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Abstract:  Competing formulations of gravity have been useful in the past for driving verification efforts, 

and more narrowly differentiated formulations are needed to motivate and challenge the increasing 

precision and capability possible in future efforts.  Standard tensor derivations do not really admit deviation 

other than coupled fields, and attempts to produce static gravity directly and are often dubious.  This paper 

proposes that constraints in the Schwarzschild solution resulting from the simultaneous equations produced 

by the vanishing Ricci tensor (vacuum equation) should have counterparts in an alternate approach.  

Previous approaches are examined in regard to whether they address these constraints and a method of 

Thirring is found that inspires a postulate by which energy conservation enforces the first Ricci constraint, 

and generates a family of metrics which differ slightly in field strength, but satisfy all current non-

cosmological tests.  A second postulate can be selected by analogy to the Newtonian force law, or Gauss’ 

law, and produces exactly the Schwarzschild metric (pedagogically valuable), or chosen to follow a 

potential law, or indeed any law, allowing flexibility for theorists and resulting in the desired variations in 

strong fields to motivate advanced tests.  
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1. Introduction 

In some derivations of General Relativity (GR) (examples given below) the particular field characteristic is 

inherited by the process of forming equations by analogy with Newtonian field equations.  Isolating and 

modifying this effect would require taking it out of the tensor context in which it seems immutable, but 

might provide the consistent and credible small deviations needed to challenge modern verification efforts.  

Returning to the covariant or tensor context might be possible since general covariance is “devoid of any 

physical content” according to the arguments of Kretschmann, which Einstein quickly accepted and 

thereafter “seemed to have granted the principle of general covariance no more physical meaning than that 

of a formal heuristic concept”, [1] but we leave it to theorists to select one or more of our alternatives of 

theoretical interest and complete its formulation.  The heuristic approach of GR doesn’t forbid other 

formulations so much as indicate “every other theory is more complicated conceptually.” [2]  These “more 

complicated” theories have served the useful purpose of guiding and advancing verification and confidence 

in GR in the past, [Ibid. 2, p. 1049, p. 1068] and as experiments eliminate them, ever closer variants are 

needed. 

 

The inheritance aspect is evident in Einstein [3] and in D’Inverno [4].  It is even present in some 

perturbative derivations which use Newtonian weak field conditions, [5] and perturbative approaches are 

already background dependent. [Ibid. 1]   Blau describes this as “guesswork.” [6]  Derivations of GR 

generally speaking admit no variation except at cosmological scales (e.g. the cosmological constant), yet 
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competing formulations that are very close to GR are useful in providing verification objectives.  To realize 

such a formulation, we must follow an approach that does not constrain the outcome so heavily, even if this 

means avoiding formulations that lead to and only to the Ricci tensor’s role in the vacuum equation.  It is 

incidental that such approaches might also have some use in pedagogy, by lowering the abstraction level, 

but we wish to follow traditional GR derivations much closer than alternative derivations which are often 

overly simple and lead to arguments about their validity. 

 

The Schwarzschild solution, by the most common method, is dependent primarily on the vacuum field 

equation in which the Ricci tensor is required to vanish.  The physical significance of this postulate is not 

easy to explain.  Interpretations of the Ricci tensor include growth of volumes of parallel transported 

differential spheres, and the heat flow equation.  It produces one exact answer for the static field, with no 

options or alternatives.  There is no good answer to what the Ricci tensor should be if “not quite” zero. 

 

Usually direct derivations of the static spherical gravitational field start from Einstein’s equivalence 

principle (EEP) and proceed with drop experiments, [7] [8] and can even be found in textbooks. [9]  

Generally they are considered to have failed [10] [11], and have led to suggestions they are not possible [12], 

or at least that spatial curvature is not logically necessary within them. [13]  Only full light bending has 

been conclusively shown to be not evident in an accelerated equivalence setup. [14] [15]  And conversely, 

one finds opinions such as that of Clifford Will from his book on the verification of gravity: “…it is possible 
to argue convincingly that if the EEP is valid, then gravitation must be a curved space-time phenomenon,” 

[16] implying sufficiency of the EEP.  However, the EEP was mainly used by Einstein to justify the use of 

Riemannian geometry, and the specifics of the Schwarzschild solution depend heavily on the vacuum 

equation which has other rationale. 

 

Some of the alternative arguments involve first determining a uniform parallel field metric, but it is well 

known that curvature is not useful for describing such metrics.  D’Inverno’s text, for example, makes it clear 

with illustrations, mathematical development, and description: “…in free fall, bodies travel on geodesics in 
a gravitational field which converge (or diverge) …the presence of a genuine gravitational field, as distinct 
from an inertial field, is verified by the observation of the variation of the field rather than by the 
observation of the field itself. … this variation is described by the Riemann [curvature] tensor …” [Ibid. 4, 

p. 134-135]  Therefore we cannot begin in a parallel field.  We must use a field topology that allows 

curvature to be discovered.  The obvious choice is spherical symmetry, which can be characterized an area-

coordinate, usually designated “r” but defined in terms of area or circumference in a way that is common to 

distant and remote observers.  The hypothetical radius “r” is a real physical radius only in flat space-time, 

i.e. without any attractor mass at r=0.  Coordinate systems are arbitrary and chosen for usefulness in 

problem formulation, and often coordinates are chosen which conflate r  with other parameters.  The 

coordinate systems most appropriate to the investigation in this paper will be the common form, r=C/2 . 
 

However, spherical symmetry alone is not sufficient either.  Using only Special Relativity (SR) we will not 

be able to find curvature.  Consider the Schwarzschild metric, which defines time dilation as a function of 

the area-coordinate “r,” and also gives a relation between proper and coordinate lengths.  There is not 

exactly a notion of proper and coordinate lengths in SR.  Time dilation and length contraction are mutually 
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perceived between any pair of observers and neither has priority.  We should be able to see gravitational 

effects without relative motion, and if relative motion is present (i.e. if we use a “drop experiment”) then 

there may be some ambiguity as to whether we are looking at motion effects or gravitational effects.  One 

subsidiary goal of this paper will be to clarify that the magnitude of the GR and SR effects for the same 

energy difference is indeed the same in both space and time. 
 
There is a conceptual objection for purposes of this paper to reaching an exact metric of any form with a 

single postulate.  We suppose there could be multiple consistent theories of gravity which obey the EEP, 

have spherically symmetric solutions, and obey SR.  The Schwarzschild metric would be a unique solution 

in one of them, so it should not be uniquely implied by the commonly held postulates.  A second postulate 

is logically necessary in this context.  Otherwise we cannot derive anything different from GR.   

 

We will work backward from the Schwarzschild solution (because the calculus is easier in that direction) to 

find what both postulates should be.  The first postulate will then be a result of our work, a subject for 

discussion, not merely an assumption for its beginning.  Following the application of a first postulate, there 

will be still many possibilities for a general metric.  That possible alternate metrics, near to but not identical 

to Schwarzschild, differ in particular assumptions about the mechanism of gravity (via a second postulate) 

rather than in auxiliary fields, is unique to our approach.  Previous alternate metric theories differed 

primarily in how matter-energy created the metric. [Ibid. 2, p. 1068]  Since we focus on the vacuum 

equation, our alternate metrics differ in how the metric changes through the vacuum.  

 

A coincidence-based heuristic approach is given by Visser, [17] also a drop experiment, but more akin to 

the old observation that the Newtonian escape velocity predicts a “dark star” with a radius coincidentally 

equal to the Schwarzschild radius than to a general development of non-flat space-time.  In particular, 

Visser uses a Galilean transformation for the dropped frames, guaranteeing the preservation of the old dark 

star radius, and extending this to generate Painleve–Gullstrand coordinates.  For three reasons we discard 

consideration of Visser.  First, the present paper intends to explore further the significance of the Lorentz 

coincidence of Schiff, so discarding it for Visser’s coincidence is not helpful.  Second, it is not our purpose to 

employ mere coincidences, but to discover necessary conditions which might have broader application and 

might have physical meaning upon further examination.  Third, of course, is our express wish to create a 

verification space of closely related formulations, not limited by a particular analogy to Newton. 

 

There is one further historical alternate approach to gravity which avoids the Ricci tensor and drop 

experiments.  Thirring takes the path of field theory rather than geometry, beginning with potential in a 

pseudo-Euclidean space. [18]  He intends only to provide pedagogical insight, but nevertheless uses the full 

abstraction of tensor analysis.  Thirring’s approach is the most philosophically similar to our own in terms 

of his starting point and emphasis on potential.  He concludes that the slowing of clocks and contraction of 

lengths of material objects drive one to a gauge transformation into a Riemannian space in which his 

pseudo-Euclidean coordinates are no longer observable.  However our approach will differ in detail, and 

Thirring arrives only at a single metric, corresponding to Schwarzschild, but apparently using some 

approximations.  He does not recognize the possibility of a two-step approach and its advantages.  His 
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coefficients are not exact as he alternately adds or subtracts potential and obtains only approximately 

reciprocal time and spatial coefficients. 

 

2. The form of a spherically symmetric metric 

To begin we suppose that gravity is an effect of non-Euclidean geometry, so-called “metric gravity.”  That 

is, we accept the equivalence principle (which for Thirring was a consequence).  In this paper we address 

only a means of inferring the structure of that geometry, not how the geometry implies gravitational 

motion.  Several authors [e.g. Gruber, Ibid. 13] have pointed out that using static spherically symmetric 

gravity and the Schwarzschild coordinates (t, r, , ), cross terms disappear, and the metric relating the 

coordinates to a local Riemannian space-time interval (ds, or d) can be written in a simple form: 

   2 2 2 2 2 2 2 2 2 2( sin )tt rrds c d g c dt g dr r d d           (1) 

For the static situation, we can isolate effects of the metric transform on length and time.  Setting dt=0 and 

d=d=0 we see that rrds dr g .  Setting dt=0 and dr=0 we see that lengths which are tangential 

(transverse to the radius) are not physically transformed, which is usual, and critical to our method.  For 

dr=d=d=0  we find time dilation as / | |ttd dt g  .  The 
ttg  and 

rrg  are functions of r, for which we 

use for notational convenience:  

    

  
( )

( )

T T tt

R R rr

r g

r g

   

   
        (2) 

 

The well known literature often uses other function names, e.g. F(r) and H(r) [Ibid. 13], or A(r) and B(r). 

[20]  The reason for our choice will become apparent later.  If the time coefficient T(r) is known, it is only 

necessary to find one independent constraint to solve for the spatial coefficient R(r).   
 
3. Conclusions from the Schwarzschild derivation 

For time relations at a fixed location ds = 0, thus /T d dt  .  In a static field at a fixed location d= d= 

dt = 0, and we have /R ds dr  .  From the Schwarzschild solution we know that: 

  1/R T          (3) 

We briefly review the Schwarzschild derivation to see where (3) comes from and whether it is a separable 

conclusion.  This discussion follows ‘t Hooft [Ibid. 5] because it is modern, concise, freely available and 

similar to many other versions – but particularly clear about the origin of (3).  This treatment uses A(r)=T2 

and B(r)=R2 and the negative sign is handled separately.  Writing the vacuum equation: 

  0 R         (4) 

(where R is the Ricci tensor) in terms of the Christoffel symbols, which are in turn written from the metric, 

produces four non-trivial equations in A(r) and B(r), only three of which are independent upon inspection, 

but actually the three do not over constrain the two functions because of a Bianchi identity.  Combining 

two of the equations produces A(r)B(r)=K where K is a constant.  ‘t Hooft observes that in the coordinates 

he has chosen, as r→ we have A(r)→B(r)→1 therefore B(r)=1/A(r).  Essentially this is where (3) comes 

from, and if we wish to approach gravity without the Ricci tensor we will have to have another method of 
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getting it.  Substituting for either A or B produces a differential equation.  Solving it, and using the 

Newtonian limit to find the constant of integration produces the metric coefficients. 

 

2 2

2 2 1

( ) (1 2 / )

( ) (1 2 / )

T

R

A r GM rc

B r GM rc 

   

   
       (5) 

It will be our approach to find another means to derive these, where (3) will depend on coordinate potential 

not unlike that used by Thirring, constrained by energy conservation, and (5) will follow from a separate 

field strength postulate which will be chosen to match the Newtonian limit and will allow more flexibility 

to match proposed field mechanisms.  It will in turn provide narrow targets for future verification 

experiments.  Without such targets (4) is an all or nothing proposition that “seems” to be verified by 

eliminating Newtonian gravity and auxiliary fields, and provides little flexibility for investigators 

developing quantum theories. 

 

Some discussion is in order as to why (4) was an entirely obvious condition in 1915, but there may be 

grounds for relaxing it now.  The Ricci tensor relation enforces Gauss’ Law, or as Misner, Thorne and 

Wheeler state it, “Thus is guaranteed conservation of source: [the] integral of source density-current over 
three-dimensional boundary of four-dimensional region is automatically zero, making integral of creation 
over interior of that four-dimensional region also identically zero.” [Ibid. 2, p. 368]  At the time, energy 

fields such as heat or electromagnetism were known which obeyed this law.  The weak and strong force 

were as yet undiscovered.  Gauss’ Law guarantees a field’s strength will be the inverse of an enclosing area 

(in general terms), thus an inverse square law in ordinary space-time.  The weak force, for example, falls in 

strength with distance faster than this.   

 

However, it is not so simple as just giving up Gauss’ Law because it provided a convincing physical rationale 

for area coordinates, which are the basis of the first postulate we will introduce later.  This requires an 

alternate and equally convincing rationale, which will be addressed. 

 
4. Working backward using the force on a tether 

In this section we satisfy two goals.  We find a relation that will be useful in making a field strength 

postulate later, and a relation that leads to ds/dr and the spatial coefficient.  

 

We use an ideal tether that neither absorbs nor gives up energy, i.e., it undergoes neither elastic nor 

inelastic deformation, only the deformations required by Special Relativity (e.g. length contraction, so that 

force changes do not propagate faster than the local speed of light), and has no mass of its own.  Thus if it 

moves a proper length dl at one end, it (eventually) moves dl at the other also.  If the experiment is 

conducted sufficiently slowly, we may ignore the propagation delay.  Such thought experiment devices 

were used by Einstein, suggested to the author from a book by Leonard Susskind [19], and find theoretical 

application even over cosmic distances in the tethered galaxy problem. [20]  The tether is not entirely 

necessary but has two functions.  It is a device for visualizing coordinate transformations, making them less 

abstract.  More importantly, it is a device for conducting thought experiments in which relative velocities 

are held to trivial levels so that SR effects are avoided. 
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Following a derivation given by Kassner of the force on a tether for an infinitely distant observer in 

Schwarzschild coordinates [21], if a mass m is lowered in the field, its energy decreases due to time dilation: 

 2 2 1/2 2( ) (1 2 / )TE r mc GM rc mc         (6) 

Using the definition of energy as a force applied through a distance, and the sign convention that length dl 
is negative when radius is decreasing, the energy is extracted on the tether by a force F, acting through a 

length dl  of tether spooled out as a mass m is lowered into the field is: 

  dE Fdl         (7) 

(Note that the sign convention results in dE being positive, corresponding to extracted energy, when the 

mass is lowered because dl  is negative.)  From the known metric we have: 

 2 1/2(1 2 / )Rdl dr GM rc dr          (8) 

Using (6) we find: 

 2 2 1/2 2 2( ) ( )(1 2 / ) /
d

dE dr E r dr mc GM rc GM r c
dr

      (9) 

Inserting dE and dl  into (7), the inverse square root terms cancel: 

 2 2 2 2/ [ ( ) / ] / /F dE dl dr mc GM r c dr GMm r       (10) 

Thus in the Schwarzschild coordinates, for a distant observer with a tether, the static spherically symmetric 

solution to GR contains an inverse square force law corresponding to Newton’s gravity.   

 

Another point of great interest to us, however, is that we have a relation between F, dl  and dr.  Under 

quasi-static conditions forces and distances are not a function of time and we may take dt=0.  In this case 

radial displacement dl  is a proxy for ds.  Thus we have learned, by working backward from the answer, that 

if we already have the time coefficient, and we can pin down F  by independent means, then we can find 

ds/dr and the spatial coefficient. 

 

We can find force at some non-infinite radius, r1.  Such an observer, owing to the time dilation factor, 

experiences all energies increased by 2 1/2(1 2 / )GM rc  .  The proper length dl  is invariant, so we have: 

 2 1/2 2

1 (1 2 / ) / /r TF GM rc GMm r F

        (11) 

 

5. Coordinate reference in a uniform field 

Now we “forget” that we know (3) and begin to look for constraints on the coefficients.  First we will find 

the time coefficient, i.e. an energy relation similar to (6), but only for a small differential in a uniform field.  

Easy ways to find the time coefficient are known:  by Doppler effect, by a Special Relativity (SR) analysis, or 

using the Planck relation.  The latter has the advantage that it works directly in a gravitational field, and 

does not require relative motion (which SR and Doppler both require).   

 

What we need for 
T  is a function of coordinate distance r, not of the proper distance l.  Let A and B be 

coordinate stationary observers (neither r  nor l  changing for either of them) in a uniform field of strength 

a , with A higher than B.  The proper distance between them, such as on an ideal tether, is dl.  Since at this 

time we consider only  a small differential, then we’ll only develop T  as a function of dr, defined in the 

sense of Schwarzschild coordinates relative to circumference dr=dC/2.  We mean to make no implication 
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about 
T  as a function of global coordinate r.  The case of the differential is taken to be an approximate 

increment of an arbitrary function ( )T r  such that the field strength a  is taken to be uniform over the 

interval [r, r+dr].  Locally within the differential, we assume: 

 

 
( ) ( , ) ( ) ( )

( ) ( , ) ( ) ( )

T T T T

R R R R

d r U a dr r dr r

d r U a dr r dr r

     

     
      (12) 

 

The U  is a differential (incremental) version of the function .  In the general case acceleration is not 

uniform and we obtain no knowledge of the general field function.  The functions U will not produce a 

Schwarzschild-like metric in which the time dilation coefficient relates to time at infinite radius, but 

instead just a relation across the small distance dr. 

 

We note that proper distance can be meaningless in certain situations, for example it can change without 

the time dilation factor changing.  In Figure 3 (L) and (R) the circumference of a circle centered about an 

attractor mass M, of uniform density, is C in both cases, indicating a constant coordinate distance r  from A 

to the center of M.  For this example we assume only the post-Newtonian approximation so that we may 

assume the field strength at any point (e.g. B) is dependent only on the total mass M as long as it is 

symmetrically distributed about the center.  In 3 (L) the mass has a low density, let us suppose something 

like the sun as a gas giant, and so the proper distance from A to the center of M is very near to the 

coordinate distance.  In 3 (R) suppose the sun, without a change in mass, has almost collapsed to a black 

hole.  The excess proper radius is up to 7000 meters, but the field at B is unchanged. 

 

The coordinate radius is visible to all observers by means of the reference circles, and it does not change 

between 3 (L) and (R), so it is plausible to assume the field’s properties (time and length changes at B) are 

only dependent on the coordinate radius.  This is the physical rationale for a circumference or area based 

coordinate approach, which we promised earlier in lieu of Gauss’ Law.  It is weaker than Gauss’ Law, as 

desired, so as to indicate only appropriate types of coordinate relations, not field strength. 

 
Fig. 3 – Potential of B is not dependent on proper radius changes. 

 

6. Coordinate potential postulate 

Using A located above B in the circumference based coordinate reference, with a small difference in radius 

dr between A and B, we postulate the potential energy difference between them for m is: 

  ( )ABdE ma dr         (13) 
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Thus we have ( )B A AB AE E dE E ma dr    .  We assume that this potential difference exactly 

corresponds to the time dilation factor.  For purposes of this paper, we do not address the general notion of 

whether this defines a potential which is useful for all intents and purposes in GR, which has tensor 

potential, but only for the purposes of describing energy and thus time differences in a static spherically 

symmetric field. 

 

Why a postulate?  For several reasons.  Implicitly we suppose that dr  may not necessarily be equal to dl, the 

proper distance between A and B.  This is our equivalent of Einstein’s postulate that space may be curved 

and not necessarily Euclidean.  In a gravitational field having coordinate acceleration a  (acceleration 

expressed in terms of d2r/dt2), we assert that (13) is valid for computing 
ABdE .  We call this the coordinate 

potential postulate, referring to the fact that dr  is derived from dC  and is only a coordinate, not a directly 

measured proper distance. 

 

7. Time coefficient in uniform field  

To a scale factor of the number of photons produced by total annihilation of a mass m, the locally measured 

energy is convertible to a frequency using the Planck relation: 

 2 2 /E mc hf f mc h          (14) 

If we annihilate m  at the bottom (B), the recovered frequency 
Af  at the top (A) must be red shifted exactly 

enough to account for the energy difference determined with the help of the coordinate reference, and thus 

we have time dilation as a function of coordinate distance.  We use dt  for a time interval at the top, and d 
for the corresponding proper time interval measured at B, and assume clocks which measure d and dt will 

run at speeds proportional to the Planck frequencies.  The ratio d/dt necessary to obtain UT  is found as the 

corresponding frequency ratio:  

  
2 2 2

( , ) / / / / ( ( ) ) /

( ) 1 ( ) / 1 ( ) / 1 ( ) / 1 /

T B A B A B A A A

T A

U a dr d dt f f hf hf E E E ma dr E

U dr ma dr E ma dr mc a dr c d c

     

         
  (15) 

It is important to keep in mind that (15) is only valid over the differential.  It is not a global metric.  We 

don’t actually have a global coordinate r  yet.  Trying to jump ahead and imagine further significance of (15) 

is essentially jumping to conclusions about field strength ( )a r . 

 

8. The spatial coefficient 

From (7), and using ( , )Rdl U a dr dr  where UR is the incremental version of R, we infer a relation 

involving F, dEA, dl, dr, and 
RU : 

 / ( / ) /A A A A A RdE F dl F dE dl dE dr U          (16) 

In other words, we assume that dl is not necessarily equal to dr, and we will solve for the relationship 

between them (UR) which satisfies energy conservation.  To pair with the proper distance dl, we use a 

proper force in the frame of A at the top of an ideal tether supporting m.  For m local to B, the force is 

F ma .  Near A, the time at B appears dilated.  What is the force at A?  We have a transformation from 

GR (11), and using it we would have: 

  
A T BF U F        (17) 
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It is possible to give a justification independent of GR, several in fact, thus avoiding a circular argument:  

Assuming momentum conservation between A and B, at A we have a force /AF d dt , but it is perceived 

at B as / ( / )( / ) /B A TF d d d dt dt d F U       which reduces to (17). 

 

The force at A is then 
A T B TF U F U ma  .  Substituting this into (16) we have: 

 
A AB B TF dl dE F U dl dE           (18) 

Recall that the force at B is, using gravitational sign: 

  
BF ma         (19) 

Using (18) and (13) gives: 

 
( ) ( / ) /

/

B T AB B T

B R T

F U dl dE ma dr F ma dr dl U

F ma U U

      

  
   (20) 

In view of (19) and (20), using 
RU U to eliminate subscripts, we have therefore: 

 1 1/R T R TU U U U U          (21) 

Note that over the differential interval, (21) is equivalent to (3) and we have completed step one, finding 

the relation between time and spatial coefficients.  Of course it is coordinate dependent and we may 

transform it in various ways, but if we find it in agreement with the known Schwarzschild result in any one 

coordinate system, then it will match the Schwarzschild coefficient ratio in all coordinates. 

 

Substituting (21) into (1) gives a metric for a spherically symmetric uniform field over the limited 

differential distance dr: 

   
2 2 2 2 2 2 2 2 2 2

[ , ]( sin ) | r r drds U c dt U dr r d d  

       (22)  

We interpret (22) still only over the interval [r, r+dr], as a theoretical entity.  It doesn’t extend far enough 

to be useful and it doesn’t give us any geometry in which we can detect curvature.  In the next section we’ll 

postulate physically reasonable and measureable field functions. 

 

9. Metrics for non-uniform spherically symmetric static fields 

The weak-field approximation 

We can argue for the extension of (21) to non-uniform fields, if they are continuous and differentiable, by 

using stepwise uniform fields to approximate them, in the limit as steps become small.  We now turn our 

attention to the question of what is required to obtain exactly the Schwarzschild coefficients.  Most direct 

derivations will at this point use Newtonian potential from infinity , with G  the gravitational constant 

and M  the gravitating mass, giving by approximation: 

   2 1 2 1 2 1/21/ (1 / ) (1 / ) (1 2 / )R T c GM rc GM rc               (23) 

To obtain a “weak-field” approximation, we might use 2 2 2 1(1 / ( / ))GM rc Order M r     , obtaining 

both time and spatial coefficients.  This procedure is, however, ad hoc.   
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Systematically recovering the   functions 

What we should do is recover the   functions from the U  functions.  These are not a summation, however, 

but a product chain.  If A is dr  above B, which in turn is dr  above B2, then we must double transform 

values measured at B2 to obtain values seen by A: 

 

 
2 2( ) ( ) ( )U B A U B B U B A          (24) 

Since the composition of two transforms which are simply coefficients is a simple product, then to recover 

the   functions we form a product over some suitable interval.  To avoid singularities, we might form the 

following products derived from (12): 

 

( ) ( ( ), )

( ) ( ( ), )

r

T T

r

R R

r U a r dr

r U a r dr





 

 





        (25) 

It is apparent we will have a relationship similar to (21) and can use only one symbol : 

 

 1 1/R T R T                (26) 

 

It is further apparent that we must decide on a function ( )a r which has some physical basis or plausibility.  

It takes an additional postulate, in other words, to obtain a metric over more than a differential space.  We 

will now look at the postulate necessary to obtain the exact Schwarzschild solution, as well as some 

interesting alternatives.  It is sufficient either to determine ( )a r  directly, or anything which indirectly 

determines ( )a r , such as a force law, or a potential law, for any particular observer. 

The Schwarzschild metric 

We know from (11) that a distant observer would see gravity as the Newtonian inverse square force law.  

We can turn that around and reason the other way.  If the Newtonian force law is postulated for a distant 

observer, the exact Schwarzschild coefficient is uniquely determined 2 1/2(1 2 / )GM rc    .  The 

potential in this case would not  be Newtonian, though it approaches it closely at large radii.   

 

Postulating the force law can be justified using Gauss’ Law, of course.  In elementary presentations it is 

pictured as the changing flux of “lines of force” through surfaces whose area varies as the square of 

coordinate radius, adding the idea that force is a /d dt  process over each “line” which remains constant 

with respect to a fixed observer. 

Field postulates corresponding to non-GR metric gravities 

The question that motivated Schiff to suggest a direct derivation initially was verification.  Our first 

postulate (coordinate potential) allows for GR to be one of several metric theories of gravity, differing by 

various second postulates.  If one took the Newtonian potential, for example, instead of the force law, one 

would obtain observations at 2 million miles from the sun differing in the 13th decimal place, presently 
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indistinguishable in the solar system as atomic clocks would not survive in that thermal environment, but 

future observations should be able to detect such small differences, about which we’ll say more later.   

 

For 2 1(1 / )GM rc     the event horizon would be at a different place.  2(1 / )GM rc   , which 

emerges from Schiff’s method (c.f. his (7)), has been used by Einstein in 1912 [22], Sciama in 1953 [23], and 

the author as an approximation for quantitatively illustrating a theory of inertia. [24]  If taken literally, 

there would be no event horizon, but rather an unforced singularity.  For 2/ 1GM rc  the radial length of 

in-falling objects would collapse as fast as they approach r=0, creating an almost-black dot. 

 

Many formulations are compatible with the EEP and energy conservation, as long as (21) holds.  But they 

must also match the Newtonian limit, requiring an approximation when 2/r GM c , like (23), to be valid. 

Comparative interpretations 

From the standpoint of quantum mechanical approaches to gravity, the flux-area approach is consistent 

with the idea of something being exchanged between the source mass M and the test mass m.  Time 

differences across the intervening space would be irrelevant to such an exchange if it occurred across the 

whole distance, since, like waves of light, there could be no indefinite accumulation anywhere and the 

exchanges would have a local rate inversely proportional to time dilation.  Even though in quantum field 

theory a single virtual boson will not make the whole trip, energy in the field does, so similar reasoning 

would apply.  In other words, the Einstein-Schwarzschild solution appears to be compatible with the idea of 

gravitons. 

 

Before leaving this standard picture of gravity, we note one argument against it.  the other field models 

using lines of flux, flow or force, the lines both initiate and terminate in some reservoir of charge, heat or 

energy.  Quantum electrodynamic (QED) forces which are an “exchange” of momentum along “lines” 

require a source and terminus for the exchange.  If there can be said to be gravitational force lines, they do 

not terminate.  To do so would imply shielding which does not happen.  They do not swerve to avoid like 

opposing (usually “like”) reservoirs nor curve into attractive reservoirs as other flux/flow phenomena do.  

Gravity is different. 

 

There are possible mechanisms for gravity that are not flux related, and would result in a primary emphasis 

on potential and its gradient, rather than a flux-area dependence.  The author has given a brief sketch of a 

justification for a 1/r  potential function using quantum superposition of three orthogonal 1/r position-

momentum conjugate pair state functions, though at that previous time a method for turning such a 

concept into curved space-time was not yet available. [25]  This is fundamentally different than the flux 

law.  It is also based on a quantum mechanical principle, but on a different one.  In this case, area is 

unimportant because of the orthogonality of the state function.   And there is no termination problem. 

 

10. A common effect of energy differences on time and length 

In our development, time and length changes are related to an energy difference.  The magnitude of the 

time and length changes are coincidentally the same as those corresponding to the same energy difference 

in SR, explaining why early investigators mistook the SR effects of falling through an interval for the 
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gravitational effects due to the potential energy difference across that interval.  The SR effects of course 

depend on relative velocity and observers disagree, whereas the gravitational effects result in agreement 

between observers about such matters as which clock is slower.  The author plans to investigate possible 

common mechanisms behind this coincidence.  For dynamic fields where energy may be stored or released 

within the interval, of course the general relations derived here will not hold, but new insights might be 

obtained by further examination of the static case. 

 

Let us look in detail at the symmetry between the Schwarzschild and Lorentz transforms, when viewed as a 

function of an energy difference.  If in the Lorentz case there are two observers A and B with relative 

velocity v, the “potential” difference between them may be viewed as the mass-normalized energy 

difference:  

  2

0/E m c          (27) 

This energy must be supplied to boost an object into the other (moving) frame, or when retrieving an object 

from the other frame.  A relatively moving A and B are in identical situations.  But in the gravitational 

situation, if A is the top observer, A must supply energy to retrieve an object from B, and can recover 

energy when lowering an object into B’s frame.  So the gravitational case of top observer A is like either 

case of the moving observers with respect to retrieving an object from the other frame.  We can then say 

that in both cases, retrieving an object from the other frame requiring energy to be supplied indicates that 

formerly dilated clocks are speeded up, and formerly contracted lengths are expanded.  The gravitational 

case of the lower observer B has no analog in the moving observer’s case, because the gravitational B can 

gain energy in the retrieval, thus slowing down clocks taken from A, and contracting radial lengths taken 

from A. 

 

Thus operationally the effect of retrieving an object from another frame of reference, gravitational or 

relatively moving, is the same.  Energy supplied goes into speeding up clocks and expanding lengths along 

the axis of the field gradient or direction of relative motion, and vice versa in the case where it is possible to 

gain energy when retrieving.  This idea of the consistency of the effects of an energy difference between 

two reference frames is, to the author, sufficiently appealing that one might be justified to take it as the first 

postulate (in which case one can work backward to find the coordinate potential relation easily enough).   

 

11. Verification drivers 

Experimental tests of GR to second order are not now contemplated by public-governmental funding 

sources, but GR verification expert Clifford Will suggests in a 2003 paper that it may be possible to, for 

example, measure 2nd order light bending, either with a new dedicated space mission or by bending the 

purposes of other planned missions. [26]  We consider whether that would be sufficient to distinguish 

between some of the alternatives produced by our approach.  It appears from superficial examination that 

the differences are within the range of 2nd order, but would a just-barely 2nd order test detect them? 

 

A numerical analysis of light bending was conducted in which it was easy to change the time and spatial 

coefficients used to calculate light paths.  The simulation and a draft paper explaining the method can be 

found at http://mc1soft.com/papers/lightbending/ .   

 

http://mc1soft.com/papers/lightbending/
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In order to use this simple double-precision Euler method integrator to estimate 2nd order bending effects 

reliably, an exaggerated case was used with 100 times the solar mass, a limb 100 times closer, with time step 

of .0001 seconds and wave point separation of 1 km.  This scaling technique produces approximately 10,000 

times the bending found in the solar system and overcomes numerical noise to yield accurate comparisons 

of the bending from GR and alternative coefficients.  For example, 2nd order bending calculated by the 

method of Bodenner and Will in the solar system is 1.75040681 arc seconds, a difference from first order of 

only 6.81 micro-arc seconds.  [Ibid. 26]  Using the scaled stronger field, the first order bending is 17513 arc 

seconds and the second order is 18298.  The numerical simulator with the parameters above gave 18236 arc 

seconds for GR, and 17605 for 2(1 / )GM rc   , for a difference of 631 arc seconds, compared to 785 arc 

seconds difference between first and second order GR light bending.  Essentially, 2(1 / )GM rc    would 

erase 631/785 = 80.4% of predicted 2nd order light bending, which should be fairly evident in a 2nd order 

accuracy test. 

 

Other possibilities include, perhaps, the observation of objects orbiting a black hole or near-black hole, but 

current observations, though improving greatly, do not seem near the required accuracy. [27] 

 

12. Conclusion 

Instead of a single postulate that produces a single exact metric theory, we used a two part approach in 

which a coordinate potential postulate defines a class of metric theories and provides insight about them.  

Then specific field postulates or “laws of gravity” are used to pin down the static metrics of particular 

theories.  An inverse square force law for coordinate stationary observers, matched with the Newtonian 

limit at infinity, leads to the Schwarzschild solution.  Comparisons to other plausible postulates, such as a 

potential law rather than a force law, provide heuristic guidance for verification. 

 

While our original presentation is a bit complex for pedagogy, certainly we have done without partial 

differential equations and tensors, so the level of abstraction is much less than dynamic GR.  It might be 

simplified to fit pedagogical needs as the reader deems appropriate.   
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