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1 OVERALL COURSE STRUCTURE
The coursdeadingto the degreeof B.Sc. in Physics(part-timeregulations)is structuredinto threelevels

which the studentundertakesequentially All levels of the degreeinclude physics lecturesand physics
practicaklassesAt levels1 and2 therearealsolecturesn mathematics.

LEVEL1 Coursestthislevelareintroductory.

LEVEL 2 Includessomecoursesof an introductorynaturewhich completea basic coursein physics
begunat level 1. Theremainderareof an intermediatestandardlinking directly with more
specialisedoursegakenat level 3.

LEveL 3  Coursestthislevelaremoreadvancedndcove all areasof physics. Studentsarerequiredto
includeprojectwork at this level.

2 DURATION OF DEGREE PROGRAMME AND SEQUENCE OF COURSES

The Courseis normally spreadover four yearsof part-timestudyinvolving attendanceon threeevenings
perweek (6pm to 9pm). Oneyearis spentat eachof levels 1 and2 with two yearsrequiredto takethe
courseatlevel 3. Thedegreecomprisesl1 courseaunits of studywith two-and-a-haltbeingtakenat levels
1 and2 andthreein eachof the yearsdevotedto level 3. Coursesat levels1 and2 are given annually;

courseatlevel 3 aredividedbetweeralternateyears,asshownbelow. They may be enteredin eitheryear
of thecycle.

Note: The timetable for the current year is provided asa separatesheet.

3 DETAILED STRUCTURE OF THE COURSE
3.1 AT LEVEL ONE

Unit Value Course Subject
Number
= 1B28 Thermal Physics
= 1B72 Waves and Modern Physics
% 1B70 Physics Laboratory and Computing |
1 1B71 Mathematics for Physics

3.2 AT LEVEL TWO

Unit Value Course Subject
Number
% 2B72 Mathematical Methods for Physics
= 1B47 Classical Mechanics
< 2B22 Quantum Physics
% 2201 Electricity and Magnetism
1 . .
> 2B70 Physics Laboratory and Computing I
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3.3 AT LEVEL THREE
Lecturecourses(half of the coursesaregiven everyotheryear)

Beginningin oddyear:

Unit Value Course Subject
Number
< 2B27 Environmental Physics
% 2B24 Atomic and Molecular Physics
z 3C26 Quantum Mechanics
% 3C24 Nuclear and Particle Physics
% 3C75 Principles and Practice of Electronics
Beginningin evenyear:
. Course .
Unit Value Subject
Number

2B28 Statistical Thermodynamics and Condensed Matter Physics

2B29 Electromagnetic Theory

3C74 Topics in Modern Cosmology

3C25 Solid State Physics

l\)lH Nll—‘ Nll—‘ Nlr—‘ Nll—‘

3C43 Lasers and Modern Optics

Practical courses

Students in the third year of the degree also takéthlmit 3C70, Physics Practical.

Students in the fourth year of the degree also takétheit 3C80, Physics Practical and Project.

3.4 COURSEMODULE CODESAND NAMES
Pleasenote that someof the modulenamesgiven in the table aboveare not preciselythe sameas the
official onesthatappeaion examentryforms. The official namesareasfollows:

1B70: PracticalLaboratory)Skills |
1B71:Mathematics
2B70:PracticalLaboratory)Skills Il
2B72:MathematicaMethods
3C70:PracticalLaboratory)Skills 11
3C80:PracticalLaboratory)Skills IV

Thecodesusedabove(e.g.“1B28") arein the abbreviatedorm commonlyusedwithin the department.On
Collegedocumentshefull codesmustbeused. Thesearedifferentfor UCL or Birkbeck.

At UCL, precedethe abbreviateccodeby “PHYS”, e.g.“PHYS1B28", exceptfor the Level Two module
Electricity andMagnetismwhosefull codeis PHAS2201.

At Birkbeck,precalethe abbreviated¢odeby “17/680/", e.g.“17/680/1B28",“17/680/2201".
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4 TEACHING STAFF

Physics and Astronomy teaching staff involved with the Evening Physics Degree
course

Name Location | Room Tel [E.malil

Dr W Bryan Physics | E9 3105 | ucapwab@ucl.ac.uk

Dr F Cacialli KL C104 4467 |f.cacialli@ucl.ac.uk

Dr M Coupland Physics [L3/B4 | 3290 [ m.coupland@ucl.ac.uk
Dr M Ellerby Physics [F1 3438 | mark.ellerby@ucl.ac.uk
Dr J Harding KL 0G5b 3506 |j.harding@ucl.ac.uk

Dr J Hetherington Wolfson [203 5076 |j.hetherington@ucl.ac.uk
Dr A Horsfield KL 0G14 [ 7701 |a.horsfield@ucl.ac.uk

Prof J W Humberston| Physics | E21 7137 |j.humberston@ucl.ac.uk

Prof DGaunt external

Dr J Gorfinkiel Physics [All 3480 |j.gorfinkiel@ucl.ac.uk
Prof K A McEwen KL C103a| 3492 | k.mcewen@ucl.ac.uk

Prof DJ Miller Physics [D107 7152 | djm@hep.ucl.ac.uk

Dr C Mitra ElecEng [903 3957 | chiranjib.mitra@hep.ucl.ac.uk
Dr S Morgan Physics [Al2 3486 | sam@theory.phys.ucl.ac.uk
Dr G Peach Physics [E21 3482 | ucap22g@ucl.ac.uk

Dr R Saakyan Physics [ D26 3049 [ saakyan@hep.ucl.ac.uk

Dr L Smith Physics | A24 7760 |[lis@star.ucl.ac.uk

Dr P J Storey Physics | A8 3479 | pjs@star.ucl.ac.uk

Dr M Sushko KL C17 3500 [ m.sushko@star.ucl.ac.uk
Dr P VanReeth Physics [Al2 3434 | pvr@theory.phys.ucl.ac.uk
Dr S Zochowski Physics | E8 3442 |s.zochowski@ucl.ac.uk

Key to locations

Physics — Physics Building
Wolfson —Wolfson Building
ElecEng- Electrical Engineering
KL — Kathleen Lonsdale Building

5 INDIVIDUAL COURSE INFORMATION

Therefollows detailedsyllabusedor all of the courgs. Eachentry also includesthe courseprerequisitesa
statemenof the aimsof the coursethe courseobjectives andthe recommendetextbooksfor the course.
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PHYS1B28 — Thermal Physics (Part-time Programme)
Prerequisites

A-level PhysicsandMathemats

Aims of the Course
This courseaimsto:

« introduceandapplythelaws of ClassicalThermodynamics;

e obtainpredictiondrom thekinetic theory,andderiveandapply the Maxwell-Boltzmanrdistribution;

« showhowthethreeprimary statesof matterresultfrom competitionbetweerthermalkinetic energy
andinterparticlepotentialenergy.

Objectives
After completingthis course studentwill:

e befamiliar with the Bohrmodelof the hydrogenatom;

« beawareof the origin of covalent,onic, andvanderWaalsinteractions;

« beableto describehe structure®f idealgasesrealgasesliquidsandsolids;

< understandhe meaningof heatandthermalequilibrium, statevariables,statefunctionsandequations
of state;

e beableto statethe ZerothLaw of thermodymamics;

e understandvhatis meantby anidealgasandthe idealgasequatiorof state;

e understandhe role of Avogadro’snumberandthe mole;

* befamiliar with simplekinetic theoryof gasesandbe ableto obtain the meanenergyof eachdegree
of freedom(equipartitionof energy)by combiningwith theidealgasequatiorof state;

» understandhe concept®f internalenergy heatandwork, andbe ableto stateandapply the first law
of thermodynamics;

* beableto definespecificheatsandlatentheat,andundestandandmanipulateCp andCv for idealand
realgases;

« beableto defineisolated,jsothermalandadiabaticprocesses;

« beableto derivefrom thermodynami@argumentshe form of the Maxwell-Boltzmanndistribution, and
obtainthe normalizedvelocity andspeeddistributionsin anidealgas;

*  beawareof the ubiquity of the Maxwell-Boltzmanndistributionfor systemsn thermalequilibrium;

* beableto obtainexpressionfor the meancollision anddiffusionlengthsfrom simplekinetic theory;

« beableto distinguish betweerreversibleandirreversibleprocesses;

< understandhe concepbf entropyandits relationshipto disorder;

e beableto statethe Second.aw of thermodynamics;

e beableto obtainthe idealadiabaticequatiorof state;

« understandree adiabaticexpansionasanexampleof anirreversibleprocess;

« beableto derivethe efficiency of the Carnotcycle,andunderstandhe idealoperationof heatengines,
refrigeratorsandheatpumps;

e beableto combinethe FirstandSecond.awsof thermodynamics;

e beableto statethe Third Law of thermodynamics;

« explainhow certainmacroscopi@uantitiessuchas latent heat, surfaceenergyand the critical point
may berelatedto parametersf the microscopidnter atomic/moleculapotential;

< understandhe vanderWaalsequatiorof statefor areal gas, andthe form of the Lennard-Jonesnodel
for atomicinteractions;

» understanghhaseequilibriaandthe GibbsandHelmholtzfreeenergy;

« beableto sketchtypical phasediagramsincludingthetriple andcritical points.

Methodology and Assessment

Thecourseconsistsof 27 lecturescoveringmain coursematerial,andé hoursof otheractivities, including
discussiorof problemsheetsandadvancedopics. Assessmens basedn an unseenwritten examination
(85%)andfour setsof homework(15%)
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Textbooks

« Physicsfor Scientistand Engineers SerwayandJewett( Thomson/Brooks/Cole)
e Physics Thornton,FishbaneandGasiorowitz,PrenticeHall.

e ThePropertiesof Matter, FlowersandMendozaWiley

e UnderstandingVatter, dePodsta, UCL

e PhysicalChemistry Atkins, Oxford.

«  StatisticalPhysics Mandl, Wiley.

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdelow.)

Introduction [1]

Introduction:contextandscopeof the course.

Atoms,ions and moleailesasthe building blocksof matter[3]

The structure of the atom. Bohr model of the hydrogen atom. Covalent, ionic, hydrogen ded van
Waals bondslLennard-Jones interaction potential. Origin of solids, liquids, real gases and perfect gases.
Temperatureand the Zeroth Law [3]

Heat and thermal equilibrium. Th#eroth Law. Temperature scales. Thermal expansion. Macroscopic
description of an ideal gas. State functions. Equation of state for an ideal gas; Boyle’s Law, Charles’s
Law. The mole and\vogadro's number.

Energyandthe First Law [3]

Internal energy, work and heat. The First Law. Heat capacity, specific heat and latent heat. Isolated,
isothermal and adiabatic processes. Transfer of energy

Kinetic Theory of Gaseg4]

Molecular model of an ideal gas. Kinetic theory and molecular interpretation of temperature and pressure.
Specific heats, adiabatic proces&puipartition of energy. Specific heat. Adiabatic processes. Maxwell-
Boltzmann distribution of molecular speeds. Collision and diffusion lengths in gases, effusion. Law of
atmospheres.

Entropy andthe SecondLaw [6]

ReversibleandirreversibleprocessesEntropy; disorderon a microscopicscale.The Second_aw; entropy
asa statefunction. Thearrowof time. Ideal adiabaticexpansion.The Carnotheatengine,refrigeratorsand
heatpumps.PetrolenginesCombinedrirstandSecond.aws.

Low temperature physics and the approach to absolute zero: the Third Lal]

Onsetof quantumbehaviourThe Third Law of thermodynamics.

Realgased?]

ThevanderWaalsequatiorof state.

Solidsandliquids [2]

Simple solid structures; close-packing, coordination number, examples. Cohesive energy. Elastic
propertiesyYoung’s modulus.Melting andevaporationSurfaceenergyandsurfacetension.

Phaseequilibria and free energy|2]

Equilibrium between phaseSjbbs andHelmholtz free energy. Phase diagrams; triple point and critical
point.

PHYS1B28 — Thermal Physics (Part-tifeogramme)



PHYS1B47 (previously PHYS1B27) — Classical Mechanics (Part-time
Programme)

Course Information

Prerequisites

In orderto takethis course,studentsshouldhaveachievedat leasta gradeB in A-level Mathematicsor
otherequivalentgualification.Knowledgeof A-level FurtherMathematicss not assumedut it is expected
thatstudentswill haveshowna level of competencén theLevel1 PHYS1B71course.

Aims
This courseaimsto:

» conveytheimportanceof classicalmechanicsn formulating andsolving problemsin many different
areasof physicsanddevelopproblem-solvingmoregenerally;

« introducethe basicconcept®f clasécal mechanicandapplythemto a variety of problemsassociated
with the motion of single particles,interactiondetweerparticlesandthe motion of rigid bodies;

e provideanintroductionto fluid mechanics.

Obijectives
After completingthis half-unit caursestudentshouldbe ableto:

« stateandapply Newton'slaws of motionfor a point particlein one,two andthreedimensions;

« usethe conservatiorof kinetic plus potentialenergiesto describesimple systemsand evaluatethe
potentialenergyfor a congrvativeforce;

e understandan impulse andapply the principle of conservationrof momentumto the motion of an
isolatedsystemof two or morepoint particles;

» solvefor the motionof a particlein a one-dimensionaharmonicoscillatorpotentialwith dampingand
understandhe concepbf resonancén a mechanicabystem;

« appreciateéhe distinctionbetweerinertial andnon-inertialframesof reference andusethe conceptof
fictitious forcesasa convenienmeansof solving problemsin non-inertialframes;

» describethe motion of a particlerelativeto the surfaceof the rotating Earththroughthe use of the
fictitious centrifugalandCorioli forces;

» derivethe conservatiof angulatmomentumfor anisolatedparticleandapply the rotational equations
of motion for externatorques;

« solvefor the motionof aparticlein acentrafforce,in particulathatof aninversesquarelaw, so asto
describeplanetarymotionandRutherfordscattering;

« describehe motionof rigid bodies particularlywhenconstrainedo rotateabouta fixed axis or when
freeto rotateaboutanaxisthroughthe centreof mass;

» calculatethe momentsof inertia of simple rigid bodiesand use the parallel and perpendicularaxes
theorems;

« appreciatehe influenceof externatorqueson a rotaing rigid body andprovide a simple treatmentof
the gyroscope;

« understandhe basicpropertiesof fluid mechanicsparticularlyhydrostaticandelementaryaspectof
fluid dynamics;

« give aqualitativedescriptiorof air flow overanaerofoil.

Methodology and Assessment
27 lecturesand6 discussiorperiods.Therearethreerevisionlecturesn Term3.

Notessummarisinghe mechanic®f a particlemoving in onedimensionascoveredn acourseof A-level
mathematicsaredistributedto the classbeforethe startof the course.

Thewritten end-of-yeaexaminatiorcountsfor 85% of the assessmentyhereasthe continuouselementis
worth 15%.
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Textbooks

Thecontentsof the course,andthe generalevel of the treatmentof topics,is similar to the materialin
Physicsfor ScientistandEngineers SerwayandJewett(Thomson/Brooks/Cole)A rathermore advanced
treatmentof some of the topics may be found in An Introduction to Mechanics by Kleppnerand
Kolenkow(McGraw-Hill).

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdbelow.)

ClassicalMechanics[20 lectures]

Introduction [1]

Importanceof classicamechanicsgonditionsfor its validity

Statics kinematics,dynamicsunitsanddimensionsNewtors laws of motion

Motion in onedimension[4]

VariableaccelerationWork, power,impulse.Conservatiorof momentumandenergy;conservativeorce,
potentialandkinetic energy.Constructionof equation®f motion andtheir solutions. Simple harmonic
motion; dampedandforcedoscilations, resonance.

Motion in two andthreedimensiors [12]

Relativemotion; Galileanandothertransformation$etweerframesof referencelnertial andnon-inertial
framesof referencefictitious forces.Motion in a plane; trajectories,elastic collisions. Constraintsand
boundaryconditions.Rotationaboutan axis; motion in a circle, angularvelocity, angularmomentum,
torquesand couples; radial and transversecomponentsof velocity and accelerationin plane polar
coordinatescentrifugalandCoriolis forces.Orbital motionfor inversesquardaw of force;statemenof the
gravitationalforce dueto a sphericallysymmetricmassdistribution. Kepler's laws of planetarymotion
(reviewof propertief conicsections).

Rigid Body Motion [5]

Centreof mass,its motionunderthe influenceof externalforces;momentof inertia, theoremsof parallel
and perpendicularaxes; centreof percussion.Rotational analoguesof rectilinear equationsof motion;
simple theoryof gyroscope.

Fluid Mechanics[5]

Fluids at rest: pressurebuoyancyandArchimedesprinciple. Fluids in motion: equationof continuity for
laminarflow; Bernoulli'sequationwith applications,flow over an aerofoil; brief qualitative accountof
viscosity andturbulence.
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PHYS1B71 — Mathematics for Physics

Course Information

Prerequisites
Though a passin A-level Mathematicsis desirable,a variety of other qualifications, such as the
satisfactorycompletionof anappropriattACCESScoursejs alsoacceptable.

Aims of the Course
This coursesims to:

» providethe mathematical foundationsequiredfor all the first level and some of the secondlevel
coursesn the part-timePhysicsprogramme;

» preparestudentdor the secondevel PHYS2B72Mathematiccourse;

e give studentsomepracticein mathenaticalmanipulationandproblemsolving.

Objectives
After completingthis full-unit coursestudentshouldbeableto:

« differentiatesimple functionsandusethe productandchainrules;

« integratesimple functionsandbe ableto usesubstitutionandintegrationby parts;

» find numericalapproximationgor definiteintegrals;

* manipulateealthree-dimensionabectors,evaluatescalarandvector products find the anglebetween
two vectorsin termsof components;

e constructvectorequationgor lines;

* expressvectors,including velocity andacceleration,jn terms of basisvectorsin polar coordinate
systems;

« understandthe conceptof convergencefor an infinite series,be able to apply simple tests to
investigatet, andevaluatehe radiusof convergencef a powerseries;

e expandan arbitrary function of a single variableas a power series(Maclaurin and Taylor), make
numericalestimates,and be able to apply I'Hopital’s rule to evaluatethe ratio of two singular
expressions;

* representomplexnumberdn Caresianandpolarform on an Arganddiagram.

« performalgebraiomanipulationsvith complexnumbersjncludingfinding powersandroots;

» apply de Moivre’s theoremto derive trigonometricidentities and understandthe relation between
trigonometric,hyperbolicandlogarithmicfunctionsthroughthe useof complexarguments;

» differentiateup to secondrderafunctionof 2 or 3 variablesandbe ableto test whenan expressioris
aperfectdifferential;

« changethe independentvariablesby using the chain rule and, in particular, work with polar
coordinates;

« find the stationary points of a function of two independentvariablesand show whether these
correspondo maxima, minima or saddlepoints;

» evaluatehe gradientof a function of threevariablesandwork out the changen the function when
thesevariableschangéoy small but finite amounts;

» performline integralsof vectors,be ableto testfor conservativdforcesandhandlethe corresponding
potentialenergy;

» setup thelimits whenintegratingin 2 and3-dimensias andevaluateéhe resultingexpressions;

« changentegrationvariablesgspeciallyto polarcoordinates;

« find the generalsolutionsof first order ordinary linear differential equationsusing the methodsof
separationintegratingfactor andperfectdifferentials, andfind particularsolutionsthrough applying
boundaryconditions;

« find the solutionsof linear secondorder equationswith constantcoefficients,with and without an
inhomogeneouterm, throughthe particularintegral- complementarjunctiontechnique;

* evaluatea 3x3 determinantinduseit to solvelinearsimultaneousquations;

» carryout simple manipulationson matricesjncludingadditionandmultiplication.

* evaluateneansandstandarddeviationdor discreteandcontinuousprobability distributions.

PHYS1B71 — Mathematics for Physics (Part-tiRregramme)



Methodology and Assessment

This whole-unitcourseruns for 22 weeksover the first two terms, at the rate of 3 hours per week. In

additionto these66 scheduledchours, therearetwo 3-hourrevision sessionsat the beginningof Term-3.
Sincestudants taking coursesn the eveninghaverelativelylittle sparetime for homeworksandadditional
studyduringthe week,abouta quarterof the 3 hoursis takenup with going over examplesandsolutions
to relevantprevious examinationquestions.The homewak sheetsare six small onesdone at regular
intervals during term time andtwo largeronesto be handedin just after the Christmas and Easter
vacationsThoughmathematicalormalismis developedhroughoutthe coursethe emphasiss very much
on problen solving ratherthan demonstration®f bookwork. Revision notes are provided on what is

expectedof studentsfrom A-level on integrationmethods,andcopiesof the lecture notes are also made
available.

The written examinationcountsfor 90% of the assesment,with 10% coming from the Christmasand
Eastehomeworksheets.

Textbooks
A book that coversessentiallyeverythingin both this andthe second-yeaPB72 mathematicscourse,is
MathematicaMethodsin the PhysicalSciencesby Mary Boas(Wiley).

Good books on problem solving for studentsare EngineeringMathematicsand Further Engineering
Mathematichy K A Stroud(Macmillan). Theseareprogrammedexts that treateverythingas a seriesof
problems,in contrasto the presentationf standardextbooks.Thefirst volume coversclearly andsimply
mostof the course,includinga lot of A-level revision. The main exceptionsare stationarypoints, the
differentiationof vectorsandthe useof the word "gradient"in vectorcalculus,but theseareincluded in the
author'ssecondvolume.
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Syllabus

The time allocationfor eachtopic, indicatedby hoursin squarebracketsbelow, includesthat for worked
exampleandsolutionsto relevanpreviousexaminatiomguestions.

Preliminary [8]

Elementanfunctions:exponentialjogarithmic, tringonometric,andhyperbolic.[3]

Differentiationof: polynomials,trigonometricandinversefunctions, logarithms,productsand quotients.
(2]

Integration:asreverseof differentiation,by rearrangementyy substitution(charge of variable),by parts,
somespeciaimethods|3]

Numerical Integration [2]

Definite integrals,trapeziunrule, Simpson’srule.

Determinantsand Matrices [6]

Definition of a determinantgvaluationby expansionalternatingsign rule, manipulationrules for rows
andcolumns reductionof order,solutionof linearsimultaneousquationsf4]

Addition, subtractiorandmultiplication of matriceszeromatrix andunit matrix. Representatioof linear
simultaneougquationdy a matrix equation|[2]

Vectors[13]

Definition, additionandsubtraction scalarmandvectormultiplication.[2]

Vectorandscalatriple productsyectorequationsf4]

Vectorgeometryof straightlines.[3]

Vectordifferentiation,vectorsin alternativecoordinatesystemsplanepolar; cylindricalandsphericalpolar.
(4]

Series[6]

Infinite seriestestsfor convergence]ifferentiationof infinite seriesandconvergencd3]
Powerseries,TaylorandMaclaurinseriesexpansiongfunctionsof onevariable)andL’Hépital’s rule. [3]
ComplexNumbers|[5]

Geometricatepresentatiorgddition,subtractionmultiplication, division. Cartesianpolar andexponential
forms. De Moivre’s theorem powersandroots. Complexfunctionsandequations.

Partial Differentiation [5]

Definition, surfacerepresentatiorof functions of two variables,exactdifferenceandtotal differentials.
Chainrule, changeof variables2ndorderderivatives.

StationaryPoints [4]

Maxima, minima and saddle points for functions of two variables. Taylor and Maclaurin seres for
functionsof two variablesanddefinition of stationarypoints.

VectorCalculus [4]

Directionalderivativesgradientfor functionsof two andthreevariables Conservativdields.

Multiple Integrals [4]

Line integrals,areaandvolume integrals, changeof coordinatesby substitutionand Jacobeanwithout
proof).

Differential Equations[5]

Ordinaryfirst order:separablerariablesjntegratingfactorandexactdifferential solutions.[2]

Ordinary 2nd order: homogeneousnd inhomogeneoushut not including solutions with equal roots.
Impositionof boundaryconditions.[3]

Probability [4]

Definition, coins anddice, normalisation,meanvalue, variance,standarddeviation, normal distribution,
discreteandcontinuousdistributions
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PHYS1B72 — Waves and Modern Physics (Part-time Programme)

Course Information

Prerequisites
Studentshouldhaveachievedgoodgradesin A-level Physics,or an equivalentqualification.In addition,
studentareassumetb betaking 1B71: Mathematics.

Aims of the Course
This courseaimsto:

« developanunderstandingf the wavenatureof light, includingthe phenomenaf reflection, refraction,
interferenceanddiffraction ;

« developanunderstandingf the propagatiorof wavesin solidsandin air, andof the Dopplereffect;

« developanunderstandingf the photoelectrieffectandhencehe wave-particleduality of light;

« introducethe concepbf quantizatiorof energylevels;

» preparestudentdor the secondyearlevel course 2B22: QuantumPhysics.

» developagoodunderstandingf the concept®f the speciatheoryof relativity.

Objectives
After completingthis coursestudentshouldbe ableto:

« understanéndapply the laws of reflectionandrefraction andthe concepbf dispersion.

* know the equationdor standingwavesandtravelingwaves,andthe differencebetweeerongitudinal
andtransversevaves;

» deducehe conditionsfor constructiventerferencen atwo-slit experiment;

« deducehevelocity of transversandlongitudinalwavesin solids;

« deducehevelocity of soundin air, andunderstandts temperatureependence;

« understandhe Dopplereffect;

* havestudiedthe diffraction patterndrom acircularapertureandfrom a diffraction grating, andbe able
to apply Rayleigh'sresolutioncriterionin both cases;

« havestudiedthe photoelectrieffectandits implicationsfor the particle-likebehaviourof light;

« knowandusedeBroglie'srelationA=h/p;

» understanetlectrordiffraction andneutrondiffraction;

« understandhe quantizatiorof the energylevelsof a particlein abox;

» understandhe concepbf awavefunctionandof probability density;

« know Heisenberg'sincertaintyPrinciple;

* understandhe Bohrmodelof the atom, anddeducehe energylevelsfor the H-atom;

« know the A andT dependencef the black body radiation spectrum,the significanceof Planck's
explanationandto beableto useE=hv;

« understandhe Comptoneffectandits significance;

« knowthatelectrondaveanintrinsic spin;

» knowthe ExclusionPrincipleandunderstandhe structureof the PeriodicTable.

» discusghefailureof classicalmechanicsit speedsapproachinghat of light;

« statethe postulatesof the specialtheory of relativity andappreciatethe significanceof the Lorentz
transformatiorequations;

» discusddeasof simultaneityandtime dilation includingits experimentalconfirmation using muon
decayandlengthcontraction;

« definerelativistic momentumandrestenergy relatethesequantitiego thetotal energyanddiscussthe
equivalencef massandenergy.

Methodology and Assessment

27 lecturesplus 6 discussionperiods. Assessmenis basedon the results obtainedin the written
examination85%)andin coursework (15%).
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Textbooks

e Much of the material is coveredin Physics for Scientists and Engineers Serway and Jewett
(Thomson/Brooks/Cole)

e An alternativebookis“Fundamentalsof Physics” by Halliday, ResnickandWalker(Wiley)

« An excellentand more advancedtreatmentof the modernphysics part of the courseis given in
“Conceptsof ModernPhysics by Beiser(McGraw-Hill) .

Syllabus
(Theapproximateallocationof lecturedo topicsis givenin bracketdelow.]

Waved4]

Simple harmonic motion, wave equationsfor standingand travelling waves; reflection and refraction;
Snell'slaw; wavelengttdependencef refractiveindex;dispersion.

Wavesn solidsandin air [4]

Longitudinalandtranversesoundwavesin solids; soundwavesin air; temperaturedependencef sound
velocity; Dopplereffect.

Interferenceand Diffraction [4]

Two-slit interferencepattern;diffraction from circular aperture;diffraction grating; Rayleigh resoltion
criterion.

SpecialRelativity [5]

Inertial frames. Postulates.Galilean and Lorentz transformations.Time dilation. Length contraction.
Relativistic momentumandenergy Restenergy.

Black bodyspectrum[1]

Wavelengttandtemperaturelependencef blackbodyradiationspectrumpPlanck'shypothesis.
Wave-Particleduality [3]

Photolectriceffect,deBroglie equationglectrondiffraction; neutrondiffraction; wave-particleduality.
EnergyLevelsand WaveFunctions [5]

Quantizatiorof energylevelsof particlein 1-dimensionabox; Bohr'smodelof the atom; energylevels of
1-electronatom; concept®f wavefunction andprobability density;orbital angulaTmomentum.

Electron spinandthe Periodic Table [1]

Energylevelsof atomsin magnetidield; electronspin; multi-electronatoms;the PeriodicTable.
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PHAS2201 (previously PHYS1B26) — Electricity and Magnetism (Part-time
Programme)

Course Information

Prerequisites

Studentshouldhaveachievedyoodgradesn A-level Physicsor anequivalentqualification,the electricity
and magnetismcomponentof which providesthe necessarybackgroundfor this course.In addition,
studentareassumetb havetaken 1B71: Mathematicspr anequivalentmathematicgourse.

Aims of the Course
The courseaims to provide an accountof basic electric, magneticand electromagnetiphenomenaand
showhow thesearedescribedy vectorcalculus,culminatingin adescription of Maxwell’s equations.

Obijectives

A studentshouldbe ableto understandhe basiclaws of electrostaticsmagnetostaticand time-varying
electricandmagnetidields. He/sheshouldbeableto expresgshemin mathematicalorm andsolve simple
problems,includingananalysisof DC andAC circuits.

Methodology and Assessment

Lecturespresentatiorof worked examplesandpersonalearningfrom recommendedexts. Successwill
be judgedby performancein the final unseenwritten exam (90%) and home cousework (10%). The
courseworkmarkis basedon the resultsof problemsgiven out eitherduringthe courseor at the startof the
Eastewvacationwhichevemarkis better.

Textbooks

Electromagnetisp2ndeditionby I.S. GrantandW.R. Phillips (Wiley)
Physicsfor ScientistandEngineers SerwayandJewett{Thomson/Brooks/Cole)
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Syllabus
(Theapproximateallocationof lecturedo topicsis givenin bracketdelow.]

Milestonesin electromagnetism[1]

Coulomb'gsorsion balanceandthe inversesquae law of electricchargesBiot-Savartiaw governingthe force
betweera straightconductoranda magnetigoole. Introductionof the conceptof field by Faraday Maxwell's
equationsHertz'soscillating dipoleexperimentMarconi'sandMorse'invention of wirelesscommunication.

Electrostatics|[6]

Coulomb'slaw; electricfield; Gauss'law; superpositionprinciple; electricfield for a continuous charge
distributionsandelectrostaticen simple geometriegsphericalgcylindrical andplanardistribution of charges).
Gausslaw in differentialform. Electric potential; electricfield as gradientof the potential; electricpotential
for apoint chargeglectricpotentialfor a discretechargedistribution; electricdipole;potentialof a continuous
chargedistibution. Electrostaticenergy;energyfor a collection of discretechargesandfor a continuous
chargedistribution.

Conductors [3]

Electricfield andelectricpotentialin the cavity of a conductor;fields outsidechargedconductorsmethodof
images.Vacuumcapacitors: definition of capacitanceparallel plates, sphericaland cylindrical capacitors;
capacitorsn seriesandparallel;energystoredn acapacitor.

Dielectrics[1]
Dielectrics:definitionandexamplesEnergyof a dipolein an electricfield. Dielectricsin capacitorsinduced
chargeforceson dielectricsin non-uniformfields.

DC circuits [3]
Currentandresistance®hm'slaw; electricalenergyandpower.DC circuits: emf, Kirchoff'srules. Examples.

Magnetostatics[5]

Magneticfield, motion of a chargedparticlein a magneticfield andLorentz force. Velocity selector,mass
spectrometeklall effect. Ampere'daw andBiot-Savariaw. Magneticfield dueto a straightwire, a solenoid,
atoroid anda currentsheet Magneticforce betweencurrentcarryingwires. Energyof a magneticdipolein a
uniform field.

Electromagneticinduction [4]

Magneticflux. Gausslaw for magnetismAmpére-Maxwelllaw. Faraday'daw of electromagnetiénduction.
Examplesof emfgeneratedby translatingard rotating bars.Lenz'slaw of electromagnetiénduction; electric
generatorsself inductanceand mutual inductance;self inductanceof a solenoid;back emf; eddy currents.
Faraday'saw in differentialform. Transientsn RLC circuits. Energyin the magretic field.

AC circuits [3]

AC generatorandtransformersgircuit elements(R,C,L); impedancecomplexexponentiaimethodfor LCR
circuits: the RC circuit, the RL circuit andthe RLC circuit. Resonancesgnergyand powerin the RLC
circuit.

Maxwell's equations[1]
Maxwell'sequationsn vacuoandplanewavesolution.
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PHYS2B22 — Quantum Physics (Part-time Programme)

Course Information

Prerequisites
PHYS1B71- Mathematicgor Physicsor anequivalentcoursen otherdepartments.

Aims of the Course

To provide an introductionto the basicideasof non-relativisticquantummechanicendto introducethe
methodausedn the solutionsof simple quantunmechanicaproblems. This coursepreparesstudentsor
further study of atomic physics, quantumphysics,andspectroscopy.lt is a prerequisitefor PHYS2B24
Atomic andMolecularPhysicsandPHY S3C26QuantumMechanics.

Objectives
In the following the numbersn bracketseferto sectiondn the CourseSummaryandin the lecturenotes.
On successfutompleton of the coursea studenshouldbe ableto:

Describethe photoelectriceffect and relate observedbehaviourto the predictionsof the wave and
photontheoriesof light (1.1.1)

DescribeCompton’s X-ray scatteringexperimentand give the expressionfor the wavelengthshift
1.1.2)

Relatethe energyandmomentumof a photonto its frequency(1.1.3)

Statethe deBroglierelationandapplyit to the electrondiffraction experimenbf DavissonandGermer
1.2)

Describethe two-slit interferenceexperimentand discussthe interpretationin both the wave and
particlepictures(1.3)

Describethe Bohrmicroscopeandrelateit to the uncertaintyrelation for positionandmomentumand
know the uncertaintyrelationfor energyandtime (1.4)

Know the operatorsepreseting position,momentumandkinetic energyin one dimensionandwhat
is meantby the Hamiltonianoperator4.2)

Statethe time-dependendne-dimensionabchrédingeequatiorfor a free particleandfor a particlein a
potentialV (x) (2.2)

Explainthereldionshipbetweerthe wave-functionof a particleandmeasuremenmf its position(2.3)
Stateandunderstandhe normalisationconditionfor the wave-function(2.3)

Show how the one-dimensionaSchrddingerequationcanbe separatedn time and spacecoordirates
(2.4)

Stateandexplainthe boundaryconditionsthat mustbe satisfiedoy the wave-function(2.5)
Solvethetime-independerschrédingeequation(TISE) for an infinite squarewell potentialto obtain
the wavefunctionsandallowedenergie3.1)

Understandhe solutionsof the 1D TISE in the presenceof a constantpotential, including the use of
complexexponentialg3.2)

Explainthe relationshipbetweerthe solutionsof the TISE for free particlesandthe flux of particles
(3.3)

Solvethe TISE for a potentialbarrieror step(3.4)

Discussbarrierpenetratiorandgive examplegrom physicsandastronomy(3.4)

Understandhe constructiorof wavepacketandtheir relationshipto the UncertaintyPrinciple(3.5)
Give awavemechanicahnalysisof a simple harmonicoscillatorincludingbeingableto recogniseand
manipulatethe Schrédingeequatiorfor the energyeigenvalueandthe eigenfunctiong3.6)
Describeandexplainthe classicabndQM probability distributionsfor the simple harmonicoscillator
(3.6)

Understandhe useof operatorsn QM, the meaningof eigenfunctionsandeigenvaluesindbe ableto
write an eigenvaluesquationand,in particular,to relatethose of the operato), to the direction of

motionof particles(4.2)

Understandainddefinewhatis meantby orthonormalityof eigenfunctiong4.3)
Understandinddefinethe expectatiornvalue of an operatorandbe ableto calculateexpectationvalues
of operatorsvith simplewavefunctions(4.4)

Define a commutator bracketand to understandthe consequence®f commutation in terms of
measuremer{g.5,4.6)
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« Understandvhatis meantby a stationarystateanda conservedjuantity(4.7)
+ Definemathematicallyan Hermitianoperatoandexplainthe expansiorpostulate

« Define the angularmomentum L in terms of Cartesiancoordinatesand be able to derive a
commutationrelationbetweertwo componentf this operatox5.1) .

«  Derivecommutationrelationsbetweerthe Cartesiarcomponentsf L andL2 (5.2)
«  Write downaneigenvaluequatiorfor L, andsolveit to obtaineigenvalueandeigenfunctiong5.3)
» Statetheeigenvaluesf LZ andhow they relateto thosefor L, (5.4)

» Describethe eigenvaluesf LZ andL, in termsof the vectormodel(5.5)

« Sketchandexplainthe featuresof the effective potentialfor the motion of an electronin a hydrogen
atom(6.4)

e Defineanduseatomicunits (6.5)

« Solvetheradial Schrédingerequationfor an electronin a hydrogenatom at small andlargedistances
(6.7)

« Sketchandexplainthe hydrogenenergylevelsin termsof the appropriatequantumnumbersand be
ableto usethe spectroscopinotationfor angulaTmomentumquanturmumberg6.9)

« Understandheideasof degeneracpndstatisticalweightin relationto the hydrogenatom (6.12)

« Recogniseghetreatmenbf a hydrogenidon with nuclearchargeZ (6.14)

« Describeandexplainthe SternGerlachexpe&iment

« Give, andexplainthe significanceof the quantumnumbersthat describethe statesof the hydrogen
atom

«  Know therule for addingthe orbital angularmomentumandspin quantumnumbersfor the hydrogen
atomto obtainthetotal angulamomentum

« Understandheideaof addingorbital andspin quantumnumbersfor more than one electronto obtain
total orbital, spin andoverallangulaTmomentumqguantunmumber

« Know andunderstandhe implicationsof the selectionrulesfor radiativetransitionsin a one-eletron
atom, understandhe distinctionbetweerallowedandforbiddentransactionsand,if given the selection
rules,applythemto transitionsbetweerthe levelsof anatomicion.

Methodology and Assessment

Thecourseconsistsof 27 lecturesof coursematerialsupplementedy 6 hoursof otheractivities, which
includediscussiorof problemsheetscomputedemonstrationsshortquizzesandanend-of-coursgest. For
full-time students,the first 23 lecturesof PHYS2B22 and ASTR2B11 are taught together, with the
remaining4 lecturesaughtseparateljo separateyllabuses.

The assessmenits basedon an unseenwritten examination(90%) and continuous assessmen{10%),
consistingof five problemsheetsandthe end-of-coursd¢est. Theresultsof eachprodem sheetandthe test
areexpressedsa markout of 10 andthe bestfour marksaretaken.

Textbooks

e J.J.BrehmandW.J.Mullin, Introductionto the Structureof Matter, Wiley, (availableat a discount
from the Department relevanto morethanonecoursg

« A.lLM.Rae,QuantumMechanics AdamHilger, (closestiext to the lecturenotes)

« F.Mandl, QuantumMechanics Wiley, (moreadvancedext usefulin 3rdyearquantuncourse)

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketbelow)

The failure of classicalmechanicq3]

Photoelectrieffect,Einstein'sequationglectrordiffraction anddeBroglie relation. Comptonscattering
Stepstowardswavemechanicq3]

Wave-particle duality, Uncertainty Principle (Bohr microscope).Time-dgendentand time-independent
SchroedingeequationsThewavefunctionandits interpretation
One-dimensionatime-independenproblems[5]

Infinite squarewell potential. The potential barrierandstep. ReflectionandtransmissionTunnelling and
examplesn physicsandastronomy Finite squarewell. Thesimple harmonicoscillator
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The formal basisof quantummechanicq3.5]

The postulateof quantunmechanics operatorspbservableseigenvaluesandeigenfunctionsEhrenfest's
theorem(without proof).

Angular momentumin quantummechanicg2.5]

Operators eigenvaluesand eigenfunctionsof the squareof the angularmomentum vector and its z-
component

The hydrogenatom 6]

Separationof spaceandtime partsof the 3D Schroedingerequationfor a centralfield. The radial
Schroedingeequatiorandits solutionby seriesmethod.Degeneracyandspectroscopinotation

Electron spin|[1]
Magneticmomentof electrondueto orbital motion. The SternGerlach experiment.Electron spin and
completesetof quantunnumbersfor the hydrogenatom.

Total angular momentum[0.5]
Rulesfor addition of angularmomentumquantumnumbers.Total spin andorbital angularmomentum
quantunmumbersS, L, J. Construct] from S andL.

Emissionand absorptionof radiation by atoms[1.5]

Qualitative descriptionof the interaction of atoms with an EM field. Selection rules for radiative
transitionsin hydrogenand,briefly, for complexatoms.
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PHYS2B24 — Atomic and Molecular Physics (Part-time Programme)

Course Information

Prerequisites
PHYS1B26/PHAS2201Electricity and Magnetism and Quantum Physics PHYS2B22 (or equivalent
courses)ncludingthe quantummechanicatreatmenbf the hydrogenatom.

Aims of the Course

To provide an introductionto the structureandspectraof simple atboms andmolecules.To reviseandgo
beyondhe one-electrorhydrogenatomintroducedn the coursePHYS2B22QuantumPhysics.To prepare
studentgor moreadvancedoursesn atomic andmolecularspectroscopguchas PHYS4431- Molecular
PhysicsandPHYS442L Atom andPhotonPhysics.

Objectives
On successfutompletionof the coursePHY S2B24, the studenshouldbeable:

To describepioneeringexperimentsby Thomson,Millikan, Herz and Rutherfordwhich led to the
discoveryof theinternalstructureof the atom.

To understandotal anddifferential collisional crosssectionsn termsof a beamof incoming classical
particlesscatteredy thetarget.To relatethe differentialto the total crosssectionandto solve simple
problems.

To understandhe basicsof quantumelasticscatteringtheory, in terms of an incoming plane wave
giving riseto a scatteredutgoing sphericalwave. To relatethe quantumscatteringamplitudeto the
differential crosssectionandhencehe total crosssection.

To deriveandunderstadthe Bohrmodelof the hydrogenatom.

To deriveandunderstandhe ideaof reducednassandto adaptthe Bohrmodelexpressiondor quantum
energyandBohrradiusobtainedfor infinite nuclear massto a more realistic calculationswith finite

nucleamsass.

To know andapply atomicandspectroscopianitsto arangeof problemsin atomicphysics.

To give the Hamiltonianfor anatomwith anarbitrarynumberof electrons.

To explainandapply the independenparticlemodelandthe centralfield approximatio.

To know about one-electronorbitals characterisedy quantumnumbersn andl. To explain the
physicalbasisfor QuantumbDefectTheoryandcalculatealkali atom spectraising Quantumdefects.

To understandhe concepbf indistinguishablgarticlesandto statethe Pauli exclusionPrinciple. To

explainimplicationsfor the PeriodicTable of elements.To understandandto be ableto write down

configurationof electrororbitalsfor a few key atomicelements.

To give asimple ansatZor the Helium symmetic andanti-symmetridwo-electronwavefunctionsTo

employ theseto calculatethe expectationvalue of the electron-electronand henceto derive the
characteof the exchangdorcefor lowestlying singletandtriplet statesof Helium.

To understanchow the inclusion of the full, non-centralelectron-electroninteraction leadsto a
breakdownof the one-electronorbital picture. Henceto understandand obtain terms from atomic
configurationsTo stateandapply Hund'scouplingrulesfor orderingterms.

To derive a simple classicalmodelfor the spin-orbitinteractionA L.S. To calculateandapply the
Landeinterval rule E(j)-E(j-1) = A j. To solve simple problemsinvolving atomic termsand atomic
levels

To providea summaryand overview of the hierarchyof forcesresponsiblefor the spectraof the
isolated many-electroratoms:Coulombforce, Hartreepotential, exchangecorrelationandspin-orbit
coupling.

to explain,using a simple modelfor a dipole interactingwith an electromagnetidield, the difference
betweerdipole allowed anddipole forbidden transitions.To state atomic selectionrules. To define
metastabléevelsin termsof the behaviourf the Einsteincoefficientsfor spontaneouemission.

To outline thetechniqueof lasercooling of atoms.

To outline the main principlesof laserlight, including the role of metastabldevels and population
inversion.

To describehe main propertieof X-ray spectrancluding continuousandcharacteristiemission.
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e To analysethe spectraof atomsin weak static fields. The magneticmoment associatedwvith the
electronicorbital andspin angularmomenta. The competionbetweenthe spin orbit term andthe
interactionwith the externafield: the normalandanomalouZeemareffects.

e To describethe SternGerlachexpgiment andits usein fundamentatestsof quantumbehaviour.

e To understandhe responsef atomsto staticelectricfields:the linear,andthe quadraticStarkeffect.

e To understan@ndderivethe Born-Oppenheimeapproximation.

e To understandhe characer of low-lying electronicstatesof the simplestone-electrormolecule(H,")
andthe simplesttwo-electrormolecule(H,). To give the form of the electroniavavefunctionsof these
two speciegaking into accounsymmetry with respecto exchangef nucki andfor the two-electron
casewith respecto exchangef the electrons.

e To apply trial wavefunctiongo calculateexpectationvaluesof the electronicenergiesand henceto
deducethe stability of the lowest lying electronicstates.To understandthe difference betweena
bondingandan anti-bondingstate.

e To analysanolecularspectrassociateavith rotationandvibration of the nuclei. To derive a formula
valid for idealdiatomicmoleculesassumingigid rotationandharmonicvibrations.

e To calculatethe reducedmassof a diatomandto estimatethe dependencef rotation andvibrational
spectralfrequencieson the reducedmass.To understandhe origin of deviationsfrom the ideal case:
anharmoniccorrections,centrifugal distortion and the dependenceof the rotational constant on
vibrationalquantunrmumber.

 To know molecularselectionrules for rotational and vibrational transitions of diatomics and
PolyatomicsTo explainthe Franck-Condomule for transitionsbetweerelectronicstates.

Textbooks

e Introductionto the Structureof Matter (Wiley) by J.J.Brehmandw.J. Mullin.
Mainly chapters,6,7,8,9,10.

e QuantumPhysicsof Atoms,Molecules Solids, Nuclei and Particles (Wiley) by R EisbergandR
Resnick.

e Physicsof AtomsandMolecules(Longman)by BH BransderandCJ Joachain.

Methodology and Assessment

Thecourseconsistsof 27 lectures,with additionaltime for worked examplesandrevision of homework.
Someof the materialis deliveredon overheadsAssessmens mainly by awritten examinationat the end
of the coursg(90 %) andby meansof homeworkproblems.Thereare 4 problemsheetswhich provide the
10% continuousassessmermpmponent.

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdelow)

Introduction to atomicstructure[3]

Introduction. Early evidencefor the existenceof atoms. Thomson'smeasuremenof e/m. Millikan's

measuremendf e. Rutherford scattering.Total crosssection. Differential cross section. Examples of

electron-,positron -, andpositronium-total cross-sectionsdominantinteractions. Quantumscattering.
Franck-Hertzxperiment

Reviewof oneelectronatomsand the Bohr modelof the atom [3]
Oneelectromatoms.CorrespondencBrinciple. Reducednmass.Atomic units andwavenumbersReview of
guantumangularmomentumand sphericalharmonics.Review of hydrogenatoms and spectra.Lyman,
BalmerandPascherseries. Electronspin andantiparticles.

Many electronatoms[7]

Independent particle and central field approximations. Alkali atoms and quantum defect theory.
Indistinguishableparticles, Pauli Exclusion Principle. Helium atom and exchangeConfigurations and
terms. Spin-Orbitinteraction.LevelsandSpectroscopiootation. Overviewof forceson isolatedatom.

Atomsand Electromagretic Fields [7]

Atoms in radiationdipoleallowedandforbiddentransitions Einsteincoefficients.Metastabldevels. Laser
operationLasercooling. X raysandinnershell transitions Antihydrogen. Atoms in static externalfields
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: atomsin magneticfields. Normal andanomalousZeemareffect. Hyperfine splitting. The SternGerlach
experimentNMR andESR.Atoms in electricfields: LinearandQuadraticStarkeffect.

Molecular Spectra]7]

The Born-Oppenheimeapproximation Electronicspectra H," andH,. Effectsof symmetryandexchange.
Bondingandanti-bondingorbitals. Nuclear motion: rotation and vibrational spectrafor ideal molecules
(rigid rotation, harmonicvibrations).Covalentandionic bonds.Selectionrules.
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PHYS2B27 — Environmental Physics (Part-time Programme)

Course Information

Prerequisites

In orderto takethis course,studentsshouldbe familiar with the basic principles of physicsto a standard
comparablewith a gradeC in GCSE AdvancedLevel, andto havea level of competencan mathematics
consistentith havingpassedoursePHYS1B71.

Aims of the Course

This courseaimsto provide:

« anintroductionto the applicationof fundamentaprinciplesof physicsto the environmentatciences

« atreatmenof the basicphysicsestablishig thermalandchemicabalance# the Earth’satmosphere

e anexplanatiorthe physicsunderpinninghe topical problemsof ozonedepletionrandglobal warming,

« adescriptiorof the physicsunderpinningerrestrialweatherpatternsincluding cloud formation andwind
patterns,

e adiscussionof currentclimate modelsandtheir predicativepower for short and long term weather
patterns,

« adescriptiorof the physicalprinciplesinvolvedin the developmenbf the technologiefor adoptionof
renewableenergyschems

« anexplanatiorof heattransferin currentuildingsandhow they may beimproved

« adescriptionof the causesandconsequencesf pollutantsin the atmospheregcosystemsand human
health

Objectives
After completingthis half-unit coursestudentshoud beableto:.

» describehe compositionandstructureof the terrestriabtmosphere

» discusgheinteractionof solarradiationwith theterrestriabtmosphere

» describethe transportof solarradiationthrough the atmospherdo the Earth’s surfaceand sulsequent
emissionof infra-redradiationandits transportackthroughthe atmospherato space

» deriveamodelfor thermalbalancewithin the Earth’satmospherandat the ground/atmosphergoundary

» provideacritical discussiorof the causesandconsequecesof ozonedepletionandglobal warming and
discusyossibleremedialactions

» discusghe basicmechanismsor the formationof global weathersystemsandtheir transport

« demonstrata physicalunderstandingf the dynamicsof cloudformation,includingdifferent precipitation
patternsandthe specialpropertieof thunderstorms

» discusgheglobal hydrologicalcycle

« provideasimple physicalmodelfor watertransporthroughsoils

« discusgheglobal energybudgetandthe reasongor currentrelianceuponfossil fuels

« describeghe potentialfor futureenergysourcesncludingnuclearfusion

» discusghe plausibility of renewablenergiegprovidinga significantinput into futureworld energyneeds

» describehebasicphysicsunderpinningvind, hydroelectricandsolarenergies

» discussheattransportthrough buildings and how currenthousing stocks may be made more energy
efficient

» describenewbuilding designghatwill allow renewableenergieso be adopted

» discusghe cause®f local (urban)pollution andthe possibleconsequence®r humanhealth

Methodology and Assessment

This is a half-unit course with 27 lecturesand3 discussiorclassesadditionaltimetable slots are usedto
discussadditionaltopics of currentinterest;suchmaterialwill not be examined.Continuousassessmenis
20% of the total marksfor this course10% is allocatedto a single essayof 3000 wordsto be written on a
topic relatedto the course Theremainingl0%will bejudgedfrom threeproblemsheetsluringthe course.

Textbooks

Most of the coursematerialis now coveredin the basictext: EnvironmentalPhysicsN J Mason and P
HughegTaylorandFrancis1999).
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Otherbookswhich may be useful include the following, but note that they eachcoveronly part of the
materialthanis in the syllabusandin somecase@remoremathematicain approach.

e Principlesof EnvironmentalPhysics Secondedition. Monteith,J.L.and Unsworth, M.L. (Arnold,
London,1990).

e EnvironmentaPhysics BoekerE. andvVan Gronelle,R. (Chichester:Wiley,1995).
e Physicsof the EnvironmentandClimate Guyot, G. (ChichesterWiley, 1998).
e EnvironmentaScienceBotkin, D.B andKeller E.A. ( Chichester,Wiley1998)

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdelow.)

(A) Structureand Compositionof the atmospherdg4]

Principallayers— tropospherestratospheranesospherandthermosphere

Idealgasmodelrevisited. Exponentialvariationof pressuravith height.

Escapevelocity. Temperaturetructureandlapserate

(B) Radiation[5]

Thesunasthe prime sourceof energyfor the earth.Solarenergyinput, cyclesdaily andannual.Spectrum
of solarradiationreachingthe earth.Total radiation and Stefan-Boltzmannyien’s and Kirchoff's laws.
Radiationbalanceat the earh’s surfaceand determinationof the surfacetemperature©Ozonelayersand
depletion. CO, methaneH,0 andGreenhouseffect

(C) Fluid dynamics|[9]

How unequaheatingleadsto atmosphericirculationsurfaceandhigh windsHadley,FerrelandPolar cells.
Diurnal variation of pressure Evaporationand condensationthunderstormsCoriolis force due to the
rotationof the earth. Applied to atmospheriandoceancurrents.Hydrological cycle andbudget.Physical
propertieof water.Vapourpressuregynamicequilibrium, evaporatiorandcondensationSaturatedvapour
pressure.Cloudformation.Oceancurrentsastransportersf energy.Sealevel changesandthe greenhouse
effect

(D) EnergyResourced9]

Fuels— fossil, nuclearpower. Renewablenergysources Power consumption Annual energybudgeting,
long termtrends Efficiency of systemsEnergyauditfor a building

Insulationof a building. Thermalconductiorthroughmaterials Noisepollution
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PHYS2B28 — Statistical Thermodynamics and Condensed Matter Physics

(Part-time Programme)

Course Information

Prerequisites
PHYS1B71- Mathematicdor PhysicsandPHYS1B28- ThermalPhysics,or equivalentcoursesn other
Departments.

Aims of the Course
This aim of this coursds to:

To presenthe basicconceptsandmethodsappropriatefor the descriptionof systemscontainingvery
manyidenticalparticles,andto extendknowledgeof classicathermodynamics.

To compareandcontrastthe statisticalmechanicof idealgasescomprisedof bosons,fermionsand
classicaparticles.

To consolidatanicroscopiaunderstandingf the propertieof gasesliquidsandsolids.

Obijectives
After completingthis coursethe studenshouldbe ableto:

Understandindapply thermodynamidunctions- enthalpy,availability andfree energies.

Explainthe differencebetweera thermodynamienacrostatef a systemandan atomistic microstateof
asystem.

Enumerat¢he microstategor simple systemsof indistinguishablequantunparticles.

Expressthe meanvalue of a thermodynamicfunction in terms of the probability distribution of
microstates.

Postulatethatthe a priori probabilitiesof a systembeingin any one of its accessiblanicrostatesare
equalfor anisolatedsystem.

To arguethat the entropy is the logarithm of the statistical weight of the system, and give
Boltzmann’sdefinition of entropy.

Statethe conditionfor equilibriumin anisolatedsystem.

Obtainstatisticaldefinitionsof the temperaturegyressurandchemicalpotential.

Derivethe Boltzmanndistributionfor a systemin equilibriumwith a heatbath.

Delatethe averageenergyandthe Helmholtzfree energyof the systemto the partition function.
Statethe definitionfor equilibriumin a systemin contactwith a heatbath.

Apply the generablefinitionof entropy.

Describeanidealgasin termsof the ratio of potentialto kinetic energyof the particles.

Derivethe densityof momentumandenergystatesof a single particle.

Statethe definitionof aBosonanda Fermionin termsof the spin of the particles,the symmetryof
the two-particlewavefunctionandthe occupatiorof single particlestates.

Follow the derivation and form of the Bose-Einstein(B-E) and FermiDirac (F-D) distribution
functions.

Explaintherole playedby the chemicalpotentialin thesederivations,andbe familiar with the grand
partition function.

Apply B-E statisticsto the caseof a photon gas, andobtain Planck’slaw for the energydensity of
black-bodyradiation.

Sketchthe temperatur@lependencef this energyspectrum. You will be ableto apgdy F-D statistics
to afreeelectrongas,andwhite dwarfandneutronstars.

CompareandcontrasfHe and*He.

Expressthe criterion for the validity of the classicalregimein terms of the occupationof single
particleenergylevels.

Obtainthe M-B single partition function, andexpresshe many particle partition function in termsof
this single particlepartition function.

Determinghe averagekinetic energyof an idealgasmolecule,andobtain the equationof stateof an
idealclassicaasby differertiating the Helmholtzfree energywith respecto volume.

Separat¢he classicalimit partition functioninto kinetic andpotentialenergyterms.
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«  Apply the conceptof statisticalmechanic$o arealgasandderivethe vanderWaalsequatiorof state.

« Describethe structureof aliquid by referenceo theradialdistributionfunction.

« Understanchow liquefactiontakesplacein termsof the interatomicforces,liquid structureandradial
distributionfunction. Obtainthe partition functionfor liquids.

« Describethe approximationsinvolved in the Einstein and Debye models of lattice vibrations,
includingthe concepof aphonon.

e Interprethe Debyepredictionfor the specificheatof a crystal.

Methodology and Assessment

Thecourseconsistsof 27 lecturescoveringmain coursematerial,and6 hours of other activities, including
discussiorof problemsheetsaandadvancedopics.

Assessmen basedn anunseerwritten examination(90%)andfour setsof homework:(10%)

Textbooks
StatisticalPhysics F.Mandl(JohnWiley).

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdelow.)

Introduction [2]

historicalbackgroundo thermodynamicsndstatisticalphysics;revisionof mainthermodynamicesults
Principles of StatisticalPhysics[2]

macrostatesand microstates,ensemblesof macroscopicsystems,statistical weight of a macrostate,
directionof naturalprocesses

Isolatedsystemg3]

microcanonicadistribution, principle of equal a priori probability of accessiblemicrostates,density of
microstatesBoltzmann’sdefinition of entropy,equilibriumasmostprobablestate, statistical definition of
temperaturepressur@andchemicalpotential. Schottky defects

Systemsn contactwith a heatbath [4]

Boltzmann’s(canonicaldistribution, partition function, generaldefinition of entropy,energyfluctuations,
Helmholtzfreeenergy Paramagnetisalts

Ideal quantumgased8]

definition of anidealgas, examplesof ideal gases.Density of momentumand energystates. Types of
quantumparticles: Bosons, Fermions andthe classicallimit. Quantum statistics. Bose-Einstein(B-E)
distribution; B-E partition function, photon gasesPlanckisLaw, black-bodyradiation.B-E condensation.
FermiDirac (F-D) distribution; F-D partition function, electrongases,Fermi energy and temperature.
White dwarfandneutronstars
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Ideal classicalgaseqd?2]

validity of classicaregime.Maxwell-Boltzmanndistribution; singleandmany particle partition functions.
Averagekinetic energy equatiorof state

Interatomic and intermolecularforces[2]

ionic andcovalentbonds,van der Waalsinteractions,electronoverlapinteractions,Lennard-Joneform of
the potential energycurve.Hierarchyof electrostatianteractions.Conditionsfor stability of solid, liquid
andgas

Real Gaseq?2]

partition functionfor a systemof interactingparticles critical temperatureyanderWaalsequationof state,
law of correspondingtates

Liquids [2]

liquefactionandthe interatomicforces liquid structure radial distributionfunction. Partition function for a
liquid; configurationintegrals,calculatingpropertief liquids. Methodsof computersimulation
Solids[2]

PhononsEinsteinandDebyespecificheatof a crystal.
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PHYS2B29 — Electromagnetic Theory (Part-time Programme)

Course Information

Prerequisites

Studentdaking this courseshouldhavetaken1B26: Electricity andMagnetism.The mathematical
prerequisitegare1B71: Mathematicdor Physicsin thefirst yearand2B72:

MathematicaMethodsin Physicsthefirst termof the secondyear,or equivalentmathematicgourses.

Aims of the Course

« to discusghe magnetigropertieof materials;

* to build on the contentsof the first-year course1B26; Electricity and Magnetism, to establish
Maxwell'sequation®f electromagetism,andusethemto deriveelectromagnetigvaveequations;

« to understandhe propagatiorof electromagnetigvavesin vacuo,in dielectricsandin conductors;

« to explain energy flow (Poynting's theorem), momentum and radiation pressure,the optical
phenomenaf reflection, refraction and polarization, discussingapplicationsin fibre optics, radio
communicatiorandwaveguides;

* to give asimplified accounof the radiationfrom anoscillating dipole.

Objectives
After completingthis coursestudentshoud be ableto:

« understandhe relationshipbetweerntheE, D andP fieldsandbetweertheB, H andM fields;

« beableto derive the continuity conditionsfor B andH at boundariesbetweenmedia; distinguish
betweerdiamagneticparamagnetiandferromagnett behaviour;

« calculateapproximatevaluesfor the B andH fieldsin simple electromagnetandmagneticforceson
movablepartsof suchmagnets;

« understandhe needfor displacementurrents;

» explainthe physicalmeaningof Maxwell's equationsjn both integral anddifferential form, anduse
themto; (i) derivethe waveequationin vacuumandthe transversenatureof electromagnetiavaves;
(ii) accounfor the propagatiorof energyandmomentumandfor radiationpressure(iii) determinethe
reflection, refraction and polarizationamplitudesat boundariesbetweendielectric media, and derive
Snell'slaw and Brewster'sangle; (iv) establishthe relationship betweenrelative permittivity and
refractive index; (v) explaintotal internal reflection, its usein fibre optics, its frustration as an
exampleof tunnelling; (vi) derive conditionsfor the propagationof electromagnetiovavesin, and
reflectionfrom, metals;(vii) derivethe dispersiorrelationfor the propagatiorof wavesin a plasma,
anddiscusdts rdevanceto radiocommunication{viii) determinethe conditionsfor wave propagation
in rectangulamwaveguides;

« understandhat oscillating chargegadiateandbe ableto calculateenergyfluxesin thefar-field.

Lectures and Assessment
27 lecturesplus 6 discussiorperiods Assessmernis basedn theresultsobtainedn the final examination
(90%)andin the best12 questiongrom 5 setsof 3 homeworkproblems(10%).

Textbooks

Electromagnetispr2ndedition,by | S Grant& W R Phillips (Wiley)
Electricity and Magnetism4th edition, by W.J. Duffin (McGraw-Hill)
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Syllabus
(Theapproximateallocationof lecturego topicsis givenin bracketdelow.)

Introduction [5]

Mathematicatools.Brief summaryof resultsfrom 1B26 coursegxplicit revisionof
meaningof electricdisplacemenb, relationbetweenntegralanddifferentialforms of
proto-Maxwellequationsising Stokes’andGausstheoremseglectricdipolefield.

Magneticmedia[4]

Magneticdipolefield from currenioop. MagnetisatiorM asdipolemomern perunit
volume, magnetidield strengthH, magneticsusceptibilitye m. Diamagnetism,
paramagnetismferromagnetismAmpere’saw in magnetionedia;differentialand
integralforms. Continuity conditionsfor B andH (c.f. D andE). Magneticenergy;
forcesin magneticsystemglinearmedia) Magnets;solenoidcomparedo uniformly
magnetisedbar;toroid; fluxmeterfor B andH. Simplequalitativedescriptiorof
hysteresis.

Maxwell’'s equationsand e.m.wavesin vacuol6]
Displacementurrentfrom continuty equationgeneralisedampere’daw. Maxwell's
equationsn integralanddifferentialform; the waveequationfransverseharacteof
unboundeglanewaves;polarisation,e.m.energy the Poyntingvector,Poynting’s
theoreme.m.momentumandradiationpressure.

Electromagnetiovavesin nonconductingmedia[4]
Refractiveindex;reflectionandrefractionat boundariebetweerdielectricmedia,Snell’s
law, reflectionandtransmissiorcoefficients Fresnel'srelations,Brewsterangle,critical
angle,totd internalreflection.

Propagationand surfacereflection in conductingmedia]3]
Poorandgoodconductorsskin depth reflectionat a metalsurface plasmafrequency,
simple plasmadispersionrelation,radiowavesandionosphere.

Waveguide$3]
Maxwell's equationsn guidesboundaryconditions,rectangulaguidesihe waveguide
equation,;TM, TE modescutoff wavelengthenergyflow.

Emissionof electromagneticadiation [2]

Qualitativedescriptiorof E andH fieldsaroundHertziandipolein nearfield. Vector
potentialA aslink with farfield. Definition of retardedime; statementvithout rigorous
derivationof farfield expressiongor E andH with r andt. Radiatecbower.
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PHYS2B72 — Mathematical Methods for Physics

Course Information

Prerequisites
In orderto takethis course studentsshouldhaveshowncompetencén the precursorevel-1 PHYS1B71
mathematicgourse.

Aims

This courseaimsto:

« providetheremainingmathematicasupportfor all the secondandthird-level coursedn the part-time
BScprogrammen Physics;develom particularthe tools necessaryor an understandinggf Quantum
MechanicandElectromagnetism;

e develop in particular the tools necessaryfor an understandingof Quantum Mechanics and
Electromagnetism;

e give studentsomepracticein mathematicamanipulationandproblemsolvingat level-2.

Objectives

The PHYS1B71and PHYS2B72 syllabusestogethercover all the mathematicalrequirementsof the
Physicscoursesn the part-timeBScprogrammeThe major areastreatedin 2B72 areof specialrelevance
to QuantumMechanicandElectromagnetismandthe applicationsof thesesubjectdo many othertopics,
includingcondensednatter,atomic,andparticlephysics.At the endof eachsectionof the course,students
shouldbe ableto appreciatavhento usea particulartechniqueto solve a given problemandbe able to
carryout someof the relevantalculations Specifically,

In VectorCalculus, studentsshouldbe ableto:

« understandhe concept®f scalamndvectorfields;

e carry out algebraicmanipulationswith the div, grad, curl, and Laplacianoperatorsin Cartesian
coordinates;

« derive andapply the divergenceandStokes’theoremsin physical situations,and deducecoordinate-
independengxpression$or the vectoroperators;

« deriveanduseexpression$or the vectoroperatorsn cylindrical andsphericapolarcoordinates.

For Differential Equations,studentsshouldbeableto:

« solve a variety of secondorder linear partial differential equations,ncluding the Laplace andwave
equationsby the methodof separatiomf variablesusing Cartesiarandpolar coordinatesandimpose
boundaryconditions;

» solveordinarysecond-ordelinearandhomogeneoudifferentialequationdy the seriesmethod,finding
indicial equationsindrecurrene relations.

For LegendreFunctions, studentsshould be ableto:

« solve the Legendredifferential equationby seriesmethodandfind the conditions necessaryfor a
polynomial solution;

« deriveandapply the generatingunction in orderto obtain recurrenceand orthogonalityrelations for
Legendrepolynomials;

* manipulateassociated egendrfunctionsandsphericaharmonicaup to 1=2.

In Fourier Analysis,studentsshouldbe ableto:

« derivethe formulaefor the expansiorcoefficientsfor realandcomplexFourie series;

* makeanalysesising sinusoidalindcomplexfunctionsfor both periodicandnon-periodidunctionsand
be awareof possibleconvergencgroblems;

« derivethe formulaefor the expansiorcoefficientsfor realandcomplexFouriertransforms;

« performFouriertransform=f a variety of functionsandderiveanduseDiracdeltafunctions.

In VectorCalculus, studentsshouldbe ableto:

« understandhe concept®f scalamndvectorfields;

e carry out algebraicmanipulationswith the div, grad, curl, and Laplacianoperatorsin Cartesian
coordinates;

« derive andapply the divergenceandStokes’theoremsin physical situations,and deducecoordinate-
independengxpression$or the vectoroperators;

« deriveanduseexpression$or the vectoroperatorsn cylindrical andsphericapolarcoordinates.
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Methodology and Assessment

This half-unit courseis spreadover 33 hoursin the first term, with a 3-hour discussionperiod in the
secondterm anda 3-hourrevisionlecturein the third. About 20 minutes are set aside evey week for
studentgo attacka problemindividually with the lecturer’sactiveassistanceSincestudentgaking courses
in the eveninghaverelatively little sparetime for homeworksandadditional study during the week, only
two short homeworksheetsare given out duringthe first term, with a largerone to be doneover the
Christmasvacation.The continuousassessmerdf 10% will be derivedfrom the betterof the long sheet
andthe sum of thetwo shortones. The end-of-sessionvritten examinationcouns for the remaining90%
of theassessment.

Textbooks

A book which coversessentiallyeverythingin both this andthe level-1 1B71 courseis Mathematical
Methodsin the PhysicalSciencesby Mary Boas(Wiley). An alternativewvhich treatsmost of the matetral

in thetwo coursess the combinationEngineeringMathematicsandFurther EngineeringMathematicsby
K.A. Stroud(Macmillan). Theseareprogrammedexts, which treateverythingas a seriesof problems,in

contrastto the approachof standardextbooks.They do not, however,discussLegendrepolynomials. A

different viewpoint is presentedn MathematicalMethodsfor Physicsand Engineering by K.F. Riley,

M.P. HobsonandS.J.Bence(CambridgeUniversity Press).

Syllabus

(Theapproximateallocationof lecturesto topicsis shownin bracketdelow.)

Linear Vector Spacesand Matrices[10]

Definition andpropertieof determinantsgspecially3x3. [2]

Propertiesof matrices,Matrix multiplication, Special matrices, Matrix inversion, Solution of linear
simultaneougquations.[4]

Eigenvaluesand eigenvectors Eigenvaluesof unitary and Hermitian matrices, Real quadratic forms,
Normalmodesof oscillation. [4]

Partial Differential Equations[4]

Superpositionprinciple for linear homogeneoupatrtial differential equations,Separationof variablesin
CartesiarcoordinatesBoundaryconditions,One-dimensionalvaveequation,

Derivationof Laplace'squationin sphericalpolar coordinatesSeparatiorof variablesin sphericalpolar
coordinatesthe Legendrelifferential equation Solutionsof degreezero.

SeriesSolution of Ordinary Differential Equations[3]

Derivation of the Frobeniusmethod, Application to linear first order equations,Singular points and
convergenceipplicationto secondrderequations.

LegendreFunctions [4]

Application of the Frobeniusmethodto the Legendrezquation,Rangeof convergenceQuantisationof the
| index, Generatingunction for Legendrepolynomials, Recurrencerelations, Orthogonality of Legendre
functions, Expansionin seres of Legendrepolynomials,Solutionof Laplace'ssquatiorfor a conducting
sphereAssociated_egendrefunctions, Sphericaharmonics.

Fourier Analysis[5]

Fourierseries Periodicfunctions, Derivation of basicformulae,Simple applications,Gibbs phenanenon
(empirical), Differentiationandintegrationof Fourier series,Parseval'sdentity, Complex Fourier series.
[2.5]

FouriertransformsDerivationof basicformulaeandsimple application,Diracdeltafunction. [2.5]
VectorOperators[7]

Gradient,divergence,curl and Laplacianoperatorsin Cartesiancoordinates,Flux of a vector field,
Divergenceheorem Stokestheorem Coordinate-independedefinitionsof vectoroperators.

Derivationof vectoroperatorsn sphericabndcylindrical polarcoordirates.

PHYS2B72 — Mathematical Methods for Phygiesrt-timeProgramme)



PHYS3C24 — Nuclear and Particle Physics (Part-time Programme)

Course Information

Prerequisities
An introductorycoursein atomic physics,such as PHYS2B24, and an introductorycoursein quantum
physics,suchasPHYS2B22,or their equivalentsn otherdepartments.

Aims of the Course
Theaim of the courses to:

provide an introductionto the physical conceptsof nuclearand particle physics and the experimental
techniquesvhich they use.

Obijectives
After completingthe course studentshould:

« understandhe basicideasandtechnique®f the subject,includingthe descriptionof reactionsn terms
of amplitudesandtheir relationto simple measurablguantities.

Specificallyin nucleamphysics,studentshould:

« know the basic phenomenaf nudear physics, including the propertiesof the nuclearforce, the
behaviouiof bindingenergiessa function of massnumber,andnucleishapesndsizesandhow these
aredetermined,

e understandhe interpretationof binding energiesn termsof the semi-empiricaimassformula of the
liquid dropmodel;

+  know the systematicsof nuclearstability andthe phenomenologyof o, 3 andy decaysand
spontaneouBission;

e understanchow a wide rangeof nucleardata,including spins, parities and magneticmoments,are
interpretedn the Fermigasmodel,the shell modelandthe collectivemodel;

+ understandhe theoryof nuclearf3 -decay;

« understandhe physicsof inducedfission, how fission chainreactionsoccur and how thesemay be
harnessetb providesource®f power,both controlledandexplosive;

« understandhe physics of nuclearfusion andits role in stellar evolution, and the difficulties of
achievingfusion bothin principleandin practice;

Specificallyin particlephysics,studentshould:

* appreciatehe needfor antiparticles

< understandhe relationshipbetweenexchangef particlesandthe rangeof forces;

* knowhowto interpretinteractionsn termsof Feynmarndiagrams;

« know the roles andpropertiesof eachof the threefamilies of particles(quarks,leptons and gauge
bosons)of the standardnodelof particlephysics;

* knowthe propertieof hadronsandunderstandheirimportanceasevidenceor the quak model;

« understandthe principles of the interpretationof the fundamentalstrong interaction via quantum
chromodynamics(QCD), including the roles of the colour quantumnumber, confinement and
asymptoticfreedom;

« understandhe evidencefor QCD from experimentson jets andnucleonstructure;

« understandhe spin andsymmetrystructure®f the weakinteractionsandtestsof thesefrom the decays
of the i, TT andK ° mesons;
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« understandhow unification of the electromagneticand weak interactions comes about and the
interpretatiorof the resultingelectroweakinteractionin the standardnodel;

After completingthe acceleratoanddetectorsection,studentshould:

« understandhe differencedbetweerinearandcircularacceleratorandtheir limits;

» understandhe main principalsof a synchrotron;

« understandhe concept®f deepinelasticscatteringor fixed targetandcolliding beams;

« knowthe main processeby which chargedoaticles loseenergyin matter;

« knowthe main processeby which photonsloseenergyin matter;

< understandhe conceptsof operationof a trackingdetector,a calorimeteranda Cerenkovcounterand
the physicsprocessemvolved,;

« explainhow thesedetectorsareusedogethemndwhat propertief the particlesthey measure.

Specificallyin experimentamethodsstudentshould:

« knowthe principlesof arangeof particleacceleratorsisedn nuclearandparticlephysics;

« knowthe physicsof energylossesof particleswith massinteractingwith matter,including lossesby
ionisation,radiationandshortrangeinteractionswith nuclei, andthe lossesincurredby photons;

« knowthe principlesof arangeof detectordor time resolution,measurementsf position, momentum,
energyandparticleidentification,andhow thesearecombinedn modernexperiments.

Methodology and Assessment

The courseconsistsof 30 lecturessupplementedby 3 lectureperiodsfor courseworkproblemsand other
mattersasthey arise.Assesmentis basedon an unseenwritten examination(90%) andthe best4 of 5
courseworkproblempaperg10%).

Textbooks

Coretexts:

ParticlesandNuclei (2" Edn)-B Povh,K Rith, C ScholzandF ZetschgSpringer)
Particle Physics(2" Edn)— B R Martin andG Shaw(Wiley)

Otherusefultexts:

An Introductionto NuclearPhysics— W N CottinghamandD A GreenwoodCambridge)
NuclearandParticle Physics— W S C Williams (Oxford)

Introductionto NuclearandParticle Physics— A DasandT Ferbel(Wiley)

Introductionto High EnergyPhysics(4" Edn)— D H Perkins(Cambridge)
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Syllabus
The course is divided into eight sections. Bpproximateassignment of lectures to each is shown in
brackets.

1. Basicldeas (3)

History; the standardmodel; relativity and antiparicles; particle reactions;Feynmandiagrams;particle
exchange- rangeof forces;Yukawapotential; the scatteringamplitude;cross-sectiongjnstableparticles;
units:length, massandenergy

2. Nuclear Phenomenology4)

Notation; massandbinding energie; nuclearforces;shapesandsizes;liquid drop model: semi-empirical
massformula; nuclearstability; [3 —decayphenomenology —decayfission; Yy -decay

3. Leptons,Quarksand Hadrons (4)
Lepton multiplets; lepton numbers; neutrinos; neutrino mixing and oscillations; universal lepton
interactions;numbersof neutrinos;evidencefor quarks;propertiesof quarks;quark numbers;hadrons;

flavourindependencandhadronmultiplets
4. ExperimentalMethods (5)

Overview; acceleratorsheams;particle interactionswith matter (short-rangeinteractionswith nuclei,
ionisationenergylosses radiation energylosses,interactionsof photonsin matter); particle detectors
(time resolution: scintillation counters measurementf position, measuremendf momentum,particle
identification,energymeasurementsalorimeterslayereddetectors)

5. Quark Interactions: QCD and Colour (3)

Colour; quantumchromodynamicgQCD); the strong coupling constant; asymptotic freedom; jets and
gluons;colourcounting;deepinelasticscatteringnucleonstructure

6. Electroweakinteractions (5)

Chargedandneutralcurrentssymmetriesof the weakinteraction;spin structureof the weakinteractions;
neutral keons; KO - IZO mixing and CP violation; strangenessscillations; W* and ZO bosons;

weakinteractionof hadronspeutralcurrentsandthe unifiedtheory; The Higgs boson

7. Structureof Nuclei (4)

Fermigasmodel;the shellmodel:basicideasspins, paritiesandmagneticmomentsin the shell model,
excited statesin the shell model; collective model; 3 -Decay; Fermi theory; electron momentum
distribution; Kurie plotsandthe neutrinomass

8. FissionandFusion (2)

Inducedfission — fissile materials;fission chainreactionspowerfrom nuclearfission: nuclearreactors;
nuclearfusion: Coulombbarrier;stellarfusion; fusionreactors
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PHYS3C25 — Solid State Physics (Part-time Programme)

Course Information

Prerequisites
PHYS2B28- StatisticalThermodynamicandCondensed/Aatter Physics or anequivalentcourse.

Aims of the Course
This courseaimsto:

showhow the diversepropertiegmechanicalglectronic,optical andmagnetic)of solid materialscan
berelatedto interactionsat the atomisticlevel, usingtheoreticamodels;

show how the study of condensednatterplays a vital part both in otherareasof physicsand,more
generallyin sciencetechnology andindustry.

Objectives
After completingthis course studentsill beableto:

describesimple structuresn termsof a lattice andunit cell, calculatethe cohesiveenergyof these
structuresndunderstandin outline) how they aredeterminedexperimentally;

understandhe basicfeature®f the coupledmodef oscillation of atomsin a crystallattice using the

one-dimensionathainasa modelandrelatecrystal propertiegspecificheat, thermalconductivity)to

the behaviouof theseoscillations;

explainthe basicfeaturesof the stress/straircurve for a simple metal using ideasof dislocation
productiorandmotion;

derivethe free electronmodelandshow how this can provide an explanationfor many featuresof

metallicbehaviour;

appreciatehe strengthsandweaknessesf the free electronmodelandexplainthe effect of the lattice
on the behaviouf electronsn solids both from the point of view of the nearly-freeelectronmodel
andthe tight-bindingmodel;

explainthe basicfeaturesof semiconductorandrelatethis to simple semiconductodevices;

explain the magneticand dielectric propertiesof materialsusing simple modelsof the underlying
atomicmechanisms.

Methodology and Assessment

The coursewill consistof 27 lecturesof coursematerial, supplementedy 6 hous of other activities,
whichwill includediscussiorof problemsheetsStudentswill be setfive problemssheets,andthe marks
givenfor the bestfour will accounfor 10% of the courseassessmeni.heremaining90% will be awarded
on the basisof the end of sessiorexam.
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Textbooks

» H. M. Rosenberg The Solid State3™ edition
+ J.R.HookandH. E. Hall - Solid StatePhysics 2" edition

Hook andHall is perhapsmore advancecandmathematicallyrigorous, but doesnot containanythingon
mechanicapropeties.Rosenberga readableendcommendablyslim book, doescoverthis topic well, but
occasionalljackssufficientmathematicatletail,althoughtheseaspectshouldbe adequatelyoveredn the
lecturesCopiesof Hook andHall areavailablefrom the ProgrammeTutors at a sizeablediscounton the
publishedprice. Therearea numberof other books worth consulting. Some aspectsof the courseare
treatedwell by:

» P. SuttorElectronic Structure of Materials
* M. de Podestdnderstanding the Properties of Matter
* J. WaltonThree Phases of Matter 2nd edition

Threeadvancedextsfor continuedstudiesare:

C. Kittel Introduction to Solid State Physics. 7th edition.
J. S.BlakemoreSolid State Physics, 2nd edition

N. W. Ashcroft and N. DMermin Solid State Physics.

Syllabus
(Theapproximatellocationof lecturego topicsis shownin bracketdbelow.)

3C25part O: Introduction to condensednatter

An introductorylecturein which the aimsandcontentof the coursewill bediscussed.

3C25part 1: Structur al properties of solids

1.1 Interatomic bonding and material structure (5 lectures)

Crystalstructuresill bedescribedn termsof the Bravaislattice andbasis.The hcp, bec, fcc anddiamond
structuresill bediscussedtogethemith therelatedZnS andCsCl structuresWe shall introducethe idea
of aprimitive unit cell andcontrasit with aconventionalcell. We shall discussthe useof Miller indices
to designatdattices,planesanddirectionsn crystals.

The distinction betweendirectional (covalent) and non-directional (van der Waals, ionic and metallic)
bondingwill berelatedto the kindsof structureseen.

We shall calculatecohesiveenergie®f variousstructuredor van der Waalsandionic bondedmaterialsto
determinewhichis moststable.We shall discussthe structuresof ionic materialsusing modelsof packed
spheres.

1.2 Diffraction methodsand structural determination (2 lectures)

We shall discuss diffraction methods for determining crystal structure. The main techniques
(diffractometerspowderphotographsndLauephotographsyvill bedescribedWe shall briefly discussthe
advantagesnddisadvantagesf using neutrons,electronsand X-raysto determinestructures.We shall
introducetheideaof atomsasindividual scatteringcentresandarguethat this canbe usedto understandhe
intensitiesof the diffraction pattern,usingthe CsClstructureasanexample.

1.3 Lattice dynamicsand phonons(4 lectures)

We shall considerthe coupledmodesof oscillation of atomsin a crysal lattice, using a one-dimensional
chainof identicalatoms.The harmonicapproximatiorwill beintroduced We shall discusgshe effect of the
boundaryconditionson the solutionandintroducethe ideaof a Brillouin zone.The dispersiorrelationand
the densityof statesof oscillatorymodeswill be derivedanddiscussedTheconnectiorbetweerthe normal
modesandthe idea of a phononwill be made.We shall use the one-dimensionathain with different
massedo illustratethe ideasof acousticandoptic modesandhenceheideaof abandgapin the densityof
states.The extensionof the lattice dynamicscalculationto three dimensionswill be discussedat a
qualitativelevel. We shall discusghe experimentatleterminatiorof phonondensitief states.
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1.4 Thermal properties of solids (3 lectures)

We shall reviewthe DebyeandEinstein modelsfor the specificheatof solids. We shall illustrate these
modelsusing the one-dimensionathainof identicalatoms.We shall comparethesemodelswith more
exactcalculations.

We shall discusghermalconductivityby phonontransportusing a kinetic theory analogougo the kinetic
theoryof gasesTheideaof a phononmeanfree pathwill bediscusse@nda qualitativeaccountof phonon
scatteringnechanismgiven. In particular,we shall discussthe Umklapp mechanisnfor phonon-phonon
scatteringandhow it cancontributeto thermalresistance.

1.5 Mechanical properties of solids (3 lectures)

We shall demonstratehat the theoreticalyield stressis far greaterthan the observedyield stressfor any
material.We shallintroducethe ideaof a dislocationandshow how it canlower the yield stressusing the
‘carpetuck’ analogy.We shall discusgshe two puretypesof dislocation(edgeandscrew)andintroducethe
conceptof a Burgersvector. We shall derive the strain field, and hencethe elastic energy,for a screw
dislocation.The Frank-Readnechanisnfor dislocationmultiplication will be briefly discussedandrelated
to the phenomenownf work hardening.

3C25part 2: Electronsin solids

2.1.Electronic and optical properties of solids (1 lecture)

The variety of electronicandoptical propertiesof solidswill be discussedoriefly using simple ideas of
valenceandconductiorbandstructurefor the electronicenergyspectrumin materials,with examplesWe
shall take as examplesmaterialsranging from electrical insulators to semiconductorsand conductors.
Transparencyandopacityof solidswill beconsideredtogethemwith field emissionandcontactpotentiat
We sshall drawanalogiebetweerelectronrandphononspectraparticularlywith regardto bandgaps.
2.2.Models of electronsin solids (7 lectures)

Models will be usedto show how electronicstructureemergesfrom the fundamentalinteractions of
electronsn materials,as describedby quantummechanicsWe shall review the free electronmodel and
showhow electrongind atomstogetherin metalsandcovalentsolids. We shall calculatethe electronic
specific heatand, using the idea of a relaxationtime, calculate the thermal conductivity due to free
electronsanddiscusselectricalcurrent,resistivity, the Wiedemann-Franiaw andthe Hall effect. Using
perturbationtheory andBloch'stheorem,the nearly-freeelectronmodelwill be introducedto show how
bandgapsin the electronenergyspectrumarise. The tight binding modelwill be introducedandusedto
demonstratdrom a differentpoint of view, how bandgapsemerge We shall discussthe drift of electrons
in bandsjntroducingtheideaof the effectivemass.

2.3.Semiconductors(4 lectures)

We shall discussthe electronicstructureof intrinsic andn- andp-type dopedsemiconductorsDonor and
acceptorstatesandthe electronicstructureof eachtype of semiconductowill be described.Holes and
electronswill be discussedWe shall considerprocessesaking placeat pn junctions, including carrier
generationandrecombinationWe shall discussthe operationof field effect transistors,light emitting
diodes semiconductolasersandsolarpanes.

2.4.Magnetic properties of solids (2 lectures)

We shall interpretpara-,dia-, ferro- andantiferromagnetisnusing ideasof electronspins.Using the free
electronmodelwe shall calculatethe paramagneticsusceptibilityof simple metals. We shall discussthe
mutualinteractionsof spinsin termsof the quantunmechanicaéxchangenergy.
2.5.Superconductivity (1 lecture)

Someof thefeaturesof superconductivitwill bediscusse@ndexplainedusingthe ideasof Cooperpairs.
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PHYS3C26 — Quantum Mechanics (Part-time Programme)

Course Information

Prerequisites
To haveattendedand,normally, to havepassedHY S2B22(QuantumPhysics)- or equivalentcourses.

Aims of the Course
This courseaimsto:

« discusdormally someof the postulatef quantummechanicsntroducedin PHYS2B22;to introduce
algebraicoperatortreatmentsf the one-dimensionaharmonicoscillator andangularmomentum;to
develop approximatemethodsfor stationarysystemstime-independenperturbationtheory and the
variationalmethod - andto applythemto physicalexamplesto introducesystemscomposedf two
identical particles;to considerthe role of measuremerih quantumsystemsandthe interpretationsof
gquantunmechanics.

« providethe necessarypreparationfor advanced quantummechanicsoursedo be takenin year4, and
the backgroundequiredfor applicationsof quantunmmechanicsn subsequendepartmentatoursesn
atomicandmoleculamphysics;nucleamndparticlephysics;condensednatterphysicsandastrophgics.

Objectives
After completingthe modulethe studenshouldbe ableto:

« understandexpressnathematicallyandgive a physicalinterpretatiorto the fundamentalpostulatesof
gquantunmechanicetc;

« understané&ndusethe Diracnotationfor quanturrstates.

» give amathematicatlescriptionof the one-dimensionaharmonic oscillatorin the algebraicoperator
approactemployingcreatiorandannihilationoperators.

» define orbital angularmomentum and its associatedoperatorsin Cartesianand spherical polar
coordinatesand state the solutions of the eigenvalue equationsand describe their physical
interpretation.

* generalizethe definition of angularmomentumto include spin and solve the generalizedangular
momentumeigenvalug@roblememployingraisingandlowering operatotechniques.

» discusghe propertief spin-1/2systemsandusethe Pauli matricego solvesimple problems.

» statetherulesfor the additionof angularmomentaandoutline the underlyingmathematicahrguments
for them.

« formulatethe time-independenperturbationtheory approachfor obtaining approximatesolutions of
the Schrodingeequatiorfor both non-degeneratenddegeneratéevels.

e understandts applicationto a specificphysicalcaseg.g.the Stark effectin atomic hydrogen;usethe
resultsof time-independenperturbatiortheoryto solvefor the discreteenergie®f simple systems.

» understandhe basisof the variationalmethodfor the evaluationof the upperboundon the ground
stateenergyof a stationarysystemwith the helium atom as a specificexample,apply the variational
principleto the evaluatiorof the groundstateenergyupperboundsof othersimple systems.

« discussomepropertieof systemsof two identicalparticles;be ableto differentiatebetween bosons
andfermionsand constructhe wavefunctionfor theseparticlestaking accounof the Pauli Exclusion
Principle.

« discussthe superpositionof statesof different energiesand show that such systems can undergo
transitions;solve simple,time-dependentwo stat problemssuchas a chargedspin-1/2 particle, e.qg.
anelectron,jn auniform magnetidield.

« discussthe various interpretationsof quantummechanics,outline the measuremenproblem and
discusgyualitativelyBell's Inequalityandexperimentalestsof it.

Methodology and Assessment

The courseconsists of 30 lecturessupplementecby circulated notes on the part dealing with the
interpretatiorandmeasuremergroblem.Theassessmelig basedbn anunseenwritten examination(90%)
andfive assessedourseveork paperg10%). Theresultsof the bestfour of the courseworkpapersaretaken
andexpresseésa markout of ten.
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Textbooks
Any of thefollowing aresuitable:

e E.MerzbacherQuantumMechanics Wiley, 1998.

e B.H.BransderandC.J.Joachain]ntroductionto QuantumMechanics Longman,

« P.C.W.DaviesandJ R Brown(eds.)The Ghostin the Atom Canto,Cambridge
University Press,1986.

Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdelow)

Formal Aspectsof QuantumTheory[~7]

Thewavefunction, principle of superpositionTime DependenSchroedingeEquation,expectationvalues,
Hermitian operators eigenstatesexpansionpostulateand completesets of eigenfunctions.Compatible
observablessimultaneousneasuremerandcommutingoperatorsThe generaliseduncertaintyrelations.
Dirac notation.Matrix representatiomf statesandoperators.Time evolution of operators.Step-operator
approacho harmonicoscillator.

Angular Momentum(8]

A refresheron commutation relations, eigenvaluesand eigenfunctionsof orbital angular momentum
operators.Generalizedangular momentum, step-up, step-down operators,step operatortechniquesin
angularmomentumtheory; spectrumof angularmomentuneigenvalues. Spin-1/2 angularmomentum,
Pauli matrices, magnetic moments. Combination of angular momenta, total angular momentum.
Examples.

ApproximateMethods[6]

Time-independenperturbationtheory for non-degenerateystemsto secondorderin the energy; to first-
orderfor degenerateystems Examples Variationalprinciple, He groundstateexample.Exampleswill be
chosento illustrate the applicationof the generalquantummechanicaprinciplesin the areasof atomic,
nuclearandsolid statephysics;e.g.two spin-1/2 particles,spin-dependat interactions,positronium,n-p
system,isotopic spin (pi-N system);- anharmonic oscillator, spin-orbit interactions,Stark effect and
relativistic correctionsn atomichydrogen.

SimpleTime-dependensystemg3]

Superpositiorof statesof differentenergies Electronin magnetidield. Time evolution of entangledstates
of two spin-1/2particleswith total spin zero.

Identical Particles|2]

Systemf two identicalparticles. Pauli Exclusion Principle, fermionsandbosons.Independenparticle
modelof He atom, singletandtriplet statesexchangénteraction.

The Interpretationsof quantummechanicsand the measuremenproblem([4]
Copenhageinterpretation hiddenvariables,non-locality andreality, EPR paradoxesBell's Inequalities,
the Aspectexperiments;the problemof measuremengchrodinger'sat, alternativenterpretations.
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PHYS3C43 - Lasers and Modern Optics (Part-time Programme)

Course Information

Pre-requisites
Knowledgeof quantunphysicsandatomicphysicsto secondyearlevel, eg. UCL course®2B22and2B24.

Aims of the course
Theaim of the courses to:

« provideausefulandexciting courseon lasersandmodernopticswith insightinto non-linearprocesses
andmodernapplicationsof lasers.

Obijectives
On completionof the cousethe studenshouldbe ableto:

» derivethe matricedor translation reflectionandrefraction;

« explainthe paraxialapproximatiorandray tracingin thick optics;

« doopticalcalculationson modelandrealoptical systems;

« explaintherole of A andB ccefficientsin laseraction;

« derivethe equationgor a 4-levellaserandsolveto obtainthe populationinvasions;

« describethe principlesof Q-switchingandmodelocking;

« describehe processesf obtaininga populationin versionin HeNe, Ruby,andNH3 lasers;

« explainthe natureof coherencén ordinarylight andlaserlight andderivethe formula of the first order
correlation;

« explainthe principlesof Gaussiaroptics;

« derivethe stability conditionfor opticalresonators;

« calculatdaserbeamfocussity propertiesn realsystems;

« describehe physicalprinciplesof non-lineamptical behaviouandharmonicgeneration;

« describehe physicalprocessesf electrooptic, magnetooptic andacoustooptic effects;

« derivetheformulaefor polarizationrotationin crystalmaterial;

« describeheuseof electro-optiaderivesin lasersystems;

« describeandapply Fresnelsequationgo refraction;

« derivetheformulaegiving the modepropagationn asemi-infiniteslabof dioelectric;

« describehe propagatiorof light in afibre optic andthe effectsof apertureanddispersion.

Methodology and Assessment

The courseconsistsof 30 lecturesof coursematerialwhich will also incorporatediscussionf problems
andquestionandanswersessions. Two hours of revision classesare offered prior to the exam. The
assessmerns basedon an unseenwritten examination(90%) and continuousassessmentl0%). The
continuousassessmemharkis determinedisingthe four problemsheets.

Textbooks
e Introductionto Electro-opticsHawkes& Wilson (Prentice-HallL993)
e Introductionto Optics, PedrottiandPedrotti(Prentice-HallL984)

Thestudentsareadvisedo purchasea copyof Hawkes& Wilson asthis is a major sourceof materialfor
the course.
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Syllabus
[The approximateallocationof lecturego topicsis shownin bracketdelow.]

Matrix optics|5]

Application of matrix methodsn paraxialoptics; translationandrefractionmatricesyay transfermatrix for
an optical system; derivation of the propertiesof a systemfrom its matrix; extensionof ray transfer
methodto reflectingsystems

Laserprinciples[7]

Stimulatedemission, Einstein coefficients, amplification coefficients; Threshold condition; Saturation
behaviourhomogenousndinhomogeneouslpproadenedransitions;Rateequations 4-levellaser,dynamic
behaviourQ-switching,laserresonatomodesModelocking; Descriptionof specificlasers;ruby, dy He-
Ne, CO,, NH4 semiconductorsCoherenceoncepts

Gaussianbeamg3]

lllustrative examplesjncluding stability criteriafor optical resonatorandbeammatching systems;Ray
matrix analysis

Electro-optic$5]

Reviewof crystaloptics; The electro-opticeffect- amplitudeandphasemodulationvia the electro-optic
effect; Magneto-opti@andacousto-optieffects; Applications to switching

Nonlinear optics]5]

Examplesof nonlinearoptical behaviour- optical harmonicgeneration,optical parametric oscillation;
Analytical treatmenbf nonlinearopticalphenomena

Guidedwaveoptics [5]

Opticalfibre waveguidesyWaveguidemodes; ModelossesdispersionSingle-modendmulti-modeguides;
Optical fibres; monomode and multimode, step-index and grades; loss mechanismsand bandwidth
limitations.
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PHYS3C74 — Topics in Modern Cosmology

Course Information

Prerequisites

Thereareno prerequisitesor this coursentherthanstandarghysicsandmathematicgaughtat secondyear
level of the Physicsdegreeln particular,studentsarenot requiredto haveany knowledgeof astronomyor
cosmology.

Aims of the Course
This courseaimsto:

« introducethe subjectof moderncosmologyusing an approachthat is groundedin physicsratherthan
mathematics;

* presenthe basictheoreticaframeworkof cosmology;

» comparéghe latestobservation®f the Universewith theoreticapredictions.

Objectives
After completionof this coursestudentshouldbe ableto:

» describehe constituentf the Universe;

* understandts evolutionfrom the Big Bangto the presentay;

» discusgheformationandimportanceof the Cosmic MicrowaveBackground;

« discusghe problemsof observationameasuremenfpr examplethe Hubble constantandthe density
parameter;

e appreciatehe controversiegncounteredn cosmologytoday;for example,the valuesof the density
parameteandthe cosmologicaktonstant;

e appreciatdow thesecontroversiesnay beresolvedn the futurewith newobservationaiechniques.

Methodology and Assessment
30 lecturesand3 problemclass/discussioperiods Assessmeris basedn theresultsobtainedn the final
written examination(90%)andtwo problemsheet{10%).

Textbooks

e An Introduction to Modern Cosmology Andrew Liddle, 1998, John Wiley & Sons, £14.99.
(Recommendebook)

* Introductionto Cosmology2ndEdn.,Matts Roo0s,1997,JohnWiley & Sons,|SBN 0 471 973831,
£24.95.

* Cosmology 3rd Edn., Michael Rowan-Robinson 1996, Oxford Univ. Press,ISBN 0 19 8518846,
£17.50.
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Syllabus
[The approximateallocationof lecturego topicsis shownin bracketdelow.]

Introduction and History of Cosmology1]

ObservationalOverviewof the Universe[5]

TheUniverseasseenin visible light: stars,galaxies,clustersof galaxies,superclusterandQuasarsThe
Universeas seenin other wavebandsThe expansionof the Universe: redshift and the Hubble law.

Homogeneityandisotropy.Olbers'paradoxPartcles andradiationin the Universe.

The Basic Equationsof Cosmologyf3]

Newtoniangravity. The Friedmannfluid andacceleratiorequations.

CosmologicaModels[4]

TheHubbleLaw. Expansionandredshift. Solutions:matter-,radiation-dominatedJniversesandmixtures.
Thefateandgeometryof the Universe.

ObservationaParameterd6]

The Hubble constant:the distancescaleandthe value of H,. The densityparameteiQ,. The deceleration
parameten, Thecosmologicakonstant\. Measuringhe ageanddensityof the Universe.

The CosmicMicrowaveBackground[2]

Propertiesandorigin. The photonto baryonratio.

The Early Universe[4]

Matter-radiation equality. Temperatire vs. time relationship. Thermal evolution of the Universe.
Primordialnucleosynthesis.

The Inflationary Universe[4]

Successeandfailuresof the Hot Big Bangcosmology.The flatness, horizon and monopole problems.
Inflationaryexpansiorasa solution. Inflationarymodels Beforeinflation.

Structurein the Universe[1]

ObservedstructuresTheorigin andgrowth of structure.
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PHYS3C75: Principles and Practice of Electronics

Course Information

Prerequisites
Basicelectricityto level 2, e.g.PHYS1B26 or PHAS2201- ElectricityandMagnetism.

Aims of the Course

Theaimsof this courseareto:

» provideafamiliarity with the basiccomponent®f digital andanalogueelectroniccircuits in termsof
their characteristicgpurpose andsymbolic represention;

» explainthe functioningandpurposeof a widerangeof basicdigital andanaloguesircuits;

« introducethe basicdesignprinciplesrequiredto analysethe behaviourof digital andanaloguecircuits
andto obtainapproximate&eomponentalues;

« provide practical experienceof constructingelementarydigital and analoguecircuits both in real
hardwareandthroughcomputersimulation.

Objectives

After completingthis coursehe studenwill beableto:

e understandthe circuit conceptsof signal input and output, power supply and earth lines, and
amplification;

« describehefunctionandcircuit representationsf basicbinarylogic gates;

« combinelogic gatesto form morecomplexcombinationalogic circuits;

e analyseandoptimisecombinationallogic circuits using truth tables,Booleanalgebraand Karnaugh
maps;

« combinelogic gatesto form basicsequentialogic circuits— flip-flops, registeraandcounters;

« analysethe function of sequentiallogic circuits using state diagramsand the “change function”
method;

» understandthe conceptsof more advanceddigital circuits such as memory, analogueo-digital
converterscomputeiinterfacesanddatacommunicatiorhighways;

» describehe functionandcircuit representationsf basicdiscreteanalogueomponents;

« understandhe modeof operatiorof the junction transistorandbasictransistorcircuits;

« understandhe concept®of AC andDC coupling, gain, input andoutputimpedanceandbandwidth;

« understandhe principlesof negativefeedbackandthe virtual earth;

e use opeational amplifiers with seriesand parallel negativefeedbackto constructa rangeof basic
analogussignal processingircuits;

« calculatethe gain, bandwidth andinput andoutputimpedancesf circuits using negativefeedback;

« understandhe concepbf positive feedbackandcircuit instability;

» designsimple oscillatorcircuits;

» designbasicanalogueomputercircuitsto solveequations.

Methodology and Assessment

The course will consist of 10 lectures and 10 two-hour practical sessions supplementedwith
comprehensivaotes providing learning material and practice exercisesThe practicalsessionswill be
divided betweersimulatedcircuit constructionandevaluationusing computersoftware(Crocodile Clips)
andbench-togircuit developmenusing pre-fabricated plug-in boards Four assessegroblemsheetswill
be given, andtheseand other topics will be discussedn three hours of discussionclass. The course
assessmentill consistof an unseenwritten examination(90%) andthe threebestcourseworkprablem
sheetg10%).

Textbook
PeterH Beards- AnalogandDigital Electronics revised2nOI edition(PrenticeHall).
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Syllabus
(Theapproximateallocationof lecturego topicsis shownin bracketdbelow.)

Introduction to Basic Circuit Concepts|[1]

Circuit symbolsandcircuit diagramsgircuit analysis(dc); ohm’s law; Kirchhoff's1st & 2ndlaws; PSpice
and Crocodile Clips softwarepackagesgequivalentcircuits; Thevenin's theoremand voltage sources;
Norton’stheoremandcurrentsourcesjnput impedanceard output impedancepowersupplies;earth;the
potentialdivider; analogu& digital circuits.

Binary Logic [1]

Binary states;logical operationsandtheir symbolic representation- AND, OR, INV, NAND, NOR,
XOR; truth tables; specifying performanceusing dgebra; minimising logic functions; theoremsof
BooleanalgebraDe Morgan’stheoremusing Boolearalgebrausing Karnaughmapsfor minimisation.
Logic Applications|[1]

“Can’t Happenstates;pulsetrains andstatic hazards;)XOR logic on a K-map; using just one type of
logic NAND andNOR; the half adderandthe full adder;bits andbytes— addingbigger numbers;two’s
complementncoding- subtractionpinary codeddecimal;Gray codes;errordetectioncodes;encodingand
decoding.

SequentialLogic [1]

SRIlatch;SRflip flop; JK flip flop; masterslaveJK flip flop; T andD flip flops; ripple counters;decade
counterssynchronougountersthe “ChangeFunction” method.

RegistersMemory,and Analogueto Digital Converterg1]

Shift registers— parallelin parallelout & serialin serial out; memory; voltmeters;analogueto digital
convertersflash ADC; successiveapproximationADC; integrating ADCs; computersand interfaces;
RS232;|EEE488.

DiscreteAnalogueComponentd1]

Transducers- the needfor analogie circuits; devicesusedin analoguecircuits; the diode; simple circuits
using diodes;the Zenerdiode; the bipolar junction transistor;simple transistorcircuits; simple common
emittervoltageamplifier; improvedcommonemittervoltageamplifier.

Transistor Circuits & Introduction to Feedback|1]

Notation — signal currentand signal voltage; decibels; coupling a multi-stage transistor circuit; AC
coupledtransistoramplifier; single pole RC high-passfilter; a typical AC coupled transistor circuit;
introductionto negativefeedback;the commoncollectorcircuit andthe powervoltage stabiliser; current
feedback.

Operational Amplifiers and NegativeFeedback1]

Mathematicakreatmentof feedback;input andoutput impedancewith negativefeedback;the opeational
amplifier; negativefeedbackconfigurationsusing op amps; non-invertinghigh-input resistancempilifier;
parallel-voltagenegative feedback— the virtual earth; the voltage difference amplifier; the inverting
integratorthe inverting differentiator;the inverting analoguesum/ mixer; the inverting rectifier.

High FrequencyBehaviour, PositiveFeedbackand Oscillators[1]

More on RC filters; bandwidth;instability with NFB; the multivibrator; the sine wave oscillator; the
“phaseshift” oscillator

AnalogueComputerCircuits [1]

Using an op ampto solve an equationyrealisingthe termsof equationsa simple example— first order
linear differential equation;more complicated example— the driven dampedoscillator; the analogue
multiplier.
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