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Dersin Ad1 Course Name

Biyomolekiiler Sistemlerin Termodinamigi

Thermodynamics of Biomolecular Systems

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)
Kodu Yariyih Kredisi AKTS Kredisi Ders Uygulama | - Laboratuar
(Code) (Semester) | (Local Credits) | (ECTS credits) | (Theoretical) (Tutorial) | (Laboratory)
MAK???E 6 2.5 4 2 1 -
Boliim / Program Makina Miihendisligi / Makina Miihendisligi
(Department/Program) | Mechanical Engineering / Mechanical Engineering
Dersin Tiirii Secime Bagh Dersin Dili Tiirkge/Ingilizce
(Course Type) (Optional) (Course Language) | (Turkish/English)

Dersin Onkosullari
(Course Prerequisites)

TER 205 veya MAK215 veya TER201 veya TER203

Dersin mesleki
bilesene katkisi, %
(Course Category
by Content, %)

Temel Bilim Temel Miihendislik Miihendislik Tasarim | insan ve Toplum Bilim
(Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
50 50 - -

Dersin icerigi

(Course Description)

Ders, biyomolekiiler sistemlerin klasik termodinamigine ve istatistiksel termodinamik /
mekanigine bir giris saglamakta olup entalpi, entropi ve diizensizlik, serbest enerjiler, denge,
Legendre doniigimii, termodinamik sistemlerin kararliligi, mikrokanonik, kanonik ve biiyiik
kanonik topluluklar, dalgalanmalar ve biyomolekiillerin molekiiler dinamik simiilasyonlarina giris
konularini kapsamaktadir.

This course provides an introduction to the classical thermodynamics and statistical
thermodynamics/mechanics of biomolecular systems, and its topics include enthalpy, entropy and
disorder, free energies, equilibria, the Legendre transform, stability of thermodynamic systems,
microcanonical canonical and grand canonical formalisms, fluctuations, and an introduction to
molecular dynamics simulations of biomolecules.

Dersin Amaci

(Course Objectives)

1. Biyomolekiiler davranis ve etkilesimleri tanimlamak ve anlamak igin gerekli termodinamik
ilkelerin temelini saglamak.

2. Istatistiksel mekanik kullanarak makroskopik termodinamik &zeliklerin mikroskopik
molekiiler 6zelliklerle baglantisini 6gretmek.

3. Makine miihendislerine yonelik bir molekiiler anlayisin gelistirilmesi ve bunun molekiiler
dinamik simiilasyonlar1 gergeklestirmek i¢in uygulanmasinin 6gretilmesi.

1. To provide a foundation in the thermodynamic principles used to describe biomolecular
behavior and interactions.

2. To teach the connection of macroscopic thermodynamic properties to microscopic molecular
properties using statistical mechanics/thermodynamics.

3. To develop a molecular understanding for mechanical engineers and demonstrate how to use
it to perform molecular dynamics simulations.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan 6grenciler;

(1) Klasik ve istatistiksel termodinamigin genel prensiplerini kullanabilme,

(2) Biyolojik sistemlerin fiziksel ve termodinamik 6zelliklerini molekiiler diizeyde anlama,
(3) Denge halindeki biyomolekiiler sistemleri iceren temel problemleri ele alabilme,

(4) Istatistiksel termodinamik yaklagimlari kullanarak nanoteknoloji ve biyoloji konularindaki
problemleri ¢6zebilme,

(5) Biyomolekiiler sistemlerin 6zelliklerini modellemek, anlamak ve tahmin etmek amaciyla
molekiiler dinamik simiilasyonlar1 kullanabilme,

becerilerini kazanir

Students who pass the course will be able to ;

(1) Apply the general principles of classical and statistical thermodynamics.

(2) Have a molecular level understanding of the physical and thermodynamic properties of
biological systems.

(3) Handle basic problems involving biomolecular systems at equilibrium.

(4) Solve problems in nanotechnology and biology using statistical thermodynamics approaches.
(5) Use molecular dynamics simulations to model, understand, and predict the properties of
biomolecular systems.




DERS PLANI

Dersin
Hafta Konular Ciktilari

1 Problem ve postiilatlar

2 Denge kosullart

3 Formel bagintilar ve 6rnek sistemler

4 Tersinir prosesler ve maksimum is teoremi

5 Enerji minimum prensibi, Legendre doniisiimleri, Termodinamik Potansiyeller, Genellestirilmis

Massieu fonksyonlari

6 Legendre doniisiimil yapilmig gosterimlerde ugdeger (ekstremum) ilkesi

7 Maxwell Bagntilart

8 Termodinamik sistemlerin kararlilig

9 Tersinmez Termodinamik
10 Entropi gosteriminde istatistiksel mekanik-Mikrokanonik kuramlar
11 Kanonik kuramlar
12 Entropi ve Diizensizlik-genel kanonik kuramlar
13 Molekiiler Dinamik Simiilasyonlari I: Teori ve Uygulamalari
14 Molekiiler Dinamik Simiilasyonlar1 II: Biyomolekiiler sistemlerin modellenmesi

COURSE PLAN
Course
Weeks Topics Outcomes

1 The problem and the postulates

2 The conditions of equilibrium

3 Formal relationships, and sample systems

4 Reversible processes and the maximum work theorem

5 The energy minimum principle, Legendre transformations, Thermodynamic Potentials,

Generalized Massieu Functions

6 The Extremum Principle in the Legendre Transformed Representations

7 Maxwell Relations

8 Stability of Thermodynamic Systems

9 Irreversible Thermodynamics

10 Statistical Mechanics in the Entropy Representation-The Microanonical Formalism

11 The Canonical Formalism; Statistical Mechanics in Helmholtz Representation

12 Entropy as a measure of disorder, distributions of maximal disorder, the grand canonical

formalism
13 Molecular Dynamics Simulation I: Theory and Applications
14 Molecular Dynamics Simulations Il: Modeling Biomolecular systems
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(Textbook) Thermostatistics (2nd edition). John Wiley & Sons, New York.
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(Other References)
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Odevler ve Projeler

(Homework & Projects

Ogrencilere her hafta web sayfasinda ¢ézmeleri icin problemler verilecektir. Ogrencil
isterse, bu problemlerin tiimiinii veya bir bolimiinii degerlendirilmek iizer;
verebilecektir.

Problems will be given to students on a weekly basis on website. Students may ask
for assessment of all or some of her/his solved problems.

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Diger Uygulamalar

(Other Activities)

- Final Sinavina girebilmek icin kabul edilebilir 1 adet
dénem projesi sunulmali.

- Ara sinavlarin ortalamasinin asgari degeri en az 35/100
olmalidir.

- In order to be able to take the final exam, it must be submitted
acceptable term Project and the minimum value of the
average of the midterm exams must be at least 35.

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)

Y1l i¢i Sinavlan 1 %30
(Midterm Exams)

Kisa Smavlar

(Quizzes)

Odevler
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi 1 %30
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi 1 %40
(Final Exam)




