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Objectives: Formation of students’ knowledge of the basics of physics, holistic
understanding of the fundamental physical laws underlying the physical theories, scientific
outlook and methods of cognition, promote the development of thinking, experimental
skills and ability to navigate the flow of scientific and technical information, and the
development of the ability to put into practice the knowledge acquired in the field of

OBJECTIVES, CORE COMPETENCES, LEARNING OUTCOMES

Software Engineering and Computer Science

Core competences: K01, K02, K05, K06, K20, K26

Learning outcomes:

[1PO1, ITP20

Structural-logical scheme of the subject

AND STRUCTURAL-LOGICAL SCHEME OF THE ACADEMIC SUBJECT

Prerequisite of the subject

This course is prerequisite for:

Higher mathematics

All basic technical and special subjects

SUBJECT DESCRIPTION

Total amount Type of classroom Current
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* CP - Course Project, CW- Course Work, CGT- Calculation and Graphical tasks,
CT - Calculation Tasks, P - Paper
The ratio of the number of class hours to the total volume is 53%




STRUCTURE OF THE SUBJECT

N B~
e S3 L g2
£ 4 2 Semester number (if subject is taught 3 €
R " for several semesters). 2
< § S & § Content module titles. é 2
S SR < Title of topic and questions of each type of activity. 2 g—
o g % Tasks for Self-study. £
£S g Sz
g =)
1 2 3 4 5
Introduction to the course. Physical basis of
mechanics.
The subject of physics. Methods of physical cognition:
experience, hypothesis, theory. Physics as a culture of
modeling. [1, 5
Measurement and its value in science. Elements of the 10’]
1 | Lecture Nel | 2 | dimensions theory of the physical quantities. The main
stages of the physics history. The role of physics in the
development of technology and the influence of
technology on the development of physics.
Section 1. Physical basics of mechanics
Topic 1.1. Kinematics of material particle
The subject of mechanics. Material point, a system of
material points, a rigid body, continuous medium.
Reference systems. Trajectory, distance, displacement.
Speed and acceleration in the general case of curvilinear |[1, 5-
5 | Lecture No2 | 2 motion. The princip!e of independence of movemer)ts. 10]
Normal and tangential components of the acceleration
of a material point in curvilinear motion. Angular
velocity and angular acceleration of a point moving in a
circle and their relationship with linear velocities and
accelerations.
Kinematics [1, 5-
3 Pr Ne 1 2 10]
Self-study 4 | Solving an individual assignment on kinematics
Topic 1.2. Dynamics of material point
The concept of state in classical mechanics. The main |[1, 5-
4 | Lecture Ne3 2 task of dynamics. Newton's first law. The concept of an |10]

inertial frame of reference. Mass, power, linear




momentum and their units. Newton's second law.
Power as a derivative of momentum. Newton's third
law. The main forces considered in mechanics. Limits
of application of classical mechanics. Internal and
external forces. Isolated system as a physical model.
Center of inertia (center of mass) of the system. The
law of motion of the center of inertia. The law of
conservation of linear momentum.

Topic 1.3. Work and energy

Lecture Ne 4

Energy is a universal characteristic of motion and
interaction of material objects. Work and its expression
through a curvilinear integral. Power. Kinetic energy.
Work, power and Kkinetic energy in the body's rotational
motion.

Field as a form of matter, which exerts force
interactions between bodies. Conservative and non-
conservative forces. Energy dissipation. The potential
energy of a particle in an external force field.

The law of conservation of mechanical energy.

[1, 5-
10]

Pr Ne2

Practice on the laws of motion of a rigid body in
mechanics and the laws of conservation in classical
mechanics.

[1, 5-
10]

Self-study

The inertial reference systems and the mechanical
principle of Galileo relativity. Galileo's transformation.
The invariants of  Galileo's transformations.
Dependence of acceleration due to gravity on breadth.
Non-inertial reference systems. The forces of inertia.
Examples of action of inertia forces in nature and
technology.

[, 5
10]

Topic 1.4. A rigid body in mechanics and the laws of
its motion

Lecture Ne5

Moment of force (torque). The moment of inertia of the
material point and the rigid body relative to the axis.
Calculation of moments of inertia of rigid bodies.
Steiner's theorem. Equation of dynamics of rotational
motion of a point and the rigid body relative to the axis.
Angular momentum. Equation of moments. Equation of
motion and equilibrium of a rigid body. The law of
conservation of angular momentum.

1, 5-
10]

Self-study

Solving an individual assignment on dynamics

[L,5-
10]




Section 2. Mechanical oscillations and waves
Topic 2.1. Harmonic oscillations

Lecture Ne6

Characteristics of harmonic  oscillations:  The
differential equation of harmonic oscillations and its
solution. Energy ratios for the oscillator. Physical,
mathematical and spring pendulums. Addition of the
oscillations.  Free damping mechanical oscillations
Forced mechanical oscillations. Resonance.

[2, 5-
10]

Topic 2.2. Wave processes

Lecture Ne7

Mechanism of formation of mechanical waves. Elastic
waves in solids, gases, and liquids. Transverse and
longitudinal waves. Flat wave. Equation of traveling
wave (flat, spherical and cylindrical). Phase velocity,
wavelength, wave number, and wave vector.
Relationship of phase velocity with wave vector. One-
dimensional wave equation. Wave energy. Energy flow.
Vector Condition.

Standing waves. Nodes and antinodes.

[2, 5-
10]

10

PrNe3

Practice on oscillations and waves.

[2, 5-
10]

Self-study

Practical applications of adding oscillations.
Solving an individual assignment on oscillations and
waves

[2, 5-
10]

Section 3. Electricity
Topic 3.1. Electrostatics in vacuum

11

Lecture Ne &

Electric charge, electric field. Discreteness of electric
charge. The law of conservation of charge. Coulomb’s
law. Electric field strength vector, power lines. The
electric field strength of a point charge. The principle of
superposition. Electric field intensity flow. Gauss's
theorem for electric field and its application: field of
uniformly charged bodies: infinite plane, filaments
(cylinders), balls.

The work of the field forces when moving charges.
Electrostatic field strength circulation. Electric
potential, potential difference. Connection of electric
potential with electrostatic field strength. Potential field
of point charge. Equipotential surfaces.

The potential nature of the electric field. Potential
energy.

[3, 5-
10]

Topic 3.2. Conductors and dielectrics in electrostatic
field

12

Lecture Ne 9

Perfect conductor. Free electric charges. Conductor in
an electric field. The phenomenon of electrostatic

[3, 5-
10]




induction. Charge distribution in conductors in an
electrostatic field. Surface charge density. Conditions
on the border of "conductor-vacuum®. Electrostatic
protection. Electric capacity. Capacitors. Electrical
capacitors of different geometric shapes. Capacitor
systems. The interaction energy of electric charges.
Energy of a charged capacitor. Electric field energy.
Dielectrics. Dielectric polarization in an electric field.
Related (polarization) charges. Electric dipole. Dipole
in an external electric field. Polarization (vector of
polarization).

13

Pr Ne4

Practice on electrostatics

3, 5-
10]

Self-study

Solving an individual assignment on electrostatics

3, 5-
10]

Topic 3.3. Direct electric current

14

Lecture Ne
10

Direct electric current, its characteristics and conditions
of its existence. Amperage. Vector current density.
Foreign forces. Electromotive force. The difference in
electrical potentials, electrical voltage. Electrical
resistance of conductors. Ohm’s and Lenz-Joule’s laws
in integral and differential form. Ohm's law for the
circle section containing the electromotive force. Ohm's
law for a closed circle. Kirchhoff's rules.

3, 5-
10]

15

Pr Ne5

Practice on direct current

[3, 5
10]

Self-study

Solving an individual assignment on direct electric
current

3, 5-
10]

Section 4. Magnetism
Topic 4.1. Magnetic field in vacuum

16

Lecture
Nell

Magnetic field. Magnetic induction. The magnetic
moment of the circuit with electric current. Circuit with
current in a magnetic field. The torque acting on the
circuit. Biot-Savart law. The superposition principle.
The magnetic field of the simplest systems. Ampere’s
law. Lorentz’s force. Magnetic flux. Gauss's theorem
for magnetic flux. Work on moving the conductor and
circuit with the current in the magnetic field.

3, 5-
10]

17

Pr Ne6

Practice on laws of magnetism

3, 5-
10]

Self-study

The vortex nature of the magnetic field. The law of full
current for a magnetic field in a vacuum. Its
application to the calculation of magnetic fields of a
toroid and a long solenoid.

3, 5-
10]




Solving an individual assignment on magnetism in
free space

Topic 4.2. Magnetic field in substance

18

Lecture
Nel2

The magnetic field in substance. The magnetic field of a
moving charge. Molecular currents. Magnetic moments
of atoms. Magnetization. Magnetic susceptibility and
magnetic permeability. Magnetic field strength. Types
of magnets: diamagnetic, paramagnetic, ferromagnet .

[3, 5-
10]

Topic 4.3. Electromagnetic induction

19

Lecture
Nel3

The phenomenon of electromagnetic induction.
Faraday's law of electromagnetic induction. Lenz's rule.
Phenomena of self-induction and mutual induction.
Inductance. Own inductance of a long solenoid. Mutual
inductance. Practical applications of electromagnetic
induction. Magnetic field energy. Basics of Maxwell's
theory for electromagnetic field. Maxwell's system of
equations in integral form. Speed of propagation of
electromagnetic excitations.

[3, 5
10]

Self-study

Solving an individual assignment on electromagnetic
induction

[3, 5
10]

Topic 44, Electromagnetic oscillations.
Electromagnetic waves

20

Self-study

Harmonic electromagnetic oscillations. Thomson’s
oscillating circuit. Free damping electromagnetic
oscillations, their differential equation and its solution.
Extinction  coefficient,  attenuation  decrement,
logarithmic attenuation decay, figure of merit,
relaxation time of oscillatory system. Forced
electromagnetic oscillations. Impedance.
Electromagnetic  waves. Wave equations  for
electromagnetic waves. The differential equation of a
plane monochromatic electromagnetic wave. The speed
of propagation of electromagnetic waves in media.
Maxwell's law. The energy of electromagnetic waves.
Energy flow. Umov-Pointing’s vector.

[3, 5-
10]

21

Pr Ne 7

Electromagnetic induction and oscillations. Alternating
current

[3, 5
10]

Self-study

Faraday’s and Maxwell’s interpretation of the
phenomenon of electromagnetic induction.
Electromagnetic field. Foucault currents, skin effect.
Maxwell's theory for electromagnetic field

Solving an individual assignment on
electromagnetism

[3, 5-
10]




Section 5. Optics
Topic 5.1. Geometric and wave optics. Interference.

22

Lecture Ne
15

The nature of light. Laws of light propagation,
reflection and refraction. Absolute and relative
refractive indices. The phenomenon of complete
internal reflection, optical fibers and their use.
Interference of monochromatic waves.  Coherence.
Interference from two sources. Interference of light in
thin films, strips of equal thickness and even slope.
Newton's rings. lllumination of optical systems

[4-10]

Topic 5.2. Diffraction of light

[4-10]

23

Lecture
Nel6

Huygens-Fresnel principle. Fresnel diffraction. Fresnel
zone method. Diffraction on one and many cracks.
Diffraction grating. Resolution.

The spread of light in matter. The phenomenon of light
dispersion. Absorption of light. Bouguer-Lambert’s
law. The relationship of dispersion with absorption.
Wave polarization. Polarization of waves during
reflection and refraction. Brewster’s and Malyus’s laws.

Self-study

Dispersion, polarization of light.
Solving an individual assignment on wave optics

[4-10]

Section 6. Basic concepts of quantum physics
Topic 6.1. Elements of guantum optics

24

Lecture Ne
17

Thermal equilibrium radiation of a black body,
Kirchhoff’s, Stefan-Boltzmann’s and Wien’s laws. The
quantum hypothesis and Planck’s formula. Photons.
Energy, momentum and mass of a photon. External
photo effect. Quantum and wave explanations of light
pressure. Lebedev's experiments. Corpuscular-wave
dualism of light.

[4-10]

Self-study

Fundamental difficulties and contradictions in
explaining these laws in the framework of classical
physics (Rayleigh-Jeans’s formula and '"ultraviolet
disaster").

Solving an individual assignment on quantum optics

[4-10]

Topic 6.2. Substantiation of basic ideas of quantum
theory

25

Lecture Ne
18

Model of Rutherford’s atom. Linear spectra of water-
like atoms. Discreteness of energy levels of atoms.
Bohr's posture. Spectral series in the emission spectrum
of a hydrogen atom and hydrogen ions. Excitation and
lonization potentials of atoms. Application of the
correspondence principle to a hydrogen atom.

[4-10]

10




Topic 6.3. Quantum mechanics and corpuscular-
wave dualism of matter. Quantum state.
Schrodinger equation

26

Lecture Ne
19

De Broglie's hypothesis. Practical applications of

particle  diffraction. Heisenberg’s  uncertainty
relationship. Sets of simultaneously measured
quantities.

The state of microparticles: classical and quantum.
Wave function and its statistical meaning.
Schrodinger’s equation for stationary states. Free
particle. A particle in a one-dimensional rectangular
"potential well" (quantization of energy and momentum
of a particle). Tunneling effect.

Hydrogen atom in quantum mechanics, energy
quantization and orbital momentum. Quantum numbers.
Spin. The principle of identity. Pauli's principle.
Distribution of electrons in an atom by states. Filling of
electronic shells. Periodic system of elements of D.I.
Mendeleev

[4-10]

27

Pr Ne 8

Practice on Bohr's matter waves and

Schrodinger’s equation.

theory,

[4-10]

Self-study

Solving of individual assignment on Bohr's theory,
matter waves and photons

[4-10]

Section 7. Physics of Atom and Atomic Nucleus

28

Lecture Ne
20

Complex atoms. Mechanical and magnetic moments of
atoms. Types of electron bonding in atoms. Electronic
structure and spectra of complex atoms. Selection rules.
Width of energy levels and spectral lines.

[4-10]

29

Lecture Ne
21

The composition of atomic nuclei. Masses and charge
numbers. Features of nucleus: charge, size and mass of
the nucleus. The mass defect and the binding energy of
the nuclei. The dependence of the specific energy on the
mass and the stability of the nuclei. Radioactive
transformations of atomic nuclei. The law of radioactive
decay. Radionuclide activity. The origin and patterns of
alpha-, beta-, and gamma-decay of nuclei.

[4-10]

Self-study

Nuclear fission chain reaction. Nuclear reactor. The
idea of a nuclear reactor. The problem of energy
sources. Fusion reactions. Managed fusion.

Solving of individual assignment on modern physics

[4-10]

Section 8. Elements of Condensed Matter Physics
Topic 8.1. Crystals

30

Lecture Ne
22

The structure of crystals. The nature of chemical bonds
in solids. Defects of crystals. The concept of phonons.

[6-10]

11




Heat capacity of crystals at low and high temperatures.

Self-study

Acoustic and optical oscillations of the crystal lattice.

[6-10]

Topic 8.2. The concept of band theory of solids

Lecture Ne

31 23

Band structure of the energy spectrum of electrons.
Energy bands in crystals. Distribution of electrons by
energy bands. The number of energy states of electrons
in a band. The valence band, the band gap and the
conduction band. Filling of bands: metals, dielectrics,
semiconductors.

[6-10]

Self-study

Metals, semiconductors and dielectrics

[6-10]

Topic 8.3. The conductivity of the substance

Lecture Ne

32 24

Nature of current carriers in metals and semiconductors.
The dependence of the electrical conductivity of metals
and semiconductors on temperature. Classical theory of
conductivity of metals and its disadvantages. Fermi-
Dirac’s distribution, Fermi’s energy and momentum.
The quantum nature of the conductivity of metals.
Classification of semiconductor materials. Intrinsic and
impurity electrical conductivity of semiconductors and
their temperature dependence. Electronic and hole
semiconductors, p-n junction. Photoelectric phenomena
in  semiconductors: photoconductivity, photoelectric
power.

[6-10]

Self-study

Theory of semiconductors, p-n transition, transistors
and devices on their base.

[6-10]

Topic 8.4. The concept of particle physics and the
modern physical picture of the world

Total (hours)

120

64 (class) / 56 (Self-study)

Notes

1. The semester number indicates if the subject is taught for several semesters.
2. In the Total (hours) indicator, the number of hours will differ from the total number of
class hours by the number of Self-study hours
3. The column 5 indicates the number in accordance with RECOMMENDED READING

12




SELF-STUDY

Ne Self-study type %
1 |Lecture material processing 30
2 | Self-study of topics and non-teaching questions 20
3 | Solving an individual assignment on topic 50
Total 100
INDIVIDUAL TASKS
Individual assignments
Ne Title of individual task __Terms of
: . implementation
and/or its sections
( week number)
1 | Kinematics 2
2 | Dynamics 4
3 | Oscillations and waves 5
4 | Electrostatics 7
5 | Direct current 8
6 | Electromagnetism 9
7 | Electromagnetic induction 10
8 | Wave optics 11
9 | Quantum optics 13
10 | Bohr's theory, matter waves and photons 14
11 | Modern physics 15

TEACHING METHODS

During the physics teaching, the following teaching methods are used: verbal (lectures),
visual (illustrations and demonstrations using experimental equipment, multimedia, popular
science films, etc.), and practical (laboratory experiments and practical work).

The purpose of the lecture is to form students' basic knowledge of physicsLecture is the
main type of training activity designed to assimilate theoretical material and introduce
students to a certain system of scientific knowledge and methodology of science.

Practice is a form of training in which the teacher organizes a detailed examination of
certain theoretical ideas of the subject and forms the knowledge and skills of their practical
application.

In addition, talented student youth have the opportunity to carry out research work
outside the classroom. The results of such works are heard at the Regional Scientific
Student Conference, which is held annually at the department.

13



CONTROL METHODS

Current control is carried out during practices and is aimed at checking the level of
student's readiness to perform specific work, and in the form of defense of the laboratory
work after conducting the laboratory classes. Current control is carried out by different
methods: oral (speaking in front of the class), written (control tasks, control work, etc.),
tests, assignments (individual tasks, calculation and graphical tasks, abstracts, etc.).

Modular control is an indicator of the quality of students' study of certain sections of
Physics. Modular control is conducted in the form of colloquium or written test. Modular
control papers may include the theoretical questions and problems.

Final control involves determining the level of students' learning at the end of the
semester or after completing the study of the subject. It takes the form of an exam or pass.

The student is considered to be admitted to the semester exam in Physics after
completion of all tasks of practical classes, calculation and graphical tasks stipulated by the
subject program.

DISTRIBUTION OF THE CREDIT POINTS RECEIVED BY STUDENTS AND
KNOWLEDGE AND SKILLS ASSESSMENT SCALE (NATIONAL AND ECTS)

Table 1. Distribution of the credit points received by a student for exam

Lectu_re Labs CGT Individual Exam Sum CGT
material tasks
20 0 20 - 60 - 100

Table 2. Knowledge and skills assessment Scale: National and ECTS

Amount of points for all

types of learning ECTS grade National Scale grade
activities
90-100 A excellent
82-89 B 0od
75-81 C g
04-74 D satisfactor
60-63 E y
35.59 FX unsatisfactory W|th.the .pOSSIblllty of re-
examination
unsatisfactory with compulsory re-study
0-34 F :
of subject

LEARNING AND TEACHING MATERIALS

1. Working curriculum of Physics.
2. List of recommended reading (basic and additional) on the lecture topics.

14




3. Schedule of lectures and practice.

4. Lecture notes and Problem solving guides

5. Lecture demonstrations.

6. Test tasks for checking students’ preparation for labs.

7. Assignments for individual solutions

8. A set of control tasks prepared by the teachers of department.
9. Posters for lectures and practical classes.

10. Criteria for assessing students' knowledge of the subject.
11. A set of papers for modular control.

12. A set of the papers for exams.

13. Other materials.

RECOMMENDED READING
Basic sources

1 | Lyubchenko O. A. Mechanics : [study guide] MexaHnika : HaB4.-MeTo1. TociOHMK / O.
A. Lyubchenko. — Kharkiv : NTU "KhPI", 2016. — 324 p. — Engl. lang.

2 | Lyubchenko O. A. Mechanics. Oscillations and waves : KoHcrekT jekiuii mo Kypcy
"®uzuka" Ha aHnI s3. / E. A. Jlrobuenko, A. FO. I'pebennuk ; Harm. TexH. yH-T
"Xappk. nonutexH. uH-T". - X. : HTY "XIIN", 2006. - 51 p.

3 | Lyubchenko O. A. Electricity and magnetism : Koncnekr jekiui o kypey "®unsuka"
Ha aHrl. 513.; - X. : HTY "XTIN", 2006. - 71 c.

4 | Lyubchenko O. A. Optics. Atomic and Nuclear Physics: KoncrniekT Jiekiuii mo Kypcy
"duzuka" Ha anri. a3. HTY "XIIN", 2006. - 122 c.

5 | JlroOuenko E.A. Meroanueckue ykazaHus K BBITIOJIHEHHUIO JIAOOPATOPHBIX PadOT 1O
kypcy "®usuka" Physics: Laboratory manual, Xapekos, HTY «XITH1». 2006. - 64 c.

Supplementary sources

6 | D.C.Giancoli. Physics for scientists and engineers with modern Physics. 4™ ed.,
Pearson Education, Inc., USA, 2009.

7 | N.J.Giordano. College Physics. Reasoning and Relationships. 2 ed., V1 and 2,
Brooks/Cole, Cengage Learning, USA, 2010

8 | Physics. Principles and Problems. Glencoe Science Program. Interactive Students
Edition, 2005 http://physicspp.com

9 | J. Walker. Fundamentals of physics /J.Walker, D. Halliday, R. Resnick - 10th extended
ed., USA, 2014

10 | R.A.Serway, C.Vuille, J.S.Faughn. College Physics. Brooks/Cole, Cengage Learning,

USA, 2009

INFORMATION RESOURCES FROM INTERNET

1. http://web.kpi.kharkov.ua/tef/Laboratornyj-praktikum/cp/

2. http://cde.kpi.kharkov.ua/cdes/L MNP.htm

3. http://dl.khpi.edu.ua/
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