The Ends of Time
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Does Anybody Really Know
What Time It Is?

* What time is it?

* What is time? Does it exist?

* Can we reverse, or even stop, time?
* Can we travel in time?

* How old is the universe?

* When will the universe end?

“You must remember this, a kiss is still a kiss, a sigh is just a sigh. The
fundamental things apply, as time goes by ...” (By Herman Hupfeld) in
Casablanca
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The Arrow of Time

world line

Present ... Future

Past ...

— Macroscopic vs microscopic

oty

— 2" Law of Thermodynamics

— Entropy and Disorder

space




How Old is the Universe?
(just look up!)

* Measurements
— White Dwarfs
— Star Clusters
— Chemical Elements

* Cosmological Models
— Based on General Relativity
— Supported by recent observations

http://hubblesite.org/newscenter/archive/releases/2012/37/image/



http://hubblesite.org/newscenter/archive/releases/2012/37/image/

Lookback Times
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http://hubblesite.org/newscenter/archive/releases/2012/37/image/

Albert Einstein

* General Relativity - 1915

— Bodies tell spacetime how to curve
* GPS - Relativistic Time Corrections

— Gravitation: + 46 ms/day (faster)
— Time dilation: — 7 ms/day (slower)
Total: + 39 ms/day faster

... Off 12 km/day!
e Cosmology —1917

— Cosmological Principle: The universe is the
homogeneous and isotropic

* The universe looks the same from every point
* The universe looks the same in every direction




Cosmological Time —
The Expanding Universe
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Lambda-CDM Model
(Standard Big Bang Model)
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expansion curvature energy
rate of space density

Rate? = Radiation + Matter + Dark Energy - Curvature

1965 — CMB - radiation
1980’s — Dark Matter
1992 — COBE

1998 — Dark energy ~ 73% k

2000 — BOOMERang — Flat Universe R o
2001 — 2dfGRS galaxy survey — Matter ~ 25%

74% Dark Energy




Age of the Universe
Latest Results

Nine-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Final
Maps and Results - 2012

C. L. Bennett, D. Larson, J. L. Weiland, N. Jarosik, G. Hinshaw, N. Odegard, K. M. Smith, R. S. Hill, B. Gold, M. Halpern, E. Komatsu, M. R. Nolta, L.
Page, D. N. Spergel, E. Wollack, J. Dunkley, A. Kogut, M. Limon, S. S. Meyer, G. S. Tucker, E. L. Wright (Submitted on 20 Dec 2012 (v1), last
revised 30 Jan 2013 (this version, v2)) http://arxiv.org/abs/1212.5225

e ...13.77 billion years old to within a half percent.

e ...the curvature of space is within 0.4% of "flat”.

e ..ordinary atoms make up only 4.6% of the universe.
e ..dark matteris 24.0%

* ..dark energy makes up 71.4% of the universe



http://arxiv.org/abs/1212.5225

Do We Know What Time Is?

Frontiers in Time
 What happened before time began?

e |s time continuous or discrete?
e What is time like inside a black hole?

e Can we travel in time?

* Why do we only remember the past?




Talk ends

e Next slides are extra



How do some physicists see time?

Only if there is time. ©
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Curved Spacetime:
Collapsing Stars
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Wormholes and Time Travel
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