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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Automation and Control of Physical Experiments
ARE1a/99

Course type, scope and the method:
Course type: Lecture
Recommended course-load (hours):
Per week: 2 Per study period: 28
Course method: present

Number of ECTS credits: 3

Recommended semester/trimester of the course: 1.

Course level: II.

Prerequisities:

Conditions for course completion:

A student should manifest adequate knowledge regarding hardware and software related to the
design and operation of automated systems used as experimental setups for performing physical
experiments in Condensed matter physics, communication protocols and selected areas of digital
signals processing. Sucessful passing of exam is necessary for obtaining credits. The number of
credits is associated with the load for a student and is divided as follows: direct learning - 1 credit,
study of the recommended literature - 1 credit, consultations and exam - 1 credit.

Obtaining 50 points in oral examination represents the treshold for sucesfull passing the exam.
Scale for evaluation is given as follows:

A 100-91

B 90-81

C 80-71

D 70-61

E 60-50

Fx 49-0

Learning outcomes:

The student will learn on adequate level how to design automated setups for performing selected
types of physical measurements in Condensed Matter Physics. He will become familiar with real
properties of components of measuring and controlling subsystem. In addition, he will obtain skills
in building experimental setup using standard communication protocols and will be able to program
these experimental setups in Python.

Brief outline of the course:

1. Introduction to systems of automated measurements and control. Measuring and control
subsystem. Enhancement of metrological properties of instrumentation by incorporating
microcomputers. Sensors, basic characteristics, examples of technical realization of selected
Sensors.

2. Analog converters for acquisition of analog signal, analysis of selected types of converters.
Analysis of the selected types of converters. Using operational amplifiers in the converters.
Examples of operational networks.
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3. Standard communication protocols for serial and paralel data transfer in experimental setups —RS
232, HPIB. Basic characterization. Synchronous and asynchronous regime for data transfer in serial
mode. Detection of errors in serial mode. Hamming code. Structure of data bus in HPIB protocol.
Selected system functions. Using handshake in transferring data. Interface and instrumentational
messages.

4. Analog to digital converter (ADC), technical principle, examples for application. Direct
converter, successive approximation technique, tracking method. Suppressing mains in integration
converter.

5. Digital to analog converter (DAC), technical principle, examples for application. Converters with
various resistance networks. Converter using voltage — time conversion. Differential and integral
nonlinearity of DAC and ADC. Calculation and measuring differential and integral nonlinearity.
Grain noise.

6. Digital filtering of data. Transmission function for analog and digital system. Laplace and Z-
transformations. Methods for digital filter design. Design of the filter with infinite impulse response.
7. Analog and digital regulators. Properties of proportional, integral and derivative regulator.
Program simulation of regulators operation.

Programming in Python:

Introduction to programming in Python using Pycharm editor, communication with measuring
instruments. Types of variables, conversion of types. Functiones and methods. Working with
data, basic data structures. Reading/writing data to files, numerical acquisition, graphical output.
Basic types of program structures - sequence, cycle, conditional commands. Programming simple
experimental setups.

8. Introduction to graphical programming in Python — type of variables, conversions among types,
data operations.

9. Acquisition, creation, reading/storing data files in Python. Functions and methods.

10. Subroutines, using selected libraries.

11. Basic types of program structures — sequence, cycle, conditional commands.

12. Graphical output. Data transfer and communication among measuring units in Python.

Recommended literature:

J. Uffenbeck, Microcomputers and microprocessors, Prentice Hall, 1985.

P. Horowitz, W. Hill, The Art of Electronics, Cambridge University Press 1989.
S. Hack, Python Programming, Chopra International Consulting Ltd., 2021.

Course language:
slovak, english

Notes:
Presence form represents a standart form for the course, if a need arises, the course is performed
using MS Teams.

Course assessment
Total number of assessed students: 64

A B C D E FX

40.63 32.81 10.94 12.5 3.13 0.0

Provides: prof. Ing. Martin Orendac, DrSc.

Date of last modification: 17.09.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Automation and control of physical experiments
ARE1b/21

Course type, scope and the method:
Course type: Practice
Recommended course-load (hours):
Per week: 3 Per study period: 42
Course method: present

Number of ECTS credits: 4

Recommended semester/trimester of the course: 2.

Course level: II.

Prerequisities: UFV/ARE1a/99

Conditions for course completion:

For sucessfull passing the course a student is required to demonstrate adequate knowledge about
real properties of automated setups used in Condensed matter Physics and programming skills
for solution of selected problems in model automated setups. The course requires knowwledge
of hardware used used in physical experiments in Condensed matter physics, selected methods of
digital signals processing and standard communication protocols. These are acquired in lectures
from course Automation of physical experiments. The number of credits reflects the time alocated
for the exercises (3 hours) and the load for the student. which is divided as follows: direct learning
- 2 credits, study of the literature and preparation of the programs for measurements - 1 credit,
consultations and preparation of the reports - 1 credit.

Student receives score according to the level of his reports from each task. The treshold for
sucessfull passing the course is 50 points from the following scale:

A 100-91

B 90-81

C 80-71

D 70-61

E 60-50

Fx 49-0

Learning outcomes:

The student will obtain practical skills in programing automated experimental setups. Student
will learn programming in Python language in the extent sufficient for programming selected
experimental setups used in experimental studies of solids. He will become familiar with properties
of real A-D and D-A converters and will be capable of creating programs for selected modes of
operations in automated setups. In addition, he will obtain skills in programming automated setups
for real-time data acquisition. He will learn selected methods for digital signal processing e. g. fast
Fourier transform, phase-sensitive detection, he will become familiar with properties of analog and
digital filters. He will obtain skills in designing various types of regulators and will become familiar
with their real properties.

Brief outline of the course:
Programming in Python:

Page: 5




1.Introduction to PyCharm editor. Programming simple mathematical problems.

2. Selected numerical methods. Work with text strings, reading and writing data from (to) files.

3. Practical use of functions, methods and libraries.

4. Plotting figures, communication with measuring instruments.

Laboratory exercises:

5. Investigation of integral and differential nonlinearity of D-A and A-D converters.

6. A-D converter with feedback using successive approximation technique. Monitoring time
dependence of voltage in discharging capacitor.

7. Digital temperature stabilizer. Study of accuracy, response time and stability of proportional
regulator. Stabilizing temperature using integral regulator.

8. Fast Fourier transform. Influence of Shannon — Kotelnik sampling theorem on the frequency
spectrum.

9. Transfer of analog signal in RC — elements. Determination of amplitude characteristics of selected
RC — elements.

10. Digital filtering of signal I. Study of amplitude characteristics and impulse responses of selected
digital filters of various types and orders. Work with library designed for digital signal filtering in
Python.

11. Digital filtering of signal II. Design of a filter with infinite impulse response using method of
maximal coincidence of the amplitude characteristics. Digital filtering of a signal in real time.

12. Digital lock — in amplifier. Study of phase — sensitive detector for various types of signals.
Estimation of selectivity of lock — in amplifier.

Recommended literature:
Supporting material for each laboratory exercise is available.

Course language:
Slovak, English

Notes:
Presence form represents a standart form for the course, if a need arises, the course can be
partially performed using MS Teams.

Course assessment
Total number of assessed students: 4

A B C D E FX

75.0 25.0 0.0 0.0 0.0 0.0

Provides: prof. Ing. Martin Orendac, DrSc.

Date of last modification: 17.09.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: Course name: Communication and Cooperation
KPPaPZ/KK/07

Course type, scope and the method:
Course type: Practice
Recommended course-load (hours):
Per week: 2 Per study period: 28
Course method: present

Number of ECTS credits: 2

Recommended semester/trimester of the course: 3.

Course level: II.

Prerequisities:

Conditions for course completion:

Evaluation:

A condition for student evaluation is his active participation in the seminar. It is expected that the
student will actively participate in the discussions and will express their positions and possible
solutions.

The output for evaluation will be the development of a project in the form of a Power Point
presentation or a video on a selected communication topic.

Learning outcomes:

The goal of the subject Communication, cooperation is the formation and development of students'
language and communication skills through experiential activities.

The student can demonstrate an understanding of individual behavior in various communication
contexts.

The student can describe, explain and evaluate communication techniques (cooperation,
assertiveness, empathy, negotiation, persuasion) in practical contexts.

The student can apply these techniques in common communication schemes.

Brief outline of the course:

Communication

Communication theory

Non-verbal communication and its means

Verbal communication (basic components of communication, language means of communication)
about active listening

Empathy

Short conversation and effective communication (principles and principles of effective
communication)

Cooperation

About the basics of cooperation

About types, signs, types and factors of cooperation

Characteristics of the team (positions in the team)

Small social group (structure, development, characteristics of a small social group, position of the
individual in the group)
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About leadership (characteristics of the leader, management, leadership styles)

Recommended literature:

Course language:

Notes:

Course assessment
Total number of assessed students: 281

abs n

98.22 1.78

Provides: Mgr. Ondrej Kalina, PhD., Mgr. Lucia Barbierik, PhD.

Date of last modification: 12.09.2024

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Computer simulations in magnetochemistry
PSM/18

Course type, scope and the method:
Course type: Lecture / Practice
Recommended course-load (hours):

Per week: 1 /2 Per study period: 14 /28
Course method: present

Number of ECTS credits: 3

Recommended semester/trimester of the course: 2., 4.

Course level: II.

Prerequisities:

Conditions for course completion:

To successfully complete the course, the student must demonstrate a sufficient understanding of the
nature of magnetic properties in magnetic insulators. It is necessary to demonstrate software skills
in simulating and analyzing experimental data during the solution of partial tasks. The condition
for obtaining credits is the submission of the final project. The credit evaluation of the course
takes into account the following student workload: direct teaching (1 credit), continuous assessment
during the exercises (1 credit) and successful submission of the final evaluation project (1 credit).
The minimum limit for completing the course is to obtain at least 50% of the total score, using
the following rating scale: A (90-100%), B (80-89%), C (70-79%), D (60- 69%), E (50-59%), F
(0-49%).

Learning outcomes:

Using various software packages, students will learn the procedures for the description and
analysis of experimental data (heat capacity, susceptibility, magnetization, electron paramagnetic
resonance). On the other hand, students will be able to simulate the magnetic properties of
selected magnetic insulators from the structural properties of the material. For more effective
problem management, we recommend passing the subjects Magnetochemistry (UFV/MAG/08) and
Relaxation Processes in Molecular Magnets (UFV/RPM/14).

Brief outline of the course:

Topics no. 1.-6. taught by RNDr. V. Tkag¢, PhD., topics no. 7.-12. taught by doc. RNDr. E. Cizmar,
Ph.D.

1. Introduction to Matlab environment and simulation packages EasySpin (electron paramagnetic
resonance and magnetic properties) and SpinW (magnetic properties and neutron scattering).

2. Definition of Hamiltonian of the studied magnetic system in the EasySpin package.

3. Introduction to point groups, anisotropy of the crystal field, magnetic correlations.

4. Simulation and analysis of magnetic properties of simple magnetic systems (heat capacity,
susceptibility, magnetization, magnetocaloric phenomenon).

5. Magnetic relaxation, analysis of relaxation times, identification of relaxation processes.

6. Simulation and analysis of electron paramagnetic resonance data of powder sample and single
crystal.

7. Introduction to the ORCA environment.
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8. Brief introduction to DFT and Broken Symmetry (BS) DFT, optimization of molecular structure,
calculation of exchange interaction.

9. Brief introduction to ab initio calculations of crystal field parameters from knowledge of magnetic
substance structure, CAS, CASSCF, NEVPT2.

10. Calculation of electronic energy levels of ion from 3d group, work with active orbitals.

11. Calculation of optical and magnetic properties of an ion from the 3d group, determination of
ligand field parameters.

12. Calculation of exchange interaction by CASSCF/NEVPT2 and BS-DFT method, comparison.

Recommended literature:

1. Molecular Symmetry, David J. Willock, 2009 John Wiley & Sons, Ltd.

2. Crystal Field Handbook, D. J. Newman, Betty Ng, 2007 Cambridge University Press,

3. Molecule-based Magnetic Materials: Theory, Techniques, and Applications, M. M. Turnbull, T.
Sugimoto, L. K. Thompson, 1996, American Chemical Society,

4. Introduction to Molecular Magnetism, C. Benelli, D. Gatteschi 2015 Wiley-VCH Verlag
GmbH & Co.KGaA

5. Dokumentacia balika Easyspin http://easyspin.org/easyspin/documentation/

6. Dokumentacia balika SpinW https://www.psi.ch/spinw/documentation

7. Dokumentacia balika ORCA https://orcaforum.cec.mpg.de/

8. F. Neese, Introduction to Computational Chemistry, dostupne online

8. D. Aravena, M. Atanasov, V. G. Chilkuri, Y. Guo, J. Jung, D. Maganas, B. Mondal,

I. Schapiro, K. Sivalingam, S. Ye, F. Neese, CASSCF Calculations in ORCA, a tutorial
introduction, dostupne online

Course language:
Slovak, English

Notes:
Teaching is carried out in person or remotely using the MS Teams tool. The form of teaching is
specified by the teacher, updated continuously.

Course assessment
Total number of assessed students: 4

A B C D E FX

50.0 50.0 0.0 0.0 0.0 0.0

Provides: RNDr. Vladimir Tkag, PhD., doc. RNDr. Erik Cizmar, PhD.

Date of last modification: 18.11.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Condensed Matter Physics
MSSFKL/15

Course type, scope and the method:
Course type:
Recommended course-load (hours):
Per week: Per study period:
Course method: present

Number of ECTS credits: 4

Recommended semester/trimester of the course:

Course level: II.

Prerequisities: UFV/MKL/03 and UFV/MSA1/03 and UFV/FNT1/03 and UFV/TKL1/99

Conditions for course completion:
Obtaining required number of the credits given by the study plane.

Learning outcomes:
Evaluation of the competences of the students according to the profile.

Brief outline of the course:

The state exam consists of defending diploma thesis and exam which has two blocks. The student
is obliged to pass the exam from the compulsory block and one of two optional blocks.

I. Block — compulsory

Theory of condensed mater

1.1. Electrons in a periodic crystal potential. Bloch theorem. Born-van Kéarman boundary
conditions. Brillouin zone.

2. Mean electron velocity in a crystal. Effective mass. Density of states.

3. Approximation of nearly free electrons. Tight-binding method. Band structure.

4. Electrons in a magnetic field. Landau levels.

5. Lattice vibrations in harmonic approximation. Acoustic and optical modes in a linear chain with
one and two atoms in a unit cell.

6. Lattice vibrations of three dimensional lattice. Phonons. Specific heat of crystals.

7. Optical properties of solids. Dielectric function. Optical conductivity.

8. Superconductivity and effect on physical properties of solids. Electron-phonon attractive
interaction.

9. Cooper pairs. Ground state and excited state of a superconductor.

10. Itinerant and localized magnetism in solids. Magnons and spin waves in insulators.

I1. Optional block

Magnetic properties of solids

1. Magnetic moment of atom.

2. Diamagnetism.

3. Paramagnetis.

4. Ferromagnetism.

5. Antiferromagnetism.

6. Ferrimagnetism.
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7. Energy of ferromagnets.

8. Domain structure.

9. Magnetization processes.

Experimental methods

10. Measurement of intensity a induction of magnetic field.

11. Measurement of magnetostriction and anisotropy.

12. Types of electron microscopes, physical working principles and analytical uses.
13. Electron and X-ray diffraction. Comparison and utilization for study of solid state matter.
14. X-ray spectroscopic techniques EDS and WDS in electron microscopy.

II1. Optional block

Low temperature physics

. Superfluidity of 4He.

. Superfluidity of 3He.

. Properties of liquid solutions 3He - 4He.

. Introduction to superconductivity — Josephson effect and its applications.

. BCS a GLAG theories of superconductivity.

. Transport of charge and heat at low temperatures.

. Methods of reaching very low temperatures.

. Methods of measurements of low temperatures.

Experimental methods

9. Specific heat at low temperatures - measurement techniques and data acquisition.
10. Low - level signal measurements.

11. Lock — in amplifier, principle of operation, examples of application.

12. Electron - paramagnetic resonance.

13. Construction elements of electron microscope, physical principle of operation, examples of
application.

0N DN bW —

Recommended literature:
Recommended literature is specified in the corresponding information sheet of every subject
which is part of the State exam.

Course language:
english

Notes:

Course assessment
Total number of assessed students: 26

A B C D E FX
50.0 30.77 7.69 11.54 0.0 0.0
Provides:

Date of last modification: 21.12.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/  |Course name: Diploma Thesis and its Defence

DPO/14

Course type, scope and the method:
Course type:
Recommended course-load (hours):
Per week: Per study period:
Course method: present

Number of ECTS credits: 16

Recommended semester/trimester of the course:

Course level: II.

Prerequisities:

Conditions for course completion:

Learning outcomes:

Brief outline of the course:

Recommended literature:

Course language:

Notes:

Course assessment
Total number of assessed students: 77

A B C D E FX
72.73 18.18 5.19 1.3 2.6 0.0
Provides:

Date of last modification: 07.12.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ Course name: Domains and Domain Walls
DDS/15

Course type, scope and the method:
Course type: Lecture
Recommended course-load (hours):
Per week: 2 Per study period: 28
Course method: present

Number of ECTS credits: 3

Recommended semester/trimester of the course: 2.

Course level: 11, II1.

Prerequisities:

Conditions for course completion:

To successfully complete the course, the student must demonstrate sufficient understanding of
basic concepts of magnetism, anisotropy, statics and dynamics of domain structure. Knowledge
of basic concepts is required. The student must be able to actively understand the content of the
curriculum continuously during the semester, so that the acquired knowledge can be actively and
creatively used in solving specific problems. The minimum limit for passing the exam is to obtain
51% of the total score, which takes into account all required activities with relevant weight.
Rating scale: A - 91% -100% points, B - 81% -90% points, C - 71% -80% points,

D - 61% -70% points, E - 51% -60% points.

Learning outcomes:

After completing the lectures and the final evaluation, the student will demonstrate adequate
knowledge of the course standard, which is defined by the brief content of the course and the
recommended literature. Theoretical knowledge of the content of the subject allows him to fully
participate in the further study of specialized subjects that are related to the assignment of his
dissertation. Can find connections between the domain structure of the investigated materials in
relation to their crystallographic structure, the method of their preparation or their thermal or
mechanical processing. The acquired knowledge will also facilitate the performance of the scientific
part of the dissertation.

Brief outline of the course:

Time schedule of the subject contents is updated in electronic board in AiS2 sw. The subject content
is focused in the following main topics:

1. The concept of domain structure

2. Experimental techniques for the study of domain structure

3. Examples of domain structures - their calculation

4. Material parameters determining domain structure, anisotropies

5. Domain walls - types, calculations

6. Experimental techniques for the study of statics and dynamics of domain walls

7. Statics of a domain wall - its potential, critical field

8.-9. Domain wall dynamics - basic models and parameters determining DS dynamics.
10. Domain wall dynamics in small magnetic fields - DS dynamics in adiabatic mode.
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11. Dynamics of the domain wall in high magnetic fields - structure of the domain wall, its changes,
interaction with phonons

12. Maximum speed of the domain wall - Schlomann and Walker limit

13. Spintronics - application of domain wall promotion in spintronics (Race-Track memory, Logic
based on domains and domain walls, sensors), current problems and the future.

Recommended literature:

1. B.D. Cullity, C.D. Graham, ,,Introduction to magnetic materials“, John Wiley & Sons, New
Jersy (2009) 2. S. Chikazumi, Physics of Ferromagnetism, Oxford University Press, USA (2009)
3. S. Tumanski, Handbook of Magnetic Measurements, CRC Press (2011) 4. N. A. Spaldin,
Magnetic Materials: Fundamentals and Device Applications, Cambridge University Press ( 2003)

Course language:
slovak, english

Notes:
Lectures can be done at presence form or online form using MS Teams. Education form is

updated at the begining of the subject.

Course assessment
Total number of assessed students: 7

A

B

C

D

FX

71.43

0.0

28.57

0.0

0.0

0.0

0.0

0.0

Provides: prof. RNDr. Rastislav Varga, DrSc.

Date of last modification: 26.09.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Experimental Methods in Condensed Matter Physics I
EM1/03

Course type, scope and the method:
Course type: Lecture
Recommended course-load (hours):
Per week: 2 Per study period: 28
Course method: present

Number of ECTS credits: 3

Recommended semester/trimester of the course: 3.

Course level: II.

Prerequisities:

Conditions for course completion:

To successfully complete the course, the student must demonstrate sufficient understanding of the
basic physical principles and technical details of state-of-the-art experimental methods used in
Condensed Matter Physics and nanotechnology. To obtain credits, students are required to prepare
a presentation about one of the described experimental methods, or its application and pass an oral
examination. The credit evaluation of the course considers the following student workload: direct
teaching (1 credit), self-learning and presentation preparation (1 credit), assessment (1 credit). The
minimum threshold for completing the course is to obtain at least 50% of the total score, using
the following rating scale: A (90-100%), B (80-89%), C (70-79%), D (60- 69%), E (50-59%), F
(0-49%).

Learning outcomes:
The course provides a basic overview of the solid-state experimental methods and techniques
studying the surface structures as well as the quasiparticle spectra.

Brief outline of the course:

Experimental methods focused on structural studies of solid-state surfaces, superconducting
vortices, magnetic and electrical surface structures. Spectroscopies with high energy resolution for
studies of electron and other quasiparticles in solids.

1. Introduction and historical overview of microscopy

Optical microscopy, electron microscopy, scanning tunneling microscopy, atomic force microscopy.
2. Scanning tunneling microscopy (STM)

Basic principles of STM, piezoelectric effect, methods of approaching the STM tip to the surface of
the sample, controller electronics, scanning modes, principles of the PID feedback loop, topography
imaging, effect of electronic structure on topography.

3. Atomic force microscopy (AFM)

History: from STM to AFM, differences and common features, advantages and disadvantages,
types of probes — surface interaction, scanning modes, tribology, force curves, imaging of organic
nanostructures

4. Experimental methods
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Mechanical design; low temperature and high vacuum equipment; sample preparation: surface
cleaning, preparation of thin films and nanostructures by evaporation, sputtering etc.; STM tip
preparation: cold welding, electron bombardment, etching etc.

5. Examples of other Scanning probe microscopies (SPM)

Magnetic force microscopy, Kelvin probe microscopy, scanning Hall probe microscopy, spin
polarized STM, Inelastic Electron Tunneling Spectroscopy, electrochemical STM etc. Lithography
by SPM: dip pen, local anodic oxidation, nano scratching, nanoindentation etc.

6. Tunneling spectroscopy (TS)

Principles of quantum tunneling, tunneling through planar and vacuum barrier, electronic structure
of metals, semiconductors and superconductors; Current vs. voltage and differential conductance
vs. voltage characteristics, controller electronics, lock-in amplifier, conductance imaging tunneling
spectroscopy (CITS), numerical methods of data analysis; TS of metals, semiconductors, molecules
and various nanostructures.

7. TS of superconductors

Superconducting energy gap, tunneling contacts between normal metal and superconductor
and between two superconductors, superconducting tip characterization, superconductivity in
nanostructures, effect of temperature and magnetic field.

8. Superconducting vortices

Type I and II superconductors, interaction with magnetic field, imaging of vortices, vortex pinning,
dynamics

9. Point contact spectroscopy (PCS)

Principles of PCS, from tunneling to point contact, hetero contacts, signal modulation techniques,
fabrication of point contacts, effect of temperature and magnetic field.

10. PCS of superconductors

Andreev reflection, Josephson effect, Blonder — Tinkham — Klapwijk model, characterization of
the superconducting order parameter

11. Visit of SPM and nanotechnology laboratory, experiment preparation and realization.

12. Visit of low temperature PCS and STM laboratory, experiment preparation and realization.

Recommended literature:

Kittel Ch.: Introduction to Solid State Physics, 7th edition, John Wiley and sons, NY, 1996
M. Tinkham: Introduction to Superconductivity, McGraw-Hill, Nwe York, 1996

Roland Wiesendanger: Scanning Probe Microscopy and Spectroscopy: Methods and
Applications, Cambridge University Press 1994

Course language:
Slovak, English

Notes:
The course comprises onsite lectures. If necessary, online lectures will be provided via MS
Teams.

Course assessment
Total number of assessed students: 76

A B C D E FX

92.11 3.95 3.95 0.0 0.0 0.0

Provides: Mgr. Tomas$ Samuely, PhD., univerzitny docent

Date of last modification: 27.09.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Experimental Methods in Solid State Physics I
EMT1/03

Course type, scope and the method:
Course type: Lecture
Recommended course-load (hours):
Per week: 2 Per study period: 28
Course method: present

Number of ECTS credits: 3

Recommended semester/trimester of the course: 1.

Course level: II.

Prerequisities:

Conditions for course completion:

A student should manifest adequate knowledge regarding experimental techniques adopted in
experimental investigations of thermal, transport and dielectric properties of solids as well as
study of basic characteristics of semiconductors. In addition, knowledge concerning realization of
experiments under extreme conditions focusing on low level signal acqisition and processing is
required. Sucessful passing of exam is necessary for obtaining credits. The number of credits is
associated with the load for a student and is divided as follows: direct learning - 1 credit, study of
the recommended literature - 1 credit, consultations and exam - 1 credit.

Obtaining 50 points in oral examination represents the treshold for sucesfull passing the exam.
Scale for evaluation is given as follows:

A 100-91

B 90-81

C 80-71

D 70-61

E 60-50

Fx 49-0

Learning outcomes:

The course supports experimental skills of the students. More specifically, The student will
learn advantages and shortcomings of selected experimental techniques adopted in experimental
investigation of properties of solids. He will become familiar with physical phenomena used in
the techniques. In addition, the student will learn how to approach experiments in which low-level
signal measurements are necessary.

Brief outline of the course:

Following topics are addressed during semester, for each topic one lecture is anticipated:

1. Characterization of the course. Introduction to low-level signal measurements. Methods of
suppressing noise depending on the frequency of the useful signal. Communication with controlling
computer.

2. Grounding and shielding techniques in experimental setups. Active guarding. Ground loops.
Using of isolation transformer.
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3. Signal and noise bandwidth of filters. Method of phase sensitive detection. Lock-in amplifier.
Principle of operation. Examples of application. Using lock-in amplifier for modulation of the
measured signal.

4. Experimental methods for calorimetry. Contributions to specific heat. Adiabatic and relaxation
techniques. Contactless magnetocalorimetry. Calorimetric determination of absorption of optical
elements.

5. Experimental study of thermal conductivity. Contributions to thermal conductivity in solids.
Measurements of boundary resistance between a thin conductive layer and substrate.

6. Investigation of dielectric properties of solids. Classification of measurement techniques
according to excitation frequency.

7. Capacitor partially filled with dielectric. Properties of real capacitors from experimental setups.
Measurements at low and medium frequencies. Bridge techniques.

8. Investigation of dielectric properties at high frequencies. Circuits with concentrated and
distributed parameters.

9. Dielectric measurements at very high frequencies. Modes of electromagnetic field in cavity
resonators and waveguides. Analysis of the results of dielectric measurements.

10. Characteristic properties of semiconductors. Determination of the magnitude of the energy gap,
energies of donor and acceptor states, concentration of donors and acceptors.

11. Mobility of charge carriers in semiconductors. Experimental study of mobility of charge carriers.
Deviations from Ohm law. Study of Hall effect in semiconductors and metals.

12. Experimental determination of Hall constant and electrical conductivity. Analysis of electrical
resistivity in semiconductors. Thermoelectric effects in semiconductors. Determination of the
temperature dependence of Fermi energy.

Recommended literature:
D. Gatteschi, R. Sessoli and J. Villain, Molecular Nanomagnets, Oxford University Press, 2006.
Scientific papers devoted to unconventional experimental techniques.

Course language:
slovak, english

Notes:
Presence form represents a standart form for the course, if a need arises, the course is performed
using MS Teams.

Course assessment
Total number of assessed students: 64

A B C D E FX

32.81 35.94 17.19 9.38 4.69 0.0

Provides: prof. Ing. Martin Orendac, DrSc.

Date of last modification: 17.09.2021

Approved: prof. Ing. Martin Orendag, DrSc.
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COURSE INFORMATION LETTER

University: P. J. Safarik University in Kogice

Faculty: Faculty of Science

Course ID: UFV/ | Course name: Graphic programming
GPP/18

Course type, scope and the method:
Course type: Lecture / Practice
Recommended course-load (hours):

Per week: 1 / 1 Per study period: 14/ 14
Course method: present

Number of ECTS credits: 2

Recommended semester/trimester of the course: 1., 3.

Course level: II.

Prerequisities:

Conditions for course completion:

To successfully complete the course, the student must demonstrate sufficient knowledge of solving
practical problems in creating an automated experiment in the Labview environment, understand the
basic concepts of graphical programming. The final evaluation consists of evaluation of individual
work on three practical tasks in the Labview environment (emphasis is placed on algorithmic task
management, sophistication of the proposed solution and the ability to defend the procedure and
results of solutions in discussion with the teacher) and final test (40% evaluation of practical tasks
+ 60 % final test). The credit evaluation of the course takes into account the following student
workload: direct teaching (1 credit), implementation of ongoing projects and evaluation by test (1
credit). Rating scale: A (90-100%), B (80-89%), C (70-79%), D (60-69%), E (50-59%), F (0-49%) .

Learning outcomes:

The aim of this course is to gain basic knowledge of programming in the graphical environment
Labview, which is used in science, electronics and telecommunications in automated measurement
and control of machines. The practical part will be devoted to work in Labview with special
measuring technology and programmable microprocessors.

Brief outline of the course:

. Basics of programming graphical programming tools Labview - user environment.

. Principle of Virtual Machine.

. The definition of the variables, using a local variable, the conversion of the types of variables.

. Working with data - reading and writing files, numerical processing, graphical output.

. Basic types of program structures - sequence, cycle, conditional cycle event invocation.

. Sharing data between programs and computers.

. Program setting properties of the user's environment.

. Basic design of the structure of virtual i