Learn Anywhere: The Big Bang

In association with
Daniel Dominguez, Proton Proton Collisions, 2012, CERN

How to use this lesson plan
This plan takes you on an exciting journey with plenty of links through to amazing online content so no need to print. This lesson plan is suitable for anyone but
we recommend it for ages 11 to 14. It's a lot of fun to go on this journey with parents, teachers or your friends, but it is designed so you can explore
independently at your own pace. There are different types of questions to answer: can you discover, explore and invent? We think so.
Check in with your parents or teacher if you need to, but you'll need a tablet, computer or smartphone. You can do this Learn Anywhere lesson on almost any
device as long as you can get online and use a web browser.
There are 3 Chapters:
Chapter 1 - The Big Bang 45 minutes
Chapter 2 - All About Particles 45 minutes
Chapter 3 - Extra Discovery 45 minutes
You'll see some helpful signs on the way:

Useful information to
guide you through the
lesson.

Things you'll need to
watch, read, learn and
make things with during the
lesson.

Digital activity time. Take
quizzes and explore.

Estimated time to do a
section of this lesson.

Explore online content.
Discover videos, stories,
or go and look at and
zoom around pictures.

Activity time. This is
where you get to
design, make or write
something of your own.

Headphones to listen to
videos and audio.
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Things you'll need
Things that will help you during this Learn Anywhere lesson.

Scrap Paper

Scissors

Brush and Paint

Notepad

Tablet or Computer

Pens and Pencils
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Welcome to Learn Anywhere: The Big Bang
In this Learn Anywhere lesson, you are going to learn all about the origins of the universe itself. At least, the theory of the origin of the
universe... you'll go on an adventure back to the dawn of space and time, learn about where this is being studied and think about if we
are really alone in this vast cosmos. Get ready to investigate...
What will you do?
1. Go on an adventure to discover the origin of the universe.
2. Hunt for facts and stories about the Big Bang theory.
3. Write a story or draw a picture of your own about the origin of the universe.
4. Discover what particles are and how we study them.
5. Discover the remarkable beauty of the universe.
6. Explore if we really are alone.

MSFC, Space Science, 2003, NASA
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What will you learn?
1. Discover the origins of the Big Bang theory and how it describes the origin of the universe.
2. Understand what happened in the very first few minutes of the universe.
3. Understand what particles are and how we study them.
4. Explore how space telescopes can tell us about the universe.
5. Understand what exoplanets are.
6. Practice writing.
7. Practice art and design.
8. Understand the long-term planning that goes into space projects.
After studying this lesson, you will be able to:
1. Describe the Big Bang theory.
2. Understand the origin of the universe.
3. Understand different types of particles.
4. Write a story about being at the origin of the universe.
5. Create your own exoplanet.

Vocabulary: atom, Big Bang, cosmos, ESA, exoplanet, habitable, helium, Higgs Boson, Hubble, NASA, neutrino, neutrons, observatory,
particle, protons, quark, telescope, universe.
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There’s one more thing to know before you go on your lesson. Google Arts & Culture pictures are big. So big that you can zoom in. Explore. Sometimes
right down to a particle.
So you just need to click on a link, then on the Magnifying Glass symbol and zoom in with the Zoom Slider. Drag the white box around and you can
explore the picture. You’ll find out for yourself. Here’s an example of a Google Arts & Culture picture and the zoom slider.

Pieter Bruegel the Elder, The Harvesters, 1565, The Metropolitan Museum of Art

6

Chapter 1
What's this chapter about?
The Big Bang

What will I do?
Learn about the Big Bang theory
Describe the origin of the universe

How long will this chapter take?
45 minutes

Hubble Space Telescope, Mystic Mountain, 2010, NASA
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What is this "Big Bang", anyway?
Well, everything has to start somewhere, right? The Big Bang is just that,
except it is the starting point for the universe itself.
That's right, the universe that our planet is a tiny part of, the vast cosmos that
you can see when you look up at night, full of stars and planets and galaxies,
has a birthday, just like you. it was a moment, about 13.8 billion years ago,
when a tiny speck of energy suddenly expanded, giving birth to space and
time, and our universe.
There are many reasons why the Big Bang theory is now widely accepted as
the origin point of the universe. The first reason why we think the universe had
a point of origin is that it is expanding. It is logical that the universe was
smaller in the past, and looking further back in time, even smaller.
In 1927, Georges Lemaître, a Belgian Catholic priest, astronomer, and
professor of physics at the Catholic University of Louvain became the first
person to identify that the movement of galaxies near to our own could be
explained by an expanding universe. He also proposed what later became
known as the "Big Bang theory" of the origin of the universe, initially calling it
the "hypothesis of the primeval atom". Edwin Hubble, an American
astronomer, confirmed these findings two years later through his observations
of the universe at the Mt Wilson Observatory.

Margaret Bourke-White, Edwin Powell Hubble, 1937, LIFE Photo Collection

Click here to watch a video about our expanding
universe.
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There are
other reasons
we think the
universe had a
point of origin,
a Big Bang.

Click here to
read more
about them.

Link here
The beginning of the universe and its history, Miraikan – The National Museum of Emerging Science and Innovation
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If we accept that the universe had a starting point, we must know what existed before it. Well, not so fast. We don't
know. Albert Einstein, the scientist you learned about in the video earlier, argued that time was born with the Big
Bang, therefore there is no "before"... Click here to find out more about this idea of before the Big Bang.

Link here
Map of the oldest light in the universe, data obtained by Wilkinson
Microwave Anistrophy Probe, 2003, LIFE Photo Collection
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Questions for Chapter 1
Let's finish the chapter with some questions. When you Discover, you are
comprehending and remembering. When you Explore, you are really able
to understand it and think it through. When you Invent, you are able to
comprehend, understand, remember, analyse and do something cool with
your new knowledge.

Discover:
How old do we think the universe is?
Explore:
Why do you think we need to know about the origins of
the universe?
Invent:
What do you think the origin of the universe looked like?
The actual Big Bang itself? Draw a picture or write 100200 words describing it.
Hubble Space Telescope, Hubble Ultra Deep Field, 2004, NASA
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Chapter 2
What's this chapter about?
Particles
What will I do?
Learn what particles are and why they are
important
Explore what particle accelerators are
Describe how you might feel visiting the Large
Hadron Collider
How long will this chapter take?
45 minutes
CMS Higgs Search in 2011 and 2012 data: candidate photon-photon event (8 TeV), 2013,
CERN
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We've looked at the Big Bang itself, the origin point of the universe.
But what happened next? Less than a trillionth of a second after the Big
Bang itself, its energy is transformed into tiny particles and radiation.
Particles are the tiniest known building blocks of our universe. They make
up everything - dust, gas, stars, planets, galaxies, and all objects and
living things in the universe.
These particles formed a very dense and hot particle ‘soup’. From this
soup came everything that is in the universe today.
Some particles are called "quarks" and some of these combined to form
protons and neutrons. These protons and neutrons fused to form the
lightest atomic nuclei - the stuff at the very centre of an atom. This whole
process stopped about 15 minutes after the Big Bang.
The universe was still a soup at this very early stage. A soup of protons,
helium nuclei, and electrons. Over the next hundreds of thousands of
years, the universe expanded and cooled down, but its composition
stayed the same. Eventually, stars, planets and galaxies formed.

NASA/ESA/JohnsHopkins, Three Great Eyes on Kepler Supernova Remnant, 2004, NASA

Particle physics isn't as hard as you might
think - click here to see a history of it (and a
cat explaining particles).
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Now let's try and catch some particles from the other side of the universe. Click here to discover how scientists in
Japan are using a particle detector a kilometre underground to do this.

Link here
Kamioka Observatory, ICRR(Institute for Cosmic Ray Research), The University of Tokyo, Internal photograph of Super-Kamiokande, 1996,
Miraikan – The National Museum of Emerging Science and Innovation
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Now we can look at one of the engineering wonders of the modern world.
CERN, the European Organization for Nuclear Research, has the world's
largest and most complex scientific instruments to study particles (the
acronym CERN originally represented the French words for "Conseil
Européen pour la Recherche Nucléaire" which translates as the
(European Council for Nuclear Research). Particles are made to collide
together at close to the speed of light. The speed of light is approximately
299,792,458 metres per second, so these particles are moving very
quickly indeed. This process gives the physicists clues about how the
particles interact, and provides information about the laws of nature.
Founded in 1954, the CERN laboratory sits across the French and Swiss
border (known as the Franco-Swiss border) near Geneva. It was one of
Europe's first joint ventures and now has 22 member states.
It houses the Large Hadron Collider (LHC), the world’s largest and most
powerful particle accelerator. It is a 27km ring of superconducting
magnets, chilled to ‑271.3°C, colder than space.
For part of each year the LHC collides lead ions to recreate the conditions
of the early universe, fractions of a second after the Big Bang.

Click here to take a street view tour of CERN
and its huge machines. And click here to see
10 things you may not know about CERN.
CERN (Maximilien Brice), ATLAS Detector, 2005, CERN
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Questions for Chapter 2
Time for some questions. Here's a reminder of how it works. When you
Discover, you are comprehending and remembering. When you Explore,
you are really able to understand it and think it through. When you Invent,
you are able to comprehend, understand, remember, analyse and do
something cool with your new knowledge.

Discover:
How far underground is the Super Kamiokande facility in
Japan?
Explore:
What are quarks and how many types are there?
Invent:
How would you feel walking through the Large Hadron
Collider? Write 100-200 words describing it.

GSFC, Best-Ever Snapshot of a Black Hole's Jets, 2017, NASA 21
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Chapter 3
What's this chapter about?
Extra Discovery
What will I do?
Explore the wonder of the universe from
the Hubble Space Telescope
Discover what the James Webb Space
Telescope will tell us
Explore if we are alone in the universe...

How long will this chapter take?
45 minutes
GSFC, A Cosmic Holiday Ornament, Hubble-Style 2017, NASA
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The Hubble Space Telescope is another wonder of the modern world. For over 30 years it has helped us discover
secrets of the universe. Click here to explore some its greatest and most beautiful discoveries.

Link here
GSFC, Saturn's Rings in Ultraviolet, 2017, NASA
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The James Webb Space Telescope is a successor to the Hubble and will be able to observe some of the most
distant events and objects in the universe, such as the formation of the first galaxies. Click here to find out more.

Link here
Emmet Given, Ball engineers dismantle array of six gold-plated James Webb Space telescope mirrors for transport to Ball Aerospace, NASA
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And to finish, the final question of this lesson is: "Are we alone in the Universe?" What do you think?
Click here to find out more.

Link here
Kepler K2-138 Planetary System (Artist Concept), 2018, NASA/JPL-Caltech
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Questions for Chapter 3
Time for some questions. Here's a reminder of how it works. When you
Discover, you are comprehending and remembering. When you Explore,
you are really able to understand it and think it through. When you Invent,
you are able to comprehend, understand, remember, analyse and do
something cool with your new knowledge.

Discover:
What does "habitable" mean?

Explore:
Which was your favourite image from the Hubble telescope and why?

Invent:
Imagine your own planet - can you draw a picture of it or
describe it. What would it feel like to walk there?

Terrestrial Worlds (Artist Concept), 2008, NASA/JPL-Caltech

21

Congratulations. You have proven yourself an inventive student of the Big
Bang.
Now it's time to continue your journey into science here

NASA/JPL-Caltech, Black Holes: Monsters in Space Artist Concept, 2013, NASA
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Answers to all the questions
Chapter 1
Discover: How old do we think the universe is?
Answer: 13.8 billion years
Explore: Why do you think we need to know about the origins of the universe?
Answers can vary but can refer to the quest for knowledge, our need to understand the laws that govern the universe and where we fit.
Invent: What do you think the origin of the universe looked like? The actual Big Bang itself? Draw a picture or write 100-200 words describing it.
Answers will vary but any form of description is acceptable of surroundings and feelings.
Chapter 2
Discover: How far underground is the Super Kamiokande facility in Japan?
Answer: 1 kilometre, 1,000 metres
Explore: What are quarks and how many types are there?
Quarks are fundamental particles and there are six types: up, down, strange, charm, bottom, and top.
Invent: How would you feel walking through the Large Hadron Collider? Write 100-200 words describing it.
Answers will vary but should convey a sense of wonder and awe.
Chapter 3
Discover: What does "habitable" mean?
Answer: The habitable zone is the zone that is just right for planets to support life.
Explore: Which was your favourite image from the Hubble telescope and why?
Answers can vary but should give reasons for choosing an image.
Invent: Imagine your own planet - can you draw a picture of it or describe it. What would it feel like to walk there?
Answers will vary but should give a sense of the type of atmosphere - is it Earth-like, blue with oceans and green with forests and vegetation, or is it desert, arid and barren, like Mars? Or something
else? The description of walking on the surface should be imaginative and might include a discovery about other species in the universe, or perhaps relics and archaeological ruins from some long
dead alien species.
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