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Abstract
By the recent study of the quantum gravity, we can solved the inhomogeneous space-
time. And we quantized the enlarged Bianch I universe. As a result of quantization,
we know the universe are entangled. The x,y, and z direction are entangled. So if we
measure the x direction we know the information of the y and z directions.

1 Introduction

In the quantum gravity there are many difficulties i.e. problem of the time and problem of the norm and
interpretation problem and problem of the inhomogeneous spacetime. One of the main difficulty comes
form the Wheeler-DeWitt equation. The difficulty of the Wheeler-DeWitt still remain the Hamiltonian
constraint of the loop quantum gravity. So we should remove the difficulty of the Wheeler-DeWitt
equation.

So we construct the one method which called the up-to-down method. We explain what is the up-
to-down method simply. Once we add an additional dimension to the usual 4-dimensional gravity. And
we remove the additional dimension by using the problem of the time inversely. Then there appear the
additional constraint equation. This is the up-to-down methodl.

The up-to-down method comes from the Isham’s idea, that is quantum category. Imagine many world
interpretation, and we assume may world is the infinitely many brane. We quantize the many brane at
the same time.

In section IT we write the result of the up-to-down method. In section III we quantize the enlarged
Bianch I universe. And in section IV we discuss and conclude the presentation.

2 Up-to-down method

We skip the up-to-down method, because it is long. We cite the paper [5]. We start from 5-dimensional
spacetime. There appear one additional constraint equation as,
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Here, H s is the Hamiltonian constraint of the 4+1 decomposition, and Kab is the 4+1 extrinsic curvature
and K is the it’s trace and P is the 3+1 momentum. Now 4+1 decomposition is carried on the additional
dimension s. This is the not usual decomposition. However, because we use the problem of the time
inversely, the s direction vanished. We only consider the 4-dimensional quantum gravity. We obtain the
next theorem.

Theorem 1. In this method, in the H, additional constraint mHgII? = 0 appears which we call static
restriction, if there is no time evolution and the projection is defined by the difinition 3.

Here, 1% is the projection defined by II3|g ) =|gs = constg,;).
For example we first consider the Freedman universe as
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The modified Hamiltonian constraint becomes as

. 99 0

o 0 02
—6——— + — =0,
onony - On?
And the Hamiltonian constraint becomes as well known,
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The 4-dimensional state becomes as
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And it’s enlargement of 441 is
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We can proof the one of the universe are appropriated to the up-to-down method. There is one enlarge-
ment and measure of the projection is not zero.
Secondary, we think about the off-diagonal metric case.
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The modified Hamiltonian constraint become,
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And the Hamiltonian constraint becomes as,
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This Hamiltonian constraint can not solved simply because this is the elliptic differential equation. How-
ever, if we use additional constraint as,

mHgII® = (64 — 21)2)88—(122 +2(b% — aQ)a—; =0, (12)
The Hamiltonian constraint can be solved.
|04®) (4, b)) = Eyab+ Fsa+ Esb + Ey. (13)
And the enlargement is
|\IJ5(4)(a,b,c)> = Flab+ Fya + F3bc + Fyc + Fs. (14)

This enlargement has also non zero measure of the projection.
Next we consider the Schwarzchild black holes as
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The Hamiltonian constraint becomes as
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Usually this Hamiltonian constraint does not solved. However, if we think the additional constraint
equation as,
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we can solve the Hamiltonian constraint equation. Although the Hamiltonian and the additional con-
straint equation does not commute, if we make additional constraint parameter relations, we can solve
the Hamiltonian constraint. The Hamiltonian constraint become simple second order ordinal functional
equations.

Hg=—-A?—— 4 — "= —q. (19)

And this equation is solved easily by numerical method. The additional constraint or the enlargement is
given by next formula.

0? 4 c—cf
2 07 _
In this case the enlargement be able and measure of the projection does not zero.
3 Enlarged Bianchi I universe
Now we consider the metric diagonal case. In this case the Hamiltonian constraint becomes as,
Z W + Y (i + Piidsae . (21)
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Here, g;; = e i. And the commutation relation of the additional and the Hamiltonian constraint becomes
as
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We know there are two case whose commutation relation is always zero. Such spacetime is following,
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If we treat first metric, the Hamiltonian constraint become,

Z 5¢2 =0. (25)

And the additional constraint with cosmological constant becomes as
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The solution of the usual Hamilton constraint is,

w(9) = [[ explain/? / 6:863(21)) (27)

In the a; there are two equation as
aias + ajas + aga3 = 1 (28)
al+a3+aj=1. (29)

Because there are two equation and three parameter, there are infinitely many basis. However, if we
assume the one of the norm of a; is one, we can obtain 12 basis as follows

a1 = £V3,a2 = +i,a3 = Fi (30)
a1 = +i,as = £V3,a3 = Fi (31)
a1 = +i,as = Fi, a3 = £V3. (32)

Looking these basis we can easily know that the state is entangled.

4 Conclusion and Discussions

If we only solve the usual Bianch I universe, the spacetime are entangled. The difference of the enlarged
Bianch I and usual Bianch I universe are eta square or only eta. Because three direction are entangled,
by the measurement of the x direction, we know y direction and z direction. And we justify the up-to-
down method. the measure of the all the projection treated here has non zero measure. In this case
we only consider the cosmological constant. But we can consider the Schrodinger or the Krein-Gordon
field instead of the cosmological constant. Then we can know the information of the spacetime by the
measurement of the field. We can answer the philosophical problem“ what is existence” by the physics.
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