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Understand the mystery of black holes through a hands-on activity.
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Curriculum topic
the origin and structure of the
Universe

Big idea of science
Earth is a very small part of
the universe.

Keywords
Black hole, Universe, space 

Age range
8 - 12

Education level
Primary School, Middle School,
Informal

Time
1h

Group size
Group

Supervised for safety
Unsupervised

Cost
Average (5 - 25 EUR)

Location
Indoors (small, e.g. classroom)

Core skills
Asking questions, Developing
and using models

Type of learning activity
Demonstration / Illustration

BRIEF DESCRIPTION
Many children may have heard of black holes and already have the understanding that they are
‘bottomless wells’. If something falls into a black hole, it is impossible for it to escape—even
light cannot escape and is swallowed. The lack of light is how black holes get their name. These
objects are mysterious and interesting, but they are not easy to explain. This activity will allow
children to visualize, and therefore help them decompose, the concepts of space-time and
gravity, which are integral to understanding these appealing objects.

GOALS
To gain a basic understanding of what a black hole is and how its gravity affects space-time by
building an interactive model of a black hole.

LEARNING OBJECTIVES
ˆ Use an interactive, hands-on activity to introduce students to the important astronomical

concepts of black holes, gravity and space-time.
ˆ Students will build a physical model of the space curvature around a massive object and

observe the effect on a less massive object.
ˆ Students will be able to describe what happens to an object passing a gravity well, if its

velocity is not high enough or if the gravity well is too deep.

EVALUATION
During (or after) the activity, ask students to describe what they observe: how do objects with
different mass (and gravity) affect space-time? Example of questions you can ask are:

ˆ If a less massive ball was used, how would the behaviour of the marbles change?
(Answer: The less massive ball has less gravity so will distort space-time less. Therefore
the path of the marbles will bend less towards the ball as they travel slower.)
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ˆ If the marble and ball were the same mass, how would they behave? (Answer: With the
same gravity they would equally distort space-time, so would orbit each other, losing
energy until they 'fall' into each other.)

ˆ If you rolled the marbles with more force, what would happen? (Answer: The marbles
would have more energy and travel faster. If they do not pass too close to the ball they
will travel past it rather than 'fall' in. Their path will still be slightly distorted from a
straight line.)

MATERIALS
ˆ Light elastic bandage used for muscular injuries (i.e., Tubifix)
ˆ Small marble
ˆ Very heavy ball (such as those used in games of boules, bocce or pétanque)

BACKGROUND INFORMATION
Gravity

Gravity is a force of attraction between two objects. All objects with mass (weight) have gravity.
Gravity acts like a magnet, pulling objects together. What causes gravity is not really known.
The Earth has gravity, which holds everything close to the planet so that it does not float into
space: trees, water, animals, buildings, and the air we breathe are all held here by gravity. All of
the planets, the stars and the moons of the Universe also have gravity. Even our own bodies
exert gravitational forces on other objects. The Earth’s gravity is far stronger than our own, so
the gravity our bodies possess is not noticeable. Gravity is affected by the size and proximity
(closeness) of objects. The Earth and the Moon have a stronger pull on each other than the
Earth and Jupiter because the Earth and Moon are closer to one another. Earth has a stronger
pull than the Moon because it is larger, so there is more pull on our bodies here on the Earth
than the pull on the bodies of astronauts visiting the Moon. That’s why astronauts can jump
higher on the Moon than on Earth. We don’t actually ‘feel’ gravity. We only feel the effects of
trying to overcome it by jumping, or when we fall. Actually, the man who thought of the
‘Universal Law of Gravitation‘ was inspired by an apple falling on his head as he sat thinking in
the garden. The apple was being pulled to Earth by gravity!

Black Holes

A black hole is a region in space where gravity is so strong that nothing that enters it can
escape, not even light! Black holes form when a massive star runs out of fuel and becomes
unable to support its heavy outer layers of gas. If the star is large enough—approximately 25
solar masses—then gravity pulls on the gas and causes the star to grow smaller and smaller
until its density reaches infinity at a single point. This is called a ‘singularity’.

After the black hole forms, it can continue to grow by absorbing mass from its surroundings,
such as other stars and other black holes. If a black hole absorbs enough material, growing to
over one million solar masses, it becomes a ‘supermassive black hole’. It is believed that
supermassive black holes exist in the centres of most galaxies, including the Milky Way.
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A black hole is made up of three parts: the singularity (the collapsed star), the ‘inner event
horizon’ (the region around the singularity where nothing, not even light, can escape), and the
‘outer event horizon’ (where objects will still feel the gravity of the black hole but do not
become trapped).

Astronomers usually observe objects in space by looking at the light. However, since black holes
don’t emit any light, they can’t be observed in the usual way. Instead, astronomers have to
observe the interaction between the black hole and other objects. For example, as black holes
pull material in, like water being sucked down a plughole, the material forms a disc around the
black hole. As the disc spins faster and faster, it heats up to extreme temperatures, causing
enormous amounts of light and material to be emitted into space as dazzling jets. If they’re
pointed towards us, these jets are extremely bright and can easily be picked up by our
telescopes on Earth. For black holes that are not ‘feeding‘, one way to detect them is to observe
the motions of stars around the black hole, since their orbits will be altered by its presence.

Space-time

Space is made up of three dimensions (up-down, left-right and forward-backward). If you add
the fourth dimension, time, then you have what’s called the space-time continuum. This might
sound strange, but imagine you are meeting somebody; you need to know which location (place
in space) to meet them at, but you also need to know which time!

Albert Einstein was the first person to propose the idea of the ‘fabric of space’ (space-time), in
his ‘General Theory of Relativity‘. Before Einstein’s theories, it was believed that gravity was a
force, as explained by Isaac Newton. But Einstein’s general theory of relativity explains gravity
as the ‘curvature of space-time’. This concept can be pictured by imagining space-time as a
rubber sheet. The balls on the rubber sheet bend the sheet around them, similar to the way
matter bends space-time.

FULL ACTIVITY DESCRIPTION
In the following activity, students will build a model of a black hole, which is intended to help
them visualize how exactly a black hole can ‘bend’ space and time and affect nearby objects.
The activity should take about one hour.

Step 1

Before you begin the activity, use the ‘Background Information’ section to introduce children to
the concept of gravity. You can do this by telling the story of Isaac Newton and the apple tree,
and having all the children jump up and feel gravity pull them back to Earth.
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Step 2

Cut a 40 × 40 cm piece of elastic bandage. If it is tubular, you will need to cut it through one
side to make it flat.

Step 3

Ask several students to stretch the bandage horizontally until it becomes taut to represent
two-dimensional ‘space’. Note that the students must hold the bandage still so that their
movements do not affect the experiment.

Step 4

Place the marble on the bandage and make it roll across its surface. The marble’s path should
follow a straight line, similar to that of a ray of light travelling through space.
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Step 5

Swap the marble for a heavy ball. When you place it on the bandage you will see how it deforms
the fabric of ‘space’. ‘Space’ becomes curved around the heavy object.
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Step 6

Make the same little marble roll close the heavy object. Its trajectory should now be altered by
the deformation of the bandage. This is similar to what happens to light passing close to a
massive object that deforms the space surrounding it. Try varying the speed of the marble to
see how its path changes.
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Step 7:

The more concentrated the central mass (i.e., the heavier the large ball), the more curved the
bandage will be. This increases the depth of the ‘gravitational well’ from which the marble will
not be able to escape.

Step 8:

As the marble passes close to the large ball, it starts to revolve around the ‘black hole’ and
eventually falls in. You can now see how things may easily fall into a black hole but cannot come
back out. This is what happens with black holes: their gravity deforms space in such a way that
light or other objects fall in and cannot escape.

CURRICULUM
Space Awareness curricula topics (EU and South Africa)

Our wonderful Universe, the origin and structure of the Universe 

National UK

KS3 - Physics, Motion and Forces: Forces (gravity) KS2: Year 5 - Science, Forces and Magnets
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ADDITIONAL INFORMATION
Accessible information about black holes from the ‘Ask an Astronomer’ site at Cornell
University. It provides answers to many different questions and specifies difficulty level:
beginner, intermediate, advanced http://curious.astro.cornell.edu/component/tags/tag/black-
holes

A video by the European Southern Observatory showing real data taken of stars orbiting around
a black hole: http://www.eso.org/public/videos/eso0846a/

A great interactive site from the Space Telescope Science Institute with extensive information
about black holes as well as online activities and experiments:http://hubblesite.org/
explore_astronomy/black_holes/

Follow up questions:

ˆ What happens when you decrease the speed of the marble? Why?
ˆ What happens when you use a heavier ball? What about a heaver marble?
ˆ How would you be able to know if there is a black hole somewhere by observing the

motions of the stars?

This resource was developed by Unawe and peer-reviewed by astroEDU.

CONCLUSION
The activity concludes when the black hole model has successfully been created and used to
demonstrate the object’s behaviour. Teachers should then discuss the demonstration with the
children to evaluate what they have learned.

  

This resource was selected and revised by Space Awareness. Space Awareness is funded by the
European Commission's Horizon 2020 Programme under grant agreement nº 638653
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