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In this paper, we investigate how Rindler observer measures the universe in the ADM formalism.
We compute his measurements in each slice of the space-time in terms of gravitational red-shift
which is a property of general covariance. In this way, we found special relativity preferred frames
match with general relativity Rindler frame in ADM formalism. This may resolve the widely known
incompatibility between special relativity and general relativity on how each theory sees the red-
shift. We found a geometric interpretation of speed of light and mass.

I. ONE PREFERRED OBSERVER

The absolute space and time means by definition a pre-
ferred frame, in which physics laws appear to be recog-
nizably different from they appear in other frames. This
Newtonian concept is contradicted with the assumed
principle of relativity in inertial frames and the principle
of covariance in general theory of relativity. However, all
inertial frames are preferred over non-inertial frames in
Newtonian and special relativity mechanics as they ob-
serve only cause-and-effect relations between events in
closed intervals, a property that general relativity lacks
as it can observe a cause-and-effect relations between in-
ternal and external events. In this paper, we use the
Rindler observer and the ADM formalism to restore the
compatibility between the inertial privileged frames and
relative space of general relativity, at least slice by slice.
It is worth noting that despite we agree with that abso-
lute space in Newtonian gravity has no meaning, then,
according to Mach principle, it is still can be obtained
only under the condition that there exists in the universe
only one single object, nothing more For more details on
this issue, see [1, 2].

We consider spacetime foliation in ADM formalism
[3], at every given moment according to canonical
observers, each with its speed at that moment. These
observers are related to each other by “synchronicity”
[4]. This approach comes with a global reference frame
that stays Minkowskian along the worldline of such
observer. Despite that the absolute synchronicity is
not attainable either in special relativity or in general
relativity, a local synchronicity is extended beyond local
neighborhoods as in Ref. [4]. We Consider a black hole
spacetime as a spacetime with horizon. Such horizon
is necessarily observer-dependent. This requires the
Hawking radiation to be with Unruh effect as in Ref.
[4]. Also from the Rindler observer [5] would analyze
the ADM formalism as if the shift function equal zero
Ni = 0. Therefore, the normal vector n̂ to the spatial
slice is proportional to the time basis ∂t of Rindler frame
field with proportionality factor that is equal to the
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lapse function α. In this case the coordinate observer
is moving with velocity (gtt)

−1/2et while the normal
observer moves with velocity n̂. The factor similar to
γ in ADM formalism is in form of (1 − NiN

i/α2)−1/2.
For the Rindler observer, the previous factor is equal to
1. However this comparison between observers is NOT
a physical relativist Lorentz boost, and the frame of
reference can be dragged with any speed the observer
chooses. It turns out that the normal observer and the
Rindler observer are the same or One Observer. They
both see each other as if they are both belong to the
same inertial Minkowski frame. This matches with the
global reference frame described in Ref. [4].

II. ONE OBSERVER MEASUREMENTS

The One Observer measures the gravitational red-shift
which is a property of general covariance and its relative
values as the one observer moves from point to point or
from slice to slice. This can be listed as below

1. general covariance measurement: by uniformly ac-
celerated Rindler observer: The shift in energy
which is the gravitational red-shift in the black hole
case.

zA = (1− rs
rA

)−1/2 − 1 (1)

where rs is Schwarzschild radius, rA is the distance
at which red-shift is measured. Notice that we do
not measure the energy exactly at the horizon as
the time there freezes with respect to the observer.
Rather the observer measures the escaped Hawking
radiation, after considering the Unruh effect, which
is entangled with the unlucky radiation that the
observer does not detect as those unlucky particles
fall into the horizon.

2. Relative or local measurements:

(a) We mean by relative or local measurements
the ratio between gravitational red-shifts at
different slices or two different points. The
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ratio represents the relative gravitational red-
shift

zA
zR

=
(1− rs

rA
)−1/2 − 1

(1− rs
rR

)−1/2 − 1
(2)

(b) The local measurements can be also the differ-
ence in gravitational red-shift at two different
slices or two different points. The difference
in gravitational red-shift is given by

∆z = zA − zR = (1− rs
rA

)−1/2 − (1− rs
rR

)−1/2 (3)

To compute these relative or local measurements, a tri-
angle is constructed that its vertices represent the black
hole and any two points in the space as shown in Fig.
(1). K point refer to the black hole. A and R refers to
any two different points or two different slices.

FIG. 1: The triangle of one observer measurements

Notice here this triangle follow the geodesics geometry
of the considered black hole to connect the three points
with each other. If R and A are far enough from K, the
triangle become approximately Euclidean triangle.

III. RELATIVE MEASUREMENTS OF
GRAVITATIONAL RED-SHIFT

We calculate the relative gravitational red-shift be-
tween A and R when rA 6= rR. We consider the triangle
in Fig.(1). For brief symbols, We define:

AK = rA (4)

RK = rR (5)

AR = rAR (6)

A. weak gravitational case

We consider first the simple case in which we set rs <<
rK and rs << rR. The gravitational red-shift for both A

and R can be approximated as follows

zA = (1− rs
rA

)−1/2 − 1 ≈ rs
2rA

(7)

zR = (1− rs
rR

)−1/2 − 1 ≈ rs
2rR

. (8)

We compute the relative gravitational red-shift using
Eq(2). We express it in terms of all lengths measured
at R including the distance between A and R (rAR).

zR
zA

=
rA√

r2A − r2AR + 2rRrAR cosβ
(9)

This equation can be rewritten as follows

zR
zA

=
1√

1− r2AR

r2A
+ 2 rRrAR

r2A
cosβ

= δ (10)

where δ = 1/

√
1− r2AR

r2A
+ 2 rRrAR

r2A
cosβ. Notice the

value of β can be 0 ≤ β ≤ π/2. This equation represents
the relative gravitational-red-shift between two points A
and R in a weak gravitational field.

For the case β = π/2. The relative gravitational red-
shift will be given by

zR
zA

=
1√

1− ( rAR

rA
)2

(11)

This relation says the relative gravitational red-shift
is always bounded by the distance of the point which is
distant from the black hole which in this case the point
A. This form an invariant boundary on the measured rel-
ative gravitational-red-shift which is determined by the
distance from the black hole. Notice the similarity be-
tween δ factor in Eq. (11) and gamma factor in special

relativity γ =
√

1− v2/c2, where v is the relative veloc-
ity. This means in this special case, when β = π/2, the
gamma factor of special relativity emerges as a ratio be-
tween the gravitational red-shift at A and red-shift at R
for the one observer. The one observer moves from one
slice to slice, which is the reason for velocity ratios turned
to be lengths ratios in this gamma factor in Eq. (11). The
ratio r2AR/rA

2 can be considered as a geometric interpre-
tation of the ratio v2/c2 which can be realized by Rindler
observer between two different slices of the space-time.

We notice here that the comparison between the fac-
tors r2AR/rA

2 and v2/c2 make a correspondence between
rAR and v on one side and a correspondence between
rA

2 and c2 on the other side. It is logical that relative
speed between A and R is related to the distance be-
tween them. But we found an interesting result for the
One observer that speed of light will be varying as he
moves close or far from the gravitational source or black
hole. This would suggest that speed of light decreases in
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strong gravity field and increases as the observer moves
far from the source. This would support the approach of
time varying speed of light as a solution of cosmological
puzzles that was suggested in [8].

To understand the effect of other values of angle β in
weak gravitational field, we consider an approximation
which is rAR << rA, rAR << rR. In that case, the delta
factor in Eq. (10) is approximated as following

δ ≈ 1− rRrAR

r2A
cosβ (12)

It is found that this equation matches with the derivative
of Kepler equation.

dM

dE
= 1− e cosE (13)

where M is the mean anomaly, E is the eccentric
anomaly, and e is the eccentricity. In our approximation,
the eccentricity e is approximately equal to rRrAR/r

2
A,

and E refers to the angle β. This match was expected,
because we study the change in relative gravitational field
in slice by slice of the space-time, and the derivative of
Kepler equation represents the change of gravity in a seg-
ment by segment of the space. This once again give a
geometric interpretation of Kepler equation from the rel-
ative gravitational red-shift.

Let us now focus on the general relative relation be-
tween gravitational red-shifts at any distance from the
black hole, which gives the strong gravity case.

B. strong gravity case

By using Eq.(8), the relative relation between gravita-
tional red-shift at A and R are as following:

zR
zA

=
(1− rs

rR
)−1/2 − 1

(1− rs
rA

)−1/2 − 1
(14)

This relation can be computed for any two points, and
it gives a wide spectrum of measurements of relative grav-
itational red-shifts in strong gravity field. Notice here
that the distance between A and R through the trian-
gle relation between A, R and the black hole K. In
strong gravity field, the triangle will not be perfectly Eu-
clidean but can be computed for every kind of measure-
ment by knowing the length of this triangle and apply it
in Eq.(14).

IV. DIFFERENCE IN GRAVITATIONAL
RED-SHIFT

In this section, we compute how Rindler observer mea-
sures the difference in gravitational red-shift. Let us

make our computations in the case of weak gravitational
red-shift

∆z = zR − zA =
rs

2rR
− rs

2rA
(15)

We assume an approximation as folliwng rA = rR + x,
where x << rA and x << rR.

In that case, Eq. (15) will be rewritten as follows. We
use the value of Schwarzschild radius rs = 2GM/c2

∆z c2 = GM
x

r2R
(16)

where G, is the gravitational constant, M , is the black
hole mass and c is the speed of light. We find that Eq.
(16) can be arranged to take the following form

∆z M c2 == ∆Mc2 = GM2 x

r2R
(17)

where ∆M = ∆z M . ∆M represents the emergence of
mass as the observer moves between two different slices.
This would give a geometric representation for relativistic
relation mc2 in terms of the distances of the different
points to the black hole. We want to understand the
physical meaning of the factor GM2 in r.h.s of Eq. (17).
When we look at Bekenstein-Hawking entropy equation

SBH =
c3A

4G~
=

4π

c~
GM2 (18)

where A = 16π(GM/c2)2 stands for surface area of a
black hole. We found that the factor GM2 in r.h.s of Eq.
(17) between any two different points can be expressed
in terms of black hole entropy as follows

∆z M c2 = ∆Mc2 =
c~
4π

x

r2R
SBH (19)

This relation can be rewritten as follows

∆M = 2.79927514× 10−44 × x

r2R
SBH (20)

This relation may establish a connection between the
concept of measured mass by the One observer as he
moves between two different slices and and black hole
entropy when the one observer measures the mass in a
slice by slice. Note the relation that connect the mea-
sured mass with the entropy is a geometric relation that
depends on the factor (x/r2R).

We notice that the difference in gravitational red-shift
implies an emergence of mass. It is experimentally proved
that the difference in gravitational potential has an effect
on the apparent weight of the 14.4-keV ray of Iron (Fe) [6,
7]. This may be an experimental support for the derived
relation that connect the difference in gravitational red-
shift and emergence of mass in this section.
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V. LOCALITY FOR THE ONE OBSERVER

We notice that the one observer measures relative mea-
surements in terms of the ratio of gravitational red-shift
at two different points and in terms of the difference
in gravitational red-shift between two different points.
These two kind of local measurements vanishes only when
the One observer moves through slices on a perfect sphere
around the black hole, in which he measures no relative
gravitational red shift and the difference will be zero.
This means the One observer only perform local mea-
surements as far as he moves between different slices at
different distances from the black hole. For slices on the
perfect spheres, no local measurements can be computed.
He only can measure the gravitational red-shift which is
a property of general covariance at each perfect sphere
around the black hole. This implies that locality is re-
lated to measuring relative gravitational red-shift. This
may explain why special relativity inertial frames holds
only locally .

VI. ONE OBSERVER AT rA = rR

When the one observer moves through slices on the
same perfect sphere around the black hole, it gives no
relative gravitational-red-shift. In that case, we find that

zA = zR (21)

In that specific state, there is no any relative gravita-
tional red-shift between the two points A and R. In this
case, patterns of spheres are created through. It gives
only an absolute measurement of gravitational red-shift
over that sphere. These spheres does have internal sym-
metry that is independent from its position to the black
hole. Note here that the difference in gravitational red-
shift on the same sphere is equal to zero and therefore the

mass, which implies that ∆z = 0 and ∆M = ∆zM = 0
which explains why the light is mass-less from geometric
interpretation.

VII. TIME AS A CONTINUUM CHANGE

The continuum of relative measurements of relative
gravitational red-shift implies relative time counts only
when the two points A and R exist at “two” different
distances from the black hole. relative time seems to be
a rule of “two”. The observer can measure a change in
the space while dragging the frame from a slice to an-
other. Those dragging process is what creates the feeling
of causality between events in the former slice and those
in the subsequent slice.

VIII. CONCLUSIONS

In this paper, we investigate how Rindler observer
in ADM formalism make measurements in the slices of
space-time. We found that the Rindler observer in ADM
formalism restores the compatibility between the inertial
privileged frames and relative space of general relativity,
at least slice by slice. We determined the relative or lo-
cal measurements that One observer could make in each
slice of the space-time, and we found a geometric inter-
pretation of speed of light and the mass. Besides, we
found that when the one observer moves through slices
on a perfect sphere around the black hole, the local mea-
surements vanishes which implies that locality is related
to relative gravitational red-shift.
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