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The Ether Hypothesis

• If light behaves like a wave, what is the medium 
in which it propagates ? Medium = Ether

• Maxwell’s equations do not seem to point out to 
a preferred reference frame in which the speed 
of light is c

� This preferred reference frame is the one where the 
ether is stationary

e
0
= 8.8542x10-12 F.m-1: permittivity of vacuum

m
0
= 4p x 10-7 N.A-2: permeability of vacuum



Properties of 
the (luminiferous) ether

• Has to have a low density, so that the 
planet could move through without losing 
energy

• Elastic to support the high velocity of light 
waves



What is expected 
(from classical mechanics)

• Inertial Frame K at rest [ether]: 
speed of light = c

• Moving Frame K’ at velocity v 
with respect to K:                 
speed of light = c-v

• If K’ is moving at velocity –v with 
respect to K: speed of light = c+v

c
c-v

x’ = x – vt � dx’/dt = dx/dt – v
� v x’ = vx – v 

with vx = c



Experimental challenge

• To detect the presence of the ether, one 
needs to measure the speed of light for a 
moving system (with respect to the ether).

• Problem: 
– Speed of light: c = 3.108 m/s
– If one needs to measure c’=c±v, better have a 

large v to start with !



Exercise 
Calculate the velocity v of Earth though space. Express v in units of c.
[Info: assume circular orbit and Rorbit = 150.106 km]

Guess ?
1. v ~ c = 300,000 km/s

2. v ~ 10-2 c = 3,000 km/s

3. v ~ 10-4 c = 30 km/s

4. v ~ 10-6 c = 300 m/s

5. v ~ 10-8 c = 3 m/s

6. Don’t know

Answer ?
1. v ~ c = 300,000 km/s

2. v ~ 10-2 c = 3,000 km/s

3. v ~ 10-4 c = 30 km/s

4. v ~ 10-6 c = 300 m/s

5. v ~ 10-8 c = 3 m/s

6. Don’t know



The Michelson interferometer (I)



1887: Michelson-Morley experiment



The Michelson Interferometer (II)

1. AC is parallel to the motion of 
the Earth inducing an “ether 
wind” 

2. Light from source S is split by 
mirror A and travels to mirrors 
C and D in mutually 
perpendicular directions

3. After reflection the beams 
recombine at A slightly out of 
phase due to the “ether wind” 
as viewed by telescope E.



Interferometer fringe pattern
Constructive Interference [in-phase]

Destructive Interference [out of phase]



Interference (I) ?

• Incoming Wave: A0(t) = 2E0 cos (kx-wt)
• At the observer, once the 2 beams come back 

together:
– A1(xs,t) = E0 cos (k(2l1+ls)-wt ) � � 1 = <A1

2> = E0
2/2 = � 0

– A2(xs,t) = E0 cos (k(2l2+ls)-wt ) � � 2 = <A2
2> = E0

2/2 = � 0

� As(xs,t) = A1(xs,t) + A2(xs,t)

• As(xs,t) = 2E0 cos(k(l1+l2+ls)-wt ) cos k(2l1-2l2)/2
[with d=2(l1-l2) ] = 2E0 cos(k(l1+l2+ls)-wt ) cos (kd/2)

l1
l2

ls

s

Case: v=0



Interference (II)  ?

• We measure/observe an intensity:
� = <As

2>=2E0
2 cos2(kd/2) = 4� 0 cos2(kd/2) 

with k = 2p/l

• Interferences:
– Bright: cos2q=1 � q = np � 2p (l1-l2) /l = np

� l1-l2 = nl /2 or d=nl
– Dark: cos2q=0 � q = (n+1/2)p � 2p (l1-l2) /l = (n+1/2)p

� l1-l2 = (n+½)l /2 or d = (n+½)l

l1
l2

ls

s

Case: v=0



The Michelson Experiment

Along the x-axis: Along the y-axis:

Case: v� 0

vtl1

vt

l2

vt vt

.

Time t1 to make the return trip: Time t2 to make the return trip:

[Applet 1] [Applet 2]

ct ct



The Michelson Experiment (II)
• Setup at 0º: Dt(0º) = t2 – t1
• Setup at 90º: Dt’(90º)=t’2 – t’1

– Difference should be: Dt’-Dt ~ v2(l1+l2)/c3

– But: Michelson measures Dt’-Dt = 0 !

• This would mean that: l1 = l2.� (1-v2/c2) e.g. 
the length l1 is contracted in the direction of motion by a 
factor � (1-v2/c2) [Lorentz-FitzGerald contraction]

� Only an ad-hoc assumption
� Cannot be tested, because the instrument to 

make the measure would shrink by the same factor !



Conclusions

• No ether !

• No “preferential” reference frame

• [Velocity of light = c in all directions, 
whichever the inertial frames considered]


