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Gravitational Energy is missing

▶ Gravitational Energy is the ’self energy’ of gravity.

▶ It is simply not in the Einstein Equations.

▶ MTW 20.4 (after paragraphs of arm flapping calm
explanation):

▶ MTW bibliography has 500 - 1000 authors noted, but not a
single mention of Noether!

▶ Haro’s Noether’s Theorems and Energy in General
Relativity [5] is excellent.



but... next paragraph in MTW

▶ Gravitational field energy does exist, though

▶ MTW 20.4 again:

▶ Scale: over 2TW of gravitational wave power passes through
the Earth during a big LIGO event. (50mg of mass over a few
seconds.)

▶ Perhaps the very limited effect of gravitational self energy
helped Einstein just ship the equations in 1916. (No strong
gravity known in nature.)



Thus the Einstein Equations are incomplete
Haro writes:[5]

Noether herself took her theorems to confirm Hilbert’s
view that there is no proper energy conservation law in
general relativity.

▶ Incomplete in much the same way defined in the EPR
paper[4].

...the following requirement for a complete theory
seems to be a necessary one: every element of the physical
reality must have a counter part in the physical theory.

▶ And yet gravitational self energy is an element of reality.

▶ This energy is not in the Einstein Equations.

▶ Current practice is to plop the energy onto the right side on
an ad hoc case by case basis.

▶ This is a problem (at least to me).



Quasi Local Energy

Pseudo Tensors

▶ Even after it became common knowledge that pseudo tensors
like Einstein’s tµν are not covariant, people worked on different
versions of them. They are interesting.

Then came Quasi local energy.

▶ Penrose introduces the concept in 1982[5]

▶ Matches the spirit of the 1973 MTW quotes above.

▶ Gravitational self energy defined only as an amount inside a
boundary.

▶ Example: ADM mass.

▶ Brown - York[2] quasi local energy often used.

▶ I will use Brown York quasi local energy.



Proposal: Remove the word ’quasi’

The idea here is to assume that the quasi local energy is not
’quasi’, it’s real, localized energy. The (likely only) way to do this
is by admitting a preferred global frame (think CMB) in which this
self energy is conserved. Once this energy is local and real, general
relativity can easily ’see’ it. Let the back reaction begin.

▶ Einstein equations are unchanged, unless one is concerned
with energy conservation of the gravitational field itself. (cf.
the 50mg for a LIGO event.)

▶ If one is trying to balance the energy books, covariance is lost.

▶ (self) Energy conservation introduces a term in the equations.

▶ Q(F ) is the self energy. A modified gravity.

Rµν −
1

2
gµνR − Q(F ) = 8πGTµν . (1)



Example: The ’black’ hole

As a concrete example, I will build a Schwarzschild like solution
that includes this realized ’non - quasi’ local energy: curved
vacuum spacetime now has mass. The expression for quasilocal
energy density is, in the Schwarzschild solution in isotropic
coordinates[2][3] (G = c = 1):

Edensity =
1

8π

[
m

r2(1 +m/2r)3

]2
. (2)

Which simplifies in the limit r ≫ m

Edensity =
m2

8πr4
. (3)



Example: The ’black’ hole - cont.

This now local energy now contributes to mass, so the mass
enclosed within a given radius, defined as m(r), is, due to
Birkhoff’s theorem, less than M, the distant or ADM total mass:

m(r) ≤ M. (4)

To obtain the mass function m(r): we start at a distant point,
where m(r) = M then walk in, dropping some energy as per the
energy density equation above from the ‘Birkhoff mass at r’ into
the gravitational field at every step, thus allowing the newly built
gravitational field to have a source of energy. A python script.

The mass function that turns out to work is, in isotropic
coordinates:

m(r) = M −M/(1 + 2r/M). (5)



Example: The ’black’ hole - cont.

The line element (still in isotropic coords):

ds2 =
−r2

(M + r)2
dt2 +

16(M + r)4

(M + 2r)4
(dr2 + r2dθ2 + r2sin2(θ)dϕ2).

(6)

▶ No singularity.

▶ Time stops at r = 0.

▶ Space terms independent of mass at r = 0.



Example: The ’black’ hole - cont.

Figure: Mass function m(r) in isotropic coordinates. The mass enclosed
at every radius is below the horizon radius for that mass (shaded area),
so there is no event horizon. The object would look much like a black
hole astrophysically.



Monopole Waves

▶ Flat space inner zone.

▶ Outer zone is Schwarzchild.

▶ Middle zone is wave zone.

▶ So not enough energy globally.

▶ Wave has to be moving, mo(r) + Newton KE mo(r)v
2/2

Solving for v we get

v = 2

√
r

M
. (7)



Monopole Waves - 2

▶ Many modified gravities have monopole waves.

▶ Superluminal.

▶ Speed is from the global potential.

▶ Speed at Earth’s radius from Sun:

vsun = 2

√
1.58e8km

2.9km
≈ 15000c. (8)

▶ Same concept as tsunami.

▶ Tsunami wave speed
√
depth.

▶ Tsunami are shallow waves - they feel the depth.



Summary

▶ ‘Black’ holes changed (≈twice as big).

▶ Solar system dynamics not changed much. (100m)
▶ Covariance

▶ Satisfied except for GR energy conservation.
▶ Implies a Lorentz - Poincaré interpretation of special relativity.
▶ 3 + 1 formulation makes sense.
▶ Might be a good approximation, since masses in the universe

are slow.

▶ Space time self energy given by global energy density

▶ approximately: Edensity = Σ
m2

i

8πr4i

▶ Fixes confusion on gravitational energy in the Schwarzschild
Soln
▶ Penrose found the energy to be within the horizon.
▶ Brown-York have it outside the horizon.
▶ Here the energy is unambiguous.



Thanks
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