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If there were tw identical balls positioned motionless in spaee fifiom ary other
objects, hw long would it tak for them to fall tvards each other and collide, due
to their gravity?

1. Deriving the formula

Set the following values:

Radius of the balls:

Mass of each balin

Starting distance between their centers:
Graviational constanG

The force on the right object when its distance from the midposgisis
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since the distance between the objects’ centexsTée kinetic enagy of the right

object after falling to distancefrom the midpoint equals the work done on it by
gravity. That is the force times the distancalong the way:

~Gn? 0% axD_ -6n? a0° g
K FdX :—l:l —D:— _D
(2 )2 4 X% 5 4 [Ox O
2 ] Qﬂ/ZD
—GmZD—1 10 Gl 2Q0

=——Oc-0F =5
4 s d2g 4 G5 dO

But also,K = mv?/2, wherev is the velocity So,
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where we use the gdive gjuare root because it is movingvewds the left.

V=-

v = dx/dt, so dt = dx/v, and we can find the timefor the right object to fall from
its starting point to where it touches the left object as follows:
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If r =0, point masses, this simplifies to
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2. Applying the formula

Assume the balls are positioned one meter aghrtl( m), hase a nass of 1
kilogram (m =1 kg), and are made of iron. The density of iron is 7870 kilograms
per cubic meterSo the volumeV is

and r =0.B11&¥ m. The graitational constantG = 6.67384x10 ' m*kg?’s.
Plugging these values into the formula, we find the time for the fall is 95,492
seconds: 2@ours, 31 minutes, and 32 seconds. The speed of each wlyen the
collide is3.167365% 107 m/s: 32 seconds to me ae millimeter.

If we setr =0, point masses, we find the time is 96,140 seconds: 26 hours, 42
minutes, and 20 seconds. The speed whenrieet would be infinite, according
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to Newtonian physics.

If we keep the original balls, but start 1 kilometer apart, the time works out to
about 3,040,198,000 seconds, which is 96 years.

If we start with two neutrons as the masses, one meter apart, we ha
m=1.674927x102" kg andd =1 m. Consider them to be point masses, which
for this purpose is practically trudhe time works out t@. 349114x 108 seconds.
That is about 74 billion years. Of course actuallyytheuld almost certainly
decay before then, their half life being about 15 minutes.

Returning to the iron balls one meter apart, each with a mass of one kilogram, if
you added some extra electrons to each ball, inany would be needed for the
electrical repulsion to counteract the gravitational attractidfg@nant
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where k is the Coulomb constaBt®B7552x 10°Nm?C 2, and q is the charge in

coulombs. Notethat the distancad cancels out, so the answer is the same
regardless of the distancale ®e that

S
q= K

S0q=8.61722x10™ coulombs. Thats about 537,845,000 electronsctually,
because of the repulsion, the electronsuld distribute themselves unequally
more of them being on the far side of the balls, whickld reduce the repulsion
slightly; so you would need to increase the number of electrons a little.



