L ecture 16
Special relativity 111:

Space + time = space-time
or what 1s now, then, and
there ?




Einsteinssnew relativity
e Gdlleo:
— The arethe samein all

Inertial frames of reference

arethe samein al inertia
frames of reference

e Einstan:
— The are the same in al inertial
frames of reference

— the ISthe same In
al inertial frames of reference

— time spans and distances are relative
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__Beaestfactor

e Boost factor:

e timedilation:

 |ength contraction:
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_Energy"" E=mc*

 Newton:
— Kinetic energy:
== —

e Einsten:

‘rest energy”

* Example:
Therest energy of an average person can cover
the world energy need for 45 days !!!!
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__I-hists'messy, so let’s clean up a bit

time measured by aclock at
rest with respect to a specific observer
—> clock at the fastest possible rate

length of an object as
measured in Its own rest frame
— |largest possible length

e time and length in other inertial frames can
be calculated by the so-called
(i.e. multiplying with or
dividing by the boost factor I')
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__MAinkowsKl’s space-time

 Aswe have seen, time intervals, lengths,
and ssimultaneity Is relative and depend on
the relative velocity of the observer.

 velocity connects time and space

o Let’'sstop separating space and time, let’s
rather talk about
IS4 dimensional,
3 spatial + 1 time dimension
but Is space and time really the same thing ?
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__MinkowsKi diagram

light: x=cxt
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_Werldlines — slowly moving

world line
of aparticle
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_Werldlines — fast moving

world line
of aparticle
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__Easter~than speed of light ?

X
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__Weridlines — acceler ated

X
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__WeridlTnes — deceler ated

X
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_geometrical interval
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__Spacestime interval
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__Spacestime interval

« —sign: difference between space and time
IS Invariant under Lorentz transformation

e for particle moving at speed of light:

—
= light like (null) distance
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__Character of space-time intervals

-
— gpatial distance can be traveled by speed of light

— there exist an inertial frame, in which the two events
happen at the same position

— but they never happen simultaneously
= timelike distance

—
— gpatia distance cannot be traveled by speed of light

— there exist an inertial frame, in which the two events
happen simultaneously

— but they never happen at the same place
—> gpace like distance
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__Euture, past, and elsewhere

FutIure
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_Prinerpleof causality

o All observers agree
that B isin the past of
A and Cisinthe future

Some see A happen first,

some see D happen first

Cause must always
precede the effect

= A must not influence D
and vice versa

— nothing can move
faster than speed of light
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