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Abstract: It is shown here that the invariance of the equation for a spherical light wave 

front propagation does not attest to retention of sphericity of such a wave. 

 

Alongside with the principle of the constancy of the speed of light Einstein formulated 

the principle of relativity, in accordance with which (quotation): "The laws by which the 

states of physical systems undergo change are not affected, whether these changes of 

state be referred to the one or the other of two systems of co-ordinates in uniform 

translatory motion" [1]. 

 

This formulation of the principle of relativity brings about a number of questions. 

 

What is this "law by which the states of physical systems undergo change"? If the 

equation, invariant to the selection of an inertial coordinate system,   

 

      с2t2 – x2 – y2 – z2 = 0,      (1) 

 

for the propagation of a spherical wave (here c is the speed of light) should be considered 

a law, then why is it not possible to consider a law the noninvariant equation 

 

u2t2 – x2 – y2 – z2 = 0,      (2) 

 

for the spherical surface expanding with the speed u, which is less than the speed of light 

c? (This surface can be, for example, the shell of an inflated sphere or “the system”, 

which is a set of small bodies dispersing from the origin of coordinates with the speed u 

so that these dispersing bodies are located on an imaginary spherical surface expanding 

with the speed u).  
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If equation (1) is a law, then why a similar equation (2) is not a law? Indeed, equation (2) 

also describes a change of the state of a physical system. Why can't we think that, strictly 

speaking, there are "changes of the state of physical systems" that may either not depend 

on the choice of coordinate systems or depend on it? 

 

Einstein used the invariant equation (1) for the propagation of a spherical wave (which he 

also calls a rigid sphere) for the proof of agreement of the principle of the constancy of 

the speed of light with the principle of relativity. 

 

Turning to equation (1) describing the propagation of a spherical wave in the vacuum 

within the inertial coordinate system К, Einstein noted that having been transposed by 

means of transformations deduced by him (Lorentz transformations), the equation 

remains invariable in the coordinate system Кʹ, which moves relative to the coordinate 

system К with speed v, and is written down, with the accuracy to designations, just as 

formula (1), namely: 

 

     с2tʹ2 – xʹ2 – yʹ2 – zʹ2 = 0.                                                  (3) 

 

Stating the agreement of formulas (1) and (3), Einstein writes (quotation): “The wave 

under consideration is therefore no less a spherical wave with velocity of propagation V 

when viewed in the moving system (the symbol V is used by Einstein to designate the 

speed of light, which we now designate by the symbol “c”. The authors' note). This 

shows that our two fundamental principles are compatible." 

 

But in the same work Einstein envisaged that the equation for the surface of a rigid 

sphere of radius R at rest relatively to the system of coordinates Кʹ, having the form 

 

      xʹ2 + yʹ2 + zʹ2 = R2,                                        (4) 

 

in the system of coordinates К acquires the form  
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                 x2/(1-v2/c2) + y2 + z2 = R2                                                    (5) 

 

(the sphere turns into an ellipsoid flattened in the direction of motion). 

 

Having shown the non-invariance of the equation for the surface of this specific rigid 

sphere of radius R to the Lorentz transformations and having not regarded such non-

invariance as a violation of his principle of relativity, Einstein, however, relates the 

retention of the form of the spherical wave to the principle of relativity.  

 

Considering transformation of the sphere into the ellipsoid, Einstein misses the point that 

the equation for a sphere of radius R generally takes an identical form both in the system 

of coordinates К and in the system of coordinates Кʹ, namely x2 + y2 + z2 = R2 in the 

system of coordinates К and xʹ2 + yʹ2 + zʹ2 = R2 in the system of coordinates Кʹ, although 

these equations are not Lorentz-invariant. These equations certainly relate not to one, but 

to different though identical spheres: the first equation relates to sphere S, which is at rest 

in the system of coordinates К, and the second same equation relates to precisely the 

same sphere Sʹ, which is at rest in the system of coordinates Кʹ. So, what now? After all, 

laws are not written for each object individually – they are written for an object with 

specific characteristics, i.e., for an abstract object. 

 

This raises another question. Why one and the same rigid sphere can be a sphere in one 

frame of reference and an ellipsoid in another, while one and the same “spherical” wave, 

according to the principle of relativity, must remain a sphere both in one and in another 

frame of references? 

 

Someone can say that the rigid sphere is not a “change of state of a physical system”, and 

its equation is not a law, while the propagation of a “spherical” wave is a “change of state 

of a physical system” and the equation (1) is a law, but one can object to it saying that, 

firstly, Einstein writes about sphericity, i.e., about the form, but not about the process, 

and, secondly, the above-mentioned equation (2) for the expanding spherical surface 

describes, as noted above, a change of state of an “inflated” sphere, it does not, however, 
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possess invariance to Lorentz transformations. In particular, given u<<v, the equation for 

the surface of the inflated sphere in the system of coordinates К takes the form x2/(1-

v2/c2) + y2 + z2 = (ut)2, and the surface of the object that is spherical in the system of 

coordinates Кʹ at any moment of time will in the frame of reference К have an elliptical 

form as is the case with a rigid sphere, and not a spherical form. (Generally speaking, the 

sphere of radius R is a special case of a sphere propagating with speed u, if u tends to 

zero). 

 

What's the point? Why does a spherical wave propagating with the speed of light retain 

its spherical form? And why does the spherical change of “the state of a physical system” 

not retain it, no matter whether it occurs slowly or how arbitrarily high (though not equal 

to constant c) its speed is? 

 

The answer is simple. No such thing as retention of the sphericity of the wave “under 

consideration”, as Einstein called it, ever exists! In reality, a spherical wave “considered” 

in the system of coordinates К, whose surface is described by equation (1), in the system 

of coordinates Кʹ “is spread” over an ellipsoid. But the sphere, whose surface according 

to Einstein is described in the frame of reference К by equation (3), is an entirely 

different sphere and not the sphere considered in the system of coordinates Кʹ. The 

situation here is exactly the same as in the case with two different spheres S and S’ of 

identical radius R. 

 

In order to show the ambiguity of Einstein’s conclusion, let us assume that at the moment 

of time t=0 from the center of a thin spherical shell of radius R a spherical polychromatic 

emission wave, white for example, begins to propagate, emitted by a source at rest 

relative to the center of the shell. Let us assume that the emission source and the spherical 

shell are at rest in the system of coordinates К with the source and the center of the shell 

located at the origin of the system of coordinates К. 

 

Let the shell act as a filter, and the emission passing though it becomes practically 

monochromatic. 



 5 

 

The equation for propagation of a spherical wave in the system of coordinates К takes the 

form (1) and describes both propagation of polychromatic radiation front before its 

contact with the shell and propagation of monochromatic radiation front after the passage 

of the shell, i.e., we can use the formula (1) disregarding the fact that the recorded 

equation (1) with t <R/c describes propagation of a polychromatic wave, but when t  > 

R/c it refers to propagation of a monochromatic wave. 

 

In the system of coordinates Кʹ propagation of the considered wave becomes more 

complex. 

 

At the moment of time tʹ1 = 0 the wave is emitted by a source moving with speed v, 

which at this moment is located at the origin of the coordinate system. The shell moving 

together with the source is an ellipsoid flattened in the direction of motion and at the 

moment of time tʹ1 = 0 described, as noted by Einstein, by formula (5). The emitted 

polychromatic wave propagating, according to Einstein's assumption, along axis Xʹ with 

speed c, is moving within the range of positive values of the coordinates towards the shell 

impinging on it with speed v, and in the range of negative values following the shell 

outgoing from it with speed v. 

 

Up to the moment )(1' 22

1 vccvRt   the polychromatic wave is spherical. At the 

moment of time )(1' 22

1 vccvRt   the wave changes its spectral content at point 

)(1' 22

1 vccvRcx  . Here the diametrically opposite side of the spherical wave at 

this moment of time is located at point )(1' 22

1 vccvRcx  . At the moment of 

time )(1' 22

2 vccvRt   the wave changes its spectral content, finding itself at 

point )(1' 22

2 vccvRcx  . Thus, a change in the wave chromaticity, which 

occurs in the frame of reference К simultaneously at the symmetrically located points – x1 

= –R and x1 = R, in the frame of reference Кʹ occurs at the asymmetrically located points 
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xʹ1 and –xʹ2 respectively at different moments of time** )(1' 22

1 vccvRt   and 

)(1' 22

2 vccvRt  . Generally, within the period of time 0 to tʹ1 in the frame of 

reference Кʹ there is a spherical polychromatic wave, within the period of time tʹ >tʹ2 there 

is a spherical monochromatic wave in it, whereas within the period of time tʹ1 to tʹ2 a 

spherical wave is formed by partially polychromatic and partially monochromatic 

radiation. It is this period of time that shows what proves to be concealed in the periods 

of time tʹ < tʹ1 and tʹ > tʹ2, when different spherical wave fronts can be taken as the front 

under consideration. 

 

Turning to the wave in the period of time (tʹ1;  tʹ2) makes it possible to reveal the fact that 

the spherical wave ranges simultaneously arriving at points -x and x, do not belong to the 

symmetrical wave considered within the coordinate system К, which does not contain the 

fronts divided into polychromatic and monochromatic radiation zones. 

 

References 

 

1.  Albert Einstein (1905) “Zur Elektrodynamik bewegter Korper”, Annalen der Physik 

17: 89; English translation On the Electrodynamics of Moving Bodies by George 

Barker Jeffery and Wilfrid Perrett(1923) 

 


