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Talk:
General relativity is linear in the HIP time derivatives pgu.org

You can quantize gravity, space, and time using undergraduate math, if you know one
crucial fact: general relativity is linear in the HIP time derivatives.

This first slide describes the HIP time derivatives. In the following slides, we solve general
relativity for the HIP time derivatives using simple linear algebra. Then, we use some
calculus facts about derivatives to exactly embed general relativity into absolute space
and time, which enables us to quantize gravity, space, and time.

The symmetric metric tensor gαβ in 4x4 matrix format (showing the ten independent
elements and omitting the redundant symmetric elements) is:

gαβ =




g00
g10 g11
g20 g21 g22
g30 g31 g32 g33


. (1)

The four spacetime coordinates in general relativity are x0, x1, x2, and x3. Using x0 as
the time coordinate, the highest-order independent pure (HIP) time derivatives are:

Dαβ =




∂0g00
∂0g10 ∂2

00g11
∂0g20 ∂2

00g21 ∂2
00g22

∂0g30 ∂2
00g31 ∂2

00g32 ∂2
00g33


, where ∂0g00 =

∂g00
∂x0

, etc. (2)

The highest-order derivatives of g00, g10, g20, g30 are only 1st order because general
relativity does not use the 2nd order pure time derivatives of g00, g10, g20, and g30.

Start from Einstein’s equation pgu.org

To solve general relativity for the HIP time derivatives, start from Einstein’s equation:

Rαβ − 1
2
gαβR = (8πK/c4)Tαβ . (3)

Rαβ is the Ricci tensor, gαβ is the symmetric metric tensor, R is the Ricci scalar, K is the
gravitational constant, c is the speed of light, and Tαβ is the energy-momentum-stress
tensor. Tαβ is where electromagnetism lives.

To simplify notation, define Gαβ to be the left hand side of Einstein’s equation, and
define Uαβ to be the right hand side:

Gαβ = Rαβ − 1

2
gαβR, Uαβ = (8πK/c4)Tαβ . (4)

Substituting into Equation (3) gives the simplified Einstein equation:

Gαβ = Uαβ . (5)

We can give labels to each element of Gαβ and Uαβ , then display them in 4x4 matrix
format as:

Gαβ =




G00

G10 G11

G20 G21 G22

G30 G31 G32 G33


, Uαβ =




U00

U10 U11

U20 U21 U22

U30 U31 U32 U33


. (6)

Pack the symmetric 4x4 matrices into 10-vectors pgu.org

Dαβ , Gαβ , and Uαβ are symmetric, so instead of 16 independent elements, each has only
ten independent elements. Put the ten independent elements into 10-vectors d, g, and u:

Dαβ → d =




∂0g00
∂0g10
∂0g20
∂0g30
∂2
00g11

∂2
00g22

∂2
00g33

∂2
00g21

∂2
00g31

∂2
00g32




, Gαβ → g =




G00

G10

G20

G30

G11

G22

G33

G21

G31

G32




, Uαβ → u =




U00

U10

U20

U30

U11

U22

U33

U21

U31

U32




. (7)

Substitute g and u into the simplified Einstein equation Gαβ = Uαβ to get the vector
Einstein equation:

g = u. (8)

Solve for the HIP time derivatives pgu.org

The linearity of general relativity in the HIP time derivatives d means that g and u can be
written as linear equations in d:

g = Md+m, u = Nd+ n, (9)

where M and N are 10x10 matrices, and m and n are 10-vectors. Plug these expressions
for g and u into the vector Einstein equation g = u:

Md+m = Nd+ n. (10)

Use linear algebra to solve for the HIP time derivatives d:

d = (M−N)−1(n−m) (11)

Let i be the 10-vector of interaction terms on the right side:

i = (M−N)−1(n−m). (12)

Substitute i into (11) to get the solved Einstein’s equation:

d = i. (13)

Unpack the 10-vectors into symmetric 4x4 matrices pgu.org

Unpack the 10-vectors of HIP time derivatives d and interaction terms i into symmetric
4x4 matrices D and I, then relabel the elements and write them in block matrix form:

D =




∂0g00

∂0g10 ∂2
00g11

∂0g20 ∂2
00g21 ∂2

00g22

∂0g30 ∂2
00g31 ∂2

00g32 ∂2
00g33



=




∂0g

∂0w1 ∂2
00S11

∂0w2 ∂2
00S21 ∂2

00S22

∂0w3 ∂2
00S31 ∂2

00S32 ∂2
00S33



=

[
∂0g

∂0w ∂2
00S

]
,

(14)

I =




i0
i1 i4
i2 i7 i5
i3 i8 i9 i6


=




gi
wi1 Si11

wi2 Si21 Si22

wi3 Si31 Si32 Si33


=

[
gi
wi Si

]
. (15)

Equate corresponding blocks in D and I to get the unpacked Einstein equations:

∂0g = gi, ∂0w = wi, ∂2
00S = Si. (16)

Set the coordinate system to absolute space and time pgu.org

Einstein’s equation is valid in any coordinate system, so set the coordinate system to
absolute space and time:

xδ = [ct, x , y , z]⊺. (17)

In absolute space and time the coordinates do not vary with respect to each other:

dxγ

dxδ
=

{
1, if γ = δ,

0, if γ ̸= δ.
(18)

All 1st partial derivatives become 1st total derivatives. To see this, use the standard
formula for total derivatives and apply (18):

dgµν

dxα
=

∂gµν

∂x0

dx0

dxα
+

∂gµν

∂x1

dx1

dxα
+

∂gµν

∂x2

dx2

dxα
+

∂gµν

∂x3

dx3

dxα
=

∂gµν

∂xα
. (19)

Similarly for all 2nd derivatives. Substitute total derivatives for all of the partial derivatives
in the unpacked Einstein equations (16) (including those inside the interaction terms gi,
wi, and Si), and substitute x0 = ct from (17), to convert the unpacked Einstein equations
into ordinary three-dimensional differential field equations, with time t as the independent
variable:

1

c

dg

dt
= gi,

1

c

dw

dt
= wi,

1

c2
d 2S

dt2
= Si. (20)

We have reached our goal; these equations exactly embed general relativity into absolute
space and time. We get exactly back to Einstein’s equation if we exactly reverse the steps
we took to get here.

Discussion pgu.org

The field equations (20) are the fundamental equations of absolute quantum gravity
(AQG). They reduce general relativity from the tensor mathematics of curved spacetime
to the scalar/vector/matrix mathematics of classical mechanics. They unite Maxwell’s
electromagnetism with Einstein’s general relativity in Newton’s absolute space and time.

The field equations (20) generate three new kinds of gravitons: scalar g gravitons, vector
w gravitons, and matrix S gravitons. g , w, and S stand for g ravitational, weak, and
Strong. The equations for the g and w gravitons go as d/dt, so they are diffusive or
Schrödinger like. The equation for the S gravitons goes as d2/dt2, so they are wavelike or
Klein-Gordon like.

The three new kinds of gravitons appear as a natural consequence of exactly embedding
general relativity into absolute space and time. Unconstrained general relativity uses
curved spacetime to transmit gravity. Constrained to absolute space and time, the three
new kinds of gravitons mathematically pop into existence to transmit gravity.

Exactly embedding general relativity into absolute space and time also makes it
straightforward to quantize space and time. Both can be quantized by using fixed step
sizes. Natural choices for the space and time steps would be the Planck distance and the
Planck time. Quantized space and time make it possible to simulate our universe.

For further discussion, including experimental evidence, see “Absolute
quantum gravity (AQG)”, preprint, 2026-03-03,
https://pgu.org/absolutequantumgravity_v1.pdf
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General relativity is linear with respect to certain subsets of the partial derivatives of the elements
of the symmetric metric tensor gαβ . We can quantize gravity, space, and time by exploiting one of
those linear subsets. The linear subset we will exploit is the subset of highest-order independent
pure (HIP) time derivatives, which is composed of the following ten partial derivatives of the ten
independent elements of gαβ with respect to the time coordinate x0: ∂0g00, ∂0g10, ∂0g20, ∂0g30,
∂2
00g11, ∂

2
00g22, ∂

2
00g33, ∂

2
00g21, ∂

2
00g31, and ∂2

00g32. We can exactly solve general relativity for the
HIP time derivatives by using ordinary linear algebra. We can then convert the partial derivatives
into total derivatives by setting the coordinate system to absolute space and time. The result is
a system of ten ordinary differential equations that exactly embed general relativity into absolute
space and time, à la classical mechanics. These ten equations split naturally into three sets of
field equations for three new kinds of gravitons. Space and time can be quantized by using fixed
step sizes. There are many consequences of absolute quantum gravity (AQG). AQG predicts a
relationship between the weak force and local angular momentum that violates the standard model.
Two experiments may have already seen this signature of AQG: He, et al.[2005,2009] and Ding,
et al.[2007,2008,2009], who measured variations in radioactive decay with respect to local angular
momentum. More experiments and more detailed calculations are needed to confirm AQG.

I. INTRODUCTION

General relativity is linear with respect to certain sub-
sets of the partial derivatives of the elements of the sym-
metric metric tensor gαβ . We can quantize gravity, space,
and time by exploiting one of those linear subsets. The
linear subset we will exploit is the subset of highest-order
independent pure (HIP) time derivatives, which is com-
posed of the following ten partial derivatives of the ten
independent elements of gαβ with respect to the time co-
ordinate x0:

∂0g00, ∂0g10, ∂0g20, ∂0g30,

∂2
00g11, ∂

2
00g22, ∂

2
00g33, ∂

2
00g21, ∂

2
00g31, ∂

2
00g32. (1)

For visual clarity, we can display both gαβ and the HIP
time derivatives in 4x4 matrix format (omitting redun-
dant symmetric elements):

gαβ =



g00
g10 g11
g20 g21 g22
g30 g31 g32 g33


, (2)

Dαβ =



∂0g00
∂0g10 ∂2

00g11
∂0g20 ∂2

00g21 ∂2
00g22

∂0g30 ∂2
00g31 ∂2

00g32 ∂2
00g33


. (3)

The use of tensor notation for Dαβ is for visual clarity
only; Dαβ is not a tensor.

We can exactly solve general relativity for the HIP time
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derivatives using ordinary linear algebra. Three proper-
ties of the HIP time derivaties that make exactly solving
general relativity both possible and useful are:

1. there are ten HIP time derivatives, so they span the
ten independent equations of general relativity.

2. general relativity is linear with respect to the HIP
time derivatives. That is, in the equations of gen-
eral relativity none of the HIP time derivatives
ever appear to any power other than the first (e.g.
there are no terms containing (∂2

00g21)
2), and no

two of the HIP time derivatives are ever multi-
plied together (e.g. there are no terms containing
∂0g00 ∂0g20).

3. the HIP time derivatives contain only the 1st order
derivatives of g00, g10, g20, and g30 because gen-
eral relativity does not use the 2nd order pure time
derivatives of g00, g10, g20, and g30.

Proofs of the last two properties are in [14]. A supple-
mental Maxima program is also provided to verify the
last two properties[16].
A possibly problematic fourth property of the HIP time

derivatives (1) is that they do not all have the same units.
Some HIP time derivatives are in units proportional to
1/x0, and others are in units proportional to 1/(x0)2.
However, that turns out to not be a problem because the
units propagate correctly through the calculations.
Just to be clear, the word linear in this paper does

not refer to any sort of linearized approximation to gen-
eral relativity, such as the post-Newtonian approxima-
tion. We use the word linear to refer to the linearity
inherent in general relativity itself. At no point in this
paper do we approximate general relativity in any way.
All of the calculations are exact.
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II. START FROM EINSTEIN’S EQUATION

To exactly embed general relativity into absolute space
and time, start from Einstein’s equation[4]:

Rαβ − 1
2 gαβR = (8πK/c4)Tαβ , (4)

where Rαβ is the Ricci tensor, gαβ is the symmetric met-
ric tensor, R is the Ricci scalar, K is the gravitational
constant, c is the speed of light, and Tαβ is the energy-
momentum-stress (EMS) tensor. Tαβ is where electro-
magnetism lives. Because the symmetric metric tensor
gαβ has ten independent elements, Einstein’s equation
represents a system of ten independent equations.

To simplify notation, define Gαβ to be the left hand
side of Einstein’s equation, and define Uαβ to be the right
hand side:

Gαβ = Rαβ − 1

2
gαβR, (5)

Uαβ = (8πK/c4)Tαβ . (6)

Gαβ is often referred to as the Einstein tensor. Substi-
tute Gαβ and Uαβ into Equation (4) to get the simplified
Einstein equation:

Gαβ = Uαβ . (7)

III. PACK THE SYMMETRIC 4X4 MATRICES
INTO 10-VECTORS

For visual clarity, give labels to the elements of the
symmetric tensors Gαβ and Uαβ , then display them in
4x4 matrix format:

Gαβ =



G00

G10 G11

G20 G21 G22

G30 G31 G32 G33


, (8)

Uαβ =



U00

U10 U11

U20 U21 U22

U30 U31 U32 U33


. (9)

Pack the elements of Dαβ (3), Gαβ , and Uαβ into 10-
vectors d, g and u, putting the elements in matching
order:

d =




∂0g00
∂0g10
∂0g20
∂0g30
∂2
00g11

∂2
00g22

∂2
00g33

∂2
00g21

∂2
00g31

∂2
00g32




, g =




G00

G10

G20

G30

G11

G22

G33

G21

G31

G32




, u =




U00

U10

U20

U30

U11

U22

U33

U21

U31

U32




. (10)

Substitute g and u into the simplified Einstein equation
(7) to get the vector Einstein equation:

g = u. (11)

IV. SOLVE FOR THE HIP TIME DERIVATIVES

The linearity of general relativity in the HIP time
derivatives d means that g and u can be written as linear
equations in d:

g = Md+m, (12)

u = Nd+ n, (13)

where M and N are 10x10 matrices, and m and n are
10-vectors. Plug these expressions for g and u into the
vector Einstein equation (11) to get:

Md+m = Nd+ n. (14)

Use linear algebra to solve for the HIP time derivatives
d:

d = (M−N)−1(n−m). (15)

Let i be the 10-vector of interaction terms on the right
side:

i = (M−N)−1(n−m). (16)

Substitute i into (15) to get the solved Einstein equation:

d = i. (17)

V. UNPACK THE 10-VECTORS INTO
SYMMETRIC 4X4 MATRICES

Unpack the 10-vectors of HIP time derivatives d and
interaction terms i into symmetric 4x4 matrices D and I,
then relabel the elements and write them in block matrix
form:

D =




∂0g00

∂0g10 ∂2
00g11

∂0g20 ∂2
00g21 ∂2

00g22

∂0g30 ∂2
00g31 ∂2

00g32 ∂2
00g33




(18)

=




∂0g

∂0w1 ∂2
00S11

∂0w2 ∂2
00S21 ∂2

00S22

∂0w3 ∂2
00S31 ∂2

00S32 ∂2
00S33




(19)

=

[
∂0g

∂0w ∂2
00S

]
, (20)

I =



i0
i1 i4
i2 i7 i5
i3 i8 i9 i6


=



gi
wi1 Si11

wi2 Si21 Si22

wi3 Si31 Si32 Si33


 (21)

=

[
gi
wi Si

]
. (22)
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Equate corresponding blocks in D and I to get the un-
packed Einstein equations:

∂0g = gi, (23)

∂0w = wi, (24)

∂2
00S = Si. (25)

VI. SET THE COORDINATE SYSTEM TO
ABSOLUTE SPACE AND TIME

Einstein’s equation is valid in any coordinate system,
so set the coordinate system to absolute space and time:

xδ =



ct
x
y
z


. (26)

In absolute space and time the coordinates do not vary
with respect to each other:

dxγ

dxδ
=

{
1, if γ = δ,

0, if γ ̸= δ.
(27)

All 1st partial derivatives become 1st total derivatives.
To see this, use the standard formula for total derivatives
and apply (27):

dgσω
dxα

=
∂gσω
∂x0

dx0

dxα
+

∂gσω
∂x1

dx1

dxα
+

∂gσω
∂x2

dx2

dxα
+

∂gσω
∂x3

dx3

dxα

=
∂gσω
∂xα

. (28)

Similarly for 2nd derivatives:

d2gσω
dxβdxα

=
d

dxβ

dgσω
dxα

=
d

dxβ

∂gσω
∂xα

=
∂2gσω
∂x0∂xα

dx0

dxβ
+

∂2gσω
∂x1∂xα

dx1

dxβ

+
∂2gσω
∂x2∂xα

dx2

dxβ
+

∂2gσω
∂x3∂xα

dx3

dxβ

=
∂2gσω
∂xβ∂xα

. (29)

Substitute total derivatives for all of the partial deriva-
tives in (23) – (25) (including those inside the interaction
terms gi, wi, and Si), and substitute x0 = ct from (26),
to convert the unpacked equations (23) – (25) into ordi-
nary three-dimensional differential field equations, with
time t as the independent variable:

1

c

dg

dt
= gi, (30)

1

c

dw

dt
= wi, (31)

1

c2
d 2S

dt2
= Si. (32)

These equations exactly embed general relativity into ab-
solute space and time.

VII. DISCUSSION

The field equations (30) – (32) are the fundamen-
tal equations of AQG. They reduce general relativity
from the tensor mathematics of curved spacetime to the
scalar/vector/matrix mathematics of classical mechanics.
They unite Maxwell’s electromagnetism with Einstein’s
general relativity in Newton’s absolute space and time.
The field equations (30) – (32) generate three new

kinds of gravitons: scalar g gravitons, vector w gravi-
tons, and matrix S gravitons[14]. g, w, and S stand for
gravitational, weak, and Strong. The equations for the
g and w gravitons go as d/dt, so they are diffusive or
Schrödinger like. The equation for the S gravitons goes
as d2/dt2, so they are wavelike or Klein-Gordon like.
The three new kinds of gravitons appear as a natu-

ral consequence of exactly embedding general relativity
into absolute space and time. Unconstrained general rel-
ativity uses curved spacetime to transmit gravity. Con-
strained to absolute space and time, the three new kinds
of gravitons mathematically pop into existence to trans-
mit gravity.
Exactly embedding general relativity into absolute

space and time also makes it straightforward to quan-
tize space and time. Both can be quantized by using
fixed step sizes. Natural choices for the space and time
steps would be the Planck distance and the Planck time.
Quantized space and time make it possible to simulate
our universe[12, 15].
Much of the complexity of the field equations is hid-

den inside M, m, N, and n from equations (12) and
(13), and consequently in the interaction terms gi, wi,
and Si. For example, all of electromagnetism is in the
interaction terms. By reducing general relativity to clas-
sical mechanics, we can now use established quantization
machinery from classical mechanics (e.g. separation of
variables) to further quantize the field equations (30) –
(32), including the interaction terms. Other papers to
appear will discuss this further.
The field equations (30) – (32) are mathematically the

same as Einstein’s original equation (4) in the sense that
you can exactly reverse the steps from (4) to (30) – (32),
to get exactly back to (4) again.
However, Einstein’s equation and the field equations

have different transformation properties. Einstein’s
equation is generally covariant, which means it appears
the same in all coordinate systems. Using tensor mathe-
matics enforces general covariance.
The disadvantage of general covariance is that if quan-

tum gravity can be written as a tensor equation, it im-
plies that gravity can be quantized in all coordinate sys-
tems. If in reality gravity can be quantized in only a finite
number of coordinate systems, that may mean that ex-
pressing quantum gravity in a generally covariant way is
impossible.
The field equations are not generally covariant. They

have the forms (30) – (32) only in absolute space and
time. But that is acceptable for two reasons: (1) abso-
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lute space and time may be the only coordinate system
(within isomorphism) where it is possible to quantize gen-
eral relativity, and (2) we live in only one universe, so we
need only one coordinate system.

The field equations (30) – (32) have applications be-
yond AQG. For example, they can simulate classical gen-
eral relativity on a fixed 3D grid with fixed time steps:
at each time step use a difference equation version of the
field equations to update gαβ at each point on the grid,
then use the force equation[7, 8], which corresponds to
the geodesic equation, to update the positions of any par-
ticles involved.

AQG has many consequences relating to dark mat-
ter, dark energy, classical quantum mechanics, entangle-
ment, particle physics, black holes, cosmology, etc. For
overviews, see [9, 10, 12, 13].

VIII. EXPERIMENTAL EVIDENCE

AQG explains the weak force by positing that our uni-
verse is inside an enormous, ancient, extremal Kerr black
hole[9, 11]. The angular momentum vector of the black
hole can be identified as the axial vector responsible for
the weak force.

One signature of AQG would therefore be a variation
in the weak force related to local angular momentum, be-

cause local angular momentum can presumably modulate
the angular momentum of the black hole. For example,
a laboratory fixed on Earth might be able to see a daily
variation in radioactive decay or parity violation as the
Earth rotates.
It is currently difficult to establish either the nature or

magnitude of the variation. One reason why is because
there are too many dependencies on unknown quantities.
For example, there are dependencies on the position and
orientation of the Earth inside the black hole. Another
reason why is that calculations in AQG are not yet ad-
vanced enough.
However, any variation at all would be both a signature

of AQG and a violation of the standard model because
electroweak theory does not predict a long range coupling
of the weak force to local angular momentum.
This signature of AQG may have already been de-

tected. He, et al.[5, 6] measured radioactive decay rates
as the Earth rotated. They also measured radioactive
decay rates in a centrifuge. They found that the decay
rates were correlated with the rotation. Ding, et al.[1–
3] performed their own experiments which initially were
thought to falsify He, et al., but a reanalysis of their data
confirmed He, et al.[6].
The results of He, et al., and Ding, et al., are encour-

aging. However, more experiments and more detailed
calculations are needed.
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