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INTRODUCTION 

As at one time Dirac noticed 111:«... the principle of relativity imposes con
ditions which all physical laws have to satisfy. It profoundly influences the who
le of physical science from cosmology which deals with the very large, to the 
study of the atom, which deals with the very small». In this article where Dirac 
indicated in fact an exceptional role of relativity theory, he raised in essence a 
very important question on its three forms although he said about a more narrow 
subject: relativistic dynamics. 

This problem is of fundamental importance as it broaches the very bases of 
physics, in particular its space-time structure. In our opinion, it was disregarded 
quite unmeritcdly. Most probably, it is conditioned by that Dirac's article is at 
first sight especially mathematical in nature. In this case, for example, the tran
sition to the front form looks as a simple replacement of variables. As a matter of 
fact, the profound physical sence is also hidden here. 

As is known, any physical theory consists of two parts supplementing each 
other which can be conditionally called «physical» and «mathematical» ones. 
Main attention is usually paid to the second part: equations of the theory. But 
the equations in themselves, in which some symbols (quantities) figure, arc 
simply the mathematical apparatus. It is not any physical theory yet here. Its 
first part represents a relation of these quantities (notions) and physical objects 
realized with the aid of concrete measuring operations. 

In contradistinction to Dirac's paper just the «physical» aspect of this prob
lem will be of our interest below. It should be noted that very many misunder
standings (paradoxes) in relativity theory are conditioned by insufficient com
prehension exactly of this part of the theory. 

THE INSTANT FORM 

This form corresponds to the generally accepted treatment of relativity 
theory which deals with simultaneous or instant distances (lengths) or, as is 
noted in [ 11, one operates with dynamic variables referring to physical condi
tions at some instant of time. But as at one time Fermi marked [2 ], just the con
dition t = const, in the usual approach leads to the difficulty known as «4/3 
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problem» when calculating the momentum and energy of the electromagnetic 
field of a moving charge. 

The Fitzgerald — Lorentz contraction expressed by the equation 

/ / n = r V l - v 7 c ' = / y - ' (1) 
is undoubtedly the most typical example of this approach. Here I. is the instant 
length, i.e., the distance between simultaneous positions of the ends of a moving 
rod, v is the velocity and t is the rod length at rest. 

It should be stressed that the solutions of mathematical equations, for 
example, the wave one, depend on retarded or light distances. However, then 
one usually transits to instant distances (see, e.g., [3]). In case of a charge 
moving with velocity v = p*c, the corresponding formula is 

С = С,-Я,, < 2 > 
In particular, for a charge moving along the лс-axis we have 

Here / = c(l - l') is the distance between the charge at time t' and the ob
served point (at time /). 

It is obvious that formula (2) expresses in fact the replacement of variables 
and reminds in form Galilean transformations through in the given case the 
transition occurs in the same system of coordinates. Undoubtedly, this replace
ment must affect the other quantities depending on space coordinates. Space 
volume and also quantities formed with its help, for example the energy and 
momentum of an electromagnetic field, should be primarily referred to this. 

In this sense the Rindler-Denur «paradox» with capacitor can serve as a ty
pical example here. As is known, the energy of a plane-parallel capacitor, which 
plates are normal to the *-axis, is equal to 

( c *)2 

Е?=р*Г = -^-АГ (4) 

wherep* is the energy density of the electric field $*, A are the areas of its 
plates, and Г is a gap between them. Since £ (and consequently p) and A are 
not transformed when passing to a moving system, the formula for the energy of 
a moving capacitor 

E = pV = p*Al (5) 

depends essentially on the behaviour of the jt-component (1) of space volume. If 
instant length I. is taken as 1, we come evidently to the contraction of the known 
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relativistic formula for energy E = E*y. A similar difficulty does not arise if / is 
given by radar or relativistic length \51 expressed through retarted distance. 

THE NORMAL FORM 

One can say that in the previous section the question concerned the instant 
section (/ = const) of the world tube, presenting, for example, a system of par
ticles or an electromagnetic field. Here we deal with the corresponding normal 
section. Now it is seen that since this section is connected with the world tube 
itself, it doesn't depend on reference system (in distinction to the section 
/ = const). The radar formulation of relativity (see, e.g., [6 ]), which the point 
observes having radars «realize», serves as the physical base of the normal form. 

As the passage between the two forms is mathematically expressed by equa
tion (2), their difference should be first of all related to the behaviour of the 
longitudinal sizes of material objects. Indeed, we have now 

lr = ty (6) 

Here / is the relativistic or radar length expressed by the half-sum of distances 
covered by a length signal in the direct and opposite direction along the moving 
rod (see, e.g., (7)). In the frame of 4-representation (in Minkowski's space) the 
space component of the 4-vector of the relativistic length 

'r-i<4-4> ( 7 ) 

correspont to it. Here Л and t. are the light vectors describing these process of 
light propagation, i = 0, 1, 2, 3. In the rest system (5*) of the rod and the mo
ving S-system they take the form 

tj = {tic, t, 0,0), f* = (t/c, -t, 0,0) (8*) 

tf= [/*(1 + /?)y/c, t(\ +/S)y,0,01, fb= f/(I -£)y/c , -t(\ -/?)y,0,0| (8) 

Whence on the basis of (4) it follows 

e; = (o,r,o,o). (9*) 
ег=фГу/с, ty,0,0). (9) 

Since rr * 0, it is obvious that ll

r is not the instant length by now. Taking into 
account that the 4-vector tw of one of the world lines making up the world strip of 
the rod takes the form 
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С = ('V. #V,o,0) (10) 

it is not difficult to conclude that the vector tr is indeed orthogonal (normal) to 
the strip. 

We also note that /land tb correspond exactly to the two most typical retar
ded distances t when the electromagnetic field propagated in the direction of 
source motion and in the opposite direction. The wave 4-vectors k' and k'R |8 ] 
can be in their turn related to these quantities. These vectors define the beha
viour of the corresponding wave length measured in experiments on the study of 
the relativistic Doppler effect (see, e.g., |9 |). 

It should be stressed that in the frame of the normal form not only the phy
sical interpretation but also the quantitative (mathematical) explanation of a va
riety of phenomena is changed, and some known «paradoxes» are simply re
moved. 

Here apparently one should primarily point to «the 4/3 problem» (defini
tion of the momentum and energy of the electromagnetic field of a moving char
ge) (see, e.g., \51 again) and the above considered Rindlcr— Dcnur «paradox». 
Further wc note the Lewis — Tolman lever «paradox», the appearance of charge 
in moving (neutral) current-carrying conductor and soon. Their solution leads 
to the removal of fictitious quantities such as Poincare stress, von Lauc energy 
flow, etc. Oil's formulation of relalivistic thermodynamics which, as it has been 
found 1101, becomes natural in the structure of the radar formulation and con
sequently of the normal form should be particularly marked. Wc also note that 
in the frames of this form the behaviour nature of a moving charge field changes 
substantialle 111 |. In terms of retarded distances the equaipotenlial surfaces of 
an electric field, for example, have the form of rotating ellipsoids stretched in 
the motion direction. But high energy physics should be apparently considered 
the broadest field of application of the normal form, in particular, the concept of 
relativistic length 111 |. 

THE FRONT FORM 

As it was found at one time when considering the known problem of gene- >. 
ralization of the notions of simultaneity and distance (sec, e.g., [ 12 |), the tran
sition to this form has a deep enough physical meaning (see, e.g., 113,14 |). The 
known method of the k-coefficicnt 115 ] is its clear expression. Here we limit to 
the Minkowski's flat space where peculiarities of this form manifest themselves 
in strong relief. 

The transition to light front variables 

£' =ct-x, f2 = c/ + x (11) 
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means physically the transition to the times of sending and returning a light 
signal directly measured in a radar experiment. For this the covariant velocity 
u' is expressed through the conventional one v = /3c by the equation 

On the basis of (11) and (12), the Lorcntz transformations arc written in 
the following simple form 

I 1 =« ' ! ' , I 2 = M

2 | 2 . (13) 

In this case instead of habitual addition we have the rule of velocity mul
tiplication 

£/' = « ' « ' . (И) 

The writing down of the other known equations is essentially simplified in a 
similar way. 

For example, for the 4-vectors of relativistic length* wc find 

£' = (-ЛЛ0,0), (15*) 

£ = ( - и ' Л и 2 Л 0 , 0 ) (15) 

and, on the contrary, for the 4-vcctors t, and ^ we get 

t* = (0, 2/*, 0,0), t* = {It, 0,0,0) (16*) 

4=(0, 2u2/*,0,0), /£= (2м1 Л 0,0,0). (16) 

CONCLUSION 

According to Dirac 11 |: «There is no conclusive argument in favour of the 
one or other of the forms». However, as wc have shown, the instant form does 
not satisfy the demand for the first part of any physical theory and concerning 
the relation of physical notions with natural objects. The instant length used in 
its frames which leans on the concept of simultaneity contradicts principle of 
relativity. 

As to the two other forms, of course, the normal one possesses the advan
tage that it is habitual. The front form (with the following replacement for 

* In this connection see also 116|. 
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another pair of coordinates £ = iy — z, £ = iy+ z) simplifies essentially the 
expressions for spinor quantities and, in particular, the Dirac equation. The
refore it seems that it should play an important role in quantum mechanics and 
field theory. 
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Стрельцов В.Н. Д2-92-63 
Три формы теории относительности 

Обсуждается физический смысл трех форм теории отно
сительности. Первая, мгновенная форма, фактически пред
ставляет собою традиционный подход, базирующийся на 
понятии мгновенного расстояния. Нормальная форма отра
жает локационную формулировку, опиракяцуюся на световые 
или запаздывающие расстояния. Фронтальная форма в спе
циальном случае характеризуется "наблюдаемыми перемен
ными"^ ее наглядным выражением является известный ме
тод к-коэффициента. 
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instant distance. The normal form corresponds the radar 
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