
137.2 ELECTROMAGNETISM

chapter6 : Electromagnetism and
special relativity

Lecture 17
( last lecture ! )



⑥ Electromagnetism & special relativity

The forces of nature as they were understood
at the end of 19th C were the bit owing :

Newtonian mechanics c- lato) / E-- moi
Newton's law of gravitation titty E - G mm

' t F
r
'

Maxwell 's theory of electromagnetism I -1864)

I



Einstein's theory of special relativity , proposed by
Einstein in 1905

, is a model for space time ( IR
")

and its symmetries, derived from two axioms
.

It resolved an i¥¥ that appeared

at the end of the 19th century between Newtonian

mechanics a Maxwell 's laws of electromagnetism

↳ the iwisnristmoy was due to Newtonian
tomaptions of space time



Special relativity describes the motion of
particles and bodies Lmechanics ! ) and replaces

-

Newtonian mechanics .

It

* reduces to Newtonian mechanics in the limit vccc

• is experimentally confirmed
⑧ is good umpnto large scales when gravitational effects

become important → general relativity
[ leg gravitational field of a black hole
causes spacetime to curve )



7 f
special

/ Axiom 1 Principle of relativity
--

all laws of physics must be consistentwith *
*

special relativity

in particular :

^ Maxwell 's equations are
(and they unify electric R magnetic forces )

. Newtonian mechanics isn't !

[ but they under the Principle of Galilean
relativity instead .
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how are these IRFS related ?

Ok 0
'
develop laws of physics by making

measurements in their own reference Games :

how do these laws compare 1

I



Galileo says Caalikan relativity)
←

constant

t
'
= txt. ⇒ At

'
- at

time interval between two
went , is the same wrt

I 0 4 O '

Galilean
×

transformation ¥ = If I - It position of the
rotation origin of 0 at It

in 112' w rt O
'

• Newtonian mechanics is invariant under

Galilean transformations i

ey 0 would say F- = moi

O
'
would say E '=mI '



• Lorentz says : Maxwell's equations are not
invariant under Galilean transformations I

0

For example : the wave eq is mt invariant
omdw Galilean Nomsformation,

suppose f
' IN

,
F) satisfies the wave eq wrt O

'

D ' f ' = - ¥ ¥¥ + T"f ' = o
Thus with respect to 0 , f It,I)=f' It ' ,TY satisfies

Df - ¥ i. off + of iv. D) Tv -Tf ) =o

Geowly a problem in electromagnetism .



Instead Maxwell's equations are invariant
under affine linear transformations of spacetime ID4

-
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Lorentz
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Postulates of special relativity :

• Laws of physics are the same in all inertial
reference frames LIRF)

IRFS → frames moving with constant velocity
relative to each other

so for electromagnetism this means that
bras on distributions of changes and currants
are described by Maxwell 's equations with
Eo
, Mo in⑨ IRF

• The speed of light c = HomoJ
"'
is the same

in all IRFS
.



Einstein proved that Lorentz transformations

follow from these postulates

• replace Newtonian mechanics by
imperial relativity

* Maxwell 's equations already invariants
In particular electromagnetic waves
in vacuum move with web city c in
any IRF



Lorentz transformations : Consider two IRFS :
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assume : at t= tho the origin of 0 win aides

with the origin of O
'

and suppose that at this moment a flashlight
is sent

.



This flash of light expands spherically with
velocity C with respect to IRFS

with respect to 0 : at a time t in their dock

this sphere has equation

X't y't to
'
= 1¥
'

[ distance traveled

1 1with respect to 0 : at a time t in their dock

this sphere has equation
i i i i

Xtyt to = left
[ distance traveled



Galileo would have said that these observations
are related by

THE
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which is inwnviImtwiththepvedictions
electromagnetism



On the other hand Lorentz
, Poincare , Einstein

would have said that the linear transformation

•
ct
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et

X' = LX
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X. = x
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which leaves the equation
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invariant is :



it ' = cut - Ix )
✓ tutti 8 -8¥ o o

Ha Cx-ut ) ie 1=-18 O o o

✓1-U' let 0 0 I 0

y
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I = A
f- 1- > 1
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no real valued
L is not well chtined when NS6 transformation ,

when U3C between

Llorente found this from Maxwell 's easy 040 '



Sketch of the proof :

let XKLX for some 4×4 matrix L

x"nX' = Html)X=xTqX
It - It

• 4
.
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Have LTmL = µq for some ME1R

=L because IE44 = µ
" Loo ]
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Then L 4×4 makino having ~ invariant

[ ( L t 504,3 ) ) ] t.tn I =m



Remarks-

① For ✓ ⇐ C G- 300000km (see

8=1
vi.

' ' + at III't n . . .

Then : Lorentz transformation→ Galilean transformation

compare for example : a car with it Ioo km/hr
w= 100k¥ = # kmfgec ⇒ ¥ )'m 11575



③

• measures the length of a stationary bar and
finds e

O
'
says l

'

One can show : e' = tfe so l ' el

• O says that Dt is the time interval between

two events at the same place in span
O ' says bt

'

Then : Dt '=tDt ie
"
① ' is showy than

"



(3) Schrodinger equation in quantum mechanics

ht 41 t.FI , respectively 4TH , IT, be the wave

function of a particle relative to 0 and

respectively 0 ! Schrodinger 's equation

II J4-1VU = it OI
Ot

is invariant under Galilean transformations
as long as V r, and the wave function
changes by a fan ( so I4F-1WI ' I

Need to correct this → relativistic quantum mechanics



Jackson

Exercise: throw a Lorentz transformation

✓ -8¥ o o

X'= LX
,

i. = r o o
t > 1

0 0 I 0

of
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O
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> sx
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X

Ed = Ex Bx'=B×

Ef=HEgvBt) By
'
- ifBy-1¥ Ez)

F- I =8IEHvBgf BI=8IBt¥Ey)
component along relative motion are the same



Then one can show that if £4 ⑤ satisfy
Maxwell 's equations with respect to 0 then so do

E ' 4 I
'
with respect to O '

J ! E'=¥p'
- - - T.TT ' = o etc

.

Jn I + If ⑤ = o

←



Example suppose that wit o a change q
is moving with constant velocity i. win

• pit , F) = q self
-F. It ) )
4. position of q at t

ceq of trajectory)

Fit
,
it qir HI -Totti )

, ir-dofr.lt)
q

chapter 4 : constant

8ft -t
' IF - FH41 )oIItirtu¥

. fdtiµy
Elt , F) = - - ← etc.



Alternatively ,
in the particles ' reference frame O

'

E'
'

= If ¥, I
'

& ⑤ = o

bring Lorentz transformations

F 't fix -rttityj + zhi
r
''
= FIX-rt )'t y't Zt



0=13×1 -_ Bx B×=0

o=By'=YByt¥Ez)⇒By= - EEZ# T3=-¥InE
o=BI=8IBt¥Ey) Bz=¥Ey -

El
,
= Ex ⇒ Ex = Ex

'

Ey'=HEgvB+) ⇒ Ef=fEyfI - ¥)=8Ey⇒Ey=fEf
EI=8IEztvBg) ⇒ Ea'=fEt( 1-¥)=J'Ez⇒ EE8E!

ie E- EIE-NEfj-VE.li



bring E'=uffE Is F
'

E' =u¥
.

Witty'ihz'I)

=u¥→ # ( A-vtlixyjtah)
⇐

= ¥ IF - it ) D= INE

"h?n=g4×-vtYtJtZ'
µ



End of the lecture nurse

Thank you !


