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Classical Mechanics-Galilean 
Transfromations



Transformation of Wave Equation



Wave Equation

It should be



Explanations



Alternatively



Lorentz Transformation



“Derivation” of Lorentz Transformation



Observers see each other at +-v
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Coordinate Rotation in a Plane
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length is perserved

In ordinary space the x and y coordinates in a rotated coordinate system are given by
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Relativity

Lorentz transformations
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Invariant to a Lorentz transformation like a rotation in space time coordinates®

Length (in space-time) is conserved under a Lorentz transformation
2 2 2 2 21 cosh ( ) sinh ( ) 1g g b V V- = ® - =

2 2 2 2 2 2 2 2 2 2( ) ( ) ( ) ( )c t x y z c t x y z¢ ¢ ¢ ¢- + + + = - + + +

Lorentz transformations are analogous to a rotation of coordinates in -space time













Time and Space-like separations

!!!s21
2 = c2(t1 −t2)2 − x1 − x2

2
Invariant separation

!!s21
2 >0!!!Time)like!!,!!!!!!s212 <0!!!!Space)like



Time dilation and length contraction
An observer in reference frame K sees a meter stick moving at 
speed v in the z direction.

How long does it appear to be?

Construct events that  give the relation between the length of the 
stick as measured in K and as measured in K’ a frame co-moving 
with the stick



Time dilation and length contraction
An observer in reference frame K sees a meter stick moving at 
speed v in the z direction.

How long does it appear to be?

Construct events that  give the relation between the length of the 
stick as measured in K and as measured in K’ a frame co-moving 
with the stick

2L
K

!
In!K'!Length!is!2γ L=1m
Length!in!K!is!2L=1m/γ



A vehicle goes by at speed v, on the vehicle there is a light timed to 
flash periodically with period T’.

What is the period as observed in the frame K in which the vehicle 
is moving?

!!

In!co&moving!frame!K'!!!!!!!z1'!=!z2'!=0,!!!!!!t1'=0,!!!t2'=T'
Inverse!transformation

z=γ z '+ vt '( )
t = γ t '+ v

c2
′z

⎛
⎝⎜

⎞
⎠⎟

t2 = γT

Time Dilation

Time between flashes as 
observed in K is longer than as 
observed in K’



Proper Time



S212 is the same for all observers



Proper Time is a Lorentz Invariant
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2 2 2 2 2 2The quantity ( ) / Lorentz invariant 
The value of τ is the same in all inertial referrence frames, is the

t x y z ct
t

= - + + ®
proper time

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2/ / / ( ) ( ) / ( ) / ( ) /t x c y c z c t x c y c z ct ¢ ¢ ¢ ¢= - - - = - - -

Consider the ( , )c tµ =four vector x x

( )x x u tg¢ = - y y¢ = z z¢ = 2( / )t t u x cg¢ = -

Minkowski diagram

x

c t

light conelight cone

passed

world line

x ct=x ct=-
All transform
the same way as ( , )c tµ =

four vectors
x x

2 2 2 2 2 2 2 2

Two points on the world line very close to each other
( s) ( ) ( ) ( ) (1 / )c t x c t u cD = - D + D = - D -

proper time intervaltt
g
D

D =



Addition of Velocities

!!

x(t)!!!trajectory!in!K
′x ( ′t )!!trajectory!in!K'
K'!!moves!with!velocity!v!in!z!direction!in!K

d ′x⊥ = dx⊥

d ′z = γ dz − vdt( )
d ′t = γ dt − v

c2
dz

⎛
⎝⎜

⎞
⎠⎟

!!

′u⊥ =
d ′x⊥

d ′t
=

dx⊥

γ dt − v
c2
dz

⎛
⎝⎜

⎞
⎠⎟

=
dx⊥ /dt

γ 1− v
c2
dz
dt

⎛
⎝⎜

⎞
⎠⎟

=
u⊥

γ 1− vuz /c2( )

′u⊥ =
u⊥

γ 1− vuz /c2( )
′uz =

d ′z
d ′t

=
uz − v

1− vuz /c2( )



Four - Vectors

Quantities that transform from frame to frame 
according to Lorentz transformation

!!!

A0 ,A( ) = A0 ,A1 ,A2 ,A3( )

′A0 = γ A0 −βA1( )
′A1 = γ A1 −βA0( )
′A2 = A2
′A3 = A3

!! 

Example:!Space,time!coordinate

ct ,z ,x , y( )

Invariant!Product

A !B=A0B0,(A1B1+A2B2+A3B3)
Same!for!all!observers



Examples

!!! 

Space'time!coordinate!!!!!!!! ct ,z ,x , y( )≡ X

Space'time!wave!vector!!!!! ω
c
,kz ,kx ,ky

⎛
⎝⎜

⎞
⎠⎟
≡ K

Invariant!product
K!X=ωt'k ⋅x =Φ!!!wave!phase

Same!for!all!observers



Derivatives






