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The principal purpose of the module is to provide students with basic knowledge and skills in the modelling of

Cl

nano-systems both from the perspective of theoretical description and numerical calculations carried out on
a computer with the use of Kwant library (https://kwant-project.org/). Exemplary project realized within the

classes is available under the following link: http://acmin.agh.edu.pl/didactics/CompNano/modelling_QPC.html
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Course's learning outcomes

Learning outcomes

Code Outcomes in terms of prescribed to a field of Mei_:h_ods_ of
verification
study

Knowledge - Student knows and understands:

W1 the quantum mechanical description of various Examination
nanosystems and how they are realized using
semiconducting materials.

w2 the description of electron transport through Examination
nanodevices (also in the presence of magnetic field)
and related effects such as conductance quantization,
negative differential resistance, Hall effect, and
Aharonov-Bohm effect.

Skills - Student can:

Ul model various nano-systems and predict their features Activity during classes,
within the framework of non-commercial calculation Project
package(s) such as KWANT.

u2 apply numerical methods to quantum mechanical Activity during classes,
problems: discretization, diagonalization, integration Project

etc.

Program content ensuring the achievement of the learning outcomes prescribed to
the module
The classes will cover necessary theoretical formalism and computer laboratory exercises. The emphasis will be placed on
discussing the principal experimental effects in the field of physics of nanostructures and then carrying out numerical
calculations on a computer which reproduce the given physical effect. Selected problems are to be solved by the students as

calculation projects with the use of the Kwant package (https://kwant-project.org/). Exemplary project realized within the
classes is available under the following link: http://acmin.agh.edu.pl/didactics/CompNano/modelling_QPC.html

Student workload

Average amount of hours* needed to complete each

Activity form activity form

Workshop classes 30
Preparation for classes 15
Examination or final test/colloquium 2
Contact hours 15
Preparation of project, presentation, essay, report 20
Realization of independently performed tasks 20

Hours

Student workload 102
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Workload involving teacher Hours

* hour means 45 minutes

Program content

Course's learning

Activities
outcomes

No. Program content
1. Schrodinger equation, quantum size effect (quantum W1, Ul, U2 Workshop classes
wells, quantum dots and quantum wires, two-
dimensional electron gas), elements of band theory,
effective mass approximation, semiconductor
heterostructures.

2. Description of electron transport through W2, U1, U2 Workshop classes
nanostructures (ballistic transport and diffusive
transport, transmission coefficient, Landauer Formula,
Tsu-Esaki model, quantum point contact and resonant
tunneling diode); Electron transport in the presence of
magnetic field (Landau levels, quantum Hall effect,
quantum rings and Aharonov-Bohm effect);

3. Basics of python programming language and KWANT | U1, U2 Workshop classes
simulation package.

Extended information/Additional elements

Teaching methods and techniques :

Discussion, Case study, Project Based Learning

Activities Methods of verification Credit conditions

Workshop Activity during classes, Project, Examination

Method of determining the final grade

workshop classes (active participation in classes and project realization) - 60% of the final grade , exam - 40% of the final

grade.

Prerequisites and additional requirements

Basic knowledge in quantum mechanics:
- Schroedinger equation, wave function
- quantization of physical quantities (energy, angular momentum etc.)
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