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1 Introduction

In 1887 Albert Michelson and Edward Morley tried to measure the relative motion of matter through
‘luminiferous aether’ in what we now call the Michelson-Morley experiment. Their negative results, i.e.
no measured difference in the speed of light, led to the dismissal of the then prevalent aether theory
and marks the beginnings of what would be the research into special relativity.

You can repeat the Michelson-Morley experiment if you have a Michelson-Morley interferometer at your
disposal. In this text we will discuss the results of the 1887 experiment and how this led to the idea of
a constant speed of light.

2 Michelson and Morley

In the module ‘Collisions’ we explained that collisions which happen at an angle can be analysed by
decomposing all movements or momenta into vectors and summing them vectorially. Can we always
apply this method? There seem to be no problems when we stick to classical mechanics, i.e. low speeds.
But what happens when we go faster and approach the speed of light?

Lets suppose we have a canal exactly 2.5 km long and we are sailing up and down this waterway at
exactly 5 km/h. One round trip then takes precisely 1 hour. At one end of the canal is a sluice which
is opened to let water flow through the canal at a speed of 0.5 km/h. When going up the canal our boat
has to sail against the flow of the water and only reaches a speed of 4.5 km/h relative to the shore. With
respect to the water the speed is still 5 km/h. Going down the canal we sail along with the water and
now reach a speed of 5.5 km/h relative to the shore. How long does it now take to make one round trip
on the canal?

Sailing up the canal now takes a bit longer, 33 minutes and 30 seconds. The trip back is shorter,
26 minutes and 40 seconds. This means the entire journey takes 10 seconds longer because of the flowing
water. Knowing this, we can use our sailing time to calculate the velocity of the water. (Naturally you
want to verify that no mistakes were made in the calculations, so you might want the check the numbers
above.)

In the 19th century the leading opinion amongst scientists was that light is a wave which travels
through a certain medium; ‘aether’. By analogy with a trip on a canal, Michelson and Morley devised
an experiment to measure how fast we, on Earth, move through this ‘aether’. To do this they build an
interferometer, see figure 2.1.
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Figure 2.1: A Michelson-Morley interferometer. The beam splitter is a 50/50 mirror, it reflects half of
the light and lets the other half pass through. The two other mirrors are ordinary mirrors, reflecting all
the light.

A pulse of light emitted by the source is split into two separate beams by a beam splitter. The two beams
of light follow different paths, but of equal length. One path was directed North to South, the other East
to West. The light in the two paths have a different velocity with respect to the aether. The end of both
paths is a mirror reflecting the light back to the beam splitter. The two beams are recombined and
viewed by a detector. Here the intensity of the light shows whether the light beams are in phase, bright
light, or out of phase, dimmed light. One of the light paths can be changed in length to change how the
light beams interfere with each other.

Exercise 1 : What type of light source would you use in an interferometer? A naked candle flame, or a
candle flame which is being sprayed by table salt?1

Exercise 2 : What is the easiest way to operate the interferometer (or starting position), in or out of
phase?

Michelson and Morley set up their experiment and then turned the entire interferometer. To do this they
could just sit and wait because the turning of the Earth around its axis meant that the interferometer
was already turning inside the aether. Michelson and Morley expected the see the light intensity change
because the light paths where turning inside the aether. Their setup was very sensitive. Even the
smallest change, just half a period of the vibration of the light was enough to change from in (bright
light) to out of phase (no light).

But the two men saw nothing change. They tried modifying their setup to make it even more sensitive,
increasing the path lengths of the light and the number of reflections. But still they saw no change.
Turning the light paths into different direction also did not work. They had to conclude that light

1Take a look at the module ‘Colour’ to find out what happens when we introduce table salt into a flame.
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travels at the same speed in all directions. Simply adding or subtracting the velocity of the medium is
no longer a valid way of doing calculations when one is near the speed of light.

Exercise 3 : How fast is the Earth moving at the equator due to its rotation? Compare this to the speed
of light.

Exercise 4 : The Earth also turn around (orbits) the Sun. Compare the orbital speed of the Earth
around the Sun with the speed of light.

Exercise 5 : Estimate the size (the lengths of the light paths) of Michelson and Morley’s interferometer
needed to detect these changes in velocity.
Hint: How many (half or quarter) wavelengths of light do you need? Perhaps take a look at interference
in sound.


