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Introduction and relevance 

How fast does a cesium clock tick outside and inside of the earth? To answer that question, we can 

use Einstein’s theory of General Relativity (GR). His Laplace operator of a sphere of incompressible 

liquid links the time-like solution directly with the gravitational potential. It is a generic formula, but 

Einstein never applied it to the gravitational potential at the inside of the sphere. The authors do the 

exercise, which results in a continuous equation of the gravitational potential from the center-of-

mass to infinity. Surprisingly, it also results in the Schwarzschild radius always being smaller than 

the radius of the sphere. The conclusion must be that a so-called “event horizon”, which features in 

many books about Black Holes, doesn’t exist. 

 

Einstein’s time-like solution to the outside of a sphere 

Einstein describes the essence of the time-like solutions in his (translated) “Foundation of the 

General Theory of Relativity” (Annalen der Physik 1916, 49) in paragraph 21. In this paragraph he 

links the “g44” (nowadays g00 ) element of the covariant metric tensor “g” to the gravitational 

potential of a sphere of incompressible liquid. He thus obtains the Laplace operator of the 

gravitational potential of a sphere of incompressible liquid: 

 

∆g44 = ∆Φ = 8π.G.ρ / c2 [m–2] Laplace operator of sphere of incompressible liquid (1) 

 

In this equation is “∆” the Laplace operator (∂2/∂x2 + ∂2/∂y2 + ∂2/∂z2) of gravitational potential “Φ”, 

is “G” the Newton constant, is “ρ” the density at location (x,y,z), and “c” the invariant speed of 

light. In other words, the time-like solution (dx, dy, and dz are zero) and the gravitational potential 

are directly linked: 

 

ds2 = c2.dt0
2 = Φ.c2.dt∞

2 [m0
2] time-like solution 

 

In this equation is “ds” the line-element, is “dt0” the proper time difference as measured at location 

(x,y,z), and is “dt∞” the time difference as measured from far (theoretically from infinity). In most 

literature “dt∞” is symbolized by “dt”, but that ignores the fact that the time difference depends on 

the gravitational field strength, only at infinity is “dt∞” not influenced by the gravitational field. The 

time-like solution to a sphere of incompressible liquid is thus: 

 

dt0
 = Φ½.dt∞ = σ.dt∞ [s0

 ] time-like solution (2) 

 

We will call the square root of the gravitational potential the “gravitation-factor”, symbolized by the 

Greek symbol “σ” (sigma). This far, you have seen nothing new yet, formula (2) is proven by many 

experiments on and above the surface of the earth (Hafele-Keating, Pound-Rebka, GPS satellites). 

Formula (2) describes the time difference “dt0” as measured by a proper (local) cesium clock 

relative to a cesium clock measurement “dt∞” in a satellite orbiting very high above the earth. 

Clocks tick slower the stronger the gravitational field and thus measure less time “dt0” than 

(infinitely) far away. 

 

What is new is the time-like solution inside of the sphere of incompressible liquid with radius “R” 

and the new gravitational potential within the sphere “Φin”. Experts could skip the following 

paragraphs and go directly to the paragraph “gravitational potential inside of the sphere”. 
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Schwarzschild radius RS 

The Schwarzschild radius “RS” of a sphere of mass “M” is given by: 

 

RS = 2G.M / c2 [m] Schwarzschild radius of sphere of mass “M” 

 

The Schwarzschild radius of the earth equals just 8.87 [mm]. The Schwarzschild radius “RS” is a 

measure of mass calculated and expressed in [m], but it is not a measurable length. The real radius 

of the earth “R” equals (on average) 6,371 [km]. We can use the Schwarzschild radius “RS” and the 

real radius “R” to establish the gravitational potential “Φ” at the surface. Let us first look at the 

gravitational potential outside of the sphere “Φout”. 

 

Gravitational Potential, Gravitation-factor, and Potential energy outside 

Einstein’s gravitational potential outside the sphere is equal to “g44”: 

 

g44 = Φout = 1 – RS / r [ ] r ≥ R gravitational potential outside sphere (3) 

 

In this equation is “r” the distance to the center-of-mass of the sphere. At infinity, “Φout” equals one. 

At the surface of the earth we thus get: 

 

Φsurface = 1 – RS / R = 0.999 999 998 608 gravitational potential on earth’s surface 

σsurface = Φsurface
½ = 0.999 999 999 304 gravitation-factor on earth’s surface 

 

The potential energy gets larger the larger “r” gets: 

 

Epot = (σout – σsurface ).m0.c
2 [J] potential energy above the surface 

 

We will call the term “σ.m0.c
2” the “position energy”. We can thus see potential energy as the 

difference between two position energy levels. The position energy “σout” of 1 kg is thus c2 [J]. The 

potential energy relative to the surface of the earth from infinity (σout = 1.0) is thus 62,564,819 [J]. 

This translates back into kinetic energy of ½m0.v
2 (Newtonian approximation) or 62,564,819 [J] 

when falling from far. Such a kilogram (or any other small mass) would reach a speed of 11,186 

[m/s] on the surface. The reverse is also true, it takes an escape speed of 11,186 [m/s] to get out of 

the gravitational field of the earth. 

 

Checking the Laplace operator of “Φ” in vacuum (outside) 

Let us check formula (3) for the outside of the sphere of incompressible liquid in vacuum, where the 

density “ρ” equals zero, while the radial direction is “z” (x = 0, y = 0, z = r): 

 

∆Φ = (∂2/∂x2 + ∂2/∂y2 + ∂2/∂z2)Φout = (RS / r3 + RS / r3 – 2RS / r3) = 0 

 

The Laplace operator of Einstein’s gravitational potential outside of the sphere checks out with 

formula (1). Formula (1) is a generic formula of GR, so this formula must also apply to the 

gravitational potential inside of the sphere. This is where the new solution arises, Einstein never 

deduced the gravitational potential inside of the sphere, let us see where that  gets us. 
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New Time-like Solution inside of the sphere 

The gravitational potential inside of a sphere of incompressible liquid with radius “R”

with generic formula (1). Such a formula must come to the same outcome as 

the surface (r = R). The formula must also have the same first differential to “r” 

outside of the sphere, the “g” force at the surface does not suddenly change. And finally, the 

gravitational potential must be at its minimum at the center-of mass, where there is no gravitational 

acceleration. 

 

The formula is thus determined by these four conditions, which leaves only one formula:

 

Φin = 1 – 1½RS / R + ½RS.r2 / R3 [ ] gravitational potential inside sphere

dt0
 = Φin

½.dt∞ = σin.dt∞ [s0
 ] new time-like solution inside sphere

 

In this formula is “Φin” the gravitational potential inside of the sphere, “σin

inside of the sphere, “RS” the Schwarzschild radius of the sphere, “dt0” the proper time difference as 

measured on a cesium clock, and “dt∞” the time difference as measured from far (infinity). 

(5) is a new time-like solution to GR, without having to resort to tensor operations!

that at the surface (r = R) Φin = 1 – RS / R too, that its minimum is indeed found at the center

mass (r = 0), and that this formula adheres to the Laplace operator of GR: 

 

∆Φin = (∂2/∂x2 + ∂2/∂y2 + ∂2/∂z2)Φin 
 [m–2] 

∆Φin = (RS / R3 + RS / R3 + RS / R3)  [m–2] 

∆Φin = 3RS / R3 [m–2] 

 

Comparing this outcome to formula (1) of 8π.G.ρ / c2 [m–2], in which the density “

equals 3M / 4π.R3, we get 3RS / R3 [m–2]. In other words, formula (4) fulfills all four conditions as 

stated. The gravitational potential and the gravitation-factor form a continuous 

center-of-mass to infinity, see the next graph of the gravitation-factor “σ” of a sphere in which R = 

2RS: 

 

Gravitation-factor “σ” of sphere of incompressible liquid with radius “R”

like Solution 
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with radius “R” must comply 

as outside of the sphere at 

the surface (r = R). The formula must also have the same first differential to “r” at the surface as 

suddenly change. And finally, the 

of mass, where there is no gravitational 

The formula is thus determined by these four conditions, which leaves only one formula: 

ial inside sphere (4) 

like solution inside sphere (5) 

in” the gravitation-factor 

” the proper time difference as 

” the time difference as measured from far (infinity). Formula 

, without having to resort to tensor operations! It is clear to see 

too, that its minimum is indeed found at the center-of-

the density “ρ” (= M / V) 

In other words, formula (4) fulfills all four conditions as 

factor form a continuous equation from the 

of a sphere in which R = 

with radius “R” 
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Consequences 

Looking at formula (4), we can see that the lowest gravitational potential  equals 1 – 1½RS / R at the 

center-of-mass (r = 0). The gravitational potential is by definition larger than zero (proper cesium 

clock does not stop or go back in time, which means that: 

 

R > 1½RS [m] minimal radius “R” (6) 

 

It means that the Schwarzschild radius “RS” of a sphere of incompressible liquid is always smaller 

than its real radius “R”. This means that the often quoted “event horizon” (= RS ) is non-existing. 

There is no “falling through the event horizon”. The radius “R” of a neutron star or static black hole 

is always larger than its Schwarzschild radius. 

 

This also means that the thermal counter pressure of a static black hole must exceed the neutron 

degeneracy pressure. The counter pressure is provided by a core of very high-energy 

bosons/photons, which are not subject to the “Pauli exclusion principle” (neutrons are). 

Consequently: The density of neutron stars can exceed the density of nuclei, even that of iron. 

 

Summary 

Einstein’s GR contains the Laplace operator formula (1), which leads us to a new time-like solution 

to GR, but can also lead us directly to the full Schwarzschild solution, see book II “Repairing 

Schwarzschild’s Solution” at www.loop-doctor.nl. 
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