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ABSTRACT

Conventional interpretation of the Einstein Equation has inconsistencies and contradictions, such as gravitational fields
without energy, objects crossing event-horizons, objects exceeding the speed of light, and inconsistency in scaling the
speed of light and its factors. An isotropic metric resolves such problems by attributing energy to the gravitationa field,
in the Einstein Equation. This paper discusses symmetries of an isotropic metric, including scaling of physical quanti-
ties, the Lorentz transformation, covariant derivatives, and stress-energy tensors, and transitivity of this scaling be-
tween inertial reference frames. Force, charge, Planck’s constant, and the fine structure constant remain invariant under
isotropic gravitational scaling. Gravitational scattering, orbital period, and precession distinguish between isotropic and
Schwarzschild metrics. An isotropic metric accommodates quantum mechanics and improves models of black-holes.
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1. Introduction

The present interpretation of the Einstein Equation
G" =8rGT*" in genera relativity has troubling in-
consistencies and contradictions, such as violation of
semiclassical locality, quantum unitarity, time reversi-
bility, and energy conservation [1]. For example, when
an object crosses a Swarzschild black-hole’'s event-ho-
rizon, it attains the speed of light, giving the object
unbounded energy for nearby observers. Apparently,
conservation of energy must be grossly violated, at least
for local observers near the event-horizon. Since the
Einstein Equation explicitly conserves energy, then the
Einstein Equation must not work for local observers.
Conventionally, one assumes that the Einstein Equation
works only for distant observers, but by their location
within the massive cosmos, al physica observers are
local observers. So, the present interpretation of the Ein-
stein Equation does not work for any physical observer.
Moreover, a rotating black-hole can have a naked sin-
gularity, resulting in contradictions of time-travel [2].
Since the conventional model of a black-hole predicts
objects to enter a region where the model no longer
makes sense, then something must be lacking from the
model.

Since the Einstein Equation is designed to conserve
energy, the failure to conserve energy must involve
application of the equation, such as the failure to account
for the energy density of the gravitational field. When
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one assembles electric charges on a sphere, one applies a
force through a distance on the charges, and thus puts
energy into the electric field. For gravity, ordinary mass
plays the role of charge. When one assembles a sphere of
mass, energy is released. So, a gravitational field should
have negative energy density. The Einstein Equation
equates GV, which is a contraction of the curvature
tensor for space-time, to T*", which is the local energy
and momentum density. The fact that the conventional
Schwarzschild metric for a black-hole is derived by
solving the differential equations for G** =0 for all
regions around the singularity, implies that the gravita-
tional fields have no energy nor momentum.

The resulting Schwarzschild metric for a black-hole is
anisotropic: While objects in the gravitational well ook
shorter in a radial direction, their azimuthal dimensions
remain unaffected, as viewed by a remote observer. Then,
the speed of light is also anisotropic, and one cannot
consistently scale mass and energy, and complications
arise in reconciling gravity with quantum mechanics.
These contradictions and inconsistencies should inspire
usto consider a different metric.

2. Isotropic Metric

An isotropic metric with the scaling for time reciproca
that for space, yields a distance differential dz , interms
of adistant observer's coordinates (r',t'):
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dr? = Cngz -
g

The speed of light as seen from a distance, c', in
terms of that locally, c,is
¢'=AX/At' =(A%/g)/(9At) =c/g® , which means that
since g>1, light in a gravitational well moves more
dowly. As a result, a gravitational field deflects light.
Therefore, this metric is not “conformally flat”. Because
the metric is isotropic, objects no longer cross event-
horizons. For example, one can see that in the orbit Equ-
ation (1.44) below, for a spherically symmetric potential,
' isbounded.

In matrix form for spherical coordinates, this isotropic
metric is

g2dr’2. (L1)

-g° 0 0 0
0 -—g*”? 0
L= , 12
i 0 0 -g¢g’?sné®> 0 2
0 0 0 c?/g?
so that the length differential
dr? =g, d&lde (1.3)

is that in Equation (1.1). The G* term of the Einstein
Tensor equals the total energy density. For an isotropic
metric, it has two terms, one that has the form of acharge
density, and the other that has the form of an energy
density of afield [3]:

G*=_g? (2v2vG +(VVG)2), (14)

where V; =—-Ing isthe gravitational potentia in terms
of scale factor g . One should ascribe the energy density
of ordinary matter to the first term of the Einstein Tensor,
and the energy density of the gravitational field to the
second term. In the course of deriving this form, one
finds that the metric scales momentum-energy like it
scales space-time. Mass differential

dm?c* = g’dE" - dp'? ¢?/ g? (1.5)

corresponds to distance differential dz® in Equation (1.1)
above.

Explicit inclusion of factors of ¢ helpsto verify scaling
factors of g in these equations. Unlike the isotropic
metric in Equation (1.1), isotropic metrics rejected in the
past were conformally flat. They also did not include the
corresponding relation (1.5) for momentum and energy,
nor the energy of gravitational fields in the Einstein
Tensor (1.4). While the same isotropic metric by Yilmaz
[4] has an implicit globally preferred reference frame due
to flawed assumptions ancillary to the form of the metric,
the gravitational fields for the metric here have rest
frames that vary from point to point, as shown in Equ-
ation (1.21) below. Such rest frames are consistent with
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frame-dragging. The “Parameterized Post-Newtonian”
(PPN) parameters for equation (0.1) as defined on pp.
1084-1085 of Gravitation [5] are p=3/2. y=1,
¢=0, n=0, =1, =1, p=1, p,=1,

A =87, A,=0, ¢,=0, a,=-1, a,=0. The non-
zerovaluefor «, isconsistent with the existence of rest
frames, although thereis no globally preferred frame.

For a point source without rotation, metric scaling [3]

g=1+GM/rc?. (1.6)

Since this scaling appears in the metric as
0.=0,=0,=9"=9%, it is the same as Schwarzs-
child metric g, =g" =1/(1-2GM/rc?) to first order
in the gravitational constant G, but differs greatly in the
strong field limit. For example, the event-horizon is at
r=0 for an isotropic metric. So, one must look at
strong gravitational fields to distinguish between them.

3. Scaling of Physical Quantities

It would help to consider scaling of physical quantities,
to avoid blunders in gravitational scaling, and to identify
those quantities that are invariant. Suppose a loca ob-
server in a gravitational field measures the distance be-
tween events, and a remote observer externa to the
gravitational field measures the distance between the
same two events. In local coordinates,

dr? =cdt® —dr?, (1.7
while in remote coordinates,
dr'? =c?dt’? —dr'. (1.8)

In terms of remote coordinates, dr = gdr’ and

dt =dt’/g . These substitutions into Equation (1.7) give
the distance differential (1.1) from which one may infer
the metric tensor, and calculate the affine connection and
Einstein Tensor. Substitution ¢’ = c/ g? into Equation
(1.1) yields 72 = g®dz'?, which shows that scaling is
transitive for successive reference frames:

dr, = g,d7; = 9,9,d7,, (1.9

Scale factor g grows to values greater than one,
toward an attractive gravitational potential Vg =—-In(g).
So, dr'=dr/g showsthat, as seen by aremote observer,
an object in a gravitational well is shorter. For time,
di'=gdt ; energy, E'=E/g; momentum, p'=gp;
energy density u'=g?; and mass, m =g°m. Force
and angular momentum are invariant. So, all observers
agreeon thevalueof 7.

The gravitational constant scales as G'=g°G. To
change the scaling of a physical quantity, one can mul-
tiply by powers of c':c/ g? . For example, the di-
mensionless quantity in g,

o _(o°0)(g'n)

e (o) (o )

(1.10)

=Ven
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is invariant under scaling. By redistributing powers of c,
Gc™ is invariant under scaling, and mc’? =mc?/g
scales like energy.

To preserve the symmetry of the Helmholtz-Maxwell
Equations, the electric permittivity e and magnetic per-
meability x scalethe sameway. Then

pe =Yc?=g*/c? = g ue, (112)

shows €' = g% and u'=g°u.Energy density of an eec-
tromagnetic field,

g2uzur:E/E/2+lu/B/2
:(926)E72+(92ﬂ) BIZ
shows that E'=E and B'=B. Also, E =q/4ner?

shows that electric charge g, and fine structure constant
a =q°[4nehc areinvariant.

(1.12)

4. Scaling in a Lorentz Transformation

Although the metric is Lorentz invariant in the local
reference frame, where scaling g =1, it is not Lorentz
invariant for all observers. With proper choice of coor-
dinates, a Lorentz transformation of avector A" is

y 0 0 p/c\(A
v 0O 10 O 2
7 A _98 e A . (1.13)
“ 0" 0 01 o || A
wjc 00 y JIA
where the Lorentz scaling is
12 4 2 \7Y2
(1—()-} [ 90‘2’ j . (1.14)

To simplify display in the rest of this section, dimen-
sions not affected by a L orentz transformation will not be
displayed. Then a Lorentz transformation and its inverse

are
e R

y[—vl/c _Z/Cj[i‘l‘}

While the metric is not Lorentz invariant for all ob-
servers, the length differential is, when written in the
form

de? =deg*Tg, dev = (dx cdt)(_o1 2][:;} (1.17)

Insertion of the Lorentz transformation and its inverse
showsthe Lorentz invariance of the length differential,

de? = dey (1) g, (#2) - rlde,

(1.15)

(1.16)

(1.18)
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where yi, y5, y/,and y/ areall the same Lorentz
transformation. Then the Lorentz transformed metric

e Mo e T 0

is Lorentz invariant. But, in remote coordinates, Equation
(1.17) becomes,

—(gdx cdt’/ 9)(_01 (1))@??9}
= (o’ cdt’)[_gz gg)(:dxt"j’

where in the last step, the scaling transfers from the coor-
dinates to the metric tensor. Insertion of a Lorentz trans-
formation and its inverse, in remote coordinates, shows
that the Lorentz transformed metric is

(1.20)

’

(S

L -g¥/c\(-g> O
e g?v'/c 1 0 g?

(1 -gv/ (1.21)
-g¥/jc 1

-g*(1-v?/¢*) (g -1v/c
(o'-Yv/c  g?-g*v?/c

yielding a length differential in expected form in remote
coordinates,

dr? =devg’

2

de” (1.22)

uv
it g(ax +vdt’
:dg yTg#"]/ v( 3 !)
cdt’/g - g°xV'/c
_ _QZdX/Z +C2dt12/92 — g2 dé:yfg”vdgv.

Under a Lorentz transformation, the metric loses its
isotropy, and acquires off-diagonal terms. Diagonaliza-
tion generates the Lorentz transformation back to the
local rest frame of the gravitational field, where the me-
tric scaling factor g appearslike an eigenvalue.

5. Scalingin Stress Tensors

Covariant differentiation of vector Ay ,

A, =K, -T A (1.23)
takes into account both the change in A, in AM , and
an additional apparent transformation of in the

curved space, in T’ W'Ax" where the Christoffel symbol
for the affine connection is

1
ﬁo‘ :Egﬂk(gpk ‘o +g0k’p _gpo-'k)' (124)
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For example, the covariant derivative in the y-direction
of avector along the x-directionis A, is

AL:y’ = A,cy’ _riyAL _F)X/VA\"
=Ry =9y A/9-9. A /9,
If one divides through by g?,
AZ;V’/gz
=K, /9*+(Y9), A/g+(¥Y9), A/9,

then the equation takes a form where the terms are scaled
to the local observer’s coordinates, plus arotation:

A«y = A(,y +(]/g)x A\/ (1.27)

So, covariant differentiation implicitly accounts for
scaling.

Since, in the Dirac Equation, the electromagnetic vec-
tor potential couples to fermion momentum and energy,
asin (p,-0gA,), and since charge q is unaffected by
scaling, then each component of the vector potential
should scale like the operator to which it couples. For
example, A =gA scales like momentum. The elec-
tromagnetic field tensor in covariant form

(1.25)

(1.26)

Fo=An AL (1.28)
contravariant form,
F =g A, —g"A (1.29)
and mixed form
F/'=9"F,, (1.30)
all appear in the electromagnetic stress tensor
M“ :T;(Q”VFPGFMM— FAF?).  (131)

If a gravitational field is present, then one should use
covariant differentiation, to account for curved space. As
shown above, covariant differentiation also accounts for
scaling.

F#v = A,UJV - Aﬂ;v
k k
= Ay,v _F/JVA( - Av,y +FvyA<
= Au,l/ _A/,,u'

To preserve the symmetry of Equation (1.28), which
suppresses factors of ¢, and to keep scaling consistent
for the two terms of F_:, one can require A, to couple
to E'/c’=gE/c, instead of the energy operator E
alone, so that all components of the vector potential scale
like momentum. In the same way, any other derivative
with respect to time should be divided by a factor of c,
to scale it like derivatives with respect to space. Then,
gW:g2 and g*" =g for al diagonal components

(1.32)
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of the metric. Since, A, scales like momentum, then
A =gA, and F, =g°F, . Likewise since

A* =A'/g, then F* =F*,and F*' =F*"/g®. One
should expect M*" to scale like an energy density
u'=g°u. The scaling for the forms of F,, suggest that
M*“" scades as M*' = M“”/g2 . The implicit factors,
which are the permitivity ¢ and permeability ., scale
as ¢ =g, as shown above in Equation (1.11). There-
fore, to get the expected scaling for M“", one should

also divide by afactor of ¢'=c/g?.

6. Orbit Equation for an | sotropic Metric

Recently, long-lived stars have been found orbiting the
black-hole in the center of the Milky Way galaxy, in
unexpectedly small orbits [6,7]. Measurement of the
precession of orbits might make it possible to distinguish
between a Schwarzschild metric and an isotropic metric,
especiadly if one can observe an orbit smaller than the
Schwarzschild radius. Furthermore, for an isotropic me-
tric, non-decaying orbits exist at al distances from a
black-hole.
Asusual, equations of motion are
2 P o
O:d 52 +1—~,uo df dé: .
dr 7 dr dr
For & =t" inEquation (1.33),
o_ﬂ_ g, dt’dr’
dr? g drdr’
Integration yields a constant of motion
1 dt’

== 1.35
o dr (1.35)

(1.33)

(1.34)

This scaling might seem to contradict dt'/dz oc g
evident in (1.1), but the scaling in (1.35) describes a
curved orbit, while that in (1.1) describes a straight-line
distance. From (1.1),

dr ¢ dr’? c
Pt s swr it
a’ g c'“dt gy

Substitution of this dz/dt’ into (1.35) shows that
along an orhit,

(1.36)

¥ =gck.. (2.37)
Specia and genera relativistic effects have the same
magnitude. The orbiter’s energy and the remote obser-
ver's metric determine constant of motion Kk, .
Application of Equation (1.33) to &“=¢=¢", the
polar angle, yields

2 ’
OZMJ'_Z i_}_& %d_r
r' g )drdr

+200t6'g—¢d—6.

(1.39)

T At
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With choice of coordinates such that coté =0, this
equation integrates to a constant of motion that is the an-
gular momentum,

!2% — g2r!2 d_¢,d_t — Kg4r/2¢!
dr dt’ dr

Again, scaling for this congtant is reconciled to in-
variant angular momentum,

Lv _ rrp;; — mlyrv2¢! — g3m7/r12¢'$!’

by substitution y = gck, . While all observers agree on
the angular momentum of a particle, the contribution of
the particle to the total angular momentum varies over its
orbit, since its rest mass does not change while it tra-
verses different values of the metric.

For &“=r" inEquation (1.33),

2.1 2
09T —[r’+r'2£jsin92[d—ﬂ
g

k, = g°r (1.39)

(1.40)

dz? dr
o @ PR (1.42)
S(5T-+5(8)
g \dr g \dr
which reduces to
2.1 , k
g rz :[1+r’g;r] 4¢'3
r
v ? /9 (1.42)
_ g,r’ [d_r\J + ktg,l" )
g \dr g
Integration of this equation gives
(&) () (5
dr dt’ dr
2 (1.43)
- k2 — g-z _ktzg—ir'z’
where
L, 1 k?
e e 49

which is an expansion of Equation (1.37), y =gck, . At
sufficiently small r’, the negative terms of Equation
(1.44) make r>=0. Unlike the Schwarzschild metric,
stable orbits exist at al radii for an isotropic metric.
Multiplication of Equation (1.43) by myc? /2 gives an
effective potential in the Newtonian approximation.

m,c* (dr’j2 _yimpet gl

2 \dr 2mc®  2myg'r’”®
E2 CZ GIM!
zz%cz_%z +=20 (g 45
2 M
2n,.|0r72 n.bCZrIS
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to first order in G’ . The last term comes from the har-
monic expansion

! ’ -1
g'= (1+ %) =(1+e)"

=l-e+e®— 4o
Expansion (1.45) first differs from that for a Schwarzs-
child metric in the factor of two on the last term. So,
correction to the orbital period for an isotropic metric is
twice that for a Schwarzschild metric. Since,

L=Wbr’2¢,

(1.46)

7 12 ma'
GMm, v ¢[1—4C?',\f j+ (147)
r 2 r'e
which then yields
13 ' '
125" [ _4GM j (148)
2G'M’ r'c

The ratio ¢/f'=dg/dr’ from Equations (1.39) and
(1.44) gives the orbit equation
i: r’z\/ktzczg4 _g_z_i
d¢ kj k; re.
With expansionto K'? of powers of
g=1+K'/r'=1+GM'/r'c’® , Equation (1.49) becomes
N2 2.2 2
G
r'*\ d¢ ki ki rk;

1 ( 10K12 2C2 K!ZJ
- U N

12 2 2 )
r k¢ k¢

(1.49)

(1.50)

For the Newtonian approximation,
Jr'= A+Bcos(D¢), where A, B,and D=1+¢, are
constants to be determined,

Comparison of the above two equations shows that
D~1-9K?/2k? . The precession 9K'?/2k? is 50%
larger than that given for a Schwarzschild metric. The
comparison would be complicated by rotation of the
gravitational field.

For scattering, 1/r'~0. For a massless particle at this
limit, k =y/gc=y,/c, becausegisone; and
K, = kg'r?g = yoriv, = Yoko/mc=L/mgc , where 1,
isthe impact parameter and v, istheinitial speed. For a
small deflection, in thislimit, 5¢~ 2|sing).

(4y§—2)|<’

\/(yg—l)k;+(27§—1)2 K2

' 211 ' ! 2
Ak 2}/02K _AK 2( K’ ]
k, k; r r

2sing =

(1.52)
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for an isotropic metric, versus

4K’ 2( K’
- 1_|__ —_ 4.
r 3(r,

for a Schwarzschild metric.

(1.53)

7. Inconsistency for a Schwar zschild Metric

The Schwarzschild metric has inherent inconsistencies,
mostly due to neglecting to scale the speed of light. For
the Schwarzschild metric,

dr? = g.dt”

1.54

—(dr'z/gs+r’2d02+r’zsin92d¢2)/c2. (1.54)

As dready explained, primed quantities are distant

measures, while unprimed are local measures. For a point
source, the Schwarzschild metric scaling

g.=1-2G'M'/r'c?, (1.55)

where ¢ is one. The standard interpretation assumes
that all observers agree on the metric. Therefore

GM'/r'=GM/r. (1.56)

To relate the gravitational potential energy of a system,
as measured locally, to that measured remotely, Suppose,
as an ansatz, that energy scales as

E=g"E, (1.57)
where n isyet to be determined. Then
mc® = gim’c’. (1.58)
With the scaling for ¢ for radial motion,
dr g ¥dr’ .
=—===-—=cg,. 1.59
ot o 9 (1.59)
With scaling for ¢ for azimuthal motion,
_rdg _ rde PR (1.60)

Codt gt 9
Substitution for ¢’ into Equation (1.58), from Equ-
ation (1.59) yields

mc? = gl ?mic?. (1.61)

Then substitution into Equation (1.56) shows that gra-
vitational potential energy scales as
GMm GMm . ,GMmM
r r' s ro
The scaling of this gravitational energy contradicts that
in Equation (1.57). The scaling for ¢ in Equation (1.60)

(1.62)
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has the same problem. Therefore the Schwarzschild me-
tric implies a preferred remote frame of reference in
which physics is self-consistent; one cannot use poten-
tials to conserve momentum and energy in any physical
reference frame. In contrast, an isotropic metric has self-
consistency across all inertial frames of reference, as
shown by Equation (1.9).

8. Conclusion

That an isotropic metric accounts for the energy of a
gravitational field, should be sufficient reason to adopt an
isotropic metric over a Schwarzschild metric. Further
reason is provided by the symmetries of scaling for an
isotropic metric, such as that between the length differen-
tial and the mass-energy-momentum equation. The in-
variance under isotropic scaling of force, angular mo-
mentum, electric field, electric charge, and fine structure
constant provide consistency of genera relativity with
both quantum mechanics and electromagnetism. Orbits
no longer cross event horizons. Inconsistencies in scaling
for a Schwarzschild metric make the Schwarzschild met-
ric untenable, necessitating adoption of the isotropic
metric.
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