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 Topic 4 Stars and Planets     

 

 

 

 

 

 

 

 

 
 

Learners should be able to demonstrate and apply their knowledge and 
understanding of: 
 
(a) the main features of our solar system: their order, size, orbits and composition to 
include the Sun, terrestrial planets and gaseous giant planets, dwarf planets, comets, 
moons and asteroids 
 
(b) the features of the observable universe (planets, planetary systems, stars and 
galaxies) and the use of appropriate units of distance: kilometres, astronomical units (AU) 
and light years (l-y) 
 
(c) the main observable stages in the life cycle of stars of different masses, using the 
terms: protostar, main sequence star, red giant, supergiant, white dwarf, supernova, 
neutron star and black hole 
 
(d) the fact that the stability of stars depends upon a balance between gravitational force 
and a combination of gas and radiation pressure and that stars generate their energy by 
the fusion of increasingly heavier elements 
 
(e) the return of material, including heavy elements, into space during the final stages in 
the life cycle of giant stars 
 
(f) the origin of the solar system from the collapse of a cloud of gas and dust, including 
elements ejected in supernovae 
 
(g) the Hertzsprung-Russell (H-R) diagram as a means of displaying the properties 
of stars, depicting the evolutionary path of a star 
 

 

 

 

 

 



The Solar System 

Our solar system is our local bit of space.  The biggest object in the Solar System is the 

Sun, which is at the centre of the Solar System. Lots of objects are in orbit around the Sun 

due to its gravitational pull – these objects include: 

 

The planets  

 The moons which orbit around the planets 

 The dwarf planets, including Pluto, and their moons 

Asteroids and comets 

 

 

 

 

The Planets 

The 4 planets closest to the Sun are made of rock.  These are called the terrestrial 

planets: Mercury, Venus, Earth and Mars  

 

The 4 outer planets are made of gas – the gaseous planets, Jupiter, Saturn, Uranus, 

Neptune. 

 

The rocky planets are smaller and they are HOTTER than the gas planets – for most 

planets the further away from the Sun the cooler they become and the longer they take to 

complete one orbit.   
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Notice that Venus is hotter than Mercury even though it is further from the Sun.  This is 

because its atmosphere is made up mainly of CO2 which is a greenhouse gas and 

Mercury has no atmosphere.   

 

Dwarf planets 

Pluto used to be considered to be a planet but has been 

reclassified as a dwarf planet. 

 

Dwarf planets can be found in the asteroid belt or beyonf the 

orbit of Neptune.  Dwarf planets can also have moons in orbit 

around them.  

 

 

According to the International Astronomical Union, which sets definitions for 
planetary science, a dwarf planet is a celestial body that: 

 Orbits the sun. 
 Has enough mass to have a nearly round shape. 
 Has not cleared the neighborhood around its orbit of other stuff. 
 Is not a moon. 

 Dwarf planets also are generally smaller than the planet Mercury. 

The first five recognized dwarf planets are Ceres, Pluto, Eris, Makemake and 
Haumea. Scientists believe there may be more than 100 dwarf planets awaiting 
discovery. 

 



Asteroids https://solarsystem.nasa.gov/planets/asteroids/indepth 

Asteroids, are rocky remnants left over from the early 

formation of our solar system about 4.6 billion years ago. 

Most of this ancient space rubble can be found orbiting 

the sun between Mars and Jupiter within the main 

asteroid belt. Asteroids range in size from Vesta - the 

largest at about 329 530 km in diameter - to bodies that 

are less than 10 m across. The total mass of all the 

asteroids combined is less than that of moon 

Even with more than one-half million asteroids known (and there are probably many 

more), they are still much more widely separated than sometimes seen in the movies: on 

average, their separation is in more than 1 million km   

Main asteroid belt: The majority of known asteroids orbit within the asteroid belt 

between Mars and Jupiter. The belt is estimated to contain between 1.1 and 1.9 

million asteroids larger than 1 kilometer (0.6 mile) in diameter, and millions of 

smaller ones. Early in the history of the solar system, the gravity of newly formed 

Jupiter brought an end to the formation of planetary bodies in this region and 

caused the small bodies to collide with one another, fragmenting them into the 

asteroids we observe today.  The asteroid belt also has dwarf planets.  

 

Comets https://solarsystem.nasa.gov/planets/comets/indepth 

Comets are often described as being like dirty snowballs. 

 

In the distant past, people were both awed and 

alarmed by comets, thinking that they were long-

haired stars that appeared in the sky unannounced 

and unpredictably. Chinese astronomers kept 

extensive records for centuries, these historic comet 

records have proven to be a valuable resource.  

 

We now know that comets are leftovers from the dawn of our solar system around 

4.6 billion years ago, and consist mostly of ice coated with dark organic material. 

They have been referred to as "dirty snowballs."  Comets may have brought water 

and organic compounds, the building blocks of life, to the early Earth and other 

parts of the solar system. 

  

https://solarsystem.nasa.gov/planets/asteroids/indepth
https://solarsystem.nasa.gov/planets/comets/indepth
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Comets orbit the Sun in highly elliptical (rugby ball shaped) orbits, passing way out 

of the Solar System before returning. 

 

 

The Kuiper belt is beyond Neptune.  It was predicted by the astronomer Gerard Kuiper   in 

1951.  The Kuiper belt contains a population of comets orbiting the Sun. These icy objects 

take less than 200 years to orbit the sun and in many cases their appearance is 

predictable because they have passed by before, such as Halley’s comet.  

 

Less predictable are long-period comets, many of which arrive from a region called the 

Oort Cloud about 100,000 astronomical units (that is, about 100,000 times the distance 

between Earth and the Sun) from the Sun. These Oort Cloud comets can take as long as 

30 million years to complete one trip around the Sun. 

 

Each comet has a tiny frozen part, called a nucleus, often no larger than a few kilometres 

across. The nucleus contains frozen gases, ice and dust. A comet warms up as it nears 

the sun and develops an atmosphere. The sun's heat causes the comet's ices to change 

to gases so the atmosphere gets larger and may extend hundreds of thousands of 

kilometres. The pressure of sunlight and high-speed solar particles (solar wind) can blow 

the dust and gas away from the sun, sometimes forming a long, bright tail.  

  

The comets tail always points away from the Sun 

        

The comet travels fastest when it is closest to the 

Sun, the further away it is the slower it travels as 

the gravitational pull is lower. 

 

 



The origin of the solar system 

The Sun and the planets formed from the collapse of a cloud of gas and dust cloud 

because of gravitational forces.  Matter gathered in the centre of the cloud as it rotated 

and eventually enough matter was clustered at the centre to form the Sun. During its 

formation rocks tended to gather close to the Sun forming the rocky planets whilst the 

lighter gases gathered further away forming the gas giants. 
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The Feature of the Observable Universe 

The Universe is very big!  The diagram below shows an image taken by the Hubble deep 

field space telescope.  The image is taken of one very small part of the sky and looks a 

very long distance away. 

 

In this image you can see galaxies – there are about 10 000 galaxies in this small section. 

 

 

The stars and planets in the Universe are organised into galaxies, between the galaxies is 

a lot of empty space.   

 

Planet – body in orbit around a star  

Star – large object which emits light and heat  

Planetary (solar) system – a collection of planets in orbit around a star 

Galaxy – a collection of billions of stars and the planets that orbit them. 

 

Our galaxy is called the Milky Way – if you look at the night sky in a location which is truly 

dark on a clear night the sky looks milky – this is the light from stars in our galaxy.  

 

 

 

 



Measuring distances in space 

As the Universe is so big we need to use special measurements of distance when talking 

about space, otherwise the numbers become so big they are meaningless.  The two units 

that are commonly used are astronomical units and light years. 

 

An astronomical unit (AU) is a unit of length (equal to about 149,597,870 km) this is 

the distance from the Sun to the Earth. 

We use AU’s to describe small distances e.g. from Earth to Saturn – this is just for our 

local bit of space. 

A light-year, (ly) is a unit of length, a light-year is the distance that light travels in 

one year. 

 

Light years can describe huge distances in the Universe, e.g. to the edge of the 

observable universe.  As a light year is the distance that light travels we can convert light 

years into metres by using the speed formula and remembering that the speed of light, c = 

3 x 108 m/s. 

Calculate how many metres are in 1 light year – this really is asking how far will light travel 

in 1 year.   

 Distance = speed x time 

 Distance =   3 x 108 x 1 x 365 x 24 x 60 x 60   Notice how to convert 1 year into seconds 

  Distance = 9.46 x 1015 km 

 

The milky way galaxy is 100 000 light years across – travelling at the speed of light it would 

take 100 000 years to travel the length of our galaxy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Unit_of_measurement
http://en.wikipedia.org/wiki/Length
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The Life Cycle of Stars 
 
Stars produce energy by nuclear fusion, where hydrogen atoms fuse together to make 
helium atoms, releasing lots of heat and light.   
 
Main-Sequence Stars 
 
A star which is described as being on the main sequence is one which is fusing hydrogen 
to make helium.  These stars stay the same size – they are stable.   
 
Why are main sequence stars stable?   
 
They are stable because the forces acting on the star are balanced – the inwards 
gravitation force is balanced by the outwards forces of gas pressure and radiation 
pressure.  
 
 As long as the star continues to fuse hydrogen to make helium then the forces balance 
and the star stays on the main-sequence.  
 

 
 
What happens as the star starts to run out of hydrogen to fuse? 
 
As hydrogen fusion stops the star collapses because the gravitational force is now bigger, 
the centre of the star gets hotter and helium begins to fuse.  This produces more energy 
so the gas and radiation pressure increases, causing the star to expand, smaller stars 
form red giants and larger stars form red super giants at this stage. 
 
The star will again stay stable until it begins to run out of helium to fuse, the star then 
collapses due to the unbalanced force – as the gravitational force is now bigger than the 
gas and radiation pressure 
 
What happens to the star now depends on its mass – small stars collapse and form white 
dwarfs which slowly cool.  Some material from the star is left behind as a planetary nebula 
of gas and dust. 
 
Large mass stars will collapse with so much force that they explode – this is called a 
supernova.  During the supernova elements heavier than iron are formed and this material 
is thrown out into space. 
 
 

The inwards and outwards 
force on the star are 
balanced so it is stable 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Mq3t1hFo2XoWaM&tbnid=JzL5Gj7Hy8cqKM:&ved=0CAUQjRw&url=http://astronomy.nju.edu.cn/~lixd/GA/AT4/AT420/HTML/AT42001.htm&ei=eQ8tUZuMKuqP0AWmpoDACA&bvm=bv.42965579,d.d2k&psig=AFQjCNGSGV3yBFkuRT120YisrEeOnrUSbA&ust=1361993828080582


What is left behind from the supernova depends on the initial mass of the star  
 

High mass’ super giants form neutron stars where the core of the supergiant (about 
1.5 times the mass of the Sun) has collapsed into a space with a radius of about 12 
km!  

 
 

The ‘Very-high mass’ super giants collapse with such force that they form Black 
holes, stellar objects with such high density that the force of gravity is so large that 
light cannot escape from the surface of the object.  
 

 
Life Cycle of a small star  
 
Main sequence yellow dwarf → red giant → white dwarf  
 
Large mass stars (blue giant stars) 
 
Main sequence blue giant → supernova → neutron star or black hole 
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The Hertzsprung - Russell diagram [higher tier only] 
 
The classification and life-cycles of stars can be shown on a Hertzsprung - Russell 
diagram, first designed by Ejnar Hertzsprung and Henry Norris Russell in 1913. A modern 
equivalent of their diagram is shown.  
 

 
 
 
The diagram has temperature along the x-axis, but the axis runs backwards – the hotter 
stars are found towards the left of the diagram. The y-axis of the diagram is luminosity 
(how bright the star is) – the brighter stars are found at the top of the diagram.  
 
The diagram also shows stellar colour (which is related to temperature) and stellar radius – 
which is shown as a series of diagonal lines across the diagram.  
 
The main sequence stars all lie across a band in the middle of the diagram.   
 
 



 
 
 
The arrow shows the path of our Sun during its life cycle? 
 
 
Why can you not show the full life cycle of a blue giant star on the HR diagram? 
 
 
 
 
 
 
 
 


