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Singularities

in the Universe
"inside” Black Holes

Energy dominance conditions:
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-Mukhanov, Brandenberger (1992)
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nonsingular isotropic, homogeneous Universe

nonsingular 2d, black hole

BUT

what about Kasner universe and 4d black hole?
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Noncommutative geometry
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- Synchronous coordinates
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Emnstein equations

From i-k eqgs. it follows

where > = V™Y, 2 = 38 = F/7.

0-0 equation gives
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Friedmann Universe
ds* = dt* — a* (t) d;dx’dz”

In this case v = a°, and \; = 0.
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Kasner Universe
ds® = dt* — t*P*da?® — t*P2dy® — t°P*dz?,

pL+p2+p3=1 p}+ps+p:=1.

~

t—4P1P2P3>



DY
o — k z’
3

Y\ U3 X
v) v 8emY /)

where we have denoted \2 = M\ )\¥.
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Solution 7 =5 — (1+3emt?)
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Exact solution
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Kasner with

Kasner with
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Black Hole

2
ds? = (1 -2 d} ( o y 1

r

&

For T <Ty 1tisatime coordinate

ts — R s aspace coordinate

"Inside" BH
ds® = dt* — a® (t) dR* — b* (t) dP?,

where for the Schwarzschild black hole
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a’ (t) = =T b? (t) = 7% (t) 2.

g

t=r, (arcsinT — V1 — 7'2)



Near horizon (rg —r <L rg)

ds® = dt* —
Similar to Kasner with

Close to singularity
ds* = dt* — (

Similar to Kasner with

1/ t\°
— <—> dRz—rngz,

4 I
p=(1,0,0)

(r < ry)

£\ —2/3 £\ 473
t-) dR2—<t—> r2d0?,

0



Spatial curvature term from J()2

is relevant only at ™~ r4/2

In our theory singularity which would
happen at { — () is avoided and "Kasner" with
D= (_1 2 2) goes to "Kasner" with p = (1,0,0)
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After bounce we find ourselves in near

horizon inner region of the black hole of size 7";/ .
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within BH of size A 3-/ 3

et. cet.




