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Understanding gravity at Planck scale is biggest goal of quantum gravity the-

ory. In this paper i will present idea of quantum spacetime that can be thought

as gravity in quantum scale, this spacetime is fixed it means this idea is not

background independent it lives on specific modified spherical spacetime. That

spherical spactime does not break at inside of black hole and works in low

energy very close to general relativity- it changes mostly after passing event

horizon. Key idea is to use Planck energy units of energy and momentum

as measure of curvature of spacetime. Model predicts that if energy goes to

Planck energy time stops-all light cones are frozen and it happens from point

of view of observer falling into black hole. From field equation there is calcu-

lated wave function vector that represents state of quantum system and thus

leads to it’s gravity effects.
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Field Equation

Energy tensor is extension of Einstein energy momentum relation (1) to sixteen parts where

only ten of them are independent. Tensor itself has four indexes but i use contraction of one

index to match metric tensor. I can write energy tensor components as, where indexes i , j , l go

from one to three and k goes from zero to three :
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Energy and momentum are dived by Planck units, it means energy is equal to energy divided

by Planck energy and same with momentum- it is so maximum value of energy and momentum

can be one. Field equation with wave function vector ψµ energy tensor and metric tensor is

equal to : {
∆ψµ−T γ

γµνψ
ν = 0

T γ
γµνψ

ν− gµνψν = 0

Where ∆ (3) is Laplace operator, metric tensor then is equal to (2):
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Function s(µ,ν) is a sign function (9), for zero part is has plus sign s(0,0) = 1 for rest part

it has minus sign s(µ,ν) = −1. Radius is equal to: r 2 = d xµd xν∣∣∣T 0
0µν

∣∣∣ , and φ0 is equal to: φ0 =

arcsin

(∣∣∣T 0
0µν

∣∣∣ 1
2

)
(8). Differential of angle is defined by dθ → θ1−θ0

2π (7), that means that for

angle 2π its equal to one, where θ0 means begin angle and θ1 final angle. When i want to

calculate relative change in length in one frame of reference to another it’s equal to:

d xµ
′
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Simplest solutions

Simplest solutions to this equations are plane waves. First i write down energy tensor, where

zero component is changing with radius, i can write component T 0
000 = MlP

mP R , M means mass, R

is radius and lp ,mP is Planck length and mass. Rest of the components follow same rule just

with momentum, so i can write energy tensor solutions as:
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From it follows plane wave solutions so i get wave function (4) vector as (6):

ψµ =
(
−Ψ0e i xa ka0−iω0t Ψ1e i xa ka1−iω1t Ψ2e i xa ka2−iω2t Ψ3e i xa ka3−iω3t

)
There is relation between energy tensor and wave numbers of wave function that has to be

fulfilled, they have to be equal:
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Those are simplest solutions to wave equation, from them i can calculate metric tensor. thus

geometry of spacetime for given wave function vector.
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Many system equation and measurement

If i have one system equation is in really simple form as expressed in first chapter. But it can be

extended to many system using tensor product. First i write probability for one system, it’s just

sum of vector wave function components with it’s complex conjugate (5):

P =
∫ x2,t2

x1,t1

3∑
µ=0

ψµψ
∗
µd 4x

Probability tells what is change of particle being in position of spactime x1, t1 to x2, t2 where x

has three components and d 4x means spacial and time components. Whole probability has to

be equal to one so that integral for whole spacetime is one:

P =
∫

X

3∑
µ=0

ψµψ
∗
µd 4x = 1

For many system i use tensor product and change Laplace operator to be sum for many coordi-

nates, first operator is sum of operators for each particle so that i can write first part of equation

as:

(
∆1 +∆2...+∆n

)(
ψµ1 ⊗ψµ2 ...⊗ψµn

)
−T γ1...γn

γ1...γnµ1...µnν1...νn

(
ψν1 ⊗ψν2 ...⊗ψνn

)= 0

From it i can write second part of field equation that is equality between metric tensor and

energy tensor by:

T γ1...γn
γ1...γnµ1...µnν1...νn

(
ψν1 ⊗ψν2 ...⊗ψνn

)− gµ1ν1 ...gµnνn

(
ψν1 ⊗ψν2 ...⊗ψνn

)= 0

Those are many systems field equations, now i can write probability for n system state by just

extending vector sum to many indexes:

P =
∫ x2,t2

x1,t1

...
∫ x2n ,t2n

x1n ,t1n

3∑
µ=0

ψµψ
∗
µ...

3∑
µn=0

ψµnψ
∗
µn

d 4x1...d x4
n
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6. Wave function sign changes in covariant components for time to minus sign. It does not

change in contravariant components.

7. Angle has to be normalized to match metric.

8. It says how much coordinate change if angle rotates by π it means it goes from start of event

to full event then back to start of event, full event is understood this way, so half event is

going from start to end.

9. It’s just written this way to make it more compact it comes from fact that used metric sig-

nature is (+,−,−,−), so it gives only plus sign to time component rest is understood us

multiplication of metric sign so it gives minus.

5


