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

dadiia Aol 143850 (541): kel and

(s 3) Badina a3

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.

24818 g 5 iall
A 4SSl cLall (A Rl 1
138 (83 g Lagial )a (Baw (py yaal 2l

it Sl Ll

adgy sl e bl ol e
Ol i) 3acld g

Gp o ASodl sl el Nk e

aval A Al Vol )l 3y e
Adlide (2 5o b il

lia aval A< jall E¥alae G s @
Bopall AL IS ja agds @

Topics <l _ial)
Survey of The Elementary Principles daulia) 52kl d2a) 4a
e Mechanics of a particle. JPOEN | LN (PR
e Mechanics of a system of particles. Slaguall (e de sena SulSe @
e Constraints. (Bsll) L gl o
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e D'Alembert’s principle and Lagrange's Y OVl Gpaalalae o
equations. Aogie pull o adiad Al ageall o
o Velocity-dependent potentials and the LBl
dissipation function. Y Laa o Aol il o
o Simple applications of the Lagrangian
formulation.
Variational Principles and Lagrange's oY c¥alaa g padll (gl
Equations Osilula o @
e Hamilton's principle. el Jal&i 3kl (aey @
e Some techniques of the calculus of lase e il aY C¥alee L o
variations. O siliala
e Derivation of Lagrange's equations Baia el alill o gilials e e @
from Hamilton's principle. o) s Aapa G jee @
e Extension of Hamilton's principle to Al al A g daaal) il iy o

nonholnomic systems.
e Advantages of variational principle

formulation.

e Conservation theorems and symmetry

properties.

The Two-Body Central Force Problem Oasaad 338 jall 5 g8l Allwa

e Reduction to the equivalent one-body| amal dslSal Al N Laia¥) o
problem. Aal g

e The equations of motion and first AN Sl 5 A8 jall ¥ alas @
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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.

) Hladl)

b &yl

Gl sea g Hlaall dalusalatl) Aaleall
LelalS5 (g (1 Al

Adleall il laall b g 4l

3l ) gl 5 1 IS Als
S s b e 3l 338l

O - s — LY Aaia

S a8 e 3 il
aldlaay) A cusll Al Josas
Alaxdll

o

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

(ol el AS Al Liua g
ol anal Bl LAY
303 gaall O yadl
gl 36 add Byl A1)
Dbl bl
il el S LS ilaal
REX
FEVIE NPIVES 48 sl )&‘Ji ks
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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.

.SJJAAA” a..u\‘)}ﬂ\ Z\S)Aj\

roall daalite 4 sal) Gl jal)

4aaia wd.lu
A

ol ) S34

The Rigid Body Equations of Motion

Angular momentum and Kkinetic
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.

(smila acsa] AS ) Y dlaa
A all dilh, ol & adll A
Adadi J s
Ll ¢ 3ataal) clueS)
Dl ades A sxiedl 2
Al
L9 sviedl AueSU sua gl gl
b)) saall Jysaig
ol Jille da 3Lk
b Y AS all c¥alaa g
aal z)53¥) adal s all A8 Al
Lsmla
A Al ALED L) L)
G ylaay JliedM A jaall A4S Al
seliall il
Je b il 3 el 2S5l i

]
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Precession of systems of charges in a

magnetic field.

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_yuall el duail)
Al Aapa
osaall dasads samgll dasll dlalxs
comsbaY!

a5 5all el 3 Y culas 3

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.

Al
Sl A s al 3 oall <l )l i)
.ol Hall
sl iy Al )
Axadll
as Al ¢ siliald e alaa
Osilela CValeay il GOl sal
Sl

S deo abdilly gy A8k
Al Kl () siladls Aspa

e e Osilala cValea lELE
il

I Jadll 328
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e The principle of least action.

References

gl )
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Moore, John Wiley& Sons, 1983.

3- Classical Mechanics, By: E. Desloge,

John Wiley & Sons, 1982.
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(542) Advanced Quantum Mechanics
4 Cr. Hr. (4 contact hr.)

dadiia agl) iS00 (542) 1 kal) ansd
(s 4) Badina Clan g 4

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.

e Distinguishing  between  matrix
formulation and symmetry of
guantum mechanics.

e Comparison between approximation
methods in collision theory.

e Knowing identical particles and spin

e Distinguishing between relativistic

wave equations.

4810 9 5 _kall
P e ) yie (o Bole ) Rall I
LRSI P T PR PPN | LN N
b b ) el 1 gy s ey )

i1 &y 15 Ul agdy

FANIALSHAN

gyl o A 1 G5k (5 el
il

ddaidl Glawall Qldall o yay
oAl

Aol AValeddl g Qllall aa

asal

Topics

&l ydal)

Collision Theory

e One dimensional square potential well.

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

e Scattering by a complex potential.

Al gz 93 a je e
e 2336 8 anladl
:\A.JJS:\JS\.AEA J}@A...IBJLLL»Y\
c_\S)A AVENE) BJLE.L.»Y\

P P VEE RIS
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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.

FCRTRE LR E R
RUIE PLIGCIN| VRN

3 patl 4k

AS all Yalza

ol 5 a5l 48 il &yl

Symmetry in Quantum Mechanics
e Space and time displacements.
e Rotation, angular momentum and
unitary groups.

e Combination of angular momentum

A< S 3 Ll
O g el sl )
sl dadll sy ol)sal
Baa gl Aile ganagg

e Sigas sl M @t deS dlla Lala

state and Tensor operators. Blaall 4080

e Space inversion and time reversal. Sl BB g e 3 Se

e Dynamical symmetry. Soal ikl
Approximation Methods for Bound paial) il giwall Ay &SN 3 yhall

States WKB «u &

The WKB approximation.

e Methods for time dependent problems.

el e et il Jilsall 3k

Approximation Methods in Collision
Theory
e The scattering matrix.

e Stationary collision theory.

edbaﬂ\;\,,\ﬂué:\:\,\d)ﬂ\ (k)
il 48 gduaa
L) aalianl) 4y ylas
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Approximation calculations. NUBTTB I
Born approximation. OoRcu iidaa o
Validity of the Born approximation. Ol (e il e

Scattering from two potentials.

Identical Particles and Spin Jeall g AfUatall classad)
Identical particles. Al Glaall o
Spin angular momentum. el Gl Al 48 0
Density operator and density matrix. ALK 48 e g UK Jise @

Relativistic Wave Equations da gall dpuadl) N ALzl
Schrodinger relativistic equations. ot ea pdl dpudl) Y alzal) @
Dirac's relativistic equation. ol il Gzl o
Dirac's equation for a central field. S e daddl jpndlias o

References el Al

1- Quantum Mechanics, By: L. Schiff,
McGraw-Hill Publishers, 1968.

2- Quantum  Mechanics, By; A.
Missiah, North Holland Publishers,
1961.

3- Quantum Mechanics, By: C. Cohen-
Tannoudji, John Wiley & Sons Inc.,
1977.
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(543) Advanced Mathematical Methods
3 Cr. Hr. (3 contact hr.)

Aaxia 4y 55 3k (543) 18l o

(s 3) Badina a3

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.

sadlaa) g Ral)
Axial g LRI GO A R 13
g A B Zl . Sy AR
us gyl Als e B Lew
() Rl 138 Caagy

e ganall &y i LAY o

Al 5l Lgilapdai
Blaall e Sl
Akl aaladl da

A paiall JalSS (oalae agd

Topics <a_ial)
Group Theory e ganall 4y a8
e Introduction to group theory. e sandl 4y jlail dania
e Discrete groups. Alasid) Ale gandll
e Continuous groups. B aball e ganall

e Generators.
e SU(2), SU(3), and nuclear particles.

e Homogeneous Lorentz Group.

Al gall

A5l Glasall 5 SU(3) «<SU(2)

Tensor Analysis

e Introduction and definitions.

Baiaal) Aasl] Judas
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Contraction and direct products.
Quotient rule.

Pseudotensors and dual tensors

B)@AA\)J&M\&JM\J&\P
Al CJB 3ac|d
A 5 A 30 siea) LS

Dyadic. G i it RPN
Theory of elasticity. Ve g et g dig pall Ay ylay e
Lorentz covariance of Maxwell's JrsusSla
equations.

Integral Equations dalalsil) ey alaal)
Introduction. iedia @

Integral  transforms, generating
functions.
Neumann series, separable

(degenerate) kernels.
Hilbert-Schmidt theory.

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

dimensions.

3 gl J) sl g ALalSll i gl
ALY 5 Allaiall 415 Jlay s Aluiduiia
Jazadll

el — Gl 4 ks

Aal g2 o Al

Alad )y (a3m 8 Csn Al

Calculus of Variations
One dependent and one independen
variable.
Applications of the Euler equation.
several

Generalizations, dependent

variables.

&) pariall Jals
.@u ... - j !ﬂ.- ¥ .
b o Aalae iyl
Bude Al Gl piria g Gilasand
Buae Aletie G yeie
Ge Sy aaly JEiue pie (e K
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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.

Al @U i
oY Qlacliaa

L il G jra i
s Sl il 4

References
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Mathematical Methods for Physics,
By: M. Boas, John Wiley & Sons,
Inc., 1966.

Mathematical Physics, By: Butkov,
Addison — Wesley, 1968.
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(544) Electrodynamics
4 Cr. Hr. (4 contact hr.)

\S1alia g <Y (544) 21,8400 andd
(s 4) Badina Clan g 4

The course and aims:
In Electrodynamics the electromagnetic
advanced

theory is treated with

methods as compared to the
undergraduate course. The course aims
to:
Knowing applications of
mathematical physics.
Applying methods of mathematical
physics in solving boundary value
problems in electrostatics.
Understanding  simple  classical
models for atomic polarizability.
Deriving macroscopic equations.

Distinguishing between methods of
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boundary  value  problems in | LSl AN Gal &l GlUall el o
magnetostatics electromagnetism. Agnlaling 5 5eS) 5 LSS0
Understanding symmetry properties
of mechanical and electromagnetic
guantities.

Topics < _ial)
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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: 11
Laplace equation in  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.

s S clad) il g Aa el ey s 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.
Boundary-value  problems  with
dielectrics.

Molecular polarizability and electric
susceptibility.
Electrostatic energy in dielectric

media.
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Magentostatics
Introduction and definitions.
Biot and Savart law.
The  differential

magnetostatics and Ampere's law.

equation  of

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.)

Anilan) 1l (545) 2 dal) and
(s 3) Badina a3

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.

4810 9 5 _kall
Jiia g dilas) Kol e o
A yo (8 450l 3y L) 5 B i
ool 1 A (Sl (e SIS
138 Cargy Cus daadia Ciladlea g Silal o
oble 5 il

A0 asd 5 Jaily ililas)

) - s

LAl aa sy JUd Sl G il e
oAl Al

LD KKl aYalee Guki e
Adlaayl

(el G5V (sale agd @

Topics
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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 f.

Thermodynamics connection.

Other Ensembles and Fluctuations
Grand canonical ensemble.
Other ensembles.

Fluctuations.

ngﬁﬂbg)i‘ﬂeﬁﬂ\asw
B S A 58 aliS Ao ganna
LA alii de gana
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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.
atomic  term

A Digression on

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.
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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.
Examples of the calculation 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.)

Al £l b (546) 18 and
(s 3) Badina a3

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

<l ydal)

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

Jgall clilba
Aadia
L )Es g O LLLual)
3 innal) 5 Sl B (s
Aaslaidll Jgall g 2 gaad) aaetia
Al el
il dauay dageadl Gl
53 glzall

Al g Ay yill Y alzal)
Aoaaal) lElEisy)

Cudnd Al ol calas

95

lain



syl 3 e\l t»\.gd iyl idad | 4 é."JA

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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Ay ALl 8 sl
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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. Aol
Elliptic integrals and Jacobian elliptic
functions.

Random Numbers A gudiad) A)asy)
Introduction. Aadie
Uniform deviates. kil Cal )
Transformation method: exponential | 4w ) jasy) (ol saill 43 5k
and normal deviates. Alall
Rejection method: gamma, Poisson, | Wl Gl ail  alain¥) 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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