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Carol Tear looks at the recently reported 
observation of gravitational waves

Gravitational waves were predicted a century ago 
by Albert Einstein’s general theory of relativity, 
but it wasn’t until 11 February 2016 that the 

Laser Interferometer Gravitational-Wave Observatory 
(LIGO) reported the first observation of them. 

Newton’s theory of gravitation accounts for 
motion in everyday situations, but on the cosmic scale 
Einstein’s theory explains some effects that Newton’s 
theory cannot account for. Einstein and Newton 
thought very differently about force. Newton’s theory 
says that two massive objects accelerate towards each 
other because of the gravitational force between them. 
Einstein imagined the objects on a stretchy surface 
(like a rubber sheet). They would make dips in the 
surface and accelerate towards each other.

The general theory of relativity extends this idea 
to three dimensions of space and one of time (space–
time), and treats gravity as a distortion of space–time 
rather than a force. A massive object — such as a black 
hole — will cause a large distortion in space–time, so it 
has a large effect on other objects. Gravitational waves 
are caused when space–time is distorted, rather like a 
sound wave is produced when a small region of matter 
is compressed. A slight distortion in one part of space 
distorts nearby regions and this disturbance propagates 
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in all directions as a gravitational wave travelling at the 
speed of light. 

How did LIGO detect them?
The disturbance produced by gravitational waves is 
very small, so the LIGO team looked for the largest 
distortion that they could find using the most extremely 
sensitive equipment they could build. 

The waves detected were from two black holes, each 
about 30 times the mass of the Sun and about 150 km 
in diameter. They spiralled towards each other and 
merged 1.3 billion years ago, sending out the equivalent 
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Weblinks to follow up
LIGO site: www.ligo.caltech.edu

The video of the announcement: 
www.tinyurl.com/jaj6rem

Have a play around with this animation to help 
you understand how an interferometer works: 
www.tinyurl.com/h7f6t83

Activity
1 What is the condition for the two reflected 

beams (a) to arrive in phase and (b) to produce 
complete destructive interference?

2 The beams are reflected back and forth along 
the tubes many times before superposing. 
Explain how this enables LIGO to detect 
changes in tube length that are much smaller 
than the wavelength of the laser beam 
(1054 nm).
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of several solar masses of energy as gravitational 
waves. On 14 September 2015 the waves stretched and 
compressed space here on Earth and were detected by 
LIGO.

LIGO consists of two observatories in the USA. One 
is at Livingston, Louisiana and the other is 3002 km 
away in Hanford, Washington. Gravitational waves 
will affect both observatories in the same way, so local 
vibrations picked up at only one can be discounted.

Each observatory has two 4 km tubes at right angles. 
Laser light is split into two beams, which travel down 
the tubes and are reflected back. They combine at a 
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detector, giving a maximum signal if they arrive in 
phase. Small changes in path length alter the phase of 
the reflected beams, which changes the detected signal. 
When a gravitational wave distorts the tubes there is 
a path difference, which is detected. This difference is 
about 10–19 m — about one thousandth of the diameter 
of a proton.

What next?
Gravitational waves are a new way to observe the 
Universe, and may extend our knowledge and 
understanding of cosmology. The techniques developed 
to measure such small effects have other uses. It is 
impossible to predict whether gravitational waves may 
be useful in the future — just as it was impossible to 
imagine the uses we have today for electricity and radio 
waves when they were first discovered. 

1 The tube lengths must differ by (a) a whole 
number of wavelengths (b) an odd number of half 
wavelengths.

2 Suppose the tube length changes by 1/n of a 
wavelength. One there-and-back trip changes the 
path length by 2 × 1/n of a wavelength, two trips 
produce a change of 4 × 1/n and so on. Multiple 
reflections mean that a tiny change in the length 
of a tube is multiplied to produce a much larger 
overall change in the path travelled by the beam.
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