iZMiR INSTITUTE OF TECHNOLOGY

GRADUATE SCHOOL OF ENGINEERING AND SCIENCES
DEPARTMENT OF PHYSICS

CURRICULUM OF THE Ph.D. PROGRAM IN PHYSICS
(FOR STUDENTS ENTERING WITH A BS DEGREE)

Core Courses

PHYS 501
PHYS 503
PHYS 504
PHYS 505
PHYS 506
PHYS 507
PHYS 508
PHYS 592
PHYS 599
PHY'S 600
PHYS 8XX

Mathematical Methods of Physics I
Analytical Mechanics

Statistical Mechanics
Electromagnetic Theory I
Electromagnetic Theory 11
Quantum Mechanics I

Quantum Mechanics I1

Graduate Seminar IT*

Scientific Research Methods and Ethics
Ph.D. Thesis

Special Studies

ECTS
223 7
223 8
223 7
223 9
223 9
223 9
223 9
(0-2)NC 7
(0-2)NC 8
(0-1)NC 2

(8-0)NC 4

*All PhD students must register Graduate Seminar II course until the beginning of their 6" semester.

Total credit (min.)

Elective Courses

PHYS 502
PHYS 511
PHYS 512
PHYS 513
PHYS 514
PHYS 515
PHYS 516
PHYS 517
PHYS 518
PHYS 519
PHYS 520
PHYS 521
PHYS 522
PHYS 525
PHYS 530
PHYS 531
PHYS 532
PHYS 540
PHYS 541
PHYS 542
PHYS 551
PHYS 552

Mathematical Methods of Physics II
Condensed Matter Physics |
Condensed Matter Physics 11
Physics of Semiconductors

Physics of Semiconducting Devices
Introduction to Superconductivity
Superconducting Electronics I
Superconducting Electronics II
Thin Film Technology

Surface Analysis Techniques
Applications of Nanotechnology
Low Temperature Physics
Advanced Experimental Methods
Atomic and Molecular Spectra
Quantum Optics

Photonic Structures

Applied Quantum Optics

Quantum Field Theory of Solids
Quantum Theory of Many-Particle Systems I
Quantum Theory of Many-Particle Systems II
Particle Physics 1

Particle Physics II

: 42 (for students with B.S. degree)
Number of courses with credit (min.): 14 (for students with B.S. degree)

ECTS

oe]

(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3 8
(3-0)3
(3-0)3
(3-0)3 8
(3-0)3 8
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Pre. PHYS 511

& Pre. PHYS 504-508
8 Pre. PHYS 541

Pre. PHYS 551 or
Consent of the Instructor



PHYS 555  Quantum Field Theory I (3-0)3 8 Pre. PHYS 505-507 or
Consent of the Instructor

PHYS 556  Quantum Field Theory II (3-0)3 8 Pre. PHYS 555
PHYS 557  Quantum Field Theory III (3-0)3 8 Pre. PHYS 556
PHYS 559  Symmetries in Particle Physics (3-003 8

PHYS 560  Group Theory for High Energy Physics (3-0)3 8

PHYS 561 Fundamentals of the Standard Model of Particle Physics  (3-0)3 8

PHYS 562  Supersymmetry [ (3-0)3 7 Pre. PHYS 555
PHYS 563 Supersymmetry 1I (3-0)3 7 Pre. PHYS 562
PHYS 570  General Relativity (3-0)3 8

PHYS 575  Astrophysics I (3-0)3 8

PHYS 576  Astrophysics II (3-0)3 7

PHYS 577  Galaxies and Cosmolgy (3-0)3 8

PHYS 578  Structure and Evolution of Star (3-0)3 8

PHYS 585  Atmospheric Physics (3-003 8

PHYS 586  Atmospheric Radiaion (3-0)3 8

PHYS 587  Climate Modeling (3-0)3 8

PHYS 588  Cloud Physics (3-0)3 8

PHYS 590  Special Topics in Physics (3-0)3 7

Doctoral Qualifying Examination:

Every student registered to [YTE PhD Program in Physics has to take this exam which consists of the core
courses in the graduate program. The general admission requirements stated under the Regulations Governing
Graduate Education at [YTE are valid.



iZMIiR YUKSEK TEKNOLOJIi ENSTIiTUSU
MUHENDISLIK VE FEN BIiLIMLERI ENSTITUSU
FiZiK ANABILIM DALI

FiZiK DOKTORA PROGRAMINA AiT EGiTiM PLAN
(LiSANS DERECESI iLE GELEN OGRENCILER iCiN)

Zorunlu Dersler

PHYS 501
PHYS 503
PHYS 504
PHYS 505
PHYS 506
PHYS 507
PHYS 508
PHYS 592
PHYS 599
PHY'S 600
PHYS 8XX

Fizikte Matematiksel Yontemler I
Analitik Mekanik

Istatistik Mekanik
Elektromanyetik Teori I
Electromanyetik Teori I1
Kuantum Mekanigi 1

Kuantum Mekanigi I1

Lisansiistii Seminer II*

Bilimsel Arastirma Yontemleri ve Etigi
Doktora Tezi

Uzmanlik Alan1 Caligsmalari

AKTS

|

(2-2)3
(2-2)3
(2-2)3
(2-2)3
(2-2)3
(2-2)3
(2-2)3
(0-2) Kredisiz
(0-2) Kredisiz
(0-1) Kredisiz
(8-0) Kredisiz
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*Biitiin Doktora 6grencileri, Lisansiistii Seminer II dersini ilk 6 yar1yil igerisinde almak zorundadir.

Toplam Kredi (en az)
Kredili Ders Sayisi (en az)

Secmeli Dersler

PHYS 502
PHYS 511
PHYS 512
PHYS 513
PHYS 514
PHYS 515
PHYS 516
PHYS 517
PHYS 518
PHYS 519
PHYS 520
PHYS 521
PHYS 522
PHYS 525
PHYS 530
PHYS 531
PHYS 532
PHYS 540
PHYS 541
PHYS 542
PHYS 551
PHYS 552

Fizikte Matematiksel Yontemler 11
Yogun Madde Fizigi |

Yogun Madde Fizigi II

Yari Iletkenler Fizigi

Yariletken Aygit Fizigi
Ustiiniletkenlige Giris
Ustiiniletken Elektronigi I
Ustiiniletken Elektronigi II

Ince Film Teknolojisi

Yiizey Analiz Teknikleri
Nanoteknoloji Uygulamalari
Disiik Sicakliklar Fizigi

[leri Deneysel Yéntemler

Atomik ve Molekiiler Spektrumlar
Kuantum Optigi

Fotonik Yapilar

Uygulamali Kuantum Optigi
Katilarin Kuantum Alan Teorisi

Cok Tanecikli Sistemlerin Kuantum Teorisi [
Cok Tanecikli Sistemlerin Kuantum Teorisi 11

Pargacik Fizigi |
Parcacik Fizigi 11

:42 (Lisans derecesine sahip 6grenciler igin)
:14 (Lisans derecesine sahip 6grenciler igin)

>
=
-
75

(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3
(3-0)3 8 OK. PHYS 504-508
(3-0)3 8 OK.PHYS 541
(3-003 8
(3-0)3 8 OK.PHYS 551 veya
Ogretim iiyesinin onay1

OK. PHYS 511
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PHYS 555  Kuantum Alan Teorisi | (3-0)3 8 OK.PHYS 505-507 veya
Ogretim iiyesinin onay1

PHYS 556  Kuantum Alan Teorisi II (3-0)3 8 OK.PHYS 555
PHYS 557  Kuantum Alan Teorisi III (3-0)3 8 OK.PHYS 556
PHYS 559  Parcacik Fiziginde Simetriler (3-003 8

PHYS 560  Yiiksek Enerji Fizigi i¢in Grup Teorisi (3-0)03 8

PHYS 561 Parcacik Fizigi Standart Modelinin Temelleri (3-0)3 8

PHYS 562  Siipersimetri I (3-0)3 7 OK.PHYS 555
PHYS 563 Stipersimetri 11 (3-0)3 7 OK.PHYS 562
PHYS 570  Genel Gorelilik (3-003 8

PHYS 575  Astrofizik | (3-003 8

PHYS 576  Astrofizik 11 3-003 7

PHYS 577  Galaksiler ve Kozmoloji 3-003 8

PHYS 578  Yildiz Yap1 ve Evrim 3-003 8

PHYS 585  Atmosfer Fizigi (3-0)03 8

PHYS 586  Atmosferik Isima (3-0)3 8

PHYS 587  iklimin Modellenmesi (3-0)3 8

PHYS 588  Bulut Fizigi 3-003 8

PHYS 590  Ozel Fizik konulari (3-003 7

Doktora Yeterlilik Sinavi:

IYTE Fizik Doktora Programi’na kayitl bir ogrenci Yiksek Lisans ve Doktora zorunlu dersleri kapsamindaki
konulardan Yeterlilik Sinavi’na girer. Bu konuda ['YTE Lisansiistii Egitim-Ogretim Yonetmeligi’ndeki hususlar
gecerlidir.



iZMiR INSTITUTE OF TECHNOLOGY

GRADUATE SCHOOL OF ENGINEERING AND SCIENCES
DEPARTMENT OF PHYSICS

CURRICULUM OF THE Ph.D. PROGRAM IN PHYSICS

COURSE DESCRIPTIONS

PHYS 501 Mathematical Methods of Physics 1 (2-2)3 ECTS 7
Mathematical techniques as applied to the equations of theoretical physics. Linear vector spaces. Calculus
of variations. Sturm-Lioville problem.

PHYS 502 Mathematical Methods of Physics 11 (3-0)3 ECTS 8
Green’s function. Integral transforms. Integral equations

PHYS 503  Analytical Mechanics (2-2)3 ECTS 8
Review of Newtonian dynamics and kinematics, Lagrangian dynamics, small oscillations, Hamiltonian
dynamics, canonical transformations, mechanics of continuous systems.

PHYS 504 Statistical Mechanics (2-2)3 ECTS 7

Laws of thermodynamics. Microcanonical, canonical, and grand canonical distributions. Applications to
lattice vibrations, ideal gas, photon gas. Quantum statistical mechanics; Fermi and Bose systems. Phase
transitions and broken symmetries: universality, correlation functions, and scaling.

PHYS 505 Electromagnetic Theory I (2-2)3 ECTS 9
Electrostatics; boundary value problems; multipoles, electrostatics of macroscopic media and dielectrics;
magnetostatics; time- varying fields, Maxwell equations; plane electromagnetic waves and wave
propagation

PHYS 506 Electromagnetic Theory II (2-2)3 ECTS 9
Wave guides. Covariant formulation of Maxwell’s equations. Special relativistic formulation of
electromagnetic theory. Radiation theory.

PHYS 507 Quantum Mechanics I (2-2)3 ECTS 9
The fundamental principles of quantum mechanics, applications to simple systems, angular momentum,
three-dimensional spherically symmetric potentials, scattering canonical formalism, spin.

PHYS 508 Quantum Mechanics I1 (2-2)3 ECTS 9
Rotations and symmetries in quantum mechanics, time-independent and time-dependent perturbation
theory, identical particles, the quantum theory of radiation, second quantization, relativistic wave equations.

PHYS 511  Condensed Matter Physics I (3-0)3 ECTS 7
Principles and applications of quantum theory of electrons and phonons in solids. Structure, symmetry and
bonding. Electron states and excitations in metals and alloys. Transport properties. Surfaces

PHYS 512  Condensed Matter Physics 11 (3-03 ECTS 7
Principles and applications of the quantum theory of electrons and phonons in solids. Phonon states in
solids. Transport properties. Electron states and excitations in semiconductors and insulators. Defects and
impurities. Amorphous materials. Magnetism. Superconductivity



PHYS 513  Physics of Semiconductors (3-0)3 ECTS 7
Electronic structure; electrons in periodic structures. Semiconductor band structures. Pseudo-potential and
method. Doping in semiconductors. Optical and transport properties of crystalline and amorphous
semiconductors. Junction theory. Boltzmann transport equation. Interaction of phonons with
semiconductors. Excitions. Semiconductors in magnetic fields. Hall effect. Quantum devices

PHYS 514  Physics of Semiconducting Devices (3-0)3 ECTS 7

Energy bands. Carrier transport phenomena. Bipolar devices: p-n junctions, bipolar transistors. Unipolar
devices: MS Contacts, JFET and MESFET, MIS diode, MOSFET. Microwave devices. Photonic Devices:
light-emiting diodes, semiconductor lasers, photo-detectors.

Pre. PHYS 511 Condensed Matter Physics I

PHYS 515  Introduction to Superconducitivity (3-0)3 ECTS 7
Critical temperature. Field and current. Meisener effect. Penetration depth. Coherence length. Thermal
properties. Flux pinning. Tunneling. BCS theory. High-TC superconductors

PHYS 516  Superconducting Electronics I (3-0)3 ECTS 7
Foundations of Josephson effect. Macroscopic quantum phenomena: The Macroscopic quantum model.
Flux quantization. Josephson effect. Josephson Junction’s (JJ): The zero voltage state. Basic properties of
Lumped Josepson junctions, Short JJs, Long JJs. JJ’s Voltage state: The basic properties of the lumped JJ’s.
Effect of thermal fluctuations. Voltage state of extended JJ’s.

PHYS 517  Superconducting Electronics 11 (3-0)3 ECTS 7
Applications of the JJs: The DC SQUID, RF SQUID. Instruments based on SQUIDs. Application of
SQUIDS. Digital electronics with SQUIDs: RSFQ circuits, RSFQ logics. Microwave resonators. Filters and
detectors. Superconducting quantum bits. Two level systems. Quantum computation concepts with qubits.

PHYS 518  Thin Film Technology (3-0)3 ECTS 7

Review of crystal structures. Vacuum science. Thin film deposition. Evaporation. Plasma. Ion beam.
Sputtering. Epitaxy. Chemical methods. Doping (in situ, ex situ). Diffusion. Structure. Defects. Interfaces.
Thin film characterization methods: Optical, mechanical, electrical, magnetic. Integrated device technology.

PHYS 519  Surface Analysis Techniques (3-0)3 ECTS 7
Instrumental techniques for the characterization of surfaces of solid materials. The following analysis
methods are discussed:X-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy (AES),
secondary ion mass spectroscopy (SIMS), Rutherford back scattering (RBS), scanning and transmission
electron microscopy (SEM, TEM), energy and wavelength dispersive X-ray analysis; principles of these
methods, quantification, instrumentation and sample preparation.

PHYS 520  Applications of Nanotechnology (3-0)3 ECTS 7

Basic physical, chemical, and biological principles in nano-areas.fNanoscale Fabrication.
Nanomanipulation. Nanolithography. Top-down and bottom-up nanofabrication techniques. Self-assembled
monolayers/dip-pen. Soft lithography. PDMS molding. Nanoparticles. Nanowires. Nanotubes,
Nanocomposites. Nanocharacterization techniques. Electrical microscopy: TEM, SEM, SPM.
Nanomedicine applications. Nanosensors.

PHYS 521  Low Temperature Physics (3-0)3 ECTS 7

Solid matter at low temperatures. Properties of cryoliquids. Low temperature thermometry. Thermal
contact and thermal isolation. Production of temperatures to 1 K. Dilution refrigerators. Adiabatic nuclear
demagnetization. Superconducting magnets. Quantum fluids. Superconductivity. Bose-Einstein
condensation.



PHYS 522  Advanced Experimental Methods (3-0)3 ECTS 7
Instrumental techniques for the characterization of surface and bulk of solid materials.The following
analysis methods are discussed:X-ray photoelectron spectroscopy (XPS), scanning and transmission
electron microscopy (SEM, TEM), energy and wavelength dispersiveX-ray analysis; photolitography, SPM
scanning probe microscopy, principles of these methods, quantification, instrumentation and sample
preparation.

PHYS 525  Atomic and Molecular Spectra (3-03 ECTS 7
Review of Bohr theory and Schrodinger equation. Fine structure and hyperfine structure. Zeeman effect.
Intensities and multiplet analysis. Selected topics in molecular structure, such as treatment of rigid rotator,
harmonic oscillator, infrared and Raman spectra, analysis of band structure

PHYS 530  Quantum Optics (3-03 ECTS 7
Review of QM. Harmonic oscillator quantization. Lattice vibrations and  their quantization.
Electromagnetic fields and their quantization. Number states, coherent states, squeezed states. Optical
resonators. Interaction of radiation and atomic systems. Laser oscillation. Specific laser systems. Nonlinear
optics. Stimulated Raman and Brillouin scattering

PHYS 531  Photonic Structures (3-0)3 ECTS 7
Review of Maxwell's equations, basic crystallography, Fourier series. 1D periodic systems. 2D and 3D
photonic crystals. Calculation of the photonic band structure. Plane wave expansion, augmented plane wave
method. KKR method. Point and line defects in photonic crystals. Photonic crystal optical fibers. Fermi's
golden rule. Electromagnetic radiation in a photonic crystal, and inhibition of spontaneous emission.
Various applications of photonic crystals.

PHYS 532  Applied Quantum Optics (3-0)3 ECTS 8
Review of quantum mechanics, introduction to quantum optics, photon statistics, atom-light
interactions, cavity-quantum electrodynamics, non- linear processes for single-photon generation, quantum
emitters, review of important recent quantum optical experiments.

PHYS 540 Quantum Field Theory of Solids (3-0)3 ECTS 8

Bose operators, field quantization, second quantization, interaction Picture of quantum mechanics, excitons,
plasmons, magnons, electron-phonon interaction, polarons, Green’s functions, BCS superconductivity,
polaritons.

PHYS 541  Quantum Theory of Many-Particle Systems I (3-0)3 ECTS 8

Second quantization. Kubo linear response. Zero-temperature Green’s functions, S-matrix expansion,
Feynman diagrams, Feynman rules, various one- and two-particle Green’s functions. Applications using the
Anderson impurity model, Coulomb gas, Hubbard model and the electron-phonon interaction.
Prerequisite: PHYS 504 Statistical Mechanics and PHYS 508 Quantum Mechanics I1

PHYS 542  Quantum Theory of Many-Particle Systems II (3-0)3 ECTS 8
Matsubara finite temperature Green’s functions. Wick’s theorem, Feynman diagrams and Feynman rules
for finite temperatures. Phonon mediated superconductivity, Cooper’s two-electron problem, BCS effective
Hamiltonian, gap equation, Bogoliubov quasiparticle operators, t-matrix many-body instability, tunneling,
spin and charge response in the superconducting state. Spin-fluctuation mediated superconductivity, p-
wave pairing in superfluid He’, d-wave pairing in high-temperature superconductors.

Prerequisite: PHYS Quantum Theory of Many-Particle Systems I



PHYS 551 Particle Physics I (3-0)3 ECTS 8
Elementary particles and their interactions, including important features of experimantal data. Classification
of particles. Conservation laws. Strong, weak and electromagnetic interactions, V-A currents, intermediate
vector bosons. Dinelastic scattering. CKM matrix. CP violation; neutrino oscillations.

PHYS 552  Particle Physics I1 (3-0)3 ECTS 8

Gauge theories. Spontaneous symmetry breaking. Brief review of quantum field theory and Feynman
diagrams. The standart model of strong and electroweak interactions. Extended electroweak models.
Unified theories and their theoretical, experimental and cosmological implications.

Prerequisite: PHYS 551 Particle Physics I or consent of the instructor.

PHYS 555 Quantum Field Theory I (3-0)3 ECTS 8

Brief overview of Poincare group, Dirac equation, Noether’s theorem, and canonical quantization method.
Feynman rules for scalars and QED, CPT and spin-statistics. One loop effects.

Pre. PHYS 505 Electromagnetic Theory I and PHYS 507 Quantum Mechanics I or consent of the
instructor.

PHYS 556 Quantum Field Theory II (3-0)3 ECTS 8

Path integral formulation of QFT. Renormalization and renormalization group. Parton model. Non-Abelian
gauge theory. Feynman rules for gauge theories and Fadeev-Popov ghosts. Asymptotic freedom in QCD.
Pre. PHYS 555 Quantum Field Theory I

PHYS 557 Quantum Field Theory I1I (3-0)3 ECTS 8
Operator product expansion, perturbation theory anomalies, spontanteous symmetry breaking, electroweak
theory, perturbative QCD.

Pre. PHYS 556 Quantum Field Theory II

PHYS 559  Symmetries in Particle Physics (3-0)3 ECTS 8
Discrete and continous space—time symmetries. Internal symmetries. Global and local symmetries in
particle physics. Manifest and hidden symmetries and their applications in high energy physics.

PHYS 560  Group Theory for High Energy Physics (3-0)3 ECTS 8

Groups, algebras , their representations, and applications in high energy physics. Basic aspects of
permutation, orthogonal, unitary, symplectic groups. Lie algebras and groups, roots and weights. Wigner-
Eckart theorem and tensor methods. Clifford algebras and groups.

PHYS 561 Fundamentals of the Standard Model of Particle Physics (3-0)3 ECTS 8
Overview of observed particles and forces, spacetime and 4-vectors, relativistic kinematics. Brief
introduction of Lagrangian formalism, electromagnetis, gauge invariance. Feynman rules and diagrams,
cross-sections and decay rates. Overview of basic symmetries; SU(2) isospin, product representations,
SUQ@3), C, P, and T. Hadrons and partons, quantum chromodynamics, electroweak theory.

PHYS 562 Supersymmery I (3-0)3 ECTS 7
Representations of Lorentz group. Dirac and Weyl spinors.a Supersymmetry algebra. R-symmetry and
central harges. Chiral superfields.Vector superfields.

Pre. PHYS 555 Quantum Field Theory I.

PHYS 563 Supersymmetry 11 (3-0)3 ECTS 7
Supersymmetry and renormalization. Minimal supersymmetric model.s Breakin of Supersymmetry. Local
upersymmetry. Super Higgs mechanism.

Pre. PHYS 562 Supersymmetry I



PHYS 570  General Relativity (3-0)3 ECTS 8
Review of special theory of relativity. Tensor analysis and Riemannian geometry. Basic principles of general
relativity. Einstein field equations. Gravitational waves, black holes, cosmology.

PHYS 575  Astrophysics I (3-0)3 ECTS 8
General properties of stars, stellar spectra, energy generation and transport in stars.

PHYS 576  Astrophysics 11 (3-0)3 ECTS 7

Stellar structure and evolution, Population I - Population II stars, stellar clusters, stellar rotation, stellar
magnetic fields, stars with peculiar spectra, pulsating stars, explosive stars, active Sun, interstellar medium,
Interstellar absorption

PHYS 577  Galaxies and Cosmology (3-0)3 ECTS 8
The Milky Way - our galaxy, classification of galaxies and properties of galaxies, active galaxies,
introducing cosmology, cosmological theories, observational cosmology

PHYS 578  Structure and Evolution of Stars (3-0)3 ECTS 8
Observational properties: determination of stellar distances, fluxes and spectral energy distributions, masses,
temperatures, etc. Stellar evolution: Approach to the main sequence: Hayashi evolution. Evolution of stars
from the zero-age main sequence. Main-sequence stars and their evolution. End-points of stellar evolution:
white dwarfs, neutron stars, black holes, supernovae. Clusters and their Hertzsprung-Russell diagram, stellar
variability, stellar pulsations, binary stars. Applications and comparison of theory with observations.

PHYS 585  Atmospheric Physics (3-0)3 ECTS 8
Composition, species profiles, temperature, pressure and density. Atmospheric thermodynamics.
Hydrostatic equation, applications of the first and the second laws, latent heat, adiabatic processes, static
stability, equilibrium, water vapor amount. Aerosol and cloud microphysics: Aerosol nucleation and cloud
droplet formation. Cloud types. Radiative transfer. Atmospheric dynamics: Rotating coordinate frames,
fictitious forces, real forces, equation of continuity

PHYS 586  Atmospheric Radiation (3-0)3 ECTS 8

The atmospheric composition of the planets, and introduction to the physics of the atmospheric radiation.
Black body radiation and radiation through gases from the viewpoint of Electromagnetic Theory and
Quantum Statistics. The derivation of radiation integrals and energy transport equations; applications to the
Earth and other planet atmospheres. Band models, irradiance, atmospheric heating and cooling rates. Cloud
radiation models.

PHYS 587  Climate Modeling (3-0)3 ECTS 8
Climate, climate change, and fundamentals of climate modeling. Parameterizations. Biosphere, lithosphere,
hydrosphere, atmosphere interactions, and gridded parameterizations. Climate change predictions.

PHYS 588 Cloud Physics (3-0)3 ECTS 8
Thermodynamics of dry air, water vapor and thermodynamical effects, parcel buoyancy and atmospheric
stability, mixing and convection, the observable properties of clouds, cloud droplet formation, condensation,
rain in unsaturated clouds, ice crystal formation and growth, rain and snow, storms, weather modification,
numerical weather prediction models.

PHYS 590 Special Topics in Physics 3-0)3 ECTS 7
Study of recent developments and advanced topics which are highly specific and do not fit in the usual
regular courses. The department solicits student to chose the topics.



PHYS 592  Graduate Seminar 11 (0-2)NCECTS 7
Oral presentations on topics dealing with current research and technical literature. Includes presentations of
the latest research results by guest lecturers, staff members and senior graduate students.

PHYS 599 Scientific Research Methods and Ethics (0-2)NC ECTS 8
Scientific methods, testing scientific hypotheses, scientific writing and publishing. Basic principles,
integrity, autorship, responsible publication, references and citations. Sloppy research, scientific fraud,
plagiarism, fabrication, duplication, ghost autorship.

PHYS 600 Ph.D. Thesis (0-1)NC ECTS 26

Preparation of Doctoral thesis under supervision of the graduate student’s supervisor(s). Required of all
candidates for the degree of Ph.D.

PHYS 8XX Special Studies (8-0)NC ECTS 4
M.S. students choose and study a topic under the guidance of a faculty member, usually his/her advisor

10



iZMiR YUKSEK TEKNOLOJIi ENSTITUSU
MUHENDISLIK VE FEN BiLIMLERI ENSTITUSU
FiZiK ANABILIiM DALI

FiZiK DOKTORA PROGRAMINA AiT EGIiTiM PLANI

DERS ICERIKLERI

PHYS 501  Fizikte Matematiksel Yontemler I (2-2)3 AKTS 7

Teorik fizik denklemlerine uygulanan matematiksel teknikler. Lineer vektor uzaylari. Varyasyon analizi.
Sturm-Lioville problemi.

PHYS 502  Fizikte Matematiksel Yontemler 11 (3-0)3 AKTS 8
Green fonksiyonu. Integral doniisiimler. Integral esitlikler

PHYS 503  Analitik Mekanik (2-2)3 AKTS 8
Pargaciklarin ve kat1 maddelerin Lagrangian ve Hamiltonian formulasyonlarinin gézden gecirilmesi, kinetik
teori. Kiiciik titresimler. Etkilesen salinimlar ve siireklilik mekanigi. Hamilton-Jacobi teorisi. Klasik alan
teorisi.

PHYS 504 istatistik Mekanik (2-2)3 AKTS 7
Termodinamigin kanunlari. Mikrokanonikl, kanonik, and biiyiik kanonikl dagilimlar ve orgii titresimleri,
ideal gaz, foton gazina uygulamalari. Kuantum istatistiksel mekanik; Fermi and Bose sistemleri. Faz
doniistimleri ve kirik simetrileri, korelasyon fonksiyonlari

PHYS 505  Elektromanyetik Teori I (2-2)3 AKTS 9
Elektrostatik. Smir deger problemleri. Multipoller. Makroskopik ortamin elektrostatigi. Magnetostatik.
Zamanla degisen alanlar. Maxwell denklemleri. Diizlem elektromanyetik dalgalar ve dalga yayilimi.

PHYS 506  Elektromanyetik Teori I1 (2-2)3 AKTS 9
Dalga klavuzlari. Maxwell esitliklerinin kovarinat formiilasyonu. Elektromanyetik teorinin 6zel gorecelik
formiilasyonu. Isima teorisi.

PHYS 507 Kuantum Mekanigi I (2-2)3 AKTS 9
Kuantum mekaniginin postiilalari. Kuantum teorisinin matematiksel formulasyonu. Iki diizeyli sistemlere
uygulamalar.Harmonik salinici. Ac¢isal momentum. Merkezi potansiyeller. Spin. Yaklagim metodlari.
Sac¢ilim olgusu.

PHYS 508 Kuantum Mekanigi I1 (2-2)3 AKTS 9
Kuantum mekaniginde doniiler ve simetriler, zamana bagli ve zamandan bagimsiz perturbasyon teorisi,
benzer pargaciklar, 1s1manin kuantum teorisi, ikinci kuantizasyon, goreceli dalga esitlikleri.

PHYS 511  Yogun Madde Fizigi 1 (3-0)3 AKTS 7
Elektronlarin ve fononlarin katilardaki kuantum mekaniginin prensipleri ve uygulamalari. Yapi, simetri ve
bag kurma. Elektron durumlar1 ve metal ve alisimlarda uyarilmalar. Transport 6zellikleri. Yiizeyler.

PHYS 512  Yogun Madde Fizigi I1 (3-0)3 AKTS 7
Katilarda, elektron ve phononlarin kuantum teorisinin uygulamalari. Katilarda fonon durumlari. Transport
ozellikleri. Yar iletkenlerde ve yalitkanlarda elektron durumlar1 ve uyarilmalar. Defektler ve impiiriteler.
Amorf malzemeler. Manyetizma. Ustiin iletkenlik.
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PHYS 513  Yar Iletkenler Fizigi (3-0)3 AKTS 7
Elektronik yap1. Periyodik yapilardaki elektronlar. Yariiletkenlerin band yapilari. Farazi-potansiyel metodu.
Yariiletkenlerde katkilama. Kristal ve amorf yariiletkenlerin optik ve transport 6zellikleri. Eklem teorisi.
Boltzmann transport denklemi. Fononlarin yari iletkenlerle etkilesmesi. Exzitonlar. Manyetik alanlarda yar1
iletkenler. Hall etkisi. Kuantum cihazlar.

PHYS 514  Yaniletken Aygit Fizigi (3-0)3 AKTS 7

Enerji bandlari. Tastyici transport olayi. Bipolar aygilar: p-n eklemleri, bipolar transistorler. Unipolar
aygitlar: MS Kontaklari, JFET vd MESFET, MIS diyod, MOSFET. Microwave aygitlar. Fotonic aygitlar:
light-emiting diyodlar, yariiletken lazerler, fotodedektrorler.

On Kosul: PHYS 511 Yogun Madde Fizigi I

PHYS 515  Ustiiniletkenlige Giris (3-0)3 AKTS 7
Kritik sicaklik. Alan ve akim. Meisener etkisi. Erisme derinligi. Kohorens uzunlugu. Termal 6zellikler. Aki
pinninglemesi. Tiinneleme. BCS teorisi. Yiiksek-Tc iistliniletkenler.

PHYS 516  Ustiiniletken Elektronigi I (3-0)3 AKTS 7
Josephson olaymin temeli. Makroskopik kuantum olayi: Makroskopik kuantum modeli. Aki kuantlagmasi,
Josephson olay1. Josephson Eklemleri (JJ): Sifir voltaj hali, biitiinlesik bir Josephson ekleminin temel
ozellikleri. Kisa Josephson eklemleri. Uzun Josephson eklemleri. Josephson eklemlerinin voltaj hali:
Biitiinlesik Josephson eklemlerinin temel 6zellikleri. Termal ¢alkalanmalarin etkileri.

PHYS 517  Ustiiniletken Elektronigi IT (3-0)3 AKTS 7
Genisletilmis Josephson eklemlerinin voltaj hali. Josephson eklemlerinin uygulamalari: DC SQUID ler, RF
SQUID ler, SQUID tabanli Aygitlar, SQUID ile sayisal elektronik: RSFQ, devreleri, RSFQ Mantik
elemanlar1. Mikrodalga rezonatdrleri. Filtreleri ve detektorleri. Ustiiniletken kuantum bitleri. Iki halli
sistemler. Qubitlerle kuantum hesaplamasi kavramlari.

PHYS 518  ince Film Teknolojisi (3-0)3 AKTS 7
Vakum teknikleri. Mikroelektronik fabrikasyonuna genel bakis. Fotolitografi. Asindirma teknikleri.
Fotomaske fabrikasyonu. Diflizyon. Iyon-implantasyonu. Film biiyiitme. Buharlastirma ile biiyiitme.
“sputtering”. Kbuhar depozisyonu. Kristal biiyiitme. Epitaksi. I¢ baglantilar ve kontaklar. MOS islem
integrasyonu.

PHYS 519  Yiizey Analiz Teknikleri (3-0)3 AKTS 7

Kati malzemelerin yiizey karaterizasyonu i¢in enstriimantal teknikler. Asagida sayilan analiz metodlar
tartisilmaktadir. X-151m1 fotoelektron spektroskopisi (XPS), Auger elektron spektroskopisi (AES), ikincil
iyon kiitle spektroskopisi (SIMS), Rutherford geri sagilimi (RBS), Scanning ve transmisyon elektron
mikroskopu (SEM, TEM), enerji ve dalga boyu dispersif X-1s1n1 analizi, bu metodlarin prensipleri,
nicelleme, enstriimantasyon ve drnek hazirlama.

PHYS 520 Nanoteknoloji Uygulamalar (3-0)3 AKTS 7
Nano-alanlarda temel fiziksel, kimyasal ve biyolojik prensipler, nano-boyutta iiretim. Nanolitografi, bastan-
asagl ve alttan-yukar1 nano lretim teknikleri. Nanopargaciklar. PDMS, nano teller, nano tiipler, nano
kompozitler, nano karakterizasyon teknikleri. EM, SEM, SPM, nano ila¢ uygulamalari, nanosensorler.

PHYS 521  Diisiik Sicakhklar Fizigi (3-0)3 AKTS 7

Diisiik sicakliklarda kati malzemeler, kroyosivilarin 6zellikleri. Diisiik sicakliklarda sicaklik okuma, 1s1l
kontak ve yalitim, 1 K kadar sicaklik elde etme. Dilution sogutuculari. Adiabatik niikleer demagyetizasyon.
Ustiiniletken miknatislar. Kuantum sivilari, Ustiiniletkenlik. Bose-Einstein yogunlagmasi.
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PHYS 522  1ileri Deneysel Yontemler (3-0)3 AKTS 7

Kat1 malzemelerin yiizey ve y1gin karakterizasyon teknikleri, alttaki analiz yontemleri tartisilacaktir: X-ray
fotoelektron spektroskopisi (XPS), taramali ve gegirmeli elektron mikroskopisi (SEM, TEM), enerji ve
dalgaboyu ¢ozliniimlii X-ray analizi. Fotolitografi, SPM taramali u¢ probe mikroskopisi, 6l¢lim ve 6rnek
hazirlama.

PHYS 525  Atomik ve Molekiiler Spektrumlar (3-0)3 AKTS 7

Bohr teorisinin ve Schrédinger denkleminin gbzden gecirilmesi, ince yap1 ve ¢ok ince yapi, Zeeman etkisi,
yogunluklar ve multiplet analizi, kat1 rotatdr, harmonik osilator, kizil 6tesi ve Raman spektrumu, band
yapist analizinin incelenmesi gibi molekiiler yapidan secilmis konular.

PHYS 530 Kuantum Optigi (3-0)3 AKTS 7
Kuantum mekanigi,harmonik osilatdr quantizasyonu, orgii titresimleri kuantizasyonu, elektromanyetik alan
kuantizasyonu. Sayi durumlari, uyumlu durumlar, sikigtirilmis durumlar. Optik rezonatorler. Atomik
sistemler ile 15181n etkilesimi. Lazer titresimleri. Baz1 lazer sistemleri. Cizgisel olmayan optik. Raman ve
Brillouin sagilmasi.

PHYS 531  Fotonik Yapilar (3-0)3 AKTS 7
Maxwell denklemleri, temel kristalografi, ve Fourier serilerinin 6zeti. 1 boyutlu peryodik sistemler. 2 ve 3
boyutlu fotonik kristaller. Fotonik bant yapilarinin hesaplanmasi. Diizlem dalga, giiclendirilmis diizlem
dalga ve KKR metotlar1. Fotonik kristallerde noktasal ve ¢izgisel bozukluklar. Fotonik kristal optik fiberler.
Ferm altin kurali. Fotonik kristaller icinde 1s1n1m yayilmasi, ve kendiliginden 1sinimin bastirilmasi. Fotonik
kristallerin ¢esitli uygulamalari.

PHYS 532  Uygulamah Kuantum Optigi (3-0)3 AKTS 8
Kuantum mekaniginin gézden gecirilmesi, kuantum optigine giris, foton istatistigi, 1s1tk-madde etkilesimi,
kavite elektrodinamigi, tek-foton iiretimi i¢in dogrusal olmayan islemler, kuantum 151k yayicilar,

onemli kuantum optigi deneyleri.

PHYS 540 Katilarin Kuantum Alan Teorisi (3-0)3 AKTS 8

Bose operatdrleri, alan kuantumlastirmasi, ikinci kuantumlastirma, kuantum mekaniginin etkilesme resmi,
eksiton, plazmon, mangon, elektron-fonon etkilesmesi, polaron, Gren fonksiyonlari, BCS siiperiletkenligi,
polariton.

PHYS 541 Cok-Tanecikli Sistemlerin Kuantum Teorisi I (3-0)3 AKTS 8

Ikinci nicemleme. Kubo dogrusal tepki. Sifir-sicaklik Green fonksiyonlari, S-matrisi agilimi, Wick kuramu,
Feynman diagramlari, Feynman kurallari, ¢esitli tek- ve iki-tanecik Green fonksiyonlari. Anderson safsizlik
modeli, Coulomb gazi, Hubbard modeli ve elektron-fonon etkilesmesi konularinda uygulamalar.

O.K. PHYS 504 Istatistik Mekanik ve PHYS 508 Kuantum Mekanigi IT

PHYS 542 Cok-Tanecikli Sistemlerin Kuantum Teorisi II (3-0)3 AKTS 8
Matsubara sonlu sicaklik Green fonksiyonlari. Sonlu sicakliklar icin Wick kurami, Feynman diagramlari ve
Feynman kurallar1. Fonon kaynakl siiperiletkenlik, Cooper’in iki-electron problemi, BCS etkin
Hamiltonyeni, aralik denklemi, Bogoliubov tanecik-benzeri operatorler, cok-tanecik t-matrisi istikrarsizligi,
tiinelleme, siiperiletken fazda spin ve yiik tepkisi. Spin-dalgalanmalarindan kaynaklanan siiperiletkenlik,
siiperakiskan He’’de p-simetrili eslesme, yiiksek-sicaklik stiperiletkenlerinde d-simetrili eslesme

O.K. PHYS Cok-Tanecikli Sistemlerin Kuantum Teorisi I
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PHYS 551 Parcacik Fizigi | (3-0)3 AKTS 8
Deneysel verilerin énemli yonlerini kapsayacak bir sekilde temel parcaciklar ve bunlarin etkilesimleri.
Kuvvetli, zayif ve elektromanyetik etkilesimler. V-A akimlar, ara vektor bozonlar. Derin-elastik olmayan
sagilma. CKM matrisi. CP ihlali. Notrin6 salinimlari.

PHYS 552  Parcacik Fizigi 11 (3-0)3 AKTS 8

Ayar teorileri. Kendiliginden simetri bozulmasi. Kuantum alan teorisinin ve Feynman diyagramlarinin kisa
bir sekilde gozden gegirilmesi. Kuvvetli ve elektrozayif modeller. Birlesik teorileri ve teorik, deneysel,
kosmolojik sonuglari.

O.K. PHYS 551 Parcacik Fizigi I  veya 6gretim iiyesinin onay.

PHYS 555  Kuantum Alan Teorisi [ (3-0)3 AKTS 8
Poincare grubu, Dirac denklemi, Noether teoremi ile kanonik kuvantizasyon metoduna kisa bir bakis.
Skalarlar ve KEDI i¢in Feynman kurallari. CPT ve spin-istatistik. Bir halka seviyesinde etkiler.

O.K. PHYS 505 Elektromanyetik Teori I ve PHYS 507 Kuantum Mekanigi I veya 6gretim iiyesinin
onayl.

PHYS 556 Kuantum Alan Teorisi I1 (3-0)3 AKTS 8
KAT’nin yol integral formiilasyonu, renormalizasyon ve renormalizasyon grubu., Patron modeli, Abelian
olmayan ayar teorileri, ayar teorileri i¢in Feynman kurallarii ve Fadeev-Popov hayaletleri. KRD’de
asimptotik serbestlik.

O.K. PHYS 555 Kuantum Alan Teorisi I

PHYS 557 Kuantum Alan Teorisi II1 (3-0)3 AKTS 8
Operator ¢arpan agilimi, pertiirbasyon teorisi anamolileri, kendiliginden simetri kirinimi, electrozayif teori,
pertiirbatif KRD.

O.K. PHYS 556 Kuantum Alan Teorisi IT

PHYS 559  Parcacik Fiziginde Simetriler (3-0)3 AKTS 8
Devamli ve kesikli simetriler. Igsel simetriler. Pargacik fiziginde global ve lokal simetriler. Ac¢ik ve gizli
simetriler ve yiiksek enerji fizigine uygulamalari.

PHYS 560 Yiiksek Enerji Fizigi icin Grup Teorisi (3-0)3 AKTS 8
Gruplar, cebirler, gosterimleri, ve yiiksek enerji fizigindeki uygulamalari. Permiitasyon, ortogonal, iiniter,
simplektik gruplar. Lie cebirleri ve gruplari, kokler ve agirliklar. Wigner-Eckart teoremi ve tensor
metodlari. Clifford cebirleri ve gruplari.

PHYS 561  Parcacik Fizigi Standart Modelinin Temelleri (3-0)3 AKTS 8
Gozlenmis olan pargacik ve kuvvetler ile uzayzaman, 4-vektorler ve relativistik kinematigin 6zeti. Lagrange
formalismine kisa bir giris, elektromanyetizma, ayar degisimsizligi. Feynman kurallari ve diyagramlari,
tesir kesitleri ve bozulma genlikleri. Temel simetrilerin ozeti, SU(2) izospin, carpim temsilleri, SU(3) , C, P
ve T. Hadronlar ve partonlar, kuvantum renk dinamigi, elektrozayif teori.

PHYS 562  Siipersimetri I (3-0)3 AKTS 7
Lorentz grubunun temsilleri. Dirac ve Weyl spinorleri. Supersimetri cebri. R-simetrisi ve merkezi yiikler.
Kiral siiperalanlar. Vektorel sliperalanlar.

O.K. PHYS 555 Kuantum Alan Teorisi I
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PHYS 563 Siipersimetri I1 (3-0)3 AKTS 7
Supersimetri ve renormalizasyon. Minimal siipersimetrik model. Siipersimetri kirinimi. Lokal siipersimetri.
Stiper Higgs makenizmasi.

O.K. PHYS 562 Siipersimetri I

PHYS 570  Genel Gorelilik (3-0)3 AKTS 8
Ozel gorelilik kuraminin gézden gegirilmesi. Tensor analizi ve Riemann geometrisi.
Genel goreliligin temel ilkeleri. Einstein alan denklemleri. Yercekimsel dalgalar, kara delikler, kozmoloji

PHYS 575  Astrofizik I (3-0)3 AKTS 8
Yildizlarin genel 6zellikleri, yildizlarin taytlari, yildizlarda erke tiretimi ve taginimi

PHYS 576  Astrofizik II (3-0)3 AKTS 7

Yildiz yap1 ve evrimi, Obek I- Obek II yildizlar, yildiz kiimeleri, yildizlarda dénme, yildiz manyetik
alanlari, garip tayfa sahip yuldizlar,zonklayan yildizlar, patlayan yildizlar, aktif Giines, y1ldizlararas1 ortam,
yildizlararasi sogurma.

PHYS 577  Galaksiler ve Kozmoloji (3-0)3 AKTS 8
Samanyolu Galaksisi, galaksilerin siniflandirilmasi ve 6zellikleri, aktif galaksiler, kozmoloji, kozmolojik
teoriler, gozlemsel kozmoloji .

PHYS 578  Yildiz Yapi ve Evrimi (3-0)3 AKTS 8
Gozlemsel ozellkiler: yildiz uzakliklari, akilari, tayfsal erke dagilimlari, kiitleleri, sicakliklart vb. Yildiz
evrimi: Anakol 6ncesi evrim: Hayashi evrimi. Sifir yas anakolundan evrim. Anakol ve anakol sonrasi evrim.
Yildiz evriminin son asamalari: beyaz ciiceler, nétron yildizlari, karadelikler ve siipernovalar. Kiimeler ve
kiimelerin HR diyagramlari, degisen yildizlar, zonklayan yildizlar ve ¢ift yildizlar. Teorik modellerin
gozlemsel verilerle kiyaslanmasi.

PHYS 585  Atmosfer Fizigi (3-0)3 AKTS 8
Kompozisyon, madde profilleri, sicaklik, basing ve yogunluk. Atmosfer termodinamigi: Hidrostatik
denklem, birinci ve ikinci kanunlarin uygulamalari, gizli 1s1, adyabatik siirecler, static kararlilik, denge, su
buhar1 miktari. Aerosol ve bulut mikrofizigi: Aerosol ¢ekirdeklemesi ve bulut damlacigi olusumu. Bulut
tipleri. Istma aktarimi. . Atmosfer dinamigi: Donen koordinat sistemleri ve goriiniir kuvvetler, gercek
kuvvetler, stireklilik denklemi.

PHYS 586  Atmosferik Isima (3-0)3 AKTS 8
Gezegenlerin atmosferik kompozisyonlari ve atmosferik 1gima fiziklerinin tanitimi. Elektromanyetik teori
ve Quantum istatistigi agisindan gaz ve siyah cisim 1simasi.Enerji aktarimi denklemlerinin ve isima
integralerinin ¢ikarimlari; diinya ve diger gezegenlere atmosferik uygulamalari. Bant modelleri. Aki,
atmosferik soguma ve 1sinma hizlari. Bulut 1s1mas1 modelleri.

PHYS 587  iklimin Modellenmesi (3-0)3 AKTS 8
Iklim, iklim degisikligi ve modelleme temelleri. Parametrizasyonlar. Biosfer, litosfer, hidrosfer, atmosfer
etkilesimleri, ve gridlere parametrizasyonlari. [klim degisimi tahminleri.

PHYS 588  Bulut Fizigi (3-0)3 AKTS 8

Kuru havanin termodinamigi, su buhar1 ve termodinamik etkileri, parsel buoyansisi ve atmosferik kararllik,
karigsma ve konveksiyon, bulutlarin gézlenen 6zellikleri, bulut damlacigi olusumu, yogunlasma, donmamis
bulutlarda yagmur baslamasi, buz kristallerinin olusumu ve biiylimesi, yagmur ve kar, firtinalar, hava
durumu modifikasyonu, niimerik hava durumu modelleri.
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PHYS 590  Ozel Fizik Konular1 (3-0)3 AKTS 7
Cok spesifik olan ve normal derslerin igerigine uymayan yeni gelismelerin ve ileri konularin ¢aligilmasi.
Boliim, dgrencileri segilebilecek konular hakkinda kayitlardan 6nce bilgilendirir.

PHYS 592 Lisansiistii Seminer 11 (0-2)Kredisiz AKTS 7
Teknik literatlir ve giincel arastirma ile ilgili s6zlii sunumlar. Misafir 6gretim {iyeleri, 6gretim iiyeleri ve
ileri diizeydeki 6grenciler tarafindan son arastirma sonuglarinin sunulmasini kapsar.

PHYS 599 Bilimsel Arastirma Yontemleri ve Etigi (0-2)Kredisiz AKTS 8
Bilimsel yontemler, hipotez olusturma, sinama ve yayimn. Temel ilkeler, gercege uygunluk, yazarlik haklari,
kaynak ve alintilar. Diizensiz arastirma, bilimsel yaniltma, korsanlik, uydurmacilik, c¢oklu yayin ve
dilimleme.

PHYS 600 Doktora Tezi (0-1)Kredisiz AKTS 26
Tez danismanlarin gézetimi altinda doktora tezi hazirlanmasi. Tiim doktora derecesi adaylarinin bu derse
kayit yaptirmasi zorunludur.

PHYS 8XX Uzmanlhk Alam Cahsmalari (8-0) Kredisiz AKTS 4

Yiiksek Lisans 6grencileri belli bir konu secip, genelde kendi tez danismanlar1 olan bir 6gretim {iyesinin
yonlendirmesi ile o konuyu inceleyeceklerdir.
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