


As we will come to realise, the Solar System is a BIG space, 
and this is only a tiny part of the whole Universe. To help with 
teaching, we have divided this resource into the following:

CURRICULUM FOCUS AREAS :

1. Planets
2. The Earth’s Moon
3. Dwarf Planets
4. Asteroids, Comets & Meteors
5. Stars
6. Exoplanets

CURRICULUM OVERVIEW

This is an overview of the Solar System as specified in the Northern Ireland 
curriculum. We have structured this resource in a way that is versatile for the user. 
The curriculum overview provides a summary of content areas of Space Physics as 
defined by the curriculum. The curriculum focus areas are linked throughout the 
overview, allowing you to delve deeper into these subjects and areas of interest as 
required.

Producers: Nerve Centre, SmarttScience
Science Advisor: Professor Stephen Smartt, 
Queen’s University Belfast
Creative Learning Activities: 
Nerve Centre Creative Learning Centres
Design: Jeffers and Sons, Jonny Miller
Illustrations: Oliver Jeffers, John McCloskey

If you would like help with any of the creative 
learning activities, please email the learning 
team at learning@ourplaceinspace.earth to 
arrange free training or workshop for your class.

mailto:learning@ourplaceinspace.earth


Curriculum Overview

DESCRIPTION:

This resource introduces students to Space Physics at Key Stage 4, focusing on the learning 
areas as identified in the Northern Ireland curriculum. 

This resource has been designed to use selectively – i.e. you can decide which areas are most 
relevant to you and your students. Curriculum focus areas are linked throughout the resource, 
allowing for a more in depth study of these topics if you wish.

INTENTIONS: 

1. Describe the main features of the Solar System, including the 
Sun, the rock planets gas giant and ice giant planets, moons, 
asteroids and comets.

2. Learn about the properties of the planets and also how many 
different forms of planets there are. 

3. Learn about the formation and life cycle of stars.

4. Learn about black holes. 

5. Describe the Big Bang model for the formation and evolution 
of the Universe. 

6. Describe and research evidence of exoplanets. 

7. Demonstrate objectives 1-6 through the use of creative tasks 
and discussions. 

STUDENTS SHOULD BE ABLE TO: 

1. Describe the main features of the Solar System, including the Sun, 
the rocky and gas planets, moons, asteroids and comets.

2. Recall the order of the eight planets from the Sun outwards and the 
existence of the dwarf planets. 

3. Demonstrate understanding that gravity provides the force needed for 
the orbital motion of planets, comets, moons and artificial satellites.

4. Explain the use of artificial satellites in the observation of the Earth, 
weather monitoring, astronomy and communications.

5. Recall the life cycle of a star with the mass of our Sun from protostar 
to main sequence to red giant to white dwarf to black dwarf. 

6. Demonstrate knowledge of black holes. 

7. Describe the Big Bang Model.

8. Recall evidence for planets outside our Solar System.





VIDEO

Our Solar 
System

As you can see from the video, our 
Solar System is made up of many 
components:

● The Sun
● Rocky Planets – Mercury, Venus, 

Earth and Mars
● Gas and Ice Giants – Jupiter, 

Saturn, Uranus and Neptune
● Dwarf Planets
● Over 200 moons
● Over 1 million asteroids
● Comets
● Meteors

Presented by: Professor Stephen Smartt, 
Queen’s University Belfast.

● Press spacebar to play video. 

● Press 2 more times for next slide.

 

Video Link

https://youtu.be/ihxaQWruVFI
http://www.youtube.com/watch?v=ihxaQWruVFI


ROCKY PLANETS:

The four rocky planets are 
Mercury, Venus, Earth and Mars.

These planets are called rocky planets because they are 
made up of rocks and metals (as well as ice and water). 
They have a solid rocky surface and an iron core. 

They are the four closest planets to the Sun. The 
dayside of Mercury is very hot (425°C) as it is so close to 
the Sun. Venus is hot (475°C) because of its thick 
atmosphere.  These four planets are much smaller than 
the gas and ice giants and rotate faster around the Sun.  

This image is from the MESSENGER spacecraft. It is what we call a "false colour" image and is 
not what Mercury would look like to your eye. The image is processed to enhance the 
chemical and physical differences of the rocks on the surface. 

Image Credit: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington



As you can see from the image, Earth is the largest rocky planet, and 
the only known planet to support life. However, Mars is the only other 
planet that humankind may be able to live on in our lifetime. There is 
a reasonable chance we may visit Mars before 2050. 

Image Credit: NASA/Lunar and Planetary Institute



GAS AND ICE GIANTS:

Jupiter, Saturn, 
Uranus and Neptune.

Jupiter and Saturn are the two GAS GIANTS. They get 
their name Gas Giants as they are mostly made up of 
two gases, hydrogen and helium, with a hard inner core.

Uranus and Neptune are the two ICE GIANTS.  They too 
are mostly made up of hydrogen and helium, however, 
they have small amounts of methane and ammonia 
gases, which existed as ice crystals in these cold worlds 
as they formed (hence we call them “ice giants”).



These four planets are huge, far bigger than Earth, and are 
completely inhospitable.  The image below shows Earth to 
scale. Jupiter’s diameter is 11 times larger than Earth’s.

These four planets, Jupiter, Saturn, Uranus and Neptune are 
the farthest planets from the Sun, therefore they are 
extremely cold. 

-108 °C

-201 °C

-138 °C
-195 °C

Image Credits: Jupiter: NASA/Damian Peach, Amateur Astronomer. Saturn: NASA/JPL/Space Science Institute. Uranus: NASA. Neptune: NASA/JPL



There is very little chance that 
these planets could harbour life, 
but due to their immense size, 
they have many moons. Some of 
these moons are potential 
habitats for life elsewhere in the 
Solar System (Jupiter’s Europa 
and Saturn’s Titan for example.) 

EXTRA ADVANCED ACTIVITY

Scale Solar System can be found here

Further information and a Curriculum Focus Area 
on the Planets can be found here

Image Credit: NASA/JPL-Caltech/Stéphane Le Mouélic, University of Nantes, Virginia Pasek, University of Arizona

https://docs.google.com/presentation/d/1EI5JPVsn5LoJGgFlGoqsC1kKTccABBIWEuxC-u0BK9k/edit?usp=sharing
https://docs.google.com/presentation/d/1piG_au0gH1JravBFcfVt3Z2UR2PX5aa8OUoxaNdVhI4/edit?usp=sharing


Image shows the scale of the Sun in relation to planets Earth and Jupiter.

Image Credit: NASA - SDO, NASA - Apollo 11, NASA/ESA Hubble Space Telescope

Our star, the Sun, is a 4.5 billion year old yellow dwarf. 
It is a medium sized star, and just as we orbit it, 
it orbits the centre of our Milky Way galaxy.

The Sun’s composition is fairly simple: 

● 70% is hydrogen
● 28% is helium 
● 2%   is every other element in the periodic table, 

with oxygen the most abundant  

The Sun is a burning ball of hydrogen and helium, about 15 million °C
at its core. It is trying to collapse under its own gravity, but the 
nuclear reactions in the core produce energy and pressure that 
perfectly balance the gravitational attraction – making the Sun an 
almost perfect sphere.

It makes up 99.86% of the mass of our Solar System, with most of the 
remaining 0.14% made up by the two gas giants Jupiter and Saturn. 

The surface of the Sun is about 5500 °C. 

You could fit 1.3 million Earths inside the Sun if it were a hollow sphere. 



While the Sun is inconceivably huge, it is only an 
average-sized star, minute in comparison to red 
giants such as Arcturus. There are even bigger 
stars called supergiants which are 30 times bigger 
than Arcturus!

SUN

 RSun

JUPITER

Radius 0.1 RSun

SIRIUS
A-Type Star

Radius 1.7 RSun
POLLUX

Red Giant

Radius 9 RSun
ARCTURUS

Red Giant

Radius 25 RSun

Radius of the Sun = RSun = 695,700km



Flaring, active regions of our sun are highlighted in this image combining observations from 
several telescopes. The active regions across the sun's surface contain material heated to several 
millions of degrees.

Image Credit: NASA/JPL-Caltech/GSFC/JAXA

The Sun’s surface is very active. The continuous 
bubbling and convective motion means charged 
particles are moving constantly. 

Charged particles which are accelerated, produce 
magnetic fields. These strong magnetic fields produce 
solar flares – which are bursts of energy we call solar 
storms or magnetic storms. These emit x-rays and carry 
charged particles to the Earth, which cause auroras at 
the North and South Poles..

They can also affect satellites and telecommunications. 
The most powerful flares have energies far beyond 
nuclear bombs (millions of H-bombs) and can be 10 
million times more energetic than volcanic eruptions. 
That is the energy at the surface of the Sun, they are 
much weaker when they reach Earth. 

The most powerful known was the “Carrington Event”  
of 1859, which knocked out telegram systems in the US 
and power lines sparked. We constantly watch the Sun 
now for solar flares and record all of them, with NASA 
and ESA spacecraft.



CLASS TASK

Solar Energy 

The luminosity of the Sun is  L = 3.86 x 1026 Watts.  
This is the total energy output of the Sun. 

1. Calculate the energy received on the surface of the earth over an area of 1 m2.  

HINT :  You should use what we call the inverse square law. The energy received by an 
observer (F, in watts per unit area) is the energy emitted (L, in watts) divided by the 
surface area of a sphere with radius (r) equal to the distance between the source and 
the observer.

Quote your result in both watts per metre squared (Wm-2) 
and kilowatts per metre squared (kWm-2)

2. A typical house in northern Europe uses about 8 kWh in electricity in 1 day. Compare 
the available Sun’s energy in 6 hrs of daylight to this energy use. 

3. Could we power the electricity use in every house with solar panels of area 1 m2?

4. What other practical factors do we need to consider in this calculation? 

F =
L

4πr2



Solar Energy Class Task Solution

1. Luminosity of the Sun: 

L = 3.86 x 1026 W

Flux received at a distance r, where r is in metres.

Since 4πr2 is the surface area of a sphere of radius r, the 
units of F are therefore in Wm-2 (i.e. watts per square metre) 

If r = distance between Earth and Sun then we can work 
out the energy that is incident on 1m2 of the Earth. 

r = 1.5 x 1011 m

= 0.137 x 104  = 1370 Wm-2 

= 1.37  kWm-2   (where kW = kilowatt) 

F =
L

4πr2

F =
3.86 x 1026

=
3.86 1026

(4π)(1.5 x 1011)2 (4π)(1.5)2 1022

2. A typical house in northern Europe uses 
about 8 kWh per day in electricity. 

If we could capture all of the Sun’s energy over 1 m2 
(a very small solar panel) in 6 hours of sunshine, 
we would produce:

Energy = 1.37 x 6 = 8.22 kWh

3. In principle every house could produce 
its own electricity from the Sun. 

4. But practically we have to account for

I. Efficiency of solar panels – around 20%

II. Weather (clouds) affect the energy that hits Earth’s surface. Let’s 
say this is a factor of 2. 

III. Storing the energy collected during the day for use at night

Hence we would need solar panels covering approximately 10m2 (the 
size of  a small roof) to produce all the electricity for one house. 

Hence, in principle,  the Sun’s energy is capable of powering much of 
our electricity needs, but we need to efficiently capture the energy 
and store it. The practicalities are the major problem. 



Moons orbit planets and asteroids in 
our solar system. For this reason, they 
are also known as ‘Natural Satellites’.

There are over 200 known moons in our solar 
system, with the most well-known being the one 
that orbits planet Earth – which we of course call 
“The Moon”.

The planets in our solar system which have moons 
are Earth, Mars, Jupiter, Saturn, Uranus and 
Neptune. Saturn and Jupiter have the most moons, 
with dozens orbiting each of the two giant planets. 
We are likely to discover more moons, or moonlets 
(small moons!) around the giant planets as the 
sensitivity of our telescopes improve.

PLANET MOONS INFORMATION

Earth 1 Called “The Moon”. Visited by 12 people. 

Mars 2 Names: Phobos and Deimos.

Jupiter 79 53 named moons and 26 awaiting official names.

Saturn 82 53 named moons and 29 awaiting official names. 

Uranus 27
Named after characters from the works of 
William Shakespeare and Alexander Pope. 

Neptune 14
Neptune’s moons are named after sea gods 
and nymphs in Greek mythology. 



Dwarf planets as well as many asteroids also have small 
moons. The most well-known dwarf planet, Pluto, has 
5 moons, all of which are named for mythological figures 
associated with the underworld. 

Moons come in many shapes, sizes and types. A few have 
atmospheres and even hidden oceans beneath their surfaces. 
Most planetary moons probably formed from the discs of gas 
and dust circulating around planets in the early Solar System, 
though some are “captured” objects that formed elsewhere 
and fell into orbit around larger worlds.1.

1.  https://solarsystem.nasa.gov/moons/overview/ 

ACTIVITY: 

Find the Largest Moons 
Using the worksheet here
The answers can be found here

Further information and a Curriculum Focus Area 
on the Earth’s Moon (The Moon) can be found here

https://solarsystem.nasa.gov/moons/overview/
https://docs.google.com/document/d/1wtYD_E-49tS8YEx6QHSHPUIikyRqnOjlwPuJ_af0QH0/edit?usp=sharing
https://docs.google.com/document/d/1k_5h84b-sQvCmYwD1TAO3PvE9brGI9apzcemtW45MHg/edit?usp=sharing
https://docs.google.com/presentation/d/15gvFFl9C3CkywEBv4sa7l0gdX9ZJSkTtc32Oq9umMpA/edit?usp=sharing


The key difference between a dwarf planet and a 
planet is size. Dwarf planets are smaller than planets, 
so they lack the gravitational force needed to pull in 
all the material found in their orbits. 

There are some small celestial bodies in our solar 
system, too small to be classified as planets, but too 
large to be classed as asteroids.  These are called 
dwarf planets.  

Remember Pluto? It used to be counted as the 9th 
planet from the Sun until the discovery of Eris, a 
body almost the same size as it, prompted 
scientists to decide whether they would have to 
list it as a new planet, or create a subcategory of 
planets called dwarf planets.

2374 km

1920 x 990 km

1430 km2326 km

950 km



Most dwarf planets exist beyond Neptune in the 
Kuiper Belt (pronounced ky-per), but there is one, Ceres 
(pronounced serez), that sits between Mars and Jupiter, 
in the asteroid belt. 

Astronomers estimate that there could be as many as 
200 dwarf planets beyond the orbit of Neptune waiting 
to be discovered.

FURTHER INFORMATION

Curriculum Focus Area on Dwarf Planets can be found here

https://docs.google.com/presentation/d/1bxil_1DxZtUAINU4yKe4EEgfdo5XfQ70PKq9wFK5QY4/edit?usp=sharing


CREATIVE TASK IDEA: 

Planetary Mnemonics, 
Including Dwarf Planets

DO

Students will then create their mnemonic, using their 
chosen app. They will create visuals along with the vocal 
record function record their mnemonic.

Encourage your students to be creative in their approach. 
Encourage them to use relevant visuals.  They may use 
sound effects but ask them to consider their relevance and 
appropriateness.

PLAN

Students will script their mnemonic, being as creative 
as possible.  Encourage your students to think of a 
mnemonic which is memorable and has meaning.

REVIEW

Give students the opportunity to view each other’s work. 
This may be done by playing back the best work or simply 
by circulating the room. 

Taking other students’ feedback into account, ask students 
to justify their choices and decisions, including any 
difficulties they encountered. This may be completed in the 
form of a saved document.

EXAMPLE

See if you can remember the entire order of planets, including dwarf planets: 

My Very Educated Mother Cannot Just Serve Us Nine Pizzas – Hundreds May Eat! 

My Very Educated Mother Can Just Scream Until Nine Planets Haunt My Encyclopaedia

(Mars, Venus, Earth, Mars, Ceres, Jupiter, Saturn, Uranus, Neptune, Pluto, Haumea,  
Makemake, Eris)

As more dwarf planets were discovered, longer planetary 
mnemonics were created to help remember their order. Using an 
app of your choice, students should create a visual planetary 
mnemonic, this could be a gif, short animation, or even a digital 
story using Scratch. As there may be up to 200 dwarf planets in 
the outskirts of the Kuiper Belt, it will become harder and harder 
to think up new mnemonics.



Asteroids, Comets & Meteors

There are many natural objects that exist outside the Earth's 
atmosphere. Asteroids, comets and meteors are celestial objects 
which are all similar but have distinct differences.

ASTEROIDS

Asteroids are “big” chunks of rock orbiting the Sun. 
They may have icy surfaces. 

COMETS

Comets are made of ice and rock, and may or may not be in orbit 
around the Sun. Comets and asteroids are similar, but comets have 
more icy materials (e.g. water, carbon dioxide ice).  

METEORS

Meteors are small things like pieces of asteroids, comets or other space 
debris that fall to earth. They usually burn up in the atmosphere. 

The use of these three terms can be confusing, 
particularly when also using the term meteorite. Here is 
the difference:

Meteoroid  is a very “small” asteroids or little chunk of 
rock that is orbiting the Sun, but comes close to Earth 
and enters the Earth’s atmosphere.

Meteor is the streak or flash of light that happens when 
a meteoroid burns up in the atmosphere. All meteors 
are caused by meteoroids, and these meteoroids can be 
the size of a pea! Meteors are also called “shooting 
stars”.

Meteorite is when a large piece of the meteoroid 
survives the burn up in the atmosphere and hits the 
ground, then that piece of rock is called a meteorite. 

Large asteroids and comets have hit the Earth in the 
past and it is very likely that such a massive collision 
killed off the dinosaurs.FURTHER INFORMATION

Curriculum Focus Area on Asteroids, Comets 
and Meteors can be found here

https://docs.google.com/presentation/d/1qTQbrejozJ_XHySUd0MbyRJx3IlJYl3OSCMeP8-6Cbk/edit?usp=sharing


Gravity & 
Artificial Satellites

We have seen that all the planets orbit the Sun at different 
distances. Interestingly, they all orbit in the same direction – 
anticlockwise if you were to look down at the Solar System 
from above the Earth’s north pole.  We have seen that natural 
satellites orbit around all the planets apart from Mercury and 
Venus.  It is the force of gravity, one of the four fundamental 
forces in nature, that provides the force for orbital motion. 

Imagine swinging a weight on a string around your head. If 
you swing it fast, and pull hard on the string, the weight 
moves in a perfect circle. The only force you are applying is 
along the string toward you, at the centre of the circle. 
Gravity works exactly like this, the more massive body pulls on 
the smaller one and the force is always towards the centre of 
the more massive body. 



Gravity Makes Orbits Happen 

Humans put artificial satellites into space and use the force of gravity to make 
them orbit the Earth. It is the same force of gravity that keeps them in stable 
orbits around the Earth, just as the orbits of the planets are stable around the Sun. 
Artificial satellites have many uses and purposes, the main four are:
 
COMMUNICATIONS
Signals can be sent from satellites to parts of the Earth that are visible to the satellite. 
Since the whole of the Earth’s surface can not be visible at one time, these satellites are 
usually made in linked groups, called “satellite constellations”. 

EARTH OBSERVATION
We can monitor many processes on the Earth’s surface with sensitive cameras on satellites. 
For example monitoring rainforests, the extent of polar ice, how land is used for crops and 
other human activities. Many countries have spy satellites. 

WEATHER MONITORING
We can monitor storms, weather fronts and clouds from space, using this information to 
help in forecasting.

ASTRONOMY
Our atmosphere absorbs most of the light that hits it and there are only relatively small 
windows of wavelength that transmit. The optical wavelength range is one of course. Since 
we can see the Sun and stars, the atmosphere must be mostly transparent. But it absorbs 
ultraviolet and x-ray radiation. Scientists have launched satellites into space to detect 
ultraviolet radiation, x-rays and gamma-rays. In addition, telescopes in space produce clearer 
images as telescopes on the ground have images blurred by air turbulence. 

Webb telescope in clean room at Europe's Spaceport.
 
Image Credit: ESA/CNES/Arianespace



Stars are quite simple things – 70% hydrogen and 28% helium. 

These two elements make up 98% of stars, and indeed 98% of the 
whole visible Universe. The other 2% is made up of all of the other 
chemical elements of the periodic table with the most abundant 
element being oxygen. It is perhaps no surprise that the molecule 
most valuable for life – water (H2O) is made up of the first and third 
most common elements in the Universe. 

Stars are massive. They are trying to collapse under their own weight. 

What keeps stars up and what keeps them from collapsing? 

Stars are essentially giant nuclear reactors. Nuclear reactions occur in 
the centre of the star (the hottest part) and produce energy. The 
energy heats the core of the star and that produces a pressure that 
stops gravity from collapsing the star.



Nuclear Fusion in Stars

Nuclear fusion occurs when four hydrogen atoms combine to form one helium 
atom. Each fusion reaction (converting 4 H to 1 He) releases a tiny amount of 
energy, but it happens 10³⁸ times per second in our star, the Sun. This reaction 
exactly balances the star's gravity, so they are (almost) perfect spheres. This needs 
very high temperatures, more than 13 million °C.  

A star spends 90% of its life burning hydrogen to helium and this phase is called 
the ‘main sequence’.

Scientists are trying to create stellar nuclear reactions on earth. We can get 
hydrogen from water and this would create a clean and virtually limitless supply of 
energy. We can raise hydrogen to this temperature but confining it to a vessel at 
high enough density is a major challenge.

All the naturally occurring elements apart from hydrogen are formed by nuclear 
fusion in stars, or the explosion of stars, and in the mergers of some stars. 

QUESTION 

The centre of the Sun is very hot and very dense (15 million °C and 100 g/cm3). 
Why are such extreme temperatures and densities needed for fusion to occur?

Image illustrates the energy produced from nuclear reactions in the centre of a 
star moving outwards, and the direction of gravity moving in towards the centre 
of the star, balancing the star’s gravity, so it is almost a perfect sphere.

ANSWER

Fusion occurs when the nuclei of hydrogen come together. Since the nucleus of 
hydrogen is a proton and positively charged, it will naturally repel another 
proton. This electrical repulsion is very strong and the particles must be moving 
very fast (and there must be many of them) for fusion to stand any chance of 
occurring.



VIDEO

The Life Cycle 
of Stars

This video explains the birth, life and 
death of stars.

Presented by: Professor Stephen Smartt, 
Queen’s University Belfast.

● Press spacebar to play video. 

● Press 2 more times for next slide.

 

Video Link

https://youtu.be/4pdW8d4NP18
http://www.youtube.com/watch?v=4pdW8d4NP18


LIFE CYCLE OF A STAR: 

Birth of a Star
A star begins its life in a cloud of dust and gas. Large bits clump 
together, and start to collapse under the weight of their own 
gravity. This creates pressure in the core of the large clumps, 
causing it to heat up and become a protostar, eventually it may 
get hot enough and large enough to become a fully fledged star. 

A protostar with a mass greater than about 10% of the Sun’s mass 
will have a core temperature that allows fusion to occur and the 
star will shine.   

The leftover dust and gas, which is orbiting the protostar, will form 
the planets and asteroids of the system. We can see this 
happening all over the Galaxy.

This is an amazing image of a disk of gas and dust around a young 
star. This shows a solar system in the process of forming. The rings 
around the star will eventually break up and form clumps and 
eventually condense into planets in the future.  

The disk is about 200 astronomical units across. The white oval 
shows the size of Neptune’s orbit (radius of 30 AU) to scale. 

All stars, big or small, will spend 90% of their lives on the main 
sequence, burning hydrogen to helium in their cores. What 
happens to the star when the hydrogen is used up depends on the 
mass of the star. Image of the dust disk surrounding the star HL Tau

Image Credit: ALMA Observatory



LIFE CYCLE OF A STAR: 

Life Cycle of a Low Mass Star
Low mass stars are stars with masses around the same as our Sun down to 
about a tenth of the Sun’s mass. They use up their hydrogen fuel very slowly 
and so, have a long life cycle. 

For a star like our Sun, its core will contract when the hydrogen fuel is spent 
and its temperature increases so that helium starts to burn to carbon and 
oxygen, and a thick layer of hydrogen around the core starts to burn. At the 
same time the outer layers of the star expand and cool to become a red 
giant.  

When the helium is burnt out, the core is made of carbon and oxygen, and 
the outer layers of the star expand to become what we call a “planetary 
nebula”. This is confusingly named as it has nothing to do with planets! 

All that is left of the star is the dead core of carbon and oxygen and no more 
nuclear reactions can happen. This is called a white dwarf. Such stars are 
hot when they form, but cool off over time as they are not producing 
energy. They will become “black dwarfs”. 

White dwarfs are around the size of the Earth, but with a mass of between 
0.5 to 1.4M

☉
.

Planetary nebulae like the Helix are sculpted late in a Sun-like star's life by a 
violent ejection of gases escaping from the dying star. They have nothing to 
do with planet formation, but got their name because they look like 
planetary disks when viewed through a small telescope.

Composite image showing one of the nearest planetary nebula to Earth – 
Helix Nebula. The central star is a small, super-hot white dwarf. The radiant 
tie-dye colours correspond to glowing oxygen (blue) and hydrogen and 
nitrogen (red). 

Image Credit: NASA/STScI



LIFE CYCLE OF A STAR: 

Life Cycle of a High Mass Star
High mass stars are defined as having 10 times the mass of the Sun or more. In 
high mass stars, when the hydrogen fuel is burned out, they too will expand and 
cool. But they become much larger and more luminous than red giants, so we call 
them “red supergiants”.

While they are red supergiants they will burn quickly through the helium in the 
centre, but this time the burning will not stop at carbon and oxygen like for solar 
mass stars. Their cores are high enough temperatures that the gas will burn all 
the way to iron. 

At this point, no more energy from nuclear fusion can be produced by an iron 
core. But still, gravity is acting and it will win since there is no pressure in the core 
to prevent it collapsing. 

The core collapses, releasing a huge amount of gravitational energy – the 
equivalent of our Sun collapsing in less than 1 second. This collapse will trigger an 
explosion called a supernova.

After the explosion, the core of the star will shrink down into an object around the 
size of a city, called a neutron star. These are the densest objects in the Universe – 
imagine fitting the mass of the entire human race onto a teaspoon! The most 
massive stars (those greater than 20 times the Sun) may form black holes. 

All stars between about 8 and 20Msun will explode as supernovae during their lives 
and their cores will collapse into a neutron star.

In your class task you will show that their density is approximately 6 x 1011 kg/cm3.

  Neutron Star

The supernova remnant called Cassiopeia A. This shows the expanding 
remnants of the explosion and a neutron star in the middle. Light from the 
supernova explosion itself would have reached Earth around the year 1690. 
We are now seeing inside the explosion more than 300 years later. It is rich in 
the chemical elements oxygen, silicon and iron.

Image Credit: NASA/CXC/SAO



TASK: 

Calculation Task

The dead remains of stars are called “stellar remnants”. They are the leftover 
ashes after nuclear burning has taken place and there is no more fuel to 
produce energy. Hence they will cool and live for eternity. 

Low mass stars (less than 8 times the mass of the Sun) will produce white 
dwarfs made mostly of carbon and oxygen. They have a typical mass of 0.7M

☉
  

and a radius similar to that of the earth

Medium mass stars (between 8 and about 20 times the mass of the Sun) will 
produce a supernova explosion and their core collapses to form a neutron star. 
They have a mass of typically  1.4M

☉
 and a radius of around 10 km. 

Given the above information. Calculate the density of a white dwarf and a 
neutron star in kg m-3.

Now imagine you have 1 teaspoon of white dwarf matter and neutron star 
matter, which is roughly 1 cm3. Or a little cube just 1 cm on a side. 

How much mass is that? (work it out in kg cm-3). 

You will need: 

Radius of the earth = 6371 km

Mass of the Sun = 1.99 x 1030 kg



Density of white dwarfs and 
neutron stars -  class Task Solution

Be careful with units.

White dwarf density

Mass = 0.7 x 1.99 x 1030 kg = 1.39 x 1030 kg

Volume  = (4π/3)(6371 x 103)3 = 1.08 x  1021 m3

Density  = (1.39 x 1030 )÷ (1.08 x  1021 ) = 1.29 x  109 kg m-3

One teaspoon is 1 cm3 or  1 x 10-6 m3 , so it has mass :

One teaspoon of white dwarf material = 1.29 x  109 x 10-6 kg    

                                                                        = 1290 kg

1 teaspoon weighs more than a tonne ! 

Radius of the earth = 6371 km

Mass of the Sun = 1.99 x 1030 kg

Density  =
mass

volume
Volume =

4πr3

3

Neutron star density

Mass = 1.4 x 1.99 x 1030 kg = 2.79 x 1030 kg

Volume  = (4π/3)(10 x 103)3 = 4.19 x  1012 m3

Density  = (2.79 x 1030 )÷ (4.19 x  1012) = 6.65 x  1017  kg m-3

One teaspoon is 1 cm3 or  1 x 10-6 m3 , so it has mass :

One teaspoon of neutron star material = 6.65 x 1017 x 10-6 kg    

                                                                         = 6.65 x 1011 kg

Think of that number 

There are nearly 8 billion people on Earth, and if  each person 
weighed an average of 75 kg, that would be 6 x 1011 kg

Imagine all of humanity, squeezed onto a teaspoon. That is the 
density of neutron star material. It is the density of an atomic 
nucleus. The atoms in our body are mostly empty space. 



SUMMARY: 

Life Cycle of High Mass 
and Low Mass Stars

This diagram illustrates the steps in the lifetime 
of stars of high mass and low mass. A high mass 
star is one that is 8-10 times the mass of the Sun. 
Stars heavier than this will take the upper 
branch and explode as a supernova. Stars initially 
lighter than this will take the lower branch and 
end as white dwarfs. 

NEBULA
Dense clouds of dust and gas collapse 
under gravity to form a protostar

MAIN SEQUENCE STAR
Nuclear fusion: 
H burns to He

RED SUPERGIANT
Star expands: He burns to 

C and O in the core

SUPERNOVA
When core reaches Fe, 

it collapses and star explodes

NEUTRON STAR
Dense remnant left at 
centre of Supernova

BLACK HOLE

RED GIANT
Star expands in radius as 
the H is depleted in core

He burns to C and O in the 
core but can't go further

PLANETARY NEBULA
The C and O core becomes a hot white 
dwarf. The outer layers expand to 
become a planetary Nebula

WHITE DWARF
Nebula evaporates leaving 

white dwarf to cool

FURTHER INFORMATION

Curriculum Focus Area on Stars can be found here

https://docs.google.com/presentation/d/1yjCo-KuiDmCpKZTarpWpWXQ5jYWiSj-AoAiBu7PI0nc/edit?usp=sharing


VIDEO

Black Holes

A black hole is an object in space so 
dense that nothing, not even light, 
can escape. They are formed when 
massive stars reach the final stage in 
their life cycle. We cannot directly 
see black holes, only the effect they 
have on matter around them. 

The way matter moves around them 
allows us to estimate their mass and 
size. 

Presented by: Professor Stephen Smartt, 
Queen’s University Belfast.

● Press spacebar to play video. 

● Press 2 more times for next slide.

 

Video Link

https://youtu.be/lD2mQ76Rl-c
http://www.youtube.com/watch?v=lD2mQ76Rl-c


How is a Black Hole Formed?

Black holes form when massive stars 
have reached the end of their lives. 

When the core of a massive star runs out of fuel, 
it can no longer produce energy.

Gravity wins and the core collapses under its own weight.

A star needs to be at least about 20 times the size 
of the sun, or 20 solar masses (20M

☉
) in order to 

collapse into a black hole.

A black hole is the rarest endpoint of a star. 
Two more common are white dwarfs and neutron stars.

This is an artist's impression of a black hole. Since they emit no light, we do 
not have astronomical images from telescopes for them.

Image Credit: NASA/JPL-Caltech

Note that we use the symbol M
☉

 for the mass of the 
Sun. 



Black Holes
A neutron star is the densest form of normal matter that we know. 
It is made up of neutrons, packed together at the density of an 
atomic nucleus. 

A black hole is an even more extreme object than a neutron star. It 
is an object from which light cannot escape due to its extreme 
density and gravity. 

Think of squeezing a neutron star down to a smaller size than 10km 
– not even normal, nuclear matter can exist at those densities. 

The size of a black hole is the “Schwarzschild Radius” and within 
this radius, nothing, including light can emerge because gravity is 
so strong. 

It is also called the “event horizon”. 

WHAT EXACTLY IS A BLACK HOLE? 

The true answer is we don’t really know! The form of matter within 
the event horizon is unknown and mysterious. 

HOW DO WE KNOW THEY REALLY EXIST? 

We can estimate their masses and sizes from how normal matter 
orbits around them. 

We can measure how fast matter orbits the black hole and hence 
the black hole mass.

Black hole near the event horizon

Image Credit: ESO, L. Calcada, Space Engine

RS : Schwarzschild Radius



Cygnus X-1

This is the most famous 
black hole system in our Galaxy.

It may look like a normal star in optical light, 
but the system shines brightly in x-rays 
(detected from space telescopes).

Cygnus X-1 is a 19 solar mass star which orbits a 
dark mass which has a mass of 14M

☉
.

This dark mass must be a black hole since it 
emits no light (it cannot be a normal star) and 
it is too massive to be a stable neutron star.

Optical and X-ray images of Cygnus X-1

Image Credit: NAsa, CXC, Digital Sky Survey

X-rays



An artist's impression of Cygnus X-1

Image Credit: NASA

Cygnus X-1
The black hole pulls mass from the large blue star 
into an orbiting disk of material. 

This gets close to the event horizon and heats up 
as it spins fast, emitting x-rays.

Cygnus X-1 is what is known as a “stellar mass” black hole,  
because the mass of the black hole is similar to a big star.



VIDEO

Zooming in 
and Seeing the 
Milky Way’s 
Black Hole

Watch this video, which is a zoom 
in of the central black hole in the 
Milky Way with the most 
powerful telescopes in the world, 
based at the European Southern 
Observatory in Chile.

Sgr A* (pronounced Sagittarrius 
A-star) is the position of the black 
hole and the final part of the 
video shows stars orbiting 
around it.  Play close attention to 
star S2. 

● Press spacebar to play video. 

● Press 2 more times for next slide.

 
Video Link

https://www.eso.org/public/videos/eso1825c/c/
http://www.youtube.com/watch?v=Da_Wc_G9ms4


CLASS TASK

Calculating the Mass of the 
Milky Way’s Black Hole

We can’t see the black hole directly – since it is black ! And 
nothing escapes from the event horizon. But scientists have 
tracked the orbit of stars around a mysterious, dark object. You 
can see the stars orbiting around it – but there appears to be 
nothing there. The position is labelled “Sagittarius A*” 
(pronounced Sagittarius A star). By measuring the speed of the 
stars we can estimate the black hole mass.

The star S2, as seen in the previous movie, orbits the Milky Way’s 
black hole (called Sagittarius A*). The period of its orbit has been 
estimated as 15 years, and the axis of its orbit is 970 Astronomical 
Units. This is the equation that physicists use to relate the orbital 
parameters based on Newton and Kepler’s laws. 

Change all units into SI standards (metres, seconds, kg) 
and work out the mass of the black hole in kilograms 

Convert that to solar masses, knowing that 
Mass of the Sun = 1.99 x 1030 kg

Hint: Rearrange the above equation to put MBH 
on the left hand side. Watch your units very carefully! You need to 
know that 1 AU = 1.5 x 1011 metres.

P   = orbit period of S2 

a   =  size of the axis of orbit

G  =  the Gravitational constant  
=  6.67 x 10 -11 Newtons kg-2 m2

MBH = mass of the black hole 

P2 ≃
4π2a3

GMBH

https://youtu.be/dXAU0gzsPOw


Now get all the units into SI units, so we can do the correct 
calculation. The mass will then be in kilograms, which we will 
convert to solar masses at the end. 

a  = 970 AU  = 970 x (1.5 x1011) m = 1.45 x 1014 m

P = 15 yrs = 15 x (60 x 60 x 24 x 365) seconds = 4.73 x 108 s

P2 ≃
4π2a3

GMBH
P   = orbit period of S2  =  15 yr 

a   =  size of the axis of orbit =  970 AU

G  =  the Gravitational constant  
=  6.67 x 10 -11 Newtons kg-2 m2

MBH = mass of the black hole 

1 AU = 1.5 x 1011 metres

1 solar mass  = 1.99 x 1030 kg

First of all, rearrange the equation to get mass of 
black hole on the left hand side 

MBH ≃
4π2a3

GP2

MBH ≃
4π2(1.45 x 1014)3

(6.67 x 10-11)(4.73 x 108)2

MBH ≃ 8.08 x 1036 kg
  
Now convert to solar masses by dividing by mass of the Sun :  

MBH ≃
8.08 x 1036 kg

1.99 x 1030 kg

 ≃ 4 x 106  Msun

You have shown that if the star S2 has a period of 15 years around its orbit 
(which is a good measurement), the mass of dark object is a few million times 
the mass of the Sun. Since it is dark, it can only be a black hole. 

CLASS TASK SOLUTION

Calculating the Mass of the 
Milky Way’s Black Hole



VIDEO

Exoplanets

This video explores the possibilities 
of life on other planets. It also 
explains that celestial bodies that 
orbit a star other than our Sun are 
called Exoplanets and that these 
come in different sizes, 
temperatures and form.

Presented by: Professor Stephen Smartt, 
Queen’s University Belfast.

● Press spacebar to play video. 

● Press 2 more times for next slide.

 

Video Link

https://youtu.be/JaQZZRON52Q
http://www.youtube.com/watch?v=JaQZZRON52Q


Exoplanets are planets outside our solar system that orbit around other stars. 
There are over 4000 that have been discovered up to the start of 2022. Here are 
sketches of 5 exoplanets compared to the sizes of Mars and Earth.

But how many could there be in our Galaxy? The Milky Way is home to about 100 billion stars. 
Scientists estimate that at least 10% of the stars in our galaxy have exoplanets in their orbits. 
That’s at least 10 billion planets in our galaxy alone! 

Many of the planetary systems we have found are very strange and have planets the size of Jupiter 
orbiting very close to their host star, well within the orbit described by Mercury in our own solar 
system. We call these “hot Jupiters” and their surface temperatures can be above 1000 oC.

MARS KOI- 961.03 KOI- 961.02 KOI- 961.01 KEPLER- 20e EARTH KELPER- 20f



What makes an exoplanet 
a potential habitat for life 
elsewhere in the Universe?

In order to support life (as we know it) an exoplanet 
would need (at the very least) to: 

● Be a rocky planet, with a solid surface. 

● Be inside the habitable zone (Goldilocks Zone) 
of a star. This means the surface temperature 
supports mostly liquid water. 

● Have an atmosphere that contains oxygen and 
probably a mixture of nitrogen and carbon dioxide.

The Goldilocks Zone is the area of space that, if a rocky planet 
happens to exist there, would permit the right conditions to 
support life as we know it.

Due to research of extreme environments and the discovery    
of microbial life in places we previously thought uninhabitable, 
the Goldilocks Zone may be bigger than we thought.

These 3 characteristics describe the properties of Planet Earth. 
However it is entirely possible that life elsewhere in the universe 
could be more versatile or more extreme than life on Earth. 
Planets existing in conditions that we consider uninhabitable 
could harbour very different forms of life. Not quite ‘aliens’ (in 
the sci-fi sense of little green creatures that fly around in 
spacecraft), but certainly life forms that are alien to us. 



Is there evidence for other planets 
outside our solar system?

Remarkably, the first exoplanets were only discovered about two 
decades ago. We live in an extraordinary time where in the span 
of a single generation, the centuries-old question "Are there planets 
orbiting other stars?" has been answered with a resounding "Yes!".  

Exoplanets are hard to see as they are relatively small and very far 
away. They are also hidden by the bright glare of the stars they orbit. 

There are two common ways to detect exoplanets.

The “doppler wobble” technique. Watching a star “wobble” because of 
the tug of gravity by a large planet, causing the star to orbit off-centre. 
From a great distance, this makes the star look like it is wobbling 
(see next section).

Watching a planet pass in front of its star and casting a shadow. This 
happens when an exoplanet, orbiting the star, passes between it and 
the Earth – we call this a planetary transit. Here is an example of the 
transit of Venus as seen by a NASA telescope of 2014.

Image shows the transit of Venus as seen by a NASA telescope in 2014. The small black dot 
in the top right corner is visible against the large orange/yellow spherical star.

Image Credit:  NASA/SDO



The Spectrum of a Star 
and Fraunhofer Lines
You are familiar that white light can be split up into a continuous spectrum of 
colours, from violet to red. Sunlight creates a rainbow and a prism can be used 
to split white light, or the Sun’s light into its constituent colours. 

When we carefully inspect the spectrum of the Sun and other stars, not only do 
we see a continuous rainbow of colours but we also see dark lines at very 
specific wavelengths. These are caused by absorption of chemical elements in 
the Sun’s atmosphere. Photons of light are absorbed by atoms and their 
electrons jump into a higher orbit. We can easily measure this process on Earth 
and so we can identify the elements that are in the Sun’s atmosphere. These are 
called “Fraunhofer lines” after Josef von Fraunhofer who first identified them.



The Doppler Effect 

The Doppler Effect causes a shift in the 
wavelength of a wave caused by movement 
of the source of the waves or by the observer. 
When a star moves towards us, the 
wavelengths of the absorption lines are 
shifted to the blue and when it moves away, 
the wavelengths are shifted to the red. 

This is an incredibly powerful technique to 
discover exoplanets. Although we don’t see 
the planet, we can see the Fraunhofer lines 
shift to the blue and then to the red. The star 
is not perfectly stationary when a planet 
orbits around it. They both orbit around their 
common centre of gravity.  We can detect the 
movement of the star very precisely with this 
technique and incredibly sensitive 
instruments. The first exoplanet was 
discovered in 1995 around the star 51 Pegasi 
and the Nobel Prize was awarded for its 
discovery in 2019. The Doppler effect gives us 
a very precise way of measuring velocities. 

Some light absorbed 
by planets atmosphere

PLANET’S ATMOSPHERE

PLANET

STAR

LIGHT FROM STAR

LIGHT FROM STAR

A very interesting new way to detect gas molecules in the atmospheres 
of exoplanets combines the transit technique with the Doppler 
technique. A transiting planet, which passes in front of its host star will 
absorb some of the starlight in its upper atmosphere. These appear as 
very weak dark bands at specific wavelengths depending on the 
molecule or atom. The molecule carbon monoxide has been detected in 
the atmosphere of the hot Jupiter that orbits the star HD209458.



The Speed of Light 
and Space Exploration

As you may have learned, there is a lot of space in Space! 
The scale and distances to stars and galaxies are so large, 
it is almost incomprehensible. 

If you measure these distances in kilometres, the numbers 
are so large that they become difficult to grasp and envisage. 
Instead light years are used as units of length. 

A light year is the distance light travels in a year. 

Nothing can travel faster than the speed of light in a vacuum.

The speed of light is 300,000 km/s, which is: 

3 x 105 km/s  or   3 x 108 m/s

The closest star to the Sun in our solar system is a faint star 
called Proxima Centauri, 4.2 light years away. This means that 
it takes light over four years to reach us from this star. 



QUESTION : 

How long would it take a 
human made spacecraft to 
get to Proxima Centauri ?

Remember that this is the closest star to us 

in the galaxy. The galaxy is 10,000 times 

bigger than that distance. 

The fastest human-made spacecraft that has 

now left the Solar System is Voyager 1, which 

is moving at a speed of 62,100 km per hour.

(Answers on the next slide)



How long would it take a 
human made spacecraft to get 
to Proxima Centauri ?

Work out the distance between the earth 
and Proxima Centauri in kilometres. 

One light year is the distance light travels in one year. 
The speed of light is 300,000 km per second 

How many seconds in one year? Work out the number 
of seconds in a day and multiply by number of days in a year.

Number of seconds in 1 hr  =  60 x 60  =  3,600 seconds
Number of seconds in 1 day  =  3,600 x 24  =  86,400 seconds
Number of seconds in 1 year  =  365 x 86,400  =  31,536,000 seconds 

1 light year  =  speed x time 
                      =  300,000  x  31,536,000 kilometres
                      =  9,460,080,000,000 kilometres 
                      =  9.46 x1012 kilometres 

Proxima Centauri is 4.2 light years away.
How many kilometres is that?

Distance to Proxima Centauri 
=  4.2  x  9.46 x1012 kilometres
=  3.973  x1013 kilometres  (This is 39,730 billion kilometres)

The fastest human made spacecraft that has now left 
the solar system is Voyager 1, which is moving at a 
speed of 62,100 km per hour.  

How long would it take to reach Alpha Centauri ?

Time to reach Alpha Centauri 

=  3.973 x1013 ÷ 62,100
=  3.973 x1013 ÷ 6.21 x104 hours
=  6.398 x108 hours 

How many days is that ? 

=  6.398 x108 hours ÷ 24  
=  2.666 x107 days 

How many years is that ? 

=  2.666 x107 ÷ 365  
=  73,000 years 

THE ANSWER

It would take 73,000 years for the Voyager 1 
spacecraft to reach our nearest star.

SOLUTION



The twin space crafts Voyager 1 and Voyager 2 were 
launched from Cape Canaveral in 1977. Their original 
missions were to explore the outer giant planets in our solar 
system. Both made close approaches to Jupiter and Saturn 
(in 1979 and 1980) and Voyager 2 visited Uranus and 
Neptune. The images that they took with cameras on board 
are some of the most iconic NASA images of these giant 
planets. They were then sent on a journey to leave the Solar 
System and to forever wander in interstellar space. 
Remarkably, the two spacecraft can still communicate with 
earth and send back data on their position in Space. 

Voyager 1 was launched on 5 September 1977 and its current speed 
is known to be 61,200 km per hour. 

1. If Voyager has always moved with this speed, directly away 
from the Earth, then work out how far away the spacecraft 
is now. Work this out in kilometres and convert it to 
astronomical units. 

NOTE : 

1 astronomical unit is the distance between the Sun 
and the Earth and is used as one of our basic units in 
space physics (since distances are so large). 

2. Sketch a plan of the Solar System with the positions 
of the outer planets (Jupiter out to Neptune) and the 
position of Voyager 1. 

3. Voyager 1 is communicating with NASA mission control 
through radio signals. Radio waves move at the speed of light, 
which is  c = 3 x108 metres per second. If your distance is 
correct, how long will it take radio waves to reach the Earth? 

From timing measurements on Voyager 1 and Earth, we know that it 
takes 21 hrs 36 mins seconds for signals to travel.  Why do you think 
your answer might be different to this?

FURTHER INFORMATION

Curriculum Focus Area on Exoplanets can be found here

https://docs.google.com/presentation/d/1H8ucebne_D2es1_mQa56qcxN0fNJTxM5cK1xVIWg1as/edit?usp=sharing


3.  (ctd)  From timing measurements from Voyager 1 radio 
communication, we  know that it takes 21 hrs 36 mins  seconds 
for signals to travel

Why is our calculated number larger ? 

NASA’s website shows where Voyager 1  (and Voyager 2) are 
now : https://voyager.jpl.nasa.gov

Our calculation puts Voyager 1 further away than it actually is. 
This is because we assumed that the spacecraft travelled in a 
straight line from Earth to get to where it is now. Its true 
trajectory took it first to Jupiter and Saturn to flyby the planets, 
and then to the outer solar system. It has taken a longer path in 
its flight than a straight line so it is not as far away and light 
does not take as long to reach us. 

   

Solution

Voyager 1 was launched on 5 September 1977 and its current speed is known to be 
61,200 km per hour. 

1. Let’s assume the date is 5 September 2022 (you can add on days from 
that to get to our current date).  That is 45 years, but we have the speed 
in km per hour, so let’s work out the hrs which have passed

Time = 45 yrs = 45 x (365 x 24) hrs = 3.94x 105 sec

   Distance = time x speed  = (6.12 x 104) x (3.94 x 105) =  2.41 x 1010 km 

                                                                                                = 2.41  x 1013  m 

  And in astronomical units (AU), this is 

  Distance = (2.41x 1013)÷( 1.42x 1011 ) = 161 AU 

2. Your sketch plan of the Solar System should have Voyager 1 at 
about 5 times the orbit of Neptune. 

3. Light travel time = distance/speed = (2.41  x 1013  m) ÷( 3 x 108  m/s) 

                                                              = 22.3hrs  = 22hrs 20 mins  

https://voyager.jpl.nasa.gov


VIDEO

The Big Bang 

This video looks at the formation of 
galaxies, what they are made of and 
how they were formed. 

Presented by: Professor Stephen Smartt, 
Queen’s University Belfast.

● Press spacebar to play video. 

● Press 2 more times for next slide.

 

Video Link

https://youtu.be/WCpdxjldvdo
http://www.youtube.com/watch?v=WCpdxjldvdo


The Big Bang Model 
of the Universe 

There are about 100 billion stars in our galaxy, 
the Milky Way. The stars, gas and dust of the 
Milky Way all orbit around its centre. We have 
seen that the centre of the Milky Way contains 
an enormous black hole. But the Milky Way 
galaxy is just one of at least 100 billion galaxies 
in the whole of the observable Universe. 

Scientists have used the Doppler Effect to 
measure the velocities of many galaxies, in the 
same way as for stars. It appears that nearly all 
galaxies have velocities that are pointing away 
from us. When we split the light from these 
galaxies into a spectrum, it is nearly always 
shifted to the red part of the spectrum. We call 
this the “red shift” of a galaxy. The velocities 
are much larger than anything we measure for 
stars in our own Milky Way. The redshift of 
galaxies was discovered by Vesto Slipher in 
1912.

ABSORPTION LINES IN THE SUN

Ca, Fe & H H Mg Fe Na H

ABSORPTION LINES IN A REDSHIFT GALAXY

Image credit: H. Stokes



The Big Bang Model 
of the Universe 

Later, in 1929, Edwin Hubble showed that the further a 
galaxy is away from us, the larger its velocity or redshift.  
This proves that the Universe is expanding. This is called the 
“Hubble-Lemaître law”. Georges Lemaître was a Belgian 
mathematician who first explained the data with the model 
of an expanding Universe. The critical point, which can be 
proven using vectors, is that the  Hubble-Lemaître law 
means that the whole of space is expanding. 
It does not mean all galaxies are moving away from us 
and Earth is at the centre of the Universe.

This is evidence that the Universe was smaller in the past 
and from the expansion rate scientists have estimated the 
age of the Universe to be about 14 billion years. This is 
consistent with the ages of the oldest stars in our Milky Way.  
This is the primary evidence for the Big Bang Theory of the 
origin of the Universe. It started in a cosmic explosion 14 
billion years ago, from a point in space we call a singularity.  
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A example of a Hubble-Lemaître diagram. All points on the plot are 
galaxies with measured distances and  redshifts. The redshifts are 
converted to velocities. The further away a galaxy is, the faster its 
velocity. The relationship is a straight line. 

Image credit: R. Kirshner and S. Jha. 



It has been detected by many telescopes, the most precise being 
the European Space Agency’s Planck Satellite. This represents 
the hot glow of the Big Bang, after the Universe expansion of 
14 billion years stretched the photons into microwaves.

There is another piece of evidence that strongly supports the 
Big Bang model. The whole of space is filled with a particular 
type of radiation – microwave radiation. And it is the same in 
all directions, with only tiny ripples.  It does not come from 
stars, or galaxies, or planets or any gas, it is like a constant 
glow throughout the Universe. 

This is an image of the whole sky in microwave radiation, taken by the Planck Satellite and released in 2013. The whole sky glows at this wavelength, and the radiation is not coming from 
any particular objects like galaxies. The radiation is very even and pervades all space. The fluctuations you see are very tiny and the image is digitally enhanced to show them. The colour 
fluctuations represent differences of about 1 part in a million of the level of the microwave radiation.

Image Credit: ESA and the Planck Collaboration



Class Quiz

1. What is the hottest planet?

2. How many stars are in our solar system?

3. Name the gas and ice giants.

4. What is the coldest planet in our solar system?

5. Which two are closest to each other 
out of the Sun, the Earth and the Moon?

6. Why do we only ever see one face of the Moon?

7. What is a geostationary satellite?

8. How long does it take light to reach us from the Sun?

9. What shape are the planets’ orbits?



CREATIVE TASK IDEA: 

Build a Three Dimensional 
Solar System in CoSpaces.Edu

Using CoSpaces Edu, students will create a three 
dimensional solar system. If time permits, students can 
also practice basic coding to program the planets to 
rotate on their axis and revolve around the Sun.

DO

Students will use design tools to demonstrate size and 
distance from the Sun. They will demonstrate the colour of 
each planetary body and if time permits students will use 
text markers or record a voice note on each planetary body. 
An extension task for advanced students would be to use the 
blockly code tool to program their planetary bodies to rotate 
on their axis and revolve around the Sun.

PLAN

Students will be divided into groups to recreate the Sun, 
Earth and (if time permits other planets) using 
CoSpaces Edu. Students should research the distances 
and sizes of the planets in relation to the Sun.

REVIEW

Give students the opportunity to view each other’s work. 
This may be done by playing back the best work or simply 
by circulating the room. If students use online learning 
platforms, share their URL on the class platform for other 
students to see. 

https://cospaces.io/edu/
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