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When black holes When black holes 
collidecollide

Light and the EM spectrum
Light travels in waves.

Waves are an oscillation (movement 
back and forth in a regular rhythm) 
from a rest position. Light is a type 
of transverse wave, where the wave 
moves at a right angle to the direc-
tion of the wave travel. Transverse waves have certain features, labelled below:

Wavelength - The length of a single 
wave, measured from any point in 
a wave, to the same point in the 
next wave.
Amplitude – The height of a wave 
peak from the rest position.
Frequency – The number of waves 
produced each second (unit is 
hertz – Hz).

The light that we can see is visible light. Visible light represents a small portion of a 
spectrum of waves, known as electromagnetic waves. Other electromagnetic waves 

include Radio waves, Micro waves and X-ray waves.

The electromagnetic 
spectrum includes 
very large 
wavelengths (the 
size of buildings) 
and very small 
wavelengths (the 
size of atoms). As 
the length of 
the wavelength 
decreases, generally 
the frequency of the 
wave increases.
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Interference Interference 
and reflectionand reflection

There are two key properties of light which we can use to 
measure the impact of two black holes colliding.
There are: interference and reflection. (Circle the property 
you are examining).

In your group, use your discovery sheet to examine 
one of these properties in detail. 

Write a 2-3 sentence summary of your property 
(interference or reflection): 

Design a diagram that explains your property 
(interference or reflection):
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PresentationPresentation
As a group present your property (interference or 
reflection) to a group working on the other property. 

This group will also present their summary of the 
other property (reflection or interference). 
Based on their explanation…

Write a 2-3 sentence summary of the other key property 
(reflection or interference):

Copy the diagram that explains the other key 
property (reflection or interference)
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Black holes and gravityBlack holes and gravity
Gravity is a force that pulls anything with mass towards one 
another; this could be:

a planet towards the Sun (an orbit) 

a person on the Earth (keeping our feet on the ground) 

a pencil sitting on a table

Mass is the amount of matter in an object – we 
measure this in kilograms (kg) or grams (g).

The strength of the gravity force increases as the mass 
of an object increases. For example, the gravity on the 
moon is approximately 6 times less than the gravity on 
Earth, because the moon has less mass than our Earth.

A black hole results from very large stars (at least 10 times the size of our Sun) 
when they collapse. These stars have a huge mass, and they become the most 
concentrated form of matter. Black holes have such a strong gravitational field 
that nothing can escape from them – not even light! 

Because black holes have massive gravitational fields, they pull towards one 
another. It can take millions of years for them to collide, but when they do, they 
do so with such force that we can detect an unusual feature of gravity…

Gravitational waves
Watch the video introducing gravitational waves and the 
LIGO experiment. 

Describe what happens to the Earth as a gravitational wave 
passes through it…
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LIGO LIGO 

The light detector measured the amount of light from 
these laser beams continuously, and by doing this LIGO 
could detect when a gravitational wave had occurred.

You have been given model representations of the 
components in LIGO: 

a laser source 

two mirrors

a light detector 

a transparent surface 

an enclosed space

Using these components, your knowledge about interference and reflection, and any hints 
you saw in the video, build a model LIGO in your groups. Draw on the ‘laser beams’ in pen-
cil once your model is finished.

Gravitational waves were first suggested by Albert Einstein in 1916, but were only shown to 
exist by LIGO almost 100 years later. This is important, as it confirmed Einstein’s theories 
(which a lot of modern physics is based on)! 
Since LIGO detected the first gravitational wave, scientists have also been able to use 
gravitational waves to ‘see’ new things in space (similarly to using light or radio waves to see). 
They have found that many heavy metals, including gold, are formed by colliding neutron 
stars (the most compact things that are not black holes) – we could never have observed this 
without LIGO. This helps us understand more about our own planet. 
LIGO has been hailed as starting a ‘new era’, as it allows us to understand new 
things about our universe – we cannot know all of the possible advantages just yet, but 
an immediate one is to start to identify other black holes that surround our Earth. This 
will be important as our ability to travel in space increases! 
It cost approximately $1.1 billion to build LIGO. Using the $1.1 billion Discovery Sheet, 
discuss as a group whether you think LIGO, or other scientific research, is a good use of $1.1 
billion. 

It was a good use of $1.1 billion because:

It was not a good use of $1.1 billion because:

In 2015, LIGO (“Laser Interferometer Gravitational-wave Observatory”) 
used laser beams to detect gravitational waves for the first time! 

Watch the video explaining LIGO in more detail: 
How does your model compare? 

Which parts did you include, or not include?
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Recap...Recap...
Complete the summary using the words below:

Light is a ____________. When two light waves with the same 
wavelength overlay one another, they can ____________ with one 
another. This can be ____________ or ____________. Light waves 
____________ off surfaces at the same angle at which they hit them. 

Gravity is a ____________ that pulls two objects with ____________ 
towards one another. 

In 2014, ________________________ were directly measured for the 
first time, using LIGO. LIGO used interference and reflection of two 
____________ beams to measure gravitational waves. 

It cost $1.1 ____________ to fund the LIGO experiment.

If you would like to know more about interference and 
gravitational waves, you can look at the following resources:

What is a gravitational 
wave 

Gravity and orbits – 
land your spaceship 
using gravity

Reflection – insert light 
rays, mirrors and other 
things to experiment 

NASA article online

Online game

Online simulator

https://spaceplace.nasa.gov/
gravitationalwaves/en/

https://www.miniclip.com/
games/ gravity/en/ 

https://ricktu288.github.io/
ray-optics/

gravitational waves  .  force  .  billion  .  reflect  .  mass  .  
constructive  .  laser wave  .  interfere  .  destructive

 Topic                                 Media Format                How to Find it
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Further thoughts...Further thoughts...
Visible light refracts (changes direction) when it passes through the Earth’s 
atmosphere, which distorts the image. 

However, radio waves can penetrate the Earth’s atmosphere without refracting. 
Therefore, radio telescopes were used to image radio waves. 

Radio telescopes are typically large dishes which focus radio waves towards a 
detector.The bigger the diameter of the dish, the more detailed the image is. 

In order to take the image of a black hole using one dish, the dish would have 
needed to be approximately the diameter of our Earth!! 

Therefore a network of dishes was used instead; 8 radio telescopes took 
images over a week long period. Because the Earth spins, with the radio 
telescopes on it, this gave far more than 8 different positions for looking 
at the black hole. Astronomers were able to calculate how to combine 
information from all the telescope images to create one detailed image.

In order to improve the images we can take of space, a new generation of 
radio telescope is being developed, called the SKA. Watch (or re-watch) 

the video describing this project, then answer the question below:

https://www.youtube.com/watch?v=uIC4w5Dk2ZM
(Titled ‘The Square Kilometre Array Telescope and SETI’)

The SKA project cost $650 Million (just over half the cost of LIGO). 
The SKA aims to look for Signs of Extra Terrestrial Intelligence (SETI). 
In your opinion, is the SKA project (looking for SETI) a better or poorer 
use of research funding than the LIGO project?


