REFLECTIONS ON THE NATURE AND DIRECTION

OF TIME




TALK STRUCTURE

Caveat
10 minutes reflections on reality
12 minutes reflections on time

8 minutes concluding reflections




NATURE OF REALITY

We need to reflect on what our reality is

«  Whether time was born with this universe?

*  Oris time embedded in the fabric of “reality”?
* Oris it emergent from more fundamental stuff?

* Andin what direction does it move?




BIG CRUNCH TO BIG BANG

COSMIC PREHISTORY

Before the Big Bang

In the standard story, the big bang began with a singularity, an infinitely

dense point that gave rise to the entire universe. Singularities are unpredict- & g o

able, however; the laws of physics break down there, and there is no reason o Dark ages

to think that one would create the world we see. Instead the authors postu- E:;";;':;’:Z:::ﬂ First stars

late that the universe began when a star in a four-dimensional universe col-

lapsed to form a black hole. Our universe would be protected from the More commonly known

singularity at the heart of this black hole by a three-dimensional event model: big bang (white

horizon. Here we depict the process in 3-D because no one knows what dot), followed by
a 4-D cosmos would look like. o e .
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of 4-D star implosion ¢ .




04h00 03h40 03h20 03h00 02h40 02h20

-400-320-240-160 -80 O 80 160 240 320 400
o[ uK]

CMB Cold Spot




INFLATION

fraction
of a second

day
. ) TR ¥
~200 million R J D .
rs o' Lo A PP -
- ""‘?..‘“.'."'
13.7 billion
years




BIG BOUNCE

Big Bang Singularity

_~1
-
-
-

New
Galaxies

Expansion

Maximum Expansion
of the Universe

'How The Big Crunch ?Eéo.ry Works cooosiin

Stu f’\'gf‘u!vr.

Contraction



MULTIVERSE?
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THE STRING THEORY LANDSCAPE




THE BULK




TIME - A BIG BALL OF WIBBLY-WOBBLY,

Scien t§~m~S|s hat the most sucéessful

theories in @pmve that time does not
exist




TIME IS NOT ABSOLUTE
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THE ARROW OF TIME

Disorder is measured
by Entropy. Messier,
less-organized things
have higher entropy.

Entropy

Time

The Second Law of Thermodynamics:
entropy increases with time (in closed systems).




THERMODYNAMIC ARROW OF TIME
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Entropy decreases - Entropy increases |




IS THE ARROW OF TIME AN ILLUSION?




TIME A SUCCESSION OF FRAMES?




THE THREE THEORIES

Presentism Growing Past Eternalism

The Present Past & Present Past, Present, & Future




MORE THAN ONE DIMENSIONAL TIME




MANY-WORLDS INTERPRETATION OF QUANTUM

MECHANICS
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ARE WE LIVING IN A SIMULATION
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