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“Gravity is not a force of attraction, as Isaac Newton described it, but rather, comes from the warping of space-time itself ” – Albert Einstein.
(1)
Fattraction = GMm/r2   is the force of attraction as described by Issac Newton.    G=6.672e-11 (mks),   MSUN = 2e30 kgm,   MEARTH = 6e24 kgm,  and r is in meters.

The force of attraction in (1) can be expressed as a gravity potential Φ that is operating on a small mass m in a large gravity field such as that from the M of the Sun.

(2)
Φ = –GM/r     where r is measured from the centroid of the mass M.

If space is to be “warped”,  then (2) must be reducing a larger background gravity potential Φ0.   Adding this background potential to Newton’s formula:

(3)
Φ = Φ0 – GM/r    which describes the depressing of the background space potential Φ0 for Newton’s formula for a large mass M such as that of the Sun.

Taking the derivative of (3) gives the strength of field that causes an attractive force on a small mass m.

(4)
φ(r) = the radial attractive gravity field strength = dΦ/dr = GM/r2   which is the form we are familiar with as used in:

(5)
Fattraction = φ(r)m = GMm/r2
However, the formula in (3) might have a problem because it suggests a negative value for the gravitation potential.  A negative value of Φ might not be possible.  This is a very subtle effect that is in agreement with Einstein’s concept of space.


Assuming that Φ can only take on positive values suggests there may be another equation that prevents negative Φ and at the same time produces attractive forces very similar to (1).    An alternative equation is given in equation (6) and its graph is shown in figure 2.

(6)
Φ =  Φ0 (1 + kM/r)–1    where k and Φ0 are unknown constants.

Now the Φ has the desired property of Φ → 0  as  r → 0.  This says that the mass collapses the space at the singular point and is well-behaved there.  The formula retains the 1/r feature for the potential as we change our distance r from the mass M so in that sense it yields the Newtonian equation for distances that are relatively constant with respect to M, such as Earth’s distance from the Sun.

The new formula for the gravity force that replaces (1) is the derivative of the potential Φ with respect to r.  In the new formula:

(7)
φ = dΦ/dr = Φ0 d/dr (1 + kM/r)–1 = (Φ0kM/r2)(1 + kM/r)–2  and 

φ = (GM/r2) (1 + kM/r)–2 
The first term looks like the standard Newtonian formula:

(8)
Fattraction = φm = (GM/r2)m = (Φ0kM/r2)m  and we can see that:
(9)
G = Φ0k
   and that the

(10) 
(1 + kM/r)–2  term will cause an increase in the φ for increasing r.

Experimental data supporting this concept:

The Pioneer 10 spacecraft is not behaving according to (1).  At approximately 82 AU (150 million km/AU)  http://en.wikipedia.org/wiki/Pioneer_anomaly reports an additional attractive force of 8.74  10−10 m/s2.  The attractive force at 82 AU is:
(11)
 φ(r = 82 AU) = GM/r2 = (6.672e-11)(2e30)/(82×150e9)2 = 8.82e-7

(12)
Observed acceleration error / Newtonian acceleration at 82 AU is:

8.74e-10 / 8.82e-7  ( .001        therefore, the Newtonian error is sizable.

The formula in (6) will have a much larger effect at 1 AU than at 82 AU, therefore we will assume the .001 error is to be applied to 1 AU in (6) rather than at 82 AU.

(13)
1–1/1000  = (1+kM/r)–2  ≈ 1–2kM/r = 1–2k(2e30)/(150e9)    and then solving for k 
(14)
k  = (1/2000)(150e9)/(2e30) = 3.75e-23 (mks)  which is a very small number!

(15)
Φ0 = G/k = (6.672e-11)/(3.75e-23) = ~1.78e12 (mks)  which is a very high gravitation potential.

The deviation in gravity acceleration with respect to Newton’s formula is:

(16) 
2kM/r = 2(3.75e-23)(2e30)/(150e9) = .001 for 1 AU  (Earth’s location)

As the distance from the sun approaches (, the error in the new formula goes to zero.

This suggests that the error will be more observable for sending a probe directly into the Sun and seeing if the acceleration into the Sun is less that expected.  For example, if a probe of known mass is plunging into the Sun (not in orbit around the Sun) then at .5 AU the error is .002 AU.  Considering that the error at Earth is .001, the net observable error from Earth will be .001 less attraction from the Sun than would be predicted by Newton’s formula.  The error would be about the same amount as the Pioneer 10 error at 82 AU and could be verified by direct experiment in much less time than is required to send another Pioneer 10 type of probe.

At a distance of .09 AU from the center of the Sun, the deviation will cause about 1% less acceleration than the Newtonian formula predicts.  This should be easily measurable by observing the speed of the satellite as it plunges into the Sun.  

Mariner 10 http://en.wikipedia.org/wiki/Mariner_10 on its way to Mercury had several mid course corrections.  Possibly the corrections were partially due to the small error in Newton’s formula.  These corrections would have had the effect of burying the anomaly.  This is an opportunity for someone to take a closer look at the Mariner 10 velocity and position data to see if the anomaly effect is also in that data.  Other more recent satellite data exists for trajectories going near the sun.  Also, there might be a small error observable in comets passing near the sun and this could be reviewed.   It would only take one other piece of evidence other than Pioneer 10 that agrees with Pioneer 10 to cinch the case that a new physics is involved. 
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Here is an update as of July 23, 2011:

http://www.planetary.org/programs/projects/innovative_technologies/pioneer_anomaly/20110722.html 

r





































































































0





r





r





Figure 2.





Φ





0





Figure 1.





Φ





Φ0





0





Φ0





r














PAGE  
1

