Physics & Astronomy - Honours

School of Physics & Astronomy

Important Degree Information:

B.Sc./M.A. Honours

The general requirements are 480 credits over a periadraofally 4 years(anchot more than Jears) or part-time
equivalent; the final two years being an approved honours programme of 240 credits, of wdretit8CGare att000

level and at least a further 120 credits at 3000 and/or 4000 (H) levels. Refer to the appropriate Faculty regulations for
lists of subjects recognised as qualifying towards either a B.Sc. or M.A. degree.

B.Sc./M.A. Honours with Integrated Year Abroad

The general requirements are 540 credits over a periodrafally 5years(andnot more than §ears) or part-time
equivalent; the final three years being an approved honours programme of 300 credits, of vanedit6@regained

during the integrated year abroad, 90 credlits at4000 leveland atleast afurther 120 credits at3000 and/or4000

(H) levels. Refer to the appropriate Faculty regulations for lists of subsgsrignised agualifying towardseither a
B.Sc. or M.A . degree.

M.Phys. Honours

The general requirements are 600 credits over a periodrafally 5years(andnot more than §ears) or part-time
equivalent; the finathree yeardeing anapprovedhonours programme &60 credits, of whichl120 credits are at
5000 level and a further 210 credits (minimum) at 3000 and 4000 levels.

M.Sci. Honours (being phased out)
General requirements &40 credits over a period afiormally 4 years; of which 30@redits are in arapproved
honours programme. See earlier regulations.

M.Sci. Honours

The general requirements are 600 credits over a periodrafally 5years(andnot more than §ears) or part-time
equivalent; the finathree yeardeing anapprovedhonours programme &60 credits, of whichl120 credits are at
5000 level and a further 210 credits (minimum) at 3000 and 4000 levels.

B.Eng. Honours

The general requirements are 480 credits over a periodrafally 4 years(andnot more than Jears) or part-time
equivalent; the final two years being an approved honours programme of 240 credits, of wdretit8CGare att000
level and a further 150 credits at 3000 and 4000 levels.

M.Eng. Honours

The general requirements are 600 credits over a periodrafally 5years(andnot more than §ears) or part-time
equivalent; the finathree yeardeing anapprovedhonours programme &60 credits, of whichl120 credits are at
5000 level and a further 240 credits at 3000 and 4000 levels.

Other Information: In the case ofstudents whaspendpart of the Honours Programnabroad on a recognised
Exchange Scheme, the Programme Requirements will be amended to take into account courses taken while abroad.
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The following programmes apply toall students whoentered Third Level in September

2002 or subsequently.

There are some specific programmes for those who entered Third Level in September 2002
and they follow in a separate section.

Degree Programmes

Programme Requirements at:

(B.Sc. Honours):
Astrophysics

Single Honours Astrophysics (B.Sc.) Degree:

Level 1: 80 credits comprisingPH1001 or PH1011, PH1002 or
PH1012, MT1002 and AS1001. For those who enter at second level,
PH modules are not required.

Level 2: At least 120 credits comprising: 11 or better in AS2001,
PH2011, PH2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 110 credits comprising: AS3011 — AS3013, PH3014, PH3
PH3062, and PH3064 — PH3067.

Level 4: At least 50 credits comprising: AS4103, and at least two of
AS3014, AS3015, AS4021-AS4024, and PH4031.

the

D61,

See below

(M.Phys. Honours):
Astrophysics

Single Honours Astrophysics (M.Phys) Degree:

Level 1: 80 credits comprising?H1001 or PH1011, PH1002 or
PH1012, MT1002 and AS1001. For those who enter at second level,
PH modules are not required.

Level 2: At least 120 credits comprising: 15 or better in AS2001,
PH2011 and PH2012, and 11 or better in MT2101 or (MT2001 and
MT2003).

Level 3: 140 credits comprising: AS3011 — AS3015, PH3014, PH30
PH3062, and PH3064 — PH3067.

Level 4: 60 credits comprising: AS4021-AS4024, PH4031.

Level 5: 90 credits comprising AS5001-AS5003 and AS5101.

the

(B.Sc. Honours):
Physics

Single Honours Physics (B.Sc.) Degree:

Level 1: 60 credits comprising®H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprising: 11 or better in PH2011,
PH2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 125 credits comprising: PH3002, PH3014, PH3061, PH304
PH3064 — PH3067, PH3101 and PH3102.

Level 4: 45 credits comprising: PH4021 and PH4111.
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Degree Programmes

Programme Requirements at:

(B.Sc. Honours):

Physics and Chemistry,
Computer Science, Internet
Computing, Logic &
Philosophy of Science,
Mathematics.

Physics element of Joint Degree:

Level 1: 60 credits comprising®H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprising: 11 or better in PH2011,
PH2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 65 credits comprising: PH3061, PH3062, PH3064 — PH304

Level 4: No specific requirements — see B.Sc. Honours statement at
beginning of chapter

(B.Sc. Honours):

Physics with French”; Physics
with Spanish”

Physics with Management*

" available also as 'with Integrated Y§g
Abroad Degrees'

* not available to entrants after 2003

Physics element of Major Degree Programmes:

Level 1: 60 credits comprising®H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprisingl or better in PH2011,
aIr:’H2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 95 credits comprising®H3002, PH3061, PH3062, PH3064 -
PH3067, and at least one of PH3101, PH3102.

Level 4: 45 credits comprising®H4021 and PH4111.

(M.Phys. Honours):
Physics

Single Honours Physics (M.Phys) Degree:

Level 1: 60 credits comprising?H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprising5 or better in PH2011 and
PH2012, and 11 or better in MT2101 or (MT2001 and MT2003).

Level 3: 140 credits comprisind®H3002, PH3004, PH3014, PH3061

PH3062, PH3064 — PH3067, PH3101 and PH3102.
Level 4: 35 credits comprising®H4021, PH4028 and PH4030.
Level 5: 45 credits comprising®H5101.

(M.Phys. Honours):
Physics with Photonics

Physics with Photonics (M.Phys.) Degree:

Level 1: 60 credits comprising®H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprisin@5 or better in PH2011 and
PH2012, and 11 or better in MT2101 or (MT2001 and MT2003).

Level 3: 155 credits comprisind®H3002, PH3005, PH3010, PH3014
PH3061, PH3062, PH3064 — PH3067, PH3101 and PH3102.

Level 4: 50 credits comprising®H4021, PH4027, PH4028 and
PH4030.

Level 5: 75 credits comprising®H5005, PH5008 and PH5101.

Page 17.3



Physics & Astronomy - Honours

Degree Programmes

Programme Requirements at:

(M.Sci. Honours):
Physics and Chemistry (M.Sci.
Honours) 5 year Degree

Physics element of Physics-Chemistry M.Sci. Degree:
Level 1: 60 credits comprising®H1011, PH1012, MT1002

Level 2: At least 90 credits comprising: 15 or better in PH2011 and
PH2012, and 11 or better in MT2101 or (MT2001 and MT2003)

Level 3: At least 95credits comprisingPH3002, PH3061, PH3062,
PH3064, PH3065, PH3066, PH3067, and at least one of PH3101,
PH3102

Level 4: 30 credits comprising®H4021, PH4023

Level 5: At least 30 credits comprisingither PH5101 or CH5441, and
at least 2 PH5000 level modules excluding PH5101

(M.Phys. Honours):
Theoretical Physics and
Mathematics

Theoretical Physics element of Joint M.Phys. Degree:

Level 1: 40 credits comprising?H1001 or PH1011, PH1002 or
PH1012. For those who enter at second level, the PH modules are n
required.

Level 2: 60 credits comprisingt5 or better in PH2011 and PH2012.

Level 3: At least 65credits comprisingPH3061, PH3062, PH3064,
PH3065, PH3067, and PH3073 or MT4507.

Level 4: 50 credits comprising®H4022, PH4028, PH4029 and
PH4032.

Level 5: At least 45 credits comprising: PH5002, PH5004, PH5102
MT5998, and at least one of PH5003, PH5011 and PH5012.

DI

(M.Phys. Honours):
Theoretical Physics

Single Honours Theoretical Physics (M.Phys.) Degree:
Level 1: 60 credits comprising?H1001 or PH1011, PH1002 or
PH1012, and MT1002. For those who enter at second level, the PH
modules are not required.

Level 2: At least 90 credits comprising5 or better in PH2011 and
PH2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 120 credits comprisingT3501, PH3002, PH3014, PH3061
PH3062, PH3064-PH3067, PH3073.

Level 4: 75 credits comprising: PH4021, PH4022, PH4028- PH403(
PH4032.

Level 5: At least 75 credits comprisingH5002, PH5004, PH5102 an
at least one of PH5003, PH5011 and PH5012.

i
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Degree Programmes

Programme Requirements at:

(B.Eng. Honours):
Microelectronics and Photonics

Single Honours Microelectronics and Photonics (B.Eng.)
Degree:
Level 1: 60 credits comprising®H1011, PH1012 and MT1002.

Level 2: Modules taught by University of Dundee: 120 credits
comprising:EG2101, EG2102, EG2107, EG2201, EG2202, EG2204.

Level 3: 120 credits comprisind®H3005, PH3010, PH3064, PH3065
PH3066, PH3101, PH3102 and modules taught by the University of
Dundee: EG3101 and EG3204.

Level 4: 120 credits comprisind®H4025, PH4027 and modules taugh
by the University of Dundee: EG4006, EG4007 and EG4008.

=

(M.Eng. Honours):
Microelectronics and Photonics

Single Honours Microelectronics and Photonics (M.Eng.)
Degree:
Level 1: 60 credits comprising®H1011, PH1012 and MT1002.

Level 2: Modules taught by University of Dundee: 120 credits
comprising: EG2101, EG2102, EG2107, EG2201, EG2202, EG2204

Level 3: 120 credits comprisind®H3005, PH3010, PH3064, PH3065
PH3066, PH3101, PH3102 and modules taught by the University of
Dundee: EG3101 AND EG3204.

Level 4: 120 credits comprisind®H4025, PH4027 and modules taugh
by the University of Dundee: EG4006, EG4007 and EG4008

Level 5: 120 credits comprisind®H5005, PH5008 and modules taugh

-

-

by the University of Dundee: EG5002, EG5005 and CE5201.

These programmes apply to students who entered Third level in September

2002.

Degree Programmes

Programme Requirements at:

(M.Sci. Honours):
Astrophysics

Single Honours Astrophysics (M.Sci.) Degree:
Level 1: 80 credits comprising®H1001, PH1002 , MT1002, and
AS1001.

Level 2: At least 120 credits comprising: 15 or better in AS2001,
PH2011 and PH2012, and 11 or better in MT2101 or (MT2001 and
MT2003).

Level 3: 125 credits comprising: AS3011 — AS3013, AS3101, PH30)
PH3061, PH3062, and PH3064 — PH3067.

Level 4: At least 55 credits comprising: AS4024 and at least 45 cred
from AS3015, AS4021, AS4022, AS4023 and PH4031

Level 5: 75 credits comprising: AS5101 and at least two of AS5001,
AS5002, AS5003.

ts
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Degree Programmes

Programme Requirements at:

(M.Sci. Honours):
Physics

Single Honours Physics (M.Sci) Degree:
Level 1: 60 credits comprising?H1001, PH1002 and MT1002.

Level 2: At least 90 credits comprising5 or better in PH2011 and
PH2012, and 11 or better in MT2101 or (MT2001 and MT2003).

Level 3: 110 credits comprisind?H3002, PH3014, PH3061, PH3062
PH3064 — PH3067, PH3101 and PH3102.

Level 4: 35 credits comprising?H4021, PH4028 and PH4030.

Level 5: 45 credits comprising: PH5101.

(M.Sci. Honours):
Physics with Photonics

Physics with Photonics (M.Sci.) Degree:
Level 1: 60 credits comprising?H1001, PH1002 and MT1002.

Level 2: At least 90 credits comprising5 or better in PH2011 and
PH2012, and 11 or better in MT2101 or (MT2001 and MT2003).

Level 3: 155 credits comprising?H3002, PH3005, PH3010, PH3014
PH3061, PH3062, PH3064 — PH3067, PH3101 and PH3102.

Level 4: 50 credits comprising®H4021, PH4027, PH4028 and
PH4030.

Level 5: 75 credits comprisingd®H5005, PH5008 and PH5101.

(M.Sci. Honours):
Theoretical Physics and
Mathematics

Theoretical Physics element of Joint M.Sci. Degree:
Level 1: 40 credits comprising®H1001, PH1002.

Level 2: 60 credits comprisingt5 or better in PH2011 and PH2012.

Level 3: At least 65 credits comprisingH3061, PH3062, PH3064,
PH3065, PH3067, and PH3073 or MT4507.

Level 4: 25 credits comprising®H4029, PH4032.

Level 5: At least 45 credits comprisin@H5002, PH5004, PH5102 or
MT5998, and at least one of PH4022, PH5003, PH5011 and PH5012

(M.Sci. Honours):
Theoretical Physics

Single Honours Theoretical Physics (M.Sci.) Degree:
Level 1: 60 credits comprising®H1001, PH1002 and MT1002.

Level 2: At least 90 credits comprisin@5 or better in PH2011 and
PH2012, and in MT2101 or (MT2001 and MT2003).

Level 3: 120 credits comprisingT3501, PH3002, PH3014, PH3061
PH3062, PH3064-PH3067, PH3073.

Level 4: 65 credits comprising®H4021, PH4022, PH4029, PH4030,
PH4032.

Level 5: At least 75credits comprisingPH5002, PH5004, PH5102 an
at least one of PH5003, PH5011 and PH5012.

Page 17.6



Physics & Astronomy - Honours

Modules

Normally the prerequisite for each of the following 3000 or 4000 level Honours modules is
entry to the Honours Programme(s) for which they are specified, as well as any additional
specific prerequisite(s) given.

General degree and non-graduating students wishing to enter 3000 or 4000 level modules
must consult with the relevant Honours Adviser within the School before making their
selection.

The Prerequisite for each of the following 5000 level modules is entry to the M.Sci. or
M.Phys. Programme(s) for which they are specified, save where an additional
prerequisite is given.

Astronomy (AS) Modules
AS3011 Galaxies

Credits: 10.0 Semester: 2
Prerequisite: AS2001
Description: Thismodule introduceghe basic elements aéxtragalacticastronomy. Thisincludes the

morphological, structuradnd spectral properties of galaxies, thundamental plane foelliptical galaxiesand the
Tully-Fischer relation for spirals. Weiscuss rotatiorturvesandthe needfor dark matter. These relationships are
used to derive the local value of the Hubble constant along with complementary methods such as thelgkieular
luminosity function and surface brightness fluctuations. We assess the space density of ayaladéeisethe mean
matter density of our local universe. The modalgo contains material covering our local graaum the nearby
Virgo and Coma clusters.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%

AS3012 Exoplanetary Science
Credits: 10.0 Semester: 2

Description: Thismodule introduceshe rapidly-developing field othe study of planetargystemsbeyond
our own. It builds orideas ofstar formationand stellar structurentroduced inAS2001, extendingthem to the
formation of planets in circumstellaccretiondiscs,andthe internal structures of gas-giant planétsw ideas of
inward planetary migration due to tidal drag, and dynamical interactions between planets, are introduced.
Observational techniques for detectiagd studying exoplanetgare discussedThe theory ofradiative transfer in
planetary atmospheres istroduced, inthe context of the absorptioand scattering mechanisms that may be
operating. Cloud formation physi@nd methods for predictin@nd identifying the most likelycondensates in
planetary atmospheres at different temperatures are also covered.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%

AS3013 Computational Astrophysics

Credits: 10.0 Semester: 2
Prerequisite: AS2001
Description: The aim ofhis module is to introducetudents to the concepts involved in computational

astrophysics. From a general introduction touarentprogramming language (Fortran90), studeamsshown how

to explore the basics of problesolving using numerical techniquesnd their application to astrophysical
phenomena. Theecondpart of the modulénvolves thedevelopment of a numerical integratordolve orbits in

various gravitational potentials. Students then gain experience with the basics of numerical accuracy, and explore the
dynamics of orbits in generalised gravitational potentials from planetary to Galactic systems.

Class Hour: To barranged.
Teaching: Jdectures/workshops and some computer sessions.
Assessment: Continuous Assessment = 100%
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AS3014 Observational Astrophysics

Credits: 15.0 Semester: 1
Prerequisite: AS2001
Description: This is an observatioretd laboratory-based modutkat introduces students tive hands-on

practical aspects gflanning observing programmesynductingthe observationsnd reducingand analysing the
data. Observationare secured ghe University Observatorysing variougelescopes fo€CCD photometry obtar
clustersand galaxies,and for CCD spectroscopy of stars. Furtheources ofdatamay bemadeavailable from
international observatories. Students geiperience inobservation,dataanalysis, theUNIX operating system,
standard astronomical software packages and modelling, and report writing.

Class Hour: To barranged.

Teaching: Two 3 hour laboratories.

Assessment: Continuous Assessment = 100%

AS3015 Nebulae

Credits: 15.0 Semester: 1

Prerequisite: AS2001

Description: This module introduces the physics of astrophysical plasmiasindsin starsandinterstellar

space, where interactions between matter and radiation play a dominant role. A variety of absongson, and
scattering processese introduced to descritexchanges of energgnd momentum, which link up invarious
contexts to control the statmdmotion of the matter, taegulatethe flow of light through the mattegnd to
impress fingerprints on themergentspectrum. The theory isleveloped insufficient detail toillustrate how
astronomers interprebbserved spectra tinfer physical properties of astrophysigalasmas. Applications are
considered to photo-ionize nebulae, interstellar shocks, nova and supernova shells, accretopraséseshsorption-
line clouds, radio synchrotron jets, radio pulsars, and x-ray plasmas.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%

AS4021 Gravitational Dynamics

Credits: 10.0 Semester: 2
Prerequisite: AS2001
Description: Thismodule aims to explore the basics of gravitationdlynamicsand its application to

systems ranging fromplanetaryand stellar systems to clusters of galaxies. Starting ftam-body motion and
orbits under a central-force law, the course describes the calculation of extended patafiiieds associatearbits.
The use of the virial theoremand the statistical treatment dérge numbers of self-gravitating bodies is then
developedwith application to stellar systems. Applications of themethodsare made toseveral different
astrophysical objects ranging from collisions in globular clusters to the presence of dark matter in the universe.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%
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AS4022 Observational Cosmology

Credits: 10.0 Semester: 2
Prerequisite: AS2001
Description: The module starts with Olber’s paradox, (why is the sky dark at nagtit?¥ resolution(that

the universehad abeginning)and then reviews theevidencethat the universe igurrently expanding a68+10
km/s/Mpc. We therdevelop amathematicaframework capable of dealingith expandingcurved space-time and
derive the basic equations which govern the expareidicurvature ofthe universe as a function time. We test
the predictions, strengttedweaknesses dhis standardnodel includingthe cosmicmicrowave background, big
bang nucleosynthesendthe needfor the theory ofinflation. We find that thefate of the universe is entirely
dependent orthe current density ofnatter,radiationandvacuum energyandreview the latest observationghich
measure these key parameters. Finally the ultimate fate of the Universe is revealed.

Class Hour: To barranged.

Teaching: Jdectures and some tutorials.

Assessment: 2 Hour Examination = 100%

AS4023 Stars

Credits: 15.0 Semester: 2

Prerequisite: AS2001

Description: This module develops the physics of stellar inteendsatmospheres from the basquations

of stellar structure introduced in AS2001. Topics includeetipgation ofstate thatprovides pressursupport at the

high temperatures and densities found in normal and white-dwarf stars; the interactdratdnwith matter, both

in terms ofradiation-pressureupport in super-massive stansd interms of the role of opacity in controlling the

flow of energyfrom the stellar interior to thsurface;the equation of radiative transfend the effects of local
temperatures, pressures and velocity fields on the contimmdiime absorption profiles in themergent spectrum.
Computer-aided tutorial exercises illustrate the computational schemes that represent one of the triumphs-of late 20
century physics, in their ability to predict the observable properties of a staitfromdiusandluminosity, which

in turn are determined by its mass, age and chemical composition.

Class Hour: To barranged.
Teaching: Jectures and some tutorials.
Assessment: 2 Hour Examination = 100%

AS4024 Binary Stars and Accretion Discs

Credits: 10.0 Semester: 2
Prerequisite: AS2001
Description: Since binary stasse ascommon or more common than single stars in the universe, it is

appropriatethat there should be a whole modudevoted totheir study. Thismodule discusses: two-body orbital
motion, methods for determiningrbits from velocities, pulse-timinggndspatially-resolvedystems,analyses of
light curves, and the resultant masses, radii, and luminosities of stars of all types found in binariepre-fnam-
sequencestars to neutron starnd black holes. Thenodulealso presents accounts of theoretical models and
observations on thprocesses ofmassexchangeandmass loss in binaries includiragcretiondiscs, streams, and
outflows.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%
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AS4103 Project in Astrophysics 1
Credits: 30.0 Semester: Whole Year
Anti-requisite: AS3103

Description: The project aims tdevelop studentsskills in searchingthe appropriate literature, in
experimental and observational design, the evaluation and interpretation of data, and the presentation of a report. The
main project is preceded by a revieasay.There is no specifisyllabus forthis module. Students taking the BSc

degree select a project from a list of those which are available, and are supervised by a member of the academic staff.

Assessment: Project and Oral Examination = 100%

AS5001 Astronomical Data Analysis

Credits: 15.0 Semester: 1

Prerequisite: AS2001

Anti-requisite: AS4001

Description: Thismodule develops an understandingbakic conceptandoffers practical experienceith

the techniques of quantitative data analysis. Beginning faitdamental concepts @irobability theoryand random
variables, practicalechniquesare developedbr using quantitative observationalata to answerquestionsand test
hypotheses about models of the physical world. The methods are illustrated by applications to the amtiahesis of
series, imaging, spectroscopgnd tomography datasets. Studedsveloptheir computer programmingkills,
acquire a data analysis toolkit, and gain practical experience by analyzing real datasets.

Class hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: Continuous Assessment = 100%

AS5002 Star Formation and Plasma Astrophysics

Credits: 15.0 Semester: 2

Prerequisite: AS2001

Anti-requisite: AS4002

Description: The aim is to describe the physics of how a magdfiedtianteracts with a plasmand to use

this knowledge to explore the role of magnetic fields in the formation of solar-like stars and in compactadtbjects
accretion discs. The syllabus comprises: Solar-like magnetic activity on other stars. The basic equakgnetof
hydrodynamics. Stellar coronae: X-rayproperties andenergetics of corondbops. Energetics of magnetitield
configurations. MHDwavesandpropagation of information. Solandstellar dynamos: medield models. Star
formation: properties of magnetatoud cores, magnetic support. Physicsagtretion discstransport of mass and
angular momentum. Accretion on to compact objeatsprotostars. Rotatioand magnetic fields in protostellar
discs. Rotation distributions of young solar-type stars. Magnetic braking hag, anagneticallychannelledstellar
wind.

Class hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%

AS5003 Contemporary Astrophysics

Credits: 15.0 Semester: 1
Anti-requisite: AS4004
Description: Thismodulewill provide anannual survey of the latest, most interestidgyelopments in

astronomy and astrophysics at tlesearcHevel. Emphasis will b@lacedupon the application dtnowledge and
expertise gained by students in their other modules to these current research topics.

Class Hour: To barranged.
Teaching: Jectures and some tutorials
Assessment: 2 Hour Examination = 100%
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AS5101 Project in Astrophysics 2

Credits: 45.0 Semester: Whole Year
Anti-requisite: AS4101
Description: The project aims tdevelop studentsskills in searchingthe appropriate literature, in

experimental and observational design, the evaluation and interpretation of data, and the presentation of a report. The
main project ispreceded by a&eview essay.There is no specifisyllabus forthis module. Students taking the M.

Phys. or M.Sci. degree select a project from a list of those velnégdvailable,and aresupervised by a member of

the academic staff.

Assessment: Project and Oral Examinations = 100%

Physics (PH) Modules
PH3002 Solid State Physics 1
Credits: 15.0 Semester: 2

Description: Thisintroductory course isntended toshow how the various optical, thermahd electrical
properties of solidsre related tadhe natureandarrangement ofhe constituent atoms in a solid. Fsimplicity,
emphasis is given to crystalline solids. The module examines: symmetry properties of crystals; common crystalline
structures; the behaviour wfaves incrystals;waves ofatomic motion,leading tothermal propertiesglectronic

energy states: conductors, insulators, semiconductors; electrical properties arising freaweth®ature of electrons;
examples of the fundamental theory to typical solids such as simple metals, ailtotner semiconductors, and
magnetic materials.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH3004 Digital & Analogue Circuits

Credits: 15.0 Semester: 1

Description: Thiscoursewill introduceanddevelopthe basic principles of the synthesiad analysis of

digital andanalogue circuits. Iwill advancestudents’ knowledge ofransistor circuitsand introducethem to the
structureanduses of microprocessors. It witlover: passive circuit elementsolution of circuits bydifferential
equationsand Laplacetransforms; types of impulses, system functiand frequencyesponses; circuit synthesis;
design of digital circuits -combinational, synchronous, asynchronaursl pulse mode; internal structure of
microprocessors, and memories and structure of microprocessor systems; amnigblpolar transistors, amplifiers
and switches, types of amplifiers.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH3005 Laser Physics 1

Credits: 15.0 Semester: 1

Description: Thismodule presents a basic description of thain physical concepts upon which an

understanding of laser materials, operatiandapplicationscan be based’hs syllabusincludes: basic concepts of
energy-level manifolds ingain media, particularly irrespect ofpopulation inversionand saturation effects;
conditions for oscillatorstability in laser resonator configuratiorad transverseand longitudinal cavity mode
descriptions; single longitudinal mode operation for spectral paritiphase locking of longitudinahodes for the
generation operiodic sequences dafitense ultrashort pulses (i.laser modelocking)ilustrations ofline-narrowed
and modelocked lasers and the origin and exploitability of intensity-induced nonlinear optical effects.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%
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PH3010 Modern Optics
Credits: 15.0 Semester: 2

Description: Thiscourse formulateghe main aspects of physiassed in modernoptics, lasers and
optoelectronic systems. Topiceveredinclude: polarisedight andits manipulation, withdescriptions in terms of
Jones’ vectorsand matrices; Fresnel's equations for transmittaacel reflectance aplane dielectric interfaces;
reflection and transmission of multi-layer thin films plus their usiaterferencefilters; interpretation offiffraction
patterns in terms of Fourier theory; spatial filters; the themwyuse of Fabry-Perot etalons; laser cavities and
Gaussian beams.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%

PH3011 Information and Measurement

Credits: 15.0 Semester: 2
Availability: 2004-05
Description: The course explains what information is, how we process it, and hawliéésed bymaking

measurements. The first eight lectures concentrate on the basics of measurement, informaticanth@oiggessing

systems. The rest of the course uses various examples to show how these basics are put into use. The CD system is
used to illustrate information collection, processing, and communication in digital formc@apaession/reduction

is illustrated with examples which include digital compact cassette. dittstrationsincludethe methodsuised by

spies to encrypt messages and the applications of chaotic systems and signals.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH3014 Transferable Skills for Physicists

Credits: 15.0 Semester: Whole Year

Description: The aim of thenodule is to develophe key skills of oraland written communication,

information technology, team workinagnd problem solving. This will bedone inthe context of physics and
astronomy. Guidance, practicandassessment will berovided in the preparationand delivery of talks, critical
reading ofthe literature, reporandessay writing,developingand writing a casefor resources to bexpended to
investigate a particular area of science, tackling case studies.

Class Hour: To barranged.

Teaching: Three lectures or tutorials or workshops.

Assessment: Continous Assessment on basis of exercises = 100%

PH3061 Quantum Mechanics 1

Credits: 10.0 Semester: 1

Description: This module introduces the méatures of quantummechanics. The syllabuscludes:early

ideas onquantisation, theemergence othe Schrédinger equatiorthe interpretation of thevave function and
Heisenberg’'s uncertaintyelation. The concepts of eigenfunctioasd eigenvalues. Simpleone-dimensional
problems including potential wells and barriers; the linear harmonic oscillator. Solution $¢htilinger equation
for central forcesthe radial Schrodingeequation,and the hydrogenatom. Studentsare introduced tacomputer
simulations of one-dimensional problems and are required to carry out computer-based exercises.

Class Hour: To barranged.
Teaching: dectures, 2 PC classroom sessions and some tutorials.
Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%
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PH3062 Quantum Mechanics 2

Credits: 10.0 Semester 2
Prerequisite: PH3061
Description: Thismodule explores more of thmain features of quanturmechanics, taking fogranted a

knowledge of the material in PH3061. The syllabus includes a treatment of perturbationahdtinge dependence
of the wave function including transitiondbetweenstationary states. Studengse introduced tothe quantum

mechanics of a system of particles, which leads on to the distinmiweenfermionsandbosonsandapplications

to atoms, metals and neutron stars.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%

PH3064 Electromagnetism 1
Credits: 10.0 Semester: 1

Description: Thismodule covershe mainbranches of electrostatiesid magnetostatics, starting from the
laws due to Coulomb and Biot-Savart. Télectric scalapotential isintroduced andts use incalculating fields is
illustrated. Theeffects of dielectriand magneticmedia arediscussed, as ighe origin of thedisplacement current.
Maxwell's equations are derived in terms of the four fields E, D, B and H and the wave equation is deduced.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%

PH3065 Electromagnetism 2

Credits: 10.0 Semester: 2
Prerequisite: PH3064
Description: Thismodule extendshe treatment of electromagnetism BPH3064. The magnetigector

potential isintroduced andts use in magnetidield calculations illustrated. Poissonsquationand Laplace’s

equation are derived, and used to obtain solutions for the electrgsitdittial. Starting from Maxwell’'equations,
electromagnetic waves are discussed in some depth, including their propagation in various media, their behaviour at
boundaries, their interaction with matter, and their generation.

Class Hour: To barranged.

Teaching: Jdectures and some tutorials.

Assessment: 2 Hour Examination = 100%

PH3066 Mathematics for Physicists

Credits: 10.0 Semester: 1

Description: The modulaims to develop mathematical techniquethat are required by aprofessional

physicist or astronomer. There is particular emphasis on the special functions which arise as soldiffensntil
equations which occur frequently in physics. Analytic mathematiidls are complemented byhe development of
computer-basedolutions usingMathcad. The emphasis throughout is on obtaining solutions to problems in
physics and its applications. Specific topics to be covered will be Fourier transforms, the gamma fundiivag¢ the
delta function, partial differential equations and their solution by separation of variables techniquepheites of
second order ODEs, Hermite polynomials, Legendre polynomials and spherical harmonics.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%
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PH3067 Thermal Physics
Credits: 15.0 Semester: 1

Description: This module gives a detailed account of thermodynamics and kinetic theory, and an introduction
to statistical mechanics. The laws of thermodynamics are discussed including the concepts of workeretesnal
reversible and irreversible processes, entropy, Carnot engines and refrigerators, and a treatmiermbtymamic
potentials. In kinetic theory, the Maxwell velocity distribution is derived, followed by a discussion of mean free path
and transport properties — diffusion, thermal conductivity and viscosity. In the final section studeritedureed to

the concepts of statistical mechanics including the microscopic basis for entropy, the partition antht®nuses,

and a brief introduction to Fermi and Bose distributions.

Class Hour: To barranged.

Teaching: Jdectures and some tutorials.

Assessment: 2 Hour Examination = 100%

PH3073 Classical Mechanics

Credits: 10.0 Semester: 2

Anti-requisite: MT4507. (MT3807)

Description: The module covers the foundations of classical mechanics as well as a nhumber of applications

in various areasStarting from the principle of least action, th@grangianand Hamiltonian formulations of
mechanics are introduced. The course explains the connection between symandt@sservation lawandshows
bridges between classicahd quantum mechanics. Applicatioriaclude planetarymotion, particle scattering,
oscillators, and chaos.

Class Hour: To barranged.

Teaching: Two lectures and some tutorials.

Assessment: Continuous Assessment = 30%, 2 Hour Examination = 70%

PH3101 Physics Laboratory 1

Credits: 15.0 Semester: 2

Description: The aims of theodule are (i) to familiarise students with wide variety of experimental

techniques and equipment, and (i) to instil an appreciation of the significance of expedntthtsr results. The
module consists of four sub-modules on solid state physics, lasers, interfacing, and signal processing.

Class Hour: 2.00 - 5.00 pm Monday and 2.00 - 5.00 pm Thursday

Teaching: Two 3 hour laboratories.

Assessment: Continuous Assessment = 100%

PH3102 Physics Laboratory 2

Credits: 15.0 Semester: 1

Description: The aims of theodule are (i) to familiarise students with wide variety of experimental

techniqguesand equipmentand(ii) to instil an appreciation of the significance of experimeatsl their results.
Students select four sub-modules frortisa comprising solid state physics, optiasdspectroscopy, circuits and
circuit simulations, microprocessors, lasers and vacuum techniques.

Class Hour: 2.00 - 5.00 pm Monday and 2.00 - 5.00 pm Thursday
Teaching: Two 3 hour laboratories.
Assessment: Continuous Assessment = 100%
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PH4021 Atomic Physics

Credits: 15.0 Semester: 2

Prerequisite: PH3061, and prior or concurrent PH3062. (PH3001)

Anti-requisite: PH3008

Description: Thismodule provides aational basis to the identification of atongoergystatesand the

various interactions of electromgthin atoms. Itprovides an understanding a$pects of lasgrhysics, solidstate
andstellar physics. The syllabuscludes: electron cloud model of atom; electronspin; magnetic moments of
electron behaviour; spin-orbit interactions and possible states of electron energygdbme-electronsystems; line
intensities; Lande g-factors; weak Zeeman and strong Paschen-Back magnetic fieldsédidatiectric field effects;
hyperfine structur@andLamb shifts; magneticesonancendesr in atomic beam experiments; molecular structure:
electronic, vibrational and rotational effects.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH4022 Nuclear and Particle Physics

Credits: 15.0 Semester: 2

Anti-requisite: PH3026

Description: The aim othis module is todescribe interms of appropriate modelsthe structure and

properties of the atomic nucleus, the classificatiofunflamental particleandthe means by which they interact.
The syllabus includes: nuclear sizes, binding energy, dgm@endence ahe strongnuclear force; radioactivity, the
semi-empirical mass formula; nuclear stability, the shell model, magic nhumbers; spin-orbit coempdirggtics of
3-decayp-decay and spontaneous fission; nuclear reactions, resonances; fission; elecraleeddur interactions,
classification of particles as intermediate bosons, leptons or hadrons. Standard model of leptons arsohaiceas,
that go beyond the standard model.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%

PH4025 Physics of Electronic Devices

Credits: 15.0 Semester: 2
Anti-requisite: PH3040
Description: Thecourse describethe physical phenomena involved in the operationsehiconductor

devices,andthen shows how the phenomedeterminethe properties of specifidevicessuch as the transistor.
Although only afew devices are describeithe student taking theourse shouldcquire asufficient background to
understand a wide variety of modern semiconductor devices. The course covers: semiconductor prapddisss,
optical and electrical properties; conduction in an electfield and by diffusion; factors determining the
concentrations of electrorend holes; the continuityequation; properties of pjunctions and Schottky diodes;
typical devices: bipolar transistor, field-effect transistor, MOSFET, light emitting diodes, semiconductor lasers.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%
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PH4026 Radio and Coherent Techniques

Credits: 15.0 Semester: 2

Availability: 2003-04

Anti-requisite: PH3041

Description: The aim of thisourse is to explaithe techniques used byadio, microwaveand mm-wave

engineers to communicatand collect, information. liconcentratesnainly uponradio techniques texplain how

coherent electromagnetic signals can be employed to carry information. Practical examples are given to illustrate the
way the basic concepts can be applied. These include an explanation of how FMastieremdcolour TV work as
examples of signainultiplexing. Thecourselooks atmicrowaveand millimetre-wave techniqueand shows how
electronicsand optics can be mixed ahigher signalfrequenciesUsing the examples of spgnd other types of
satellites, it also explains how radar and passive sensing systems can be used to gather information.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%

PH4027 Optoelectronics and Nonlinear Optics 1

Credits: 15.0 Semester: 1

Prerequisite: PH3064, PH3065. (PH3007)

Anti-requisite: PH3050

Description: Thecourse provides an introduction tbhe basic physics underpinning optoelectronics and

nonlinear optics,and aperspective on contemporary developmentghi@ two fields. The syllabugcludes: an

overview of optoelectroniaevices andsystems; optical modulators; acousto-opti@agg and Raman-Nath;
propagation of light in anisotropimedia; electro-opticswaveguideand fibre optics; modes of planar guides;
nonlinear optics; active and passive processes in second and third order; second harmonic generation; phase matching;
coupled wavesquations; parametrigscillators; self-focusingand self-phase-modulation; opticalistability; phase
conjugation; solitons; Rayleigh; Raman and Brillouin scattering.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH4028 Quantum Mechanics 3

Credits: 10.0 Semester 2

Prerequisites: PH3061, PH3062

Description: Thismodule presents thmain theoretical basis ofuantum mechanics, startingith the

representation of dynamical variables by operators. The Fourier transform wétbéunction is shown tgrovide
information on the momentum distribution. The importance of commutatodensonstratedand the general
uncertainty relation is derived. Other topics which are treated are the variational principle, matrix megbenats,
methods for finding eigenvalues and eigenfunctieps angularmomentum,andthe totalangularmomentum for
one electron atoms.

Class Hour: To barranged.
Teaching: Jdectures and some tutorials.
Assessment: 2 Hour Examination = 100%
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PH4029 Statistical Mechanics

Credits: 10.0 Semester: 2
Prerequisite: PH3067
Description: Statistical mechanics provides techniques for determining macroscopic propetistefis of

interacting quantum particles. The module covers: Enserabliékasic postulates. Derivation tfermodynamical
properties from canonical ensemble; application to cryséald to ideal gases at high temperatures. The
microcanonical ensemble. Interchangeability of ensembles. System of two state pamticlegative temperatures.

The grand canonical ensemble. Applications to ideal gases of fermions and bosons at arbitrary temperatures, to white
dwarf and neutron stars, to electrons in metals, to liquid helium, to black body radiation and to crystals.

Class Hour: To barranged.

Teaching: Jdectures and some tutorials.

Assessment: 2 hour Examination = 100%

PH4030 Computational Physics

Credits: 10.0 Semester: 2

Availability: 2003-04

Description: Thismodule is designed to develop &evel of competence inMathematica, amodern

programming language currentlysed in many physicsresearchlabs for mathematical modelling.  Nprior
experience is requiredhe coursestarts with agrounding in the use of Mathemati@ad discussessymbolic
solutions and numerical methods. The main focus will be the use of Mathematica for psoblem in physics.
The module is continually assessed through short éestassignments, with the bulk of the assessnbased on
the submission of a Mathematica project.

Class Hour: To barranged.

Teaching: 2wo hour sessions.

Assessment: Continuous Assessment = 100%

PH4031 Fluids

Credits: 15.0 Semester: 1

Description: Thismodule provides an introduction to fluid dynamiaed addressabe underlying physics

behind many everyday flows that we see around us. It starts from a derivationegjutiions of hydrodynamics and
introducesthe concept ofvorticity andthe essentials of vorticity dynamics. Thdluence ofviscosity and the
formation of boundary layers is described with some straightforward examples. The effect of the compressibility of a
fluid is introduced andpplied toshock formationand to the conservation relations thdescribeflows through

shocks. A simple treatment of waves and instabilities then allows a comphbeiseeentheory and readily-observed
structures in clouds, rivers and shorelines.

Class Hour: To barranged.

Teaching: Jectures and some tutorials.

Assessment: 2 Hour Examination = 100%

PH4032 Relativity and Fields

Credits: 15.0 Semester: 1

Prerequisites: PH3073 or MT4501TMT3807)

Description: The course analyses classfets in physics such as thelectromagnetic field. Fields are

natural ingredients of relativity, because they serve to communicate forces with a finite velocijyeé@tieofight).
The module coverthe tensor formalism of special relativity, relativistic dynamics, ltheentz force, Maxwell's
equations, retarded potentials, symmetries and conservation laws, and concludes with an outlook to general relativity.

Class Hour: To barranged.
Teaching: Three lectures and some tutorials.
Assessment: Continuous Assessment = 30%, 2 Hour Examination = 70%

Page 17.17



Physics & Astronomy - Honours

PH4033 Magnetic Properties of Solids

Credits: 15.0 Semester: 1
Prerequisites: PH3002, PH3061, PH3062, PH3064, PH3065
Description: The module presents a range of magnetic phenomena in delidbpsthe theoreticamodels

for themandexplains how the chemicé&taturesandstructure of real materials influentee magnetic properties.
The syllabus includes: review of magnetic field vectors, magnetisation, effapts; Langevirdiamagnetism, local
moment paramagnetism; mefeld models, exchangelirect andindirect,and RKKY interactions; magnetiorder;
Landau diamagnetism, Pauli paramagnetism, Stoner model, spin waves; mataraésarth, transition elements,
alloys and compounds; domains; examples of current problems in magnetism. A mentaue isfthe magnetic
effects involved in superconductivity.

Class Hour: To barranged.

Teaching: Three lectures and some tutorials.

Assessment: 2 Hour Examination = 100%

PH4111 Project in Physics 1

Credits: 30.0 Semester: Whole Year

Prerequisites: At least one of PH3101, PH3102

Anti-requisite: PH3103

Description: The project aims tdevelop studentsskills in searchingthe physics literatureand in

experimental design, the evaluation and interpretation of data, and in the presentation of results. The main project is
preceded by a reviegssay on a topic which may belated tothe theme of the project or may berelated to it.

There is no specific syllabus for this module. Students taking the BSc degree select a project froffeeetistand

are supervised by a member of staff.

Assessment: Project and Oral Examination = 100%

PH4112 Physics Project

Credits: 120 Semester: Whole Year

Availability: Available to non-graduating students only

Anti-requisite: PH3107

Description: This module is for non-graduating students who wish to pursue a project in physics lasting the

whole session. The project designed to develogtudents' skills irsearchinghe literature, in thedesign of the
investigation of the topic, in the evaluation and interpretation of aladain the presentation of resultShere is no
specific syllabus for this module, and students select their project topic in consultation with their supervisor.

Class Hours: No specific hours.

Teaching: Weekly meetings with supervisor.

Assessment: Continuous Assessment = 100%

PH4113 Physics Project

Credits: 60.0 Semester: Either

Description: This module is for non-graduating students who wish to pursue a project in physics lasting one

semester. The project designed to developtudents' skills insearchingthe literature, in thedesign of the
investigation of the topic, in the evaluation and interpretation of aladain the presentation of resultShere is no
specific syllabus for this module, and students select their project topic in consultation with their supervisor.

Class Hour: No specific hours.
Teaching: Weekly meetings with supervisor.
Assessment: Project and Oral Examination = 100%
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PH5001 Metals and Semiconductors

Credits: 15.0 Semester: 1

Prerequisites: PH3002, PH3061 and PH3062.

Anti-requisite: PH4001

Description: The aim of thisnodule is to develop an understanding of band-structuceystalline solids,

Fermi surfaces in reciprocal spaeadthe Boltzmann transport equation. It examinesiprocal space concepts
reviewed and extended; tight-binding theorydonple cubic structure; Kronig-Penney model; fesuifaces inreal
structures; measurement techniqueandau levels, Shubnikov-deHaas and deHaas-vanAlphen experiments;
Boltzmann transport of charge and thermal energy.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%

PH5002 Foundations of Quantum Mechanics

Credits: 15.0 Semester: 1

Prerequisite: PH3061 and PH3062.

Anti-requisite: PH4002

Description: Thismoduleconsists of five parts: (i) Hilbespacesandoperators including a discussion of

spectral decomposition of selfadjoint operators; (i) postulates of quantum mechanics for obsefttaldecrete
spectrawith illustrative examples including various picturéSchrodinger, Heisenberg, interaction) tifne
evolution; (iii) postulates ofjuantum mechanics for observableish continuousspectra interms of probability
distribution functionsandthe spectral functions; (iv) quantum theoryarbital, spinangular momentand their
addition, Pauli-Schrodinger equation; (v) introduction to relativistic quantum mechanics.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH5003 Group Theory

Credits: 15.0 Semester: 1

Prerequisites: PH3061 and PH3062

Anti-requisite: PH4003

Description: This module explores the concept of a group, including groups of coordinate transformations in

three-dimensional Euclidean spadtie invariancegroup of the Hamiltonian operator; the structure of groups:
subgroups, classes, cosdts;tor groups, isomorphismandhomorphismsgdirect productgroups; introduction to

Lie groups, including notions of connectness, compactrasbjnvariant integration; representation theory of
groups, including similarity transformations, unitary representatiomesjucible representationsgharactersdirect

product representations, and the Wigner-Eckart theorem; applications to quantum mechanics, including calculation of
energy eigenvalues and selection rules.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%
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PH5004 Quantum Field Theory

Credits: 15.0 Semester: 1

Prerequisite: PH3073 or MT4507, and PH5002.

Anti-requisite: PH4004

Description: The syllabus fothis module includes:second quantization for bosons and fermions;

annihilationandcreation operators; introduction to classifield theory, including the notion ofagrangian and
Hamiltonian densities; the real and complex Klein-Gordon fieldsar zero particles; theDirac field for spin 1/2
particles; quantization of the electromagnetic field; perturbation expansion for the S matrix; Wick's theorem; origin
and use of Feynman rules; outline of idea of renormalization; application to quantum electrodynamics.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH5005 Laser Physics 2

Credits: 15.0 Semester: 2

Prerequisites: PH3005, PH3061, PH3062, PH3064 and PH3065.

Anti-requisite: PH4005

Description: Quantitative treatment of laser physiosracingboth classicalbind semiclassicabpproaches;

transient/dynamic behaviour of laser oscillators including relaxatioillations,amplitudeand phase modulation,
frequency switching, Q-switching, cavity dumping and mode locking; design analysis of optically-pumped solid state
lasers; laser amplifiers including continuous-wave, pudsettegenerativeamplification; dispersiorand gain in a

laser oscillator - role of thenacroscopicpolarisation; unstable optical resonators, geomednd diffraction
treatments; quantum mechanical descriptiorthef gain mediumgoherent processes includifpbi oscillations;
semiclassical treatment of the laser; tunable lasers.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH5008 Optoelectronics and Nonlinear Optics 2

Credits: 15.0 Semester: 2

Prerequisite: PH4027

Anti-requisite: PH4008

Description: This module develops concepts introduced in PH4027 to a level at which the student should be

able to understand state-of-the-art systems in thelsls and to appreciatehe researcHiterature. In particular, the
ideas ofnonlinear opticsare developednore quantitativelyand in greaterdepth, and the courseshows howsuch
properties can be the basis of important devices. fi€lteof optical communication igovered, includehe modes
of propagation in waveguides and the use of nonlinear effects in optigabuides. Optoelectrondevicessuch as
SEED are described, including their roles in optical switching.

Class hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour examination = 100%

PH5011 General Relativity

Credits: 15.0 Semester: 2

Anti-requisite: PH4011

Description: This module covers: inertial frames, gravity, principlequiivalence, curvature of spacetime;

basictechniques otensor analysis; Riemannian spaces, metric tensor, raaphigwering of indices, Christoffel
symbols, locally flatcoordinates, covariant derivatives, geodesics, curvéatmsor, Ricci tensor, Einstein tensor;
fundamentalpostulates ofgeneralrelativity: spacetimegeodesics, fieldequations, laws of physics iourved
spacetime; distances, time intervaipeeds; reduction of equations of genestdtivity to Newtonian gravitational
equations; Schwarzschild exterior solution, planetary motion, bending of light raysjelays; observationaésts
of general relativity; Schwarzschild interior solution, gravitational collapse, black holes.

Class Hour: To barranged.
Teaching: Three lectures or tutorials.
Assessment: 2 Hour Examination = 100%
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PH5012 Quantum Optics

Credits: 15.0 Semester: 2

Prerequisite: PH3061, PH3062

Anti-requisite: PH4012

Description: Quantum optics is the theory of light that unifiase and particle optics. Quantum optics

describes moderhigh-precision experiments that often probe teey fundamentals of quantum mechanics. The
module introduces the quantisationlight, the concept ofsingle light modes, the variowgiantum states dight
and their description in phase space. The moclsidershe quantuneffects ofsimple optical instruments and
analyses two importarfundamentalexperiments: quantum-state tomograpnd simultaneous measurements of
position and momentum.

Class Hour: To barranged.

Teaching: Three lectures or tutorials.

Assessment: 2 Hour Examination = 100%

PH5013 Superconductivity

Credits: 15.0 Semester: 2

Prerequisites: PH3002, PH3061, PH3062

Description: This courswiill involve a treatment of one of the outstanding on-going problenmaddern

physics. The basic thermodynamics of the superconducting state will be reviewed, emphasising superconductivity as
an archetypal secoratder phasetransition. The next section witlover Ginzburg-Landatheory andthe different
phenomenological properties of typexdtype-ll superconductors. An explanatioiil be given of thefamous
Bardeen-Cooper-Schrieffer theory @fnventional superconductivitfinally, abrief overviewwill be given of the

many unsolved problems imodernunconventional superconductivity in materials dagerse asoxides, ‘heavy

fermion’ alloys and allotropes of carbon. A few topics will be the subject of individual study by the stndeili

be examined continuously.

Class Hour: To barranged.

Teaching: Two lectures and some tutorials.

Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%

PH5014 The Interacting Electron Problem in Solids

Credits: 15.0 Semester: 2

Availability: 2004-05

Prerequisites: PH3002, PH3061, PH3062

Description: The aim ofhis course is tagive anoverview of developments in modeoondensednatter

physics. The difficulties of afull quantum mechanical treatment of electrovith strong interactions will be
discussed. Common existingapproachesuch as theHubbard and-J modelsand Fermi liquid theory will be
compared. It will be shown that, although microscopic mockiexplain aspects ahagnetism, theyavelittle
chance ofcapturing many othefeatures ofthe fascinatingow-energyphysics of these systems.nstead, we
introducethe principle ofemergenceand show how it suggestsadically new approaches téhe problem of
complexity in condensed matter physics and beyond. In this module, formal legiiires combinedwith reading
assignments, and the assessment will be based on marked homework together with an oral prissiemtatidny
guestions.

Class Hour: To barranged.
Teaching: Two lectures and some tutorials.
Assessment: Continuous Assessment = 50%, Presentation plus Oral Examination = 50%
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PH5015 Experimental Quantum Physics at the Limit

Credits: 15.0 Semester: 1

Availability: 2004-05

Prerequisites: PH3061, PH3062

Description: Quantum physics is one of timost powerful theories in physics yet is atldswith our

understanding ofeality. In this course weshow how laboratoriearoundthe world can preparesingle atomic
particles, ensembles of atoms, ligahd solid state systems i@ppropriate quantunstatesand observe their
behaviour. The course includes studies of Bose-Einstein condensation, quantamddpigntumcomputing. An
emphasis throughout will be on how such quaniystems may actually turn infwracticaldevices inthe future.
The module will include one workshop and a short presentation on a research paper.

Class Hour: To barranged.

Teaching: Two lectures and some tutorials.

Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%

PH5016 Biophotonics

Credits: 15.0 Semester: 1

Availability: 2004-05

Prerequisites: PH3005 or PH3010

Description: The courswill expose students to the exciting opportunitiffered by applying photonics

methods and technology to biomedical sensing and detection. A rudimeiafagical backgroundwill be provided
where needed.Topics include fluorescencenicroscopy and assays includingime-resolvedapplications, optical
tweezerdor cell sortingand DNA manipulation, photodynamic therapy, lab-on-a-chip concegtsl bio-MEMS.

Two thirds of the course will be taught as lectures, including guest lecturgsebialists, with the remainirtird

consisting of problem-solvingxercises, such as specific literature reviadesign exerciseand mini-projects. A
visit to a biomedical research laboratory, e.g. at Ninewells hospital, will also be arranged.

Class Hour: To barranged.

Teaching: Two lectures and some tutorials.

Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%

PH5017 Microscopic Probes of Matter

Credits: 15.0 Semester: 1

Availability: 2004-05

Prerequisites: PH3002

Description: This module igitended to covethe areas ofmicroscopy,diffraction, magneticesonance and

spectroscopy, and its main aim is to giveraadoverviewandawareness othe manydifferent techniques used to
solve structural problems in materiadsienceand the life sciencesLectures describing coreonceptswill be
supported byrequired directedeading of reviewarticles, and there will be additional guest lecturesand group
seminars.

Class Hour: To barranged.
Teaching: Two lectures and some tutorials.
Assessment: Continuous Assessment = 25%, 2 Hour Examination = 75%
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PH5101 Project in Physics 2

Credits: 45.0 Semester: Whole Year

Prerequisite: PH3101

Anti-requisite: PH4101

Description: The project aims tdevelop studentsskills in searchingthe physics literatureand in

experimental design, the evaluation and interpretation of data, and in the presentation of results. The main project is
preceded by aeview essay on topic which may beelated tothe theme of the project or may berelated to

it. There is no specific syllabus for this module. Students taking the M.Phys. or Me8meselect a projecirom

a list offered, and are supervised by a member of staff.

Assessment: Project and Oral Examination = 100%

PH5102 Project in Theoretical Physics

Credits: 30.0 Semester: Whole Year

Anti-requisite: PH4102

Description: The project aims to survey the literamgsociatedvith the topic of the projecand either (i)

conduct original research into some problem in this field or (ii) prepare a research review of the figddh ¢ase a
written report is submitted in theange 5,000 to 10,000words.There is no specifisyllabus forthis module.
Students taking th&1.Phys. or M.Sci.degreeselect a project from &st of those whichare available,and are
supervised by a member of the academic staff.

Assessment: Project and Oral Examination = 100%
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