
SYLLABUS 2021/2022
	Level of study
	Master’s Course


	Course title in Ukraine
	Актуальні проблеми фізики конденсованого стану

	Course title in English
	Current problems of condensed matter physics

	Course code 
	
	ECTS credits
	4

	Lecturer(s)
	Dr.Sci., prof. Trubitsin M.P.
Email address: trubitsyn_m@ua.fm


	Course objectives

(learning outcomes)
	This course aims to provide an introduction to the basic ideas of spectroscopy of electrical polarization and charge transfer in dielectrics.
The students will learn classification and main mechanisms of polarization and charge transfer phenomena in dielectrics and broad band semiconductors; basic concepts of dielectric and impedance spectroscopy methods; the approaches used for analysis of dielectric and impedance spectra in ordered and partially disordered solids; basic aspects of dielectric and impedance spectroscopy applications for characterization of functional materials; the methods of measuring dielectric and impedance spectra.


Prerequisites:
	Knowledge
	Knowledge of mathematics and physics on the level of bachelor in physics or applied physics or micro- and nanoelectronics.

	Skills 
	Mathematical and physical skills on the level of bachelor in physics or applied physics or micro- and nanoelectronics.

	Courses completed
	The bachelor in physics or applied physics or micro- and nanoelectronics.


Learning effects:
	Knowledge
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	W01 A student has a basic knowledge on physical mechanisms of polarization and charge transfer phenomena in dielectrics and broad band semiconductors. 
W02 A student understands basic concepts of dielectric and impedance spectroscopy methods.
W03 A student comprehends the approaches used for analysis of dielectric and impedance spectra in ordered and partially disordered solids.
W04 A student knows basic aspects of dielectric and impedance spectroscopy applications for characterization of functional materials. 
W05 A student has a basic knowledge on the methods of measuring dielectric and impedance spectra.
	W01 – W05



	Skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	U01 A student is able to classify and analyze the mechanisms of polarization and charge transfer phenomena in dielectrics and broad band semiconductors. 
U02 A student is able to use theoretical knowledge to analyze dielectric and impedance spectra in ordered and partially disordered solids.
U02 A student is able to analyze dielectric and impedance spectra by using the method of equivalent substitution circuits with concentrated and distributed elements.
U03 A student is able to apply dielectric and impedance spectroscopy for characterization of functional materials.
	U01 – U04



	Social skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	K01. A student has the creativity and the ability to conceptual thinking.
K02 A student is able to present and justify the personal point of view.
K03 A student is able to use the information technologies for the communication with the scientific community.
K04 A student is aimed to expand personal knowledge and skills.
K05 A student has the legal erudition.
K06 A student concerned about the environmental safety of physical experiment.
	K01 – K06



Course organization:
	Form of classes
	Lecture

(W)
	Group-exercises

	
	
	A (large group)
	
	K (small group) 
	
	L (Lab)
	
	S (Seminar)
	
	P (Project) 
	
	Exam
	

	Contact hours
	24
	
	16
	
	
	
	1

	Semester 
	  1

	Language 
	 Ukrainian


Teaching methods:

	Classes will be performed in tutorial system on a weekly basis using multimedia presentation and internet in a form of the lectures open for discussion and questions.

In-class exercises are designed to probe knowledge developed through this process, with emphasis on how well students have understood the underlying mathematical and physical ideas.

The students will prepare one individual presentation. 


Assessment  methods:

	
	E – learning
	Didactic games
	Classes in schools
	Field classes
	Laboratory tasks
	Individual project
	Group Project
	Discussion participation
	Student’s presentation
	Written assignment (essay)
	Oral exam
	Written exam
	Test 
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Assessment  criteria:
	Grades
	The grading scale will be as follows: 

90 – 100 % - A including A- excellent (eq. in Ukraine:відмінно (very good))

82–89 % : B including B – very good   (eq. in Ukraine: добре ( good))

75–81 %: C including C -   good           (eq. in Ukraine: добре ( good))
64–74 %: D including D – satisfactory (eq. in Ukraine: задовільно (satisfactory))
60–63 %: E including E – acceptable    (eq. in Ukraine: задовільно (satisfactory))

   < 59 %: F  failded     (eq. in Ukraine: незадовільно (unsatisfactory))

	Criteria
	A. A student knows all terms and concepts mentioned in W1-W4, U1- U4 and  K1-K4. A student can work without any assistances, his/her knowledge’s are creative and easily applied to decision of specific problem.

B. A student knows all terms and concepts mentioned in W1-W4,   U1- U4 and  K1-K4, yet needs a little help when decision of specific problem. 

C. A student knows all terms and concepts mentioned in W1-W4,   U1- U4 and  K1-K4, however needs a help when decision of specific problem. 

D. A student knows the most of terms and concepts mentioned in W1-W4,   U1- U4 and K1-K4 and has difficulty in decision of specific problem.
E. A student knows only several terms and concepts mentioned in W1-W4,   U1- U4 and K1-K4 and can solve only a simple problem.
F. A student does not know most of terms and concepts mentioned in W1-W4,  he/she did not reach the satisfactory level of knowledge this course.


Course content (topic list):
	Topics
	1. Dielectric spectroscopy.

W1. The mechanisms of electrical polarization.
Elastic mechanisms polarization.
Thermal mechanisms polarization.
W2. Dielectric spectra. Cole-Cole diagrams.
W3. Disordered systems.

Disordered systems with resonance spectra.
Disordered systems with relaxation spectra.
W4. Dielectric spectra in the crystals with structural phase transitions (SPT).

SPT of displacive type.

SPT of order-disorder type.

2. Impedance spectroscopy.

W5. The mechanisms of electrical conductivity in dielectrics.

Electronic conductivity .
Ionic conductivity.
Proper and impurity conductivity
W6. The concept of the impedance spectroscopy method 
Vector diagram of currents and voltages
W7. Equivalent substitution circuits

Parallel RC circuit
Serial RC circuit
Parallel RC circuit with additional resistor
Parallel RC circuit with additional capacitor
W8. Equivalent substitution circuits with distributed elements
Warburg impedance
The element of the constant phase
W9. Methods of impedance measurement
Bridge method
Resonance method
Voltmeter - Ammeter Method


Literature:
	Compulsory reading


	1. Поплавко Ю. М. Фізика діелектриків: підручник. – К.: НТУУ «КПІ», 2015. – 572 с.
2. Kremer F., Schonhals A., Luck W. Broadband Dielectric Spectroscopy. – Springer-Verlag, 2002.
3. Impedance Spectroscopy. Theory, Experiment and Applications. Second Edition. Ed. by E. Barsoukov, J. Ross Macdonald. N.Y., Wiley, 2005. - 585 с.
4. Григорчак І.І., Понеділок Г.В. Імпедансна спектроскопія. Навчальний посібник. Вид-во: Львівська політехніка, 2011. - 350 с.
5. Иванов-Шиц А.К., Мурин И.В. Ионика твердого тела. Т.1. Изд-во СПбГУ. С-Пб., 2000. - 616 с.
6. Сєтов Є.А., Трубіцин М.П. Спектроскопічні методи у фізиці твердого тіла, Навчальний посібник. Дніпро: ТОВ «Акцент ПП». - 2018, 46 с. 

	Recommended reading


	1. Вест А. Химия твердого тела. Теория и приложения, т.2. М.:Мир, 1988.- 335 с.
2. Гуревич Ю.А. Твердые электролиты. М. : Наука, 1986. - 171 с.

3. Графов Б.М., Укше Е.А. Электрохимические цепи переменного тока. М.: Наука, 1973.- 128 с.
4. Поклонский Н.А., Горбачук Н.И. Основы импедансной спектроскопии: курс лекций. Изд-во БГУ, Минск, 2005.- 130 с.

5. Буянова Е.С., Емельянова Ю.В. Учебное пособие. Импедансная спектроскопия электролитических материалов. Изд-во Уральского гос. ун-та им. А.М. Горького, Екатеринбург, 2008. - 70 с.


Estimation of the total working time of students:
	Contact hours 
	Lectures
	24

	
	Seminars/classes
	16

	
	Other (consultation, meetings)
	10

	Students’ work

hours (without the lecturer)
	Reading books and preparation for the lectures
	20

	
	Preparation to the seminar 
	10

	
	Preparation of an individual presentation
	20

	
	Preparation to the test
	20

	Total works’ hours 
	120

	ECTS credits  1 ECTS = 30 h
	4
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