
Galileo : Inertial System
- If an object is moving with a constant
velocity to (which containsmagnitudea

and direction)-
rector"->

then it will remain in that velost when no
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"
=0. forte.

Newton : Three laws :

Dinertial system
when no forme
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The lawof physics /for describing
objectmotion

is the same in all inertial systems.
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Consider two inertial systems.
-

=
g · X

-> Taxis
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Newton: Time is absolute . (t = t)

Y = X - vt X= x + vt

y = y
= Y

z = z
zEz

t =t
t = t

Galilean transformation

To describe an event
,

we need to

specify both position and time , (and
... ).
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, y, z, t)
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⑭
s= c - v (relonty) c=

c + V

What ifG andI are referringtothe speed of
Light ?

= C * C' for V0

Maxwell combined electricityE Magnetism.
= Newton's law for describing classical mechanics (Kinematol

6 Maxwell's equations for describing
*M interactions.

showed that all the electromagnetic waves

more in vacuum with the
same speedx0msee

(Light is one oftheEM wave.)
=lightmoves withthesamesee



Einstein : Theprinciple of relativity :
-

⑰ All the physics laws (including classical mechanics
and Electromagnetic interactis)

should be the same in All the inertialsystems.

= There is no single absolute reference france.

⑬ sepeed of light (in vacuum)
is the same in all

intial system.

Consequences:
D E to Time is Not absolute

② Time dilation

③ (lovety) length Contraction.

# No speed of any object
can exceed

the speed of light



How to set- for +0) ?

D
X= U(X - vt) X = 2(+ vt)

with
(0-01 , as v=00)

with(8-1 , as v -> 0)

HeyBased on #
,werequireintilsysteaimmel

& Based onB,
we have
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x=ct
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(E) Observerless t (t)
Math is the natural language to describe
Naturea



X= v(X - vt) m
= X(x*+ v +m

ct = r(ct' + V+%# 2

= -(+ v)t

=/+)t
-
-U(HE)((1 -E)
= = r(-) =v

= (U=
#te :

Wecannot be larger than
C
,
because

of Fr ·

X= ↓(x - vt) , using Net and t=*
X=ct

(t = 2(ct - 1)
=(U(t-) with

= t = r(t-),S
Relativistic Kinematics is relevantwhen

v is close to the Speed of light .



same
isform

ForUC For all y

(Bro, fel( (v< C)
classical Kinematics Relativistic Kinematics



Time dilation

t= r(t- EX) t= (t+ Ex)
= t Fam
# =
ot = - (0t-E -= (0t+ =0x))

lightacandleon (ot)
,

with(0x=0)
TtEr(t)

& (t)

with foto
When v is close to c

, say, vE0. 99C ,

the = - I

= Timedilation .



An atmospheric muon is one of the most 
common secondary particles produced when 
cosmic rays interact with Earth’s atmosphere.
Primary cosmic rays are high-energy particles 
(mostly protons, plus some helium nuclei and 
heavier nuclei) that arrive from outer space.
When these primaries collide with nuclei in the 
upper atmosphere, they produce showers of 
secondary particles (pions, kaons, etc.).
These unstable mesons quickly decay, and one 
of the main decay products is the muon.
Because muons are relatively long-lived (2.2 
microseconds at rest, extended by relativistic 
time dilation) and can penetrate matter deeply, 
they reach the ground in huge numbers. In fact, 
most of the cosmic radiation at Earth’s surface 
comes from muons.

atmospheric moons



Cosmic ray (muons)
D muon is an elementary particle, similar to
elector

,
but with mass 200

times of electrona
m = 200 me = 0

. 1 Gear
, (electron-VoltM

Speed of light
C=

y,
82/se

= 3

② Theenergyofcosmic mon
detectedeta

③ The lifetime of mon
has been measuredto

be 2
.21s = 2 ,

2x106 see.

⑪ The heightof the atmosphere of
earth is

about 15 km = 15 X8 m

Atmospheric

I



⑤ The speed of mon can be calculated by using
E = Mc21

,

with M =Mot

Motrestmassent rest

and=
(v=0)

E = 4 Get

M =Mu=
0
.
1 Ger/

4ev= (0 .1 .4
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Wong answer se,mthtimediatraactivity
= (22x10sea) · (speed of muon) =
(distance that muon

can travels

E (2.
2x10Sea · (3x105mysel

= 6
.
6x102 m

15x10 m

# cosmic muon
can never

reach the Earth.

Correct answer is that due to time
dilation

,
the time duration seem by the

observer on Earth is

(2 .

2x10 seco= (2xsee) · (40)

tree58x105
see

=D The muon cantravel

(40) · (6.6xEm) = 26
.4X103 m

715X103 m



Length contraction

x= f(x - vt)
C

ox=U(ox - yot)
For at=o ox= Vox

=> ox= tox", with Upl

- (0x')
(x',t)

#
(x,t)

From the viewpoint ofmoving muon, the
distance it travels through the atmosphere
is shrunk (Covent length contraction)
by
= 40 ( this insje

I



Loventz Velocity transformation
dx= u(dx+ vat')

X = V(x+ vt)
dy=dy

y =y # dz = de
z = z

t = u(t+ x) dt=r(de+ Edx)

Velocitiesxdeda (along the direction of ii)

Uppertendicu
tothe

Uz'↓
z
=

H

The inverse transformations can be readily written down

by changing of to -Y,

= ,
etc.

Note : No speed can exceed the speed of light (C
= 3x108myseal

Example:U

↳

speed of lightis the same : U=D Ux==



Loventz Velocity transformation
dx= u(dx+ vat')

X = V(x+ vt)
dy=dy

y =y # dz = de
z = z

t = u(t+ x) dt=r(de+ Edx)

Velocitiesxdeda (along the direction of ii)

Uppertendicu
tothe

Uz'↓
z
=

H

The inverse transformations can be readily written down

by changing of to -Y,

= ,
etc.

Note : No speed can exceed the speed of light (C
= 3x108myseal

Example:U

U



Lorentz boost along +* - direction
position velocity

1T VY 1

YX
S"

(x, y, z, t) with (ux, uy, uz)

I * I ⑤
x

(x= 0
,y=) I

(xN with (Ux
,
My, uz)

X= V(X+EA) x= v(X- Et)

t = U(t- Ex) t= ((t - Ex)
y= y

y =y z= z
z = z

=
Hy= Sv

47=
withWe
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