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Report on €KQuantum Mechanics®» Seminar
GRABOVSKY Sergey

From October 2010 till February 2011 | provided the seminar entitled “Introduction to quantum physics”.
This class was dedicated to basics of quantum theory (quantization of electromagnetic energy, photon
theory of the light, wave-particle duality, uncertainty principle, quantum description of hydrogen atom,
electron Spin, Pauli exclusion principle).

Special attention in this seminar was given to discussion of most important
experiments and effects in history of quantum physics (photoelectric effect, electrons diffraction
experiments, Compton effect, Franck-Hertz experiment, Stern-Gerlach experiment, Zeeman effect)

In the second part of the course we discussed the applications of quantum theory in solid state physics

and applications of quantum physics in technology.

The participants of the class were grade students of “New frontier” educational project. The number of
participants were 5 students . The textbook is “Sear’s and Zemansky’s University physics: with modern

physics” by H.D.Young, R.A.Freedman.

On each seminar computer presentation were provided, including simulations of important physics
experiments. Problems from recommended literature were analyzed and discussed. Main and additional
materials were placed in web-site (presentations, simulations, literature, articles, program)

sites.google.com/site/grabovsky5/gm

At the middle of the course, students passed a exam that included 25 theoretical questions and
problems. And the end of the course, student Hiroki Katow made a presentation “Quantum corrals”,
student Taisei Seguchi made the written work “Scanning tunneling microscopy” (4 pages).

Corresponded literature and modern articles in journals were provided.

It is worth to mention that since the seminars were given in English, the ability in scientific English of

students was increased.



SEERARE - 2010 £ 10 A~2011 42 A

Introduction to quantum physics

Program of the course
A. Basics of quantum physics

1. Historical review and the basis of the appearance of the quanium physics.
The end of the classic physics.

2. Blackbody radiation problem and its solution. Photoeleciric effect and its explanation.
3. Founders of quantum physics: M_Planck, A. Einstein, E.Rutherford, N.Bohr

4. Quantization of electromagnetic energy, Plank's formula

5. Photon theory of the light, properties of photons, energy, momentum

6. Wave-particle duality of the matter. de-Broglie's waves. Elecirons diffraction
expenments. Compton effect.

T. Heisenbergs's uncertainty principle

&. Probability description, wave function. Schrodinger equation (Main equation of non-
relativistic quantum mechanics)

B. Atomic structure

9. Hydrogen atom. Electron probability distributions. Model of the atom. Franck-Heriz
expenment.

10. Electron Spin. Stem-Gerach experiment. Zeeman effect. Spin-orbit coupling
11. Mulii-eleciron atoms. Pauli exclusion principle. Periodic table of elements.

C. Elements of guartum mechanics
12. Particle in a box. Potential wells.
13 Potential barmriers and tunneling.

D. Quanfum theory in condensed mafter physics
13. Theory of heat capacity of solids.
14. Quantum theory in fermromagnetism and ferrolectricity.

E. Applications of quantum physics in science and fechnology
15. Lasers. Applications of photoeffect.
16. Principles of Scanning Tunneling Microscope (STM). Electron microscopes.

WEB: sites. le_com/site/grabovs m
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Huge Dielectric Properties of CdCu;TijO,
with CCTO Structure

M. SASAKIL* T. TASHIRO, K. ABIKO. Y. KAMIMURA,
M. TAKESADA, AND A. ONODERA

Department of Physics, Faculty of Science, Hokkaido University.
Sapporo 060-0810, Japan

The giant dielectric response in Cd-doped CaCu:Ti Oy ceramics was studied over the
temperature range from 40 K to 850 K. In all Ca,Cdy_,Cu:Tiy0); system, two broad
dielectric dispersions around 150 K and 650 K and a dielectric anomaly at T; were
observed, The T, decreases linearly with increasing Cd-molar ratio (X) from 733 K for
CaCu; 11,05 to 632 K for CdCu:Tiy0);. CdCusTi 05 exhibits & ~ 0.6 x 10¢ at room
temperature and 1.4 % 107 ar T, (1 MHz). This evidence shows CdCu:Ti 0y is still
a member of high-dielectric marerials in contrast 1o a previous work (g ~ 409 ar 100
kHz).

Keywords CaCu;Ti.0;; giant response; diclectric anomaly; phase transition; double
perovskite

Introduction

Giant dielectric response was discovered in double-perovskite CaCu;Ti 0O4; oxide (ab-
breviated as CCTO) by Subramanian and coworkers [1]. This double-perovskite titanate
exhibits dielectric constants as high as 10* at room temperature over a wide temperature
range from 100 K to 600 K. In the low temperature region, the dielectric constant decreases
down to 10 around 100 K, accompanying with large dielectric dispersion [2]. Although
no ferroelectric phase transition has been reported until now, an antiferromagnetic phase
transition was observed at 25 K by magnetic susceptibility and specific heat measurements
[3]. These dielectric properties of this double-perovskite compound are peculiar, compared
with those observed in well-known simple perovskite-type ferroelectrics such as BaTiOs
and PbTiOs. Recent first-principles calculations reveal that CCTO provides a dielectric con-
stant of ~60 [4], The giant dielectric behavior seems to originate from an extrinsic origin,
such as the interfacial polarization effect [5], the internal boundary layer capacitance effect,
and the grain boundary effect [6-11]. Many experimental results suggest that an internal
barrier layer capacitor (IBLC) model is responsible [9, 12-14]. However, the occurrence of
the high dielectric response and dielectric relaxations in both single crystals and ceramic
samples indicates that the simple IBLC model is not the only possible explanation [15].
Zhu et al. found recently that some Cu ions occupy the Ca sites [16], which may split the
degeneracy and result in a metal-like behavior and enhance the dielectric responses.
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