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How to become a theoretical physicist



How to become a theoretical physicist II



Why I am a physicist?
Magnitogorsk: an industrial city in Ural

Mountains (at a formal border of  Europe 
and Asia)

My school teacher:
Ivan Kabanchuk (1920-1999)

11 hours of  physics per week
and all that



Why I am a theoretical physicist? 

Boris Ishmukhametov (1929-2020)

Ural State University, Dept. Physics
1972-1977 My first subject: Atomic plasmon

My first paper (with him): published
1975



Almost half  a century later



Theoretical physics is Sverdlovsk

Semyon Shubin (1908-1938)
The founder of  theoretical

physics in Ural

Arrested 1929, professor and head
of  department 1933, arrested

again 1937, killed 1938. Published
18 papers

Sergey Vonsovsky, 1910-1998
Pupil of  Shubin and my main 

teacher

“Polar model” (“Mott insulators”), liquid metals,
photoeffect, s-d exchange (Vonsovsky-Zener)

model... 



The beginning: “Polar model”



Polar model II
Mott insulators and Mott transitions in 1934



Early writing of  a book

Published in Russian
1983

Published in English
(extended and rewritten)

1989

In contemporary situation a young researcher cannot spend time on
helping their supervisor to write books or reviews. Many letters in

fancy journals is much better for the career 

Also, replacing Vonsovsky at his lectures when he was away (from 1979)



A philosophical statement

Knowledge begins, so to speak, in 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)



What does it mean for condensed 
matter physics and materials science?

Everything follows from quantum mechanics
plus electrodynamics; QED is enough to explain

all properties of matter around us

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!



Does it help?
Navier-Stocks equations:

Turbulence is here!
Can you explain this?



Is fundamental physics fundamental?
Classical thermodynamics is the only physical  theory of universal 
content  which I 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. I wish our colleagues from true theory
(strings, quantum gravity, etc....) all kind of success but either
they will modify electrodynamics and quantum mechanics at atomic
scale (and then they will be wrong) or they will not (and then I 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



The aim of science: Understanding
Duality of understanding and knowledge

Newton laws... Rotation...
Air resistance... I know this stuff
but the result will be... well...

He does not know (?!) Newton 
Mechanics – but it works! He
feels (=understands) what to do

I think I can safely say that nobody 
understands 

quantum mechanics 
(R. P. Feynman)



Scylla and Charybdis
Understanding “in general”
Everything is from water/fire/earth/gauge 
fields/quantum space-time foam/strings... 
and the rest is your problem.

But why silver is white, copper is red an gold is yellow?
Density functional calculations

Cu Ag Au
Taken from C. Ortiz, O. Eriksson and M. Klintenberg

Comput. Mater. Sci. 44, 1042 (2009). 



Scylla and Charybdis II

(Nobel lecture)



Periodic Table

Can we understand something elementary?

D. I. Mendeleev



An example: Alkali metals
Ambient conditions: all body-centered cubic

Li, Na at low temperatures: 9R
Why? Well... Total energies are
very, very close (difference ≈10-4)
Just numbers... Calculate!

Why opposite behavior 
with pressure?



Understanding?! 
Van Hove singularities: topological property of

any  energy spectrum in crystals

bcc Na: away from EF
bcc Li: towards EF

Different role of
p-electrons

VHS near EF destabilize crystal
structure (a general theory)



Graphene!!! – Just elemental solid

Even insects
understand what

honeycomb lattice
is



Theoretical physics as a variety of mistique 
experience 

Beloved, believe not every spirit, but try the spirits whether they 
are of God (1 John 4:1)

Ye shall know them by their fruits. Do men gather grapes of thorns, 
or figs of thistles? (Matthew 7:16)

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

Top pleasure and top dream for a theoretician of my type

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

Graphene



Predicted and confirmed



Theoretical physics as a variety of  
mistique experience II

A miracle for yourself  vs miracle for others
I have seen (and experienced) “miracle for myself ” 3 or 4

times in my almost 50-year scientific career.



Science is necessary for survival of 
humankind

Agriculture (“green revolution”)
Medicine (new antibiotics: arms race with bacteria)

We cannot
just stop:
too many
will die

Our society is crucially dependent on communications,
transport, computers... well... weapons... 

Very important to know how science works



Curiosity-driven research
Physics is like sex: sure, it may give some practical 

results, but that's not why we do it
R. P. Feynman

Motivations are very different...

Model of science



What to do?
1. Trust us, we are smart guys and we know what
to do – medieval guilds principle 

It will not work in modern society

2. Convince people that we are useful

Well... We are useful but in a complicated way

Strong temptations: lie and intimidate
Polite version: tell on success only, overestimate

practical importance, promise something too early...



Misuse of science
Everything a scientist did was destined to become a 

weapon (K. Vonnegut, Cat’s Cradle)

Was/is arms race useful for science? Well...



Science as mass occupation

Starts with A-bomb making

Completely changes relations
between scientists and society



How to be rational in irrational world?
A very simple answer: I do not know


	What is special about being a theoretical physicist
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	The beginning: “Polar model”
	Slide Number 10
	Slide Number 11
	A philosophical statement
	What does it mean for condensed matter physics and materials science?
	Does it help?
	Is fundamental physics fundamental?
	The aim of science: Understanding
	Scylla and Charybdis
	Scylla and Charybdis II
	Periodic Table
	An example: Alkali metals
	Understanding?! 
	Slide Number 22
	Theoretical physics as a variety of mistique experience 
	Predicted and confirmed
	Slide Number 25
	Science is necessary for survival of humankind
	Curiosity-driven research
	What to do?
	Misuse of science
	Science as mass occupation
	Slide Number 31

