L ecture 14
Special relativity |:

Speed 1Tmit 186000 mi/s
and common sense makes
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__Afewdefinitions ...

An IS an

observer whose rest frame is inertial

A gquantity Is said to be
If al inertial observers would obtain the
same result from a measurement of this
guantity

A quantity Is said to be
If different inertial observers obtain
different results from their measurement.
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__Examples

time, mass, acceleration, force
velocity, position

— Galilean relativity

but: Maxwell’ s equations (el ectromagnetism)
are not Galilean invariant !!!
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__IT-he'Michelson-Morley experiment
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Result of theMichelson-M orley
—experiment: the big surprise

o Expectation:

— only in the reference frame of the ether, the
speed of light should be

— In other reference frames, the velocity should

be different (e.g. by 30 km/sec, the speed with
which the Earth orbit the Sun)

e Observation:

— the velocity of light was the same to |ess than
5 km/sec = thereis no ether !!!
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__EitzGerald’s proposal

* Objects that move through ether at velocity
are physically contracted in length
according to

—> strange proposal ?!
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__Elastein’s new relativity

e Gdlileo:

— 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
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__Constancy of speed of light
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Conseguencel: Breakdown of
—simultaneity

e Consider observer inside a space ship
moving at a speed comparable to the speed
of light:

—> for an observer inside the ship, light hits
the outer walls at the same time
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Conseguencel: Breakdown of
—simultaneity

* For an outside observer (relative speed to
the ship ):

—> for an observer outside the ship, light
hits the outer walls at the different times
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__Consequence | |: timedilation

e Observer comoving e QOutside observer
with the space ship

Mirror Mirror
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__Consequence | |: timedilation

e Time measured by
passenger in the ship:

 Distance traveled by Mirror

light Iin rest frame:

e relation between
and
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__Hoew-an wetest this?

* Proposal A:
take two atomic clocks, put onein an
airplane and have the airplane fly once
around the Earth. Compare the clock with
the other one that stayed at rest.
— Result: the traveling clock I1sindeed
somewhat behind.
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__Hoew-an wetest this?

e Proposal B:

There exist an elementary particle, the
muon, which Is created when cosmic rays
nit the upper levels of the atmosphere. Their

Ifetime Is so short, that they should decay

nefore they reach the surface of the Earth.
Nevertheless they are detected.

muons move at speeds close to the speed of
light, “life” proceeds much slower.
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_Whatdon't weseelt in daily life ?

o Effect istoo small since v is usually much
smaller than the speed of light

e Example:
Hy daily and for one year with the
Concorde from JFK to Paris and back.
Speed: Travel time:
— time difference:
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__Consequencelll: length contraction

o Consider distance between two space
stations, measured using travel time of a
space ship moving at speed

— Observer in one of the stations. space ship

moves with velocity v, travel timeis
= distance:

— Observer in the ship: space ship moves with
velocity , travel timeis
— distance:
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