
Journal of Modern Physics, 2022, 13, 1212-1215 
https://www.scirp.org/journal/jmp 

ISSN Online: 2153-120X 
ISSN Print: 2153-1196 

 

DOI: 10.4236/jmp.2022.138072  Aug. 30, 2022 1212 Journal of Modern Physics 
 

 
 
 

Lorentz Transformation Leads to Invariance of 
the Difference between the Electric and 
Magnetic Field Intensity 

Stanislaw Olszewski 

Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland 

 
 
 

Abstract 
In course of a direct calculation we demonstrate the activity of parameters of 
the Lorentz transformation entering the original electric and magnetic field 
vectors E  and H . The validity of the transformation is shown with the aid 
of the relation 2 2 2 2′ ′− = −E H E H  which holds for any suitable pair of the 
vectors E , H  and ′E , ′H . No special geometry of the vector pairs en-
tering ( ),E H  and ( ),′ ′E H  is assumed. The only limit applied in the pa-

per concerns the velocity ratio betweeen v and c which should be smaller than 
unity. 
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1. Introduction 

The aim of the paper is to examine the effect of the Lorentz transformation of 
the electromagnetic field when the field formulae are general. The Lorentz 
transformation of the electromagnetic field is a well-known tool applied in nu-
merous motion occasions [1] [2]. But, in spite of its importance, a general kind 
of the Lorentz transformation concerning three dimensions of the electromag-
netic field, seems to be rather seldom discussed. Usually the transformation is 
limited to a special geometry assumed for a moving particle, or specific values of 
the applied mechanical parameters. 

The main aim of applying the Lorentz transformation seems to be a search for 
the application of some invariant expressions which remain exactly unchanged. 
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A well-known example is a tensor built up of the electric and magnetic com-
ponents [1] [2]:  
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which represent field intensities belonging to one four-dimensional electromag-
netic tensor [2]. 

2. Requirements Concerning the Lorentz Transformation 

In general the Lorentz transformation replaces the original components of the 
electromagnetic field, viz.  
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by the new components  
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Both kinds of components are coupled according to the fomulae [2]:  
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Here  

( )
2

21= −
vp v c
c

                      (10) 

where v represents the velocity of the system. 
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It should be noted that sometimes a simplification is done in which instead of 
(10) the number  

1≈p                             (11) 

is assumed. Our aim is however, to perform the Lorentz calculation on an accu-
rate basis of (4) - (9), and not with the aid of the Formula (11). 

3. Lorentz Transformation and a Search for the Difference  
E H2 2−  

We find that our application of the Lorentz transformation gives as a result that 
the invariance property of the difference  

2 2 const− =E H                        (12) 

does hold. 
The first term on the left of (12) becomes:  
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In the next step, the second term on the left of (12) taken without a minus 
sign gives:  
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Because of the minus sign which has the expression for 2H  in (12) we ob-
tain the following result for the difference in (12):  
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Here the full Formula (10) concerning expression ( )p v c  is taken into ac-
count. 

4. Summary 

The paper examines the Lorentz transformation extended to the case when the 
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electromagnetic field represented by a general vector formula acting on a system 
is applied. 

We show that also in this situation the difference of the square values of the 
electric and magnetic field remains equal to a constant term which is uninflu-
enced by the transformation. 
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