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LEARNING OUTCOMES 

 

During this  act ivity,  students  play a  game and learn the propert ies  of  dif ferent  
planets  and their  relat ive  posit ion in  the Solar System.  
 
 

LEARNING OBJECTIVES 

•  Students  will  be  able  to  describe what  the Solar System is .  

•  Students  will  be  able  to  describe the propert ies  of  different  planets  and 

c lassify  them into  rocky and gassy.  

•  Students  will  be  able  to  name the planets  and place them in order.  
 
 
 

PLENARY 

•  On complet ion discuss with  students  which colour they used for which 

planet .  

•  Students  describe how the colours  they used represent  a  planets’  

characterist ics .  eg Earth  has  a  lot  of  water so  it  could be coloured blue .  

•  Students  should  name the planets  in  the so lar system . 

 

 

RESOURCES 

•  Set  of  Cards  PDF (one set  per group)  

•  Planets  and Sun model   

•  Coloured pencils  

•  Scissors   

•  Photos  of  the Solar System PDF (one set  per group)  

 
 
  

Connection 
 

The Solar System, consists of  the Sun as i ts central  star,  eight p lanets and 
thei r  moons plus dwarf  p lanets.  

There are countless smal l  bodies. (further information about these can be f rom 
the Visnjan Observatory, contact “Podrute” ) .  Small  bodies can be anything f rom 
something the size of a  pebbles to the s ize of  a dwarf  p lanet  l ike Pluto) and 
comets.  

Planets, smal l  bodies, asteroids, dwarf  planets and comets al l  orbi t  the sun  

The Earth is a very special  planet because i t  is  our home!  The Earth is located 
about 150 mil l ion k i lometres f rom the Sun, g iving a temperature that is  exactly 
r ight for l iquid water to be present on the surface,  This is  cal led being located 
in  the “Goldi locks zone” and earth is the only planet which can have l iquid 
water present on the surface.  This proved crucial  for the development of  l i fe!  

The Solar System is part  of  the Milky Way. The milky way is galaxy which  is a 
col lection of  about 200 bi l l ion stars arranged in a spi ra l ,  along wi th gas and 
dust. 

Many of  these stars have planets and possibly moons. So we are probably not 
a lone in the Mi lky Way, but the distances between the stars are so big that a 
visi t  to another world would be very di f f icul t .  Recently scientists have found 
other planets in other galaxies but we don’t  know what these wi l l  look l ike.  
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These planets that orbi t  other stars are cal led extrasolar planets. In recent 

years, astronomers have found thousands of  these and regular ly d iscover 

more. However we know very l i t t le  about them  but i t  seems l ikely that every 

star has i ts own planet system.  

 

There are two types of  planets in our Solar System: rocky planets, which are 

general ly near the Sun, Mercury, Venus, Earth and Mars. Then there are  gas 

giants,  which are more massive and mainly composed of  gas. These are 

Jupi ter,  Saturn, Uranus and Neptune make up the lat ter.  

Pluto is  considered a dwarf  planets since 2006. Between  Mars and Jupi ter is  

the asteroid bel t ,  which c i rcles the Sun l ike a ring. I t  consists of  tho usands of  

smal ler and larger rocks . The largest of  these have thei r  own names, just l ike 

the planets. One of  them, Ceres, is  so large that i t  is  considered a dwarf  

p lanet. 

 

The planets 
 

 

Planets and dwarf  planets are spherical  and orbi t  a star.  Current ly ( in 2017) 
f ive dwarf  p lanets have been identi f ied: Ceres, Pluto, Haumea, Makemake and 
Eris.  Moons are of ten spherical  as wel l ,  depen ding on thei r  size, but they orbi t  
p lanets. 

Each of  the planets in our Solar System has i ts own features. We have 
summarised them in the fact f i les below.  

Rocky Planets  
The four rocky planets (Mercury, Venus, Earth and Mars) are very dense  and 
comparatively smal l .  Thei r  atmospheres are very th in or non -existent,  wi th the 
except ion of  that of  Venus.  

Mercury 
Mercury is the planet nearest to the Sun. It  has no atmosphere and i ts surface, 
is  covered wi th craters. Mercury orbi ts the Sun once in just 88 days and has no 
moons. There are severe temperature di f ferences on i ts surface: 380° C on the 
s ide facing the Sun, and -180° C on the night s ide!  This is  because day and 
night shi f t  very slowly on Mercury, because of  i ts  s low spin. Also, there is no 
atmosphere to trap the heat at night.  
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Venus  
 

Venus is the earths sister planet,  i t  is  about as large as the Earth. But i t  is  not 
a heaven, Carbon dioxide makes up 99% of  i ts  atmosphere, which causes 
sunl ight to get t rapped. This is  a runaway greenhouse effect.   

I t  is  a lways very hot on Venus: a lmost 500° C!  Whi le the other Solar System 
planets rotate in the same di rect ion, anticlockwise, Venus rotates backwards, 
c lockwise. 

 

 

 

 

Earth 
 

Earth is the only planet in the Solar System that has l iquid water on i ts 
surface, signif icant amounts of  oxygen in the air  and moderate temperatures. I t  
orbi ts the Sun once a year.  I ts  stable axis ( incl ined 23 degrees) resul ts in 
seasons. Furthermore, i t  is  the only celestial  body on which we have found l i fe 
so far. 
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Mars 
 

Mars is half  the size of  the Earth. I ts  reddish colour is  caused by i ron oxide 
(which you and I  may cal l  rust) .  I t  does have an atmosphere but i t  is   very thin 
and consists of  carbon dioxide.  (why does i t  not have a greenhouse effect)   

 One of  i ts  special  features is i ts  “canals” which suggest that once upon a t ime 
i t  had running surface water and extinct volcanoes, which reach heights of  up 
to 22,000 metres!   

Mars has two very smal l  moons and needs about twice as much t ime as the 
Earth to orbi t  the Sun. L ike Earth, i t  a lso has seasons, as i ts  rotat ion axis is  
incl ined. 

 

Gas Giants  
The ‘gas giants’  are so -cal led because they are large compared to other 
p lanets and they are composed most ly of  gas. They consist  of  a mighty 
atmosphere and a  relat ively smal l  sol id core.  

Jupiter 
Jupi ter is  the largest p lanet in our Sola r System. I t  consists of  gas mainly  
hydrogen and hel ium and is thought to have a smal l  sol id core and i t  has a thin 
r ing system.  

There is a famous red spot on i ts surface , th is moves and is twice the size  of  
the Earth.  At the end of  the last century the spot wa s found to be a huge storm 
(a hurricane) This storm has been known about for 400 years.  

The Jupi ter moon system is the most impressive in the solar system, this 
p lanet has at least 67 moons. . 
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Saturn 
 

Saturn is famous for being surrounded by a large ring systems. Astronomers 
sometimes cal l  this planet ‘Lord of  the r ings’ .  These rings consist  of  mi l l ions of  
small  ice crystals.  The atmosphere of  Saturn has a fai r ly low densi ty and 
because the relative densi ty is  less than 1,:  Saturn is the only planet in the 
Solar System that could f loat on water.  L ike Jupi ter i t  has an extensive moon 
system. 

 

.  

 

 

 

 

 

 

 

 

Uranus 
 

Uranus is the seventh planet from the Sun. I t  is  not visible to the naked eye 
and i t  became the f i rst  planet discovered wi th the use of  a telescope. Uranus is 
t ipped on i t ’s  s ide wi th an axial  t i l t  of  98 degrees. I t  is  sometimes described as 
“rol l ing around the sun on i t ’s  side.”  Uranus has two sets  of  very th in dark  
coloured rings. The ring partic les are smal l  ranging f rom  dust s ized particles to 
smal l  boulders.  They were probably formed when one or more of Uranus’s 
moons were broken up in impact .  I ts  surface looks very smooth and barely 
shows any structure. I t  has 27 known moons .  

Uranus has a hydrogen upper layer which has Hel ium mixed in.  Below that is  
an icy mantle which surrounds a rock and ice core. The upper atmosphere is 
made of  water,  ammonia and methane  ice crystals that give the planet i ts  pale 
blue colour.  

Uranus is the coldest p lanet in the solar system wi th minimum temperatures of  
-224 C. 
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Neptune   
 

Neptune is the eighth planet f rom the sun making i t  the most distant in the 
solar system. This gas giant may have formed much closer to the sun in early 
solar system history before migrat ing to i ts  present posi t ion. I t ’s  surface has a 
blue colour,  l ike tha t of  Uranus. White clouds f ly over i ts  surface at speeds of  
over 1000 km/hr.  Neptune’s path sometimes crosses the orbi t  of  dwarf  planet 
Pluto. The planet has a thin r ing system and 14 known moons.  

Neptune is the smal lest of  the Ice giants but has a greater  mass than Uranus 
and Jupi ter.  I t  is  made of  layers hydrogen, hel ium and methane which encloses 
a layer of  water,  ammonia and methane ice. The inner core of  Neptune is made 
of  rock. Because methane absorbs red l ight,  the planet appears blue.  

Neptune has a very th in col lect ion of  r ings made up of  ice part ic les and dust.  

I t  has 14 moons including Tri ton which is a f rozen world spewing ni trogen ice 
f rom below i ts surface 

 

 

 

 

 

Dwarf Planets: Pluto   
 

Pluto is composed of  ice and rock. In 2006, astronomers decided that Pluto 
should no longer be classed as a planet but only a dwarf  p lanet, a l though i t  is  
spherical .  Due to i ts  low mass, i t  cannot attract smal ler boulders in i ts  vicini ty,  
as the ‘ real ’  planets do. Pluto has one larger and two smal ler moons.  

 

Ceres ,  is  the largesr object in the asteroid bel t  and is the largest object in 

the asteroid bel t  between mars and Jupi ter and the only dwarf p lanet located in 
the inner solar system It  was cal led an as teroid for many years but i t  is  so 
much bigger and so di f ferent f rom the other asteroids i t  was classed as a dwarf  
p lanet in 2006. Ceres is named af ter the Roman goddess of  harvests and the 
word cereal  comes f rom the same name 

Haumea is  one of  the fastest  rotat ing objects in the solar system.  

Oddly shaped Haumea complete a turn on i ts axis every four hours.  
The quick spin e longated the dwarf  planet into the unique shape 
astronomers discovered in 2003. I t  is roughly the same size as Pluto 
and orbi ts the sun  in the Kuiper bel t  an icy zone of  objects beyond 
the orbi t  of  Neptune. I t  takes Haumea 285 earth years to orbi t  the 
sun. I t  has two moons Hi ’aka and Namaka  

Makemake  

Is located in the Kuiper bel t ,  i t  is  s l ight ly smal ler than Pluto and 

takes 310 years to orbi t  the sun. There are signs of  f rozen ni t rogen 

on Makemakes surface and astronomers have found signs of  

methane and ethane which may be present in pel lets as large as one 

cent imetre d iameter.  Evidence of  thol ins,  molecules that  form when  

solar UV l ight  interacts with substances l ike ethaneto cause a 

reddish brown  colour.   

 

Eris I t  takes Eris 557 years to complete a s ingle orbi t  around our 

sun. The plane of  Er is ’orbi t  is  wel l  out  of  the plane of  solar system’s 
planets and extends far beyond the Kuiper Bel t ,  Al l  the asteroids in 
the asteroid bel t  would f i t  inside Eris,  but  i t  is  st i l l  smal ler than our 
moon 
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FULL ACTIVITY DESCRIPTION 

Preparation 

•  Print  out  the card game PDF,  one set  per group.  Print  out  e ither double  s ided 

or st ick the front  and back together.  Cut  out the cards  along the l ines .  

•  Print  out  the photos  of  the solar system,  one set  per group.  Cut  them 

separately .  

•  Ideally  ten students  per group.  

 

Activation 

Step 1: Identify the planets 

•  Students   identify  the pictures  of  the planets :   

•  Arrange  cards  in  the ‘r ight ’  order.   

 

 

Step 2: Colouring planets  
 

S tudents  colour the pictures  of  the card game.  Students  choose  one card and 
colour it  in .  What  considerat ions  need to  be made.  

 

Step 3: Playing the card game  

•  Each card has  a  summary of  a  planet ’s  important  features .  This  wil l  include 

quest ion,  the  answer to  the quest ion brings  the students  to  another  body in  

the Solar System.  

•  Shuffle  the cards  and hand every student  one card.  

•  Ask the students  to  read and understand the exact  propert ies  of  ‘their ’  

celest ial  body.  

•  The student  with  the Sun card reads out  loud the quest ion on the bottom of  

the back of  i ts  card.  The answer should be called out  only by that  student  

whose celest ial  body was sought .  Then,  this  student  can read out  loud the 

quest ion on his/h er card.  

•  The game ends when the round goes  back to the student  holding the Sun card.  

 

Step 4: Planet order and size  

 

CLIL Link in order to memorize the order of  the    p lanets,  students 

t ry and invent a mneumonic to remember the order  
 

•  I f  available ,  use  the model  of  the planets  and the Sun to  give  students  a  

feel ing of  the different  s izes  of  the planets.  

•  The fol lowing videos  may help students  understand the s izes  of  the solar 

system ‘How big is the Solar System’  

•   ht tps:/ /www.youtube.com/watch?v=MK5E_7hOi -k  

•   For older students: ‘To Scale: The Solar System’  

•   ht tps:/ /www.youtube.com/watch?v=zR3Igc3Rhfg  
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or st ick the front  and back together.  Cut  out the cards  along the l ines .  

•  Print  out  the photos  of  the solar system,  one set  per group.  Cut  them 

separately .  

•  Ideally  ten students  per group.  

 

Activation 

Step 1: Identify the planets 

•  Students   identify  the pictures  of  the planets :   

•  Arrange  cards  in  the ‘r ight ’  order.   

 

 

Step 2: Colouring planets  
 

S tudents  colour the pictures  of  the card game.  Students  choose  one card and 
colour it  in .  What  considerat ions  need to  be made.  

 

Step 3: Playing the card game  

•  Each card has  a  summary of  a  planet ’s  important  features .  This  wil l  include 

quest ion,  the  answer to  the quest ion brings  the students  to  another  body in  

the Solar System.  

•  Shuffle  the cards  and hand every student  one card.  

•  Ask the students  to  read and understand the exact  propert ies  of  ‘their ’  

celest ial  body.  

•  The student  with  the Sun card reads out  loud the quest ion on the bottom of  

the back of  i ts  card.  The answer should be called out  only by that  student  

whose celest ial  body was sought .  Then,  this  student  can read out  loud the 

quest ion on his/h er card.  

•  The game ends when the round goes  back to the student  holding the Sun card.  

 

Step 4: Planet order and size  

 

CLIL Link in order to memorize the order of  the    p lanets,  students 

t ry and invent a mneumonic to remember the order  
 

•  I f  available ,  use  the model  of  the planets  and the Sun to  give  students  a  

feel ing of  the different  s izes  of  the planets.  

•  The fol lowing videos  may help students  understand the s izes  of  the solar 

system ‘How big is the Solar System’  

•   ht tps:/ /www.youtube.com/watch?v=MK5E_7hOi -k  

•   For older students: ‘To Scale: The Solar System’  

•   ht tps:/ /www.youtube.com/watch?v=zR3Igc3Rhfg  
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Lesson Resources 

Our Solar System 
 
 

 
 
Credit: NASA / JPL 
 
 
 
 
 
 

 
 
 
Introduction 
 
The Solar System, in which we live, consists of the Sun as its central star, eight planets with their 
moons and several dwarf planets. Together with hundreds of thousands of asteroids (boulders) 
and comets, these celestial bodies orbit the Sun. 
 
The Earth is a very special planet among these celestial bodies. It is our home! In order to 
understand its uniqueness, children need to compare the Earth to the other planets in the Solar 
System. As the Earth is located about 150 million kilometres from the Sun, the temperature is 
exactly right for liquid water to be present on the surface, unlike on most other planets. This 
proved crucial for the development of life! 
 
The Solar System as a whole is part of the Milky Way system, a collection of about 200 billion 
stars that are arranged in a spiral, along with gas and dust. Billions of these stars have planets 
and these, in turn, have moons. This suggests that we are probably not alone in the Milky Way, 
but the distances between the stars are so big that a visit to another world would be very difficult. 
 

 
Credit: Wikimedia Common / Nick Risinger                               Credit: NASA / JPL 
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Even the star nearest to us, Proxima Centauri, is 4.22 light years (i.e., over 40 trillion km) away 
from us. This is so distant that a journey there would take generations of human lives. 
 

 
 
Credit: UNAWE / C.Provot 
 
Planets that orbit other stars than our Sun are called extrasolar planets or exoplanets for short. 
Astronomers have already discovered more than 900 of these exoplanets. 
 
We can categorise the planets of our Solar System into two types: the rocky planets, which are 
nearest to the Sun and have a solid surface, and the gas giants, which are farther from the Sun 
and are more massive and mainly composed of gas. Mercury, Venus, Earth and Mars appear in 
the former category, and Jupiter, Saturn, Uranus and Neptune make up the latter. Pluto, our 
formerly outermost planet, has been considered one of the dwarf planets since 2006. Between 
Mars and Jupiter is a so-called asteroid belt, which circles the Sun like a ring. It consists of 
thousands of smaller and larger boulders. The largest of these have their own names, just like 
the planets. One of them, Vesta, is so large that it is considered a dwarf planet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 Know Your Planets 
 
 
Brief Description 

Mercury 

 

Venus  

Earth Mars 
 

Jupiter 
 

Saturn 
 

Uranus 
 

Neptune 
 

Pluto 
 

Rocky Planets 
 

Gas Giants 
 

 
Play a card game with the Sun and its planets. Ask questions and read answers from the cards. 
 
 
Keywords 
 
• Sun 
• Planets 
• Solar System 
• Cards 
 
 
Materials 
 
• Card game (Box)  
• Planets and Sun (flat) (Box)  
• Coloured pencils 
• Scissors 
 
 
Learning Objectives 
 
Learn about the properties of the different planets. 
 
 
 
Background Science 
 
Planets are spherical bodies orbiting a star. They have sufficient mass to have purged their orbits 
of all larger and smaller boulders thanks to their gravitational pull. Dwarf planets are also 
spherical and orbit a star, but they have small masses and therefore such a weak gravitation that 
they are not capable of attracting smaller boulders in their vicinity. Moons are often spherical as 
well, depending on their size, but they orbit planets.  
 
Each of the planets in our Solar System has very specific features. We have summarised them in 
the fact files below. The following rule of thumb is valid in the Solar System: small planets lie 
close to the Sun and are made of solid material, while large planets are farther away from the 
Sun and are mainly composed of gas. 
 
Rocky Planets 
 
The four rocky planets (Mercury, Venus, Earth and Mars) are very dense (solid) and 
comparatively small. Their atmospheres are very thin, with the exception of that of Venus. 
 
Mercury 
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Play a card game with the Sun and its planets. Ask questions and read answers from the cards. 
 
 
Keywords 
 
• Sun 
• Planets 
• Solar System 
• Cards 
 
 
Materials 
 
• Card game (Box)  
• Planets and Sun (flat) (Box)  
• Coloured pencils 
• Scissors 
 
 
Learning Objectives 
 
Learn about the properties of the different planets. 
 
 
 
Background Science 
 
Planets are spherical bodies orbiting a star. They have sufficient mass to have purged their orbits 
of all larger and smaller boulders thanks to their gravitational pull. Dwarf planets are also 
spherical and orbit a star, but they have small masses and therefore such a weak gravitation that 
they are not capable of attracting smaller boulders in their vicinity. Moons are often spherical as 
well, depending on their size, but they orbit planets.  
 
Each of the planets in our Solar System has very specific features. We have summarised them in 
the fact files below. The following rule of thumb is valid in the Solar System: small planets lie 
close to the Sun and are made of solid material, while large planets are farther away from the 
Sun and are mainly composed of gas. 
 
Rocky Planets 
 
The four rocky planets (Mercury, Venus, Earth and Mars) are very dense (solid) and 
comparatively small. Their atmospheres are very thin, with the exception of that of Venus. 
 
Mercury 
 



 Credit: NASA 
 
Mercury is the planet nearest to the Sun. It has no atmosphere and its solid surface, like that of 
our Moon, is covered with many craters. Mercury orbits the Sun once in just 88 days and has no 
moons. There are severe temperature differences on its surface: 380° C on the side facing the 
Sun, and -180° C on the night side! This is because day and night shift very slowly on Mercury, 
because of its slow spin. Also, there is no atmosphere to trap the heat at night. 
 
Venus 
 

 Credit: NASA 
 
Venus is about as large as the Earth. Carbon dioxide (a greenhouse gas) makes up 99% of its 
atmosphere, which causes sunlight to get trapped in this mega greenhouse. Whether it is day or 
night, it is always very hot on Venus: almost 500° C! Venus’ spin on its own axis is inverted 
compared to the spins of other planets. 
 
Earth  

 Credit: NASA 
 
Earth is the only planet in the Solar System that has liquid water on its surface, significant 
amounts of oxygen in the air and moderate temperatures. It orbits the Sun once a year. Its stable 
axis (inclined 23 degrees) results in seasons. Furthermore, it is the only celestial body on which 
we have found life so far. 
 
Mars  
 

 Credit: NASA 
 
Mars is half the size of the Earth. Its reddish colour is caused by iron oxide (rust). It has a very 
thin atmosphere, which mainly consists of carbon dioxide. One of its special features is its many 
volcanoes, which reach heights of up to 23,000 metres! Mars has two moons and needs about 
twice as much time as the Earth to orbit the Sun. Like Earth, it also has seasons, as its rotation 
axis is inclined. 
 
Gas Giants  
 
The ‘gas giants’ (so-called because they are larger compared to other planets) consist of a 
mighty atmosphere and a relatively small solid core. 
 
Jupiter  
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Gas Giants  
 
The ‘gas giants’ (so-called because they are larger compared to other planets) consist of a 
mighty atmosphere and a relatively small solid core. 
 
Jupiter  
 



 Credit: NASA 
 
Jupiter is the largest planet in our Solar System. Like all giant planets, it mainly consists of gas 
and has a solid core. It has a remarkable red spot on its surface, that is two times the size of the 
Earth! This spot is a huge cyclone which has been raging for more than 400 years. Due to its 
significant gravitational pull, Jupiter attracts many asteroids and thus protects us from their 
impact. It has around 50 moons and is composed mainly of hydrogen and helium. 
 
Saturn 
 

 Credit: NASA 
 
Saturn is surrounded by large rings and therefore earns its nickname ‘Lord of the rings’. These 
rings consist of numerous small ice grains. Saturn’s atmosphere has a fairly low density: Saturn 
is the only planet in the Solar System that could float on water. It has many moons: more than 
60! 
 
 
Uranus 

 Credit: NASA 
 
Uranus has a few thin rings. It rotates around the Sun ‘on its belly’, which is probably due to the 
fact that it was overturned by a collision. Its surface looks very smooth and barely shows any 
structure. It has 15 moons. 
 
Neptune  
 

 Credit: NASA 
 
Neptune’s surface has a blue colour, like that of Uranus. White clouds fly over its surface at 
speeds of over 1000 km/hr. Neptune’s path sometimes crosses the orbit of dwarf planet Pluto. 
 
 
Dwarf Planet 
 
Pluto 
 
Pluto is composed of ice and rock. In 2006, astronomers decided that Pluto is no longer a planet 
but only a dwarf planet, although it is spherical. Due to its low mass, it cannot attract smaller 
boulders in its vicinity, as the ‘real’ planets do. Pluto has one larger and two smaller moons. It is 
so small and far away that astronomers haven’t been able to take a clear picture of it!  
Full description 
 

• First, ask the children to identify the pictures of the planets: which planet is seen in 
which photo?  

• Let them arrange the photographs of the Sun and its planets in the ‘right’ order.  
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Dwarf Planet 
 
Pluto 
 
Pluto is composed of ice and rock. In 2006, astronomers decided that Pluto is no longer a planet 
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Full description 
 

• First, ask the children to identify the pictures of the planets: which planet is seen in 
which photo?  

• Let them arrange the photographs of the Sun and its planets in the ‘right’ order.  



• Next, the children paint the pictures of the card game: which peculiarities have to be 
taken into account?  

• Let the children cut the ten cards along the lines. On the back of each card, there is a 
summary of the most important features of the individual planets. At the bottom, there 
is a question, whose answer indicates another celestial body in the Solar System. 
You need ten children to play the game.  

• Shuffle the cards and hand every child one card.  
• Ask the children to memorise the exact properties of ‘their’ celestial body.  
• The child with the sun card reads out loud the question on the bottom of the back of 

its card. The answer should be called out only by that child whose celestial body was 
sought. Then, this child can read out loud the question on his/her card.  

• The game ends when it’s the turn again of the child with the sun card. 
 
Tip: In order to better memorise the order of the eight planets in our Solar System, use the 
following mnemonic: My Very Eager Mother Just Served Us Nachos. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 Solar System Model 
 
 
Brief Description 
 
Paint and arrange spheres to form a model of the Solar System. 
 
 
Keywords 

 
• Sun 
• Planets  
• Solar System 
 
 
Materials 
 
• Plastic planets (Box) 
• Plastic Sun (Box) 
• Paint and brush (Box) 
• Planet pictures (flat) (Box) 
• Clay, cotton, papier mâché  
 
 
Learning Objectives 
 
Learn about the sizes and order of the planets in the Solar System. 
 
 
 
Background Science 
 
See introduction 4.1 
 
 
Full description 
 
 

• The instructor and a small group of children should initially paint the plastic spheres 
according to the pictures of the planets: Mercury (3.5 mm), Venus (10 mm), Earth (10 
mm), Mars (5 mm), Jupiter (100 mm), Saturn (85 mm), Uranus (35 mm) and Neptune 
(35 mm), and Sun (150 mm). 

 
Note that the sizes of the planetary spheres are not all to scale, so that they can be handled 
better by the students. 
  

• Let all spheres dry.  
• Next, draw concentric circles at the outer edge of Saturn’s plastic ring. Pull the ring 

over Saturn and fix it at its equator.  
• Using the plastic spheres and the pictures of the planets, together with the children, 

create models of the planets and Sun by making balls of cotton, clay, or papier 
mâché. Use the table in activity 4.6 if you would like them to use the exact diameter 
(to scale). 

• Place all planets on the table in the right order  
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Full description 
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 Credit: Natalie Fischer 
 
 
Related activities: 4.3, 4.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3 Seeing Planets 
 
 

 
Brief Description 
 
Place the model of our solar system on a cloth against a banderol of stars to analyse when the 
planets of the Solar System are visible. 
 

Credit: Natalie Fischer 
 
Keywords 
 
• Sun 
• Planets 
• Solar System 
 
 
Materials 
 
• Plastic planets (Box) 
• Plastic Sun (Box) 
• Blue cloth (Box) 
• Banderol of Zodiac (Box)  
 
 
Learning Objectives 
 
Learn about the locations of planets in our Solar System, and when we can see them from Earth. 
 
 
 
Background Science 
 
See introduction and activity 4.1 
 
 
Full description 
 

• Spread a blue cloth on the floor.  
• Put a big yellow sphere — representing the Sun — in the centre, with the planets 

around it in the right order. Two of the planets (Mercury and Venus) should be 
located between the Sun and the Earth, with the others behind the Earth.  

• First, remove all planets except Venus, Mercury and Earth. Where is the day and 
night side of the Earth? When is the only time we can see Venus and/or Mercury? 
Venus and Mercury are only visible on the day side of the Earth. Therefore, they can 
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• Plastic planets (Box) 
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Learning Objectives 
 
Learn about the locations of planets in our Solar System, and when we can see them from Earth. 
 
 
 
Background Science 
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Full description 
 

• Spread a blue cloth on the floor.  
• Put a big yellow sphere — representing the Sun — in the centre, with the planets 

around it in the right order. Two of the planets (Mercury and Venus) should be 
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Venus and Mercury are only visible on the day side of the Earth. Therefore, they can 



only be observed during the day (especially during twilight, when the sunlight is not 
so bright anymore). They can be observed in the western direction in the late evening 
(after the Sun has just set there) or in the eastern direction in the early morning (just 
before the Sun rises). In everyday language, Venus is called an evening or morning 
star, because of its apparent brightness during those parts of the day. However, 
Venus merely reflects sunlight, instead of producing light itself, like stars. In contrast, 
Mercury is difficult to see because it’s even closer to the Sun, giving us a narrower 
time span to observe it. Furthermore, it’s smaller and farther away. 

• For simplicity, we now only leave the Earth and Jupiter on the cloth, in addition to the 
Sun. When can we see Jupiter (and the other outer planets)? This depends on where 
it is in its orbit. Sometimes it can be seen at night, which makes it much easier to 
spot. Also, Jupiter is – just like the other gas giants – much bigger than Mercury and 
Venus. The only disadvantage in terms of visibility is that the gas giants are farther 
away from us. 

 
 

 
Credit: UNAWE / C.Provot 
 
 
Related activities: 4.2, 4.6 
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4.4 Asteroids 
 
 
Brief Description 
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4.4 Asteroids 
 
 
Brief Description 



 
Make models of asteroids with clay and paint. 
 
 
Keywords 
 
• Asteroids 
• Planet formation 
 
 
Materials 
 
• Clay 
• Brushes 
• Paint 
 
 
Learning Objectives 
 
Learn about the characteristics and location of asteroids, and how planets and asteroids form. 
 
 
 
Background Science 
 
Asteroids are boulders orbiting the Sun, with sizes ranging between some hundred metres and 
several kilometres. 
 

  
Credit: NASA / JAXA / Arecibo / NSF / ESA 
 
An asteroid is called a meteorite if it hits the Earth. If it completely evaporates in the Earth’s 
atmosphere before crashing on the surface, it’s called a meteor. People usually refer to meteors 
as ‘shooting stars’. Most meteorites are predominantly composed of silicates or a mixture of iron 
and nickel. In the past, some huge meteorites have struck the Earth. Sixty-five million years ago, 
almost 90% of animal species were eradicated (among them the dinosaurs) when a meteorite hit 
Yucatan, Mexico. Luckily, this happens very rarely! We owe this to Jupiter, which attracts many 
asteroids with its gravitational pull. 
 

Many asteroids form large rings or belts around the Sun. There are two asteroid belts in our 
Solar System: the main belt (or simply called asteroid belt) between Mars and Jupiter, with 
thousands of asteroids (see picture below), and the Kuiper belt, named after its discoverer, a 
disk-shaped region that extends outside of Neptune’s orbit and contains countless asteroids and 
many dwarf planets, of which Pluto is the most famous. 
 
 

 
 
Credit: UNAWE / C.Provot 
 
 
 
Full description 
 

• Ask the children to take a piece of clay the size of their fist.  
• Let them divide it into small pieces and place these fragments on a table.  
• Now ask them to squeeze all the pieces together to form one large asteroid, without 

kneading it.  
• Let them hit the clay chunk with the knuckle of a finger a few times.  
• After washing their hands, they can paint the asteroid.  
• Explain to the children that asteroids really form this way: little pieces clump together 

to form one giant rock. Planets also form this way. Around every young star is a disc 
of little pieces of dust, out of which planets and asteroids form. 

Tip: You can also tell the children about comets. Comets are like dirty snowballs or icy lumps of 
mud. They consist of a mixture of ice (from water as well as from frozen gases) and dust. Like 
asteroids, comets revolve around the Sun. However, their orbits are strongly elongated 
compared to planets, meaning they occasionally get very close to the Sun, and at times they get 
very far away. When they cross a planet’s orbit, they could collide with it. This happened, for 
example, in 1994, when the comet Shoemaker-Levy collided with planet Jupiter and broke into 
pieces. When comets come close to the Sun in their orbit, the ice in their core melts and 
evaporates. This causes a beautiful tail, which can be clearly seen in the night sky if the comet 
passes by the Earth closely enough. 
 
In 2061, Halley’s Comet will once again come close to the Earth. It orbits our Sun once every 76 
years. Remember to mark its arrival on your calendar! 
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Make models of asteroids with clay and paint. 
 
 
Keywords 
 
• Asteroids 
• Planet formation 
 
 
Materials 
 
• Clay 
• Brushes 
• Paint 
 
 
Learning Objectives 
 
Learn about the characteristics and location of asteroids, and how planets and asteroids form. 
 
 
 
Background Science 
 
Asteroids are boulders orbiting the Sun, with sizes ranging between some hundred metres and 
several kilometres. 
 

  
Credit: NASA / JAXA / Arecibo / NSF / ESA 
 
An asteroid is called a meteorite if it hits the Earth. If it completely evaporates in the Earth’s 
atmosphere before crashing on the surface, it’s called a meteor. People usually refer to meteors 
as ‘shooting stars’. Most meteorites are predominantly composed of silicates or a mixture of iron 
and nickel. In the past, some huge meteorites have struck the Earth. Sixty-five million years ago, 
almost 90% of animal species were eradicated (among them the dinosaurs) when a meteorite hit 
Yucatan, Mexico. Luckily, this happens very rarely! We owe this to Jupiter, which attracts many 
asteroids with its gravitational pull. 
 

Many asteroids form large rings or belts around the Sun. There are two asteroid belts in our 
Solar System: the main belt (or simply called asteroid belt) between Mars and Jupiter, with 
thousands of asteroids (see picture below), and the Kuiper belt, named after its discoverer, a 
disk-shaped region that extends outside of Neptune’s orbit and contains countless asteroids and 
many dwarf planets, of which Pluto is the most famous. 
 
 

 
 
Credit: UNAWE / C.Provot 
 
 
 
Full description 
 

• Ask the children to take a piece of clay the size of their fist.  
• Let them divide it into small pieces and place these fragments on a table.  
• Now ask them to squeeze all the pieces together to form one large asteroid, without 

kneading it.  
• Let them hit the clay chunk with the knuckle of a finger a few times.  
• After washing their hands, they can paint the asteroid.  
• Explain to the children that asteroids really form this way: little pieces clump together 

to form one giant rock. Planets also form this way. Around every young star is a disc 
of little pieces of dust, out of which planets and asteroids form. 

Tip: You can also tell the children about comets. Comets are like dirty snowballs or icy lumps of 
mud. They consist of a mixture of ice (from water as well as from frozen gases) and dust. Like 
asteroids, comets revolve around the Sun. However, their orbits are strongly elongated 
compared to planets, meaning they occasionally get very close to the Sun, and at times they get 
very far away. When they cross a planet’s orbit, they could collide with it. This happened, for 
example, in 1994, when the comet Shoemaker-Levy collided with planet Jupiter and broke into 
pieces. When comets come close to the Sun in their orbit, the ice in their core melts and 
evaporates. This causes a beautiful tail, which can be clearly seen in the night sky if the comet 
passes by the Earth closely enough. 
 
In 2061, Halley’s Comet will once again come close to the Earth. It orbits our Sun once every 76 
years. Remember to mark its arrival on your calendar! 
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Credit: S.Deiries / ESO 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.5 Planetary Orbits 
 
 
Brief Description 
 
Create the elliptic orbit of the Earth around the Sun by drawing orbits with a large-scaled 
compass. 
 
 
Keywords 
 
• Sun  
• Planets 
• Orbit 
• Ellipse 

 
 
Materials 
 
• Plastic planets (Box) 
• Plastic Sun (Box) 
• Yellow rope (Box) 
• Two full bottles of water 
• Chalk 
 
 
Learning Objectives 
 
Learn about the elliptical orbits of planets. 
 
 
 
Background Science 
 
Planets do not orbit the Sun in perfect circles, but in ellipses. The definition of a circle is that 
every point on the circle has the same distance to the centre. For an ellipse, the definition is that 
every point on the ellipse has the same combined distance to both focal points. In a planet’s 
orbit, the Sun acts as one of the focal points. The other (imaginary) focal point is very close to the 
Sun (compared to the large scales in question), making the ellipse almost a circle.  
 

 Credit: Natalie Fisher 
 
 
Why are planetary orbits elliptical? There are three possible shapes of an object’s path (apart 
from a straight line, which isn’t realistic since there are always gravitational forces around): a 
parabola, a circle and an ellipse. In the case of a parabola, a planet would fly in from outer 
space; its orbit would be bent by the Sun, and it would fly off again to infinity. Of course, the Solar 
System would run quickly out of planets if the orbits were shaped like this. That leaves circular 
and elliptical orbits. Circular orbits are simply too perfectly round to occur in nature. It would be 
infinitely coincidental if a planet were to fly in a perfect circle. Hence, planets have elliptical orbits. 
 
 
Full description 
 

• In order to graphically represent a circular orbit, knot two ropes together and place 
them around a water-filled bottle and a piece of chalk. Make sure the distance 
between the chalk and the bottle is such that the rope is tensed. 

 

http://S.Deiries


 

 
Credit: S.Deiries / ESO 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.5 Planetary Orbits 
 
 
Brief Description 
 
Create the elliptic orbit of the Earth around the Sun by drawing orbits with a large-scaled 
compass. 
 
 
Keywords 
 
• Sun  
• Planets 
• Orbit 
• Ellipse 

 
 
Materials 
 
• Plastic planets (Box) 
• Plastic Sun (Box) 
• Yellow rope (Box) 
• Two full bottles of water 
• Chalk 
 
 
Learning Objectives 
 
Learn about the elliptical orbits of planets. 
 
 
 
Background Science 
 
Planets do not orbit the Sun in perfect circles, but in ellipses. The definition of a circle is that 
every point on the circle has the same distance to the centre. For an ellipse, the definition is that 
every point on the ellipse has the same combined distance to both focal points. In a planet’s 
orbit, the Sun acts as one of the focal points. The other (imaginary) focal point is very close to the 
Sun (compared to the large scales in question), making the ellipse almost a circle.  
 

 Credit: Natalie Fisher 
 
 
Why are planetary orbits elliptical? There are three possible shapes of an object’s path (apart 
from a straight line, which isn’t realistic since there are always gravitational forces around): a 
parabola, a circle and an ellipse. In the case of a parabola, a planet would fly in from outer 
space; its orbit would be bent by the Sun, and it would fly off again to infinity. Of course, the Solar 
System would run quickly out of planets if the orbits were shaped like this. That leaves circular 
and elliptical orbits. Circular orbits are simply too perfectly round to occur in nature. It would be 
infinitely coincidental if a planet were to fly in a perfect circle. Hence, planets have elliptical orbits. 
 
 
Full description 
 

• In order to graphically represent a circular orbit, knot two ropes together and place 
them around a water-filled bottle and a piece of chalk. Make sure the distance 
between the chalk and the bottle is such that the rope is tensed. 

 



  
Credit: Natalie Fisher 
 
 

• Now move the chalk around the bottle, like a compass, while keeping the rope 
tensed. This way, a circle forms on the floor with the bottle in the centre.  

• Next, remove the bottle and put the Sun’s model in its place. Put the model of the 
Earth into the orbit. This completes the circular orbit. We now have an approximation 
of Earth’s orbit, but not an exact model: the orbit should be elliptical! 

• To construct an ellipse, we need two bottles filled with water, and a piece of chalk.  
 

 Credit: Natalie Fisher 
 

• Place the rope around both bottles and the piece of chalk, and tense it again. This 
time, the rope is shaped in a triangular form.  

• If the chalk now goes around both bottles with the rope tensed, the result is an 
ellipse. In this model, the position of one of the bottles would represent the Sun and 
the piece of chalk would be the planet.  

• Now replace one bottle and the chalk with the models of the Sun and the Earth, and 
remove the other bottle. We have a realistic (although probably exaggerated) model 
of Earth’s elliptical orbit around the Sun! 
 

With the help of this method, very different ellipses can be constructed.  
How does the shape of the ellipse change if we diminish the distance between the bottles? 
 

• How does the shape of the ellipse change if we increase the distance between the 
bottles? 

•  
In reality, the two focal points (bottles) are very close to each other, making Earth’s orbit almost 
circular. Think about it: we don’t even notice the varying distance in temperature! 
 
Mathematically, the weights or nails in our construction mark the so-called ‘foci’ of an ellipse. The 
larger their distance, the more elongated the ellipse becomes. If a planet revolves on a very 

elliptic orbit, its distance from the Sun will vary widely in the course of a revolution around the 
Sun: sometimes it is very large, sometimes comparatively small.  
 

 
Credit: Natalie Fisher 
 
Tip: Note that the slightly varying distance of the Earth to the Sun does not cause the seasonal 
changes (see activity 2.5). 
 
The children can also build their own models: with a panel made of Styrofoam, wood or cork, a 
sheet of paper as a drawing plane, two nails or pins, a cord and a pen, every child can draw and 
examine different ellipses. 
 
Related activities: 4.6 
 
 
 
 
 
 
 
 
 

4.6 Distances and Paths 
 
 
Brief Description 
 
Create a large model of the Solar System to scale by placing proportionately sized balls at 
correct distances from each other in an open field. 
 
 
Keywords 
 
• Sun 
• Planets 
• Solar System 
• Scale 
 
 
Materials 
 
• Plastic planets (Box) 
• Stability ball Sun (Box) 
• Tape measure 
 
 
Learning Objectives 
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• Now move the chalk around the bottle, like a compass, while keeping the rope 
tensed. This way, a circle forms on the floor with the bottle in the centre.  

• Next, remove the bottle and put the Sun’s model in its place. Put the model of the 
Earth into the orbit. This completes the circular orbit. We now have an approximation 
of Earth’s orbit, but not an exact model: the orbit should be elliptical! 

• To construct an ellipse, we need two bottles filled with water, and a piece of chalk.  
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• Place the rope around both bottles and the piece of chalk, and tense it again. This 
time, the rope is shaped in a triangular form.  

• If the chalk now goes around both bottles with the rope tensed, the result is an 
ellipse. In this model, the position of one of the bottles would represent the Sun and 
the piece of chalk would be the planet.  

• Now replace one bottle and the chalk with the models of the Sun and the Earth, and 
remove the other bottle. We have a realistic (although probably exaggerated) model 
of Earth’s elliptical orbit around the Sun! 
 

With the help of this method, very different ellipses can be constructed.  
How does the shape of the ellipse change if we diminish the distance between the bottles? 
 

• How does the shape of the ellipse change if we increase the distance between the 
bottles? 

•  
In reality, the two focal points (bottles) are very close to each other, making Earth’s orbit almost 
circular. Think about it: we don’t even notice the varying distance in temperature! 
 
Mathematically, the weights or nails in our construction mark the so-called ‘foci’ of an ellipse. The 
larger their distance, the more elongated the ellipse becomes. If a planet revolves on a very 

elliptic orbit, its distance from the Sun will vary widely in the course of a revolution around the 
Sun: sometimes it is very large, sometimes comparatively small.  
 

 
Credit: Natalie Fisher 
 
Tip: Note that the slightly varying distance of the Earth to the Sun does not cause the seasonal 
changes (see activity 2.5). 
 
The children can also build their own models: with a panel made of Styrofoam, wood or cork, a 
sheet of paper as a drawing plane, two nails or pins, a cord and a pen, every child can draw and 
examine different ellipses. 
 
Related activities: 4.6 
 
 
 
 
 
 
 
 
 

4.6 Distances and Paths 
 
 
Brief Description 
 
Create a large model of the Solar System to scale by placing proportionately sized balls at 
correct distances from each other in an open field. 
 
 
Keywords 
 
• Sun 
• Planets 
• Solar System 
• Scale 
 
 
Materials 
 
• Plastic planets (Box) 
• Stability ball Sun (Box) 
• Tape measure 
 
 
Learning Objectives 



 
Develop a feeling of the vast distances in the Solar System, relative to the planet sizes: the Solar 
System consists mostly of empty space. Learn to calculate these distances with scales. 
 
 
 
Background Science 
 
The planets’ distances to the Sun and to each other are huge compared to their sizes. Thus, one 
cannot sensibly depict all planets together. Consequently, composite photographs are used in 
many textbooks. This may create the false impression that the distances between all planets are 
the same! 
 
To fix this, you can construct a model of the Solar System yourself! 
If you want to construct a model of our planetary system, you have to get a sense of the sizes of 
the celestial bodies and their distances from the Sun. Then you will realise that you have to use a 
different scale for the planet sizes than for their mutual distances. Otherwise, either the planets’ 
paths will be several kilometres long or the planets become so small that they can’t be seen. 
 
The following table reproduces the distances and sizes of the planets (sources for columns 1 and 
2: dtv-Atlas Astronomie, 2005).  
 
If you prefer to build a small planetary system, you can also interpret the distance from the Sun 
column as specifications in cm: the only important aspect is the ratios between these numbers. 
Neptune would then be 2.25 m from the Sun. 
 
 
 

Celestial body Diameter in 
reality [km] 
 

Diameter scale 
1:1.39 billion 
[cm] 
 

Distance from 
Sun in reality 
[million km] 

Distance from 
Sun scale 1:20 
billion [m] 

Sun 1,392,000 100.0 - - 

Mercury 4,878 0.35 57.9 2.9 

Venus 12,104 0.87 108.2 5.4 

Earth 12,756 0.92 149.6 7.5 

Mars 6,794 0.49 227.9 11.4 

Jupiter 142,984 10.27 778.3 38.9 

Saturn 120,536 8.66 1427.0 71.4 

Uranus 51,118 3.67 2869.6 143.5 

Neptune 49,528 3.56 4496.6 224.8 

 
 
Full description 
 
• Take the children outside, preferably to an open space (e.g., a lawn in a park).  
• Divide the children into ten groups and assign one ball to each group.  
• Starting from the edge of the park, ask the children to move away from you according to 
the distances in the right column of the table. Now they have made a (somewhat) realistic model 
of the Solar System.  
• Notice the large distances: the Solar System mainly consists of vast emptiness! In reality, 
the distances should even be 20 times larger! Because the balls would then get too small, doing 
so would not be practical. Using a scale of 1:1.39 billion, all planets have acceptable sizes, but 
Neptune would be 3.2 km from the Sun. On the other hand, with the use of a scale of 1:20 billion, 
Neptune would be only 225.4 m away from the Sun, but some planet diameters would be less 
than 1 mm. Therefore, using two different scales is indeed practical, while still giving the children 
a good sense of the vast distances in our Solar System.  

 
Tip: If it’s raining outside, or there is no open place nearby, you could just do the exercise with 
the Sun and the Earth, which will still leave an impression, especially if you tell the children that 
in reality the distance should be 20 times larger. 
 
Related activities: 4.2, 4.3, 4.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.7 Journey to Planets 
 
 
Brief Description 
 
Use an origami paper rocket to travel through the large distances of our solar system. 
 
 
Keywords 
 
• Rocket 
• Origami 
 
 
Materials 
 
• Template for building an origami rocket (Appendix) 
• Coloured square papers 
 
 
Learning Objectives 
 
Learn about the large travel times in space. 
 
 
 
Background Science 
 
We want to travel to the planets and get to know them more closely. Our card game and the 
planets’ paths already told us a lot about the planets. But we also need suitable rockets and 
surely have to think about how long our journey will take. 
 

Celestial body 
 

Escape velocity (at the equator) [km/h] 
 

Mercury 15,480 

Venus 36,720 



 
Develop a feeling of the vast distances in the Solar System, relative to the planet sizes: the Solar 
System consists mostly of empty space. Learn to calculate these distances with scales. 
 
 
 
Background Science 
 
The planets’ distances to the Sun and to each other are huge compared to their sizes. Thus, one 
cannot sensibly depict all planets together. Consequently, composite photographs are used in 
many textbooks. This may create the false impression that the distances between all planets are 
the same! 
 
To fix this, you can construct a model of the Solar System yourself! 
If you want to construct a model of our planetary system, you have to get a sense of the sizes of 
the celestial bodies and their distances from the Sun. Then you will realise that you have to use a 
different scale for the planet sizes than for their mutual distances. Otherwise, either the planets’ 
paths will be several kilometres long or the planets become so small that they can’t be seen. 
 
The following table reproduces the distances and sizes of the planets (sources for columns 1 and 
2: dtv-Atlas Astronomie, 2005).  
 
If you prefer to build a small planetary system, you can also interpret the distance from the Sun 
column as specifications in cm: the only important aspect is the ratios between these numbers. 
Neptune would then be 2.25 m from the Sun. 
 
 
 

Celestial body Diameter in 
reality [km] 
 

Diameter scale 
1:1.39 billion 
[cm] 
 

Distance from 
Sun in reality 
[million km] 

Distance from 
Sun scale 1:20 
billion [m] 

Sun 1,392,000 100.0 - - 

Mercury 4,878 0.35 57.9 2.9 

Venus 12,104 0.87 108.2 5.4 

Earth 12,756 0.92 149.6 7.5 

Mars 6,794 0.49 227.9 11.4 

Jupiter 142,984 10.27 778.3 38.9 

Saturn 120,536 8.66 1427.0 71.4 

Uranus 51,118 3.67 2869.6 143.5 

Neptune 49,528 3.56 4496.6 224.8 

 
 
Full description 
 
• Take the children outside, preferably to an open space (e.g., a lawn in a park).  
• Divide the children into ten groups and assign one ball to each group.  
• Starting from the edge of the park, ask the children to move away from you according to 
the distances in the right column of the table. Now they have made a (somewhat) realistic model 
of the Solar System.  
• Notice the large distances: the Solar System mainly consists of vast emptiness! In reality, 
the distances should even be 20 times larger! Because the balls would then get too small, doing 
so would not be practical. Using a scale of 1:1.39 billion, all planets have acceptable sizes, but 
Neptune would be 3.2 km from the Sun. On the other hand, with the use of a scale of 1:20 billion, 
Neptune would be only 225.4 m away from the Sun, but some planet diameters would be less 
than 1 mm. Therefore, using two different scales is indeed practical, while still giving the children 
a good sense of the vast distances in our Solar System.  

 
Tip: If it’s raining outside, or there is no open place nearby, you could just do the exercise with 
the Sun and the Earth, which will still leave an impression, especially if you tell the children that 
in reality the distance should be 20 times larger. 
 
Related activities: 4.2, 4.3, 4.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.7 Journey to Planets 
 
 
Brief Description 
 
Use an origami paper rocket to travel through the large distances of our solar system. 
 
 
Keywords 
 
• Rocket 
• Origami 
 
 
Materials 
 
• Template for building an origami rocket (Appendix) 
• Coloured square papers 
 
 
Learning Objectives 
 
Learn about the large travel times in space. 
 
 
 
Background Science 
 
We want to travel to the planets and get to know them more closely. Our card game and the 
planets’ paths already told us a lot about the planets. But we also need suitable rockets and 
surely have to think about how long our journey will take. 
 

Celestial body 
 

Escape velocity (at the equator) [km/h] 
 

Mercury 15,480 

Venus 36,720 



Earth 40,320 

Mars 18,000 

Jupiter 214,560 

Saturn 127,800 

Uranus 76,680 

Neptune 83,880 

Pluto 3,960 

 
 
 
 
 

 
Credit: NASA 
 
Travelling to other planets takes lots of time. It takes slightly less than one year to even reach our 
closest neighbour, Mars. Flying to Pluto would take almost a lifetime: about 45 years. 
 
To take off, we have to conquer Earth’s gravitational field. To do that, our rocket needs to reach 
the so-called escape velocity. If we want to leave the planet we visited and return home, we need 
to escape that planet’s gravity as well. The higher a planet’s gravitational field, the higher the 
escape velocity. 
 
For the Earth, this escape velocity is 40,320 km/h, or 40 times the speed of a plane! In the table 
above, you can see the values of all the planets. To leave Jupiter, for example, would take lots 
and lots of fuel. However, since Jupiter is a gas planet, you cannot land on it, so we’ll never 
encounter this problem. The four terrestrial planets have comparatively low escape velocities. 
 
The direct flight times to individual planets are in the table below. 
 

Destination 
 

Distance from Sun 
[million km] 
 

Distance from 
Earth [million km] 

Flight time at 
1000 km/h 
[years] 
 

Flight time at 
40,300 km/h 
[years] 

Sun 0 149.6 17.08 0.42 

Mercury 57.9 91.7 10.47 0.26 

Venus 108.2 41.4 4.73 0.12 

Earth 149.6 0 0.00 0.00 

Mars 227.9 78.3 8.94 0.22 

Jupiter 778.3 628.7 71.77 1.78 

Saturn 1,427 12,77.4 145.82 3.62 

Uranus 2,869.6 2,720 310.50 7.70 

Neptune 4,496.6 4,347 496.23 12.31 

Pluto 5,900 5,750.4 656.44 16.29 

However, matters are not that simple in practise. The flight paths to the planets are much more 
complicated. Planets, the Earth and the Sun keep pulling on the spacecraft during the whole 
journey. The following flight times are more realistic: 
 
 

 
Credit: UNAWE / C.Provot 
 
 
Full description 
 

• Build an origami paper rocket with the children from the instructions found in the 
Appendix.  

• Now hold a discussion with the children about what would be the requirements for the 
rockets to travel to each planet, and how much time each journey would take. 
Consider not only the distance to a planet, but also its surface conditions. Which 
planets can we land on (see activity 4.1)? How do we get through the asteroid belt 
that lies between Mars and Jupiter? What happens if we change the speed of the 
rocket?  

 
Tip: This activity can also be combined with 4.6. 
 

Mercury 
0.4 years  
(ca. 5 
months) 

 

Venus 
0.29 years 
(ca. 3.5 
months) 
 

 

Mars 
0.71 years 
(ca. 3.5 months) 
 

 

Jupiter 
2.73 years 
 

 

Saturn 
6.05 years 

 

Uranus  

16.1 years 

Neptune 

30.6 years 

Pluto  
45.5 years 

 



Earth 40,320 

Mars 18,000 

Jupiter 214,560 

Saturn 127,800 

Uranus 76,680 

Neptune 83,880 

Pluto 3,960 
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Travelling to other planets takes lots of time. It takes slightly less than one year to even reach our 
closest neighbour, Mars. Flying to Pluto would take almost a lifetime: about 45 years. 
 
To take off, we have to conquer Earth’s gravitational field. To do that, our rocket needs to reach 
the so-called escape velocity. If we want to leave the planet we visited and return home, we need 
to escape that planet’s gravity as well. The higher a planet’s gravitational field, the higher the 
escape velocity. 
 
For the Earth, this escape velocity is 40,320 km/h, or 40 times the speed of a plane! In the table 
above, you can see the values of all the planets. To leave Jupiter, for example, would take lots 
and lots of fuel. However, since Jupiter is a gas planet, you cannot land on it, so we’ll never 
encounter this problem. The four terrestrial planets have comparatively low escape velocities. 
 
The direct flight times to individual planets are in the table below. 
 

Destination 
 

Distance from Sun 
[million km] 
 

Distance from 
Earth [million km] 

Flight time at 
1000 km/h 
[years] 
 

Flight time at 
40,300 km/h 
[years] 

Sun 0 149.6 17.08 0.42 

Mercury 57.9 91.7 10.47 0.26 

Venus 108.2 41.4 4.73 0.12 

Earth 149.6 0 0.00 0.00 

Mars 227.9 78.3 8.94 0.22 
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Saturn 1,427 12,77.4 145.82 3.62 

Uranus 2,869.6 2,720 310.50 7.70 

Neptune 4,496.6 4,347 496.23 12.31 

Pluto 5,900 5,750.4 656.44 16.29 

However, matters are not that simple in practise. The flight paths to the planets are much more 
complicated. Planets, the Earth and the Sun keep pulling on the spacecraft during the whole 
journey. The following flight times are more realistic: 
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Full description 
 

• Build an origami paper rocket with the children from the instructions found in the 
Appendix.  

• Now hold a discussion with the children about what would be the requirements for the 
rockets to travel to each planet, and how much time each journey would take. 
Consider not only the distance to a planet, but also its surface conditions. Which 
planets can we land on (see activity 4.1)? How do we get through the asteroid belt 
that lies between Mars and Jupiter? What happens if we change the speed of the 
rocket?  

 
Tip: This activity can also be combined with 4.6. 
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4.8 Lighter or Heavier 
 
 
Brief Description 

 
Calculate how much children would weigh on other planets. 
 
 
Keywords 
 
• Gravity 
• Mass 
• Weigh 
• Planets  
 
 
Materials 
 
• Paper 
• Pen 
 
 
Learning Objectives 
 
Learn about the influence of gravity on the weight of objects on different planets. 
 
 
 
Background Science 
 
An astronaut carried out a very special experiment during a moon landing more than 40 years 
ago. He held a feather in one hand and a hammer in the other, and then released both objects 
simultaneously. Which one reached the ground first? They both hit the floor at the same time! If 
there’s no atmosphere, the feather doesn’t experience any air friction, just like the hammer would 
barely feel any on earth. In a vacuum, all objects fall at the same speed, regardless of their 
mass. 
 
When astronauts landed on the Moon, they had a lot of fun jumping on the lunar surface. Due to 
the weak gravitation, they could effortlessly jump very far and high. They felt extremely light. 
 
How much an object weighs on another celestial body depends on the so-called gravity 
acceleration. The higher this value, the stronger the celestial body attracts this object, i.e., the 
more it weighs. Note that the ‘mass’ of an object is always the same anywhere in the universe. 
One kilogram of sugar remains one kilogram of sugar. It just appears as if it had less mass on 
the Moon, because it weighs less there. The Moon attracts one kilogram of sugar with less force 
than the Earth does. 
 
To see how much one kilogram of sugar and a child of 30 kilograms weigh on the surface of 
each planet, see the table below. 
 
 
 
 
 

Celestial body Gravity 
acceleration at 
the equator 
[m/s2] 

Multiplier 
 

Example 1 kg  
sugar [apparent 
kg] 
 

Example 30 kg 
child  
[apparent kg] 
 

Sun 273.7 27.9 27.9 837 

Mercury 3.7 0.38 0.38 11.4 

Venus 8.87 0.9 0.9 27 



 
 
Credit: Natalie Fisher 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.8 Lighter or Heavier 
 
 
Brief Description 

 
Calculate how much children would weigh on other planets. 
 
 
Keywords 
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Materials 
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Learning Objectives 
 
Learn about the influence of gravity on the weight of objects on different planets. 
 
 
 
Background Science 
 
An astronaut carried out a very special experiment during a moon landing more than 40 years 
ago. He held a feather in one hand and a hammer in the other, and then released both objects 
simultaneously. Which one reached the ground first? They both hit the floor at the same time! If 
there’s no atmosphere, the feather doesn’t experience any air friction, just like the hammer would 
barely feel any on earth. In a vacuum, all objects fall at the same speed, regardless of their 
mass. 
 
When astronauts landed on the Moon, they had a lot of fun jumping on the lunar surface. Due to 
the weak gravitation, they could effortlessly jump very far and high. They felt extremely light. 
 
How much an object weighs on another celestial body depends on the so-called gravity 
acceleration. The higher this value, the stronger the celestial body attracts this object, i.e., the 
more it weighs. Note that the ‘mass’ of an object is always the same anywhere in the universe. 
One kilogram of sugar remains one kilogram of sugar. It just appears as if it had less mass on 
the Moon, because it weighs less there. The Moon attracts one kilogram of sugar with less force 
than the Earth does. 
 
To see how much one kilogram of sugar and a child of 30 kilograms weigh on the surface of 
each planet, see the table below. 
 
 
 
 
 

Celestial body Gravity 
acceleration at 
the equator 
[m/s2] 

Multiplier 
 

Example 1 kg  
sugar [apparent 
kg] 
 

Example 30 kg 
child  
[apparent kg] 
 

Sun 273.7 27.9 27.9 837 

Mercury 3.7 0.38 0.38 11.4 

Venus 8.87 0.9 0.9 27 



Earth 9.81 1 1 30 

Moon 1.62 0.17 0.17 5.1 

Mars 3.71 0.38 0.38 11.4 

Jupiter 24.79 2.53 2.53 75.9 

Saturn 10.44 1.06 1.06 31.8 

Uranus 8.69 0.89 0.89 26.7 

Neptune 11.15 1.14 1.14 34.2 

Pluto 0.7 0.07 0.07 2.1 

 
 
On the Moon, a child with a mass of 30 kg would weigh only 0.17 x 30 kg = 5.1 kg, while on 
Jupiter it would weigh as much as an adult weighs on Earth: 2.36 x 30 kg = 70.8 kg.  
 
Other sources: An astronaut carries out a famous experiment on the Moon with a feather and a 
hammer: http://goo.gl/TIvEI 
 
Full description 
 

• Hand out the left two columns of the table from the background science, with the 
gravity acceleration for each planet and the multiplier.  

• Ask the children to write down how much a child would weigh on each planet, given 
that it weighs 30 kg on Earth. 

 
Tip: Note that the surface gravity not only depends on the mass of a planet, but also on its size. 
The bigger a planet is, the farther away you are from the centre when you stand on its surface. 
Distance decreases the amount of gravity you feel. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Related Subject Ideas 
 
 
Arts 
 
Searching for extra-terrestrials is exciting. What could they look like? You could ask the children 
to draw their own versions of extra-terrestrials, or make clay models of them. 
 

 
Credit: Natalie Fisher 
 
 
Baking 
 
You could also incorporate stories of the planets and other celestial objects with astro-art on 
cookies. 

 
 
 
Credit: Natalie Fisher 
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                                       Lesson 2    

 

Star School    The Moon 

 

Learning Outcomes 

 

•  To create  a  tact ile  version of  the Moon using low cost  household materials .  

•  To explore our moon through a  tact i le  model .  

 

 

LEARNING OBJECTIVES 

•  Students  will  be  able  to  recognise  and describe lunar features  using the 

tact ile  Moon.  

•  Students  will  be  able  to  explain the importance of  building models ,  identify  

strengths  and l imitat ions  of  this  model ,  and suggest  ways they might  imp rove 

aspects  of  the model .  

 

MATERIALS 

•  Fabric ,  e .g .  grey fel t ,  for  surface of  Moon  

•  Thick fabric  (for different  mountains)  

•  Thin fabric  (for sea  features)  

•  Curved sequins  (for craters)  

•  Fabric  Glue 

•  Pen 

•  Scissors  

•  Print  out  Moon  Features    

•  Print  out  Moon Featureless  PDF  

 

The Moon has quakes. 

These are caused by the gravitational pull of the Earth. Lunar astronauts used seismographs on their 

visits to the Moon, and found that small moonquakes occurred several kilometres beneath the 

surface, causing ruptures and cracks. Scientists think the Moon has a molten core, just like Earth. 

The first spacecraft to reach the Moon was Luna 1 in 1959. 

This was a Soviet craft, which was launched from the USSR. It passed within 5995 km of the surface 

of the Moon before going into orbit around the Sun. 

The Moon is the fifth largest natural satellite in the Solar System. 

At 3,475 km in diameter, the Moon is much smaller than the major moons of Jupiter and Saturn. 

Earth is about 80 times the volume than the Moon, but both are about the same age. A prevailing 

theory is that the Moon was once part of the Earth, and was formed from a chunk that broke away 

due to a huge object colliding with Earth when it was relatively young. 

The Moon will be visited by man in the near future. 

NASA plans to return astronauts to the moon to set up a permanent space station. Mankind may 

once again walk on the moon in 2019, if all goes according to plan. 

During the 1950’s the USA considered detonating a nuclear bomb on the Moon. 

The secret project was during the height cold war was known as “A Study of Lunar Research Flights” 

or “Project A119” and meant as a show of strength at a time they were lagging behind in the space 

race. 
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BACKGROUND INFORMATION 

Moon 

The Moon is the only natural satellite of the Earth. It orbits our planet in 27.3 days at a 

mean distance of 384,400 km. Its diameter of 3,474 km makes it the fifth largest satellite in 

the solar system. It is thought that the Moon was formed at the same time as the Earth, 

4.55 billion years ago, from the debris of a giant collision between the Earth and a Mars-size 

object. The Moon is in on a synchronous orbit around the Earth, which means that it makes 

one turn around itself as it makes one turn around the Earth. So, it is always showing the 

same face to us. All we know about the ‘hidden’ face of the Moon comes from the records 

taken by astronauts or automatic probes that went around on to the other side. There is no 

rising or setting of the Earth on the horizon of the Moon. If you were standing on the near 

side of the Moon, the Earth would appear immobile in the sky. During its revolution around 

the Earth, the disk of the Moon is not always completely lit by the Sun. This variation in the 

appearance of the lunar disk is called the “phases of the Moon”, and is characterized by a 

well-known cycle. The apparent diameter of the Moon as seen from Earth is almost exactly 

that of the Sun. This is why the Moon can sometimes completely mask the solar disk and 

produce total solar eclipses. Another important influence of the Moon on Earth is the 

phenomenon of tides, which is due to the Moon’s gravitational pull on the seas and oceans 

of Earth. The Moon is the only celestial object that has been visited by human beings. The 

first visit was on 21 July 1969 when two members of the Apollo 11 mission set foot on our 

satellite: they were Neil Armstrong and Edwin Aldrin. As many as 12 astronauts walked the 

surface of the Moon between 1969 and 1972, and they returned with 382 kg of lunar soil to 

be analysed on Earth. 

 

Tactile features:  
(while  you explore the tact i le  schematic  image)  

 

Mountains and Maria  
The vis ible  surface of  the Moon shows bright  and dark areas .  The bright  areas  are  
general ly  hil ls  or  mountains  (material ized by thick fabric  on the tact i le  image) ,  
while  the dark ones  are  f lat  lands ,  cal led “mare”  (material ized by thin fabric  in  
rel ief  on the tact ile  image).  These low alt itude areas  were f i l led with  lava during 
an ancient  period of  volcanic  act ivity ,  around 3  bi l l ion years  ago.  Most  of  them 
were named by ancient  astronomers  after  common phenomena encountered on 
terrestrial  seas  and oceans:  Oceanus Procellarum ( ‘Ocean of  Storms’) ,  Mare 
Imbrium ( ‘Sea of  Rains ’) ,  Mare Serenitat is  ( ‘Sea of  Serenity’) ,  Mare Tranquil itat is  
( ‘Sea of  Tranquil ity ’) ,  etc .  

Craters 
The whole  face  of  the Moon is  dotted with  craters,  with  diameters from a  few 
meters  to  hundreds of  ki lometres  (curved sequins) .  They are  the result  of  impacts  
by asteroids ,  s ince the Moon does  not  have any atmosphere to  prevent  them from 
reaching the surface (a  few of  them are material ized by buttons on the tact i le  
image:  Plato  and Aristoteles  at  the top,  Aristarchus on the lef t ,  Copernicus  near 
the centre ,  and Clavius  at  the bottom).  Copernicus  has  a  diameter of  93 km and is  
located in  Mare Imbrium at  the end of  a  chain of  mountains  called Apennins  
(material ized by the thick fabric  on top of  t he thin fabric  on the tact i le  image) .  
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FULL ACTIVITY DESCRIPTION 

Introducing the Moon: 

Ask students what they know about the Moon. Discuss information included in the first half of the 

background information section, up to but not including the tactile features. Tell students that they 

will be making a model of the Moon and investigating its features. 

Put the students in groups of 5 (ideally 3 non-visually impaired to 2 visually impaired). 

Distribute materials, including the print outs, to each group. 

Making the Model: 

Close supervision is important. Follow each group and explain each of the tactile elements and their 

correspondence to each object feature. 

Understand the different needs of each group of students to promote interaction between the 

students during the building of the tactile image. Visually impaired students need to be familiarized 

with the different materials involved. 

Allow enough time to follow instructions and build the tactile image. 

Step 1 

Cut the outer round shape of the moon from one of the printed 'Moon Featureless PDF'. 

Step 2 

Place it on top of the thick fabric and draw a circle. 

Step 3 

Cut the same round shape on the thick fabric. 

Step 4 

Apply glue on the surface of the moon on the other Moon Featureless PDF. 

Step 5 

Place the circular fabric cutout on top of the glued area of the printed paper. 

Step 6 

Using the Moon Features PDF, cut out the inner section which has several black  

 

dots on. 

 

Step 7 

Place the inner section on top of the thin fabric and draw the outline of the shape. 

Step 8 

Cut out the outlined shape. 

Step 9 

Glue this piece of fabric on top of your fabric moon. 

Step 10 

Cut a small piece of the thick fabric and glue it in place so it matches the dashed line on the Moon 

Features PDF. 

Step 11 

Glue the thick fabric piece on top of the previously glued thin fabric. 
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COMA CLUSTER OF GALAXIES

Learn the basics of galaxy classification and grouping, using actual
Hubble Space Telescope images.

Keely Finkelstein, McDonald Observatory

 

www.space-awareness.org 

Curriculum topic
Galaxies

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

Keywords
Galaxies

Age range
14 - 19

Education level
Secondary School, Informal

Time
1h

Group size
Group

Supervised for safety
Unsupervised

Cost
Low (< ~5 EUR)

Location
Indoors (small, e.g. classroom)

Core skills
Planning and carrying out
investigations, Analysing and
interpreting data,
Constructing explanations,
Communicating information

Type of learning activity
Full enquiry

BRIEF DESCRIPTION
This classroom activity for high school students uses a collection of Hubble Space Telescope
images of galaxies in the Coma Cluster. Students study galaxy classification and the evolution of
galaxies in dense clustered environments.

GOALS
ˆ Students will learn the basics of galaxy classification by making use of real astronomical

data from the Hubble Space Telescope. Classification is a scientific practice important in
many different fields of science; by simplifying a diversity of objects into a smaller
number of categories, it becomes easier to see what characteristics are shared by many
objects, and study these properties of representative objects, rather than each object
individually.

ˆ Students will discover a "morphology-density effect" and then make hypotheses about
the causes of this effect.

LEARNING OBJECTIVES
ˆ Students will be able to classify different galaxy types based on astronomical images.
ˆ Students will explain the importance of classifying objects.
ˆ Students will propose ideas for why galaxies might have different shapes.
ˆ Students will practice asking questions and planning investigations.
ˆ Students will discuss the ideas that there are physically different environments

throughout the universe that galaxies live in, that galaxies interact, and that there is a
relationship between environment and galaxy morphology (called the "morphology-
density effect").

ˆ Students will make hypotheses about the cause of the morphology-density effect.

EVALUATION

www.space-awareness.org 
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The teacher could discuss the answers with students, encouraging them to share their
calculated values of the different types of galaxies found in both the field and the cluster as
well as their answer to the final question about the morphology-density effect. Student
understanding can be assessed by discussion as detailed throughout the activity and by
collecting scripts to mark. As these activities assess student understanding, additional
evaluation tasks are unnecessary. Suggested grading is detailed below. Suggested Grading

ˆ Table 1: 5 points - students provide clear explanations of the classification scheme they
create

ˆ Table 2: 2 points each - Answers (E/S0/SB0 - 2, 6, 9), (S - 1, 8, 12), (SB - 3, 4, 10), (IR - 5, 7,
11)

ˆ Tables 3, 4 and 5 (counting galaxies): not graded - based on student's subjective
interpretation.

ˆ Table 6 and Calculations: 30 points - Graded for completion, not accuracy. Students will
get different numbers, but math should be correct. Answers for percentages are typically
in the following range: (Cluster: E 50%, L 30%, S 20%) (Field: E 20%, L 10%, S 70%).
Students usually find a higher percentage of spirals in the field. Hypothesis Question: 30
points – Student’s hypothesis should mention the effects of interactions and ram-
pressure stripping in changing past gas-rich spirals into current gas-poor ellipticals and
lenticulars in clusters.

MATERIALS
ˆ Image of 40 galaxies.
ˆ Galaxies cards A to D.

BACKGROUND INFORMATION
Galaxy Classification

Astronomers classify galaxies based on their appearance into three main classes: elliptical,
spiral, and irregular galaxies. Edwin Hubble first came up with this classification scheme. Hubble
originally thought that the ‘tuning fork’ sequence represented the evolutionary progression of
galaxies. This concept turned out to be wrong, but astronomers still use these general
categories and labels to describe galaxies.

The Main Galaxy Types

Elliptical (E), Lenticular (S0), Barred Lenticular (SB0), Spiral (S), Barred Spiral (SB) and Irregular
(IR). In detailed on the activity description section.

An additional type of galaxy category

Interacting: Consists of two or more galaxies that are so close together that they are affecting
each other's shape.

www.space-awareness.org 

 

Data provided in this activity

The data used in this activity is Hubble Space Telescope data of the Coma Cluster of galaxies. It
was taken in 2006 using the Advanced Camera for Surveys (ACS) instrument on the Hubble
Space Telescope.

Galaxy Environments

Galaxies are found throughout the universe, and live in a variety of environments. Galaxies can
be found in clusters, groups, or in isolation.

Groups

Sometimes galaxies are found in smaller numbers called groups, with just a handful of galaxies
being members of the group. The Local Group contains our Milky Way galaxy, and our next door
neighbours the Magellanic Clouds and the Andromeda galaxy, along with a few dozen smaller
galaxies.

Field

At other times, galaxies can be isolated and be far from another in the field. These are called
field galaxies.

Clusters

A galaxy cluster is a large structure in the universe consisting of hundreds or thousands of
galaxies that are gravitationally bound together. The large number of galaxies in a cluster are
all packed close together, such as in the Coma Cluster. Clusters make some of the largest, and
densest structures in the universe. Clusters, groups, and some isolated galaxies can all be part
of even larger structures called superclusters; at the largest scales in the visible universe,
superclusters are gathered into filaments and walls surrounding vast voids. This structure is
often referred to as the ‘cosmic web’.

FULL ACTIVITY DESCRIPTION
Students will first investigate images of 40 galaxies to become familiar with how galaxies
appear and are shaped differently. They will come up with their own classification scheme for
galaxies, and then explore how astronomers actually classify galaxies into four main groups.

www.space-awareness.org 
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interpretation.

ˆ Table 6 and Calculations: 30 points - Graded for completion, not accuracy. Students will
get different numbers, but math should be correct. Answers for percentages are typically
in the following range: (Cluster: E 50%, L 30%, S 20%) (Field: E 20%, L 10%, S 70%).
Students usually find a higher percentage of spirals in the field. Hypothesis Question: 30
points – Student’s hypothesis should mention the effects of interactions and ram-
pressure stripping in changing past gas-rich spirals into current gas-poor ellipticals and
lenticulars in clusters.

MATERIALS
ˆ Image of 40 galaxies.
ˆ Galaxies cards A to D.

BACKGROUND INFORMATION
Galaxy Classification

Astronomers classify galaxies based on their appearance into three main classes: elliptical,
spiral, and irregular galaxies. Edwin Hubble first came up with this classification scheme. Hubble
originally thought that the ‘tuning fork’ sequence represented the evolutionary progression of
galaxies. This concept turned out to be wrong, but astronomers still use these general
categories and labels to describe galaxies.

The Main Galaxy Types

Elliptical (E), Lenticular (S0), Barred Lenticular (SB0), Spiral (S), Barred Spiral (SB) and Irregular
(IR). In detailed on the activity description section.

An additional type of galaxy category

Interacting: Consists of two or more galaxies that are so close together that they are affecting
each other's shape.
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Data provided in this activity

The data used in this activity is Hubble Space Telescope data of the Coma Cluster of galaxies. It
was taken in 2006 using the Advanced Camera for Surveys (ACS) instrument on the Hubble
Space Telescope.

Galaxy Environments

Galaxies are found throughout the universe, and live in a variety of environments. Galaxies can
be found in clusters, groups, or in isolation.

Groups

Sometimes galaxies are found in smaller numbers called groups, with just a handful of galaxies
being members of the group. The Local Group contains our Milky Way galaxy, and our next door
neighbours the Magellanic Clouds and the Andromeda galaxy, along with a few dozen smaller
galaxies.

Field

At other times, galaxies can be isolated and be far from another in the field. These are called
field galaxies.

Clusters

A galaxy cluster is a large structure in the universe consisting of hundreds or thousands of
galaxies that are gravitationally bound together. The large number of galaxies in a cluster are
all packed close together, such as in the Coma Cluster. Clusters make some of the largest, and
densest structures in the universe. Clusters, groups, and some isolated galaxies can all be part
of even larger structures called superclusters; at the largest scales in the visible universe,
superclusters are gathered into filaments and walls surrounding vast voids. This structure is
often referred to as the ‘cosmic web’.

FULL ACTIVITY DESCRIPTION
Students will first investigate images of 40 galaxies to become familiar with how galaxies
appear and are shaped differently. They will come up with their own classification scheme for
galaxies, and then explore how astronomers actually classify galaxies into four main groups.
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Step 1

Tell students: Above diagram shows a mosaic of 40 galaxies. These images were taken with the
Hubble Space Telescope and show the variety of shapes that galaxies can have. When
astronomer Edwin Hubble first started studying these various types of galaxies in the 1920s, he
developed a way to organize and categorize them. He created a classification scheme in which
he grouped similar galaxies together.

Your job is to do the same thing. In the following chart, invent your own galaxy types and
provide a description of these galaxy types and three examples for each one.

Fill in the table in the worksheet.

Step 2

Discussion: Ask students to share their classification schemes with each other. Suggested points
of discussion:

ˆ What are significant similarities between schemes?
ˆ Significant differences?
ˆ Arguments about how to classify particular galaxies?
ˆ Why did students decide to design their schemes the way they did?
ˆ What are other completely different types of schemes you could devise, e.g., if you had

different data on the same galaxies?
ˆ Why is it important (or not) to classify objects we discover?
ˆ Might classification schemes be changed over time?
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These discussion points can be re-visited later in the activity as well. (Presumably at least some
students will come up with classification schemes based on shape---but if they do not, after
discussing their schemes, encourage them to come up with other schemes that are based on
shape.)

Prompt students to make observations and ask questions based on their analysis of the image
so far, discuss them in groups, and write them down. The goal is for them to ask, "Why do
different galaxies have different shapes?" Then, prompt students to discuss and write down
questions and ideas about why galaxies might have different shapes---for example

ˆ Did the galaxies form in different shapes, or did they all form in the same shapes and
then evolve into different shapes?

ˆ What different histories could different galaxies have (especially, that could affect their
shapes)? (encourage students towards the idea of galaxies interacting with each other)

ˆ Could the evolution of galaxy shape be due to internal processes or driven by external
processes? (e.g., something that happens to all galaxies over time no matter what, or
something driven by an interaction with another galaxy)

ˆ Could the shapes be related to the size of the galaxy when it forms?
ˆ Are the shapes we observe transient or long-lasting?

While students are thinking of these kinds of ideas, encourage students to discuss how they
could investigate the answers to these questions. (Perhaps some students will think of the idea
that interactions with other galaxies could be important, and that looking at regions where
there are many galaxies so many interactions take place might be a way of investigating this.

Whether they come up with this idea or not, this previous discussion will help them to be in a
better position to think through this idea later in the activity.)

Step 3

Tell students: Astronomers have developed their own classification scheme for galaxies, based
on the galaxy shape (often called "morphology").The definitions of the main galaxy types which
astronomers use are listed below. Using these definitions, place the 12 galaxies shown in the
above figure into their commonly-used categories. Fill in the table in the worksheet.

www.space-awareness.org 

 

http://www.space-awareness.org/
http://www.space-awareness.org


Step 1

Tell students: Above diagram shows a mosaic of 40 galaxies. These images were taken with the
Hubble Space Telescope and show the variety of shapes that galaxies can have. When
astronomer Edwin Hubble first started studying these various types of galaxies in the 1920s, he
developed a way to organize and categorize them. He created a classification scheme in which
he grouped similar galaxies together.

Your job is to do the same thing. In the following chart, invent your own galaxy types and
provide a description of these galaxy types and three examples for each one.

Fill in the table in the worksheet.

Step 2

Discussion: Ask students to share their classification schemes with each other. Suggested points
of discussion:

ˆ What are significant similarities between schemes?
ˆ Significant differences?
ˆ Arguments about how to classify particular galaxies?
ˆ Why did students decide to design their schemes the way they did?
ˆ What are other completely different types of schemes you could devise, e.g., if you had

different data on the same galaxies?
ˆ Why is it important (or not) to classify objects we discover?
ˆ Might classification schemes be changed over time?

www.space-awareness.org 

 

These discussion points can be re-visited later in the activity as well. (Presumably at least some
students will come up with classification schemes based on shape---but if they do not, after
discussing their schemes, encourage them to come up with other schemes that are based on
shape.)

Prompt students to make observations and ask questions based on their analysis of the image
so far, discuss them in groups, and write them down. The goal is for them to ask, "Why do
different galaxies have different shapes?" Then, prompt students to discuss and write down
questions and ideas about why galaxies might have different shapes---for example

ˆ Did the galaxies form in different shapes, or did they all form in the same shapes and
then evolve into different shapes?
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processes? (e.g., something that happens to all galaxies over time no matter what, or
something driven by an interaction with another galaxy)

ˆ Could the shapes be related to the size of the galaxy when it forms?
ˆ Are the shapes we observe transient or long-lasting?

While students are thinking of these kinds of ideas, encourage students to discuss how they
could investigate the answers to these questions. (Perhaps some students will think of the idea
that interactions with other galaxies could be important, and that looking at regions where
there are many galaxies so many interactions take place might be a way of investigating this.

Whether they come up with this idea or not, this previous discussion will help them to be in a
better position to think through this idea later in the activity.)

Step 3

Tell students: Astronomers have developed their own classification scheme for galaxies, based
on the galaxy shape (often called "morphology").The definitions of the main galaxy types which
astronomers use are listed below. Using these definitions, place the 12 galaxies shown in the
above figure into their commonly-used categories. Fill in the table in the worksheet.
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Note: The smallest galaxies are often called dwarf galaxies (No. 5 and No. 7 are dwarf galaxies).
These contain only a few billion stars — a small number compared to the Milky Way's 200
billion. The largest ellipticals contain several trillion stars. Discuss: How does the classification
scheme used by astronomers compare with the classification schemes designed by members of
the class?

Step 4

Tell students: Use the image below and guidelines to help decide how to identify and count the
galaxies.

Guidelines:

ˆ I) Ellipticals or Lenticulars: it can be hard to tell these apart. If you know it's either an E
or S0 / SB0, it is okay to guess between these two.
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ˆ II) Spirals and Barred Spirals: it can be hard to tell these apart. If you know it's either an S
or SB, it is okay to guess between these two.

ˆ III) Irregular galaxy.
ˆ IV) Uncertain: an edge-on view of a galaxy that could possibly be an S0, SB0, S, SB, or IR.

There are too many possibilities, so do not count these.
ˆ Star) any object that has ‘crosshairs’ sticking out of it is a foreground star in the Milky

Way galaxy, so do not count these.
ˆ ?) Don't count small, faint objects like these that are too hard to classify.

Step 5

Download the images “Galaxies Cards” A-D to count the types of galaxies seen in each image.
Count the number of galaxies of each morphological type and write down the number in the
correct spot in the table.

Step 6

Tell students: Galaxies are found throughout the universe, from our next door neighbours —
the Magellanic Clouds and Andromeda — all the way out to the visible universe 13 billion light
years away. Galaxies live in a variety of environments. Sometimes large numbers of them are
packed close together in clusters, such as the Coma Cluster; sometimes they gather in smaller
numbers called groups, like the Local Group that contains the Milky Way; and sometimes they
are isolated far from one another in the field. The table below shows the different properties
for the different types of galaxy environments. In the previous step, Galaxy Cards images A and
C show the dense central core of the Coma Cluster, and images B and D show galaxies out in the
field. (NB Astronomers sometimes use the term "field" to mean the area outside galaxy
clusters.) Fill in the tables using the numbers you wrote down in the table from step 5 of the
activity.

See tables in the worksheet.

Step 7

Ask students to think about and discuss in groups: What trends do you notice from the data
you've analysed above? Do you notice anything about where different types of galaxies tend to
be found? (Extra prompt: Do you tend to see more spirals in the dense cluster or in the field?
What about ellipticals?) Students should notice that spiral galaxies are more common in the
field, and ellipticals are more common in dense clusters. Follow-up question: Does that seem
surprising? The goal here is to get students to ask "Why does the number of spiral galaxies (or
elliptical galaxies) depend on where the galaxy is located?" Ask students to discuss and write
down ideas for why galaxy type seems to be affected by where the galaxy is located.Ask
students how they could investigate their ideas: What predictions would their ideas make? What
additional observations or information would they want to have?How could they quantify this
trend using the data?

Step 8

The following steps tell how students can investigate this trend, first by quantifying it, and then
by reading more information about how galaxies form and evolve. You can tell them exactly
what to do as below.---Better yet, have them discuss in groups how they could investigate their
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question, starting with how to quantify the trend and then determine the procedure
themselves for making the calculations below. Using a calculator, find the percentages of each
galaxy type in the cluster versus the field (Ignore IRs and INTs).

Use your numbers from the table above to calculate the percentages and fill in each of these
blanks below: In the Cluster:% of Ellipticals (e / h) = % % of Lenticulars (f / h) = % % of Spirals
(g / h) = % In the Field:% of Ellipticals (i / m) = % % of Lenticulars (j / m) = _ % % of Spirals (k / m) =
%

Question:Where did you find a higher percentage of spirals - in the Cluster or in the Field?
Answer: _ Tell students:The percentages that you just found tell us which types of galaxies are
common in the Coma Cluster versus which types are common in the field.

Astronomers have done this same experiment on hundreds of thousands of galaxies in the
nearby universe, and discovered that the following percentages are pretty typical:

ˆ In dense clusters, 40% of the galaxies are ellipticals, 50% are lenticulars, and 10% are
spirals.

ˆ In the field, 10% of the galaxies are ellipticals, 10% are lenticulars, and 80% are spirals.

When galaxies are found very close together there are more ellipticals and lenticulars. When
galaxies are far apart there are more spirals. Astronomers call this the "morphology-density
effect." This term basically means that in crowded galaxy neighbourhoods, like clusters, there
are different types of galaxies than are found in open areas, like the field.

Step 9

Students should by now (from Step 7) have asked the question, "Why do we see more elliptical
and lenticular galaxies in clusters and more spirals in the field?" (This question can also be
phrased, "Why do we observe the morphology-density effect?") They should also have had the
idea that interactions could be involved, and maybe even the idea that more interactions take
place in denser environments, like the center of a cluster. Below is information that can be used
to answer this question. You can give students this text to read, then ask them to discuss and
write down an explanation for this effect; or you can continue to prompt students to brainstorm
and discuss ideas for possible explanations, then potentially have them do research in
textbooks / on the internet on their own or in groups, and then have them share their
explanations with each other.

Explanation: Many galaxies contain what astronomers call "gas," which generally means
hydrogen gas, sometimes mixed with the gases of other elements, and sometimes mixed also
with dust. Gas clouds can collapse by gravity, which leads to the formation of stars.Astronomers
have observed many spiral galaxies (S and SB) and find that most of these galaxies contain a lot
of gas, and are currently forming lots of new stars. Elliptical and lenticular galaxies (E, S0, and
SB0) are gas-poor and are not making many new stars. Galaxies that are very close to each
other, such as those in clusters, often undergo many violent interactions with each other. When
a gas-rich spiral galaxy interacts with another galaxy, it tends to quickly use up most of its gas
to make new stars, leaving little gas behind. Galaxy-galaxy interactions often change gas-rich
galaxies into gas-poor galaxies. Many lenticular galaxies are the remains of old spirals that have
lost their gas, and many elliptical galaxies are the remains of several spiral galaxies that have
collided. Galaxy clusters are usually filled with a lot of extremely hot gas that is spread between
galaxies throughout the cluster. However, there is no hot gas like this out in the field. When the
radiation from this hot gas hits a spiral galaxy, it strips the spiral galaxy of its much cooler gas
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question, starting with how to quantify the trend and then determine the procedure
themselves for making the calculations below. Using a calculator, find the percentages of each
galaxy type in the cluster versus the field (Ignore IRs and INTs).
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ˆ In dense clusters, 40% of the galaxies are ellipticals, 50% are lenticulars, and 10% are
spirals.

ˆ In the field, 10% of the galaxies are ellipticals, 10% are lenticulars, and 80% are spirals.

When galaxies are found very close together there are more ellipticals and lenticulars. When
galaxies are far apart there are more spirals. Astronomers call this the "morphology-density
effect." This term basically means that in crowded galaxy neighbourhoods, like clusters, there
are different types of galaxies than are found in open areas, like the field.

Step 9

Students should by now (from Step 7) have asked the question, "Why do we see more elliptical
and lenticular galaxies in clusters and more spirals in the field?" (This question can also be
phrased, "Why do we observe the morphology-density effect?") They should also have had the
idea that interactions could be involved, and maybe even the idea that more interactions take
place in denser environments, like the center of a cluster. Below is information that can be used
to answer this question. You can give students this text to read, then ask them to discuss and
write down an explanation for this effect; or you can continue to prompt students to brainstorm
and discuss ideas for possible explanations, then potentially have them do research in
textbooks / on the internet on their own or in groups, and then have them share their
explanations with each other.

Explanation: Many galaxies contain what astronomers call "gas," which generally means
hydrogen gas, sometimes mixed with the gases of other elements, and sometimes mixed also
with dust. Gas clouds can collapse by gravity, which leads to the formation of stars.Astronomers
have observed many spiral galaxies (S and SB) and find that most of these galaxies contain a lot
of gas, and are currently forming lots of new stars. Elliptical and lenticular galaxies (E, S0, and
SB0) are gas-poor and are not making many new stars. Galaxies that are very close to each
other, such as those in clusters, often undergo many violent interactions with each other. When
a gas-rich spiral galaxy interacts with another galaxy, it tends to quickly use up most of its gas
to make new stars, leaving little gas behind. Galaxy-galaxy interactions often change gas-rich
galaxies into gas-poor galaxies. Many lenticular galaxies are the remains of old spirals that have
lost their gas, and many elliptical galaxies are the remains of several spiral galaxies that have
collided. Galaxy clusters are usually filled with a lot of extremely hot gas that is spread between
galaxies throughout the cluster. However, there is no hot gas like this out in the field. When the
radiation from this hot gas hits a spiral galaxy, it strips the spiral galaxy of its much cooler gas

www.space-awareness.org 

 

http://www.space-awareness.org/
http://stars.Astronomers
http://www.space-awareness.org


in a process called "ram-pressure stripping." This process quickly converts a gas-rich spiral
galaxy into a gas-poor lenticular galaxy. Spiral galaxies have a hard time surviving in the
superheated gas environment.

As you see, galaxies change and evolve over time, and galaxies we observe in the nearby
universe today have had a very long history already.

Additional activity

Once students know about the shapes of galaxies, they can contribute to a real scientific
research project by exploring the Galaxy Zoo citizen science programme: http://www.space-
awareness.org/fr/games/galaxy-zoo/

CURRICULUM
Space Awareness curricula topics (EU and South Africa)

Our wonderful Universe, Galaxies 

National Curricula USA

Next Generation Science Standards, content Standard in 9-12 Science as Inquiry (Abilities
necessary to do scientific inquiry, Unders and Content Standard in 9-12 Earth and Space Science
(Origin and evolution of the universe)

National Curricula UK

GCSE, KS3 ,A level: Physics - Edexcel; OCR A; WJEC

CONCLUSION
Students identify the galaxies by making calculations, working through the worksheets and
drawing a hypothesis about the morphology-density effect.

  

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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