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Knowledge begins, so to speak, Iin the
middle, and leads into the unknown -
both when moving upward, and when
there Is a downward movement. Our
goal Is to gradually dissipate the

darkness in both directions, and the
absolute foundation - this huge
elephant carrying on his mighty back
the tower of truth - it exists only in a
fairy tales (Hermann Weyl)




Everything follows from quantum mechanics
plus electrodynamics; QED is enough to explain
all properties of matter around us

Oy —ieA)Y +1myp = 0 where a=0,...,:

F, 075 B A B, A «,3

where 7, = Uy,9.

That is all. Please tell me why iridium is brittle and platinum is
ductile, copper is red and silver is white, iron is ferromagnetic
and vanadium is not... Not talking on biochemistry and biophysics!




Veou=0 Navier-Stocks equations:
N Turbulence Is here!

57 Tu-Vu=f+pViu—Vp Can you explain this?
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Classical thermodynamics is the only physical theory of universal
content which | am convinced will never be overthrown, within
the framework of applicability of its basic concepts (A. Einstein).

The laws describing our level of reality are essentially independent
on the background laws. | wish our colleagues from
(strings, quantum gravity, etc....) all kind of success but either

they will modify electrodynamics and quantum mechanics at atomig
scale (and then they will be wrong) or they will not (and then | do
not care). Our way Is down.

How to pass from known basic laws of nature to understanding
all richness and diversity of the world around us?

Pure chemical elements are already complicated enough to
think very seriously




Duality of understanding and knowledge

Newton laws... Rotation...
i Alir resistance... | know this stuff
*/ ¥y but the result will be... well...
- J .

A i,

77 He does not know (?!) Newton
:‘;_‘!g Mechanics — but it works! He

B4 feels (=understands) what to do

| think | can safely say that nobody
understands

guantum mechanics
(R. P. Feynman)




But Why S|Iver IS“WhI'[e copper Is red an gold is yellow?

Density functional calculations

Taken from C. Ortiz, O. Eriksson and M. Klintenberg
Comput. Mater. Sci. 44, 1042 (2009).




Local moments and localized states
P. W. Anderson

Reviews of Modern Physics, Vol. 50, No. 2, April 1978

shall soon discuss. Very often such a simplified model
throws more light on the real workings of nature than
any number of ab inifio calculations of individual situa-
tions, which even where correct often contain so.much
detail as to conceal rather than reveal reality. It can
be a disadvantage rather than an advantage to be able

to compute or to measure too accurately, since often
what one measures or computes is irrelevant in terms
of mechanism. After all, the perfect computation simply
reproduces Nature, it does not explain her.




Can we understand something elementary?
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Periodic Table of the Elements Vit
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Ambient conditions: all body-centered cubic

Li, Na at low temperatures: 9R
Why? Well... Total energies are
very, very close (difference 104)
Just numbers... Calculate!

J. Phys.: Condens. Matter 1 (1989) 5319-5335. Printed in the UK

Temperature {K)

An experimental and theoretical study of
martensitic phase transitions in Li and Na e ot
under pressure ’ Pressure  {GPa) . inli

temperature M, versus pressure in Li.

L0

V G Vakst, M I Katsnelsoni, V G Koreshkovz, A I Likhtenstein§,

O E Parfenovt, V F Skok!l, V A Sukhoparov|, A V Trefilovt and o . N
A A Chernyshovt S \
jg 20k W

Why opposite behavior -

' Figure 3. The martensitic transformation temperature

: L ) X ) N

0 T T3 M, versus pressure in Na: A, the beginning of trans-
formation, M, in cooling p = const; B, the beginning of

Pressurz  {GPal transformation for decreasing pressure, T = const,

with pressure?




Van Hove singularities: topological property of
any energy spectrum in crystals

bcc Na: away from E
bce Li: towards E.

Different role of
p-electrons

Nig)  (Ryd " /alom)

VHS near E; destablilize crystal
structure (a general theory)




J. Phys. F: Met. Phys. 14 {1984) L125-L128. Printed in Great Britain

LETTER TO THE EDITOR

Exchange interactions and spin-wave stiffness in

Allows to do calculations for
specific materials and explain
general tendencies (e.g., AFM

ferromagnetic metals near half-filled d-band)

AT Liechtensteint, M I Katsnelson} and V A Gubanovt

Journal of Magnetism and Magnetic Materials 67 (1987) 65-74
North-Holland, Amsterdam

LOCAL SPIN DENSITY FUNCTIONAL APPROACH TO THE THEORY
OF EXCHANGE INTERACTIONS IN FERROMAGNETIC METALS AND ALLOYS

A.l. LIECHTENSTEIN, M.I. KATSNELSON *, V.P. ANTROPOV * and V.A. GUBANOV
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Figure 1. The spin-wave stiffness D as a function of E for ferromagnetic iron,



Real-space imaging of an ol 2
orbital Kondo resonance on the 0 B
Cr(001) surface 08 "2
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New many-body
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Effect of magnetism on Kinetics of y—«
transformation and pattern formation in

iron

and M I Katsnelson®
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Figure 1. Energy (a) and free energy (b) as functions of tetragonal deformation for temperatures 7 = 700 K, 1000 K, 1300 K (curves 2, 3,
4, respectively) found from (5)—(8) and the first-principle computational results [22] for the Bain path in ferro- (1) and paramagnetic (5)

doi:10.1088/0953-8984/25/13/135401
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Peculiarities of defect structure and mechanical properties of iridium:
Results of ab initio electronic structure calculations

Yu. N. Gomostyrev,] M. L K.’:\tsnelson,l N. L. Medvedeva,” O. N. Mryasov,3 A. J. Freeman.’ and A. V. Trefilov?
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Anomalous Thermal Expansion in a-Titanium
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Peculiarities of anharmonic lattice dynamics and
thermodynamics of alkaline-earth metals
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bulk is ballast)

1. Applications (modern electronics is 2D

2. Prototype membrane (new drosophila for 2D statistical

mechanics)
3. CERN on the desk (mimic high energy physics)
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Klein tunneling
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Electromagnetic fields as deformations
In ether; gears and wheels

Also: Dirac equation... Landau theory of superfluidity of helium...




Theoretical physics as a variety of
mistiqgue experience

Fruits: to predict something correctly (like Maxwell
electromagnetic waves, and then — applications)

1. Klein tunneling
2. Pseudomagnetic fields due to deformations
3. Relativistic collapse at a supercritical charge



Predicted and confirmed



Plans

- Many -body theory of graphene
- Statistical mechanics of membranes

- Pattern formation and the origin of
physical and chemical complexity

- Magnetism out of equilibrium



Many thanks!!!



