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Light-speed Acceleration Radius

The gravitational acceleration g for a spherical object of mass M and radius R is given by the well-known formula

g = GM R 2 , ( 1 
)
where G is the universal gravitational constant. We ask the following question: for what radius will a particle (object) at rest relative to M be accelerated to the speed of light c in the Planck time tp? This we can answer by setting up the equations

gtp = c, GM R 2 lp c = c (2) 
and then solving them for R to obtain

Rc = GM lp c = l 3 p λ = lp lp λ , (3) 
where λ is the reduced Compton wavelength [START_REF] Compton | A quantum theory of the scattering of x-rays by light elements[END_REF] of the gravitational mass M . We refer to this radius Rc as the light-speed acceleration radius. In 1899, Planck [START_REF] Planck | Natuerliche Masseinheiten[END_REF][START_REF] Planck | Vorlesungen über die Theorie der Wärmestrahlung[END_REF] introduced the Planck units, and many (if not most) physicists consider the Planck length lp to be the shortest possible length and the Planck time tp to be the shortest possible time; see [START_REF] Padmanabhan | Planck length as the lower bound to all physical length scales[END_REF][START_REF] Adler | Six easy roads to the Planck scale[END_REF][START_REF] Hossenfelder | Can we measure structures to a precision better than the Planck length? Classical and Quantum Gravity[END_REF], for example. In recent years, it has been shown that the Planck length and time can be obtained totally independently on any knowledge about G [START_REF] Haug | Finding the Planck length multiplied by the speed of light without any knowledge of g, c, or h, using a Newton force spring[END_REF][START_REF] Haug | Demonstration that Newtonian gravity moves at the speed of light and not instantaneously (infinite speed) as thought![END_REF][START_REF] Haug | Using a grandfather pendulum clock to measure the world's shortest time interval, the Planck time (with zero knowledge of g)[END_REF], and so the rightmost part of (3) can be used practically. For a mass greater than the Planck mass, the Compton wavelength is shorter than the Planck length, which can at first seem to be inconsistent with the assumption that the Planck length is the shortest possible length. In our view, masses greater than the Planck mass are surely composite masses. Masses much smaller than the Planck mass can also be composite masses, such as the proton, 1 but there can likely be masses up to the Planck mass that have a single physical Compton wavelength; see [START_REF] Haug | Collision space-time: Unified quantum gravity[END_REF]. A composite mass does not have a single "physical" Compton wavelength, but all the elementary particles making up the composite mass have a Compton wavelength. The Compton wavelength of the composite mass is then an aggregate of these and is given by λ = 1

1 λ1 + 1 λ2 + 1 λ3 + • • • + 1 λn . (4) 
This reduced Compton wavelength is identical to that given by λ = h mc and is fully consistent with standard mass addition, i.e., m = m1

+ m2 + m3 + • • • + mn.
For a given radius, the mass of the gravitational object must be

M = R 2 c c 2 Glp = h l 3 p R 2 c c (5) 
for the gravitational acceleration to take a rest-mass particle to speed c in the Planck time at this radius. We obtained this by simply solving (3) for M . For a radius Rc = lp, we see that this is the Planck mass mp = h lp 1 c .

1 Interestingly, the radius of a proton is four times its reduced Compton wavelength [START_REF] Trinhammer | On proton charge radius definition[END_REF]; see also [START_REF] Levitt | The proton Compton wavelength as the 'quantum' of length[END_REF].

This naturally means that the Planck acceleration ap [13] when acting on a particle for one unit of Planck time takes the particle from zero to c, i.e., aptp = c.

Because nothing with rest mass can travel at speed c, the Planck acceleration seems inconsistent with standard physics because it cannot be applied to any particle if the shortest possible time interval is the Planck time. A particle with mass traveling at speed c would have infinite kinetic energy, and it would require infinite energy to accelerate to this speed under this view. However, this is consistent with our new theory on collision space-time, where the Planck-mass particle is the collision between two photons. This collision takes the Planck time. The two photons colliding are mass, but then dissolve into light (pure energy) again, and therefore can move with the speed of light (because photons have no mass); see [START_REF] Haug | Quantum Gravity Hidden In Newton Gravity And How To Unify It With Quantum Mechanics[END_REF]. The Planck acceleration over the Planck time can be seen as an acceleration that rips matter (mass) into pure energy in the Planck time.

2 Light-speed Acceleration Radius, Schwarzschild Radius, and Haug Radius

The Schwarzschild radius [START_REF] Schwarzschild | Über das gravitationsfeld eines massenpunktes nach der einsteinschen theorie[END_REF][START_REF] Schwarzschild | Über das gravitationsfeld einer kugel aus inkompressibler flussigkeit nach der einsteinschen theorie[END_REF] divided by the light-speed acceleration radius is

Rs Rc = 2GM c 2 √ GM lp c = 2GM c 2 lp = 2lp λ . (7) 
Because we have λ < lp for any mass larger than the Planck mass, this means in general that the light-speed acceleration radius is less than (inside) the Schwarzschild radius. This is no surprise; for example, for a supermassive black hole, the escape velocity is c at the Schwarzschild radius, but the gravitational acceleration field at the Schwarzschild radius can still be much lower than that on the surface of Earth. One can therefore consider whether the light-speed acceleration radius tells us something important about the interior of black holes. That nothing can escape from inside the Schwarzschild radius of a black hole is only partly true. Again, the gravitational acceleration at the Schwarzschild radius and even somewhat inside the Schwarzschild radius of a gigantic black hole is very small. An escape velocity of c means that nothing can escape the gravitational object without having its velocity boosted after its initial speed. The escape velocity implies that the escaping object receives no additional boost in acceleration, such as that from rocket engines, for example. As long as an object that carries fuel and propulsion is outside the light-speed acceleration radius, it can potentially escape the black hole by turning on its engine. Assume a black hole with one solar mass. Its Schwarzschild radius is approximately 2960 m, while its light-speed acceleration radius is approximately 1.5 × 10 -16 m, which is not too far from the reduced Compton wavelength of a proton (2.1 × 10 -16 m). We are not indicating that there is any relation here to protons; we simply mention this to give a feeling for the approximate size of a sphere with a radius equal to the light-speed acceleration radius.

The Haug radius [START_REF] Haug | A new full relativistic escape velocity and a new Hubble related equation for the universe[END_REF] is the radius at which the escape velocity is c and so is similar to the Schwarzschild radius, but where one in the derivation of the escape velocity takes into account relativistic mass. The Haug radius is given by

R h = GM R 2 , (8) 
which is half of the Schwarzschild radius. Compared to the light-speed acceleration radius, we have

R h Rc = GM c 2 √ GM lp c = 2GM c 2 lp = lp λ . (9) 
For the Planck mass, we have λ = lp, and we see that the Haug radius and the light-speed acceleration radius are the same. This is not the case for the Schwarzschild radius and the light-speed acceleration radius, which are equal in the case of a quarter of the Planck mass and not the whole Planck mass. However, a quarter of the Planck mass has a Schwarzschild radius that is half of the Planck length, which then goes against the assumption that the shortest length is the Planck length. In a recent paper [START_REF] Haug | Three dimensional space-time gravitational metric, 3 space + 3 time dimensions[END_REF], we pointed out that the escape velocity taking into account relativistic mass seems to give a much better fit for micro black holes with respect to the Planck scale than does Einstein's [START_REF] Einstein | Näherungsweise integration der feldgleichungen der gravitation[END_REF] general theory of relativity and its Schwarzschild metric, and the present result is in line with that.

Conclusion

We have presented a radius at which the gravitational acceleration when acting on an object at rest over the Planck time will accelerate it to the speed of light. For a black hole, this radius is inside the black hole; the exception is a so-called micro black hole, for which its radius and the light-speed acceleration radius are the same. This seems to be the radius at which the gravitational force is so strong that matter is accelerated so rapidly that it is ripped apart into energy (light).