


Previously, on PHGN3O00,...

 No ether!
* No “preferential”’ reference frame

 [Velocity of light = c in all directions,
whichever the inertial frames considered]



The Special Theory of
Relativity



Space, Time and
Galilean Transformation (1)



Space and Time
(in Newtonian mechanics)

3D, Homogeneous
— Define an arbitrary reference frame with an origin O and
3 axis (X,Y,Z).
— Any point in space can be located by its coordinates Iin
this reference frame

1D, Homogeneous

— Events are ordered t;<t,: event t, is happening before
event t,




Definitions

a reference frame where
Newton’s laws are valid

If Newton’s laws are valid in a
reference frame, they are also valid in any
reference frame moving at an uniform
velocity relative to the original reference
frame.



Two nertial frames

P(x,y,z,1)

S

 Kis atrest and K’ is moving with velocity
o Axes are parallel
« Kand K’ are said to be INERTIAL COORDINATE SYSTEMS



Galillean Transformation

Parallel axes, with t=t'=0 0O=0’

K’ has a constant relative velocity in the x-direction with
respect to K

Time (t) for all observers is a Fundamental invariant, i.e.,
the same for all inertial observers

t=t’ is ASSUMED, e.g. the ticking of the clock in
both frames is independent on



Exercise

Show that a Galilean transformation conserves the distance.



Simultaneity in classical mechanics (1)

A B
=0 — R
e > 0 |
Stanley

At t=t'=0: AO=0OB and AO’'=0'B

Classical mechanics: t=t’ at all time.

Car A and B leaves at t=0, both at constant velocity v.
Stanley at rest ; Mavis is moving at velocity v,, towards B

A B
t>0 — R
e > 0

Stanley




Simultaneity In classical mechanics (ll)

Mavis meets car B before car A (t,>tg)
Stanley meets both cars at the same time (t,=tg)

One event simultaneous In one reference frame
may not be simultaneous in another, moving with
respect to the first one.

Working your way backwards (in time):

— The two cars did actually leave House A and B at the
same time (for both Stanley and Mavis).

— Time is invariant (time ticks the same way in both
reference frames)



Synchronizing Clocks
(In classical Mechanics)



Simultaneity in classical mechanics (l1)

At t=t'=0: AO=0B and A’O’=0’B’;

Classical Mechanics: t=t’ ; Speed of light c In (S)
When does Stanley see the lightning bolts ?
What about Mavis ?



Simultaneity in classical physics (1V)

« Again: with the help of classical mechanics, it would be
possible to work your way back to the initial event and
find that the two lightning bolts stroke the rear and the

back of the train at the same time, for both Stanley and
Mavis.



The new concept of Relativity

* Null result of the Michelson-Morley experiment

 Maxwell's equations do NOT conserve the
same form under a Galilean transformation



(1879-1955)

* Atthe age of 16, Einstein began thinking about the form
of Maxwell’'s equations in moving inertial systems.

 Said to have been unaware of the null result of the

Michelson-Morley experiment (he was 2 years old, when
Michelson first reported a null result)

* In 1905, at the age of 26, he published his startling
proposal about the , which he
believed to be fundamental.



Einstein’s Postulates

The laws of physics are the same in all inertial
systems. There is no way to detect absolute
motion, and no preferred inertial system exists.

Observers in all inertial systems measure the
same value for the speed of light in a vacuum.



A quick word on Postulate 1

The laws of physics are the same in all inertial
systems. There is no way to detect absolute motion,
and no preferred inertial system exists.

Conseguences:

- Principle of relativity expanded to all laws of
physics, including Maxwell's equations.

- No preferential inertial system, contradicts the
hypothesis of the ether



Simultaneity
and relativity (1)

t=t'=0: Lightning strikes !

Rear of the train:

Lightning bolt leaves a burn mark at A and A’
Back of the train:

Lightning bolt leaves a burn mark at B and B’

Stanley sees both lightning strikes at the same
time: t, = tg

Mavis sees first lightning bolts from B’, then
lightning bolts from A’: t',. > t'g. (notice primed
time)

Postulate 2: constancy of the speed of light
in any referential

Since AO=BO and A’O’=B’O’, the light took
the same time to travel t,o=tyg and t' o=tz

Stanley: the two lightning strikes indeed occurred
simultaneously

Mevis: Lightning strike occurred first in front of the
train, then at the back of the train.



Simultaneity and relativity (Il)

WHQO'S RIGHT, WHO'S WRONG ?

e Two events that are simultaneous in one reference frame
may not be simultaneous in another moving with respect to
the first one.



