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» We can only use physics when we have a
frame of reference to describe what is
happening

* However, frames of reference are arbitrary,
so we don’t want any explanations (theories)
to depend on which frame we are using

— The laws of Physics should be the same in all
inertial reference frames

« Relativity is the study of how one reference
frame relates to another
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The Principle of Galilean Relativity

The laws of mechanics must be the same in all inertial frames of reference.




+ 1. Parallel axes

« 2. K has a constant relative velocity (here in the x-
direction) with respect to K.

« 3. Time (f) for all observers is a Fundamental
invariant, i.e., it's the same for all inertial observers.

X =X—Vt
7=z
=t

« Step 1. Replace -v with +v.

» Step 2. Replace “primed” quantities with “unprimed” and
“unprimed” with “primed.”

x=x4+vt
y=Yy
Z=Z

— ’ _ ’
X=X +Vl | x, =x,+Vi,
’
y=y Xy =X+ VI,
4 4 ’ ’
Xp—X, =Xp—X, +V(t; —1,)

’
Xp =Xy = Xg =Xy




» Notice that each observers perform two
measurements:
1: (Xa, ta) 20 (Xg, tg) @nd 1: (X', t'a) 2: (X', )

These measurements are performed at the same
time:
ta=tgand ty=1ty

The later assumption (simultaneous measurements)
plays an important role for the definition of the
length of the movable rode.

Relativity

+ Galilean Relativity, that is...
» What happens when two observers moving at
constant relative velocity make observations?
— Observer A sees only vertical motion
— Observer B sees a parabolic trajectory (projectile
motion)
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 Start with an example '
— The child in the truck !
throws the ball straight
up, and then catches it
— To the child there is no
change in x
— The truck is really Y
moving however, and
the man on the ground
sees the child throw the ]
ball up and forward in J
just such a way as to . 1 4 im‘;" I > N
catch it when it comes L2, Lo

back down

Quick Quiz 39.1 which observer in Figure 39.1 sees the ball’s correct path?
(a) the observer in the truck (b) the observer on the ground (c) both obscrvers,

39.1 (c). While the observers’ measurements differ, both are
correct.
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* Who's right?
— They both are, of
course

* Newton’s Laws -
describe the
acceleration of the ball,
and both observers
agree about the
acceleration!
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Galilean Relativity

* Let's call the ground
frame S and the truck
frame S’

— How do we relate an
eventin describedin Sy
to the same event
described in S’ ?

X =x-vt
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P (event)
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Galilean Relativity

* Let's call the ground
frame S and the truck
frame S’

— What about a series of
events (like the velocity » y P (event)
and acceleration of the -

\ /
ball) —
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 Let’s call the ground
frame S and the truck
frame S’
— What about a series of
events (like the velocity  »y
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and acceleration of the
ball)

d*x’ ~du”_du dv_du

d?  dt At dt dt
d%x’ _ dx’

a2 de? 0

— So Newton’s Laws are ===
valid in all inertial
(dv/dt=0) frames!

Galilean Relativity

« As usual, one has to convert from one reference
frame to another

— Origin of S’ frame moves with velocity v, with respect to
frame S

r'=r-vg
, _dr’ _dr
V=D
dt dt
=v-v,
a,=dv'=dv_dv0=ﬂ_0
dt dt dt dt
=a




Galilean Relativity

» Note that acceleration does not change!
— Since (as we'll see) force is proportional to acceleration,
(Newtonian) physics is the same in any two frames
moving at constant relative velocity!

r'=r-vy S H
, dr’ dr @
V=—=—n-v,
dr dt .
=v-v, ¢
, adv _dv a d
ao VY _dv_dv, _dv_
dt dt dt dt 0| ol o
—a —

Quick Quiz 39.2 A baseball pitcher with a 90-mi/h fastball throws a ball
while standing on a railroad flatcar moving at 110 mi/h. The ball is thrown in the
same direction as that of the velocity of the train. Applying the Galilean velocity
transformation equation, the speed of the ball relative to the Earth is (a) 90 mi/h
(b) 110 mi/h (c) 20 mi/h (d) 200 mi/h (e) impossible to determine.

39.2 (d). The Galilean velocity transformation gives us
wuy = uy+ v =110 mi/h + 90 mi/h = 200 mi/h.

Maxwell’s Equations & Absolute
Reference Systems

*In Maxwell’s theory, the speed of light, in terms of
the permeability and permittivity of free space, was
given by:

v=c=1/\/ e,

Thus the velocity of light is a constant.

Aether was proposed as an absolute reference system in which the
speed of light was this constant and from which other measurements
could be made.

The Michelson-Morley experiment was an attempt to show the
existence of aether.
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» Recall the wave equation for EM waves

This comes from electricity
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This comes from magnetism This is the velocity of the wave

» Does the velocity of the wave transform via
Galilean Relativity?
— It seems that the velocity of light should be
transformed depending on what frame we are in
— But nothing in the equations tell us which is the
frame in which ¢=3.00x108 m/s.




What about E & M?

 Recall the wave equation for EM waves

This comes from electricity
PE, Vo'E 1 9E,
w40 T

This comes from magnetism This is the velocity of the wave

» Does the velocity of the wave transform via

Galilean Relativity?

— It seems that the velocity of light should be
transformed depending on what frame we are in

— But nothing in the equations tell us which is the
frame in which ¢=3.00x108 m/s.

— Perhaps light moves through a medium, ether,
how can we tell?

The Maxwell’s equations

Derivation of the Wave Equation
from Maxwell’s Equations

Take V x of: VXE=—%—B
t

Vx[ﬁxE]:Vx[—a—B]
ot

Change the order of differentiation on the RHS:

?x[VxE‘]:—%WxB]

Derivation of the Wave Equation
from Maxwell’s Equations (continued)

Vx[VxE]:—%[VxE]

- = oE
VXB=pue—
# ot

. E
VX[VXE] =—%[ﬂ€aa—t]

,= assuming that u
and eare

VX[VXE]=—ue
[ 1=-4 or* constant in time.

Vx[Vxfl = V(V-f)-Vf

Vx[VxE]:—yea—E

or
L
VO E)-ViE=—ue LE
ot
V-E =0
.
VZE=,u£aE

or’

*Galilean transformation is not valid for those principles
of physics that contains velocity.

«If we accept that both the Galilean transformation and
Maxwell equation are valid, then it is spontaneously
concluded that there is a unique preferable frame.




*The following possibilities is occurred by the fact that
the Galilean relativity is satisfied by the Newton laws
but it is not satisfied by the Maxwell equation:

There is relativity principle for the Mechanics, but for the
electrodynamics. This requires that there is a unique and preferable
fram. If this is so we can apply the Galilean transformation and find
the preferable fram.

There is a relativity principle that are valid for both Mechanics and
Electrodynamics, but the Maxwell equation is incorrect and should
be represented. If this is so we should be able to observe some
deviation from Maxwell equation.

There is a relativity principle that are valid for both Mechanics and
Elecrodynamics, but the laws of Newtonian mechanics are not
correct. If this is so, then we should be able to observe deviation
from classical mechanics, and represent the classical mechanics
from scratch. In this case the Galilean transformation can not be
correct and we should be able to represent it.




