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Abstract

The thesis deals with the problem of mag-
netic levitation and magnetic confinement,
mainly with the development of funda-
mental bounds on these phenomena and
their comparison with the performance
of commonly used levitation and confine-
ment devices. Local approximations are
introduced, which allows the proposal of
scalar metrics judging the performance.
Optimization problems for the fundamen-
tal bounds are established in this for-
malism. Computational tools are intro-
duced and implemented to evaluate per-
formance metrics and determine funda-
mental bounds for arbitrary current sup-
porting regions. The optimization algo-
rithms are also introduced and imple-
mented. The aforementioned tools are
applied to find the fundamental bound on
magnetic levitation for a circular plate,
which is then compared to the perfor-
mance of the two selected realizations.
Fundamental bounds on magnetic con-
finement are evaluated for current sup-
port in the form of a sphere, cylinder,
and cube. Performance of magnetic traps:
baseball, lo[e-Pritchard, hexapole, and
quadrupole are compared with the funda-
mental bound.

Keywords: magnetic levitation,
magnetic containment, magnetic traps,
fundamental bounds
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Abstrakt

Prace se zabyva problematikou magne-
tické levitace a magnetického zadrzeni,
predevsim principialnimi limity téchto
jevl a jejich porovnanim s vykonem bézné
pouZivanych levitatnich a zadrZovacich za-
Fizeni. Jsou zavedeny lokalni aproximace,
které umoznuji navrhnout skalarni met-
riky posuzujici jejich vykon. V navrzeném
formalismu jsou stanoveny optimalizacni
problémy pro principialni omezeni. Jsou
zavedeny a implementovany vypocetni na-
stroje pro vyhodnoceni metrik vykonnosti
a uréeni principialnich limitd pro libo-
volné proudové nosné oblasti. Jsou rov-
néz zavedeny a implementovany optima-
lizaCni algoritmy. VVySe uvedené néastroje
jsou pouzity k nalezeni principialnich ome-
zeni magnetické levitace pro kruhovou
desku, ktera je nasledné porovnana s vy-
konnosti dvou vybranych realizaci. Prin-
cipialni omezeni magnetického zadrZovani
jsou vyhodnoceny pro proudovou oblast
ve tvaru koule, valce a krychle. Vykonnost
magnetickych pasti: baseballové, lo [edvy-
Pritchardovy, hexapolové a kvadrupélové
je porovnana s principialni mezi.

Klicova slova: magnetické levitace,
magnetické zadrzovani, magnetické pasti,
principialni limity

Pfeklad nazvu: Principialni omezeni
magnetické levitace a magnetického
zadrZovani
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Chapter 1

Introduction

The phenomenon of levitation is a gravity compensation problem, which
has always attracted attention: illusionists let objects oat freely in mid-
air by supernatural forces , while applied physics successfully attempt to
levitate maglev trains which are then capable of moving at speeds as high
as 500 km=h [1 4]. Levitation can be achieved in di erent ways: a jet of
gas (aerodynamic levitation of laser-heated solids [5], indoor skydiving [6]),
intense sound waves (structure measurements on low-temperature liquid
droplets [7]) or laser beams (observation of light scattering from non-spherical
particles [8]) and notably for this thesis, conductors can levitate in strong
time-varying magnetic elds, charged particles in quasi-static electric elds,
diamagnets and neutral atoms in a quasi-static magnetic eld, magnets above
superconductors or vice versa [1,3]. This thesis focuses on levitation induced
by a quasistatic magnetic eld formed by a properly shaped surface current
density.

The rst goal of this thesis is to study physical bounds on magnetic
levitation within the view of classical electrodynamics. Magnetic levitation is
achieved by the spatial distribution of magnetic eld magnitude, which can
exhibit a local minimum in a source-free region [1,3,911], [12, section 10.1.4]
in which objects made of material with negative magnetic susceptibility, or
objects with negative magnetic polarisability can levitate [2,3,12 14], see the
detailed analysis in chapter 2. This is the case of diamagnets such as water
and living matter, with the widely known example of a levitating frog shown
in gure 1.1, or superconductors [1,10,13,14].

The second goal of this thesis is a study of physical bounds to magnetic
con nement, which results from similar conditions as magnetic levitation.
The fundamental di erence is that the magnetic eld is used to spatially
localize microscopic particles and does not ght against gravity but against
thermal excitation. The particles at room temperature move at speeds of the

1
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