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Abstract:  Frequency and therefore time dilation is a function of potential in a 

gravitational field, as in for example “gravitational redshift.”  We consider using time 

dilation as a proxy for potential in a Hamiltonian.  Thought experiments illustrate that 

redshift, or time dilation differences, account for the total energy potential difference 

between locations in a gravitating system.  Unlike the weak field limit or so-called 

linearized-GR, we use a time dilation formulation of all motion.  Therefore one might 

expect that a Hamiltonian so formulated gives the full and correct equations of motion 

within such a system, and we find that it does, but only up to coordinate singularities 

and not including rotational effects unrelated to potential such as Lense-Thirring.   
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1. Introduction 

Hamiltonian mechanics begins with a statement about conservation of energy as its fundamental relation, 

expressed in terms of position, momentum, velocity and various physical constants that are used in 

describing potential energy.  In common usage the Hamiltonian H  is the total energy (alternately E), 

which is constant if no energy is being added or taken away from a system, and this is equal to the sum of 

kinetic energy T and potential energy V, as in equation (1): 

  T V H  (1) 

Hamilton’s original 1833 paper [1] intriguingly dealt with “the paths of light, and of the planets” using a 

least action principle; that is, Hamilton was addressing the same topics as General Relativity Theory (GRT) 

albeit at an early time. However, his mechanics has come into wide use at least as analogy in quantum 

mechanics and particle physics [2] because of its close relation in form and interpretation to the 

Schrodinger equation.  Acceleration is a derived concept in Hamiltonian formulations, and force is even 

more abstractly implied, if necessary at all.  So it may be thought of as something of the opposite of 

Newtonian mechanics which begins with force and acceleration, related through Newton’s famous law of 

inertia, and integrates to obtain the other variables, with conservation of energy being a constructive 

consequence.  Newtonian mechanics cannot be said to prove conservation of energy, however, because that 

conservation shows up in quantum and relativistic situations in which Newtonian mechanics hardly 

applies.  So though less intuitive to humans, Hamiltonian mechanics may be at least equally fundamental 

and perhaps axiomatically preferable to Newtonian mechanics. 
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An expanded modern set of thought experiments regarding energy conservation in a gravitational field 

offered by Zhan Likui and Sun Yining [3] suggested to the author the use of a new variant of Hamiltonian 

formulation for use in analyzing the kinematics of gravitational fields.  This formulation should be 

independent of any particular theory of gravity.  It depends only on the conservation of energy.  So it 

should be applicable to GRT and similar modern theories.  It is a formulation of principle, not of 

mechanism, an approach with value well established ever since Einstein chose it [4] for the development of 

his theory of Special Relativity [5].  In a 1905 book Poincaré had written: “… a day arrived when the 

conception of central forces no longer appeared sufficient … The attempt to penetrate into the detail of the 

structure of the universe, to isolate the pieces of this vast mechanism, to analyze one by one the forces 

which put them in motion, was abandoned, and we were content to take as guides certain general principles 

… The principle of the conservation of energy … is certainly the most important [6].”  Poincaré also 

suggests we need to continuously “test” such ideas, writing in the same book:  “The ... contribution of 

science would be the development of a more and more mathematized language, a coherent language 

because it offers predictions which are useful — but not certain, as they remain forever subject to 

comparisons with real observations, and are always fallible.” 

 

The Likui and Yining thought experiments involve examining the energy released from the annihilation of 

a fixed amount of matter, when performed and collected in outer space vs. when performed in a 

gravitational well (Earth ground level) and collected in outer space.  As such they are similar to thought 

experiments given by Einstein in 1911 [7], but Likui and Yining formulate their thought experiment with 

the benefit of quantum mechanics and particle theory not available in 1911.  They use a particle-

antiparticle pair, such as an electron and positron.  In this next section, we will examine similar and 

extended thought experiments which give the additional insight that not only is the frequency (and thus 

time dilation) of the quanta resulting from particle pair annihilation the sole measure of the gravitational 

potential, but it is a unique characteristic of gravity (and the principle of equivalence) that a potential be 

manifested by time dilation.  The other three basic forces all require complementary field polarity (charge, 

charm, color, etc.) in their antiparticles, and consequently have no effect on time. 

 

We conclude then that the time dilation function of any particular theory of gravity may be used in lieu of 

“potential” in a Hamiltonian to give equations of motion for that particular theory.  This is not a 

replacement for a complete theory of gravity, as it gives no method for calculating the potential function.  

Neither is it a weak field limit or linearized version of GRT which only uses time dilation to give potential 

and then derives motion classically, for our formulation will be complete in its use of time dilation 

including the effects time dilation has on motion.  It is an investigation to see how much of the effect of a 

full tensor formulation is evident from using all the inference possible from time dilation, and thus quantify 

more accurately than before how much of the action of gravity could be seen as due to time dilation, or 

intimately associated with it.  We do not expect to see, and in this paper do not look for, a Lense-Thirring 

effect involving energy shared between objects due to frame dragging and not specifically due to time 

dilation, but we hope to find effects such as the precession of Mercury.  We find the results consistent with 

cosmological redshift and briefly consider whether any insight into accelerating expansion might be found. 

 

For GRT, we will use (or approximate) the Schwarzschild time dilation formula.  But it should give the 

equations of motion, and this we will attempt to verify using classic examples from the early days of 
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verification of GRT.  Since GRT is a theory intimately involving coordinate systems, one should expect of 

course that a coordinate substitution may be needed, as the Hamiltonian we will use is simply formulated in 

Cartesian, rather than Riemannian, coordinates.  It is already established as a condition in the development 

of GRT, due to the “hole problem [8],” that coordinate substitutions are acceptable.  The substitutions used 

will always conform locally to measurements made with real meter sticks and clocks, and the laws of 

physics will have the same form in all local regions with the exception that the substitutions may require 

adjustment of universal constants which are based on the units of measurement (essentially equivalent to 

covariance, as covariance in GRT makes such adjustments for coordinates via tensors).  We accept the 

limitation that coordinate substitutions are not available across a coordinate singularity such as an event 

horizon, and cannot meaningfully be used to describe motion beyond such frontiers. 

 

2. Measurements, Coordinates and Time Dilation Factors 

First we seek to establish without doubt our basis for making reliable time measurements between non-

relatively-moving reference frames (i.e. without Doppler) using a widely known (but nevertheless 

sometimes overlooked) thought experiment involving continuous coherent signaling between the frames as 

shown in Figure 1. 

gravity

lightA B

r

 
Fig. 1 – Frequency and wavelength in a gravitational field 

 

The frequency of light measured at a source B in a gravitational field will appear reduced at some greater 

distance A from the gravitational source.  However, the path from B to A is a finite path or pipe in which 

wavefronts cannot be piled up indefinitely.  Eventually the same number of wavefronts emitted at B must 

be counted at A.  Thus the rate of passing of wavefronts for each observer is objectively the same, but the 

measured value is different as confirmed many times and to great precision since the initial Pound-Rebka 

experiment [9].  The measured rates differ because in some objective sense all clocks tick more slowly at B. 

 

The energy of individual photons is dependent on frequency and given by the Planck relation (2): 

 E hf      (2) 

In view of local measurements made by A and B, it is true to say a photon has both greater energy and 

frequency at B than at A, and it is true to say the locally measured value of energy and frequency declines as 

the photon rises.  It is even true that the effectiveness of the photon in producing local physical reactions, 

such as dislodging an electron from a specific atomic orbit, is reduced as it rises and at some point the 

reaction may no longer be possible.  The point here is simply that A may logically make a coordinate system 

choice in which clocks move slower at B, light moves slower at B (still at c measured locally at B of course), 

and other parameters are changed at B such that A’s laws of physics hold at B, using measurements made by 

A, not by B.  Most of these transformations are widely known and are summarized in [10], but we will 

review any that we need to use here.  All are dependent on the time dilation factor, for which we follow 
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the convention in [10] using , such that in regard to the reference frames of A and B in Figure 1 we might 

relate a proper time interval T in each frame as follows in (3): 

A BT T      (3) 

Given the Planck relation (2) and the fact that frequency is a reciprocal of time, then  must reflect the 

potential energy difference between A and B.  In GRT for discussion purposes we may consider the 

Schwarzschild metric and take the time dilation factor as: 

 2 1/21/ (1 2 / )S GM rc        (4) 

In (4) we use r as radius to a large mass M, G is the gravitational constant, and c is the constant locally 

measured speed of light ≈3x108 m/s.  S denotes the Schwarzschild time dilation factor  (which because of 

our choice of direction of conversion from the ticks of the slow clock B to the ticks of the fast one A is the 

reciprocal of the value given in some treatments).  We presume A is far away and time there progresses at 

the rate of the background metric.  Time dilation factors between two radii are a simple ratio of the factors 

with respect to the background. 

 

We may use classic gravitational potential to define a pseudo-Newtonian time dilation factor for 

comparison and illustration purposes, though of course no one supposes such a factor to be correct and it 

violates Newton’s notion of absolute time.  But it will be consistent with Planck’s relation.  Assume a mass 

m is lowered from A to B on a tether so that all the potential energy is extracted and none becomes kinetic 

energy.  We simply take the energy ratios from A (the rest energy mc2) to B (subtracting the extracted 

potential energy GMm/r) which will be the same as the frequency ratios which will be the same is the 

interval count ratios of (3): 
2 2 2/ / ( / ) 1/ (1 / )N A BE E mc mc GMm r GM rc         (5) 

In order to consider the gamut of proposals for the time dilation factor, we last consider one based on 

theories of inertia variously discussed, with different derivation methods leading to similar formulations, by 

Einstein in 1912 [11], Sciama [12], Ciufolini and Wheeler [13] (in approximation only), and Shuler [14] 

(using uncertainty and including an argument for emergent gravity).  For the present analysis, we do not 

consider these any more correct than the pseudo-Newtonian (in fact our next thought experiment will 

show some flaws in them), but they are slightly more removed from the Schwarzschild time dilation factor 

and provide a maximum numerical spread of proposed factors for analysis of the effectiveness of our 

proposed Hamiltonian formulation.  To briefly summarize the relevant results and skip the details of these 

theories, instead of proceeding directly to time dilation they all wind up (for different reasons) with inertia 

being proportional to a summation (approximately or exactly or within the cosmic light horizon) of GMi/rc2 

over the masses Mi in the universe.  This value becomes the “background” observed inertia in free space, 

and when near a particular mass M a remote observer notices an apparent increase in a mass m located at B 

(with respect to the locally measured proper mass) of: 

 2(1 / )Bm m GM rc       (6) 

The relation (6) together with conservation of momentum implies that: 

 2/ (1 / )Bv v GM rc       (7) 

All velocities are required to slow by that much, even light, but notice that slower velocities will mean 

clocks will tick slower by the same factor so that: 

 2(1 / )A BT T GM rc         (8) 
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Obviously these inertia theories have a time dilation factor of: 

 21 /I GM rc        (9) 

This suggests that we generalize (6) and (7) as: 

 
Bm m       (10) 

 /Bv v       (11) 

Notice that B makes measurements with a clock which is in A’s opinion slow by exactly the right amount to 

preserve the speed of light constant c and the constancy of proper mass while thinking that A’s clock runs 

fast, a situation we are used to from GRT.  Notice also that while in inertia theories the argument begins 

with mass and proceeds to time dilation, in GRT we can by suitable choice of coordinates begin with time 

dilation and infer that A would perceive the mass and other changes when making remote measurements.  

Consider for example an object near an event horizon.  It becomes “stuck in place” and difficult to move, as 

if it had a large inertial mass.  If we make this inference, we find the larger mass mB converts (according to 

observer A) to energy using the local velocity of light which according to A is squared, resulting in a lower 

energy, an alternate way of accounting (and truly it is just “accounting” not a physical explanation) for the 

lower photon energy observed at A, which we can now codify as a general energy coordinate 

transformation: 

 /A BE E       (12) 

Less well known and obscurely published, but needed for the calculation of gravitational trajectories, and 

directly inferred from the velocity transformation (7), is the transformation of acceleration [15] 

 2/Ba a       (13) 

It is very important to understand intuitively what (13) and (7) say about normal and abnormal motions.  

For the shape or path of motion to be consistent in all reference frames, undistorted by time dilation, the 

velocity and acceleration associated with time dilation have to be lower by these factors.  This I call the 

trajectory theorem which is proved in [10] and constructively explains why all types of clocks tick slower at 

exactly the same rate, not just light clocks.  This also means time dilation must be isotropic.  It does not 

matter whether the ticking axis is radial or circumferential.  And many experiments have shown that 

ticking rates are indeed independent of the clock axis of motion [16][17]. 

 

If on the other hand one of these relations is not followed, say for example an observer at A sees an 

acceleration at B which is larger than expected, then this implies there must be a deviation from the 

expected (generally Newtonian) trajectory.  This will be the source of relativistic effects such as orbital 

precession.   

 

So in general we find that to fully take into account time dilation when referencing measurements at a 

different coordinate location, the difference in the rate of progression of time between the two locations 

requires us to use the above transformations.  These transformations affect most physical parameters, except 

momentum which we assume is conserved across coordinate frames. 

 

As an aside we mention electromagnetic effects, not because they are important in gravitational analysis but 

just to avoid leaving the casual reader confused.  It is well known that gravity has no effect on, for example, 

the field of a static charge.  But the effect of the field on an object, given the coordinate choices of the 
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inertia theories, is modified by a force transformation law.  For details see [10].  Taken together the 

transformations of inertia theory play much the role of tensors in GRT, preserving form of the laws of 

physics regardless of choice of coordinates.  For our analysis we will impose a common set of choices to 

enable comparison, namely we allow the time coordinate to experience dilation.  The only other coordinate 

we will use will be radius, and it can be marked either with a physical locally applied meter stick or with 

the piecewise application of time of light travel over distances at which time dilation is negligible, they are 

equivalent under the transformations outlined.  However, light travel over an extended path cannot be 

used, as it requires calibration with the time dilation factor which is determined by radius and thus 

circularity arises. 

 

It is desirable to compare our three time dilation factors both numerically and as to form, at least in 

approximation.  At most distances 2GM/rc2 will be much less than one and we can use the following two 

approximations valid for x<<1: 

(1 ) 1

1/ (1 ) 1

nx nx

x x

  

  
 

Immediately we see that for r>>r0 where r0=2GM/rc2 (the so-called Schwarzschild radius) the conditions for 

the approximations are met and (4) reduces to (5) and both further reduce to (9).  It is useful to get a feel for 

this relative to solar system quantities, shown in Table 1, which lists the most divergent factors (the pseudo-

Newtonian factor is intermediate.  Note that in the exact forms, the point of infinite time dilation forms a 

coordinate singularity beyond which we cannot map coordinates smoothly and we will not consider motion 

in this region.  These values are r=r0 for Schwarzschild, r=½r0 for pseudo-Newtonian, and r=0 for the 

inertial theories. 

 

Schwarzschild time 

dilation 

Inertial time 

dilation 

Ro/R 1/√(1-Ro/R) 1+Ro/2R 

1.0E-07 1.0000000500000E+00 1.0000000500000E+00 

1.0E-06 1.0000005000004E+00 1.0000005000000E+00 

1.0E-05 1.0000050000375E+00 1.0000050000000E+00 

1.0E-04 1.0000500037503E+00 1.0000500000000E+00 

1.0E-03 1.0005003753128E+00 1.0005000000000E+00 

1.0E-02 1.0050378152592E+00 1.0050000000000E+00 

1.0E-01 1.0540925533895E+00 1.0500000000000E+00 

0.9 3.16 1.45 

0.99 10.00 1.495 

0.999 31.62 1.4995 

0.9999 100.00 1.49995 

0.99999 316.23 1.499995 

0.999999 1000.00 1.4999995 
 

Table 1 – Time dilation from Schwarzschild metric vs. inertial potential 

(pseudo-Newtonian time dilation is between the two) 

 

The Schwarzschild radius for the sun is about 2 miles.  At two million miles from the sun (the second or 

bold line in the table) the time dilation is quite noticeable, but the difference between time dilation based 

on the Schwarzschild metric and time dilation based on inertial potential differ only in the 13th decimal 
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place.  The solar radius is about 432 thousand miles, about double the 3rd table entry where differences 

show up in the 11th decimal place.  Within the sun its gravitational field no longer approximates a 

Schwarzschild metric, so the best we can do with solar surface measurements (very limited) is probably not 

good enough with current technology to distinguish these two formulations, so within the solar system it is 

quite sufficient to approximate (4) using (9), and for convenience and clarity of presentation we shall do so, 

as this allows easy algebraic manipulation of potential energy within the Schwarzschild metric.  When it 

comes time to examine results we can easily estimate the maximum error from this approximation.  Table 1 

suggests the approximation has first order validity up to and beyond ten times the Schwarzschild radius. 

 

3. Necessary and Prohibitive Conditions for Time Dilation 

Our next thought experiments consider why quantum realities imply time dilation for any theory of 

gravity, even Newton’s retrospectively, and not for any other kind of force field.  We also clarify how mass 

must be treated depending on what its acceleration is relative to, using Hamilton’s idea that conservation of 

energy constrains all such topics. 
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Fig. 2 – Potential energy extraction in different field types 

 

Figure 2 shows the lowering of an electron-positron pair (or large group of them if it helps to visualize a 

more realistic mass) into a gravitational field (left) and electric field (right).  In the gravitational field, the 

potential energy that can be extracted is proportional to the total mass (energy) being lowered, regardless of 

its type.  In the electric field, for the case shown, no energy can be extracted because of equal and opposite 

forces on the electrons and positrons. 

 

Today with benefit of particle theory, we realize something that Einstein could not have when constructing 

a similar thought experiment in 1911 [7].  In order to convert more than a tiny fraction of the mass of a 

lowered object into energy (more than that stored in bonds), for transmission up out of the gravity well via 

photons, it must be composed of particle – antiparticle pairs which will have opposite electric and other 

charges [18].  For the electromagnetic, weak and strong forces, there can be no time dilation because there 

is no extractable potential energy to account for it.  Could one of the particles experience time dilation 



Hamiltonian analysis using time dilation 

8      6/16/2014 

while the other time compression?  Then they would not be of equal energies and could not annihilate 

completely.  Questions about electromagnetic time dilation frequently show up on physics forums, probably 

because physicists have long emphasized to the public the similarity and unity of all forces.  Here we seem 

to have a clear difference.   
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Fig 3 – The twin faces of mass in a gravitational field 

 

On the left side of Figure 3 we have a remote observer outfitted with a hypothetical rigid low mass 

“grapple” that can be used to reach into a strong gravitational field and apply force directly to an object m.  

As we have already argued, this object becomes “stuck” or lethargic due to time dilation, and the observer 

will have to apply more force than expected to move it as specified by the inertia relation (10). 

 

However, on the right side of Figure three the observer is outfitted with an even more amazing grapple 

which can be used to move the large mass M and the small mass m together.  In practice we might infer 

data about such a thing from the trajectory of a passing star of known mass using the conservation of 

momentum.  In this case, if m has been lowered as before, extracting potential energy, not allowing it to 

accumulate as kinetic energy, then by the conservation of energy we know that the total system must have 

a reaction mass which is less than the sum of M + m by the amount of any energy extracted. 

 

We certainly see this principle in GRT.  We imagine objects getting stuck, or nearly stuck near the event 

horizon of a black hole, but the black hole together with the stuck object navigates galactic orbits as any 

other object having identical mass regardless of the time dilation at its horizon.  We won’t have need of this 

particular finding in our analysis, but if it had not been stated then conclusions such as (10) would be open 

to criticism.  It seems a reasonable conjecture that in the case of the left side of Figure 3 some of the mass of 

M is coupled to m accounting for the difficulty of moving m.  In any case, such difficulties arise only when 

trying to move remote and coupled objects. 

 

4. The Hamiltonian with Time Dilation for Potential 

The critical parameter we are looking for to determine trajectories is the acceleration due to gravity as a 

function of radius.  Using the convention of defining potential as zero at infinity, time dilation (3) and the 

Planck relation between time (frequency) and energy (2) we can find potential as a function of object m’s 
rest energy by: 

 2 2 2 2( / ) /rV T T mc mc mc mc           (14) 

Using non-relativistic kinetic energy for T in (1) we have: 

 2 2 2(1/ 2) /T V mv mc mc    H      (15) 
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Using the approximation for all three ’s of 1+GM/rc2 and further using the 1/(1+x) approximation for small 

x  we transform (15) into: 
2 2 2 2 2 2 2

2

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

(1/ 2) /

mv mc GM rc mv mc GM rc mc

mv GMm r

      

  

H

H
  (16) 

The expression (16) may look like an ordinary classical Hamiltonian, but the implicit presence of time 

dilation gives us choices of coordinates, and its effects in reference frames based at other locations will be 

modified by all the transformation laws we have discussed, particularly (11) and (13).  Essentially the 

problem is already solved by justifying the writing of (16) under these transformation rules, but we will 

proceed to demonstrate some details of the answer for the benefit of readers not familiar with the 

intricacies of calculating orbital precession, and to demonstrate how to use the transformations associated 

with the kinematics of time dilation. 

 

5. Solution for Orbital Trajectories (Precession) 

The solution of (16) for acceleration has been known since well before Hamilton, and is simply: 

 2/a GM r      (17) 

In ordinary coordinates without time dilation this is of course Newtonian gravity, which is incorrect in 

many circumstances.  In 2011 the author published a paper [10] which noticed that if (17) is interpreted as 

applying only to coordinates for an observer at a great distance from M, and acceleration within reference 

frames closer to M are interpreted through (13), then the acceleration at positions close to M  becomes 

larger than what is required to maintain Newtonian trajectories, i.e. violating the trajectory theorem.   

 

For orbiting bodies, additional time dilation is experienced due to Special Relativity, and for accelerations 

perpendicular to the direction of motion such that length contraction does not complicate velocity 

calculations, and with Lorentz factor  due to orbital velocity, the additional acceleration transformation 

factor for approximately circular orbits is given by: 

 1.5        (18) 

When applied to the requirement for maintaining orbits that centripetal acceleration equal gravitational 

acceleration, this results in the relation: 

 2 2 3/ ( / ) /GM r v r       (19) 

If we take the results for the same centripetal-gravitational balancing equation from the Schwarzschild 

metric (see Brown [19]) we have: 

 2 2 2 2/ / ( 3 )d r d m r r m          (20) 

Re-writing (20) using our notation and units and the same approximations as before we have: 

 

2 2 2 2

2 2 2

2 2 2

2 2 3

/ ( / )( 3 / )

/ ( / )(1 3 / )

/ ( / ) / (1 3 / )

/ ( / ) /

a GM r v r r GM c

a GM r v r GM rc

a GM r v r GM rc

GM r v r

   

    

    

  

     (21) 

 

Since (19) and (21) are the same, we conclude that using any of the three considered formulations for time 

dilation (Schwarzschild, pseudo-Newtonian, inertial) gives results essentially identical to General Relativity 
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for objects in the solar system (see Table 1) with an arguably simpler coordinate system and calculation 

procedure. 

 

6. Other Solutions 

Light bending can be handled by this method, indeed Hamilton was originally seeking to explain light 

bending, but to give full account of GRT light bending the methods of Hamilton and Einstein 1911 are 

combined, and it is not of particular interest for our discussion.  See [10] for details.  Obviously cosmological 

solutions to GRT involving expanding spacetime are not generally produced by using only time dilation, as 

they require full spatial curvature.  However, it is interesting to note in passing that the time dilation 

transformations have implications for an expanding matter field in flat spacetime with a weak or zero 

background.  The background in our approximation 1+GM/rc2  is the “1” and it is dominant except at close 

range to a particular large mass (M).  Where the background is dominant, dynamics are essentially 

Newtonian and time dilation transformations do not apply.  But consider for example if every mass is 

retreating from every other mass Mi, and the mass field is symmetric and isotropic out to the light horizon.  

Using Ciufolini and Wheeler’s idea of maintaining an approximate inertia relation over cosmic distances, 

we could write the time transformation factor for any arbitrary object i over the field of all objects ji as  

 2/ ( )i j j

j

GM r t c       (22) 

This expression is identical for all objects assuming their own mass is not significant (because it is omitted 

from the sum).  So there is no time dilation between any two objects at the present moment.  But we have 

indicated that radius is a function of time and if the radii are increasing (expansion) then old light emitted 

at earlier and denser times will be of lower frequency.  So our limited approximation to gravity based only 

on time dilation captures an important aspect of cosmology, the Hubble redshift, since light from farther 

objects is even older.  Full analysis of how accurate or useful this might be is beyond the scope of this paper, 

and further we presume such an investigation might could possibly degenerate into a rationalization of 

sufficient compensation factors to make it as accurate as desired. 

 

Relative to some prior time, velocities of receding objects would have increased due to (11), however this is 

not directly observed due to faster clocks as per (8).  The time dilation transformations were set up 

purposefully to show unchanged local observations.  So although a time dilation formulation of gravity 

might appear to show accelerating expansion relative to a hypothetical constant-time reference frame, it 

doesn’t really show acceleration relative to an evolving present-time reference frame (i.e. a co-moving 

observer).  In other words, it does not reveal more than GRT (without a tuned cosmological constant), 

contrary to the author’s former incorrect conclusion in [14], which only considered a constant time 

reference frame.  It would be interesting to examine what effect evolving cosmic time dilation has on the 

historical record provided by “old light,” but we leave this for future investigations. 

 

7. Conclusion 

The benefits of this analysis are twofold.  First, an alternate calculation method is presented which can be 

used to approximate GRT trajectories and gain insight into simple (two mass) situations and the 

implications of time dilation.  Further investigation of the limits of this method are appropriate. 
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Second, the importance of time dilation as a sufficient determinant of gravitational kinematics is 

demonstrated, and it appears also to be a key differentiator between gravitational and other kinds of fields.  

There is the suggestion that it may in fact be sufficient to account for gravitational motion, that is, it may be 

that time dilation is the primary effect of gravitational fields, and motion a consequence.  In the classical 

form that we have analyzed there is a weakness in that with initial v=0  there appears to be nothing to start 

the gravitational acceleration.  When (16) is written as a Schrodinger equation for waves not concentrated 

at a theoretical point, the Schrodinger equation will govern the time evolution, that weakness disappears, 

and it becomes apparent that coordinate changes which effect energy (such as time dilation) must produce 

motion, and must do so without force.  If there were a field with both force and time dilation (easily 

arranged by placing a charge on a gravitating object), then the energy changes due to force and time 

dilation would have to be summed to find the net potential governing motion.   

 

This analysis also suggests some possible future direction for the verification of GRT.  If experiments can be 

devised of sufficient accuracy to distinguish the values of the time dilation parameter (Table 1), GRT can be 

differentiated from competing theories which though not major theories at the moment, are much closer to 

GRT numerically in their predictions than others to which GRT has been compared in past experiments.  

There is even the possibility that some unexpected new characteristic of the time dilation function may be 

observed.  The author simply predicts the numerical accuracy required for experiments to make new 

findings, not what those findings may be. 
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