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GRADE 9: Earth and space 1 

The visible Universe 

About this unit 
This is the only unit on Earth and space in 
Grade 9. It builds on materials taught in 
Grades 6 and 8. It requires an understanding of 
the force of gravity (Grade 7). Advanced physics 
students will return to this topic in Grade 12A. 

The unit is designed to guide your planning and 
teaching of lessons on Earth and space. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and Grade 8. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
describe the relative positions of the planets and their conditions compared 
with conditions on Earth, and identify some planets in the night sky. They 
should know that the Sun is a star and that it radiates light and heat. They 
should be able to assess evidence for our modern understanding of the 
Solar System and show how this understanding has evolved over time. 
 

Expectations 
By the end of the unit, students know that stars are grouped in galaxies 
and that our Sun is a star in the Milky Way galaxy. They know how stars are 
born and how their ultimate fate depends on their mass. They describe 
supernovae, neutron stars, pulsars, black holes and white dwarfs. They 
know that the elements that make up the planets of the Solar System 
originated in a star and understand the process of planetary formation. They 
have a concept of the magnitude of the Universe in terms of numbers of 
stars in a galaxy, sizes and numbers of galaxies and the distance between 
them. They understand how we can use powerful telescopes to look back in 
time at the early Universe.  

Students who progress further know how different types of stars are 
formed and they know the size of a light-year and the parsec. They evaluate 
evidence for conflicting conceptual models. They explain, in outline, our 
current understanding of the evolution of the Universe and cite evidence for 
it. 
 

Resources 
The main resources needed for this unit are: 
• video and still photographs of the Sun, stars and galaxies downloaded 

from the Internet 
• star maps (from the Internet) 
• videos of significant astronomical discoveries 
• hand spectrometer 
• computer and data projector 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sunspot, solar flare, solar wind, eclipse, corona, nuclear fusion 
• Names of some well-known stars 
• nebula, galaxy. Milky Way, light-year, parsec 
• white dwarf, supernova, supergiant, red giant, neutron star, pulsar, black 

hole 
• big bang model 

UNIT 9E.1 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.17.1 Know that stars are grouped by gravitational attraction in galaxies, and that 
our Sun is a star in the Milky Way galaxy. 

 

 9.17.2 Develop a concept of the size and number of stars and galaxies, the 
distances between them, and the size of the Universe; know the size of the 
light-year. 

 

 9.17.3 Show an understanding of how stars are created, that they are made 
mainly from the element hydrogen, and that their ultimate fate depends on 
their size and can lead to supernovae, white dwarfs, neutron stars (pulsars) 
or black holes. 

 

8.15.5 Know that the source of the Sun’s 
heat and light is a nuclear reaction in 
which matter is turned into energy. 

9.17.4 Explain the process of element formation in stars. 9.17.5 Understand how the process of 
element formation produces the 
energy of the star. 

8.15.7 Assess evidence for our modern 
understanding of the Solar System 
and show how this understanding 
has evolved over time. 

9.17.6 Describe how planets are formed when a star attracts the remains of an 
older exploded star into a disc around it by gravitational attraction. 

 

4 hours 

Stars and 
galaxies 
 

5 hours 

Stellar evolution 
 

3 hours 

The evolution of 
the Universe 

 9.17.7 Explain why powerful telescopes allow us to look back in time to a period 
when the Universe was much younger than it is now. 

 

  9.17.8 Explain, in outline, the theory that all matter in the Universe was generated 
in a ‘big bang’ around 14 billion years ago, that the Universe has been 
expanding ever since, and that time and space also started with the ‘big 
bang’. 

9.17.9 Show an understanding of how the 
Universe can be finite but limitless. 

  9.2.3 Know that science can raise ethical and moral issues, and discuss them.  

  9.2.5 Know that scientists work by developing conceptual models to explain the 
evidence they collect and that an important scientific process is the 
evaluation of conflicting models. 
 

 

Unit 9E.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

The nearest star, our Sun 
Recall work done in Grade 6 on the Sun. Ask students to find, on the Internet, photographs 
showing important features of the Sun, such as the uneven nature of its surface, solar flares 
and sunspots. Make a table showing some statistics about the Sun, such as its mass, its 
volume and the temperature of its different layers – tell students to note these in their books. 
Ask specific groups to contribute a particular topic to a class display on the Sun. Topics covered 
can be: 
• the layers of the Sun and their temperature; 
• solar flares; 
• sunspots; 
• the solar wind; 
• solar eclipses and the solar corona; 
• the solar spectrum and Fraunhofer lines (advanced students). 

Ask each group to make a brief class presentation based on its topic. 

ICT opportunities: Much use should be made of 
the Internet throughout this unit, as a source of 
information and of illustrative photographs. Useful 
NASA resources on the Sun can be found at 
sohowww.nascom.nasa.gov. The Hubble Space 
Telescope is a rich source of information for this 
unit; see hubble.nasa.gov/index.php. The ‘best of 
Hubble’ can be found at www.seds.org/ 
hst/hst.html. A computer and data projector will 
be needed for many activities in this unit. 

The diameter of the Sun is three times the 
distance from the Earth to the Moon; it is 110 
Earth diameters. 

Fraunhofer lines in the solar spectrum can be 
seen with a good hand spectrometer. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

4 hours 

Stars and galaxies 
Know that stars are grouped 
by gravitational attraction in 
galaxies, and that our Sun is 
a star in the Milky Way 
galaxy.  

Develop a concept of the size 
and number of stars and 
galaxies, the distances 
between them, and the size 
of the Universe; know the 
size of the light-year. 

Explain why powerful 
telescopes allow us to look 
back in time to a period when 
the Universe was much 
younger than it is now.  

Other nearby stars 
Students will be familiar with the use of star maps from Grades 6 and 8. Explain the classical 
origin of the constellations of the brightest stars that appear to be close to each other. Explain 
the convention for naming the stars in order of brightness in each constellation. Explain that 
some stars have special names.  

Explain also that stars are not all the same, that they all have a life cycle and that when we look 
at them we are looking at stars of many different sizes and ages. We can work out what 
happens to a star in its lifetime by studying stars of different ages just as we can work out the 
life cycle of humans by studying people of different ages. Ask each student to find out what they 
can about one particular star, such as Betelgeuse (an old star), the stars in the Orion nebula (a 
cloud of incandescent gas where stars are created), Sirius (the brightest star in the sky), Alpha 
Centauri (the nearest star). They should find out how big it is, how far away it is and how old it 
is. This study will be continued below. 

 

 

 

 

Galaxies 
Explain that stars are grouped together in galaxies. They are held in galaxies by gravitational 
attraction. Ask groups to download and print some photographs of galaxies. One such 
photograph should be a spiral galaxy to illustrate the shape of our own galaxy, the Milky Way. 
Set the students the task of finding out about the numbers of stars in a typical galaxy and the 
size of a galaxy and the distances between galaxies. 

 

Photographs of different-shaped galaxies can be 
identified and downloaded using the image 
search engine of Google. 

 

 
Ask students to look at the night sky next time they are in the desert, away from the lights of the 
city, on a moonless night, and to look for the Milky Way extending overhead. Ask them to look 
at it with binoculars or a telescope; these will show millions of stars invisible to the naked eye. 

  

Unit 9E.1 
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Objectives Possible teaching activities Notes School resources 

 

Explain the light-year as a unit of distance. Students will have seen Sirius, the brightest star in 
the sky which can be seen in the winter months. It is 8.7 light-years away. Ask them to calculate 
how far away Sirius is in kilometres. Ask them also when the light that they are seeing left 
Sirius. Impress upon them that, when they see objects in the sky, they are not seeing them as 
they are now, but as they were when the light left them. Ask students to search through the 
photographs taken by the Hubble telescope (on www.seds.org/hst/hst.html) to find some of the 
most distant and therefore oldest objects so far photographed and to compare them with 
‘younger’ objects, such as spiral galaxies. 

Teach advanced students about the parsec as a unit of distance. Illustrate this with some 
calculations yielding the distances to nearby stars based on triangulation measurements. 

The calculation of distances using the ‘red shift’ method should be delayed until Grade 12, 
when students have a clear idea of the Doppler effect. Nevertheless, advanced and interested 
students could be introduced to this in principle in this grade. 
 

  

Ask each student to continue with an activity started earlier and find as much as possible about 
one star, using the Internet as an information source. Tell them to find out about characteristics 
such as its size, its (absolute and relative) brightness, its temperature, its colour, its estimated 
age, what it is mainly made of and how far away it is. To supplement the work of the students, 
have some statistics available about stars that are of particular interest (e.g. they may be very 
young, very old, very big, or they may be double stars). Ask the class collectively to tabulate the 
information they have gathered to illustrate the diversity of the properties of stars and the fact 
that they change as they age. 

  5 hours 

Stellar evolution 
Show an understanding of 
how stars are created, that 
they are made mainly from 
the element hydrogen, and 
that their ultimate fate 
depends on their size and 
can lead to supernovae, 
white dwarfs, neutron stars 
(pulsars) or black holes.  

Explain the process of 
element formation in stars 

Describe how planets are 
formed when a star attracts 
the remains of an older 
exploded star into a disc 
around it by gravitational 
attraction.  

Know that science can raise 
ethical and moral issues, 
and discuss them. 

Star life cycles 
Ask groups to research into celestial phenomena and to report back (briefly and in their own 
words) to the class. Where possible, the report should include photographic illustrations and, 
where necessary, explanatory diagrams. Suitable celestial phenomena to research include: 
• nebulae; 
• main sequence stars; 
• double stars; 
• red giants and supergiants; 
• novae and supernovae; 
• white dwarfs; 
• neutron stars and pulsars; 

• black holes. 

The discussion after reporting back should build up a picture of star life cycles and how the 
ultimate fate of a star depends on its mass. An interesting task to set the groups is to make an 
estimate of the order of magnitude of the mass of a fixed volume of matter (such as a 
teaspoonful) of the object they are researching. 

As they report, construct a flow chart that traces the life of typical stars. Discuss the ultimate fate 
of the Sun (and the fate of life on Earth). 

 
Popular videos on some of the different types of 
stars are available. Look particularly for the 
discovery of pulsars and for studies of the Crab 
Nebula. 

 



355  |  Qatar science scheme of work  |  Grade 9  |  Unit 9E.1  |  Earth and space 1 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Element formation in stars 
Ask students to look up the atomic mass of the most common elements larger than helium 
(those that are over 0.05% abundant – O, Si, Al, Fe, Ca, Na, K, Mg, Ti, Cl, P, Mg, C, S). Ask 
them whether they can spot something that most of these have in common: that the number is 
divisible by 4. Challenge them for a possible explanation (an obvious one being that all 
elements are made by a process that uses the same the building blocks which have a mass of 
4 amu, helium nuclei). Explain that this is the main process that we know is happening in red 
giant stars, many of which ultimately explode, leaving debris that can later form planets. 

Remind students that nuclear transformation processes generate a lot of energy and it is this 
that makes stars so hot. Ask them to speculate on the nature of the transformation process in 
our Sun, given that we know it is made of 25% helium and about 75% hydrogen nuclei. 

  

The origin of planets 
Recall the work done on the Solar System in Grade 8, in particular that planets are formed by 
the accretion of matter attracted to the early Sun by gravity. Explain that our Earth, and indeed 
they themselves, are made from elements that were created billions of years ago inside a red 
giant star such as Betelgeuse. 

  

Ethical and moral issues associated with space research 
Organise a class debate about the ethical and moral issues related to the large amounts of 
money being spent on space research when such a large proportion of the population of the 
world subsist below the poverty line. Help the main speakers access and use sound factual 
information. 
 

 

Enquiry skill 9.2.3 

 

 

3 hours 

The evolution of the 
Universe 
Know that scientists work by 
developing conceptual 
models to explain the 
evidence they collect and that 
an important scientific 
process is the evaluation of 
conflicting models. 

Explain, in outline, the theory 
that all matter in the Universe 
was generated in a ‘big bang’ 
around 14 billion years ago, 
that the Universe has been 
expanding ever since, and 
that time and space also 
started with the ‘big bang’.  

Conceptual models 
Teaching about conceptual models is difficult because of the abstract nature of the topic. It is 
important to refer, wherever possible, to clear concrete evidence that students will have met or 
can easily understand. For example, the old caloric theory of heat postulated that a finite 
amount of heat existed in all objects and that, once it had all been released, the object would 
always remain cool. This was called into question by scientists supervising workers grinding the 
bore of canons, a process that always generated much heat, no matter how long it was carried 
out. 

Ask students to think of a number of important scientific theories that they have met that 
explain, clearly, observations that they have made or studied. Examples might be: 
• Pasteur’s theory of micro-organisms (which explains the degeneration of food and the 

transmission of diseases); 
• Bohr’s atomic theory (which explains different types of bonding and also Rutherford’s 

observations when gold foil was bombarded with alpha particles). 

Tell them of others they will meet in Grade 9, such as evolution, wave theory, electric current as 
a flow of electrons. List in a table on the board or OHP all theories that students mention and 
the observations that they explain. 

 

 

Enquiry skill 9.2.5 
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Objectives Possible teaching activities Notes School resources 

 

Students may have met, in the course of earlier work, older theories (conceptual models) that 
were once believed but were abandoned when evidence was produced that the models could 
not explain, or that was contrary to predictions based on the models. Set students a task to find 
out about some early models and why they were abandoned. These could include: 
• the phlogiston theory of burning; 
• the caloric theory of heat; 
• Dalton’s atomic theory; 
• the theory of the alchemists that elements could be changed chemically from one to another. 

Discuss in class each theory in turn, concentrating particularly on how the theory was 
abandoned in favour of one that better explained key evidence. The most important point to 
convey is that scientists work by making predictions based on conceptual models, which they 
then test by experiment. If the experiments fail to confirm the predictions, the model must be 
modified or replaced. 

  

 The ‘big bang’ model 
Describe briefly the two main conflicting models of the origin of the Universe: the ‘continuous 
creation’ model and the ‘big bang’ model. While it is not appropriate to go into either theory in 
depth in this grade, you can tell students about a number of predictions that emerge from the 
‘big bang’ model that have been tested. These include: 
• the prediction that the Universe is expanding (which we observe to be happening); 
• the prediction that the ratio of H to He in the Universe should be approximately 3:1 (which we 

find in, for example, the Sun); 
• the prediction that an ‘echo’ of the big bang in the form of microwave radiation should be 

universally present – this has been discovered (students will not have a clear understanding 
of microwave radiation until they have completed Unit 9P.4). 

More advanced students may also debate conceptually more difficult issues that are part of the 
model, such as the idea that time and space also began with the big bang, the idea that the 
Universe is finite but without limits, and whether the Universe will eventually stop expanding and 
start contracting. 
 

 
The serendipitous discovery of universal 
background radiation, initially attributed to 
pigeons fouling the microwave antennae at the 
laboratory of Bell telephones, has been the 
subject of many articles and videos.  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

How long does it take light from the nearest star other than the Sun to reach Earth?  

A. Less than 1 second. 

B. About 4 hours. 

C. About 4 days. 

D. About 4 years. 

  

Study the diagram showing the evolution of stars. 

a. Name a star that has completed its life cycle. 

b. Name the kind of star that will be the ultimate fate of the Sun and give an estimate of how 
long it will take for the Sun to reach this state. 

c. Name a star in which elements heavier than helium are being created. 

d. Give examples of a main sequence star and a red supergiant. 

  
The life cycle of a star 
 

Create a chart showing the approximate diameter of a sequence of objects in the Universe 
from the very small, such as an electron, through to the very large, such as a galaxy, and 
finally to the Universe itself. 

 
 

Imagine you are a proton in a moderately large star. Write a short essay that describes what 
happens, or could happen, to you over a period of 100 billion years or so. 

  

How do we know that black holes exist when light cannot escape from them to reach our 
telescopes? 

  

Make an estimate of the order of magnitude of the mass of a cupful of matter from: 

• the Sun; • Earth; • space; • Saturn; 

• a white dwarf; • a neutron star; • a black hole. 

  

Assessment 

Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Your friend is convinced that the Sun revolves around the Earth once a day. What 
observations could you make that would refute her theory? 
 

  

Unit 9E.1 
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