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INTRODUCTION

This document summarises the modules taught in the School of Physics and Astronomy under its various
degree programmes. Further detailed information concerning University regulations on modular
programmes of study can be found either in the School’s Undergraduate Student Handbook or in the
current edition of the University’s Academic Regulations Handbook.

Academic Year

The modular structure affects the shape of the academic year as well as the way in which you pursue
your studies and the way you are assessed. The academic year is divided into two Semesters. Modules
are delivered during 11 teaching weeks and examinations and assessments take place during an
assessment period at the end of each semester. A week-by-week Calendar is available on the final page
of this catalogue.

Mode of Study

You will select a certain number of modules, which in the main are either single or double. The criteria
for your module selection and the range of choice available will depend on your individual degree
programme and whether it is MPhys or BSc. A range of assessment methods will be used including
written examinations, continuous assessment (coursework) and project submissions. (The module
catalogue gives details concerning the method of teaching and assessment of all modules.) Modules are
defined according to different levels which define their position in the degree programme.

Year 1 LevelOor1
Year 2 Level 2
Year 3 Level 3
Year 4 Level 4

PHYSX Codes for Degree Schemes

Degree Title Codes
Physics BSc F300
Physics MPhys F303
Astrophysics BSc F511
Astrophysics MPhys F510
Physics with Astronomy BSc F3F5
Physics with Astronomy MPhys F3FM
Physics (with Professional Placement) BSc F302
Physics with Astronomy (with Professional Placement) BSc F3FN
Theoretical and Computational Physics BSc F340
Physics and Music BSc FW33
Physics with Medical Physics BSc F350
Mathematics and Physics BSc (Joint) FG31




Key Words

There is a certain amount of new terminology which may be unfamiliar to you. This list should provide a

guide:

Module
Credit

CATS

Level

Code
Semester
Pre-requisite

Co-requisite
Pre-cursor

Core Module
Option Module
Free-standing module

SIMS

Progression
Degree programme

What is a Module?

A unit of study, described by a code, title and level designation

Points awarded for modules passed

Credit Accumulation Transfer Scheme

Defines the position of a module in the degree scheme (i.e. 0,1,2,3 etc)
Description of module in letters and numbers

Division of the academic year into Autumn and Spring semesters

Module which you must have passed in order to proceed to another specified
module

Module which you must study in the same session as another specified module
Module which must be completed (but not necessarily passed) in order to
proceed to another specified module

Compulsory module

Optional module

Module available to any student at the University subject to timetable and
certain other restrictions given in the Free-Standing Module Catalogue (e.g.
precursors)

This is the Student Information Management System by which you can select
modules electronically and also update your personal details

Moving from one level in the degree programme to the next level

The programme of study defined by your proposed degree title, e.g. “BSc in
Physics with Medical Physics”

A module is a unit of study. You are assessed on this module at the end of the semester in which it is

taught. The means of assessment and teaching methods for each module are given in the Module

Catalogue. All modules have a code number and title both of which must be specified on your module
selection.

What is a Credit ?

Each module is equivalent to a certain number of credits. For each module passed you will gain
“credits”, 10 credits for a single module, 20 for a double module, etc. If you fail a module no credits will
be awarded. Ideally you should complete a total of 360 credits at the appropriate levels of study during
your time at university in order to qualify for the award of a BSc Honours degree or 480 credits for a
MPhys Honours degree. You are advised to complete 120 credits at the appropriate level of study each
academic year. The exact rules about what credits are required are given in “Rules for Progression” in
the School’s Undergraduate Student Handbook or in the University’s Academic Regulations Handbook —
but basically you should try to obtain 120 credits per year by satisfying the assessments for six modules
in each semester. In Year 1 there is the possibility of “recovering” some failed modules by repeat
assessments immediately before the start of the next Autumn Semester but if you do not gain at least
100 credits you will not be able to progress into Year 2. Summer resits are not normally available in
other years.



Which Modules can | Choose ?

You can make your choice from the modules listed in the University Module Catalogue and in individual
school catalogues. Free-standing modules are listed in the University Free-Standing Module Catalogue
(available on line). You will choose modules according to the requirements and regulations of your
particular degree scheme (see “Degree Programmes: What Modules to Choose” starting on Page 5).
Some modules may be compulsory for some programmes but not for others. Some modules will be
optional, although individual schools may have specific requirements designed to help you make a
balanced selection. You must conform to the requirements of any individual module, its precursors, co-
requisites etc., as defined in the relevant module catalogue. Subject to the constraints of the timetable
you may select a free-standing module which will be assessed at the level appropriate to your year of
study. If you wish to choose a module offered by another school you are responsible for obtaining the
Module Catalogue from them and conforming to their specific module requirements.

How do | choose my Modules ?

First consult the necessary Module Catalogues to see what is on offer. Please feel free to seek advice
and guidance. You should take care to comply with the requirements for your particular degree
programme carefully and aim for a balanced selection of approximately six modules each semester. A
5/7 or 7/5 split is allowed, but it is not recommended. Having decided on your choice of modules you
will have to submit your module choices electronically via SIMS (Student Information Management
System). The School will be required to agree to any free choices you make through SIMS (or Schools
outside physics for free-standing modules). Students entering the University for the first time (first year)
will confirm their module selection (Level 0 or 1) during Registration-Enrolment week. Those of you
entering Level 2 (second year) or Level 3 (third or final year) pre-enrol at a scheduled time during the
Spring semester of the preceding year. For those of you on a joint degree scheme the module selection
for your joint subject should be made in consultation with both Schools.

How do | Change my Module Selection ?

If you feel you want to change your mind about your module selection, University regulations allow you
to make alterations no later than the end of the second teaching week of any semester. You are not
allowed to change later than this unless you are entering the University in your first year when you are
allowed to change no later than the end of the third teaching week of your first Autumn semester only.
If you wish to change your selection you should consult your Year Tutor in your school.



Grading System for Assessment

In accordance with University regulations the School uses as a guide the following grading system for the
assessment of assignments and other submissions, as well as for the final Honours Degree result (credits
quoted for BSc degree — add 120 credits for MPhys):

First Class 70 % and above with 340 credits

Second Class Division One 60 % - 69 % with 340 credits

Second Class Division Two 50% - 59% with 340 credits

Third Class 40% - 49% with 340 credits

Pass 40% and above but with 320 or 330 credits
Fail less than 40% or fewer than 320 credits

Study Abroad and Erasmus

Students are encouraged to consider taking part of their studies abroad at one of the many European
university departments with which Cardiff has established links through the Erasmus exchange scheme
of the European Union. The scheme is open to all undergraduate and postgraduate students on any
degree scheme but is particularly suited to those who have some knowledge of a modern European
language. The period of study will contribute towards your Cardiff degree and is normally supported by
an Erasmus grant. For undergraduates, study abroad is usually taken during your second year; either one
semester abroad can be substituted for part of your study at Cardiff, or you may wish to study abroad for
a full academic year. Further details will be available during the Autumn semester or on request.

Plagiarism

Plagiarism is a serious issue with serious consequences. You should read the entry in the School’s
Undergraduate Student Handbook and think carefully about this matter. You should be particularly
careful of plagiarism when obtaining and using information from web-based sources.

Plagiarism, which is defined as the unacknowledged verbatim quotation from one or more sources, is
viewed as an unfair practice and is not accepted by the University and can lead to disciplinary procedures
with very serious consequences. It is never regarded as merely accidental or innocent. Should
plagiarism be found in any work, your mark for that assignment, assessment or the whole module could
be in serious jeopardy, in accordance with University regulations.



DEGREE PROGRAMMES: WHAT MODULES TO CHOOSE

The tables on the following pages summarise the compulsory and optional modules offered by the
School of Physics and Astronomy on each of their single-honours and joint-honours degree schemes.
Further details of modules which can be taken outside the School will be available at registration or can
be discussed with the appropriate Year Tutor. Please seek advice from the School if you have any
guestions on choice, or if you feel you want to change degree programme.

The University advises all students that the modules listed in this catalogue may be changed or
withdrawn both before and after selection, for any reason including the loss or absence of any key
member of staff or insufficient take-up of a module. Cardiff University accepts no responsibility for any
such changes or withdrawals of modules and students select modules at their own risk.

Modules offered by the School of Physics and Astronomy use the following naming convention: codes
beginning with a ‘0’ designate Level 0, Modules codes beginning with a ‘1’ designate Level 1, 2’
designate Level 2, etc. The second digit normally denotes the semester in which the module is given: 1
for Autumn, 2 for Spring, 3 for double modules which is spread over both semesters.

Preliminary Year (Level 0):

All prelim physics students take:

Autumn Semester
PX0101 Structure and Properties of Matter
PX0102 Motion and Energy

Spring Semester

PX0201 Foundations of Modern Physics
PX0202 Electricity, Magnetism and Light
PX0203 Elementary Mathematical Methods

Foundation Year (Level 0):

All students take:

Autumn Semester
PX0101 Structure and Properties of Matter
PX0102 Motion and Energy

Spring Semester
PX0201 Foundations of Modern Physics

Module Selection at a Glance:

The following pages show the module selection guides (Module Timetables) for Session 2011-2012.
Updated versions of this document can be viewed at

www.astro.cardiff.ac.uk/undergrad/ModuleTimetable.pdf

Comprehensive listings of required modules for joint-honours schemes are available at registration or
from appropriate Year Tutors.


http://www.astro.cardiff.ac.uk/undergrad/ModuleTimetable.pdf
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PX1121 Mechanics and Matter [20-credit Autumn] A 20 [ ] ([ ] ([ ] [ ] [ ] ([ ] ([ ] [ ] (] ([ ] 3] 60 40
PX1122 Mathematical Methods for Physicists | A 10 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 2 60 40
PX1123 Experimental Physics | A 10 [ ] [ ] [ ] [ [ [ [ [ [ ] 0 100
PX1124 The Universe from Particles to Galaxies A 10 [ ] [ ] [ ] [ [ [ ] [ ] [ 2 80 20
PX1125 Mathematical Practice for Physical Sciences A 10 o! o! o! o! o! o! o! o! 2 60 40
Free Standing Module A 10 o! ot ot ot ot ot ot ot
PX1221 Electricity, Magnetism and Waves [20-credit Spring] S 20 [ ] [ ] ([ ] ([ ] [ ] ([ ] 3] 60 40
PX1222 Mathematical Methods for Physicists Il S 10 [ ] [ ] [ ] [ ] [ ] 2 60 40
PX1223 Experimental Physics Il S 10 [ [ [ J [ J [ 0 100
PX1224 Computational Skills for Problem Solving S 10 [ ] [ ] [ ] [ ] [ [ ] [ ] 0 100
PX1225 Planets and Exoplanets S 10 o? o? o? ° ° ° ° 2 80 20
PX1226 How the Human Body Works S 10 o? o? o? ° 2 80 20
Key: o/ Compulsory Module (e} Optional Module
Notes:

1. This is NOT a free choice. The School will advise students whether they are obliged to take Maths Practice or given a choice of a Free-Standing Module outside the School.

2. Select ONE from two choices.
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PX2101 Quantum Mechanics A 10 [ ] [ ] [ ] [ [ [ ] [ ] [} [ ] [}
PX2104 Theoretical Physics A 10 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ J
PX2107 Electronics and Instrumentation A 10 o! o? o [ ] [ ] [ ] o* o* o* o°
PX2108 Topics in Physics A 10 [ ] [ ] [ ] [ ] [ J
PX2109 Topics in Astronomy A 10 [ ] [ ] [ ] [ ]
PX2114 Practical Physics A A 10 [} [} s ° ] 5
PX2116 Computing in Physics A 10 ot ° s 5 ° ° o* 5
PX2124 Electricity in the Human Body A 10 ot 0o? o )
Free Standing Module A 10 o! o? o o° o° o* o*
PX2203 Thermal Physics S 10 [ ] o [ J
PX2206 Mechanics and Special Relativity S 10 o*
PX2214 Practical Physics B S 10 ° o° o°
PX2218 Acoustics and Studio Techniques S 10 [ ]
PX2220 Planetary Systems S 10 o* 6 & ) )
PX2221 Physics Applied S 10 ° M 6 6
PX2223 Physics of Solids and Soft Matter S 10 ° o° o°
PX2224 Electromagnetism S 10 [ ] [ ] [ ]
PX2225 The Physics of Stars S 10 o* o° o°
PX2228 Radiation in Medicine S 10 [ ]
PX2322 Observational Techniques in Astronomy AS 20 [ ] [ ] [ ] [ ]

Key:

[ J Compulsory Module

O

Optional Module

Notes:

1. Select TWO from four choices.
2. Select ONE from three choices.
3. Select TWO from three choices.
4. Select ONE from two choices.
5. Select ONE from three choices.

6. Select TWO from five choices.
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PX3104 Theoretical Physics Techniques A 10 [ ] [ [ [ ] [ ] [ [ ]
PX3105 Optics and Fourier Transforms A 10 [ ] [ [ [ ] [ ] [ [ J [ J
PX3109 Solid State Physics A 10 [ ] [ J
PX3110 Galaxies A 10 [ ]
PX3121 Applications of Quantum Mechanics A 10 [ ] [ ] [ ] [ ] [ ] [ J
PX3134 Digital Medical Imaging A 10
PX3136 Electromagnetic Radiation Detection A 10 [ ] [ ] [ ] [ [ [ ] [ ] [}
PX4117 Computational Physics A 10 [ ]
PX3206 Statistical Mechanics S 10 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ J [ J
PX3211 Advanced Mathematical Physics S 10 o' ° ° o*
PX3212 Stellar Physics s 10 ot 0o? o o* ° °
PX3214 Sound Synthesis S 10 o' o’ o® o* °
PX3226 Physics of Semiconductor Devices S 10 [ ] [ ] o°
PX3231 Physical Cosmology S 10 o! o? o o* ° ° ° )
PX3233 Laser Physics and Applications S 10 o! o? o? o* o°
PX3234 Medical Ultrasound S 10 [ ]
PX3235 Chaos and Non-Linear Systems S 10 ot 2 o M s
PX3237 Nuclear and Particle Physics S 10 [ ] [ ] [ ] [ [} [}
PX4215 High-Energy Astrophysics S 10 o°
PX3315 Physics Project AS 20 [ ] [ ] [ ] [ ] [ ] [ ]
PX3316 Astrophysics Project AS 20 [ ] [ ] [ ] [ ]
PX3317 Medical Physics Project AS 30 [ ]

Key:

[ J Compulsory Module

(@]

Optional Module

Notes:

1. Select TWO from six.
2. Select ONE from five.
3. Select TWO from five.
4. Select ONE from six.

5. Select ONE from four.
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PX3226 Physics of Semiconductor Devices S 10 [¢]
PX3231 Physical Cosmology S 10 [¢]
PX3233 Laser Physics and Applications S 10 [¢]
PX3235 Chaos and Non-Linear Systems S 10 [¢]
PX3237 Nuclear and Particle Physics S 10 o
PX4106 Interstellar Medium and Star Formation A 10 [¢] [ J
PX4114 Advanced Quantum Mechanics S 10 o o O
PX4115 General Relativity and Relativistic Astrophysics A 20 [¢] [¢] [ ]
PX4117 Computational Physics A 10 (e] [¢] [
PX4119 Large Molecules and Life A 10 (e] (e]
PX4120 Nanostructure Optoelectronics A 10 [e] [e]
PX4121 Quantum Field Theory A 10 (¢] o [ ]
PX4122 Quantum Information Processing A 10 [e] [e] O
PX4215 High-Energy Astrophysics S 10 (¢] [¢] [
PX4310 Project AS 60 [ ] [ ] [
Key: [ J Compulsory Module 0] Optional Module |

Students must take PX3237 if this was not taken in Year 3. Students are not normally allowed to take more than one Level 3 module in Year 4.
Select modules to 120-credit limit.



TRANSFERABLE SKILLS

You would expect — quite rightly — to learn physics on a physics degree. We teach you plenty of theory and
practice of physics, but we also want to teach you or help you to develop other important skills. These are
the transferable skills. Depending on your subsequent career path, these transferable skills might be more
highly regarded than your ability to remember equations or recall the more esoteric aspects of the subject.

The Institute of Physics recommends that the following transferable skills should be enhanced during your
professional development on your degree programmes. This is achieved by embedding skills into particular
modules as shown on each of the individual module entries in the catalogue.

Problem-solving skills:

Problem solving is one of the most important skills to develop as a physicist. As part of our teaching
programme you will be introduced to many physics problems with well-defined solutions. Building
confidence through your experience in lectures, exercises (with feedback) and more-personal support in
tutorials, you are expected to learn how to apply these techniques to open-ended problems. Your degree
programme will help you to develop the ability to formulate problems in precise terms and to identify key
issues. We also expect you develop the confidence to try different approaches in order to make progress on
challenging problems.

Investigative Skills:

Your degree programme will provide opportunities to develop skills of independent investigation. You are
expected to learn how to find information by using textbooks and other available literature, by searching
databases and the Internet, and through discussions with colleagues.

Communications skills:

During your time as an undergraduate you will be given many opportunities to develop your verbal and
written communication skills. Good communications skills are an essential requirement of any professional
career. Appropriate feedback will be given to enable you to develop the ability to communicate complex
information effectively and concisely by means of written documents, presentations and discussion. You
are expected to learn to use technical language appropriately.

Analytical skills:

Your degree programme will develop your ability to grasp complex concepts, to understand and interpret
data precisely and to construct logical arguments. By the end of your degree you should be able to distil a
problem to its basic elements.

Computing skills:

As part of the degree programme you will be introduced to various pieces of software, including
programming languages. The IT facilities on site will allow you to develop your computing skills in a variety
of areas including the preparation of documents, information searches, numerical calculations, and the
manipulation and presentation of data.

Personal skills:

Regular exercise work, laboratory work, projects and other coursework helps you to develop the ability to
work independently, to use your initiative and to organise yourself to meet deadlines. We also ensure that
you gain some experience of group work so that you can learn to interact constructively with other people.

Ethical behaviour:
Scientists are expected to conduct research and present data in a transparent and unbiased manner — to act
ethically. You will be required to demonstrate high ethical standards throughout your studies.
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MODULE DESCRIPTIONS

The following pages list the modules currently provided by the School of Physics and Astronomy.
The entries are shown in ascending order of module code.

There may be a few unavoidable variations of module semester and organiser. Students will be informed of
any changes at the beginning of the Autumn semester. Changes to the content of modules and syllabi will
be announced by the module organiser at the start of the module.

Updated Module Descriptions:

Any revisions of module descriptions made after publication of this catalogue can be viewed at the following
web address:

http://www.astro.cardiff.ac.uk/currentstudents/resources/catalogue.pdf

The module descriptions published on the web will supersede previously-published paper copies.

Learning Central:

Most Module Organisers make use of Learning Central (Blackboard) to publish electronic versions of
exercises, exercise solutions, handout notes etc. and also publish changes to syllabuses.

Other Useful Web Links:

Various documents relating to course delivery and evaluation are given at:

http://www.astro.cardiff.ac.uk/currentstudents

These documents include:
The Undergraduate Student Handbook
Assessment Criteria
Scheme Specifications
Autumn and Spring Semester Timetables
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PX0101 THE STRUCTURE AND PROPERTIES OF MIATTER

MODULE INFORMATION:
° Autumn semester: 10 credits.
e  Module organiser: Dr D | Westwood.
e  Deputy Module Organiser: Prof P AR Ade.
e  Teaching and feedback methods: Lectures 22 x 1 hr, Exercise classes 11 x 1 hr, marked Exercises.
e  Assessment: Examination 90%. Coursework 10%. [Examination duration: 2 hours]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e  Tointroduce the microscopic nature of matter.
e Torelate the microscopic properties of matter to selected macroscopic properties of solids, liquids and gases through
simple models.
e To explore practical applications though numerical examples.

LEARNING OUTCOMES:
The student will be able to:
e Describe the electronic structure of the atom and its relationship with both chemical bonds and the periodic table.
e  Describe how bonding and microscopic structure determines selected macroscopic properties of solids and liquid surfaces.
Relate the concepts of temperature and pressure to the properties of an ideal gas and the kinetic theory of gases.
Recall descriptive elements of the module and solve unseen numerical problems.

OUTLINE SYLLABUS:

Building Blocks of Matter: The atomic model and its importance. Structure of the atom, isotopes, the Periodic table, calculating
with moles. Differences between gases, liquids and solids.

Bonds: Forces between atoms or molecules - force/distance and potential energy/distance relationships. Types of bonding: ionic,
covalent, van-der Waals and metallic bonds.

Surface Tension: Surface tension and surface energy of liquids: definition. Water and soap films, minimisation of surface area, idea
of breaking molecular bonds to form a surface.

Properties of Solids: Stretching a wire, introduction to elastic moduli, theoretical maximum breaking stress and relation to
microscopic properties. Explanations for the weakness of real solids.

Properties of Fluids: Liquids and gases as fluids. Properties of ideal gases. The concept and measurement of pressure and
temperature. The universal gas law (pV = nRT). Kinetic theory of ideal gases: Boltzmann constant, mean free paths, r.m.s. velocities
and the Maxwell-Boatman distribution.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:

Advanced Physics, T Duncan, 4th Edition (John Murray).
University Physics (with Modern Physics), H D Young and R A Freedman, 12th Edition (Addison Wesley).
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PX0102 MoOTION AND ENERGY

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr D Stamatellos.

Deputy Module Organiser: Dr D | Westwood.

Teaching and feedback methods: Lectures 11 x 1 hr, Laboratory 3 hrs per week, marked assignments.
Assessment: Examination 60%. Assignments 10%. Lab 30%. [Examination duration: 1 hour]
Pre-cursors: None.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To provide a basic introduction to Newtonian mechanics.

To provide an introduction to momentum and the energy of motion.

To introduce the student to the application of these concepts in the solution of problems.
To develop experimental physics methodology.

LEARNING OUTCOMES:
The student will be able to:

Distinguish between and apply the concepts of scalar and vector quantities.

Differentiate between and apply the concepts of vector displacement, velocity, acceleration and force.

Apply the equations of motion to solve problems.

Recall and apply Newton's laws of motion and his universal law of gravitation.

Describe the concepts of energy and momentum and the laws governing their conservation, and apply these conservation
laws to solve problems.

Apply the laws of motion to the case of circular motion.

Make, record and interpret measurements made in laboratory practicals. Present these findings in written, scientific
format.

OUTLINE SYLLABUS:

Motion: An introduction to the laws of motion and the equations that describe them.

Energy and Momentum: A description of the concepts of energy and momentum and their relation to the motion of bodies. A
study of the particular case of circular motion.

TRANSFERABLE SKILLS:
Experimental physics. Communications skills. Personal skills. Problem solving. Investigative skills. Mathematics. Analytical skills.
Ethical behaviour.

READING LIST:

Advanced Physics, T Duncan, 4th Edition (John Murray).

University Physics (with Modern Physics), H D Young and R A Freedman, 12th Edition (Addison Wesley).
Laboratory manual.
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PX0201 FOUNDATIONS OF MODERN PHYSICS

MODULE INFORMATION:
e  Spring semester: 10 credits.
e  Module organiser: DrJ Kirk.
e  Deputy Module Organiser: Dr D Nutter.
e Teaching and feedback methods: Lectures 22 x 1 hr, Examples classes 11 x 1 hr, marked Exercises.
e  Assessment: Examination 90%. Coursework 10%. [Examination duration: 2 hours]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e To provide an introduction to waves, diffraction and interference.
e Tointroduce the experimental evidence that lead to the development of modern physics.
e Tointroduce the Bohr model of single electron atoms and its use to understand atomic spectra.
e  To provide a basic introduction to wave-particle duality and the Schrédinger equation.
e  Todiscuss the basic structure of the nucleus and radioactive decay.

LEARNING OUTCOMES:
The student will be able to:

e  Describe the basic wave properties and explain diffraction and interference patterns (Young’s slits).

e  Describe and discuss the significance of crucial experiments that lead to the development of modern physics, including
blackbody radiation, measurement of the charge and e/m ratio for electrons, the photoelectric effect and absorption and
emission spectra.

e  Give an account of the Bohr theory of single-electron atoms and use it to describe spectral series.

e  Explain the concepts of wave-particle duality and its consequences, including a brief discussion of the Schrodinger
equation and its physical interpretation.

e  Discuss the structure of the nucleus and describe radioactive decay processes.

e  Recall descriptive elements of the module and solve unseen numerical and algebraic problems.

OUTLINE SYLLABUS:

Waves: Waves and simple harmonic motion, longitudinal and transverse waves, electromagnetic waves.

Principle of superposition, constructive and destructive interference, diffraction, Young’s double slit and single slit patterns.
Milestones in Modern Physics: Crucial experiments and their interpretation: Blackbody radiation, the discovery of the electron,
measurement of the electronic charge (Millikan oil-drop experiment), e/m for electrons, photoelectric effect and emission and
absorption spectra.

Bohr Model: Bohr model of single-electron atoms and its use to describe the spectral series for hydrogen.

Wave-particle duality: The de Broglie wavelength of matter, a brief introduction to the Schrédinger wave equation, the
interpretation of the wavefunction, application to one-dimensional particle in a box.

The Nuclear Atom: Protons and neutrons in a nucleus, isotopes, atomic number and mass, mass spectrometer, binding energies.
Radioactivity: o and B particles and y radiation, decay rates, C1* dating.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:

Advanced Physics, T Duncan, 4th Edition (John Murray).
University Physics (with Modern Physics), H D Young and R A Freedman, 12th Edition (Addison Wesley).
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PX0202 ELECTRICITY, MAGNETISM AND LIGHT

MODULE INFORMATION:
e  Spring semester: 10 credits.
e  Module organiser: Dr R Auld.
e  Deputy Module Organiser: Dr C Tucker.
e  Teaching and feedback methods: Lectures 11 x 1 hr, Laboratory 3 hrs per week, marked assignments.
e  Assessment: Examination 60%. Assignments 10%. Lab 30%. [Examination duration: 1 hour]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e To provide an introduction to the fundamentals of electrostatics, current electricity and basic electrical circuit theory.
e To describe magnetism and its relationship with electrical current and changing electrical fields.
e  To provide an appreciation of the breadth of the electromagnetic spectrum and to understand the basic properties of
light.
e To develop experimental physics methodology.

LEARNING OUTCOMES:
The student will be able to:
e  Recall the definitions of Coulomb’s law, electric field strength and electric potential and describe the relationships
between these quantities and use them for calculations on systems of point charges.
. Define what is meant by electrical current, emf, potential difference and resistance, and use these quantities for simple
circuit analysis.
. Describe intrinsic and extrinsic semiconductors, electron and hole transport and basic band theory, and use these
concepts to explain the operation of simple semiconducting devices.
e  Describe the magnetic fields associated with current-carrying conductors and use these concepts to define the Ampere.
e  Recall Faraday’s and Lenz’s laws of electromagnetic induction and use these concepts to describe the generation of a.c.
electricity.
e Discuss the principal regions of the electromagnetic spectrum and use the wave properties of light to describe diffraction
and interference.
e Make, record and interpret measurements made in laboratory practicals. Present these findings in written, scientific
format.

OUTLINE SYLLABUS:

Electrostatics: Coulomb’s law; electric fields. Electric potential. Insulators and conductors.

Current Electricity: Current and charge; drift velocity; resistivity; superconductivity; Ohm’s law; emf and internal resistance;
electrical power.

Electronics: Resistors and capacitors in series and parallel; permittivity; semiconductors (intrinsic and extrinsic); electron and hole
transport; p-n junction; the junction diode.

Magnetism: Permanent magnets; magnetic flux lines due to a current-carrying conductor; corkscrew rule; force on a current-
carrying conductor in a magnetic field; Fleming’s left-hand rule; force between two current-carrying conductors; definition of the
Ampere.

Electromagnetism: Force on an electron in a magnetic filed; electromagnetic induction (Faraday’s law); Lenz’s law; electrical
generators; transformers; a.c. currents.

Light: The speed of light, wavelength and frequency; the electromagnetic spectrum; properties of light (reflection, refraction,
diffraction, interference).

TRANSFERABLE SKILLS:

Experimental physics. Communications skills. Personal skills. Problem solving. Investigative skills. Mathematics. Analytical skills.
Ethical behaviour.

Reading List:

ADVANCED PHysICS, T DUNCAN, 4TH EDITION (JOHN MURRAY).

University Physics (with Modern Physics), H D Young and R A Freedman, 12th Edition (Addison Wesley).
Laboratory manual.
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PX0203 ELEMENTARY MATHEMATICAL METHODS

MODULE INFORMATION:
e  Spring semester: 10 credits.
e  Module organiser: Dr C Messenger.
e  Deputy Module Organiser: Dr C Tucker.
e Teaching and feedback methods: Lectures 22 x 1 hr, Examples classes 11 x 1 hr, marked Exercises.
e  Assessment: Examination 70%. Coursework 20%. Class test 10%. [Examination duration: 2 hours]
. Pre-cursors: MAQ001 Basic Mathematics 1.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e  To build on the mathematics learned at GCSE and also that met in Basic Mathematics 1 (MA0001), and to provide a firm
foundation for students intending to study for a numerate science degree.
. Learning Outcomes:
e  The student will be able to:
e  Solve simple problems involving the use of exponentials, logarithmic and trigonometric functions.
e Demonstrate that they can differentiate the above functions.
e  Sketch the above and polynomial functions and appreciate limits.
e Demonstrate the use of integration by parts, substitution and partial fractions to evaluate integrals.
e  Recall the solution of simple first-order differential equations.

OUTLINE SYLLABUS:

Algebra Recap: Equations, identities and polynomials, factoring quadratics and cubic equations; expressing fractional functions as
partial fractions.

Differentiation: The rules of differentiation, and differentiation and integration of the exponential, logarithmic and rational
functions.

Trigonometric equations: Further trigonometry and the solution of simple trigonometric equations. Differentiation and integration
of trigonometric functions.

Curve sketching: Turning points and elementary curve sketching. Area under a curve and between curves.

Integration: Integration by parts, by substitution and using partial fractions.

Applications: The solution of simple differential equations such as dq/dt = kq.

TRANSFERABLE SKILLS:
Problem solving. Mathematics. Analytical skills.

READING LIST:

Mathematics — The Core Course for A-Level, L Bostock and S Chandler (Stanley Thornes).
Engineering Mathematics, K A Stroud (Palgrave MacMillan).
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PX1121 MEecHANICS AND MATTER

MODULE INFORMATION:

Autumn semester: 20 credits.

Module organiser: Dr C C Matthai.

Deputy Module Organiser: Prof P Coles.

Teaching methods: 44 contact hours including lectures, weekly exercises and problem-solving sessions. Feedback: weekly
marked exercises and tutorials.

Assessment: Examination 60%. Coursework 40%. [Examination duration: 3 hours]

Pre-cursors: None.

Co-requisites: PX1122 (excepting joint Maths/Physics students).

Pre-requisites: None.

AIMS OF THE MODULE:

To provide firm foundations for the concepts of classical mechanics and their extension into quantum theory and special
relativity.

To emphasise the applicability of simple physical ideas to a wide range of situations.

To introduce and illustrate the use of conservation laws in dynamical problems.

To introduce the key concepts underpinning the physical understanding of vibrations and oscillations in mechanical
systems.

To give instruction and practice in solving physics problem in a wide range of settings.

LEARNING OUTCOMES:
The student will be able to:

Apply the laws of classical Newtonian mechanics to describe rectilinear and circular motion.

Use concepts of kinetic and potential energy and energy conservation to solve dynamical problems.

Relate basic macroscopic properties of gases to microscopic dynamics.

Show familiarity with the key concepts needed to describe circular orbits and rigid-body rotation.

Define what is meant by moments of inertia and be able to calculate moments of inertia in simple situations.

Recognise examples of Simple Harmonic Motion and apply the general solution to unseen problems.

Describe the key evidence for the breakdown of the classical description of the properties of matter.

Recall the postulates of special relativity and the basic equations for length contraction and time dilation and apply them
to unseen problems.

OUTLINE SYLLABUS:

1.

vk wnN

N o

10.
11.

Concepts of Newtonian Mechanics: Position, momentum (inc. conservation), force, velocity in 1D problems, with simple
use of calculus; Newton's laws of motion.

Energy and Potentials: Conservation of energy, types of energy, friction. Force as gradient of potential.

Mechanics in two and three dimensions: Use of vectors; momentum, impulse, collisions, scattering. Centre of mass.
Microscopic Mechanics: Properties of ideal gas; pressure from collisions, very simple treatment of kinetic theory.

Solid Bodies: Mechanical properties of solids: stress and strain, bulk modulus, Young’s modulus. Statics. Solid-body
rotation, torques, moment of inertia.

Frames of reference: Galilean relativity; rotating frames, centrifugal and Coriolis forces.

Orbits: Central forces, circular motion, centripetal acceleration, Kepler’s Laws, brief discussion of scattering.

Vibrations and Oscillations: Simple harmonic motion; mass on a spring, pendulum, etc. Equations of motion and general
solution; application to atomic vibrations etc.

Atomic Structure: Bohr atom; hydrogen-like atoms, spectra; Rutherford scattering and existence of nucleus. Radioactivity
(brief discussion). Fission and fusion.

Particles and waves: Photoelectric effect; black-body radiation; de Broglie relation; uncertainty principle.

Introduction to Special Relativity: Postulates, Galilean and Lorentz transformations, 4-vectors, mass-energy equivalence,
atomic and nuclear binding energies, etc.

TRANSFERABLE SKILLS:
Mathematics. Problem solving. Investigative skills. Analytical skills.

READING LIST:
Principles of Physics (Extended Version), Halliday, Resnick and Walker (Wiley).
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PX1122 MATHEMATICAL METHODS FOR PHYSICISTS |

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Prof B S Sathyaprakash.

Deputy Module Organiser: Dr E Pascale.

Teaching and feedback methods: Lectures 22 x 1 hr, weekly exercise classes, marked exercises.
Assessment: Examination 60%. Coursework 40%. [Examination duration: 2 hours]
Pre-cursors: None.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To provide the basic theoretical techniques required during first-year physics courses.
To introduce post-A-Level students to vectors, matrices, series, functions and graphs, and elementary calculus.
To give students practice in applying mathematical techniques to abstract and physical problems.

LEARNING OUTCOMES:
The student will be able to:

Use vectors to describe positional coordinates and lines and relate them to Cartesian coordinates and show proficiency at
basic vector operations and scalar and vector products and their applications. Application of vector algebra to solve
simple problems in physics.

Demonstrate an understanding of how to perform and exploit basic matrix manipulations.

Show familiarity with and make use of series and expansions of trigonometric, exponential and logarithmic functions.
Show proficiency in plotting graphs of functions and their derivatives and at differentiation, partial differentiation and
integration and their applications.

OUTLINE SYLLABUS:

1. Vectors. Cartesian vectors. Importance in physics. Position. Force. Acceleration. Velocity, etc.

2. Operations on Vectors. Dot and cross product. Angular momentum.

3. Physical interpretation and examples of vectors.

4. Matrices. Definition and interpretation. Addition and multiplication. Matrices operating on vectors, e.g. rotation in the
plane.

5. Inverse of a matrix. Determinants. Use for solving simultaneous equations. Symmetric, anti-symmetric and orthogonal
matrices. Eigenvectors and eigenvalues for symmetric matrices.

6. Functions of a real variable. Exponential, trigonometric and hyperbolic functions. Physical examples. Series expansions.
Binomial and Taylor series. Approximations using truncated series.

7. Differentiation of powers, logarithms, exponential and trigonometric functions. Product, quotient and chain rules. Implicit
and parametric differentiation.

8. Integration of powers, logarithms, exponential and trigonometric functions. Definite and indefinite integrals.

9. Area under a curve. Transforming variables. Integration by parts.

10. Lineintegrals, multiple integrals, volumes. Curvilinear coordinates, e.g. spherical polar coordinates, introduced through
volume elements.

11. Solution of linear first-order ODEs by separation of variables and by integrating factor.

TRANSFERABLE SKILLS:
Mathematics. Problem solving. Analytical skills.

READING LIST:
Modern Engineering Mathematics, G James (Addison Wesley).
Mathematical Methods for Physics and Engineering, K F Riley, M P Hobson and S J Bence (Cambridge University Press).
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PX1123 EXPERIMENTAL PHYSICS |

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr C Tucker.

Deputy Module Organiser: Dr O Williams.

Teaching and feedback methods: Year 1 laboratory 11 x 4 hr, marked weekly work and one formal report.
Assessment: Continuous assessment 100%.

Pre-cursors: None.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To develop practical experimental and analytical skills through weekly structured laboratory sessions.
To introduce select concepts of optics, scientific instrumentation and electronics.

To introduce skills relating to the written communication of scientific information.

Through select experiments to reinforce important physics concepts.

LEARNING OUTCOMES:
The student will be able to:

Demonstrate their practical ability by individually managing and conducting a range of experimental tasks in four-hour
weekly laboratory sessions.

Demonstrate awareness of safety issues for example through writing risk assessments.

Produce a laboratory diary (assessed weekly) in which he/she records their measurements and observations, analyses
data and draws conclusions.

Determine best estimates for true values and random errors from multiple measurements of the same point or data
represented by a hand-drawn straight line graph.

Compare measured and theoretical Gaussian data distributions and extract statistical parameters.

Determine whether a significant systematic error is present by comparison with known values.

Write an assessed formal report, in a scientific style, based on one of the experiments conducted during the semester.

OUTLINE SYLLABUS:
Induction and an introduction to interpreting data.
Experiments (subject to change):

Young’s modulus

Coefficients of friction

Variations of resistance with temperature

The cathode ray oscilloscope and circuit construction
Optical diffraction

Computer data logging and RC circuits

Statistics of experimental data (Gaussian distribution)
Propagation of sound in gases

AC to DC conversion using diode circuits

Microwaves

TRANSFERABLE SKILLS:
Practical physics. Verbal and written skills. Investigative skills. Computing skills. Analytical skills. Ethical behaviour.

READING LIST:

Practical Physics, G L Squires, 4th Edition (Cambridge).

Principles of Physics (Extended Version), Halliday, Resnick and Walker (Wiley).
Laboratory manual.

NOTES:

This module can be offered as a FSM.
It is a requirement that this module is passed in order to progress on all PHYSX programmes.
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PX1124 THE UNIVERSE FROM PARTICLES TO GALAXIES

MODULE INFORMATION:
e  Autumn semester: 10 credits.
e  Module organiser: Dr P Hargrave.
e  Deputy Module Organiser: Dr H L Gomez.
e  Teaching and feedback methods: Lectures 22 x 1 hr, marked exercises.
e  Assessment: Examination 80%. Coursework 20%. [Examination duration: 2 hours]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e To give an overview of the observed structure of stars, galaxies and the Universe.
e To give a simple descriptive account of the basic properties of matter, including nuclear and elementary particles.
e Tointroduce students to the application of physical and mathematical laws in formulating theories for the origin and
evolution of astronomical structures.

LEARNING OUTCOMES:
The student will be able to:
e  Describe key developments in the history of astronomy.
e  Explain the principles and design of astronomical telescopes.
e Identify and describe the physical properties of stars (distances, masses, magnitudes, temperatures).
e  Describe the elementary structure of stars and stellar evolution and demonstrate basic knowledge of binary stars,
supernovae and pulsars.
e  Explain the basic structure of galaxies and the basic ideas of elementary cosmology.
e  Relate key properties of stars and galaxies to the fundamental properties of matter.
e  Demonstrate understanding of the physical make up of the Universe by answering both essay-style questions and solving
unseen numerical problems under examination conditions.

OUTLINE SYLLABUS:

Introduction to Astronomy: Historical background. Ancient astronomy. Scientific astronomy: Copernicus, Tycho Brahe, Kepler,
Galileo and Newton, including brief discussion of Kepler’s laws (circular orbits only).

Light and telescopes: The EM spectrum. Black body radiation. Background radiation. Principles of telescope design and
instrumentation.

The Sun and Stars: The magnitude system. Parallax. Inverse square law for flux and the distance modulus. The luminosity function
of stars. The HR diagram.

Nuclear burning: Nuclear matter (brief history). Energy production in stars. Main-sequence life.

Stellar evolution: The birth of stars and the inter-stellar medium. The life and death of stars. Supernovae, Neutron Stars (Pulsars)
and Black holes.

Our galaxy: The Milky Way, rotation curves, the local group.

Distances in the Universe: Measuring astronomical distances. Hubble’s law. Cosmological distances. Galaxies.

Cosmology: The creation and fate of the Universe. Simple models of the Universe. Missing mass. Particle physics and dark matter.
The twin frontiers of physics.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:

Introductory Astronomy and Astrophysics, Zeilik and Gregory (Saunders College Publishing).
Universe, W Kaufmann (Freeman).

NOTES:
This module can be offered as a FSM. External candidates for this module are advised to have taken A-Level Mathematics.
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PX1125 MATHEMATICAL PRACTICE FOR PHYSICAL SCIENCES

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr R M Smith.

Deputy Module Organiser: Dr E A Muljarov.

Teaching and feedback methods: Lectures 11 x 1 hr, examples classes 22 x 1 hr, marked exercises.
Assessment: Examination 60%. Coursework 40%. [Examination duration: 2 hours]

Pre-cursors: None.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To provide practice at important elementary mathematical techniques.
To strengthen and develop manipulative and analytical techniques learnt at AS and A level.
To apply mathematical skills in the context of physics.

LEARNING OUTCOMES:
The student will be able to:

Manipulate, simplify and sketch simple functions.
Find the derivatives of simple functions.
Find the indefinite or definite integrals of simple functions.

Find the general solution or particular solutions of simple differential equations using the techniques of direct integration

and separation of variables.
Perform basic manipulations of vectors and complex numbers.

Calculate the permutations and combinations for selecting r from n objects and understand the distinction between

them.
Write out the Binomial expansion for expressions of the form (1 + x)™.
Recognise and be able to find the sum of arithmetic and geometric progressions.

OUTLINE SYLLABUS:
Weekly worksheets

Algebra

Logarithms and exponentials

Differentiation |

Differentiation Il

Integration |

Integration Il

Differential equations

Determinants and vectors

Complex numbers

Permutations and combinations, binomial and other series

TRANSFERABLE SKILLS:
Problem solving. Mathematics. Analytical skills.

READING LIST:

Modern Engineering Mathematics, G James (Addison-Wesley Publishing).

Mathematical Methods for Physics and Engineering, K F Riley, M P Hobson and S J Bence (Cambridge University Press).
Less advanced books of use in support of this module:

Maths: A Students’ Survival Guide, J Olive (Cambridge University Press).

Core Maths for A-Level, L Bostock and S Candler (Stanley Thornes Publishers).

Engineering Mathematics, K A Stroud (Palgrave).
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PX1221 ELECTRICITY, MAGNETISM AND WAVES

MODULE INFORMATION:

Spring semester: 20 credits.

Module organiser: DrJ | Davies.

Deputy Module Organiser: Prof P Coles.

Teaching methods: 44 contact hours including lectures, weekly exercises and problem-solving sessions. Feedback: weekly
marked exercises and tutorials.

Assessment: Examination 60%. Coursework 40%. [Examination duration: 3 hours]

Pre-cursors: PX1122 (excepting joint Maths/Physics students).

Co-requisites: PX1222 (excepting joint Maths/Physics students).

Pre-requisites: None.

AIMS OF THE MODULE:

To introduce the mathematical language of waves to describe wave formation, wave propagation and interference and
diffraction.

To examine matter at an atomic level to give insight into crystal bonding and the electrical, thermal and mechanical
properties of matter.

To introduce concepts of electrostatics, of magnetic fields associated with currents and of electromagnetic induction to
provide a firm foundation for the study of electromagnetism in Year 2.

To provide insight into forced vibration and resonance through examples of AC theory and mechanical analogues.

To give instruction and practice in solving physics problem.

LEARNING OUTCOMES:
The student will be able to:

Distinguish between different wave types and describe wave and energy propagation mathematically in one or more
dimensions.

Apply boundary conditions to wave equations to determine the formation of standing waves in strings and pipes and
explain refraction.

Demonstrate an understanding of interference and diffraction, including crystal diffraction.

Describe the distinguishing features between conductors, insulators and semiconductors.

Discuss phase changes in matter.

Describe the origin and nature of the various forces and fields associated with static and moving charges.

Recall the basic laws of electromagnetism and use integration methods to apply Coulomb’s law and the Biot-Savart law to
complex systems of charges or circuits.

Derive basic equations for free and forced oscillations of damped electrical and mechanical systems using both real and
complex notation.

OUTLINE SYLLABUS:

1.

10.

11.

Waves: Classification of waves. One-dimensional non-dispersive waves. D’Alembert’s solution. Harmonic waves.
Derivation of the wave equation for transverse waves on a string. Energy density and power flow in a travelling wave.
Refraction and dispersion: Plane waves at boundaries. Refraction and Snell’s laws. Refracting optics. Dispersion.
Superposition: Beats. Longitudinal waves in solids and sound waves. Sound intensity. Spherical waves and the inverse
square law. Standing waves. Interference and diffraction. Examples.

Waves and matter: Light interaction with matter and elementary spectroscopy (Bohr theory). Diffraction studies of
solids, leading to atoms, bonding and crystal structure.

Electronic properties of matter: Electrical properties of materials — conductors, insulators and semiconductors. Free
electrons, energy bands and band gaps. Semiconductor doping and the p-n junction.

Coulomb’s and Gauss’s Laws: Electric charge and Coulomb’s law. E and V fields. Field lines and forces. Electric flux.
Gauss’ law. Examples of charge distributions, including sphere and line.

Capacitance: Electric potential, potential difference, relationship between E and V. Electric energy and energy density.
Capacitance. Dielectrics. Energy stored on a capacitor. Capacitance of sphere and coaxial cable.

Electricity and magnetism: Conductivity, resistivity and resistance. Electrical power. Magnetic effects of current-carrying
wires. Magnetic field lines, flux and Lorenz force. Biot-Savart law and applications. Torque on a current loop.
Electromagnetic induction: Faraday’s law and electromagnetic induction. Mutual and self inductance. Inductors.

AC Theory: Circuit elements: R, Cand L. RMS. Power factors. LCR circuits. Rotating vector and complex-exponential
representation. Phasor diagrams.

Resonance: Damped free vibrations. Light, heavy and critical damping. Quality factor. Forced vibration. Response
functions: displacement amplitude and phase as a function of frequency. Absorbed power. Steady-state and transient
solutions. Electrical and mechanical analogues.

TRANSFERABLE SKILLS:
Mathematics. Problem solving. Investigative skills. Analytical skills.
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READING LIST:
Principles of Physics (Extended Version), Halliday, Resnick and Walker (Wiley).
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PX1222 MATHEMATICAL METHODS FOR PHYsICISTS |l

MODULE INFORMATION:

Spring semester: 10 credits.

Module organiser: Dr E Pascale.

Deputy Module Organiser: Prof B S Sathyaprakash.

Teaching and feedback methods: Lectures 22 x 1 hr, weekly exercise classes, marked exercises.
Assessment: Examination 60%. Coursework 40%. [Examination duration: 2 hours]
Pre-cursors: PX1122 (excepting joint Maths/Physics students).

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To provide the basic theoretical techniques required during first-year physics courses.

To give post-A-Level students a solid grounding in complex numbers, vector calculus, second-order differential equations,
matrices and basic probability theory.

To give students practice in applying mathematical techniques to abstract and physical problems.

LEARNING OUTCOMES:
The student will be able to:

Demonstrate proficiency at basic representations, operations and applications of complex numbers.

Demonstrate an understanding of the meaning of scalar and vector fields, and demonstrate the application of grad, div,
curl, Laplacian to the formulation of the laws of physics.

Set up and solve simple first-order differential equations.

Show proficiency in using techniques for solving first- and second-order differential equations.

Show familiarity with basic probability distributions, statistical measures and their use.

OUTLINE SYLLABUS:

1. Argand diagrams. Polar and Euler representations. De Moivre’s theorem. Complex functions. Physical applications of
complex numbers. Relationship to 2D vectors and matrices.

2. Differentiation of a vector. Gradient vector. Conservative and non-conservative fields. Examples from physics.
Differentiation of a function of more than one variable.

3. Partial differentiation. Idea of div, grad and curl (briefly). Stationary values, maxima and minima. Conditional stationary
values.

4. Ordinary differential equations in physics. Setting up physical problems. General classification of ODEs. Superposition
theorems. Boundary conditions

5. Second-order linear homogeneous equations. Examples.

6. Second-order linear inhomogeneous equations. Particular integrals and complementary functions. Trial solutions. Simple
harmonic examples, use of exp (iwt).

7. Introduction to Fourier series.

8. Partial differential equations in physics. Examples (brief): Wave equation, heat equation, diffusion, Schrodinger equation.

9. Separation of variables method of solving PDE.

10. Probability Axioms. Discrete Events. Probability Distributions. Binomial and Poisson distributions.

11. Normal distribution, random walks and diffusion. Means and variances. Relevance to statistical treatment of errors.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:
Modern Engineering Mathematics, G James (Addison Wesley).
Mathematical Methods for Physics and Engineering, K F Riley, M P Hobson and S J Bence (Cambridge University Press).
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PX1223 EXPERIMENTAL PHysIcsS Il

MODULE INFORMATION:

Spring semester: 10 credits.

Module organiser: Dr C Tucker.

Deputy Module Organiser: Dr O Williams.

Teaching and feedback methods: Year 1 laboratory 11 x 4 hr, marked weekly work and one formal report.
Assessment: Continuous assessment 100%.

Pre-cursors: PX1123.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To develop practical experimental and analytical skills through weekly structured laboratory sessions.
To introduce select concepts of optics, scientific instrumentation and electronics.

To introduce skills relating to the written communication of scientific information.

Through select experiments to reinforce important physics concepts.

LEARNING OUTCOMES:
The student will be able to:

Demonstrate their practical ability by individually managing and conducting a range of experimental tasks in four-hour
weekly laboratory sessions.

Demonstrate awareness of safety issues for example through writing risk assessments.

Produce a laboratory diary (assessed weekly) in which he/she records their measurements and observations, analyses
data and draws conclusions.

Use a computer program to determine best estimates for true values and random errors from data represented by a
straight line graph.

Compare measurements from counting experiments with theoretical Poisson distributions data distributions and extract
statistical parameters.

Determine whether a significant systematic error is present by comparison with known values.

Write an assessed formal report, in a scientific style, based on one of the experiments conducted during the semester.

OUTLINE SYLLABUS:
Experiments (subject to change):

Measurement of e/m

Planck’s constant

A-C Circuits

Radioactive decay with Poisson Theory

X-rays

Lens systems and Telescopes

Bragg X-ray Studies of Solids

Vibrations and resonance (in electrical circuits)
Hubble Constant

Current Balance

TRANSFERABLE SKILLS:
Practical physics. Verbal and written skills. Investigative skills. Computing skills. Analytical skills. Ethical behaviour.

READING LIST:
Practical Physics, G L Squires, 4th Edition (Cambridge).
Principles of Physics (Extended Version), Halliday, Resnick and Walker (Wiley).
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PX1224 COMPUTATIONAL SKILLS FOR PROBLEM SOLVING

MODULE INFORMATION:
. Autumn semester, 10 credits.
e  Module organiser: Dr S Fairhurst.
e  Deputy Module Organiser: Dr W F Grainger.
e Teaching and feedback methods: Computing laboratory 11 x 2 hr. Marked exercises and assignments.
e Assessment: Continuous assessment 100%.
. Pre-cursors: PX1121.
e  Co-requisites: PX1221.
. Pre-requisites: None.

AIMS OF THE MODULE:
e To give instruction on and provide practice in the use of computers to develop basic data handling skills required by
physical scientists (e.g. graphing and data analysis skills).
e To develop the basic numerical computing skills required by physical scientists.
e To develop proficiency in problem solving by working through a series of examples which relate to the experimental and
taught physics modules.

LEARNING OUTCOMES:
The student will be able to:
e  Enter or read in data from files (in standard formats); plot and export graphs suitable for inclusion in a report.
e  Perform statistical analysis of data of the form y = mx + c; best fit and error determinations.
e  Use and manipulate simple mathematical functions in Python.
e  Express mathematical integration and differentiation problems such that they may be solved numerically.
e  Use numerical techniques with Python to solve a number of mathematical and physical problems.

OUTLINE SYLLABUS:

Introduction: Data analysis and numerical techniques via computing with Python.

Graphing skills: Reading in and entering x-y data, data plotting, fitting with straight line (including error determination).

Random numbers: Generation. Application to the generation of distributions (including plotting histograms).

Using mathematical functions: Use of basic mathematical functions (sine, exp etc.); introduction to more advanced functions.
Simple numerical integration and differentiation: Numerical techniques and the importance of step size. These will practiced (and
tested) mainly by application to basic mathematical functions.

Application of Numerical Methods: Approaches to solving physics problems, e.g. modelling the simple pendulum, projectile motion
through a viscous medium, analysing real experimental data.

TRANSFERABLE SKILLS:
Problem solving. Mathematics. Analytical skills. Computational skills.

READING LIST:
Principles of Physics (Extended Version), Halliday, Resnick and Walker (Wiley).
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PX1225 PLANETS AND EXOPLANETS

MODULE INFORMATION:
e  Spring semester: 10 credits.
e  Module organiser: Prof D Ward-Thompson.
e  Deputy Module Organiser: ProfS A Eales.
e  Teaching and feedback methods: Lectures 22 x 1 hr, marked exercises.
e  Assessment: Examination 80%. Coursework 20%. [Examination duration: 2 hours]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e Tointroduce the basic constituents of the solar system, their orbits and physical properties.
e To describe the physical properties of planetary surfaces and atmospheres.
e Tointerpret these properties in terms of physical theory.
e Tointroduce the various observational methods of proto-planet and exoplanet detection.
e Tointroduce the basic ideas behind the current theories of planet formation and how they are related to observed
properties of the Solar System and extra-solar planets.

LEARNING OUTCOMES:
The student will be able to:
e  Use the principle of hydrostatic equilibrium to model the internal structures and shapes of planets.
e  Describe the properties of planetary systems in terms of basic physical concepts, such as tidal forces.
e  Evaluate and discuss the observational arguments in favour of the standard model for the formation of planetary systems.
e Demonstrate their understanding of planetary systems by answering both essay-style questions and solving unseen
numerical problems under examination conditions

OUTLINE SYLLABUS:

The Solar System: Kepler’s laws of planetary motion. Elliptical orbits. Applications to planets, moons and comets. Structure, age
and composition of objects in the Solar System. A basic model for the formation of the Solar System. Existence of Lagrange points.
Space travel; transfer orbits.

Planetary Structure and Surfaces: Atmospheres. Hydrostatic equilibrium. Plane-parallel atmosphere. Tides and tidal forces.
Roche limit. Ring systems. Comparative planetology. Terrestrial planets and gas giants. The structures of planets from satellite
orbits and precession, seismic waves and plate tectonics.

Comets and Asteroids: The properties of comets. The Oort cloud. The Kuiper belt. Plutinos. Evidence for impacts and the
extinction of the dinosaurs. Near-Earth objects.

Extra-solar Planets: Detection methods. Properties of exoplanets. The habitable zone. Protoplanetary systems and theories of
planet formation. The Drake equation.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:
Origins: How the Planets, Stars, Galaxies, and the Universe Began, S A Eales (Springer).

NOTES:
This module can be offered as a FSM.
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PX1226 How THE HUMAN Boby WORKS

MODULE INFORMATION:
e  Spring semester: 10 credits.
e  Module organiser: Dr N D Pugh.
e  Deputy Module Organiser: Dr R J Morris.
e Teaching and feedback methods: Lectures 22 x 1 hr, exercises.
e  Assessment: Examination 80%. Coursework 20%. [Examination duration: 2 hours]
. Pre-cursors: None.
e  Co-requisites: None.
. Pre-requisites: None.

AIMS OF THE MODULE:
e To provide to students of physics an introduction to human anatomy and physiology.
e To give an overview of the construction and function of cells, and the structure and operation of the musculoskeletal,
nervous, cardiovascular, digestive and reproductive systems.
e To give a working knowledge of genetics and the basis of inheritance, infection and disease control.

LEARNING OUTCOMES:
The student will be able to:
e  Describe the structure and function of cells and processes such as osmosis, diffusion and active transport.
e  Explain the concepts and mechanisms of inheritance.
e Outline the structure and role of the musculoskeletal system.
e Identify key features and mechanisms of nerve cells, the nervous system and sensory perception.
e  Describe the role of the cardiovascular system, the composition and transport of blood, and the functions of respiration.
e  Explain the functions of the digestive and renal systems.
e  Describe the human reproductive system, including the hormonal controls of ovarian and male reproductive function.

OUTLINE SYLLABUS:

Cells: Cell structure and function, DNA, proteins, carbohydrates. Cell membrane, osmosis, diffusion, active transport. Genetics,
mitosis, meiosis. Inheritance, monohybrid inheritance, co-dominance, sex determination, sex linkage.

Musculoskeletal System: Bone and skeletal system. Types of bone, joints. Muscles, types of muscle, mechanics of muscle
contraction and joint movement.

Nervous and Control Systems: Nerve cell, neuromuscular transmission, central nervous system, peripheral nervous system, sensory
functions, motor functions. Endocrine system.

Cardiovascular system: Blood and constituents, blood groups, heart structure and function, blood pressure, blood vessels,
lymphatics and lymph, diseases of cardiovascular system. Structure of respiratory system, respiration, functions of respiration,
transport of oxygen and carbon dioxide, oxygen dissociation curve, maintenance of blood pH.

Urinary system: Kidney structure and function, water balance regulation.

Digestive system: Structure, food and nutrition, energy balance, homeostasis.

Reproductive system: Anatomy of the male reproductive system, spermatogenesis, hormonal control of male reproductive
functions. Anatomy of the female reproductive system, ovarian function, control of ovarian function.

TRANSFERABLE SKILLS:
Problem solving. Investigative skills. Mathematics. Analytical skills.

READING LIST:
Any general anatomy and physiology textbook.

NOTES:
This module can be offered as a FSM.
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PX2101 QUANTUM MECHANICS

MODULE INFORMATION:

e Autumn semester: 10 credits.

e Module organiser: Dr B E Richardson.

e Deputy Module Organiser: Dr H L Gomez.

e Teaching and feedback methods: Lectures 22 x 1 hr, 10 x 1 hr Exercise classes, self-assessed
Exercises.

e Assessment: Examination 100%. [Examination duration: 2 hours]

e Pre-cursors: PX1112, PX1116, PX1216 and PX1220.

e Co-requisites: PX2104.

e Pre-requisites: None.

AIMS OF THE MODULE:
e To provide a description of matter and radiation by wave mechanics, in particular through the
Schrddinger equation and the interpretation and use of its solutions.
e To introduce formal aspects of wave mechanics, and to provide worked examples to increase
awareness of the meaning of wavefunctions, eigenvalues, eigenfunctions and operators.
e To apply quantum mechanics to a range of model systems.

LEARNING OUTCOMES:
The student will be able to:
¢ Recall and use basic quantum-mechanical definitions, such as Schrédinger’s time-independent and
time-dependent wave equations, expectation values, energy and momentum operators.
o Derive, from first principles, normalised energy eigenfunctions and eigenvalues in 1-D potentials.
e Describe scattering from step potentials and explain the principles of quantum-mechanical tunnelling.
e Show an appreciation of the time development of quantum states and uncertainty.
e Solve problems relating to the quantum states of the hydrogen atom, showing some understanding of
angular momentum.

OUTLINE SYLLABUS:

Quantum Concepts: Planck's black body radiation theory. Wave-particle duality - photons and matter waves.
The Rutherford-Bohr atom and quantisation of energy.

Introductory Wave Mechanics: Schrddinger's equation and its physical interpretation. Wave functions.
Probability density. Normalisation. Expectation values. Operators. Schrédinger's time-independent wave
equation. Energy eigenvalues and eigenfunctions.

1-D Potential Wells: The infinite square well. Energy-level diagrams. The finite square well (including
graphical solution methods). The harmonic oscillator potential. Finite polynomials and Hermite's equation.
Physical relevance of the solutions. (This section is completed on a work-sheet in the PC Laboratory.)
Scattering Potentials: Probability flux density. Step potentials and barrier potentials. Reflection and
transmission coefficient. Tunnelling. The scanning tunnelling microscope.

Free Particles and the time development of guantum states: Uncertainty revisited. Wave groups. Wave
function superposition. Wave function collapse and measurements. Compatibility of operators.

2-D and 3-D Systems: Operators and wave equations in 3-D. Symmetry and separation of variables.
Worked example: particle in a 2-D box. Energy levels and degeneracy.

The Hydrogen Atom: Radial solutions (Laguerre's equation). Radial probability densities. H-atom energy
levels. Separation of variables. The four quantum numbers. “Centrifugal barrier”. Spherical harmonics.
Angular momentum. Space quantisation. Full solution to the H-atom and its physical significance.

TRANSFERABLE SKILLS:
Mathematics. Problem solving. Investigative skills. Analytical skills.

READING LIST:

Introduction to Quantum Mechanics, A C Phillips (Wiley).

Introductory Quantum Mechanics, R C Greenhow (Adam Hilger). Now out of print, but copies in the library.
Concepts of Modern Physics, 5th Edn., A Beiser (McGraw-Hill).
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PX2104 THEORETICAL PHYSICS

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Prof S A Eales.

Deputy Module Organiser: Prof A P Whitworth.

Teaching and feedback methods: Lectures 22 x 1 hr, fortnightly Exercise classes, marked Exercises.
Assessment: Examination 80%. Coursework 20%. [Examination duration: 2 hours]

Pre-cursors: PX1116 and PX1216.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:
e To provide the background mathematical techniques needed by physicists.
e To provide practice in applying these techniques to physical problems.

LEARNING OUTCOMES:
The student will be able to:
e Show proficiency in the use of vector algebra and vector calculus and their applications to scalar and
vector fields.
e Perform multiple integrals of scalar fields, and line and surface integrals of vector fields.
e Show familiarity with the scalar and vector fields of physics and their associated partial differential
equations.
e Set up and solve various second-order partial differential equations using separation of variables.
e Apply Fourier series and Fourier transforms to physical problems.
e Solve unseen problems using the methods developed in this course.

OUTLINE SYLLABUS:

Vector calculus: Review of vector algebra. Index notation. Review of Taylor’'s theorem and partial
differentiation. Scalar and vector fields. Multiple integrals. Line and surface integrals. Directional derivative
and gradient of a scalar field. Divergence and Gauss’ theorem. Curl and Stokes’ theorem. Conservative
forces. Del operator, Laplacian, meaning of del-squared. Orthogonal curvilinear coordinates.

Partial differential equations of physics: Continuity and diffusion equation. Laplace, Poisson and wave
equations. Navier-Stokes equation. Maxwell’s equations. Separation of variables and power-series
solutions.

Fourier series and transforms: Fourier theorem. 1-D wave equation for a string. Fourier series in
trigonometric and complex form. Orthogonality of sines and cosines. Non-periodic functions and Fourier
transforms. Fourier transforms in time and frequency and in position and momentum. Applications of Fourier
series and transforms to physics.

TRANSFERABLE SKILLS:
Mathematics. Problem solving. Investigative skills. Computing skills. Analytical skills.

READING LIST:

Mathematical Methods for Physics and Engineering, 2" Edition, K F Riley, M P Hobson and S J Bence
(Cambridge University Press).
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PX2107 ELECTRONICS AND INSTRUMENTATION

MODULE INFORMATION:

e Autumn semester: 10 credits.

e Module organiser: Prof P M Smowton.

e Deputy Module Organiser: Prof M J Griffin.

e Teaching and feedback methods: Lectures, demonstrations and exercises 22 x 1 hr, marked
Exercises.

e Assessment: Examination 80%. Coursework 20%. [Examination duration: 2 hours]

e Pre-cursors: PX1112, PX1117, PX1219 and PX1220.

e Co-requisites: None.

e Pre-requisites: None.

AIMS OF THE MODULE:
e To provide an introduction to analogue and digital electronics.
e To provide some practical experience of electronic instrumentation and its use for measurement.
e To give an appreciation of detecting signals in the presence of noise.

LEARNING OUTCOMES:
The student will be able to:

e Explain the basic properties of semiconductors, the importance of doping and the operating principles
of the p-n junction.

e Recall the properties of an ideal operational amplifier and demonstrate how feedback can be used to
produce a range of useful circuits, including amplifiers, oscillators, integrators and current-to-voltage
converters.

e Describe the theory and practice of analogue-to-digital conversion.

¢ Identify the origins of noise in electronic systems and describe schemes for extracting signals from
noise, including phase-sensitive detection.

OUTLINE SYLLABUS:

LCR components: Passive Filters.

Diodes and their applications: p-n junction, transport through p-n junction. Rectifiers. Filters. Regulation.
Simple dc power supply. Diode clamp. Transistors: Bipolar transistors and their operation. Field effect
transistors.

Operational Amplifiers: Ideal amplifiers. Feedback and its benefits in amplifiers. Examples of applications:
Inverting amplifier, Integrator, Differentiation, Voltage follower, Non-inverting amplifier, Summing amplifier,
Comparator, Stable voltage source, Stable current source, Current-to-voltage converter. Non-ideality of
operational amplifiers. Wien bridge oscillator.

Transducers: The diode as a light detector. Equivalent circuits. The avalanche photodiode photomultipliers
image intensifiers CCD arrays.

Analogue and Digital signals: A simple logic gate. Analogue-to-digital and digital-to-analogue conversion.
Impedance matching and power transfer.

Origins and kinds of noise: Interference. Extracting signals from noise - filtering, signal averaging, phase
sensitive detection and boxcar detection. Radiofrequency communications - AM and FM modulation. Fourier
series representation of complex waveforms.

TRANSFERABLE SKILLS:
Problem solving. Experimental physics. Investigative skills. Mathematics. Analytical skills.

READING LIST:

Principles of Electronic Instrumentation, A J Diefenderfer.

Basic Electronics for Scientists, J J Brophy.

The Art of Electronics, Horowitz and Hill.

Operational Amplifiers and Linear Integrated Circuits, Coughlin and Driscoll.
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PX2108 ToPICS IN PHYSICS

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr M Elliott.

Deputy Module Organiser: Prof P M Smowton.

Teaching and feedback methods: Lectures 6 x 1 hr, group work 12 hrs, skill sessions 4 hrs, written
reports and oral presentations (marked).

Assessment: Examination 50%, coursework 50%. [Examination duration: 1.5 hours]

Pre-cursors: PX1112, PX1214, PX1219 and PX1220.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To help stimulate active participation in discovering topics a the forefront of current understanding
and in other topics not otherwise encountered.

To develop group-work skills.

To develop skills in communicating science, both in writing and speaking.

To develop “real-life” problem-solving skills.

LEARNING OUTCOMES:
The student will be able to:

Use the library and other resources (e.g. the Web) to study, independently, selected topics in
considerable depth.

Apply physics and physical reasoning in novel situations.

Work as part of a team to research, plan and present two oral presentations and written
presentations.

Undertake private study in selected topics in physics in preparation to answer both essay-style and
numerically-based questions in an examination.

OUTLINE SYLLABUS:

There is no set syllabus for the subject matter in this module, but students are normally introduced to five
topics in contemporary physics. The current lecturer will provide some recommended reading and work
sheets to accompany each topic.

TRANSFERABLE SKILLS:
Communications skills. Investigative skills. Personal skills. Problem solving. Computing skills. Analytical

skills.

READING LIST:
Directed reading by the current topic lecturer.
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PX2109 ToPICS IN ASTRONOMY

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr A Cartwright.

Deputy Module Organiser: Dr S Fairhurst.

Teaching and feedback methods: Lectures, group work, skill sessions, written reports and oral
presentations (marked).

Assessment: Examination 50%, coursework 50%. [Examination duration: 1.5 hour]
Pre-cursors: PX1112, PX1214, PX1219 and PX1220.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:

To stimulate interest in astronomy and astrophysics at the frontiers.

To encourage group work and active participation in discovering the excitement of working at the
forefront of astronomy and astrophysics.

To develop skills in communicating science and in problem solving.

LEARNING OUTCOMES:
The student will be able to:

Use library and IT facilities to study selected topics in considerable depth.

Demonstrate an ability to apply physics and physical reasoning in novel situations.

Research into, and write up an essay on a specialised area of astronomy.

Work as part of a team to research, plan and present oral research reports to their peers.
Undertake private study in selected topics in astronomy and astrophysics in preparation to answer
both essay-style and numerically-based questions in an examination.

OUTLINE SYLLABUS:

Each year five different astronomy researchers give a lecture on their work. The class is split into teams
which are then assigned a topic set by one of the lecturers, which forms the basis of an in-depth
investigation. The results of the studies are presented to the whole class, both orally and as a written report.
All students must also answer questions in an examination which will be based on all material covered in
lectures. Students will also be required to write an individual piece of work on a topic set by the module
organiser. There will also be one set of problems to be completed by students working in their teams.

Example topics: galaxies; gravitational waves; star formation; gravitational lensing; comets.

TRANSFERABLE SKILLS:
Communications skills. Investigative skills. Personal skills. Problem solving. Computing skills. Analytical

skills.

READING LIST:
Directed reading by the current topic lecturer.
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PX2114 PRACTICAL PHYSICS A

MODULE INFORMATION:

Autumn semester: 10 credits.

Module organiser: Dr D | Westwood.

Deputy Module Organiser: Dr A Cartwright.

Teaching and feedback methods: Laboratories 11 x 4 hrs. Marked diaries and reports.
Assessment: Coursework 100%.

Pre-cursors: PX1117, PX1217.

Co-requisites: None.

Pre-requisites: None.

AIMS OF THE MODULE:
e To extend practical skills by using set experiments illustrating a range of physical phenomena.
To increase awareness of the design of experiments.
To develop critical thinking about experimental technique and the treatment of errors.
To develop awareness of safety issues and provide experience in risk assessment.
To provide experience of performing (short) open ended projects.
To develop written presentation skills.
To provide the necessary skills to undertake a third or fourth-year practical physics project.

LEARNING OUTCOMES:
The student will be able to:
e Keep an accurate and detailed record of their experimental procedures and data, including a risk
assessment.
e Critically analyse data sets to extract relevant physical quantities (with estimated errors) and
(possible) meaning.
o Decide on the course of experiments based on initial or earlier findings.
e Present self-contained reports of experiments they have performed.

OUTLINE SYLLABUS:
Experiments:

e Magnetic hysteresis
X-ray absorption
X-ray fluorescence
Electron spin resonance
Nuclear magnetic resonance
The Normal Zeeman effect
Absorption spectrum of lodine
Transmission line
Helmholtz pairs: uniform magnetic fields
Magnetic hysteresis and magnetic circuits
Vapour pressure of nitrogen
Ratio of specific heat capacities
Band gap of a semiconductor
Measurement of G
Normal modes in an acoustic resonant chamber
Precession of a Gyroscope
Torsion pendulum
Vibrations of a classical guitar
Refraction and dispersion in transparent solids
Optical reflection (and Fresnel’s equations)
Airy’s disc

TRANSFERABLE SKILLS:
Experimental Physics. Communications skills