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Introduction and relevance 

The theory of General Relativity (GR) is very complicated mathematics. To ensure solutions that 

match measurement physics, Einstein defined a number of demands. These demands are the subject 
of this article. You will notice that these demands are forgotten, giving rise to “free for all” solutions 

to his field equations. The relevance is great, it means that the current vision of black holes as a 

“singularity” with “event horizon” is put in question. 

 

Einstein’s first demand: allowed coordinate transformations 

Coordinate transformations must be such that the elements of the covariant metric tensor are not 

affected, he stated in paragraph 4 following formula (3): “These can no longer be dependent on the 
orientation and the state of motion of the ‘local’ system of co-ordinates for ds2 is a quantity 

ascertainable by rod-clock measurements of point-events infinitely proximate in space-time, and 

defined independently of any particular choice of co-ordinates”. In other words, the measurable proper 

time difference of a (cesium) clock must remain the same after coordinate transformation. Also, the 
elements of the covariant metric tensor “gii” must be independent of the coordinate system chosen. 

 

For example, the simplest solution to Einstein’s GR is a local Euclidean (flat) space, in which we 

know the covariant metric tensor “gii” exactly (in red): 

In figure 1 you see the essential set-up of Einstein’s GR, in which the covariant metric tensor is written 
in red with a determinant of exactly minus one, more about the determinant condition later. In figure 

one, “dt0” is the measured proper time difference (on a local cesium clock) which must stay the same 

after transformation (ascertainable by rod-clock..). To fulfill the last part of Einstein’s statement, this 

covariant metric tensor must stay the same after a coordinate transformation to, for example, polar 
coordinates. We thus get the same outcome for the same Euclidean solution in polar coordinates: 

In figure 2, you see how the covariant metric tensor did not change, after all, it represents the curvature 

of local space! This is forgotten by so many scientists, you too often see “r” and r.sinθ within “g ii”! 
You can also see how Cartesian coordinate differences (dt,dx,dy,dz) are transformed into polar 

coordinate differences (dt,dr,dθ,dφ) without changing “gii”, relevant to the Schwarzschild solution! 

 

Figure 1: covariant metric tensor of local Euclidean space in Cartesian coordinate differences 

 

 

Figure 2: covariant metric tensor of local Euclidean space in polar coordinate differences 
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Einstein’s second demand, the determinant condition 

When Karl Schwarzschild worked out two solutions to Einstein’s GR in January and February of 

1916, he took all of Einstein’s demands to heart. One of these demands was at the beginning of 1916 
that the determinant of the covariant metric tensor had to be minus one (g = –1). After Karl’s death in 

that same year, Einstein changed his mind about this demand, het stated in a footnote at the end of 

paragraph 19: “On the abandonment of this choice of coordinates with g = –1, there remain four 

functions of space with liberty of choice, corresponding to the four arbitrary functions at our disposal 
in the choice of co-ordinates”. 

 

The relevance of g = –1 is explained in paragraph 8 and formula (18a). As long as g = –1, formula 

(18a) explains how the volume scalar “τ” is dependent on the determinant! This seems to be a 
forgotten demand in the sense that coordinate transformations do not have to abide by a determinant 

of minus one provided the volume scalar is corrected too, see next paragraph. 

 

Einstein’s third demand, the volume scalar 

In paragraph 8 he states, following formula (18): “The invariant (–g)½.τ is equal to the magnitude of 

the four-dimensional element of volume in the ‘local’ system of reference, as measured with rigid 

rods and clocks in the sense of the special theory of relativity”. In other words, the product of local 
space-time dt.dx.dy.dz equals the volume element “τ” as long as g = –1. Or, if the determinant is 

unequal to minus one, the product of the square root of the determinant and the volume scalar must 

remain the same. This seems to be forgotten in some later transformations, like the transformation to 

“Eddington/Finkelstein coordinates” to fall through the “event horizon”. 
 

Conclusion 

If you agree with Albert Einstein’s demands to find solutions to his GR, you have to ensure that the 
covariant metric tensor is unaffected by coordinate transformations, that you abide by g = –1, and that 

you ensure the same volume element. Alternatively, if your g ≠ –1, then the volume element times 

your square root has to remain the same. 

 

Consequences 

Karl Schwarzschild is the only person that fully abided by Einstein’s demands, only he and nobody 

else can claim two exact Schwarzschild Solutions. His solutions do not have singularities, and require 
the radius of a sphere to always be larger than the Schwarzschild radius (wrongly renamed as “event 

horizon”). Copy errors of Droste, Eddington and others have led to new Schwarzschild solutions with 

singularities which are not based on Einstein’s GR as published; they forgot his demands. 

  

More information? 

Our book “Repairing Schwarzschild’s Solution” (www.loop-doctor.nl) describes the history of the 

solution and the repair for Noether’s theorem1 in full detail. We hope you get as many “aha” 

experiences as we did, 
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