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Introduction

The Special Theory of Relativity is the
theory put forth by Albert Einstein in his
1905 paper, "On the Electrodynamics of
Moving Bodies"

"Special” because it applies the theory of
relativity to inertial reference fr'ames in
flat space-time (no gravity) '



http://antwrp.gsfc.nasa.gov/apod/image/0001/einstein_clerk_big.gif

Relative Motion

*Who is moving?
?f ‘How do we know?
*Up until Einstein
we used addition
& and subtraction to
o o calculate the

observed speed to
other objects




Relative Motion

Motion is relative as long as you are not
accelerating!

There is no experiment that you can do in an
inertial reference frame that will distinguish it
from another inertial reference frame

Vobject—ground — Vobject—train + Vtrain—ground


http://images.google.com/imgres?imgurl=http://www.air-and-space.com/197508%2520Eureka%2520Skunk%2520Train/11%2520Skunk%2520Train%252045%25202-8-2%2520right%2520front%2520l.jpg&imgrefurl=http://www.air-and-space.com/Locomotives.htm&h=504&w=756&sz=54&tbnid=cdMIFuXYxc1a0M:&tbnh=93&tbnw=140&hl=en&start=1&prev=/images%3Fq%3Dtrain%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff
http://images.google.com/imgres?imgurl=http://annececile.blogs.com/blog/space-astronaut-blk.gif&imgrefurl=http://annececile.blogs.com/blog/2004/04/&h=480&w=640&sz=43&tbnid=lnuCioWQCO-ajM:&tbnh=101&tbnw=135&hl=en&start=8&prev=/images%3Fq%3Dspace%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff

The Speed of Light

670 million miles per
hour (in a vacuum)

186,000 miles per
second

Light always moves at
the same speed

You can never catch a
beam of light!




Postulates of Special Relativity

"The laws of electrodynamics and optics
will be valid for all frames of reference in
which the laws of mechanics hold good
(non-accelerating frames)."

"Light is always propagated in empty
space with a definite velocity ¢ that is
independent of the state of motion of
the emitting body; here the velocity of
light c is defined as the two-way velocity,
determined with a single clock.”



Simultaneous Events

Events that are
simultaneous for
observers in one
reference frame
are not
necessarily
simultaneous to
observers in
another reference
frame



Time Dilation— Light Clock

What is time?
What is a clock?

c=3.0x108m/s X mirror

Separation h = 15 cm

Period = T, = 1 billionth of |,
a second

O mirror




Moving Light Clock

*What happens if the light clock moves
with a velocity v?

<

NE
<
_|




Time Dilation




‘ Time Dilation

From one inertial reference frame it seems as
though a clock moving in another frame ticks
slower!




'What about Length?




Space-Time

We can think of 4
dimensions, three space
and time

Objects move through
space-time at the speed of
light!

If an object is “stationary” its

motion is used to travel
through time

If the object “moves” in
space, it travels more slowly
through the time dimension




Relative Motion
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What happens if the velocity of the object
with respect to the train is the speed of
light?

V =C

object—ground




What is a Muon?

Semi-stable
fundamental
particle

Muon mass is
207 times the
mass of the
electron

Decays into a
positron and
two neutrinos




‘ Evidence of Time Dilation - Muons

Non relativistic

Out of a million
particles at 10 km,
how many will
reach the Earth?

M - mass 207 m
charge + or -

Rest halflife:

Tﬂ- 1.56 x 'Iﬂ-&m

W

Measure muon
flux at 10 km height.

+@ 1,000,000

v=.98¢c

Lon 10 km

Distance: Lu= 104 meters
4
10m

(0.98)(3 x 10 Bl'|‘t.~"5]

T= 34x m'Es:- 21.8 halflives

Time: T=

Survival rate:

218
1
— =2 =027x10°
Ig
Or only about 0.3 out
of a million.

Source: http://hyperphysics.phy-astr.gsu.edu/



http://hyperphysics.phy-astr.gsu.edu/

‘ Evidence of Time Dilation - Muons

Relativistic

Earth Frame

. 4
Distance: Ln=10 meters

Qut of a million 4
how many will flux at 10 km height. (0.98)(3 x 10 " m/s)
reach the Earth? lﬁ 1,000000 T= 34 x 10 05 = 4.36 halflives

m—\ Survival rate:

“»,E J \ I -4.36
‘—"‘\‘__,J —_— =2 =0.049
I : mass 207 m v=.98c Io

charge + or - Y=5 Or about 49,000 out
Rest halflife: of a million.

Ty=1.56X 10" sec

Ln" The muon's clock is
time-dilated, or running

slow by the factor T =T,

so its measured halflife is
5x1 .56’.15 = ?B},I.S

Source: http://hyperphysics.phy-astr.gsu.edu/



http://hyperphysics.phy-astr.gsu.edu/

‘ Evidence of Time Dilation - Muon

Relativistic
Muon Frame
Distance: Lo= 1r.':f4 meters
Qut of a million
how many will flux at 10 km height. (0.98)(3 x 10" mJs)
reach the Earth? I 6 1 10001000 T= 68x 1|:iE s = 4 36 halllives

/\_:;-\} I Survival rate:
g -4 36
I .
\‘-._.- —_ = 2 = 0‘049

H : mass 207 mg v=.98c Iy
charge + or - Y=5 Or about 49,000 out
Rest halflife: Relativity of a million.

factor

Tg=1.56x 10'63!1:

LO- The muon sees distance
as length-contracted

sothatL=Ly/y=0.2L,
=2 km.

Source: http://hyperphysics.phy-astr.gsu.edu/



http://hyperphysics.phy-astr.gsu.edu/

Twin Paradox

Twins - Earth Man and Rocket Man

Rocket Man takes off at a velocity
60 % of the speed of light

Rocket Man travel out 12 hours (by
his watch) and then turns around and
returns to Earth at the same speed
that he left with.

When Rocket Man returns to Earth
he has aged 24 hours.

How much has Earth Man Aged?

Answer: Earth Man has aged 30
hours!
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E=mc

m,C
E=mc’=—"-2 2
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The End
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