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	Department of Applied Physics

	PHYSICS PART 2. ELECTRICITY AND MAGNETISM. OPTICS. ATOMIC PHYSICS.
Work program of the discipline (Syllabus)


Details of the discipline
	Level of higher education
	First (bachelor's)  


	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Automated and robotic mechanical systems HN MMI
Dynamics and strength of NN MMI machines
Aircraft production technologies NN MMI
Mechanical engineering technologies NN MMI

	Discipline status
	Normative

	Form of study
	full-time (full-time)

	Year of preparation, semester
	1st year, spring semester

	Volume of discipline
	4.5 ECTS credits. The total volume is 135 hours. Lectures - 36 hours, Practical-18 hours, Laboratory work -18 hours, Independent work of the student - 63 hours.

	Semester control/ control measures
	Standings / MKR

	Schedule of classes
	www.roz.kpi.ua

	Language of teaching
	Ukrainian

	Information about the course leader / teachers
	Lecturer: Ph.D., Kondakov Volodymyr Oleksandrovych, kondakow@gmail.com
Practical / Seminar: Candidate of Physical and Mathematical Sciences, Associate Professor Dolgoshey Volodymyr Borysovych, vdolgoshey@ukr.net
Laboratory: : Candidate of Physical and Mathematical Sciences, Associate Professor Dolgoshey Volodymyr Borysovych, vdolgoshey@ukr.net

	Course placement
	www.apd.ipt.kpi.ua


The program of the discipline
1. Description of the discipline, its purpose, subject of study and learning outcomes
Physics is one of the main natural science disciplines that study the laws of inanimate nature. It (together with mathematics, chemistry, etc.) is among the most important fundamental disciplines. Therefore, the study of the basics of physics is a necessary element in the preparation of students of technical specialties. For an engineer – a modern specialist, the ability to effectively use the concepts and laws of physics for specific applied problems is important. Engineering disciplines are based on the laws and representations of physics and cannot be fully mastered without an understanding of the physical principles laid down in them.
Physics studies the simplest and at the same time the most general laws of natural phenomena, the properties and structure of matter and the laws of its motion. At the same time, it bases its laws on experimental research methods and provides their results in mathematical form. The basic principles and laws of physics create a scientific picture of the world.

The purpose of the discipline.
The purpose of the discipline is the assimilation and understanding of physics and the formation of students' competencies:
Professional competencies:
FC6. Ability to perform technical measurements, receive, analyze and critically evaluate measurement results.

Programmatic learning outcomes:
PH9. Know and understand related fields (mechanics of liquids and gases, heat engineering, electrical engineering, electronics) and be able to identify interdisciplinary connections of applied mechanics at the level necessary to fulfill other requirements of the educational program.
ABILITY:
- correctly reproduce physical ideas and correctly apply the principles and laws of physics for the mathematical description of the relevant phenomena;
- analyze the physical mechanisms that are essential when considering certain physical phenomena;
- build mathematical models of physical phenomena.
KNOWLEDGE:
- knowledge of conceptual approaches to the study of physical phenomena, as well as fundamental physical principles and laws and their mathematical appearance (mainly within the framework of the following sections of physics);
- ideas about the limits of the application of relevant physical models and theories;
- acquaintance with the main physical phenomena related to the basic course of physics (mainly within the above sections of physics) and, accordingly, can be described by the above physical models and theories.

2. Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
The educational material of the discipline is based on the knowledge learned by students previously in the courses of elementary physics and mathematics in the program of complete general secondary education, as well as in the parallel study of the course "Higher Mathematics". The knowledge gained by students in the framework of this discipline in accordance with the structural and logical scheme of educational programs is used in the courses: "Theoretical Mechanics", "Materials Science", "Theoretical Foundations of Heat Engineering", "Electrical Engineering and Electronics", etc.

3. Contents of the course 
Section 1. Direct electric current.
Electric current. Conductivity current and convection current. Conditions of existence of current in a conductive medium. Current strength and current density. 
Ohm and Joule-Lenz laws in differential form. Joule-Lenz law in integral form. Various integral forms of Ohm's law. Branched contours. Kirchhoff's rules.

Section 2. Electromagnetism.
Magnetic field. Description of the magnetic field in vacuum. 
Magnetic field induction. Ampere's strength, Lorenz's strength. Magnetic field of a moving charge. Bio-Sawar's Law. The principle of superposition of magnetic fields. 
Theorem on the circulation of a magnetic field in vacuum. 
Differential and integral forms of the theorem on the circulation of a magnetic field in vacuum. Solenoid field.
Magnetization of the substance. Microscopic and macroscopic magnetic field, magnetization current and conductivity.
Description of the magnetic field in matter.
Magnetic field strength. Theorem on the circulation of a magnetic field in matter. Magnetic susceptibility and permeability. Magnets and their main types. Domain structure and hysteresis in ferromagnets.
Boundary conditions for the electric field. Boundary conditions for a magnetic field.
The phenomenon of electromagnetic induction (Faraday's interpretation).
Magnetic flux. Faraday's law of electromagnetic induction. Coefficients of self- and mutual induction, inductance.
The phenomenon of electromagnetic induction in Maxwell's interpretation. Maxwell's law of electromagnetic induction.
Maxwell's equation.
Displacement current. Maxwell's equation in vacuum (integral form). Maxwell's equation in vacuum (differential form). Maxwell's equation in matter (integral form). Maxwell's equation in matter (differential form).
Electromagnetic waves.
Formation and features of electromagnetic waves. Wave equation for electromagnetic waves. Flat electromagnetic waves.

Section 3. Optics.
Entry
Definition of optics. Scale of electromagnetic waves. Fermat principle. Subject and approximation of geometric optics.
Laws of geometric optics. The concept of image. A real and imaginary image. Conjugate points. 
Centered optical systems.
Determination of centered optical systems. Refraction of light on a spherical surface. Thin lenses. Kepler and Galileo Telescopes.
Interference of light.
Definition of interference. Interference schemes. Visibility of the interference pattern, the width of the interference strip. Conditions for observing interference. Coherence; temporal and spatial coherence.
Diffraction of light
Definition of diffraction. The Huygens-Fresnel principle. Fresnel diffraction. Fresnel zones and Fraunhofer diffraction zone diagram. Diffraction on the slit. Diffraction lattices.
Polarization of light.
Polarization of transverse waves. Types of polarization. Polarizer and analyzer. Malius' law. The passage of light through the boundary of the separation of two transparent media. Fresnel formulas, Brewster angle.
Radiation quanta.
Thermal radiation. A completely black body; gray body. Stefan-Boltzmann law, Planck's formula. The concept of quanta of light. Photo effect. Quantum theory of the photoelectric effect.
X-rays. The Compton effect.

Section 4. Atomic physics.
The structure of atoms. 
Electron in an atom. Postulates of Bohr. Spectra of hydrogen-like atoms, Ritz combinational principle. Quantum numbers of an electron in an atom. Electron spin. Spatial quantization.
Basic concepts and representations of quantum mechanics. 
Corpuscular-wave dualism. De Broglie wave, wave function. The relationship between the mechanical and wave parameters of the object. Heisenberg uncertainty ratio. The average value of a physical quantity. 
Schroedinger's equation Particle in a potential field. 
Schroedinger's time equation. Schroedinger's stationary equation.
A particle in a potential pit and in the presence of a potential barrier in quantum mechanics. Transparency of the potential barrier. Tunnel effect.


4. Learning Materials and Resources
Recommended Reading
Main:
1 Kucheruk I.M., Gorbachuk I.T., Lutsyk P.P. General course of physics. (in 3 vols.). Vol.2. Electricity and magnetism. K.: Technics, 2006..
2. Kucheruk I.M., Gorbachuk I.T., Lutsyk P.P. General course of physics. (in 3 vols.). T.3. Optics. Quantum physics. - K.: Technics, 2006.
3. Vakarchuk S.O., Demkiv T.M., Myagkota S.V. Physics. – Lviv: Ivan Franko National University of Lviv Center, 2010.
4. Antonyak O.T. General Physics: Fundamentals of Electricity and Magnetism: Textbook. manual. – Lviv: Publishing Center LNU them. Ivan Franko, 2009.
5. Lopatynskyi I.E., Zachek I.R., Ilchuk G.A., Romanyshyn B.M., Physics for engineers. Lviv: 2003, 2005, 2009.

Secondary:
1. D.V. Sivuhin. The General Course of Physics. Vol. 3-5. Book on Demand Ltd., 2018.
2. Savelyev I.V. (Author), Leib G. (Translator), Physics - A General Course. Central Books Ltd, 1981.
3. Yavorsky B.M., Detlaf A.A., Weinstein N., Modern Handbook of Physics, ‎ Mir Publishers, 1983.
4. Max Born. Atomic Physics. Blackie and Son Ltd. London – Glasgow, 1963.
5. Herodov I.E. Problems on general physics. M.: Nauka, 1988
6. Strelkov S.P., Syvukhin D.V., Ugarov V.A., Yakovlev I.A. Sbornik of problems on the general course of physics 
    (in 5 volumes). M.: Fizmatlit; Doe, 2006.
7. Dmitrieva V.F. Physics. K.: Technics, 2008.
8. Cholpan P.P. Physics. K.: High School, 2003.




Educational content
5. [bookmark: _heading=h.30j0zll]Methods of mastering the discipline (educational component)
The lectures present theoretical material and provide examples of solving the main thematic problems.
	№
s/n
	The title of the lecture topic and a list of main questions


	
	Section 1. Direct electric current

	1
	Lecture 1.  Direct electric current. Basic definitions and quantities
            Electric current. Conductivity current and convection current. Conditions of existence of current in a conductive medium. Current strength and current density. 

	2
	Lecture 2.  Direct electric current. Basic laws
            Ohm and Joule-Lenz laws in differential form. Joule-Lenz law in integral form. Various integral forms of Ohm's law. Branched contours. Kirchhoff's rules.

	
	Section 2. Electromagnetism

	3
	Lecture 3.  Magnetic field. Description of the magnetic field in vacuum
            Magnetic field. Magnetic field induction. Ampere's strength, Lorenz's strength. Magnetic field of a moving charge. Bio-Sawar's Law. The principle of superposition of magnetic fields. 

	4
	Lecture 4.  Theorem on the circulation of a magnetic field in vacuum. Magnetization of matter.
            Theorem on the circulation of a magnetic field in vacuum. 
            Differential and integral forms of the theorem on the circulation of a magnetic field in vacuum. Solenoid field.
            Magnetization of the substance.
            Magnetization of the substance. Microscopic and macroscopic magnetic field, magnetization current and conductivity.

	5
	Lecture 5.  Description of the magnetic field in matter.
	Magnetic field strength. Theorem on the circulation of a magnetic field in matter. Magnetic susceptibility and permeability. Magnets and their main types. Domain structure and hysteresis in ferromagnets.

	6
	Lecture 6. Boundary conditions for electric and magnetic fields. The phenomenon of electromagnetic induction (Faraday's interpretation).
	Boundary conditions for electric and magnetic fields.
            Boundary conditions for the electric field. Boundary conditions for a magnetic field.
            The phenomenon of electromagnetic induction (Faraday's interpretation).
            The phenomenon of electromagnetic induction in the interpretation of Faraday. Magnetic flux. Faraday's law of electromagnetic induction. Coefficients of self- and mutual induction, inductance.

	7
	Lecture 7. The phenomenon of electromagnetic induction (Maxwell's interpretation). Maxwell's equation.
The phenomenon of electromagnetic induction (Maxwell's interpretation).
The phenomenon of electromagnetic induction in Maxwell's interpretation. Maxwell's law of electromagnetic induction.
Maxwell's equation.
Displacement current. Maxwell's equation in vacuum (integral form). Maxwell's equation in vacuum (differential form). Maxwell's equation in matter (integral form). Maxwell's equation in matter (differential form).

	8
	Lecture 8. Electromagnetic waves.
Formation and features of electromagnetic waves. Wave equation of electromagnetic waves. Flat electromagnetic waves.

	
	Section 3.  Optics

	9
	Lecture 9. Introduction to optics.
	Definition of optics. Scale of electromagnetic waves. Fermat principle. Subject and approximation of geometric optics.

	10
	Lecture 10. Fundamentals of geometric optics. Centered optical systems. 
	Fundamentals of geometric optics.
            Laws of geometric optics. The concept of image. A real and imaginary image. Conjugate points. 
            Centered optical systems.
            Determination of centered optical systems. Refraction of light on a spherical surface. Thin lenses. Kepler and Galileo Telescopes.

	11
	Lecture 11. Interference of light.
             Definition of interference. Interference schemes. Visibility of the interference pattern, the width of the interference strip. Conditions for observing interference. Coherence; temporal and spatial coherence.

	12
	Lecture 12 Diffraction of light
            Definition of diffraction. The Huygens-Fresnel principle. Fresnel diffraction. Fresnel zones and Fraunhofer diffraction zone diagram. Diffraction on the slit. Diffraction lattices.

	13
	Lecture 13. Polarization of light.
            Polarization of transverse waves. Types of polarization. Polarizer and analyzer. Malius' law. The passage of light through the boundary of the separation of two transparent media. Fresnel formulas, Brewster angle.

	14
	Lecture 14. Radiation quanta.
            Thermal radiation. A completely black body; gray body. Stefan-Boltzmann law, Planck's formula. The concept of quanta of light. Photo effect. Quantum theory of the photoelectric effect.
X-rays. The Compton effect.

	
	Section 4. Atomic physics

	15
	Lecture 15. The structure of atoms. Electron in an atom.
            The structure of atoms. Postulates of Bohr. Spectra of hydrogen-like atoms, Ritz combinational principle. Quantum numbers of an electron in an atom. Electron spin. Spatial quantization.

	16
	Lecture 16. Basic concepts and representations of quantum mechanics. 
	Corpuscular-wave dualism. De Broglie wave, wave function. The relationship between the mechanical and wave parameters of the object. Heisenberg uncertainty ratio. The average value of a physical quantity. 

	17
	Lecture 17.  Schroedinger's equation Particle in a potential field. 
            Schroedinger equation
            Schroedinger's time equation. Schroedinger's stationary equation.
            A particle in a potential field.
            A particle in a potential pit and in the presence of a potential barrier in quantum mechanics. Transparency of the potential barrier. Tunnel effect.

	18
	Credit lesson



Practical classes
The main tasks of the cycle of practical classes are the formation of students' practical skills in solving problems, in particular.  skills of applying physical theories to specific problems. At the same time, students learn the skills of  building physical models of processes, choosing adequate mathematical models of physical processes, choosing the optimal method for solving problems.  The necessary material for preparation for practical classes can be found, in particular, in the main literary sources [1-5], as well as additional [5,6], containing the basic formulas necessary for solving problems.
	No s/n
	The name of the topic of the lesson 
 

	1
	Direct electric current.
Literature: add. [5, 6].

	2
	Magnetic field in vacuum.
Literature: add. [3, 4].

	3
	Magnetic field in matter.
Literature: add. [3, 7].

	4
	Electromagnetic induction.
Literature: add. [3, 4].

	5
	Geometric optics.
Literature: add. [3, 4].

	6
	Interference of light.
Literature: add. [3, 4].

	7
	Fresnel diffraction.
Literature: add. [3, 4].

	8
	Fraunhofer diffraction.
Literature: add. [3, 4].

	9
	Modular control work].


Laboratory classes
The main tasks of the cycle of laboratory classes are the formation of students' skills of experimental work, familiarization with the main methods of measuring physical quantities, the main methods of processing the results of the experiment and physical devices, as well as a visual illustration of physical laws and principles.
	No s/n
	Name of laboratory work 
	Number of rooms. Hours

	1
	Introduction to laboratory work. Safety requirements. Acquaintance with the elements of the theory of processing measurement results.
	2

	2
	Determination of EMF and internal resistance of the battery.
	2

	3
	Protection of laboratory work.
	2

	4
	Determination of the magnetic moment of the turn with current in the magnetic field.
	2

	5
	Protection of laboratory work.
	2

	6
	Study of forced oscillations in a sequential oscillatory circuit.
	2

	7
	Protection of laboratory work.
	2

	8
	The study of the interference of light.
	2

	9
	Protection of laboratory work.
	2



6. Independent work of the student

Preparation for classroom, practical and laboratory classes, as well as for the ICR, the study of theoretical material and the creation of your own abstract, preparation for the exam, a total of 63 hours.

Politics and control
7. Policy of the discipline (educational component)
The system of requirements that the teacher sets for the student is indicated:
· Rules for attending classes: attending lectures and practical classes is not mandatory for obtaining a positive assessment, but desirable. Documents exempting from attending classes (medical certificates certified by the authorized deputy dean of dismissal) the student must present to the teacher and submit to the dean's office;
· rules of conduct in the classroom: the student must follow the instructions of the teacher regarding work in the classroom, behave with restraint and courtesy and not interfere with other students and the teacher;
· rules for assigning incentive and penalty points: incentive - answers to the teacher's questions at lectures, active (above the established norm) work in practical classes; penalty points – delay in the performance and protection of laboratory work;
· Deadline and renegotiation policy: The policy of deadlines and reshuffles from laboratory work is determined by the teacher conducting laboratory work. If the student did not show up for the test (without a good reason), his result is estimated at 0 points.  The possibility of re-passing the MKR (including in the  case of missing the test) can be provided to the student  in agreement with the teacher  (the final rating takes into account the assessment of the last passing). Re-examination is carried out in accordance with the Rules for the final control;
· policy on academic integrity: The Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" https://kpi.ua/files/honorcode.pdf establishes general moral principles, rules of ethical behavior of persons and provides for a policy of academic integrity for persons working and studying at the university, which they should be guided by in their activities;
· When using digital means of communication with the teacher (e-mail, correspondence on forums and instant messengers, etc.), it is necessary to adhere to generally accepted ethical standards, in particular, to be polite and limit communication to the teacher's working time.


8. Types of control and rating system for evaluating learning outcomes (RSO)
The student's rating in the discipline consists of points that he receives for:
1) Modular test20 points 							
2) Work in practical classes and homework20 points	
3) Performance and defense of laboratory work20 points					
4) Creating your own summary of theoretical material40 points			

Rating (weight) points system and evaluation criteria
1. Modular test work
The weight score is 20 for a modular test. 

Grading system (according to the ICR):
	The level of assimilation of educational material
	Points
	Evaluation criteria

	"excellent"
	18-20
	full answer (at least 90% of the required information)

	"good"
	15-17
	a sufficiently complete answer (at least 75% of the required information), or an answer with minor inaccuracies

	"satisfactory"
	12-14
	incomplete answer (at least 60% of the required information) and minor errors

	"unsatisfactory"
	0-11
	unsatisfactory response (does not meet the requirements for "satisfactory")



The maximum number of points for the MKR is 20 points.

[bookmark: _Hlk117071256]2. Practical exercises
Weight score – 20 for practical classes. Points are awarded for tasks solved in a practical lesson and assigned to the house.

3. Laboratory work
The weight score is 5 for each of the 4 laboratory works.
Evaluation system (for 1 laboratory work):
	The evaluated element of the work
	Maximum/nominal points

	Performing laboratory work  
	1

	Data processing and design of work results
	1

	Response to protection
	3

	Untimely protection
	-1


[bookmark: OLE_LINK1]The maximum number of points for laboratory work is 5 points x 4 = 20 points.

4. Lectures
Students who are actively working in lecture classes may be additionally awarded incentive points.

Admission to the test
Calculation of the scale (R) of the rating:
Thus, the maximum amount of weight points of the semester rating is:
			RC = 20 (μr)+ 20(pract) + 20(lab) + 40(consp) = 100 points
(Semester control – CREDIT)
Certification of students at the 8th and 14th weeks of the semester is carried out according to the value of the current rating at the time of certification. If the rating value is not less than 50% of the maximum possible at the time of certification, the student is considered certified.
A necessary condition for admission to the test is the execution and protection of all laboratory works and the creation of your own handwritten outline on the theory. In addition, for admission to the test, the total rating in the discipline must be at least 0.6 RC = 60 points.
Students who score during the semester a discipline rating less than 0.6 R C = 60 points are required to increase their rating to at least the minimum (0.6 R C) before the start of the examination session. Students who have debts in the subject that do not meet the required condition for admission to the test are obliged to eliminate at least the minimum amount of debts necessary for admission to the test lesson. If these conditions are not met (at least one of the specified  above) such students are not allowed to be credited and, accordingly, receive academic debt.
A student who has fulfilled the conditions of admission, but has less than 60 points, must perform a test paper (pass an interview) and receive an appropriate grade.
To get a student's grades on a university scale, his rating R is translated according to the table:

Table of correspondence of rating points to assessments on a university scale: 

	Score
	Score

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Well

	74-65
	Satisfactory

	64-60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed




Upon receipt of an unsatisfactory grade on the test, the student has 2 attempts to retake in accordance with the schedule of the additional session.

Work program of the discipline (syllabus):
Compiled by associate professor kaf. PF, Ph.D., Kondakov Vladimir Alexandrovich.
Approved by the Department of Applied Physics (protocol No 11 dated 15.06.2022)
Approved  by the Methodical Commission of the NN FTI (protocol No 6 dated 30.06.2022)
Approved by the Methodical Commission of NN MMI (protocol No 11 dated 28.08.2022.r)
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