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Abstract: In this paper, we show that the Schwarzschild radius can be extracted easily from any
gravitationally-linked phenomena without having knowledge of Newton’s gravitational constant or
the mass size of the gravitational object. Further, the Schwarzschild radius can be used to predict
any gravity phenomena accurately, again without knowledge of Newton’s gravitational constant and
also without knowledge of the size of the mass, although this may seem surprising at first.

Hidden within the Schwarzschild radius are the mass of the gravitational object, the Planck mass,
and the Planck length, which we will assert contain the secret essence related to gravity, in addition
to the speed of light, (the speed of gravity). This seems to indicate that gravity is quantized, even
at the cosmological scale, and this quantization is directly linked to the Planck units. This also
supports our view that Newton’s gravitational constant is a universal composite constant of the

form G =
l2pc

3

~ , rather than relying on the Planck units as a function of G. This does not mean
that Newton’s gravitational constant is not a universal constant, but rather that it is a composite
universal constant, which depends on the Planck length, the speed of light, and the Planck constant.

This is, to our knowledge, the first paper that shows how a long series of major gravity predictions
and measurements can be completed without any knowledge of the mass size of the object, or
Newton’s gravitational constant. As a minimum, we think it provides an interesting new angle
for evaluating existing theories of gravitation, and it may even provide a hint on how to combine
quantum gravity with Newton and Einstein gravity.

Key words: Schwarzschild radius, Planck mass, Planck length, measurement, gravitational con-
stant, Heisenberg.

I. INTRODUCTION

Let’s examine the following hypothetical formula:

re =
g2R2

c2
(1)

Here, g is the gravitational acceleration, R is the ra-
dius from the center of the planet (gravitational mass)
to the surface, and c is the speed of light. The gravita-
tional acceleration is easy to measure without any knowl-
edge of gravity; it is about 9.8 m/s2. The radius of the
Earth is about 6,371,000 meters. As for the speed of
light, we can measure it with a low cost kit and or just
take the standard accepted speed, which is defined as ex-
actly 299,792,458 m/s. The main point is that one needs
no knowledge of gravity to measure each of these input
factors.

Next we plug these values into the formula above and
get

re =
9.8⇥ 63710002

2997924582
⇡ 0.00442588 (2)

Some will recognize that this is very similar to half of
the value of the Schwarzschild radius of the Earth; this
is not a coincidence, as that is indeed exactly what it
is. Next, we can use this value of re and plug it into
any of the formulas below to calculate almost any major
gravity predictions. We can predict the orbital velocity
of a satellite or the Moon, for example, by the formula

vo = c

r
re
Ro

(3)

where Ro is the radius from the center of the Earth to
the object for which we want to predict orbital velocity.
Further, the time dilation between two clocks at di↵erent
altitudes around a planet is given by

Th

TL
=

q
1� 2 re

RLq
1� 2 re

Rh

(4)

where Rh is the radius further from the center of the
Earth than RL. We can test this by placing one atomic
clock at sea level and one at the top of a 2,000-meter
mountain. We need to synchronize the clocks before per-
forming this task. The clocks will be consistent with our
gravity prediction. Again, all we need is re, which we can
easily extract from the gravitational acceleration on the
surface of the Earth.
Next we can predict the red-shift; it is given by using

the following formula

lim
r!+1

z(r) =
1q

1� 2re
R

� 1 (5)

If both the emitter and the receiver are inside the grav-
itational field and we focus on frequency rather than
change in wavelength, we have the well-known formula
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fh = fL

q
1� re

RLq
1� re

Rh

(6)

Based on this, we can accurately predict the results of
experimental set ups equal to the Pound Rebka experi-
ment [1]. This is just one example of how we can perform
a series of gravitational predictions that can be confirmed
by experiment without any knowledge of Newton’s grav-
itational constant or the mass size of any object. What
we have relied on instead is re, which can simply be ob-
tained from the gravitational acceleration at the surface
of the Earth, the speed of light, and the radius of the
Earth.

II. THE SCHWARZSCHILD RADIUS IN A NEW
PERSPECTIVE

The Schwarzschild radius comes out from the
Schwarzschild metric [2, 3] solution of the Einstein field
equation [4] and is given by

rs =
2GM

c2
(7)

where G is Newton’s gravitational constant, M is the
mass of the object, and c is the speed of light. In other
words, we need to know the mass of the object of interest
and Newton’s gravitational constant in order to find its
Schwarzschild radius. The escape velocity [5] from a mass
M at the radius R from the center of the mass is given
by

ve =

r
2GM

R
(8)

When we replace the radius in the escape velocity with
the Schwarzschild radius r = rs =

2GM
c2 , we get

ve =

s
2GM
2GM
c2

= c (9)

Thus, if an object with mass M is packed inside the
Schwarzschild radius, then we will have a mass where
even light cannot escape from inside the radius. This
phenomenon is commonly known as a black hole, and
the Schwarzschild radius is often linked to black holes.

It is important to be aware of the history of science on
this topic. In 1783, the geologist John Michell noted that
when the escape velocity calculated from Newton’s grav-
itational theory was equal to the speed of light, the star
would be dark [6]. That is, not even light could escape
such a gravity-dense object. Since the escape velocities

one gets from Newtonian theory and from general rela-
tivity theory are the same [5], this means that one can
easily calculate a radius identical to the Schwarzschild
radius from Newtonian theory. One could even argue
that it should be called the “Michell radius,” as he was
the first to point out the possibility of an escape velocity
equal to the speed of light and noted how this would lead
to something special, dark stars.
However, the two theories di↵er strongly in their in-

terpretation of what this special “dark” object is. In
general, both theories agree that the gravitational force
would be so strong that either only light or perhaps not
even light could escape, while GR has a large theory
around black holes. In this paper, we will not address
the interpretation of black holes, but the background
information is important because when we discuss the
Schwarzschild radius, we are speaking about it in broad
terms – there is a special radius that can be found from
Newtonian-type gravity theory.
Any object we have observed directly in the sky or

on Earth has mass where the radius is extending out-
side the Schwarzschild radius. In other words, no mass
has directly been detected that has all of its mass in-
side the Schwarzschild radius, even though recent gravi-
tational wave detections may have detected collisions of
black holes.
What is important here is that Newton’s gravitational

constant, and not the mass of the cosmological or smaller-
sized objects, must be known to find the Schwarzschild
radius. The Schwarzschild radius can be found directly as
described above from the gravitational acceleration of the
Earth, or directly from the measured orbital velocity of
a satellite such as the Moon by simply using the formula

rs = 2re = 2
v2oR

c2
(10)

where R is now the radius from the center of the Earth
to the orbital object of interest. Further, vo is the “eas-
ily” observed orbital velocity of the Moon, for example.
Alternatively, we could use two atomic clocks, measure
the time dilation between them, and then plug the values
into this formula to find the Schwarzschild radius

re = R

s

1� t20
T 2
f

(11)

where Tf is a clock far distant from the gravity field and
T0 is a clock placed at radius R relative to the gravi-
tational object. Naturally, we do not have access to a
far-away clock Tf from Earth, but we can certainly have
two clocks on Earth at altitude RL and Rh, and from
this we can calculate re by solving the following equation
with respect to re

Th

TL
=

q
1� 2 re

RLq
1� 2 re

Rh

(12)



3

this gives

re =
RhRL(T 2

h � T 2
L)

2(RLT 2
h �RhT 2

L)
(13)

In 2016, Haug [7] suggested that the gravitational con-
stant is likely a universal composite constant of the form

G =
l2pc

3

~ (14)

Which is basically identical to a similar composite con-
stant suggested by McCulloch [8]. This leads to an eval-
uation of the Schwarzschild radius at a deeper level by

rs =
GM

c2
=

l2pc
3

~ M

c2
= 2Nlp (15)

where N is the number of Planck masses in the mass
M . This is not new in itself, but the idea that we can
find the Schwarzschild radius with no knowledge o↵ G
or even the mass and use this to predict “all” known
gravity phenomena is quite new. For gravity phenomena
the combined measurement of N and lp is important; in
this case, we do not need to know N (the number of
Planck masses) or lp separately, but the combination of
the two, Nlp, will be su�cient.

III. IS THE NEWTON GRAVITATIONAL
CONSTANT A COMPOSITE?

There are several reason to question whether or not
Newton’s gravitational constant is a composite constant,
including the following points:

1. If we “never” need Newton’s gravitational constant
for any gravitation observations, not even in cali-
brating a model, does this imply that it is not cen-
tral for gravity either? See Table 1 for a series
of calculations and observations that can be com-
pleted without any knowledge of Newton’s gravi-
tational constant. Further, if we want to separate
the Planck units, we need to know the size of the
mass of the gravitational object, otherwise that is
not necessary. For all gravity predictions and phe-
nomena in the table, we need no knowledge of the
gravitational constant, or the size of the mass.

2. The output units of Newton’s gravitational con-
stant are given by m3 · kg�1 · s�2. It would seem
strange if something fundamental existed at the
deepest level that is meters cubed, divided by kg
and seconds squared. It cannot be excluded, but
one should first attempt to find a simpler expla-
nation. We will claim this strongly indicates that
Newton’s gravitational constant must be a compos-
ite universal constant consisting of more fundamen-
tal constants.

3. By reformulating G as a composite of the form

G =
l2pc

3

~ , a series of Planck units are simplified
and become more logical. Take, for example, the

Planck time, which is described as tp =
q

G~
c5 , such

formulas give minimal intuition. We may ask, what
is the meaning of c5 and what is the deeper logic
behind the gravitational constant? When replac-
ing G with its composite form, we simply show the
Planck time as tp = lp

c , so the time it takes for
light to travel the Planck length, which is naturally
well-known.

4. The Planck mass and the Planck length can be
measured totally independent of any knowledge of
Newton’s gravitational constant, as recently shown
by Haug [9? , 10]. This means the elements of
a composite Newtonian gravitational constant all
are known. At a fundamental level, it seems more
logical that there exists a unique and likely short-
est possible length, namely the Planck length, as
well as the speed of light. In addition, we have
the Planck constant, which is more complex, but
in all observable gravity phenomena, the gravita-
tional constant cancels out. Then we are left with
the Schwarzschild radius (or half of this radius in
many cases) as the essential thing to know and that
can be measured easily. Again, this consists of the
number of Planck masses times the Planck length
in the gravitational object of interest.

IV. THE UNIQUNESS OF THE
SCHWARZSCHILD RADIUS

To find Newton’s gravitational constant in a
Cavendish apparatus, we need to know the mass of
the large lead balls first, in relation to their weight.

G =
2L⇡2r2✓

MT 2
(16)

where ✓ is the angle and L is the distance between
the two small lead balls hanging in a wire, T is the
oscillation time period, M is the mass of one of the
two identical, largelead balls, and r is the radius
from center to center between a small lead ball and
a large lead ball. Next, in order to measure the
Schwarzschild radius of the large lead ball, we only
need the following formula

rs =
4L⇡2r2✓

c2T 2
(17)

In this formula, there is no mass, but instead we
have the speed of light. Also, remember rs =
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2 M
mp

lp. So embedded in the Schwarzschild radius is

a mass ratio consisting of the mass of the gravita-
tional object divided by the Planck mass multiplied
by the Planck length.

V. COMPARING THE SCHWARZSCHILD
RADIUS WITH THE GRAVITATIONAL

CONSTANT

To find Newton’s gravitational constant in a Cavendish
apparatus, we need to know the mass of the large lead
balls first, in relation to their weight. In our view, the rea-
son for this is that the embedded gravitational constant

also contains the reduced Planck constant, G =
l2pc

3

~ .
Mass is clearly related to the Planck constant. The
Schwarzschild radius, on the other hand, is just a length
of the form 1

2rs = Nlp, where N is a mass ratio, namely
the mass of the gravitational object divided by the Planck
mass. The Schwarzschild contains essential information
about mass, while Newton’s gravitational constant actu-
ally contains unnecessary information.

VI. CONCLUSION

We have shown how a long series of gravity pre-
dictions and measurements are totally independent of
knowledge of the Newton gravitational constant, or the
size of the mass in question. One component is (half)
of the Schwarzschild radius, which is the number of
Planck masses in the gravitational object multiplied by
the Planck length. However, for most gravitational ob-
servations and predictions we do not need to reduce
the Schwarzschild radius into these fundamental compo-
nents.

We also show that we do not need any knowledge of
the mass of the gravitational object or Newton’s grav-
itational constant to find the Schwarzschild radius of a
cosmological object, or even a small clump of matter on
Earth. This strongly supports our view that Newton’s
gravitational constant is a composite constant of the form

G =
l2pc

3

~ . In understanding this, we may gain a deeper
understanding the link between the quantum world and
the macroscopic world in terms of gravity. If our theory
is correct, then we are able to perform a series of accurate
gravity predictions based on measuring the gravitational
acceleration on Earth alone, without any knowledge of G
or the mass of the object.

1 Needs further investigation and confirmation; see [11] for more
details.
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TABLE I. The table shows that the most common gravitational measurements and predictions can be done without any
knowledge of Newton’s gravitational constant. Only when we want to separate out the Planck units or the gravitational
constant do we need to know the mass size of the gravitational object.

What to measure/predict Formula How Is it easy to do Knowledge
of mass size

Half Schwarzschild radius re = g2R2

c2
From g (9.8 m/s2 Earth) Yes No

Half Schwarzschild radius re =
v2
oRo

c2
From orbital velocity Yes No

Half Schwarzschild radius re = R

r
1� T2

0
T2
f

From time dilation Di�cult No

needs high precision clocks need far away clock

Half Schwarzschild radius re =
RhRL(T2

h�T2
L)

2(RLT2
h�RhT2

L)
From time dilation Yes No

needs high precision clocks

Half Schwarzschild radius re =
RhRL(f2

h�f2
L)

2(RLf2
h�Rhf2

L)
From red-shift Yes No

Half Schwarzschild radius re = �R
4 From light-bending less so No

”need” eclipse

Gravitational acceleration field g = re
R2 c

2 Find re first Yes No
Orbital velocity vo = c

p
re
R Find re first Yes No

Escape velocity ve = c
p

2 re
R Find re first Yes No

Time dilation t2 = t1
p

1� 2 re
R Find re first Yes No

GR bending of light � = 4 re
R Find re first Yes No

Gravitational red-shift limR!+1 z(R) = re
R Find re first Yes No

Bekenstein-Hawking luminosity P = 1
15360⇡

~c2
r2e

Find re first Yes No

Schwarzschild radius rs = 4L⇡2R2✓
c2T2 Cavendish apparatus Yes No

o↵ the Cavendish sphere

Planck mass mp =
q

~cMT2

L2⇡2R2✓
Cavendish apparatus Yes Yesa

Planck length lp =
q

~L2⇡2R2✓
MT2c3

Cavendish apparatus Yes Yesb

Planck time tp =
q

~L2⇡2R2✓
MT2c5

Cavendish apparatus Yes Yesc

Gravitational constant G = ~c
m2

p
=

l2pc
3

~ ⇡ 6.67⇥ 10�11

G = L2⇡2R2✓
MT2 Cavendish apparatus Yes Yesd

a Needs to know the mass of the large lead ball in the Cavendish apparatus, can be done by simply weighing it.
b Same as footnote above.
c Same as footnote above.
d Same as footnote above.
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