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What is time?

Why does time always proceed and
never runs backwards? Or in cycles?

Would the contrary be possible?

Is it possible to send messages back in
time?
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Time Like:
travel

At last, an idea

we can test
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This talk mixes well-confirmed science with wild scient

speculations! (which may be well motivated bu
definitely not proven!)

Both may seem crazy to you!
So be alert about this distinc

| will try to always mark the spe
MAYBE, MIGHT BE C




e Time and simultaneity in Einstein’s special relz
e General Relativity and the warping of Spe

e WWormholes as time machines?

e Extra dimensions in particle physi

e Neutrinos in extra dimensio

e 3 bold assumptions

e An extra-dimension:




The velocity of light is constant

In 1887 Michelson and Morley measured the speed of light parallel and
perpendicular to the Earth’s movement around the sun
Physicists realized:

speed of light
*
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Relativity of time

Einstein 1905: Compare light-powered clocks
In 2 spacecrafts:

e One spacecraftis and the
other one is

e Inthe spacecraft

travels a =
e The IS always
e Thus the

mirror
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Relativity of simultaneity

Even worse, two observer won't agree, whether 2 events are simultaneous!
At the moment Jackie passes you in her spacecraft, .

Jackie

The red and green light The green light reaches Jackie

, SO they were , SO the
! !
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Does that mean an event can preceed it's cause? — \l0!

cet (lightspeed  time)

moving through space

moving at the speed of light

moving faster than the
(impossible)

X (Spa




Relativity of simultaneity

Does that mean an event can preceed it's cause? —

A cet (lightspeed ¢ time)

Fu ure Area not
accessible by

subluminal signals

X (space)

Past
o

Only In the area not accessible by subluminal signals, the sequence ofeventSican
be altered!
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Superluminous motion and time travel

But if something could move faster than light?

Future

By a superluminal signal, two events could influence each other, although notail
observers would agree on the sequence!

H
But superluminal signals are impossible, no?
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Once more Einstein (1907-1915):

Gravity is not a force (in the traditional
sense), but a result of the curvature of
space!
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Wormholes for interstellar travel

...It started with a phone call in 1985:

Carl Sagan:
sorry to bother you, Kip...
just finishing a novel about
the human race’s first contact

with an extra-terrestrial civilization

want the science as o
accurate as possible...

g

{ 0 3 ...advice? Kip Thorne:
ey g Eleanor plunges into a black hole
~ Conmcr | " near Earth, travels through hyperspace,

and emerges an hour later near the star Vega
26 lightyears away?

But it is impossible to travel from a black hole’s

core to another part of our universe...
Maybe you should replace your black hole

by a wormhole!
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Wormholes for interstellar travel

Thorne came up with a curved
spacetime looking like this:

e This allows Eleanor’s superiumina
travel from Earth to Vega!
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Soon Thorne realized, superluminal travel through a wormhole could transform a
wormhole into a time machine

e jump into a wormhole

e accelerate your spaceship to
become a moving observer

e jump back through a wormhole

You will arrive BE!




Problems of wormholes

e NO one has
e To warp space into a wormhole, would be required

e Such negative energy is not known in classical physics, and seems to make
space warping

¢ In quantum physics, the vacuum is not empty, but a bubbling sea of
particle-antiparticle pairs
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e Before a wormhole becomes a time machine, the
|

e The infinite energy of the particle-antiparticle sea could warp space in a way
that it !
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Timekeepers

Marvel Comics

Warld of $pringhold

I:.-_||||-.| I .h - ' HJiF =4

Stephen W. Hawking, The chronology
protection conjecture, Phys. Rev. D 46 (1992)
603-611
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Extra dimensions

e To understand (atoms) or (like plasmas)
IS necessary!

e When gravitational energy becomes very strong (Big Bang, Black Holes) a
IS needed

e |t turned out that a quantum description of gravity is possible, if smallest
particles are described by

. ; <
9 or 10 dimensions 2
\Q@

' -

electron

— we are
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Extra dimensions and gravity

Extra dimensions could explain why gravity is so weak:

a small magnet is sufficient to lift a piece of iron and to overcome the gravitational
attraction of the whole Earth

— Gravity could leak into extra dimensions

[
< _
‘\)(gv\e gravity
)
o /
electricity

o

The Large Hadron Collider, a 27 km long particle accelerator pre
CERN in Geneva/Switzerland (remember Dan Brown'’s “Ange
will search for the effects of extra dimenSIONSECNINE
— UA-Professor Ben Harms calculates predictionSHons
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Temperature map of the universe
measured by NASA satellite WMAP:

Very homogenous — on lengthscales
which never had contact?

"our brane"

extra dimension




Neutrinos: elementary particles (discovery Nobel prize 1995) which interact
extremely weakly and being at least a million times lighter than electrons
(UA Professor Andreas Piepke participates in an experiment to measure its I

e Why are they so light?

e The Neutrino mass may be par
In the extra dimension

— Neutrinos tell us somethr







