This course aims to illustrate some important aspects of physics through experimental measurements. The course will be marked by continuous assessment of student laboratory notebooks, which will not be allowed to be removed from the laboratory. Students will perform a number of experiments over the term and will then have to write a scientific paper on one of the experiments that they have performed. 

Aims:

This course aims to: demonstrate the importance of experimental physics to understanding the principles of the subject taught in other courses; teach students how to keep rigorous laboratory notebooks; teach students how to write up experiments as a research paper from their lab books. 

Outcomes:

An understanding of the applications of the principles of physics explained in other courses The ability to keep laboratory notebooks from which research papers can be written. 

Recommended books:

There are no required books. A number of books are recommended 

and are available to borrow from the Teaching Laboratories and 

the Main Library Short Loan Collection, the most useful being:

Squires, G.L.

Practical Physics

CUP, (2001)

ISBN 0-521-77940-5

Silyn-Roberts, H.

Writing for Science

Longman (1996)

ISBN 0-582-87816-0

Barlow, R.J.

Statistics

Wiley (1989)

ISBN 0-471-92295-1

Taylor, J.R.

An Introduction to Error Analysis

University Science Books (1997)

ISBN 0-935702-75-X.

PHY-201: Physics Laboratory - Experiments

There are seven experiments in this course. Each experiment will take ~6 hours. You have to use the timetabled slots to do the experiments, it is not possible to work out of these times.

For each experiment make sure that you have read the laboratory script before you come to the lab. You will only waste time by spending the beginning of the lab session trying to work out what you are supposed to be doing.

The experiments are:

1. Alpha particle spectroscopy

The purpose of this experiment is to use an a-spectrometer, consisting of a silicon surface barrier layer detector, a preamplifier and a pulse height analyzer to study some of the properties of alpha particles.

2. Thermal equation of state and critical point of ethane

There are three parts to this experiment. They are:

1 To measure a number of the pV isotherms of ethane

2 Determine the critical temperature and pressure of ethane

3 Calculate the constants of the Van der Waals equation and the radius of the molecules 

3. Hall effect measurement of germanium

The resistance and Hall voltage are measured on rectangular pieces of germanium as a function of the doping of the crystal, temperature and of magnetic field. From the results obtained the energy gap, conductivity, type of charge carrier, carrier concentration and carrier mobility are determined.

4. Building a Helium Neon Laser

The difference between spontaneous and stimulated emission of light is demonstrated. The beam propagation within the resonator cavity of a He-Ne laser and its divergence are determined and the relative output power of the laser is measured as a function of the tube's position inside the resonator and of the tube current.

5. Building a Michelson Interferometer and measuring the magnetostriction of metals and the refractive index of air

Using two mirrors in a Michelson arrangement, two beams of light are made to interfere. Using this device very small changes in length can be measured and this will be used to measure the magnetostrictive effect, where one of the mirrors is shifted by variation in the magnetic field applied to a sample, and the refractive index of air.

6. NMR

The Objective of this experiment is to observe nuclear magnetic resonance in a number of materials. The NMR signal will be used to estimate the difference in population between the two spin states and the relaxation time between them. In addition the g-factor for hydrogen and fluorine nuclei will be determined.

7. X-ray diffraction spectroscopy

There are three parts to this experiment. 

1) To measure the Characteristic X-ray spectra of copper.

2) To measure the intensity of these X-rays as a function of anode current and voltage.

3) To determine Planck’s constant from the onset of the Bremsstrahlung radiation as a function of anode voltage.

8. The Zeeman effect

The Objective of this experiment is to observe the normal Zeeman effect in the light from a cadmium lamp and to perform quantitative measurements to determine value of the Bohr magnetron.

---------------------------------------------------

PHY-304 Physical Dynamics S 

Module

Physical Dynamics (PhD | PHY-304)

Year: 2 | Semester: B | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-116 and PHY-122 or equivalent mechanics and mathematics courses

Lectures: 30 | Lec: 31 32 41 Ex: 42 (notation) 

Exam: 2.5 hour written paper (75%), coursework (25%)

Practical work: none | Ancillary teaching: Weekly exercises

Course organiser: Dr Gabriele Travaglini | Course deputy: Dr Rodolfo Russo

Synopsis:

Introduction to Lagrangian and Hamiltonian formulations of Newtonian mechanics. Origin of Conservation Laws and their relation to symmetry properties. Rotational motion of rigid bodies, Euler's equations, principal axes and stability of rotation, precession. Small vibration approximation, normal modes. 

Aims:

The aim of this course is to generalize the concepts of vector Newtonian mechanics of point particles in order to explore the relation between symmetry, geometry and conservation principles in physics. 

Outcomes:

A student who successfully completes this course will be able to: state the vector Newtonian equations of motion for a system of point particles and express them in terms of total linear and angular momentum; state the Newtonian conservation laws for systems of particles, relating them to properties of the forces acting on the particles; define and use the centre of mass frame of reference, expressing linear and angular momentum of a many-particle system in terms of centre of mass variables; describe simple mechanical systems in curvilinear coordinate systems by use of the Lagrangian equations of motion; explain the link between symmetry and conservation laws in the Lagrangian formalism; describe rotating mass distributions in terms of an angular velocity vector and a moment of inertia tensor; derive the Lagrange equations of motion from a variational principle; obtain the Hamiltonian description of a system starting from the Lagrangian picture; describe the geometry of mechanical evolution in phase space. 

Recommended books:

Goldstein, H., Poole, C., Safko, J.

Classical Mechanics

Pearson Education (2001)

ISBN-10: 0321188977

ISBN-13: 978-0321188977

Landau, L. D. and Lifschitz, E. M.

Mechanics (third edition)

Course of Theoretical Physics, Volume 1

Butterworth-Heinemann (1982)

ISBN-10: 0750628960

ISBN-13: 978-0750628969

Hand, L. N. and Finch, J. D.

Analytical Mechanics

Cambridge University Press (1998)

ISBN-10: 0521575729

ISBN-13: 978-0521575720.

------------------------------------------------------------------

PHY-250 Physics of Energy and the Environment S 

Module

Physics of Energy and the Environment (PEN | PHY-250)

Year: 2 | Semester: B | Level: 5 | Units: 1 | Credits: 15

Prerequisites: A Level Maths

Lectures: 33 | Lec: 17 26 27 (notation) 

Exam: 2.5 hour written paper (60%), coursework (40%)

Practical work: none | Ancillary teaching: Weekly Exercises, Project.

Course organiser: Dr Sanjaye Ramgoolam | Course deputy: Dr David Berman

Synopsis:

Applied concepts and equations of physics (including mechanics, thermodynamics, waves, quantum physics) in the mathematical description of energy transfer processes in natural energy sources, and in energy technologies. Analysis of efficiencies of energy transfer will be included. The emphasis will be on useful quantitative results from physics rather than detailed derivations. Examples will be drawn from wind, wave, solar and nuclear energies. The relevance of Physics in understanding and improving energy technologies as well as assessing their environmental impact will be emphasised. Specific topics will include; first and second laws of thermodynamics, wind energy, Betz limit on efficiency of wind turbines, solar energy, semiconductor physics relevant to solar cells, radioactivity, nuclear reactors and nuclear waste disposal. A project towards the end of the course will lead students to writing a review on a topic chosen from eg. Current ideas in improving efficiency in emerging energy technologies or Environmental impact of nuclear energy. 

Aims:

The course will demonstrate the relevance of Physics to topical issues of energy and environment. Students will see concepts and equations from mechanics, thermodynamics, electromagnetism, quantum physics and other areas of fundamental physics finding applications in the understanding of energy resources, technologies and their effects on the environment. 

Outcomes:

Students will be able to quantify energy transfer and efficiencies in basic processes relevant to energy technologies. They will be able to explain how knowledge from diverse areas of fundamental physics is used for progress in energy technology and in issues of environmental impact. They will be able to perform informed manipulations of quantitative data in scientific articles on energy and related environmental issues.

Recommended books:

Energy Science : Principles, Technologies and Impacts, 

by John Andrews and Nick Jelley, 

OUP 2007

Concepts in Thermal Physics,

Blundell and Blundell,

OUP 2006

Renewable energy, 

Sorensen, 

Elsevier 2004 

.

-----------------------------------------

PHY-226 Condensed Matter 2 S 

Module

Condensed Matter 2 (CM2 | PHY-226)

Year: 2 | Semester: B | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-108

Lectures: 20 | Lec: 22 52 53 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: | Ancillary teaching: 8 Problem classes

Course organiser: Dr John Dennis | Course deputy: Dr Andrei Sapelkin

Synopsis:

This course intends to apply the principles of thermodynamics and kinetics to the study of the physical properties of gases, liquids and solids on both microscopic and macroscopic scales. There will be particular emphasis on the properties of liquids and solutions. 

Aims:

This course provides a bridge between the elementary study of condensed matter phases and the advanced study of solid-state physics through studying the intermolecular and intramolecular interaction of gases, liquids and solids.

Outcomes:

After completion of this course the student is expected to have a firm understanding the relationship between pressure, temperature, and volume and their effect on the behaviour of solids liquids and gases. They should be able to apply these relationships to understand phenomena such as vapour pressure, surface tension, liquid crystals, etc. The student should understand the properties of liquids and solutions (both ideal and real) on microscopic and macroscopic scales, including electrolyte solutions, solvation, and equilibrium in solution, and appreciate the application of these principles to devices such as batteries and fuel cells. The student should have some understanding of intra-molecular (chemical) and inter-molecular bonding; including the bonding and structure of crystals. The student should be able to quantitatively solve problems involving all of the above. 

Recommended books:

Physical Chemistry, P. W. Atkins. 

Properties of Liquids and Solutions, J.N. Murrell. 

Introduction to Solid-State Physics, C. Kittel. 

.

---------------------------------------------------------

PHY-222 Electromagnetic Waves & Optics C

Module

Electromagnetic Waves & Optics (EWO | PHY-222)

Year: 2 | Semester: B | Level: 5 | Units: 1 | Credits: 15

Prerequisites: PHY-210, PHY-217

Lectures: 33 | Ex: 42 43 54 55 Lec: 12 14 34 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: None | Ancillary teaching: 

Course organiser: Dr Kevin Donovan | Course deputy: Dr Lucio Cerrito

Synopsis:

Aims:

The course is aimed at giving a coverage of electromagnetic wave theory and of optics. It will act as a bridge between a first year course of introductory electromagnetism and a course on vibrations and waves to give an understanding of optics in terms of electromagnetic waves.

Outcomes:

Having studied this course the student will have been exposed to, and have an understanding of; a) Maxwells equations, the electromagnetic wave equation, the Poynting vector and the relation between electric/magnetic fields and light intensity. b) The use of the EM wave equation in understanding reflection and transmission at a dielectric interface, The Fresnel equations, and simple waveguides. c) Polarisation, plane and circularly polarised light, dichroism and birefringence. d) Interference effects, e) Diffraction, Fresnel diffraction and Fraunhoffer diffraction, the action and uses of diffraction gratings. f) Lenses and compound lenses and their use in optical instruments eg. the telescope, the microscope and the spectrometer with reference to concepts such as resolving power. g) Concepts of optical gain and absorption in an atomic two level system. 

Recommended books:

Optics, Eugene Hecht, 4th edition, Addison Wesley

.

--------------------------------------------------------

PHY-307 Stars S 

Module

Stars (Stars | PHY-307)

Year: 2 | Semester: B | Level: 6 | Units: 1 | Credits: 15

Prerequisites: 

Lectures: 33 | Lec: 23 44 54 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly coursework

Course organiser: Dr David Tsiklauri | Course deputy: Dr Eram Rizvi

Synopsis:

Stars are a vital building block in the Universe: forming out of interstellar gas and dust, and themselves being a major component of galaxies. They are also vital for providing the nuclear reactions that create the elements from which planets and even ourselves are formed. This course describes how the fundamental properties of stars are related to observations. Temperatures and densities in the centre of stars reach values that are unattainable in the laboratory. Yet the application of basic physical principles can help us determine much about the internal structure and evolution of stars, from their formation to their ultimate end states in such exotic and spectacular objects as white dwarfs, neutron stars and black holes.

Aims:

To provide students with an understanding of the physical properties of stars and how they are determined from observations. To show how, using basic physical principles, it is possible to model many properties of main sequence stars, such as the Sun, and to explain their formation and evolution. To give an understanding of the ultimate end states of stars, such as white dwarfs, neutron stars and black holes. To provide students with an understanding of the physical properties of stars and how they are determined from observations. 

Outcomes:

Recommended books:

"Introduction to Modern Astrophysics", B.W. Carroll and D.A. Ostlie 

(2nd edition 2007) ISBN-10: 0321442849 ISBN-13: 9780321442840

"Physics of Stars", A.C. Phillips (2nd edition)

.

=================================

Year 3, Semester A

Physics Code Course Name Code 

--------------------------------------------------------

PHY-913 Physics Review Project C 

Module

Physics Review Project (PRP | PHY-913)

Year: 3 | Semester: A | Level: 6 | Units: 1 | Credits: 15

Prerequisites: none

Lectures: None | (notation) 

Exam: Performance during project (20%), Written Report (50%), Seminars and Final Oral Presentation (30%)

Practical work: NA | Ancillary teaching: NA

Course organiser: Dr Mark Baxendale | Course deputy: Dr Theo Kreouzis

Synopsis:

(Available only to 3rd year MSci students) A student will examine a specialised area of physics by directed reading and independent study. S/he will learn to use scientific research literature data bases. S/he will develop the skill of writing a scientific review summarising current knowledge in a field of physics. A student may enrol for this project only with the permission of the Course Organiser for MSci projects. 

Aims:

The aim of this course is to give the student the opportunity to study in detail a specialised area of physics by directed reading and independent study including a critical review of literature. 

Outcomes:

By the end of the course the student will have: written a review that critically summarise state of the art knowledge in a highly defined area of physics; gained skills in using scientific databases for literature survey; investigated an area of physics of interest to him/herself to a deeper degree than is normally possible in conventional courses. 

Recommended books:

.

------------------------------------------------

PHY-300 Synoptic Physics C 

Module

Synoptic Physics (SYN | PHY-300)

Year: 3 | Semester: A | Level: 6 | Units: 0 | Credits: 0

Prerequisites: none

Lectures: 1 | Tut: 26 27 28 (notation) 

Exam: none (study only)

Practical work: none | Ancillary teaching: 7 Tutorials

Course organiser: Prof Steve Lloyd | Course deputy: Prof David Dunstan

Synopsis:

Required for all third year physics administered students. A study only course providing highly structured professorial tutorials aimed at bringing together and summarising the main elements of physics. At the end of the course the student should be able to answer oral questions addressed to the generality of any topic within the area of study known as Physics and especially within the subjects of Gravitational and Rotational Forces, Electromagnetism and Lorentz Forces, Optics and Interference, Thermodynamics and Nuclear and Astro Physics. In addition the student should be able to respond to more detailed questions on the subject of any project they are in course of conducting. In all cases the student should be able to demonstrate an intimate knowledge of the help provided by dimensional analysis, symmetry and conservation rules. 

Aims:

Synoptics Physics is a course of structured tutorials aimed at bringing togther and summarising the main elements of the subject we know as Physics. This can only be done in the third year of study for a BSc or MSci degree since it presupposes a familiarity with the Physics core courses. There is emphasis on understanding common ideas of a logical, reductive, scientific method based on relatively few principles. The recurring power of conservation rules and dimensional analysis are stressed. The tutorial environment and introductory lectures are used as a means of training the students to deal with interview techniques in general and oral examinations in physics in particular.

Outcomes:

At the end of the course the students should be able to answer oral questions addressed to the generality of any topic within the area of study known as Physics and especially within the subjects of Gravitational and Rotational Forces, Electromagnetism and Lorentz Forces, Optics and Interference, Thermodynamics, Quantum Physics and Nuclear and Astro Physics. The student should be able to repond to more detailed questions on the subject of any project they are in course of conducting, but should also be able to see how this detailed material fits into the general stucture of the subject we know as physics. In all cases the student should be able to demonstrate an intimate knowledge of the help provided by dimensional analysis, symmetry and conservation rules. 

Recommended books:

Walker, J.

The Flying Circus of Physics

Wiley, (1978)

ISBN 0-471-02984-X

Feynman, R.P., et al

The Feynman Lectures on Physics Vols 1-3

Addison Wesley, (1975)

ISBN 0-201-02115-3.

Tutorials

The topics for the seven tutorial sessions will be: 

1.Classical Mechanics. Gravitation and Rotational Forces. Gravity and centripetal forces producing stable orbits and tidal forces. Conservation of energy, momentum, angular momentum. 

2.Electromagnetism and Lorentz Forces. Trajectories of charged particles. Electrostatic and Magnetic fields. Resistance, Capacity and Inductance, The Hall effect, how semi-conductors work. 

3.Optics and Interference. Refractive index and rainbows. Lenses and ray-optics. Young's double-slit experiment. Interference and diffraction. 

4.Quantum Physics and Relativity. Time dilation and length contraction. Typical wave functions and the probabilistic interpretation. Bound states and energy levels. Qualitative aspects of tunneling. 

5.Thermodynamics. Thermodynamics as a result of molecular dynamics. Energies and the First Law. Ideal gas and state changes. Carnot cycle. The second law and entropy. 

6.Nuclear and Astro Physics. Alpha, beta and gamma radiation. The concept of exponential decay. Nuclear abundances. The big-bang and astro phenomena. 

7.Problem Solving. Some useful general techniques in solving problems. Drawing a relevant diagram. Choosing the right "unknowns". Writing down something which is correct! Inverting and solving equations. 

------------------------------------------

PHY-305 Physics of Galaxies S 

Module

Physics of Galaxies (PoG | PHY-305)

Year: 3 | Semester: A | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-121 and PHY-116

Lectures: 33 | Lec: 34 43 44 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: weekly exercises, mid-term test 

Course organiser: Dr David Tsiklauri | Course deputy: Dr John Dennis

Synopsis:

Galaxies are the building blocks of the universe and deserve the extensive study they now enjoy. This course applies basic physical ideas to astronomical observations, exploring the properties of galaxies themselves and the evolution of structure in the universe.

Aims:

The aim of the course is to show how locally-determined physics is applied to the properties of galaxies and clusters of galaxies. 

Outcomes:

By the end of the course, the successful student should be able to: 1. Categorise the various types of galaxies. 2. Describe how to estimate their properties such as mass and luminosity. 3. Describe how luminosity functions are estimated and explore some of the consequences of the observed functions. 4. Describe the various phenomena observed in normal and active galaxies. 5. Explain these phenomena in terms of simple physical models. 

Recommended books:

Comprehensive lecture notes will be available. 

The following provide supplementary reading.

Sparke, L.S. and Gallagher, J.S.

Galaxies in the Universe: An Introduction

Cambridge University Press, (2000)

ISBN 0-521-59740-4

[A good introduction]

Kembhavi, AK and Narlikar, JV

Quasars and Active Galactic Nuclei

Cambridge University Press, (1999)

ISBN: 0-521-47989-4

Peterson, B.M.

An Introduction to Active Galactic Nuclei

Cambridge University Press, (1997)

ISBN 0-521-47911-8.

----------------------------------------------

PHY-308 Space Time and Gravity S 

Module

Space Time and Gravity (STG | PHY-308)

Year: 3 | Semester: A | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-116 or equivalent course in elementary mechanics

Lectures: 33 | Lec: 24 47 48 Tut: 41 (notation) 

Exam: 2.5 hour written paper (85%), coursework (15%)

Practical work: none | Ancillary teaching: weekly exercises 

Course organiser: Dr Valeria Gili | Course deputy: Dr Gabriele Travaglini

Synopsis:

This course presents the essential concepts of both special and general relativity. The emphasis is on the physical understanding of the theory and the mathematical development is kept simple, although more detailed treatments are included for those who wish to follow them; space-time diagrams being are used extensively. The course includes discussion of the big bang and black holes. 

Aims:

The aim of this course is to teach the essential concepts of both special and general relativity, at a level of mathematics suitable to second and third year students. The student will also be taught basic facts about current models of the Universe and black holes. 

Outcomes:

By the end of this course, a student would be expected to: understand and use space-time diagrams to describe events, inertial observers and simultaneity; know the Relativity Principle and use Lorentz transformations to prove time dilation, length contraction and the transformation of velocities; define the invariant interval, proper time, timelike, null, and spacelike intervals, and relate these to the light-cone and causality; know and use the definitions of four-vectors, the invariant scalar product, timelike, null and spacelike 4-vectors, 4-velocity, 4-momentum and 4-momentum conservation; be able to describe inertial and gravitational mass and the Equivalence Principle, with an understanding of the consequences of the EP: bending of light, gravitational redshift; know and describe basic features of curved spacetime: coordinates, the line element and the metric; know in words what the Einstein equation describes and what a geodesic is; be able to use the Schwarzschild line element to derive asymptotic flatness and the gravitational redshift; know and describe qualitatively the solar system tests of General Relativity: perihelion precession of Mercury and light bending by the Sun; know and describe in appropriate coordinates the main features of the Schwarzschild black hole: light cones, the event horizon and the curvature singularity; be able to describe the reasons for the use of Kruskal-Szekeres coordinates and draw the Penrose diagram for the Schwarzschild solution; be able to summarise using words and diagrams key features of the known universe: matter and radiation, the cosmic microwave background radiation, dark matter, the expansion of the Universe, the Hubble Law, the Big Bang plus be aware of the assumptions of spatial homogeneity and isotropy and the Cosmological Principle.

Recommended books:

Rindler, W.

Relativity: Special, General and Cosmological

Oxford University Press, (2001)

ISBN 0-19-850836-0

Hartle, J.B.

Gravity: An introduction to Einstein's General Relativity

Addison-Wesley, (2003)

ISBN 0-8053-8662-9.

---------------------------------------------------------------------

PHY-321 Modern Computation in Physical Science S

Module

Modern Computation in Physical Science (MCPS | PHY-321)

Year: 2 | Semester: A | Level: 5 | Units: 1 | Credits: 15

Prerequisites: GCSE mathematics

Lectures: 12 | Lab: 27 28 29 Lec: 21 22 23 (notation) 

Exam: 3 hour in-class examination (60%), coursework (40%)

Practical work: 50 hours | Ancillary teaching: None

Course organiser: Dr Alex Martin | Course deputy: Prof William Gillin

Synopsis:

Introduction to the C programming language, basic notions of C++ programming, structured programming techniques, scientific applications using simple numerical analysis concepts. 

Aims:

The aims of the course are: to introduce students to, C++, a modern general purpose programming language; teach students to basic concepts of computer programming; to train students in some of the simple techniques of modern scientific programming; introduce students to the basic object oriented programming principles. 

Outcomes:

By the end of the course students should: understand the basic building blocks of computer languages; be able to write simple programs in C++; have a basic understanding of scientific computing concepts; be able to develop software at the level required for subsequent project work 

Recommended books:

Bronson, G.J.

C++ for Engineers and Scientists

Brooks Cole, (1998)

ISBN 0-534-95060-4.

-----------------------------------------------

PHY-413 Quantum Mechanics B   C 

Module

Quantum Mechanics B (QMB | PHY-413)

Year: 3 | Semester: A | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-216 and PHY-319

Lectures: 33 | Lec: 33 52 54 Ex: 16 17 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: | Ancillary teaching: none

Course organiser: Dr Adrian Bevan | Course deputy: Dr Theo Kreouzis

Synopsis:

This course constitutes an introduction and revision, followed by an extended exposition, of the basic principles and applications of quantum mechanics. Topics include: Operators and the general structure of quantum mechanics, observables, orthonormality of eigenstates, expansion theorem, commuting operators, theory of measurement. The harmonic oscillator. Angular momentum theory, the rigid rotator and applications to rotation-vibration spectra of diatomic molecules. Spin in quantum mechanics illustrated with spin1/2: matrix representations, Stern-Gerlach experiments and measurement theory exemplified. Indistinguishable particles in quantum mechanics: Bosons and Fermions. Spherically symmetric potentials and the Hydrogen atom. 

Aims:

This course aims to provide a systematic introduction to some of the core concepts and techniques in Quantum Mechanics up to, but excluding, perturbation theory. The course is designed to cater both for students who intend to take more advanced courses in quantum mechanics and for those for whom this is their last course in the subject.

Outcomes:

Recommended books:

Bransden, B.H. & Joachain, C.J.

Quantum Mechanics

Prentice-Hall, (2000)

ISBN 0-582-35691-1

Recap of QMA: TDSE, TISE, infinite square well, correspondence, expectation values, commutators and orthonormality conditions.

QM in 3D, symmetry, degeneracy, and density of states.

Parity.

Double potential well and N-potential wells.

Basis vectors, Matrix representation, spin matrices, expansion theorem, Ehrenfest's theorem.

Harmonic Oscillator, raising and lowering operators.

Orbital angular momentum in QM, Y l,m's etc.

Rotational Vibrational Spectra of diatomic molecules.

Spin, Stern-Gerlach, atomic magnetic moments.

Learning Outcomes

This course aims to provide a systematic introduction to some of the core concepts and techniques in Quantum Mechanics up to, but excluding, perturbation theory. The course is designed to cater both for students who intend to take more advanced courses in quantum mechanics and for those for whom this is their last course in the subject.  By the end of the course students should have developed a familiarity with core concepts of QM, including the use of operators, spin and matrix mechanics.

Syllabus

This course constitutes an introduction and revision, followed by an extended exposition, of the basic principles and applications of quantum mechanics. Topics include: Operators and the general structure of quantum mechanics, observables, orthonormality of eigenstates, expansion theorem, commuting operators, theory of measurement. The harmonic oscillator. Angular momentum theory, the rigid rotator and applications to rotation-vibration spectra of diatomic molecules. Spin in quantum mechanics illustrated with spin 1/2: matrix representations, Stern-Gerlach experiments and measurement theory exemplified. Indistinguishable particles in quantum mechanics: Bosons and Fermions. Spherically symmetric potentials and the Hydrogen atom.

---------------------------------------------------

PHY-328 Statistical Data Analysis S 

Module

Statistical Data Analysis (SDA | PHY-328)

Year: 3 | Semester: A | Level: 6 | Units: 1 | Credits: 15

Prerequisites: A-level mathematics

Lectures: 27 hours | Lec: 15 31 51 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: | Ancillary teaching: Exercise classes: 6 hours 

Course organiser: Dr Adrian Bevan | Course deputy: Dr Jeanne Wilson

Synopsis:

This course will review basic metrics and techniques used to describe ensembles of data such as averages, variances, standard deviation, errors and error propagation. These will be extended to treat multi-dimensional problems and circumstances where observables are correlated with one another. The Binomial, Poisson, and Gaussian distributions will be discussed, with emphasis on physical interpretation in terms of events. Concepts of probability, confidence intervals, limits, hypothesis testing will be developed. Optimization techniques will be introduced including chi^2 minimisation and maximum-likelihood techniques. A number of multivariate analysers (sample discriminants) will be discussed in the context of data mining. These will include Fisher discriminants, multi-layer perceptron based artificial neural networks, decision trees and genetic algorithms. 

Aims:

The aim is to demonstrate the use of statistics in making measurements that underpin the whole of the physical sciences. Students will see and understand the fundamental concepts of statistics developed through to a treatment of Baysean and Frequentist interpretations of probability, errors, error propagation, hypotheses, confidence intervals and limits, optimisation using chi^2 and maximum likelihood techniques, set theory sufficient to describe sub-samples of data, data mining techniques used to separate samples from more than one population in a data set.

Outcomes:

A student passing this course should be suitably equipped to appreciate the meaning of the word measurement in a scientific context, and understand how to translate raw data into a robust measurement, or to otherwise interpret the data with reference to a given hypothesis. They will be prepared to use data analysis techniques in future research, either in a project assignment, industry or future graduate studies. The material learned through this module could also benefit in a non-physics environment that used similar techniques such as financial modelling or industrial research.

Recommended books:

Statistics: A Guide to the Use of Statistical Methods in the Physical Sciences (Manchester Physics Series)

by Prof. R. Barlow. ISBN-10: 0471922951

Statistical Data Analysis (Oxford science publications) 

by G. Cowan. ISBN-10: 0198501552

Statistical Methods in Experimental Physics (World Scientific) 

by F. James. ISBN-10: 9812705279.

---------------------------------------------------

Year 3, Semester B

Physics Code Course Name Code 

---------------------------------------------------

PHY-306 Elementary Particle Physics C

Module

Elementary Particle Physics (EPP | PHY-306)

Year: 3 | Semester: B | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-215 or equivalent introductory course in quantum physics

Lectures: 30 | Lec: 16 32 34 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: exercises 

Course organiser: Prof Steve Lloyd | Course deputy: Dr Lucio Cerrito

Synopsis:

An introduction to the standard model of particle physics - the strong and electroweak interactions between the basic constituents of the world, quarks and leptons, via the exchange of gluons, photons and W and Z particles. Recent results on CP violation and neutrino mixing. The search for the Higgs particle. Beyond the standard model - Grand unified theories and supersymmetry.

Aims:

The main aim of the Elementary Particle Physics course is to teach the fundamentals of the Standard Model of Particle Physics.

Outcomes:

By the end of the course, the successful student is expected to: be able to describe the basic constituents of the Standard Model, the quarks and leptons and the interactions between them and to be able to use Feynman diagrams to classify and illustrate these interactions; demonstrate the conservation rules, quantum numbers and basic quark parton model upon which the Standard Model is built; be able to describe the basics of electroweak interactions, the Higgs mechanism and CP violation; describe the experimental observation of neutrino mixing and explain its implications for neutrino masses; appreciate the limitations of the Standard Model and describe how some of these limitations are overcome in other models.

Recommended books:

Alessandro Bettini

Introduction to Elementary Particle Physics

Cambridge (2008)

ISBN 978-0-521-88021-3

Martin, B.R. & Shaw, G.

Particle Physics

Wiley (1997)

ISBN 0-471-97285-1.

------------------------------------------------------------

PHY-325 Quantum Mechanics and Symmetry C 

Module

Quantum Mechanics and Symmetry (QMS | PHY-325)

Year: 3 | Semester: B | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-413 PHY-122

Lectures: 33 | Ex: 17 18 Lec: 42 43 48 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: Weekly exercise class

Course organiser: Dr Rodolfo Russo | Course deputy: Dr Sanjaye Ramgoolam

Synopsis:

The course will give students a grounding in a more formal and axiomatic approach to quantum mechanics and introduce them to the application of these tools in the quantum mechanical description of symmetries in particle physics. Topics include: a mathematical introduction with basic notions on groups, Hilbert spaces, and linear operators; the formal axioms of quantum mechanics, Dirac notation; the free particle and the harmonic oscillator as the simplest quantum mechanical systems; time independent perturbation theory; multiparticle systems, identical particles; translations and rotations symmetries in quantum mechanics, conservation laws and good quantum numbers, representation of the ratation group, spin, addition of spin.

Aims:

The course to give students a general description of non-relativistic quantum mechanics in terms of Hilbert spaces and introduce the concept of spin and its relation to the representations of the rotation group.

Outcomes:

Students successfully completing this course will: understand what an abstract vector space is and how this concept underpins Quantum Mechanics in the form of the Hilbert space; be able to translate all they have previously learnt about quantum mechanics into this language; understand how quantum mechanical principles underly our picture of the sub-atomic and sub-nuclear world. 

Recommended books:

Quantum mechanics

Cohen-Tannoudj, Diu, Laloe.

Wiley

ISBN: 0471569526

QM Library: QC174.1 COH

Modern quantum mechanics

J.J. Sakurai.

Addison Wesley

ISBN: 0201539292

QM Library: QC174.1 SAK

Quantum Mechanics Non-Relativistic Theory: Volume 3 L.D. Landau, E.M.

Lifshitz Butterworth-Heinemann

ISBN: 0750635398

QM Library: QC20 LAN/3

The Principles of Quantum Mechanics

P.A.M. Dirac

Clarendon Press

ISBN: 0198520115

QM Library: QC174.1 DIR.

----------------------------------------

PHY-550 Solid State Physics C 

Module

Solid State Physics (SSP | PHY-550)

Year: 3 | Semester: B | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-215 or equivalent first course in quantum physics

Lectures: 30 | Lec: 12 14 46 (notation) 

Exam: 2.5 hour written paper (80%), coursework (20%)

Practical work: none | Ancillary teaching: exercises

Course organiser: Dr Andrei Sapelkin | Course deputy: Dr Mark Baxendale

Synopsis:

Lattices ; scattering of X-rays, electrons and neutrons. Electron motion andbands in metals, insulators and semiconductors. Low-dimensional structures, molecular electronics, quantum wells, molecular wires. 

Aims:

This course aims to provide the description of the physical properties of macroscopic solids that follow from elementary quantum physics. The course aims to convey the role that concepts such as scale, dimensionality, and order play in the behaviour of solids. The key experimental tools for probing solid structures and the controlled fabrication of solids with tailored properties will be outlined. The course is intended to provide final-year students with the essential knowledge of the solid state that is key to many branches of physics, materials science, and engineering. 

Outcomes:

Upon completion of the course the student will be able to: define: Crystal lattice, lattice vector, primitive cell, unit cell define Bravais lattice and be familiar with common examples in 2D and 3D assign Miller indices to crystal planes use the concept of Reciprocal lattice and be familiar with the probes of crystal structure derive an expression for electron density using the free electron Fermi gas model be familiar with the Fermi-Dirac distribution, its temperature variation, and the concept of Fermi energy understand the concept of degeneracy calculate the electronic contribution to heat capacity using the free electron Fermi gas model be familiar with the concept of reciprocal space (or k-space) and thus be able to derive the Drude expression for electrical conductivity explain the origin of energy bands in crystals and explain what is meant by the Brillouin zone express the Bloch theorem and use the concepts for related calculations define: metal, semiconductor, and insulator in terms of band structure and energy gaps plot the temperature variation of electrical conductivity for metals, semiconductors, and insulators explain the significance of the dispersion relation derive expressions for electron velocity and effective mass in a crystal structure define intrinsic and extrinsic semiconductor explain how n- and p-type dopants work phenomenologically describe the operation of a pn junction describe molecular beam epitaxy and metal organic chemical vapour deposition describe the quantum well and the quantum wire 

Recommended books:

Kittel, C.

Introduction to Solid State Physics

Wiley, (7th edition, 1995)

ISBN 0-471-11181-3

Ashcroft, N.W., Mermin, N.D.

Solid State Physics

Holt-Saunders, (international edition, 1976)

ISBN 0-03-049346-3.

---------------------------------------

PHY-403 Statistical Physics C 

Module

Statistical Physics (StP | PHY-403)

Year: 3 | Semester: B | Level: 6 | Units: 1 | Credits: 15

Prerequisites: PHY-214 and PHY-215 or equivalent introductory courses in thermal and quantum physics

Lectures: 33 | Lec: 33 45 54 Ex: 52 53 (notation) 

Exam: 2.5 hour written paper (75%), coursework (25%)

Practical work: none | Ancillary teaching: weekly exercises, exercise classes

Course organiser: Dr Marcella Bona | Course deputy: Dr Kevin Donovan

Synopsis:

Starting from the atomic and quantum descriptions of matter the course uses statistical principles to explain the behaviour of material in bulk. It thus relates microscopic to macroscopic quantities and provides a microscopic explanation of thermodynamics. It provides the bridge between microscopic quantum physics and the behaviour of matter as we know it daily. 

Aims:

This course contains 'core' material which must be appreciated by any physicist. The aim of the course is to teach the theoretical basis of Statistical Physics and to show how it provides the crucial link between the microscopic quantum world and the behaviour of macroscopic material which is amenable to experiment. Concepts and methods appropriate for the description of systems containing very many distinguishable or indistinguishable particles will be presented and the distinction of dealing with systems of closely or widely-spaced quantum levels. Exercise classes will allow the student to practice the difficult concepts and techniques learnt to concrete examples. It is an aim to teach the transferable skill of using spreadsheets to calculate and visualise complex algorithmic expressions. 

Outcomes:

By the end of the course successful students are expected to be able to: utilise the terms and basic methods of Statistical Physics; derive expressions for the variation of various properties of macroscopic amounts of material; appreciate the different statistics arising from distinguishable and indistinguishable particles and relate these to the behaviour of solids and gases; calculate and manipulate Partition Functions and to derive Thermodynamic state functions analytically in some specific cases; analyse the distinction between Fermi-Dirac, Bose-Einstein and Maxwell-Boltzmann statistics, and the origin of these differences; summarise non-classical behaviours such as Electron Degeneracy pressure and Bose-Einstein Condensation; utilise small group tutorials to display and augment their knowledge; use "Excel" or similar application to calculate and plot the behaviour of a complex physical system. 

Recommended books:

Bowley, R. & Sanchez, M.

Introductory Statistical Mechanics

OUP, (1999)

ISBN 0-19-850576-0

[essential]

Guenault, A.M.

Statistical Physics (Physics and Its Applications)

Kluwer Academic Publishers, (2nd edition. 1995)

ISBN 0-412-57920-0

Dugdale, J.S.

Entropy and its Physical Meaning

Taylor &Francis, (1996)

ISBN 0-7484-0569-0

[good on basics]

Baierlein, R.

Thermal Physics

CUP, (1999)

ISBN 0-521-65838-1

==================================

Year 4, Semester A

Physics Code Course Name Code 

PHY-400 Physics Research Project C 

PHY-912 Physics Investigative Project S 

----------------------------------------------------------

PHY-966 Electromagnetic Theory S 

Module

Electromagnetic Theory (EMT | PHY-966)

Year: 4 | Semester: A | Level: 7 | Units: 1 | Credits: 15

Prerequisites: PHY-210, PHY-211, PHY-216 or equivalent

Lectures: | Lec: 56 57 58 (notation) 

Exam: 2.5 hour written paper (90%), coursework (10%)

Practical work: | Ancillary teaching: 

Course organiser: Dr Valeria Gili | Course deputy: Dr David Berman

Synopsis:

(Available only to 4th year MSci students) Classical electrodynamics as a Lorentz covariant and gauge invariant theory. Vectors and tensors in Special Relativity. Potentials and the field strength tensor. Motion of a charged particle in an electromagnetic field. The action principle for electrodynamics. The stress tensor. Conservation laws. Radiation from point sources and extended sources. Scattering of electromagnetic waves, the Born approximation, Rayleigh scattering, scattering from density fluctuations. Causality, Kramers-Kronig relations and the optical theorem. 

Aims:

The course is designed to introduce the essential elements of classical electromagnetism, covering Maxwell's equations in vacuo and matter, electromagnetic waves, radiation and scattering, and the Lorentz covariant formulation of the theory. 

Outcomes:

A student who has satisfactorily completed the course will be able: To write down Maxwell's equations in vacuo and discuss the individual terms in these equations and their physical significance; understand the definitions and use of the energy and momentum fluxes. To generalise the Maxwell equations to the case of linear media, knowing the definitions of the D and H fields, the boundary conditions applying at matter interfaces, the main features of the Maxwell stress tensor, and the basic assumptions and result for the Clausius-Mossotti relation. To describe the solutions to the homogeneous wave equation in vacuo and in media; describe the physical significance of a frequency dependent dielectric function and its real and imaginary parts. To construct the electric and magnetic fields from the vector and scalar potentials and to appreciate the role of gauge invariance; to understand the derivation of the inhomogeneous wave equation and how the solutions to this equation can be generated. To follow the arguments leading to the description and analysis of dipole and multipole radiation, including the concepts of near and far fields and the power formula for electric dipole radiation. To understand the definitions of total and differential scattering cross-sections; to follow arguments leading to the optical theorem; to derive formulas for the scattering of radiation from a small polarisable scatterer, and from a collection of scatterers, and thus to obtain an explanation for the blue colour of the sky. To use 4-vectors and tensors to demonstrate the covariance of Maxwell's equations under the Lorentz transformations of Special Relativity; to understand the covariant formulation of energy and momentum theorems using the energy-momentum tensor. To derive the equations of motion for a charged particle moving under the action of given (simple) fields; to obtain the Lienard-Wiechert potentials, and so to deduce the radiation from an accelerated charge; to be aware of applications of the Larmor formula for radiated power; To give the Lagrangian formulation of classical electrodynamics; to give the expression of the free field as an ensemble of oscillators.

Recommended books:

.

-------------------------------------------------------------------------------

I17461 Plasma Physics S 

I17148 Atom and Photon Physics S 

I147502 Low Temperature Physics and Nanotechnology S 

I17147 Advanced Quantum Theory S 

I10477 Electrons in Solids S 

--------------------------------------------------------------------------------

Year 4, Semester B

Physics Code Course Name Code 

----------------------------------------------

PHY-400 Physics Research Project C 

Module

MSci Physics Research Project (PRP | PHY-400)

Year: 4 | Semester: A&B | Level: 7 | Units: 3 | Credits: 45

Prerequisites: 

Lectures: | (notation) 

Exam: Performance during project (20%), Written Report (50%), Seminars and Final Oral Presentation (30%)

Practical work: | Ancillary teaching: 

Course organiser: Dr Mark Baxendale | Course deputy: Dr Theo Kreouzis

Synopsis:

The student will develop design, experimental, computational or analytical skills through the independent study of a problem in physics. They will learn to write scientific reports summarising results of an independent investigation and placing them in a physics context, and detailing the methods used and the results obtained. The project will run through both semesters and will involve an interim report at the end of semester 1 as well as the final reports at the end of semester 2.

Aims:

Outcomes:

At the end of the project the student will have gained experience in; Carrying out a substantial piece of scientific research independently; Conducting literature surveys and internet searches to obtain specialist information about their project; Presenting a piece of research to an audience in the form of a seminar. Writing a substantial scientific report in the format of a scientific paper describing the research carried out. Writing an internal report enabling others to continue the research subsequently. In the production of these reports the student will use word processing and graphical software packages such as WORD, EXCEL , Mathematica and Sigma Plot as appropriate. 

Recommended books:

The student will be expected to read extensively around their project area, including research journals, reviews and textbooks..

-----------------------------------------------------------

PHY-912 Physics Investigative Project S 

Module

Physics Investigative Project (PIP | PHY-912)

Year: 4 | Semester: A&B | Level: 7 | Units: 2 | Credits: 30

Prerequisites: none

Lectures: NA | (notation) 

Exam: Performance during project (20%), Written Report (50%), Seminars and Final Oral Presentation (30%)

Practical work: NA | Ancillary teaching: NA

Course organiser: Dr Mark Baxendale | Course deputy: Dr Theo Kreouzis

Synopsis:

(Available only to 4th year MSci students) A student will develop design, experimental, computational or analytical skills through the independent study of a problem in physics. S/he will learn to write a scientific report summarising results of an independent investigation and placing them in a physics context. The project will run through both semesters and will involve an interim report at the end of semester 1 as well as a final report at the end of semester 2. 

Aims:

The aim of the investigative project is to give the student the opportunity to work independently on a chosen project towards specified goals. These goals will vary from project to project and may include: writing software to achieve a specified computational task, e.g., simulation of a physical process; carrying out a series of measurements to establish or disprove a working hypothesis; building a piece of equipment, e.g., to interface an experiment to a PC; analytical mathematical analysis applied to the study of a theoretical problem. 

Outcomes:

At the end of the project the student will have gained experience in: carrying out a substantial piece of scientific research independently; conducting literature surveys and internet searches to obtain specialist information about his/her project; writing a substantial scientific report describing the research carried out, in producing this report the student will use word processing and graphical software packages such as WORD and EXCEL 

Recommended books:

.

-------------------------------------------------------------

PHY-415 Relativistic Waves & Quantum Fields S 

Module

Relativistic Waves & Quantum Fields (RWQF | PHY-415)

Year: 4 | Semester: B | Level: 7 | Units: 1 | Credits: 15

Prerequisites: PHY-324 or equivalent

Lectures: | Lec: 52 53 54 (notation) 

Exam: 2.5 hour written paper (90%), coursework (109)

Practical work: | Ancillary teaching: 

Course organiser: Dr Rodolfo Russo | Course deputy:

Synopsis:

Students will learn about the fundamental concepts of quantum field theory, starting with classical field theory, quantisation of the free Klein-Gordon and Dirac field and the derivation of the Feynman propagator. Then interactions are introduced and a systematic procedure to calculate scattering amplitudes using Feynman diagrams is derived. Finally, the quantisation of the electro-magnetic field is discussed and the relativistic cross sections for various physically relevant examples are calculated. 

Aims:

This course provides a first introduction into the unification of last century's groundshaking revolutions in physics: Special Relativity and Quantum Mechanics.

Outcomes:

Students successfully completing this course will be able to analyze the relativistic wave equations for particles of various spins, and to discuss the physical interpretations of their basic solutions. They will become familiar with various concepts in classical field theory (Noether theorem, stress-energy tensor, symmetries and conserved currents) and quantum field theory (including canonical quantisation of the Klein-Gordon and Dirac fields, creation and annihilation operators, spin-statistics connection, commutators and time ordered products, the Feynman propagator).

Recommended books:

Gauge theories in particle physics: 

Volume 1: From Relativistic Quantum Mechanics to QED",

I.J. Aitchison & A.J. Hey,

3rd Edition, Taylor & Francis Adam Hilger

"An Introduction to Quantum Field Theory", 

M.E. Peskin and D.V. Schroeder,

Addison-Wesley.

.

--------------------------------------------------

I17151 Molecular Physics S 

I17471 Condensed Matter Physics S 

I17152 Particle Physics S 

I47082 Statistical Mechanics S 
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