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Theory of Physical Structures
is an unusual point of view on
“usual” laws of physics and
geometry, such as

* Newton’s second law: F=ma,

e Ohm’slaw: U=1IR,

« distance between two points: Yuri Kulakov
suggested this theory in 1960s

rab2 = (Xa_xb)2 + (Ya_Yb)2 + (Za-Zb)z,

etc.
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Ohm’s law

What does one need to

Current I=U/R

discover the Ohm’s l[aw?

1. many different batteries
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(voltage U)
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How to proceed to discover the Ohm’s law?

1. select some “reference” battery and “reference” resistor

2. get the voltage U for each battery by connecting it to the
“reference” resistor and measuring the current

3. get the conductance G for each resistor by connecting it to the
“reference” battery and measuring the current

4. connect different batteries to different resistors, and discover
that the current | is proportionalto U andto G = [=UG.
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What if the ammeter is not calibrated
(and we don’t know how to calibrate it)?
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Resistors
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in 4D space
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Two batteries and two resistors - a functional dependence between
2%2 measured quantities. This is a physical structures of rank (2,2).
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F = ma: law or definition?

F=m a usual formulation of Newton’s
second law

A, aiB ~0 Newton’s second law as a physical
structure of rank (2,2)
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Once again about Ohm’s law:
physical structure of rank (2,3)
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Once again about Ohm’s law:
physical structure of rank (2,3)
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Once again about Ohm’s law:
physical structure of rank (2,3)
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All points are in a 5D hyper-surface of 6D space (why?).
This is a physical structure of rank (2,3).

@1,
P2
@3,
Py
Ps,

P13
P23
P33
Pys
Ps3

P14
P24
P34
Dyq
Psy

D5
P
P35
Pys
Pss

((Pia  Pipr Piyr Piocr Pip- (p”)




Once again about Ohm’s law:
physical structure of rank (2,3)

(0 U™
0 U

0 0

/U,
/U,
1

J

MZ




Once again about Ohm’s law:
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Examples of functional equations

equation solution
f(x+y)=f(X)+ f(y) f(x)=C-x
f(x+y)=f(x)-f(y) f(x)=exp(C-x)

f(xX)=cosx, g(x)=sinx

{f(X—Y)= F(x)- T(y)+9(x)-9(y)

O<xf(x)<g(x)<x for O<x<1

O( 0(%, &), 0(%,&,), o(x,8) = f (x¢)
o(X,, &), 0(%,E,) )=0 or, equivalently,

o(x,&) = f (x+¢)



Functional equations of the Theory of physical structures

rank equation solution
(Pioc — f (Xig(x)

(2,2) (D( Piar Pipy or, equivalently,

Ppr Py )=0 0u = (X +E,)

(2,3) (D( Pies Pigr Py

- =f(x .
Qior Pjgr Py )=O Pia (X'(iO‘er')

(2;4) (D( (Piou (PiB’ (Piy’ (PiS’ O = f[xi§a+yij
(Pjou (PJB’ (Pjyi (Pj6 ):O ’ Zi+§a
. O( Py, Pyr Py o = f (XE, +yim.)
’ (PjoU (PJB’ (pjy’ or _f(Xg +y ) )
Pror Pigr @i, ) =0 Pig = T{XGo +¥i+ M,



Possible ranks

and.soloqtlons | 7.6 7.7)
(found by G. Mikhailichenko in 1970s) —

D —

(6,5) (6,6) (6,7)

(56
\ {(Pia:f(xiéa+yina)

(Pia — f (Xiaa + yi ‘Hh)

(2,2) ‘\(meKX.éwy.j

¢, = f (Xéa) ¢, = f (Xiéa + Yi) % +S,




Some works on theory of physical structures

O Yu. I. Kulakov, Theory of physical structures, Journal of Soviet Mathematics,
V. 27, pp. 2616-2646 (1984) (review of results and possible applications).

O G. G. Mikhailichenko, A problem in the theory of physical structures,
Siberian Mathematical Journal, v. 18, pp. 951-961 (1977) (proofs for ranks
(2,2), (2,3), (2,4)).

d G. G. Mikhailichenko, On a functional equation with two-index variables,
Ukrainian Mathematical Journal, v. 25, pp. 490-497 (1973) (proofs for ranks
(3,3),(3,4)).



