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Reference frames, coordinate systems, space, time and spacetime 
 
Spherical coordinates are not the same as curved space and reference frames are not the same as 
spacetime. In the literature on Einstein's theories of relativity, these are all too often confused. We 
shed some light on these issues, but do not have all the answers. 
 
First, the following: 
To understand relativity physics, mathematical frames of reference are used The most well-known and 
widely used frame of reference is the Euclidean frame of reference. With that frame, most of us learn 
mathematics in school, especially geometry. Euclidean geometry is thus the geometry of space that is 
not curved. There is also non-euclidean geometry for example elliptic and hyperbolic geometry, 
geometry of curved space.  
Within the euclidean frame of reference you choose a coordinate system (usually in space this is the 
3-dimensional Cartesian coordinate system, with the known coordinate axes x, y, z, which are 
perpendicular to each other. Locations within reference frames are described by a coordinate system. 
Einstein's general theory of relativity uses the spherical coordinate system. It is a three-dimensional 
coordinate system similar to the one dimension lower two-dimensional system with polar coordinates. 
Polar coordinates consist of a point P in the X-Y coordinate plane that is located by: 1) the origin O, 
called the pole, and 2) the straight line through O to the point P, called the polar axis. The distance 
r = OP is then one coordinate, the other coordinate is the angle theta θ between polar axis and the 
X axis).  
 
In the spherical coordinate system, r is the first coordinate, which is the distance between the space 
point P and the origin O of the coordinate system. The second coordinate is the angle theta θ between 
the Z axis (which goes perpendicular to the X-Y plane through O) and r (the straight line through O 
and P). The third coordinate is the angle fi φ between the X axis and the projection of the straight line 
OP =r on the X-Y plane. 
Angle φ=0 degrees if the projection of r onto the X-Y plane coincides with the positive X axis. 
If angle θ = 0 degrees then OP=r coincides with the Z axis (space point P lies on the Z axis).  
If space point OP lies in the X-Y plane then angle theta is 90 degrees. 
 
The 3D-space around us and further in the universe consists of three dimensions, length e.g. the X-
axis, width e.g. the Y-axis and height e.g. the Z-axis. The physicist Newton considered that space but 
also time t as two separate absolute entities. 
Einstein, however, in his general theory of relativity, based on a four-dimensional (4D) structure, came 
up with the idea of uniting both entities in spacetime. 
He posited that spacetime was the designated 4D structure of the universe, in which the three space 
dimensions of our universe are integrated together with time in a (mathematical) model. This union of 
space and time thus had its basis in Einstein's general theory of relativity. Einstein, in his publications, 
therefore called a spacetime point (t, x, y, z) his quadruplet. 
 
Einstein's general theory of relativity explains that the "force effect" of Newton's gravity is actually the 
result of a curvature of spacetime, or in other words, that curvature of spacetime changes the 
geometry of spacetime and therefore affects the trajectory of moving mass-energy. 
But what causes the curvature of spacetime? 
That is the presence of (large) mass. That causes the curvature of spacetime. A large mass like the 
Sun distorts the geometry of spacetime such that the planets remain stable in their orbits at their own 
orbital velocity. Put more succinctly, mass distorts spacetime and vice versa spacetime tells how and 
with what orbital shape mass energy (e.g. stars, planets and also light) will move. 
 
The planet Mercury, which is closest to the Sun and describes an elliptical orbit around it, exhibits a 
curious deviation from its orbit. This is the perihelion precession. It is not easily explained by Newton's 
theory of gravity. The perihelion is the extreme space point of Mercury's elliptical orbit, which is closest 
to the Sun. It turns out that the entire elliptical orbit rotates in the same direction as Mercury moves in 
its orbit around the Sun. With an axis of rotation, perpendicular to the orbital plane of Mercury, in the 
solar focal point of the elliptical orbit. In 100 years, after 415 orbits around the Sun, that yields about a 
43-arc-second twist of the long axis of Mercury's elliptical orbit, causing the perihelion space point to 
twist. 
It turns out to be an effect that cannot be explained by Newton's theory of gravity, but can be 
explained by Einstein's general theory of relativity. The end result is a rotating and also spiraling orbit 
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of Mercury in time. Einstein's theory turns out to give the correct solution to the perihelion precession 
problem. By now, the applications of general theory of relativity in our lives are indispensable. Without 
this theory, accurate positioning on Earth with GPS navigation devices via satellite links is not possible 
with sufficient precision. 
 
Albert Einstein theorized that curved spacetime due to the presence of large mass causes curved 
space orbits. In 1919, Arthur Eddington demonstrated that starlight along the Sun was indeed 
deflected from its straight path by our solar mass. The phenomenon was observable during a solar 
eclipse, which he captured on photographic plates. In doing so, he used distant stars as the euclidean 
frame of reference in which the orbit of starlight was bent. In other words, spacetime curves as a result 
of (large) mass, while mass (particles) and light caused by curved spacetime move along curved 
paths, within a euclidean frame of reference, theorized by Einstein and demonstrated by Arthur 
Eddington. He was one of the first physicists to understand Einstein's relativity ideas.  
 
The most commonly used spatial coordinate systems in Einstein's theory of relativity are the cartesian 
and polar coordinate systems. Einstein himself used cartesian coordinates (x,y,z), while Karl 
Schwarzschild used polar coordinates. In publications of his work, Karl Schwarzchild used the name of 
polar coordinates, but actually they are called spherical coordinates (r,θ,φ), which he used for his 
calculations of Einstein's field equations.  
 
Sphere coordinates are often confused with curved space. Sphere coordinates describe nothing more 
than space locations (as described above). 
Because both cartesian and spherical coordinates can be defined within the same euclidean frame of 
reference, a location in one coordinate system (e.g., x,y,z) can be converted to coordinates of the 
other system (e.g., (r,θ,φ). Of course, the physics calculations must not give erroneous results due to 
such a change of coordinate system. Thus, the formulas must be independent of the choice of 
coordinates, so that when they are transformed, the physical results remain unchanged.  
This is Einstein's "covariance principle." This is exactly what Karl Schwarzschild did. 
So each location lies within a euclidean frame of reference, within which space itself can be curved by 
(large) mass. The curvature of space is then noted, for example, by the curved trajectory of light or of 
mass particles within this euclidean frame of reference. So they are space curves relative to a 
euclidean reference frame (in astronomy often the background stars or the background radiation of the 
"Big Bang"). The curved light path is then observed and photographed when, during a solar eclipse, 
light from a distant star moves right past the Sun. The star in the firmament has seemingly shifted from 
its "fixed" location. 

 

Unifying time with space: spacetime  

 

Events are defined by locations in space and time, Einstein united those two entities to form the 
concept of spacetime. Spacetime is not magic, it just adds the variable "t", time, to a three-dimensional 
coordinate set to form a four-dimensional continuum, for example: a Cartesian (t, x, y, z) or a spherical 
(t, r, θ, φ). Events are thus defined by spacetime locations.  

Interestingly, time is similar to space in a number of aspects and as such is treated equally in physics 
calculations. 

In the physics experiment with two slits, light particles are sent to the slits one at a time. This creates 
an interference pattern of light and dark on a photographic plate behind the slits caused by the 
interaction of the particles as they pass through the two slits in terms of place and time. Time has a 
similar influence on the interference pattern as place in the form of the slit spaces.  

Mathematicians extend four-dimensional spaces to five or more dimensions without hesitation, adding, 
for example, energy or temperature.  

Physicists, however, rely on units of measurement; they need identical units of measurement. Meters, 
for example, cannot be added to seconds. Einstein therefore multiplied time "t" by the speed of light 
("c"), making "c.t" measurable in meters, (meters/second times meters) just like the distances 
expressed in meters at the "x", "y and "z". Physicists have thus described spacetime locations by 
(ct,x,y,z) or (ct,r,θ,φ) expressed with the units meters and radians. 

 

Einstein's general theory of relativity also treats time in the same way as space, with amazing results. 
From the point of view of physics, the laws of nature are best described in a four-dimensional 
spacetime. We, the authors, were finally able to demonstrate with our theory the equivalence of space 
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and time with the formula r4 = c.t / π [m], where "c" is the speed of light, "t" is the time, and "r4 "is the 
radius of a so-called 3-Sphere: that is, a hypersphere embedded in a 4-Dimensional dimensional 
euclidean space. Our research on the mass distribution in the universe has led to the conclusion that 
at present, according to the authors, the 3-Sphere is the best model that represents the universe 
reality.  

The 3-dimensional "surface volume" of the 3-Sphere with “universe” radius r4 is equal to 2π
2
r4

3
 [m

3
]. 

Einstein also already had this insight, because he used the same formula of the surface volume (the 
hypersurface) for his calculation of the total mass of the universe with r4 =R4. But he did not link the 
radius R4 of the universe both to our time tnu and r4 to the cosmic time tcosm of the past. (See the book 
by Einstein and others: The Principle of Relativity, p.187-formula 15, Dover Publications, Inc. and also 
our book 'Repairing Robertson-Walker's Solution'). 

 

We can try to imagine this peculiar surface volume as a sphere shell(model) with 4-D mass points (the 
hypothetical center of the 3-Sphere with radius r4 is not a mass point and does not belong to the 
surface volume. Think of an inflated balloon acting as a spherical shell model. Mathematically, we are 
dealing with a direct projection of the 3-Sphere into an "ordinary" Euclidean 3-D space with a surface 
grid and with a structure of a stack of 3-D concentric spheres as a function of the radius r4 (See 
underlined formula of r4 above).  

In other words, in our model, the 3-Sphere surface volume records the point positions of all mass 
configurations in the universe (from galactic nebulae to atoms) as 4-D space points, located on great 
circles of constant radius r4 to the origin, the hypothetical center of the 3-Sphere as a universe model. 
The size of r4 is determined by the cosmic time tcosm from the past, creating a smaller "time 3-Sphere" 
(See underlined formula of r4 above).Our other articles give more explanation and illustration of this. 

 
Note: in "the now" the variable r4 is equal to R4 and remains constant in time with co-moving 
coordinates, with only the unit meter [m] increasing in time.  
Thus, we live in the "now-universe" with universe radius R4=c/πH [m2000] with c=light speed and 
H=universal Hubble constant (with R4 in meter units of the year 2000) along with mass points (all the 
mass there is in the universe) in the 3-dimensional euclidean hypersurface volume V=2π

2
R4

3 
[m2000

3
] 

of the 3-Sphere. Both formulas expressed in co-moving coordinates. 
See further our book "Repairing Robertson-Walker's Solution" for this. 
 
Keeping the 3-Sphere model in mind, in reality we live in the middle of space on the edge of time. 
. 

Einstein and Noether 
 
Emmy Noether, a German mathematician, made groundbreaking contributions to theoretical physics, 
such as Noether's theorem named after her. She proved her theorem in 1915, which was published in 
1918, two years after the formal publication of Einstein's general theory of relativity. Noether's theorem 
describes how symmetries lead to laws in physics that do not change when transformed, or are 
invariant: the conservation laws. 
It means that the laws of physics must be the same everywhere ( for example, the law of conservation 
of energy and the law of conservation of momentum). To be more precise: when a spacetime 
reference frame (ct, x, y, z) or (ct, r, θ, φ) is the same everywhere, that is, the same in all directions, 
and the same over time, there can be energy and momentum conservation proved. This is a powerful 
computational tool for physicists. Energy and momentum conservation are crucial tools at CERN, for 
example. They can't do without them. The neutrino and the Higgs particle can only be proven if they 
rely on both energy and momentum conservation. Even the "perfect cosmology principle" of 
cosmologists and physicists holds to Noether's theorem: only when a model of the universe is 
homogeneous (the same everywhere), isotropic (the same in all directions), and the laws of the 
constants of nature remain the same over time can energy and momentum conservation be proven. 
You can then ask the question: how is Noether's theorem related to Einstein's general theory of 
relativity? 
Spacetime curves (also called geodesics) created by the presence of, for example, our solar mass 
are, for example, the curved orbits (ellipses and parabolas) of our planets, satellites and comets within 
a Euclidean frame of reference expressed in Cartesian or spherical coordinates. Einstein's curvature is 
relative to a euclidean reference frame. In the formulas, curvature itself is defined as a small change, 
indicated by placing the letter d in front of the coordinate symbols, which are related to each other: the 
differentials (e.g., dx, dy, dz). Also, the coordinate differences in cartesian coordinates can be 
converted into the differences in spherical coordinates such as dr, dθ, dφ and vice versa.This means 
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that the Schwarzschild solution of Einstein's field equations can be expressed in both spherical 
coordinate differences (as usual), and also in cartesian coordinate differences; see the Schwarzschild 
formulas in the appendix. 
 
 

Choice of coordinate system 
 
So a reference frame is always euclidean for physicists, but which coordinate system do you use? The 
choice is yours. However, Einstein demanded that the choice of coordinate system must not change 
the laws of physics. You make it easy on yourself by choosing the origin at the center of mass of a 
spherical object along with spherical coordinates. That's what Karl Schwarzschild did. But it's not a 
requirement.  
Irwin Shapiro (now 92) is a respected American astrophysicist. He conducted an observational test in 
1964 in which he bounced radar beams back and forth between Venus and the Earth with and without 
the influence of the Sun's gravity, or with and without the curvature of spacetime by the Sun. 
Without the influence of the Sun's gravity, of course, it was only a mathematical calculation. He 
predicted that there should be a time delay. And Shapiro did indeed demonstrate this expected time 
delay with the influence of the Sun. For our theory, this gravitational time delay of Shapiro turns out to 
be an important result. In his calculations, however, Shapiro chose a Cartesian coordinate system with 
the origin on Earth rather than at the center of the Sun. This is surprising, because he was actually 
investigating the influence of the Sun's gravity on a radar signal on the Venus - Earth trajectory. Or as 
you like the spacetime curvature of radar waves due to the influence of the Sun. 
 
Why Shapiro made this choice is not clear. Perhaps due to a wrong outcome of his experiment when 
using Schwarzschild's solution. Wrong outcome? Yes, in the Schwarzschild's solution, the influence of 
a change in radial direction 'dr' is different from the shape of a change in transverse direction 'r.dθ'. In 
other words, when the transmitted radar signal passes the Sun, the influence of the Sun differs 
between, on the one hand, using Schwarzschild's spherical coordinates with the origin at the Sun's 
center of mass and, on the other hand, using Shapiro's cartesian coordinates with the origin on Earth. 
That should ring alarm bells with all physicists! After all, that is against Einstein's covariance principle! 
 
Who is wrong, Shapiro or Schwarzschild? 
Shapiro was right, the measured result proved him right; the later named after him "Shapiro delay". 
But then is the Schwarzschild solution of the general theory of relativity wrong? Yes, the 
Schwarzschild solution is indeed wrong. Did Karl Schwarzschild make a mistake in 1916? Not that he 
can be blamed; he followed Einstein's theory to the letter. However, Schwarzschild used the first 
version of the general theory of relativity as presented by Einstein in November 1915. 
  
In our theory, we have established that in the Schwarzschild solution, the speed of light remains 
constant only in the radial direction. So not in the θ direction and the φ direction. This is in contrast to 
Shapiro's solution. Therefore, Shapiro was right. 
 
In that first (provisional) version of his general theory of relativity, there is one equation g = -1, (the so-
called value of the determinant of the metric tensor, a 4X4-matrix) which was made optional by 
Einstein only later, in the month of May 1916. Karl Schwarzschild used the (wrong) preliminary 
November 1915 version as a result, but he himself found his own solution of Einstein's field equation 
fairly soon after, which he pupliced on January 13, 1916. 
This had everything to do with the coordinate transformation from system (x,y,z) to system (r,θ,φ). A 
small volume element is the product of (dx.dy.dz) of the Cartesian coordinate system.(See appendix A 
in book "Repairing Schwarzschild's Solution".) 
This volume element deviated after transformation to the spherical coordinate system with the product 
volume (r

2
.sinθ.dr.dθ.dφ). The deviation was the factor (r

2 
.sinθ). For a solution of this problem, Karl 

Schwarzschild applied the trick by introducing the auxiliary variables "x1 "and x2" plus adding the time 
"t" variable "x3" so that the transformed product (r

2
.sinθ.dr.dθ.dφ) became equal to the auxiliary 

variables product (dx1.dx2 .dx3) by a suitable choice of those auxiliary variables. And thus the volume 
element (dx,dy,dz) correctly passes from the cartesian coordinate system via the transformation to the 
spherical coordinate system to (dx1.dx2 .dx3) 
With the new auxiliary variables and the spherical coordinates, Karl Schwarzschild circumvented the 
problem and ensured that Einstein's requirement of g = -1 was met.(see our book "Repairing 
Schwarzschild's Solution"). 
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Could Karl Schwarzschild have corrected his solution, using Einstein's 1915 version, after May 1916? 
No, he could not; he died on the day Einstein's official version was published.  
Did Noether warn Einstein about the problem with his general theory of relativity?  Yes, she did. What 
could have prompted Einstein to later change that "harmful" equation g = -1 to an optional equation? 
Making that equation optional is indeed a necessary step to guarantee energy conservation according 
to Noether. But, unfortunately, it still does not appear to be sufficient. An alternative equation would be 
needed to make the general theory of relativity solvable for even the simplest conditions: "the 
gravitational field of a mass point." Why didn't Einstein simply replace g = -1 with Noether's theorem? 
We will never know. The end result is a flaw/failure in the general theory of relativity and thus in 
Schwarzschild's solution, which has not been corrected until now. 
 

Noether-Einstein Relativity 
 
Let it be clear, the Shapiro experiment also proves that the Schwarzschild solution violates Einstein's 
covariance principle. A new Schwarzschild solution is easily fixed by simply applying the "Φ-effect" in 
the non-radial directions as well (see the Appendix). The Shapiro experiment has been proven correct 
after many other experiments (Hafele-Keating and others). So apply the adjustment to the transverse 
directions of sphere: r.dθ and r.sinθ. dφ or of cartesian: dy and dx). This is what we authors have 
done, after a long search and calculation. In this way, the Schwarzschild solution we repaired can also 
explain the Shapiro deceleration (see our book "Repairing Schwarzschild's Solution"). 
Similarly, the Robertson-Walker solution can be repaired to satisfy Noether's theorem (see our book 
"Repairing Robertson-Walker's Solution"). 
 
The question remains as to how Einstein's theory should be corrected. This is not an easy exercise. 
The problem is that the original equation g = -1 would make the tensor equations in formula 44 of his 
article "The Fundamentals of the General Theory of Relativity" much easier.  
It would take brilliant mathematicians to work out a new formula 44, but with Noether's theorem and 
not with the "simplifications" of the equation g = -1, which have given much confusion. Perhaps that is 
why Einstein did not take the necessary trouble to complete his theory of general relativity using 
Noether's theory? 
 

Consequences 
 
Einstein's theory of general relativity is an extremely clever but difficult mathematical theory. 
Unfortunately, it is also unfinished. It put his theoretical physicist successors in a difficult position. 
Physicists like Arthur Eddington were faced with a problem: do you use the equation g = -1 or not? 
After all, it is optional. By using the equation you run into problems with Noether's theorem and with 
Einstein's covariance principle. So Einstein's successors like Eddington decided not to use this 
equation. However, as mathematicians will tell you, when you lose an equation you do not solve the 
unknowns of the problem. In other words, not using g = -1 makes the simplest gravitational field, the 
field of a mass point, unsolvable. 
So what did Eddington do in 1922? He dropped the "suffix", in the form of an accent at the bottom of 
the chosen variables, after arbitrarily substituting them a few lines before. See our book "Repairing 
'Schwarzschild's Solution'". He used language to make the transitive terms equal to one. This is similar 
to Karl Schwarzschild's trick of making g = -1. The irony is that Eddington's action of dropping the 
"suffix" had the effect that the absolute value of the determinant of the metric tensor became g = -1 
after all, visible in Cartesian coordinates. So, Eddington cheated with semantics, when he could have 
just used the optional equation g = -1. The fault then lies not with him, but with Einstein. 
What did later authors like Misner, Thorne, and Wheeler do in 1975? They wrote something similar in 
their voluminous book namely "dropping the primes" in imitation of Eddington's trick. No author has yet 
come up with a better and correct solution, realizing that the current general theory of relativity is in 
fact unsolvable if Noether's theorem is not adhered to.  
 

Summary 
 
Einstein's covariance principle and Noether's theorem are both brilliant. Shapiro's experiment proves 
that the current Schwarzschild solution is actually wrong according to both the covariance principle 
and Noether's theorem. The essence of the problem is the confusion between euclidean reference 
frames and curved spacetime. The difference between coordinate system transformations and 
transformations of coordinate differences makes the problems worse. The general theory of relativity 
is extremely complicated and adding Noether's theorem to it may be a mathematical bridge too far at 
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this point. From now on, we must look at the successful solutions and then fix the existing solutions so 
that they come into line with Noether's theorem. The future will tell.                   
  
Want to know more? For the books and other articles see www.loop-doctor.nl 
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Φ = 1 - Rs / r  gravitational potential (Rs is the       
Schwarzschild radius) 

  

dtꝏ
 
                                                                                   is the time difference as measured  

                                                                                         from afar (Schwarzschilds specification) 

  

ds = c.dt0       (Einstein's specification in section 4 of  

       Einstein's book The Principle of Relativity),                            
         dt0 is the correct time difference 

 

 

 

 

 

 


