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Abstract:  The fundamental effects of gravity such as equivalence are discussed as early 

as middle school, and many effects of gravity can be explained using a metric.  But 

understanding the reasons for curvature still requires an upper level course in General 

Relativity.  We ask if there is any approach to curvature less than full tensor analysis 

and the field equation, and explore two methods that have not been previously 

analyzed.  A co-falling light ray constraint on a drop experiment in an accelerated 

frame and falling synchronized clocks both seem able to avoid criticisms of earlier 

methods.  A final step involves choosing of a law of gravity, such as how acceleration 

varies with position.  A 1/r potential and 1/r^2 force (acceleration) law cannot both be 

satisfied. 
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1. Introduction 

The main goal of this paper is to explore methods of satisfying curiosity about metric theories of gravity at 

levels somewhat or substantially below the typical graduate level course, which very few physicists and 

almost no others will ever take.  Educational researchers have found that it is effective to introduce General 

Relativity (GR) by exploring the physical consequences of a particular metric, usually the Schwarzschild 

solution.  [2] [3] Attempts have been made to justify the Schwarzschild metric to one degree or another 

without resorting to differential geometry.  The time dilation coefficient has been known since before GR 

[4] [5] using Einstein’s notion that gravitational and ordinary acceleration are equivalent for the law of 

motion of light or particles under certain conditions, the Weak Equivalence Principle (WEP).  This gives a 

time dilation factor across a certain vertical height for the accelerated frame setup and the gravitational 

setup with acceleration g: 

                      2 2(1 / ) (1 / )gh c c         (1) 

The h is height (distance along axis of acceleration) across which some clock or motion is observed, and 

most interestingly,  is the gravitational potential / / ( )GM r GM r h  .  We will see later that giving up 

this usage is necessary to achieve the specific form of the Schwarzschild metric, and it becomes in the 

author’s opinion one of the more interesting twists in the story. 

 

In a paper on testing GR Schiff claimed to derive full light bending and an approximate Schwarzschild 

metric in 1960 [6].  He finds evidence for radial (i.e. vertical) length contraction using a SR, accepting the 

measurements of a free falling observer who passes the top and bottom of his equivalence frame (elevator or 

rocket in space), later called by others a “drop experiment.”  Schiff found a Schwarzschild metric, but to do 
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so he used an x<<1 approximation, dropping a 2nd order term from a squared (1-x) term giving (1-2x) (first 
line of his equation 8).  Later we will see what ambiguity this causes, and what important steps it allows to 

be omitted when comparing results to a Schwarzschild metric. 

 

Rindler presented a counter-example to Schiff’s argument in 1968 [7], asserting that while Schiff’s argument 

for time correction is valid, the argument for spatial correction is not.  Rindler does not discredit the idea of 

using equivalence, saying:  "We do not attempt to show that the equivalence principle does not suffice to 
derive the Schwarzschild metric; indeed, there are those who hold that, when properly manipulated, the 
equivalence principle leads uniquely to general relativity, and this is hard to refute.  But we do demonstrate 
that no simple one-dimensional ‘dropping’ experiments can suffice.” 

 

Gruber et. al. in 1988 [8] argue that simple derivations of the Schwarzschild metric are impossible.  Their 

paper considers derivations based on SR and Newton and “simple” is qualitatively defined as only the 

techniques that have been developed so far, less the rebutted procedure by which Schiff obtained curvature, 

but not to exclude any new technique that might be developed.  In this paper we present two such new 

techniques.  One is a drop experiment similar to Schiff’s to which we add a condition which removes 

applicability of the observation to the entire rocket or elevator, and thus removes the possibility of 

contradictions.  The other method is to require that synchronized free falling clocks be able to remain in 

sync, which has not been examined previously.   

 

Our presentation will not be as accessible as Rowlands’ interesting 1997 pedagogical treatment [9] which 

assumes curvature via “length contraction” without either derivation or justification as a postulate.  

Rowlands also uses approximations to skip steps. 

 
2. Observations in an equivalence setup 

We now define some terms using Figure 1.  An elevator or rocket is specified of small size, height h, width 

w, and acceleration g  with no windows so that occupants cannot tell whether they are accelerated in a 

space free of gravity fields, or whether they are stationary on a planet’s surface.  Objects inside perceive no 

forces and are in free fall.  The start of an experiment (a time differential) is most conveniently depicted as 

having the occupants at zero vertical velocity without loss of generality, and at the finish the elevator has 

accelerated to the following velocity relative to an inertial frame Q initially co-moving with the elevator: 

  2v gt gh         (2) 

Observers A and B accelerate and co-move with the elevator at the top and bottom respectively, and from 

their point of view the objects inside the elevator as well as Q accelerate in the opposite direction.  

 

The kinematics of the accelerated elevator place the following constraint:  free objects at the same height in 

the elevator and at rest with respect to one another will remain together in regards to height in all frames 

that involve only vertical motion, accelerated or inertial.  A typical set of objects to include in the 

experiment are a mass m  released at rest with respect to the elevator at the start, and a light ray or photon 

released horizontally at the start so that its starting vertical velocity component is zero.  These will remain 

together in vertical position, vertically stationary in Q, implying bending of the light ray relative to the 

elevator’s reference frame.  The dashed lines (red and blue) show the apparent path of the mass and light 
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ray in the reference frames of A or B.  In Q, the mass does not move and the light ray travels exactly 

horizontally. 

 
Fig. 1 – Equivalence setup 

 

In the frame of Q, when the elevator has traveled h, which we take to mean the initially coincident and co-

moving observer A has traveled h, then due to its new relative velocity v, the elevator height is contracted 

such that its new height appears to be /Qh h  ,  where 2 2 1/2(1 / )v c    is the Lorentz factor.  Note 

that as the elevator passes Q, which is initially co-moving with A, vertical meter sticks were their proper 

length, but as B passes Q vertical meter sticks at B appear in Q as shortened by this amount, and this 

continues as the elevator rises, or we might say, as Q descends.   

 

As a factual finding this is undisputed.  But this is the method by which Schiff deduced progressive vertical 

contraction of lengths, which is disputed because the scope of the contraction is the entire elevator, not just 

the lengths at the point of observation.  Extended members of Q’s frame QA and QB would measure the 

same contraction at other points in the elevator at the simultaneous moment in Q’s frame of Q’s 

measurement at B.  We also notice that the length contraction between Q and B is mutual in the typical 

manner of SR, but we know that the GR time and spatial distortions are reciprocal, i.e. that two observers 

agree on their differences.  Thus Rindler was easily able to offer a counterexample. 

 

In Schiff’s SR treatment of time dilation clocks at B tick slower, their rate divided by the factor 
2 2 1/2(1 / )v c   , where v is the velocity difference in the accelerated frame between the start and end of 

the experiment, i.e. the falling time of the mass through h, or in case of starting with v=0 it is just the final 

velocity v.  Using (2) we have 
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The Doppler treatment uses different velocity, that accrued by the accelerated frame during vertical light 

transit through the distance h, which we will designate as 
dv , the apparent Doppler velocity.  For the 

satisfaction of students these are easily shown to give the same result.  We can use 
dv c  and we have the 

ratio of source to observed frequency as: 
2 2

2

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

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

S O d d d

S O d d

f f v c v c v c

f f v c gt c gh c c gh c

       

        
   (4) 

In the above the time for light to traverse the height of the reference frame is taken as /dt h c .  These 

approximations in the limit as 0h  are valid exactly.  We introduce the following notation to refer to 

this relativistic factor regardless of the method by which it is derived: 

  21 /gh c          (5) 

In GR,  would be the time dilation coefficient ttg .  We also conclude that whenever a velocity arises 

from free fall through h starting at zero velocity, we have   .  The relationship between time intervals 

at A and B is 

  /B At t           (6) 

Light exit position at the bottom of the elevator 

This section and the next provide a discussion of why it is difficult (impossible) to visualize gravitational 

light bending using an accelerated elevator.  Returning to Fig. 1 we remove the bottom of the elevator so 

that the objects will not collide with it, and just place a reference line where it was.  Without SR effects, we 

might have expected that if an elevator of h height rose h distance the mass and light ray would then be at 

the bottom of the elevator.  But contraction shortens the elevator in Q’s view due to motion relative to Q.  

This is well known as Born rigidity [10], and is normal behavior for bound material objects.  If the top and 

bottom of the elevator were not bound in this way, occupants of the elevator would perceive it to be 

growing in height, analogous to the situation of Bell’s spaceship paradox [11]. 

 

Since the light ray and mass always remain at the same vertical position in Q, they will appear below 

observer B at the time when the light ray reaches the opposite side of the elevator (by experiment design).  

Taking the position of A in the upper left as the coordinate origin, the final vertical coordinate for both 

mass and light ray when the light ray reaches the far side of the elevator is h  instead of h as B might have 

expected.  There is an apparent larger vertical distance traveled by the light ray.   The final velocity of the 

mass appears increased by  and its acceleration appears increased by 2 .  Though the light ray appears to be 

bent at a greater than expected angle, no deviation from the vertical plane of the mass will be noticed.  This 

small angle is obviously not double the angle from the horizontal at A of what would have been a ray 

exactly reaching the lower right corner.  

 

We may determine the horizontal position of the light ray when it exits the bottom of the elevator by using 

the frame of Q, and noticing the time of exit of the mass m which will be the same as the light ray by 

hypothesis.  B is only /Qh h   below A, not h, at the time of bottom exit.  Since the light moves 

uniformly in Q, the path of the light ray at the time of exit from the elevator is shorter by the ratio of these 
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two lengths, 1/.  Given that there is no relativistic distortion of the width of the elevator in Q (since width 

is perpendicular to motion), we have the horizontal position of the light ray at exit from the elevator as: 

  /Lw w         (7) 

Next we observe that the physical distances h  and 
ABh  are identical, but we imply by subscripts in whose 

units (coordinates) they are measured.  Therefore B concludes the exit point of the light on the right side is 

at a height numerically measured with his measuring rods as 

  
ABh h        (8) 

Light bending reference angle 

If light were not bent in a gravitational field, the path which provides the zero bending angle reference, 

could not be represented in the accelerated elevator in free space because the accelerated elevator will bend 
any ray of less than infinite velocity.  There is no such thing as an unbent light ray in an equivalence setup.  

To be unbent in the frame of A and B, it would have to bend upward in the frame of Q!  

 

Figure 2 shows several alternative paths in the accelerated elevator.  Only one of them can be a real 

physical photon path.  The almost-horizontal solid path is from an almost infinitely fast “ray.”  This does 

not correspond to a light ray with zero bending, or any other kind of physical ray we know of, yet it is often 

selected as the reference basis.  In a stationary elevator in a gravitational field, this would indeed be the 

path of an unbent ray.  The argument for selecting this reference has merit only in the gravitational setup, 

not in the equivalence setup.  

 
Fig. 2 – Bending angle vs. transverse velocity of “ray” 

 

The lowest long-dashed ray in Figure 2 is the only physically possible ray, the one we just derived.  The 

medium-dashed ray corresponds to the one considered by Einstein in 1907-1911 in which there is no 

consideration of Born-rigid contraction of the elevator.   The dotted ray is an attempt to construct a more 

rational basis for an unbent ray reference.  From the remote observer’s point of view, if light’s coordinate 

velocity were not reduced in a gravitational field there would be no curved spacetime.  For a particular 

elevator frame with a particular h, we may imagine a hypothetical ray with a horizontal velocity of “c” 

averaged over the width of the elevator (which would be faster than c along its path), and this would 

correspond to an unbent light ray in a gravitational field moving always at c even for remote observers.  It is 

apparent that the deflection of the lower ray with respect to this unbent reference is greater.  But notice 

that in no case do we suppose the light ray, initially issued horizontally, ever deviates from the horizontal 
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plane of a mass released at the same time.  The question is one of where (and how quickly) the ray exits the 

elevator.  The falling rates of all matter and energy are always identical. 

 

Figure 3 shows the same physical circumstances as Figure 2, but from the point of view of inertial frame Q. 

The path of a photon appears on the page as a straight line (the long-dashed ray directly horizontal).  The 

inertial frame Q is shown with a dot-dash frame.  It is “tangent” to the coordinates of observer A at the 

origin of the light ray and mass drop, next to the symbol A.  The elevator frame, a rectangle to A, does 

indeed appear “curved” to inertial observer Q.  The figure is of course greatly exaggerated.   

 
Fig. 3 – Geodesic path of a photon (long dashed ray) 

 

3. Finding the spatial metric coefficient 

At this point we know time dilation which gives one of the metric coefficients.  We assume the transverse 

spatial coefficients are unity, following Einstein, because there doesn’t seem to be any reason to alter the 

parallel transport of transverse lengths, and there is no transverse length contraction in SR.  But we don’t 

know the vertical scale of remote elevators, because we haven’t determined if there is any radial spatial 

correction factor
rrg .  The time dilation between bottom and top of the accelerated frame is associated with 

relative motion caused by acceleration since emission in the accelerated elevator setup, not falling through 

the distance necessarily.  So a direct SR calculation isn’t suitable. 

Derivation from the exit point of light in the accelerated frame 

It is well known that vertical light ray components in the accelerated elevator, or in a gravitational field, 

provide no information on spatial curvature by such methods as radar measurement or aberration.   If we 

constrain Schiff’s drop experiment to measurements made at either end of a horizontal light ray which is 

co-falling with a dropped mass, then we get information on vertical distances which is due only to 

relativistic effects.  (Without relativistic effects there would be no deviation of the horizontal light ray 

component from a constant vertical position.)   

 

The relativistic conditions at the exit depend only on the falling distance and the acceleration value g.  The 

conclusions drawn will apply only at that specific height.  It is the light ray doing the observing, and the 

observation is a function of its falling history.  There is no validity to observations of any other part of the 

elevator.  They require their own light ray.  By the restriction to horizontal light components we enable the 

use of a “drop experiment” without contradictions arising. 

 

light ray

h

tangent
Minkowski
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Refer again to Figure 1, recall (8), and note that the conditions are met for   .  A and B notice the light 

ray falls long down the elevator side as it exits, relative to their calculations, by the factor .  “A” concludes 

his meter sticks are longer than he expected.  B however concludes his own meter sticks are too short.  The 

exit point of the light is a physical reality, not a measurement artifact, and their observations are reciprocal, 

that is in inverse proportion to each other, not mutual in the SR sense of the Lorentz transform.  If B 

calculates an angle and attempts to send a light beam to A, they will again reach the same conclusions as it 

falls short of A.  They readily conclude that A’s units of vertical length are larger and thus: 

  
B AL L         (9) 

Unlike previous drop experiments, this is not a transformation of lengths over the entire elevator, but a 

ratio of lengths made with a specific height difference.  Unlike radar measurements it does not rely on two-

way signals that can have canceling effects, since the radar measurement remains entangled with both 

distance and time.  The time dilation measurement by itself was always easier because of Einstein’s clever 

argument about not being able to store up (or deplete) wave fronts, allowing a direct parallel transport of 

time intervals across the height.  Our argument is similar in that the elevator is laid out using physical 

meter sticks when it is constructed, before it is accelerated, and these cannot be changed, only illuminated 

by the light, making if we wish a physical mark for later examination.   

 

This path alternative is not complicated, just un-obvious we suppose.  Even for the author, it took seven 

years from first noticing that Born-rigid contraction of the elevator was not discussed by Einstein to 

formulating the above argument.  It only took Einstein eight years to develop all of GR from his first 

published thoughts about equivalence. 

Derivation from synchronized falling clocks 

A second method is proposed for showing the spatial curvature relationship, which does not depend on 

light bending.  The author feels this is useful since for so long it has been assumed using light in equivalence 

doesn’t quite “work.”  The use of falling clocks arose from a puzzle presented by a friend as to whether 

falling clocks can remain in sync in a gravitational field.  According to equivalence they should, as they are 

in the same inertial frame.   

 

In the case of the accelerated elevator passing two clocks, which we may take as Q and QB in Figure 1, the 

elevator obviously has no effect on the clocks and they can remain in sync.  Suppose one transmits a timing 

pulse to the other periodically, which arrives just at the moment the other one “ticks.”  This is a physical 

coincidence at a spacetime point and agreed by all observers. 

 

As the elevator accelerates, its observers perceive both velocity based Doppler effects and acceleration based 

Doppler effects in the two clocks.  To first order the velocity Doppler effects are identical and do not disturb 

sync.  The acceleration Doppler is a function of height and cannot be identical.  However, the distance 

between the two clocks is perceived to contract by the elevator observers A and B, making one clock appear 

to accelerate a little less than the other.  We do not need to go through the math on this one because we 

accept that the Lorentz transform is properly worked out and the physical coincidence is preserved.  The 

clocks remain in sync. 

 



PATHS TO STATIC SPACETIME CURVATURE 

8 

 

The gravitational case must be identical.  We are only assuming a uniform gravitational acceleration, 

consistent with the principle of equivalence, not one with tidal forces.  In our case, the acceleration of the 

clocks is completely independent.  They can be replaced with the two spaceships of Bell’s spaceship 

paradox.  The distance between them does not contract.  A string between them would break.   

 

This would correspond to a gravitational case, in a uniform field, in which the free falling clocks appeared 

to spread apart.  This cannot be due to a difference in acceleration, as we postulated it to be uniform.  If we 

are looking for a condition which will constrain the ratio of local lengths, at A, to local lengths in the 

vicinity of the falling clocks, let’s say at B, then this can be used.  If the distance between the clocks must 

increase by  , this is easily satisfied by (9). 

 

Thus for the second time, by entirely different arguments, one using falling clocks and the other using 

horizontal components of light rays, we have rescued Schiff’s conclusion about lengths, even if his 

argument was faulty.  We know from equivalence that in the case of a static gravitational field of constant 

acceleration the spatial and time coefficients are the reciprocal of each other.  To the extent a more general 

static field with metric coefficients ( )ttg r  and ( )rrg r can be composed of differential elements of constant 

acceleration, we have: 

  
2 1/tt rrg g          (10) 

As to the matter of the approximations Schiff used, we will deal with those in a later section.  We now 

construct coordinates and move on to a non-uniform gravitational field. 

Spherical (Schwarzschild) coordinates 

We need to make the transition to spherical coordinates and functions of radius r instead of h.  Writing the 

relations for a transform of measurements made in frame Q to local coordinates in the frame of B and using 

r instead of h and expressing transverse (tangential) distances in spherical coordinates we would have: 

  

/

sin

B Q

B Q

B Q

B Q

t t

r r

x x rd

y y r d





   

  

   

   

      (11) 

Using a Pythagorean relation to get a net displacement ds, and incorporating time in the manner of 

Minkowski, we would write a relation for ds at B in terms of Q’s coordinates: 

 2 2 2 2 2 2 2 2 2 2( sin ) /ds dr r d d c dt          (12) 

 

4. Deciding on a law of gravity in which acceleration is not uniform 

Many authors note at this point that it is obvious and logical that the height h corresponds to a potential 

energy difference.  We therefore could in the case of a gravitational field use Newtonian gravitational 

potential /GM r   as our law of gravity and substitute this new expression for   into (1) and using 

popular approximations valid for weak fields obtain: 

 2 2 1/21 / (1 2 / )GM rc GM rc          (13) 
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Though approximately correct, in our view this is a methodological error.  It assumes that the “law of 

gravity” is a potential law.  It might well be, but if we think so we should state as much as a postulate.  The 

fact that the difference between and the exact Schwarzschild solution is in the 13th decimal place at two 

million miles from the sun, though useful for any solar system calculation, leaves the student wondering 

just where the confidence in the theory applied to strong fields comes from.   

 

In fact there are several metric theories of gravity, and a constant flow of new ones to explain various 

cosmological phenomena, and all we have done is obtain a particular relation based on equivalence which 

must be common to all of them, since equivalence is common to all of them.  The difference is in the 

particular “law of gravity” that each postulated.  In the case of full dynamic theories, a partial differential 

equation using differential geometry is postulated. 

 

Once the field equation (the dynamic law of gravity) is solved, as for example the Schwarzschild solution 

for the field outside a spherically symmetric mass distribution, a constant of integration appears and this is 

resolved by requiring that the solution match the Newtonian theory at large radii (the weak field limit).  As 

it turns out, it is possible to discover a corresponding postulate for our static spacetime that leads to exactly 

the Schwarzschild metric and matches the Newtonian weak field limit.  Thus two rather complex steps in 

the dynamic theory can be collapsed into one in a static field development.   

 

Newton formulated his law as a force law proportional to 21/ r .  GR takes gravity not to be a force at all, 

but thanks to the equivalence of inertial and gravitational mass, we can translate our understanding of 

Newton to a law of universal acceleration which is proportional to 21/ r .  We can investigate the “force” on 

a mass m in the gravitational field of a larger mass M in a thought experiment from a fixed observational 

position at a great distance by means of an idealized tether, a rope or cord which obeys the principles of 

relativity (its length might be increased or decreased if relativity calls for it) but which is not materially 

stretchable.  No such material exists, of course.  This is only for thought experiments.  We choose “a great 

distance” rather than some nearer distance, because it is at large radii that we must match Newtonian 

gravity, and we will use that matching condition. 

 

Let us lower the mass m on this tether and provide means to store the energy gained such as in springs or by 

running an electric generator.  We do this slowly so that quasi-static analysis is possible.  Let F be the force 

on the tether, also the apparent weight of m.  If dl is an increment of length spooled out on the tether, then 

the energy obtained is    

 ( ) /dE F dl F dE dl         (14) 

The energy of the mass being lowered decreases due to time dilation.  To understand this, consider that a 

particle and antiparticle pair is lowered.  The energy obtained from annihilating them would be 

proportional to the frequency of the two photons thus obtained.  This concept, though available at the time 

of derivation of gravity, was not yet widely accepted.  However, we can use it today to simplify an 

interesting result.  The energy of the lowered mass is then a function of the Schwarzschild coordinate r as 

follows: 

  2 / ( )E mc r         (15) 
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Now we have two different radial lengths, dl which is a proper length, and r  which is the Schwarzschild-

like coordinate radius.  The dl is a radial-only scalar length corresponding to the more general ds, so we can 

use (12) to infer the relation: 

         / ( )dl dr dr dl          (16) 

Using (15) we can find a delta energy for short length as  

 2( ) ( ) / ( )
d d

dE dr E dr mc r
dr dr

        (17) 

If we use the 21 /GM rc    based on Newtonian potential, and substitute for dr  using (16), we find 

 

2 2 2 1

2 2

2 2 2 2

2 2

( )(1 / ) (1 / )

( )(1 / )
(1 / )

( )
(1 / )

d
dE dl GM rc mc GM rc

dr

GM
dE dl GM rc mc

c r GM rc

GmM
dE dl

r GM rc

  

 





    (18) 

Using (14) we have 
2 2(1 / )

GmM
F

r GM rc



.  Since for all but the strongest fields 2/ 1GM rc   we have 

approximately an inverse square law of gravity.  But not exactly.  Now what happens if instead of using the 

Newtonian potential, we use the Schwarzschild metric coefficient?  Repeating the steps of (18) using the 

Schwarzschild metric coefficient 2 1/2(1 2 / )GM rc     obtained by solving the GR field equation we 

have 

 

2 1/2 2 2 1/2

2 1/2 2

2 2 2 1/2

2

2

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

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

( ) /

d
dE dl GM rc mc GM rc

dr

GM
dE dl GM rc mc

c r GM rc

GmM
dE dl F GmM r

r

  

 


  

   (19) 

In this case the coordinates are not “Schwarzschild-like” but actual Schwarzschild coordinates, and an exact 

inverse square law of gravity is preserved in these coordinates even for strong fields.  GR preserves the 

Newtonian square law rather than Newtonian potential, at least in these coordinates. 

 

We could in principle set up the steps of (19) using a generic and “solve” for the value of  that would 

result in a perfect inverse square law.  In that case we could be said to have derived the Schwarzschild 

metric from SR, equivalence and the assumption of an inverse square law.  This would require a bit of 

integral calculus.  Instead, since the Schwarzschild coefficient is already in hand, we simply try it using the 

“guess and check” method, and find that it meets the criteria.  This metric does not handle multiple masses, 

dynamic or non-symmetric situations, gravitational waves, or cosmic situations, but this path to it makes 

curved spacetime accessible in a much simpler and more intuitive form.  It would be interesting to explore 

further the implications of instead preserving the Newtonian potential, but obviously not in a pedagogical 

treatment.

 



PATHS TO STATIC SPACETIME CURVATURE 

11 

 

A final caution for students when dealing with metric coefficients such as is not to jump to conclusions 

just because they approach infinity at a certain value, such as the event horizon 2

0 2 /R GM c .  It’s true 

that ds becomes infinite there, but only over an infinitely small distance.  When integrating ds and taking 

the limit, which can be done either numerically or analytically [19], the distance to the event horizon is 

finite.  There are several posts on this subject in physics forums on the web, sometimes even with correct 

calculations where the poster has had trouble with calculations “blowing up” at the horizon and incorrectly 

concluded that the proper distance becomes infinite.  For example, a solar mass collapsed object has 

R0=2954  meters.  An observer at a radius of 10000 meters might reason that the distance to the horizon was 

10000-2954=8046 meters, but if a tape measure could be laid along the distance (unfortunately it would be 

destroyed by gravitational forces) it would have a length of 11995 meters even if it did not stretch. 

 

5. Illustrating the results 

For illustration purposes, if elevator differentials are stacked in spherical coordinates, there needs to be 

some way to represent the excess radius of the spatial part of spacetime curvature.  Again we decline to 

attempt to represent curvature of time and ask the reader to simply imagine that in the coordinates of some 

distant observer, clocks at smaller radii are running slower.  We can represent the excess radius by 

illustrating shorter radial meter sticks at smaller radii, or if we restrict ourselves to displaying only one 

dimension on the two dimensional page, we can represent the excess radius using what is called a funnel 

diagram.  Both are shown in Figure 7.  In principle observers in a gravitational field have no practical way 

to distinguish the two cases. 

 
Fig. 7 – Funnel diagram and interpretation choice for stacked elevator coordinates 

 

6. Conclusion 

The problem of constructing a static gravity theory without advanced math from equivalence and SR is 

solvable by either constraining a drop experiment with a horizontal light ray, or the requirement that 

A M Euclidean extension of A’s coordinates
in this frame lightspeed = c/2

Diagram using proper lengths

Length contracted objects interpretation

Expanded space interpretation
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falling clocks in a uniform field remain in sync.  The lack of ability to explain light bending in equivalence 

is due to this reference angle problem, not the absence of the appropriate analogue of curvature.  The 

treatment remains incomplete in two regards.  Only a qualitative idea of a geodesic was given (Figure 3), 

and of course changing or non-spherically symmetric mass distributions are not treated, which leaves 

cosmology unaddressed.  The hope would be students are satisfied about the reality of curvature, and if they 

are interested in further study will have confidence they can approach the more advanced material. 

 

Advantage of our method over some that are perhaps simpler and rely on approximations is that students 

will perhaps have more confidence in the conclusions about strong fields, and acquire an understanding of 

which postulates are common to all metric gravity theories and what differs between theories.  One must 

decide on a law of gravity for non-uniform acceleration and how to match the Newtonian limit.  In GR this 

is constrained by the field equation, which as we see essentially requires, in the usual coordinates at least, 

that the inverse square law will be honored for a distant observer even in strong gravity regions.  In our 

approach this was replaced by a tether analysis of the conservation of energy and postulate of a 1/r2 law to 

obtain the accepted curvature coefficients.  Rather than solving generally, the solution to the resulting 

differential equation was guessed and checked. 

 

Understanding spacetime curvature enables students and others to think about physics for themselves, a 

long tradition due to the philosophical implications of physics.  These derivations will also satisfy a great 

deal of intellectual curiosity about equivalence and GR.   
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