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Hinge & Voronoi Y ' & Deficit Angle
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Hinge & Voronoi Y ' & Deficit Angle
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Hinge & Voronoi Y ' & Deficit Angle
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Hinge & Voronoi Y ' & Deficit Angle
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2. Regge Calculus 1281} % Hilbert 1EH

(W. A. Miller, Class. Quantum Crav. 14, 199 (1997))

e Ricci Scalar Curvature

e Proper Volume Element
e Hilbert Action
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Riccl Scalar Curvature in Regge Calculus
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2. Regge Calculus 1281} % Hilbert 1EH

(W. A. Miller, Class. Quantum Crav. 14, 199 (1997))

e Riccl Scalar Curvature
e Proper Volume Element
e Hilbert Action
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Proper Volume
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Proper Volume Element in Regge Calculus
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2. Regge Calculus 1281} % Hilbert 1EH

(W. A. Miller, Class. Quantum Crav. 14, 199 (1997))

e Riccl Scalar Curvature

e Proper Volume Element
e Hilbert Action
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Hilbert Action in Regge Calculus
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3. Regge Calculus I2E 1) % Einstein /72
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Regge Analogue of Metric
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Hllbert ACtiOﬂ @%63\ (L. Schlafli, Quart. J. Pure Appl. Math. 2, 269 (1858))
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4. Expanding Polyhedral Universe

.- - Applying the Regge Calculus to (2 + 1)-dimensional closed FLRW universe
(P. A. Collins and R. M. Williams, Phys. Rev. D7, 965 (1973))
(R. G. Liu and R. M. Williams, Phys. Rev. D93, 024032 (2016))

(R. G. Liu and R. M. Williams, Phys. Rev. D93, 023502 (2016))
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Regular Polyhedral Universe

BRIAR @ Cauchy surface Z IEZHIACEZHLZ 5,
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Regular Polyhedron
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Schlafli Symbols

There are only five types of regular polyhedrons specified by the Schlafli symbols

(3.3} ] {43} (3.4} (5.3}

Tetrahedron Cube Octahedron Dodecahedron [cosahedron
Schlafli Symbols {p,q} --- p: the number of the sides of a face

g : the number of faces around each vertex
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Equations of motion

) ‘ ( 4m? cos —I—Ol’) gA (BZoy + il +1)m; 7w
T — ¢ arccos — o
2

4m? — ol 12 \/mﬁ — 1512 esc - 'p’

- - N 2 7
0l; cot - 0li—y cot 7 A | (lig1 +20)m? + %l,- 0l esc® 7
arccos ——— — arccos . —— =
\/ dmz — ol; \/ dm; | —olr 2 | \/-n'z.;?) B % 512 csc? 1

(20; + Limy)m?_y — 31201,y esc? %] T
+ cot —.

m2 . — 152 2 T
.\/m.i_1 700y €s¢* 7

To compare with the continuum theory, we introduce a circumradius of the
polyhedron as an analogue of the scale factor

[; SlIl—

2 \/ sin? COS2 s
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Strut length m; (Z 721207
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Continuum time limit

:Z(Stl — 1dt
, (l — 4 cos 2;) 2Cos—
T — q arccos —
4+12 2 \/48111 +l2
[ _ M 1l
4402 4 2(481n2—+12)
[(t)sin T
i (1) = ()sin 7
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Numerical Solution

40 T T T T T T
continuum
a5 | tetrahedron
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30 dodecahedron ————
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%3 20 |
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- finite-precision approximation of FLRW

- expands to infinite within finite time

40



(zeodesic Domes

Frequency v --- Degree of subdivision

frequency 1 frequency 2 frequency 3 frequency 4

AN
Vel

Better approximates a sphere than the regular polyhedrons.
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Equations of Motion for (Geodesic Domes

v =2
. g . 2 g
1 1 sSin & cos 2 sin” 2
581—'—582:/\[2 5 2 . .2
\/4COSQ§+Z2 \/3—|—4l28in2§

¢ = const.

1 = 2T — 5(91,1
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4cos& + 2
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4412
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Equations of Motion for (Geodesic Domes

1 1 2 sin & cos % 2 sin? % cos2 % sin2 % csc % sin ¢ cos ¢
—€1 +eo0 4+ —e3 = Al + +
\/4 cos?2 % —+ 2 \/31n2 g —+ [2 sin2 % \/4 sin2 g cos?2 % -+ [2 sin2 %
= const.
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¢ = const.
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J(E+12) (14262 §)

4+ 12
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4cos77sin2 g + 2 sin2 % ZJLcosCsin2 g + 2 sin? %
93,2 — arccos , 93’3 — arccos -
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Shortcomings of Geodesic Domes
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Pseudo-Regular Polyhedron Universe

Regarding the geodesic domes as pseudo-regular polyhedrons, we may define

the fractional Schlafli Symbol

3007
=3
{p,q} { ,5V2+_1}

Equation of motion

j .
4+ 4 2(3+P)
[ (1) b2+ 17
)=~
ar (1) V3 302
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Plots of Scale Factors
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Infinite Frequency Limit

Taking the limit v — o0

P oA i
ne = 11T
) (5V2—|—1>7T_

ar (t) % tan ~—-—

—>ap = Aap

Exactly coincides with Einstein equations in General rel-

ativity.
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5. Summary
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Polyhedral Universe
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