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COURSE SUMMARY

The subject of study of the academic discipline is the basic thermodynamic and
Kinetic properties of water.

The study of the discipline "Physics of Soft Matter" is preceded by the sections
of the course "Statistical Physics and Thermodynamics”, "Methods of Mathematical
Physics”, "Phase Transitions and Phase Equilibria”. Knowledge of the course
"Physics of Soft Matter" lays the foundation for further study of professional training
disciplines and disciplines of the student's choice.

The goal of the course is to train specialists who are able to analyze the
properties of liquid systems similar to helium-4, which can transition to a superfluid
state, such as glycerin, which can be in a normal and highly viscous state, as well as in
a glassy state, such as liquid crystals, which naturally combine the properties of
liquids and crystals with anisotropic molecules, such as Coulomb gas, which can be in
a gaseous and liquid state, and transition from a dielectric state to a conductor state.



The goal of the discipline “Physics of Soft Matter” is to form in students the
skills of qualitative and quantitative analysis of the properties of the described
systems using the methods of modern physics.

The objective of the discipline is to familiarize students with the basic
approaches to describing the properties of soft matter, the principles of constructing
order parameters and the equation of state of matter and describing its caloric
properties, static and viscoelastic behavior, static and dynamic dielectric properties,
describing the dielectric-conductor phase transition and the properties of the
superfluid wall of GC-4; consideration of the most important problems of Soft Matter
Physics (SMP): features of phase diagrams, primarily the position of the boundaries
between stable and metastable states, metastable and completely unstable states,
properties of matter near the boundaries, propagation of acoustic and electromagnetic
excitations, features of relaxation phenomena, behavior of shear viscosity and self-
diffusion coefficients, formation of skills in constructing hydrodynamic equations for
various systems, description of the frequency dependence of kinetic coefficients,
establishment of their tensor nature, especially in external electric and magnetic
fields, analysis of molecular light scattering spectra, etc. Development of skills in
modeling complex phenomena using relatively simple examples.

Learning outcomes provide opportunities to:

Know: principles of constructing hydrodynamic equations depending on the type
of its order parameter; how to determine the propagation velocity and absorption
coefficient of acoustic waves depending on their frequency; how to find the scattering
cross section of molecular light scattering depending on the nature of the polarization
of the incident and scattered light and the scattering frequency; how to calculate the
temperature of the transition of the system to a state in which its properties are
determined by quantum laws; features of the phase diagram of superfluid helium-4;
features of the hydrodynamics of superfluid helium; reasons for the root frequency
dispersion of shear viscosity in highly viscous liquids; methods for describing the
dielectric-conductor phase transition using the example of a two-dimensional
Coulomb gas.

Be able to: determine the type of order parameter depending on the structure of
molecules and the features of intermolecular interaction; use the laws of conservation
of momentum and energy, as well as entropy production, to construct hydrodynamic
equations; construct correlation functions based on the hydrodynamic theory of
thermal fluctuations; calculate the interaction potentials between clusters of different
orders in systems similar to two-dimensional Coulomb gas and water-alcohol
solutions, construct averaged interaction potentials between molecules in such
systems; find the propagation velocity of acoustic waves and their absorption in
micro-inhomogeneous media, which are related to highly viscous liquids; describe the
dielectric properties of micro-inhomogeneous systems in their volume and near the
surface; calculate the dielectric permittivity and the coefficient of electrical



conductivity in a Coulomb gas, as well as find the regions of existence and the
boundary between them, which separates the states of a dielectric and a conductor;
qualitatively and quantitatively describe fluctuation phenomena in liquid crystals,
Coulomb systems and highly viscous liquids.

COURSE DESCRIPTION
Forms and methods of teaching

The course will be taught in the form of lectures (20 hours) and practical classes (20
hours), organization of independent work of students (80 hours).

During teaching the discipline, verbal teaching methods, visual teaching methods are
used. The main verbal teaching method is a lecture. During lectures, the following
teaching methods are used: explanatory-illustrative method, or information-receptive;
reproductive method (reproduction - reproduction); problem-based presentation
method; partial-search, or heuristic method.

During practical classes, the following teaching methods are used: partial-search, or
heuristic method.

Content of the educational discipline
Content module 1. Basic thermodynamic and kinetic properties of water. Part 1.

Topic 1. Condensed states of matter:

Liquid and solid states, features of phase diagrams of various substances,
metastable and absolutely unstable states, phenomena of superfluidity and
superconductivity;

Topic 2. Distribution functions as structural characteristics of condensed phases:

Single-particle and binary distribution functions, structure factors, structure
factor of hard spheres;

Topic 3. Features of thermal motion of molecules in various solid and liquid
phases:

Bulk longitudinal and transverse modes, surface thermal excitations, vortex
excitations in superfluid helium, self-diffusion processes;

Topic 4. Dielectric-conductor transition on the example of a two-dimensional
Coulomb gas:

Clusters and their interaction, dielectric permittivity, gas-liquid transition,

dielectric-conductor transition;

Content module 2. Basic thermodynamic and kinetic properties of water.
Part 2.

Topic 1. NLC - the simplest liquid crystal system:

Mesophases, free energy, thermal excitations, fluctuations of scalar and tensor
order parameters in NLC,;

Topic 2. Properties of highly viscous and glassy states:

Specific behavior of thermodynamic quantities and kinetic coefficients,



Micro-inhomogeneous structure, metastable and absolutely unstable states of
matter as the basis for the formation of highly viscous and glassy states,

Topic 3. Aqueous-alcoholic solutions:

Extraordinary properties of solutions, features of the structure and thermal
motion of molecules, special points;

Topic 4. Dispersed systems:

Suspensions and emulsions, stability of dispersed systems, dielectric properties
of dispersed systems, kinetic processes in dispersed systems.

Topic 5. Human blood as a complex fluid system:

erythrocytes and other shaped formations in blood plasma, properties of blood
plasma and its role in the body, optimal temperature for human existence.
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ASSESSMENT

The academic discipline "Physics of Soft Matter" is assessed on a 100-point scale.

Methods of current control: Current control is carried out based on the results of
the test on the topics of the content modules. The student's activity during the lessons
Is also assessed: oral questioning, writing independent works.

Forms and methods of final control: Final semester control - test. Consists of
current control and test.

Current control consists of taking into account the student's activity during the
lessons (depth of answers to questions that summarize the results of previous lectures
and precede the presentation of new material at the current lecture, the ability to make
the necessary estimates of orders of magnitude.

The test consists of:

1) 2 qualitative questions regarding the properties of water,

2) 2 tasks where it is necessary to estimate the order of magnitude or compare
contributions of different physical nature.

One of the qualitative questions is simple, the second is significantly more
difficult. The tasks are the same.

When assigning points for an answer, special attention is paid to

- completeness and clarity of the answer;

- knowledge of the meaning of words and concepts;

- the degree of perfection of the English when presenting the answers.

OINIHIOBAHHA

Hapuanmpna pmucoumurina «®izuka M’SIKOi pEeUYOBHHH» OIlIHIOEThCS 3a 100-
0aTBHOIO IIKAJIOHO.

MeToau MNOTOYHOT0 KOHTPOJ. [loTOYHUN KOHTPOIHL 3HIMCHIOETHCS 3a
pe3ybTaTaMy BUKOHAHHS KOHTPOJBHOI pOOOTH 32 TEMAaTHKOIO 3MICTOBHHUX MOJIYJIB.
OIIHIOETBCSI TAKOX AaKTUBHICTh CTYJEHTa B MpPOLIECI 3aHATh: yCHE ONMUTYBaHHS,
HaIMCAHHS CaMOCTIMHUX pOOOT.

@opmH i MeTOAH MiJICYMKOBOr0 KOHTPOJII0: [1iCyMKOBUI ceMecTpOBHUIl KOHTPOIIb
- 3a71iK. CKJIaIa€ThCs 3 TIOTOYHOTO KOHTPOJIIO Ta 3aIiIKOBOT KOHTPOJIBHOT pOOOTH.

[ToTouHui KOHTPOIb CKIAMAETHCA 3  ypaxyBaHHS AaKTUBHOCTI CTyJIEHTa B
mporeci 3aHATh (TIMOWHM BIAMOBIAEH HAa TUTAHHSA, WO MIiABOAITH MIACYMOK


http://theorphys.onu.edu.ua/ru/main.php
http://en.wikipedia.org/

MOTIEPETHNUX JICKIIA 1 TEepenyloTh BHUKJIQJCHHIO HOBOTO MaTepially Ha IOTOYHIM
JeKIii, BMIHHS 3pOOUTH HEOOX1TH1 OLIHKH MOPSIIKIB BETMYUH.

KontpossHa poboTa CKIagaeThes:

1) 3 2-X SKiCHUX MIMTaHb CTOCOBHO BJIACTHBOCTEH BOJIH,

2) 3 2-X 3ama4, Ae¢ Tpeda OMIHWUTH TMOPSIOK BEIMYMHUA YU TOPIBHATH BHECKH
pi3HOT (HI3UYHOT TPUPO/IH.

OpHe 3 SIKICHUX MUTaHb € MMPOCTUM, APYre — CYyTTEBO CKJIAIHIMMM. Takxi x cami €

1 3a1au4i.

[Tpu BuCTaBeH1 OajiB 3a BIJMOBIAH OCOOIMBA yBara 3BEpTa€ThCS HA

- MIOBHOTY 1 YITKICTh BIATOBI/IL;

- 3HAHHSI CMUCJY CJIB 1 TOHSTH;

- CTYIIHb JOBEPIIEHOCT! YKPATHChKOi MOBU NP BUKJIAJICHH] BiIMIOBIIEH.

3arajpHa cxemMa HapaxyBaHH# 0aJjiB

dopma MOTOYHOTO KOHTPOJIIO
[TpakTu4H1 3aHATTS Jlekmii* Ex3ame
Pazom Hal:HH Cyma
[ToTounuii KOHTPOJIb (YCHHI) KP 1 | KP 1 pobota
20 40 40 100 - 100

Independent work of students. The results of independent work on the
preparation of theoretical material are assessed by the quality of the performance of
current tests.

The results of the preparation of theoretical material for practical classes are
assessed by an oral survey and by the quality of the performance of current tests.

The results of the implementation of the SRS are presented in the form of a
report (7-10 min), accompanied by a presentation (5-7 slides). The evaluation criteria
are: completeness of the presented material, quality of the report and presentation,
answers to questions from the teacher and fellow students.

The deadlines for submitting/performing independent work tasks are
determined by the teacher.
COURSE POLICY
Determined by regulatory documents: Regulations in force at I.I. Mechnikov
ONU (https://onu.edu.ua/uk/geninfo/official-documents).



The deadline for completing course tasks is determined by the teacher. In case
of good reasons, the teacher allows the postponement of the deadline for completing
tasks. Recalculation of debts - with the permission of the dean's office.

Each student must remember about academic integrity, which is ensured by
independent performance of educational tasks, tasks of current and final control,
proper reference to sources of information in the case of performing creative works,
compliance with the norms of the legislation on copyright and related rights,
provision of reliable information about the results of their own scientific activities.

For violation of academic integrity, students may be held academically liable in
accordance with the Regulations on Academic Integrity at ONU named after I.1.
Mechnikov. https://onu.edu.ua/pub/bank/userfiles/files/documents/acad-
dobrochesnost.pdf.

Attendance at classes is mandatory for students, as is timely arrival at classes.
Mobile devices must be blocked during classes.



