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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 ,

• Ohm’s law:  U = IR ,

• distance between two points:

rab
2 = (xa-xb)2 + (ya-yb)2 + (za-zb)2,

etc. 

Yuri Kulakov
suggested this theory in 1960s 



Ohm’s law

Battery
(voltage U)

Resistor
(resistance R)

Current  I = U / R



Ohm’s law

Battery
(voltage U)

Resistor
(resistance R)

Current  I = U / RWhat does one need to 
discover the Ohm’s law?



Ohm’s law

Battery
(voltage U)

Resistor
(resistance R)

Current  I = U / RWhat does one need to 
discover the Ohm’s law?

1. many different batteries



Ohm’s law

Battery
(voltage U)

Resistor
(resistance R)

Current  I = U / RWhat does one need to 
discover the Ohm’s law?

1. many different batteries

2. many different resistors



Ohm’s law

Battery
(voltage U)

Resistor
(resistance R)

Current  I = U / RWhat does one need to 
discover the Ohm’s law?

1. many different batteries

2. many different resistors

3. ammeter
(well-calibrated)
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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

4. connect different batteries to different resistors, and discover 
that the current  I  is proportional to  U  and to  G      I = U G.

3. get the conductance  G  for each resistor by connecting it to the 
“reference” battery and measuring the current
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What if the ammeter is not calibrated
(and we don’t know how to calibrate it)?

Nonlinear dependencies  
not clear whether there is a 
linear law behind them
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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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Newton’s second law as a physical 
structure of rank (2,2)
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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    ( ) expf x C x 

( ) ( ) ( ) ( ) ( )

0 ( ) ( )   for  0 1

f x y f x f y g x g y

x f x g x x x

    


    

( ) cos , ( ) sinf x x g x x 




1 1 1 2

2 1 2 2

( , ), ( , ),

0( , ), ( , )

x x

x x

   

   

 

 

( , )

or, equivalently,

( , )

x f x

x f x

   

    



Functional equations of the Theory of physical structures

equation solution




, ,

, 0

i i

j j

 

 

 

  

 

 
or, equivalently,

i i

i i

f x

f x

 

 

  

   




, , ,

, , 0

i i i

j j j

  

  

  

   
 i i if x y    




, , , ,

, , , 0

i i i i

j j j j

   

   

   

    

 

 
or

i i i

i i i

f x y

f x y

  

  

    

    

i i
i

i

x y
f

z






  
   

  

rank

(2,2)

(2,3)

(2,4)

(3,3)




, , ,

, , ,

, , 0

i i i

j j j

k k k

  

  

  

   

  

   



Possible ranks
and solutions

(found by G. Mikhailichenko in 1970s)

(2,2) (2,3) (2,4)

(3,2) (3,3) (3,4)

(4,2) (4,3) (4,4) (4,5)

(5,6)(5,4) (5,5)

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

(7,7)(7,6)

 i if x     i i if x y    

 

 

   i i i

i i i

f x y

f x y

  

  

    

    

i i
i

i

x y
f

z






  
   

  
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