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4 Research Interests

Geometric mechanics: symplectic, multi-symplectic, Poisson, contact, Jacobi
and multi-Hamiltonian structures with applications to geometry and integra-
bility of non-linear differential equations of physical importance, in particular,
to fluids and plasmas. Tulczyjew’s construction of generalized Legendre trans-
formations for theories on diffeomorphism groups and, for higher order and
degenerate Lagrangian theories, dynamics on higher order tangent and cotan-
gent bundles and their reductions. Geometry of manifolds of maps in connection
with Tulczyjew construction and diffeomorphism groups.

Areas of applications: hydrodynamic type equations, dispersionless limits of
soliton equations, gas dynamics hierarchy, quasilinear second order pdes, epi-
demiology, atomic physics, equations arising from general relativity and topo-
logically massive gravity, Vlasov-Poisson equations of plasma, kinetic theories,
Euler equations of fluid.

4.1 Research Summary

The published works may be grouped under six headings:

1) geometry of plasma dynamics and kinetic theories, including infinite di-
mensional Lie theory,

2) Tulczyjew’s construction of Legendre transformations and higher order
dynamics on Lie groups,

3) Hamiltonization methods for higher order Lagrangian theories (Dirac,
Legendre a la Tulczyjew, Skinner-Rusk, etc with applications to gravity theo-
ries),



4) generalized Hamiltonian formulation for non-autonomous dynamical sys-
tems with applications to (magneto-)hydrodynamic motions in Lagrangian de-
scription,

5) local and global aspects of Poisson structures in three and four dimensions
with applications to dynamical systems,

6) multi-Hamiltonian structure of equations of hydrodynamic type in one
space dimension.
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*: participation with invited talks, lectures or anouncements
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*Symplectic reduction of a second derivative Lagrangian, IV. Workshop
on Nonlinear Systems, Department of Mathematics, Gebze Technical Uni-
versity, Jan 2-4, 2024, Kocaeli.

*Copernican Revolution (in Turkish), Collogium talk for science club stu-
dents of Yeditepe University, Dec 22, 2023, Istanbul.

*From Maraga to Copernican Revolution (in Turkish), 35. National Math-
ematics Symposium Sep 4-8, 2023, Trakya University, Edirne.

. *Symmetry and reduction for second order degenerate Lagrangians, XII.

International Symposium on Quantum Theory and Symmetries (QTS12)
and XXVII. International Conference on Integrable Systems and Quan
tum Symmetries (ISQS27), Czech Technical University in Prague, Czech
Republic, July 24-28, 2023.

*Tulczyjew symplectic spaces for displacement and canonical mappings,
Department of Mathematics, Yeditepe University, May 12, 2023, Istanbul.

*Displacement versus canonical mappings in Vlasov dynamics, Invited
keynote talk in ITI. Workshop on Nonlinear Systems, Department of Math
ematics, Gebze Technical University, Jan 3-9, 2023.

(online) *Geometric mechanics and finite element methods, Department
of Mathematics, Gebze Technical university, Mar 14, 2021, Kocaeli.

(Online) Workshop on Nonlinear systems, (organizer) Department of Math-
ematics, Gebze Technical University, Sep 29, 2020, Kocaeli.

*Hamiltonian formulations of second order degenerate Lagrangians, De-
partment of Physics, Mimar Sinan University of Fine Arts, Apr. 11, 2019,
Istanbul.

*Geometry and physics on diffeomorphism groups, Seminar, Department
of Mathematics, Istanbul University, Feb. 20, 2019, Istanbul.
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*Poisson bivectors in four dimensions, Workshop on Nonlinear Systems,
Department of Mathematics, Gebze Technical University, Nov. 26, 2018,
Kocaeli.

*On geometric problems of plasma dynamics, Seminar, Department of
Mathematics, Gebze Technical University, Nov. 20, 2018, Kocaeli.

*Nonlinearities in NMR and Debye-Hiickel theory, Research seminar in
School of Engineering, Australian College of Kuwait, Nov. 2016.

*Marx and the problem of infinitesimals, Joint Symposia on Philosophy
and Mathematics, Yeditepe University, Feb. 27-28, 2014, Istanbul.

*Configuration spaces of Poisson-Vlasov equations, "Workshop on Geom-
etry of Mechanics and Control" National Mathematics Initiative, Indian
Institute of Science (January 2-10, 2014) Bangalore, India.

*Poisson structures in 3D and Darboux-Halphen system, colloquium talk
at "Workshop on Geometry of Mechanics and Control" National Mathe-
matics Initiative, Indian Institute of Science (January 2-10, 2014) Banga-
lore, India.

*Eulerian equations and geometry of Lagrangian flows, International Work-
shop on Differential Equations and Applications, Atilim University (Au-
gust 12-15, 2013) Ankara.

*Local vs global integrability, seminar at Department of Mathematics,
Yeditepe University, May 14, 2013, Istanbul.

*Hamiltonyen Pargaciklarin Kinetik Denklemleri I, XVI. Ulusal Mekanik
Kongresi, Erciyes Universitesi, 22-26 Haziran 2009, Kayseri.

*Uc¢ Boyutta iki-Hamiltonlu Yapimin Varligi, 9. Dinamik Sistemler Calig-
tay1, Izmir Universitesi, 18-19 Haziran 2009, Izmir.

*Geometry of Vlasov-Poisson Equations, Seminars at Department of Physics
and Institute For Fusion Studies, Sep. 21, 2001, University of Texas at
Austin, USA.

*Symplectic Geometry of Incompressible Flows, talk at NEEDS 2000, June
29-July 7, Gokova, Turkey.

*Geometric Mechanics, seminar at Physics Department of Bogazici Uni-
versity, Dec. 15, 1999, Istanbul.

International Conference on New Applications of Multisymplectic Geom-
etry, Sep. 20-24, 1999, Universidad de Salamanca, Spain.

*Neo-Klasik Mekanik, Geometrik Mekanik baglikli iki ¢cagrili konugma. 12.
Ulusal Matematik Kongresi, 6-10 Eyliil, 1999, Inonii Universitesi, Malatya.
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*Hydrodynamical Invariants and Jacobi Structures, talk at IX. Regional
Conference on Mathematical Physics, Aug. 9-14, 1999, Feza Giirsey In-
stitute, Istanbul.

*Fen fakiiltesi dgrencilerine Feza Giirsey Enstitiisiinii tamitici konugma, 4
Haz. 1999, Istanbul Universitesi, Vezneciler.

*Lectures on Symplectic Geometry, in: Research semester on Geometry
and Integrability, Feb. 15-June 15, 1999, Feza Giirsey Institute, Istanbul,
Turkey.

*Collogium on Geometry and Integrability, at Physics Departments of
Middle East Technical University (Feb 11, 1999), Bilkent University (Feb
11, 1999) and Bogazigi University (Feb 18, 1999).

*Poisson Geometry and Time-dependent Motions, seminars at Mathemat-
ics Department of Bogazi¢i University (Nov 3, 1998) and, Physics Depart-
ment of Istanbul Technical University (Nov. 12, 1998), Istanbul.

Research semester on Seiberg-Witten monopoles and M-theory, summer,
1998, Feza Giirsey Institute, Istanbul, Turkey.

6th Gokova Conference on Geometry and Topology, May 25-30, 1998,
Akyaka-Gokova, Turkey.

*Geometrik Mekanigin Yapisi, Sicimler, Zarlar ve Dualite Simetrileri Kig
Okulunda yapilan konusma, 19-23 Ocak 1998, Izzet Baysal Universitesi,
Bolu, Tiirkiye.

*A time-extended Hamiltonian formalism, talk at VIII. Regional Confer-
ence on Mathematical Physics, June 27-July 4, 1997, Yerevan, Armenia.

*General Helicity conservation, talk at Anatolian Lectures on Dynami-
cal Systems, June 15-19, 1997, Department of Mathematics, Middle East
Technical University, Ankara, Turkey.

Workshop on Turbulence Modelling and Vortex dynamics, Sep. 2-6, 1996,
Istanbul Technical University, Magka, Istanbul, Turkey.

*Poisson geometrisi, Fizikte Geometri ve Topoloji Kig Okulunda yapilan
konusma, 29 Ocak-2 Subat 1996, Izzet Baysal Universitesi, Bolu, Tiirkiye.

Variational and local methods in the study of Hamiltonian systems, 24-28
October, 1994 (with certificate) ICTP, Trieste, Italy.

Research workshops on Mathematical Ecology (May 26-29, 1993) and,
Pattern Formation and Lattice Gas Automata (Jun 7-12, 1993) at Fields
Institute, Waterloo, Canada.
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6.1

*N-bilegenli Kodama denklemlerinin iki-Hamiltonlu yapisi, VI. Diferan-
siyel Denklemler Sempozyumu’'nda yapilan konugma, 28-29 Eyliil, 1992,
Ankara Universitesi, Fen Fakiiltesi, Ankara, Tiirkiye.

International Workshop on Geometry and Arithmetic, July 19-Aug 1,
1992, Akdeniz University, Antalya, Turkey.

*Poisson structures and 2-monopole problem, talk at Dynamics Days, June
19-20, 1992, Department of Mathematics, Middle East Technical Univer-
sity, Ankara, Turkey.

1st Gokova Conference on Geometry and Topology: Low Dimensional
Topologies, May 25-29, 1992, Akyaka-Gokova, Turkey.

*2-monopole problem, talk at V. Regional Conference on Mathematical
Physics, Dec 15-22, 1991 Trakya University, Edirne, Turkey.

*3-boyutta korunum yasalar: i¢in bir yontem, V. Diferansiyel Denklemler
Sempozyumu’'nda yapilan konusma, 25-27 Eylil, 1991, Anadolu Univer-
sitesi, Eskigehir, Tiirkiye.

I. International Colloquium on Recent Developments in Theoretical Physics,
May 27-31, 1991, Trakya University, Edirne, Turkey.

*Multi-Hamiltonian structure of hydrodynamic type equations, talk at
NATO-Advanced Research Workshop: Singular Limits of Dispersive Waves,
July 7-12, 1991, ENS-Lyon, France.

*Poisson structure of 3-dimensional dynamical systems, seminar at Physics
Department, March 28, 1991, Middle East Technical University, Ankara.

Summer School on High Energy Physics and Cosmology, June 18-July 28,
1990 Trieste, ICTP, Italy.

Trieste Conference on Topological Methods in Quantum Field Theory,
June 11-15, 1990, ICTP, Trieste, Italy.

Recent Developments in Quantum Electrodynamics and Quantum Optics,
NATO-ASI, Augost 14-26, 1989, Bogazigi Univ. Istanbul, Turkey.

Partially Integrable Nonlinear Evolution Equations and Their Physical
Applications, NATO-ASI, March 21-30, 1989 Centre de Physique, Les
Houches, Haute-Savoie, France

Educational works

Teaching statement

My aims in teaching mathematics are, to communicate important concepts com-
mon to various fields of mathematics and science, to convey the joy and sat-

10



isfaction of discovering new relations and ideas during the learning process, as
well as the beauty, excitement and effectiveness of mathematics.

Based on the fact that an intellectual activity is personal and can be learned
by actually doing it, I try to have students actively participate into the lectures.
Sometimes I ask their suggestions on how to perform a computation and do it (if
does not take much time) even if their suggestion is not useful or wrong, explain
why their suggestion did not work and present the correct results. For the same
purpose, I require students, coming to my office with questions, to present their
question on the board and show me their difficulties. Then I start asking simple
questions or give suggestions to orient them to the solution of their problem.

On the other hand, mathematics is more about ideas and relations than
complicated formulas and long computations. To help students digest the ideas
beyond technicalities, I frequently stop and explain with diagrams, pictures etc,
why we are doing all those computations, proofs etc. For each subject I try to
answer in brief words questions like: what is the problem? What is the idea
to solve it? What will be our benefits after solving it? At this stage some
history and application areas (this may be mathematics itself) may come in
and my background in physics may be useful. After showing all mathematical
technicalities in detail, I again briefly summarize the problem and the ideas to
solve it. In a calculus course, for example, I refer, during a semester, to the
Fundamental Theorem. For differential equations, I advocate the idea that a
difficult problem in mathematics can be reduced to a problem either in calculus
or in linear algebra which are more basic parts of mathematics.

For difficult and long subjects, I usually present a detailed example first,
and then go into general theory (for instance, the geometry of sphere before the
general theory of surfaces). This way students can see how a general theory
works for a specific example.

6.2 Remote teaching

For online education, there are several factors I have to make sure: First is,
students must get the right material to study and keep away from uncontrolled
trash of internet. I send them explicit notes beforehand and show examples of
what they have to avoid. Second is the increasing role of active participation
in learning and evaluation. I require them to send in, on weekly basis, not only
the homework assigned but any material they produce in the course of learning.
Their efforts and endeavours throughout the semester contribute more than fifty
percent to their final grade. Third is, to create an online environment where
students can discuss and learn freely in their own way. Apart from extended
online lectures, I invite students to join whatsapp and or facebook groups where
they can exchange ideas, solutions, raw materials, even mistakes under my ob-
servation.

With suitable technological support beyond standard remote teaching ingre-
dients; like google classroom, moodle, zoom, etc, it is also possible to perform
a hybrid classroom teaching with some students connecting online.
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6.3 Program and unit design

As chairman of department of mathematics at Yeditepe University, I learned,
on one hand, through long discussions with other faculties, about subjects of
mathematics necessary for students of other departments such as engineering,
art, architecture, economics, psychology, health sciences, dentistry etc and their
proper presentations. On the other hand, I had the opportunity to start new
graduate programs and to desing courses in modern differential and symplectic
geometry such as applications of Lie groups to differential equations, geometry
of plasma dynamics, geometry of manifolds of maps and more recently, an in-
troductory course on geometric mechanics. After going through preliminaries
that can be found in classic books, materials for these courses are usually chosen
from the current literature so that students can easily extend their knowledge
to research problems.

6.4 Courses

e Undergraduate level: Calculus for Engineers LII, Calculus for Math Stu-
dents LI, Calculus for Health Sciences, Calculus I, Analytic Geometry,
Differential Equations, Ordinary Differential Equations, Advanced Ordi-
nary Differential Equations, Partial Differential Equations, Linear Alge-
bra, Linear spaces, Matrix algebra, Elementary Differential Geometry,
Calculus on Manifolds, Geometries, Mathematical Foundations of Ther-
modynamics, Calculus of Variations, Basic Algebraic Structures, Mathe-
matics for architects, Mathematical Modelling (Yeditepe University), Quan-
titative Decision Techniques (Ozyegin University), Calculus for Mathe-
matics Students IIT (Bogazici University), Precalculus and calculus for en-
gineering students, business mathematics (Australian College of Kuwait)

e Graduate level: Introduction to Geometric Mechanics, Geometry of Dif-
feomorphism Groups, Geometry of Manifolds of Maps, Lie Groups and Lie
Algebras, Topics in Geometry, Complex Analysis (Yeditepe University),
Lectures on Symplectic Geometry, in: Research Semester on Geometry
and Integrability, Feza Gursey Institute, Spring 1999, Lectures on Plasma
Physics Geometry, in Research Semester on Qualitative Theory of Non-
linear Partial Differential Equations, FGI, Spring 2001.

e Teaching assistant to the second year course: Linear Algebra (Bilkent
University).

e Teaching assistant to mechanics, electric, optics laboratories (Istanbul
Technical University).

e Science (physics, astronomy, chemistry, biology) courses to first encounters
(Tarsus Private Lycee).

e Teaching assistant to mechanics, electric, optics laboratories and the sec-
ond year course: Mathematical Methods of Physics (METU).

12



6.5 Organizational

6.6

7

Summer School of Young Mathematicians (for High School Students),
Yeditepe University, August 11-26, 2011.

National Mathematics Graduate Students Workshop, June 14-21, 2010,
Yeditepe University.

Member of the organizing commitee of Special Program on Geometry and
Topology, Feza Giirsey Institute, Spring 2000.

Organizer of the regular seminars in 1999-2000 academic year (Feza Giirsey
Institute).

Thesis Supervised

Ogul Esen, Tulczyjew Construction of Legendre Transformations, MS
Thesis, Graduate School of Science and Engineering, Yeditepe University
(2006).

Ogul Esen, Fiber Bundles, Diffeomorphism Groups and Plasma Dynamics,
PhD Thesis, Graduate School of Science and Engineering, Yeditepe Uni-
versity (2010). (Received Best Work Award in XVIth National Congress
on Mechanics (2010) and National Serhat Ozyar Prize 2011)

First advisor to Yasemin Yilmaz, Lie algebra extensions with applica-
tions to fluids and kinetic theories (completed with the advisor: Ender
Abadoglu, Yeditepe University, 2017)

First advisor to Filiz Cagatay Ucggun, Higher order Lagrangian theories
with constraints (completed with the advisor: Ogul Esen, Yeditepe Uni-
versity, 2017)

First advisor to Derya Coksak, On the Low Lagrangian formulation of
Vlasov-Poisson equations (Completed with Ender Abadoglu, Yeditepe Uni-
versity, 2020)

Mehmet Isik, Exorcising Ghost in Chiral Oscillator, Graduation Thesis,
Yeditepe University, Mathematics Department, 2022.

Alihan Korkmaz, Lie Algebraic Structure of NMR Spectroscopy, Gradua-
tion Thesis, Yeditepe University, Mathematics Departmant, 2022.

Administrative works

Acting Head of Department of Mathematics (Sep 2014-July 2015) Aus-
tralian College of Kuwait: Integrated the Department of Mathematics as
a department in School of Engineering. Performed first performance ap-
praisal of faculty staff. Participated regular review of auspice partners
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(Central Institute of Technology, Australia). Implemented new curricu-
lum units in transforming CIT units to ACK ones. Interviewed candidates
and identify three PhD holder for manpower of department. Introduced
new standards for the department in teaching mathematics and physics
to different departments with large number of students.

e Chairman (May 2003-Oct 2011) Department of Mathematics, Yeditepe
University: Substantial revision on undergraduate program was made.
Internal report for the department was prepared and presented to referees
from Europian Universities Association. Graduate programs (master with
and without thesis, PhD) were opened. Program for minor in mathemat-
ics, double major program for students of many other departments and,
certificate program in actuarial sciences were started. The department has
enlarged to seventeen full-time and fourty part-time faculty serving more
that hundred courses to threethousand students, from four full-time and
thirteen part-time faculty serving approximately fourty courses to seven-
hundred students. Research output of the department has reached the
peak of eighteen articles in the year 2009. A nationwide graduate stu-
dents meeting was organized in June 14-21, 2010. Every year one week
has been spent to visit teachers and students of high schools at various
cities around the country.

e Member of Administrative Commitee of Faculty of Art and Science (June
2003-June 2009) Yeditepe University.

e Member of Science Advisory Commitee for high schools of ISTEK Foun-
dation (2003-2011).

8 Refereeing and Reviewing

For Mathematical Reviews, Physics Letters A, Computer Physics Communica-
tions, Turkish Journal of Mathematics, European Physics Journal B, Journal of
Nonlinear Mathematical Physics,

One Ph.D. Thesis for Department of Mathematics, Bogazi¢i University.

As Higher Education Council’s jury for Assoc. Professorships of sixteen
candidate.

Panelist in evaluation of four research projects presented to TUBITAK.

9 Scholarships, awards and memberships

9.1 Scholarship
e NATO-B2 Postdoctoral Research grant 2001
e NATO-B Postdoctoral scholarship 1993-1994
e TUBITAK-Graduate scholarship 1991-1992
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9.3
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Award

Junior science prize, TUBITAK (Scientific and Technological Research
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Memberships

Founding and executive commitee member of ’association for rights of
talented children and their families’ Istanbul, 2020
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