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(541) Advanced Classical Mechanics
3 Cr. Hr. (3 contact hr.)

dadiia LGudlS 1853800 (0 €1): ) jiall and

(‘5‘)23 \‘) ddaiza Gida g ¥

The course and aims:
This course is the extension of two
previous courses. This course aims to:
e Knowing elementary principles and
variational principles.
e Understanding the two-body central
force.
e Applying the equations of the motion
for rigid body in different situations.
e Distinguishing between equations of
the motion for the rigid body.
e Understanding the motion of the

simple oscillations.
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Topics ARG
Survey of The Elementary Principles donlal) salsal) daa) ya
e Mechanics of a particle. el KiilSe @
e Mechanics of a system of particles. Slapuall e de sene KiilSia o
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D'Alembert's principle and Lagrange's
equations.

Velocity-dependent potentials and the
dissipation function.

Simple applications of the Lagrangian

formulation.
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Variational Principles and Lagrange's
Equations

Hamilton's principle.

Some techniques of the calculus of

variations.

Derivation of Lagrange's equations

from Hamilton's principle.

Extension of Hamilton's principle to

nonholnomic systems.

Advantages of variational principle

formulation.

Conservation theorems and symmetry

properties.
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The Two-Body Central Force Problem

e Reduction to the equivalent one-body

problem.

e The equations of motion and first
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integrals.

e The equivalent one-dimensional
problem, and classification of orbits.

e The virial theorem.

e The differential equation for the orbit,
and integrable power-law potentials.

e Conditions for closed orbits.

e The Kepler problem: Inverse square

law of force.

e The motion in time in the Kepler

problem.
e The Laplace-Runge-Lenz vector.
e Scattering in a central force field.
e Transformation of the scattering

problem to laboratory coordinates.
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The Kinematics of Rigid Body Motion

e The independent coordinates of a
rigid body.

e Orthogonal transformations.

e Formal properties of the
transformation matrix.

e The Euler angles.

e The Cayley-Klein parameters and
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related quantities.

Euler's theorem on the motion of a
rigid body.

Finite rotations.

Infinitesimal rotations.

Rate of change of a vector.

The Coriolis force.
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The Rigid Body Equations of Motion

Angular momentum and Kinetic
energy of motion about a point.
Tensors and dyadics.

The inertia tensor and the moment of
inertia.

The eigenvalues of the inertia tensor
and the principal axis transformation.
Methods

problems and the Euler equations of

of solving rigid body
motion.

Torque-free motion of a rigid body.
The heavy symmetrical top with one
point fixed.

Precession of the equinoxes and of

satellite orbits.
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Precession of systems of charges in a

magnetic field.

lata

Small Oscillations
Formulation of the problem.
The eigenvalue equation and the
principal axis transformation.
Frequencies of free vibration, and
normal coordinates.
Free vibrations of a linear triatomic
molecule.
Forced vibrations and the effect of

dissipative forces.

B ysuall el dydil)
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The Hamilton Equations of Motion

Legendre transformations and the
Hamilton equations of motion.

Cyclic coordinates and conservation
theorems.

Routh's procedure and oscillations
about steady motion.

The Hamiltonian formulation of
relativistic mechanics.

Derivation of Hamilton's equations

from a variational principle.
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e The principle of least action.
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(542) Advanced Quantum Mechanics
4 Cr. Hr. (4 contact hr.)
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(s €) Baalina Glaag ¢

The Course and aims:
This course is an advanced course of
guantum mechanics which can serve
many applications in physics. It aims
to:

e Understandin collision theory.

43\ g il
G aalie ) jde oo B ke Rl 1
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e Distinguishing between matrix A Sl
formulation and symmetry of | 4k 8 4 yall Gkl o il e
quantum mechanics. adbaill

e Comparison between approximation | dslaidl Glawad) Qlldall oy o
methods in collision theory. Joddl g

e Knowing identical particles and spin Aol Vol G Qllall e e

e Distinguishing between relativistic A sall
wave equations.

Topics ARG
Collision Theory adlail) 4 s

e One dimensional square potential well.

e Collision in three dimensions.
e Scattering by spherically symmetric
potentials.

e Scattering by a complex potential.
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e Scattering by a Coulomb potential.

Matrix Formulation of Quantum
Mechancs
e Matrix algebra.
e Transformation theory.
e Equations of motion.

e Matrix theory of harmonic oscillator.

A< LSl 2 ghacaall D
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Symmetry in Quantum Mechanics
e Space and time displacements.
e Rotation, angular momentum and
unitary groups.

e Combination of angular momentum

asll xS 8 Jilall)
O 5 e ) sl )
s ol Sy ol )sal
.'B.J;)S\ e ganag
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state and Tensor operators. Biaal) 4 S]]

e Space inversion and time reversal. Ol i g e S S

e Dynamical symmetry. Soall Jikal)
Approximation Methods for Bound Bbal) iy ghewall Ay A0 (3§ shal)

States WKB «u i

The WKB approximation.

e Methods for time dependent problems.

el e aaiai Al Bl 3,k

Approximation Methods in Collision
Theory
e The scattering matrix.

e Stationary collision theory.
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Approximation calculations.
Born approximation.
Validity of the Born approximation.

Scattering from two potentials.

D5 G a
O i daa
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Identical Particles and Spin
Identical particles.
Spin angular momentum.

Density operator and density matrix.

J jheall g dB3Uaial) cilaguaal)
AgUatial) Sl

(Al 55 ) el dpas
AU 48 gdina g AAEST) figa

Relativistic Wave Equations
Schrodinger relativistic equations.
Dirac's relativistic equation.

Dirac's equation for a central field.
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(543) Advanced Mathematical Methods
3 Cr. Hr. (3 contact hr.)
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The Course and aims:
This course is the extension of three
previous courses. The aims of this
course are:

e Understanding group theory.

e Knowing different fields of group

theory and its physical applications.

e Understanding Tensor analysis.

e Solving integral equations.

e Understanding principals of calculus

of variations.
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Topics

Group Theory
e Introduction to group theory.
e Discrete groups.
e Continuous groups.
e Generators.
e SU(2), SU(3), and nuclear particles.

e Homogeneous Lorentz Group.
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Tensor Analysis

e |ntroduction and definitions.
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Contraction and direct products.
Quotient rule.

Pseudotensors and dual tensors
Dyadic.

Theory of elasticity.

Lorentz covariance of Maxwell's

equations.

Bopaitall g bl sl Jaal sa
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Integral Equations

Introduction.

Integral  transforms, generating
functions.
Neumann series, separable

(degenerate) kernels.
Hilbert-Schmidt theory.

Green's function- one dimension.
Green's function- two and three

dimensions.

L) ¥ alaall
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Calculus of Variations
One dependent and one independen
variable.
Applications of the Euler equation.
several

Generalizations, dependent

variables.
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Several independent variables.

More than one dependent, more than
one independent variable.

Lagrangian multipliers.

Variations subject to constraints.

Rayleigh-Ritz variational technique.
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(544) Electrodynamics
4 Cr. Hr. (4 contact hr.)
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The course and aims:

In Electrodynamics the electromagnetic
advanced
the

theory is treated with

methods as compared to

undergraduate course. The course aims

to:

e Knowing applications of
mathematical physics.

e Applying methods of mathematical
physics in solving boundary value
problems in electrostatics.

e Understanding  simple  classical
models for atomic polarizability.

e Deriving macroscopic equations.

e Distinguishing between methods of
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Introduction to Electrostatics
Coulomb's law.
Electric field.
Gauss's law.
Differential form of Gauss's law.
Another equation of electrostatics and
the scalar potential.
Surface distributions of charges and
dipoles and discontinuity in the
electric field and potential.
Poisson and Laplace equations.
Green's theorem.

Uniqueness of the solution with

Dirichlet or Neumann boundary
conditions.
Formal solution of electrostatic

boundary-value problem with Green
function.
Electrostatic potential energy and

energy density, capacitance.
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Boundary-Value Problems in
Electrostatics: |

Methods of images.
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Point charge in the presence of
grounded conducting sphere.

Point charge in the presence of a
charged, insulated, conducting sphere.
Point charge in the presence of a
sphere at fixed potential.

Conducting sphere in a uniform
electric field by the method of images.
Green function for the sphere, general
solution for the potential.

Conducting sphere with hemispheres
at different potentials.

Orthogonal functions and expansions.
Separation of variables, Laplace
equation in rectangular coordinates.

A two-dimensional potential problem,
summation of a Fourier series.

Fields and charge densities in two-

dimensional corners and along edges.
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Boundary-Value Problems in
Electrostatics: |1
Laplace in

equation spherical

coordinates.
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Legendre equation and Legendre
polynomials.

Boundary-value  problems  with
azimuthal symmetry.

Associated Legendre functions and
the spherical harmonics.

Addition theorem for spherical
harmonics.

Laplace equation in cylindrical

coordinates, Bessel functions.

sl il 4aall el Jile @

A Sl i) Gl ARLay) Ayl e
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Boundary-Value Problems in
Cylindrical Coordinates

Expansion of Green functions in
spherical coordinates.
Solution of potential problems with
spherical Green function expansion.
Expansion of Green functions in
cylindrical coordinates.
Eigenfunction expansions for Green

functions.
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Multipoles, Electrostatics of
Macroscopic Media, Dielectrics

Multipole expansion.
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Multipole expansion of the energy of
a charged distribution in an external
field.

Elementary treatment of electrostatics

with ponderable media.
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Boundary-value  problems  with | {aladdly, ol Glasiul e
dielectrics. A sl
Molecular polarizability and electric | ltusl 3 Sl <l dEl) o
susceptibility. A s
Electrostatic energy in dielectric

media.

Magentostatics ALY dpunlalia o)
Introduction and definitions. Dl g2l daria @
Biot and Savart law. RUI I IVPRCIPNVIRN i I
The  differential  equation  of | Awwhliaadl  Alala@l Al e

magnetostatics and Ampere's law.
Vector potential.

Vector potential and magnetic
induction for a circular current loop.
Magnetic field of a localized current
distribution, magnetic moment.

Fore and torque on and energy of a

localized current.
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e Distribution in an external magnetic

induction.
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(545) Statistical Mechanics
3 Cr. Hr. (3 contact hr.)
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The course and aims:

This course is the extension of a

previous course in the undergraduate

level. The course aims to:

e Knowing groug of ensembles and
fluctuations.

e Knowing the applications in
Boltzman, Fermi-Dirac and Bose-
Einstein statistics.

e Distinguishing between ideal
monatomic and diatomic gas.

e Applying classical statistical
mechanics equations.

e Understanding principals of chemical

equilibrium.
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Topics

Gl ydall

The Canonical Ensemble
e Ensemble averages.
e Method of the most probable
distribution.

e The evaluation of the undermined
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multiplies, o and .

Thermodynamics connection.

lata

Other Ensembles and Fluctuations
Grand canonical ensemble.
Other ensembles.

Fluctuations.
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Boltzmann Statistics, Fermi-Dirac

Statistics, and Bose-Einstein Statistics

The special case of Boltzmann
statistics.
Fermi-Dirac  and  Bose-Einstein

statistics.
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Ideal Monatomic Gas
The translational partition function.
The electronic and nuclear partition
functions.
Thermodynamic functions.
A Digression on atomic term

symbols.
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Ideal Diatomic Gas
The rigid rotor-harmonic oscillator
approximation.

The vibrational partition function.
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The rotational partition function of a
heteronuclear diatomic molecule.

The symmetry requirement of the
total wave function of a homonuclear
diatomic molecule.

The rotational partition function of a
homonuclear diatomic molecule.

Thermodynamic functions.
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Classical Statistical Mechancis
The classical partition function.
Phase space and the Liouville
equation.

Equipartition of energy.

dnilaay) LISl Kl al)
R U PR (U
(b ol Aolaa 5 48 jall g Sl Jilas)
6 sl ot 3l

Ideal Polyatomic Gas
The vibrational partition function.
The rotational partition function.
Thermodynamic functions.

Hindered rotation.
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Chemical Equilibrium
The equilibrium constant in terms of
partition functions.
the calculation of

Examples of

equilibrium constants.
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Thermodynamic tables.

A weakly degenerate ideal Fermi-
Dirac gas.

A strongly degenerate ideal Fermi-
Dirac gas.

A weakly degenerate ideal Bose-
Einstein gas.

A strongly degenerate ideal Bose-
Einstein gas.

An ideal gas of photons (Blackbody
Radiation).

The density matrix.

The classical limit from the quantum

mechanical expression for Q.
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(546) Computational Physics
3 Cr. Hr. (3 contact hr.)
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The course and aims:

The aims of this course are:

Knowing a general idea of numerical
computing.  Knowing  computer
programittg in FORTRAN.

Appling some computational
programs  which  have several
applications in physics.
Understanding special functions and
improved random number routines.
Ability to use fast Fourier transform
(FFT) for real data in tow and three
dimensions.

Ability to apply spectral analysis on
unevenly sampled data.

Ability to apply modeling of data.
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Topics

Gl ydall

Preliminaries
Introduction.
Program organization and control

structures.
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Error, accuracy, and stability.

Integration of Functions
Introduction.
Classical formulas for equally spaced
abscissas.
Elementary algorithms.
Romberg integration.
Improper integrals.
Gaussian quadratures and orthogonal
polynomials.

Multidimensional integrals.
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Evaluation of Functions
Introduction.
Series and their convergence.
Evaluation of continued fractions.
Polynomials and rational functions.
Complex arithmetic.
Recurrence relations and Clenshaw's
recurrence formula.
Quadratic and cubic equations.
Numerical derivatives.

Chebyshev approximation.

Derivatives or integrals of a
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Chebyshev-approximated function.

Polynomial  approximation  from
Chebyshev coefficients.
Economization of power series.

Pade approximants.

Rational Chebyshev approximation.
Evaluation of functions by path

integration.
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Special Functions
Introduction.
Gamma function, beta function,
factorials, binomial coefficients.

Incomplete gamma function, error

function, Chi-Square probability
function, cumulative Poisson
function.

Exponential integrals.

Incomplete beta function, student's
distributiono F-distribution.

Bessel functions of integer order.

Modified Bessel functions of integer

order.

Spherical harmonics.
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Dawson's integrals. Auailil)
Elliptic integrals and Jacobian elliptic
functions.

Random Numbers A gudad) Sas Y
Introduction. Aadia
Uniform deviates. kil Cal )
Transformation method: exponential | 4wy clal V) (D el 44 )k
and normal deviates. Al
Rejection method: gamma, Poisson, | «kls <l sl cladul) 44 )k

binomial deviates. Generation of
random bits.

Random sequences based on data
encryption.

Simple Monte Carlo integration.
Adaptive and recursive Monte Carlo

methods.
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Fourier and Spectral Applications
Introduction.

Convolution and deconvolution using
the FFT.

Correlation and autocorrelation using
the FFT.

Optimal filtering with the FFT.
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Power spectrum estimation using the
FFT.

Digital filtering in the time domain.
Linear-prediction and linear
predictive coding.

Spectral analysis of unevenly sampled
data.

Computing Fourier integrals using the
FFT.

Wavelet transforms.

Numerical use of the sampling

theorem.
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Modeling of Data
Introduction.
Least squares as a maximum
likelihood estimator.
Straight-line data with errors in both
coordinates.
General linear least squares.
Nonlinear models.
Confidence limits on estimated model
parameters.

Robust estimation.
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(601) Selected Topics (1)
2 Cr. Hr. (2 contact hr.)
Pre-requisite: Pass the master courses

with a grade very good.
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The course and aims:
It is a special course which contains
selected topics according to the nature

of the research project.
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(602) Selected Topics (2)
2 Cr. Hr. (2 contact hr.)
Pre-requisite: (601)
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The course and aims:

It is a special course which contains

selected topics according to the nature

of the research project.
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