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Summary

What is a gravitational wave?

Gravitational waves were predicted at the beginning of the last century by A. Einstein. They seem

to come straight from a science fiction novel on time travel, as they change distances periodically

in time without moving any objects. However, they are far from fictional and have been measured

for the first time in 2015, 100 years after their prediction. The cause for the long time between

prediction and detection is not lazy scientists; it is due to the effects being so small. The experts

100 years ago did not know whether it would be possible to measure them.
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SUMMARY

How can we detect gravitational waves?

Nowadays gravitational waves are detected routinely using interferometers with several kilometer

long arms. A strong laser sends light into the interferometer. A beamsplitter reflects half of the

incoming light while the other half passes through it. The light travels along the arms until it reaches

a mirror which reflects all the light back to the beamsplitter. If both arms have equal length all light

leaves the interferometer at the side it entered. If the arms differ in length part of the light uses a

different path to leave the interferometer, the dark port. This is due to the wave nature of light - if

the wave crests of the light returning from one arm coincide with the valleys of the wave returning

from the other arm it is dark at the dark port. Otherwise there is light at the dark port. The dark

port will be brightest if the crests of the light waves coming back from the two arms overlap.

A gravitational wave will change the arm lengths of the interferometer. First one is lengthened and

the other shortened, then one is shortened while the other is lengthened. This causes the amount of

light at the dark port to change in time, in phase with the gravitational wave. Hence, observing the

light here enables scientists to detect and study gravitational wave signals.
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SUMMARY

What is this thesis about?

Just as it is easier to judge whether a light bulb is turned on or off when it is much brighter than

its surroundings, it is easier to see whether there is a gravitational wave signal if there is plenty

of laser light coming from the interferometer. One way to increase the amount of light is to use

a more powerful laser. The lasers used in gravitational wave detectors are so strong that they can

shake the mirrors. Furthermore, the light heats the mirrors, and even though the speed of light in

vacuum is a constant, the speed of light passing through a mirror depends on the mirror temperature

(note that some partially transparent mirrors were omitted in the explanations so far for simplicity).

As the light passing through the mirror has now a different speed depending on where it passes the

mirror, it changes the intensity distribution. This change in intensity distribution can cause the

interferometers to malfunction. This thesis is about the measurement of such changes with the phase

camera. In the future the phase cameras data will be used to mitigate effects due to the heating of

the mirrors. By doing so the amount of light in the interferometer can be increased and the detector

becomes more sensitive, i.e. more gravitational wave signals can be detected.
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SUMMARY

What is a phase camera?

The phase camera is a sensor that measures the wavefront of a laser beam. This means that it

measures the phase and the intensity of the light waves. The intensity describes how much light

there is at a certain location – how high the wave is – and the phase gives the location of the crests

and valleys of the light wave. These crests and valleys move through space similarly to water waves

moving over the surface of a pond, thus the crests and valleys are not stationary but their location

in time is predictable if the phase of the wave is known at one moment in time and space.

If we look at a light source we cannot see the waves in the light because the crests lie so close

together and the light moves at unimaginable speeds. Neither can we see the waves with help of

electronic devices – the crests come and go much too fast. However, by mixing two laser fields

with slightly different wavelengths one obtains a beat signal from which the phase difference between

the two light waves can be measured. Thermal effects in the interferometer alter the phase of

the interferometer beam. The reference beam, however, never enters the interferometer and is

not affected by these thermal effects. Thus by mixing these two beams and observing the phase

difference between interferometer beam and reference beam one can measure the phase change of the

interferometer beam. Hence the phase camera shows how the wavefront of the interferometer beam

changes in time. This can be used to observe thermal effects.
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SUMMARY

What has been observed so far?

The gravitational waves observed so far originated from the mergers of very heavy celestial objects

such as black holes and neutron stars. If two of these objects orbit one another - similarly to the

Earth orbiting the Sun - gravitational waves are produced. With time the distance between the

two objects shrinks, they start to revolve faster and faster, and both strength and frequency of the

gravitational wave increase, until the objects touch. Once they touch the objects merge and the

gravitational wave signal decreases. In case of a merger involving two black holes the wave ebbs

away similarly to the sound after you hit a bell - hence this final phase is known as ringdown.

In the case of black holes only gravitational waves are emitted. However, for the observation of

mergers including neutron stars light is emitted too. To ensure the gravitational wave and the light

originate from the same event, and to gain additional information from the light associated with a

gravitational wave, we need to know the direction the gravitational wave came from. This is done

by building several interferometers and comparing the arrival times of the signal at the different

interferometers. Roughly speaking: the more interferometers, the better we know where the signal

originated. Currently four detectors are in use. However, the GEO600 detector is sensitive at higher

frequencies than the other three. Hence its data are not used for the signals observed thus far.
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SAMENVATTING

What will the future bring?

Gravitational waves enable us to see the universe in a completely new way. What we will learn from

them in the future is a blank page right now (or isn’t it?). But I expect them to change our view on

the vast ”empty” space around us.

262


