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PHY 712 Electrodynamics
10-10:50 AM  MWF  Online

Discussion for Lecture 25:

Start reading Chap. 11

A. Equations in cgs (Gaussian) units

B. Special theory of relativity

C. Lorentz transformation relations
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Your questions –
From Gao -- In Lorentz transform, Why does it consider four 
vectors together instead of three? Because actually these four vectors are the 
same vector?
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More relationships
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Notions of special relativity

 The basic laws of physics are the same in all frames of 
reference (at rest or moving at constant velocity).

 The speed of light in vacuum c is the same in all frames 
of reference.
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Lorentz transformations  -- continued
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Examples of other 4-vectors 
applicable to the Lorentz transformation:
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The Doppler Effect
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The Doppler Effect -- continued
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Electromagnetic Doppler Effect     (θ=0)
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Lorentz transformation of the velocity
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Lorentz transformation of the velocity -- continued
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Summary of velocity relationships
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ux/c

uy/c

Example of  velocity variation with β:
(u’x/c= u’y/c=0.5)
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Comment –
The acceleration equations are obtained by taking the 
infinitesimal derivative of the velocity relationships and 
simplifying the expressions.  (See Jackson Problem  11.5.)
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Velocity transformations continued:
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Some details:
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Significance of 4-velocity vector:
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Introduce the “rest” mass m of  particle characterized 
by velocity u:

Properties of energy-moment 4-vector:
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Properties of Energy-momentum 4-vector --
continued

( ) ( ) 22222
222

2

22
222 ''1

1
  :Note     cpEmc

c
u

c
u

c
umccpE zyx

u

−==



















−








−






−

−
=−

β





















=



















cmu
cmu
cmu

mc

cp
cp
cp

E

zu

yu

xu

u

z

y

x

γ
γ
γ
γ 2

 

2

2 2 2 2 4 2

2
2

Notion of  "rest energy":    For  0,      

Define kinetic energy:   

Non-relativistic limit:   If   1,     1 1

                                   

K

K

E mc

E E mc p c m c mc

p pE mc
mc mc

≡ =

≡ − = + −

   << = + −    

p

2

                                
2
p
m

≈



03/31/2021 PHY 712  Spring 2021 -- Lecture 25 25

Summary of relativistic energy relationships
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Special theory of relativity and Maxwell’s equations
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Lorentz transformations
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Here,  the notation varies among the textbooks. 
In general, it is convenient to use the matrix multiplication
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Summary of results --
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