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Module 1: Energy and Change

Unit 1: Energy transfer in electrical systems

Purpose: Duration: 1hr

® To explain how energy transfers in electric circuits occur.

® To discuss the basic components of an electric circuits.

® To understand the topics of heat generation, magnetic fields,
electromagnets and electrolysis.

Resources: CAPS document, electric circuits Method: Group work

Teaching guidelines:

O A lot of ground work for this section was laid in Grade 6. Learners will already have
been introduced to the concept of an electrical circuit as a means for transferring energy.
® Also learners should have been taught about the basic components in a circuit, as well
as devices such as light bulbs, buzzers, switches and motors.

©® Access to internet video clips on the concepts in this topic (such as Phet simulations)
are worthwhile additional resources to use to enhance the understanding of this topic.

Electric cells
Cells or batteries (group of cells connected together) are chemical systems that are used as
sources of electrical energy. They store chemical substances that react when the circuit is
completed. As energy sources they create a voltage by providing electric charges (electrons)

with potential energy which makes them to flow (kinetic energy) along conductors.

As the charges move along conducting wires of the circuit, they have high kinetic energy.
When the charges reach the resistors, they spend all the energy and the electrons return to the
cell, where they become recharged with high potential energy, and they re-enter the external
circuit. This process repeats itself over and over again. The flow of charges from the positive

terminal of a cell to the negative terminal is called conventional current.

So, cells and batteries store chemical potential energy which is converted to electrical

energy when the cell/battery is connected to a closed electric circuit.

Circuit and current electricity

Any path along which electrons can flow is a circuit. For a continuous flow of electrons, there
must be a complete circuit with no gaps. A gap is usually provided by an electric switch that

can be opened or closed to either cut off or allow electron flow.

The water analogy is quite useful for gaining a conceptual understanding of electric circuits,
but it does have some limitations. The difference has to do with turning current off and on.

When you close an electrical switch that connects the circuit, you allow current to flow in much
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the same way as you allow water to flow by opening a tap. Opening a switch stops the flow of
electricity. An electric circuit must be closed for electricity to flow. Opening a water tap, on
the other hand, starts the flow of water. Despite these and some other differences, thinking of

electric current in terms of water current is a helpful way to study electric circuits.

Components of the circuit

A circuit has a number of components that are connected together. You have already learnt
about conducting wires, a switch, a cell and a bulb. A simple electric circuit consists of the
following components:

a source — cell (battery or cells). A battery is a collection of cells.
conductors — wires

a switch — control point

other components like light bulbs, resistors and measuring instruments.

There are standard symbols for all the common parts of an electric circuit. These symbols are
recognized all over the world. The table below shows some of them that we will use.

A length of copper wire

A light bulb

A cell [the long thin line is the positive (+) terminal and the
short thick line is the negative (—) terminal]

A voltmeter [to measure the potential difference (voltage)]

An ammeter (to measure the current strength) —@—

A switch: (open) _.\_

(closed) *—o

A resistor —:l—
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Activity 1: Components of a circuit

Resources

Method

Duration

CAPS document, textbooks

Group discussion

5 minutes

A circuit is a conducting pathway for electricity. It goes from one terminal of a cell along

conducting material, through a device and back to the other terminal of the cell. Study the

diagrams below, state and explain whether the bulb will or will not glow in each case.

Diagram

Glow/Not Glow

Explanation

|
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Effects of electric current
Electrical energy can be converted into various forms of energy. The conversions of electrical

energy are referred to as the effects of electricity. Some of these effects are discussed below.
The heating effect

Some conductors are manufactured to offer high resistance to the flow of current such that
they become warm when electric current flows through them. Such conductors are called
heating elements /elements and have high melting points, e.g. nichrome wire. In such
conductors electrical energy is converted to heat energy. Heating elements are used in electric
appliances that are designed to give out heat, such as electric stoves, electric irons, electric

kettles, etc.

Some elements have extremely high melting points and relatively high resistance such that
they become so warm that light is given off. These elements are then called filaments, e.g. the
tungsten filament in light bulbs. In these elements electrical energy is converted into heat and

light energy.

=

Outline of Glass bulb

Low pressure inert gas (argon,
nitrogen, krypton, xenon)
Tungsten filament

Contact wire (goes out of stem)
Contact wire (goes into stem)
Support wires (one end embedded
in stem; conduct no current)
Stem (glass mount)

Contact wire (goes out of stem)
. Cap (sleeve)

10. Insulation

11. Electrical contact

N
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The heating effect is used to prevent the damage caused by a short circuit. A short circuit

occurs when open wires accidentally touch each other.

A fuse is a short piece of thin wire with a low melting point. It is put in electric appliances to
protect the appliances so that it overheats and melts when the current becomes too large for an
appliance thus breaking the circuit before the wires can damage the appliance or start the fire.
Nowadays trip switches (circuit breakers) are used in homes to automatically stop the current.

The chemical effect

The passing of electric current through certain liquids causes chemical changes. Liquids that
allow electric current to pass through them are called electrolytes, and the process is called
electrolysis. Electrolysis is a decomposition of a liquid compound (electrolyte) by passing
electric current through the electrolyte. Most electrolytes are solutions of salts, acids and
bases. Two electrodes [anode (+) and cathode (-)] are used to make electrolysis possible in
electrolytes. The diagrams below represent examples of electrolysis process of water and

copper chloride.

( ) 6 V d.c. source

/ H: carbon carbon
( anode I cathode
\ + =2
\_ Ill O chlorine ‘ /copper
beaker - -
912 v S D —~copper(ll)
‘ ’ , HO w chloride
L e e a0 ot 9 solution
Electrolysis of water Electrolysis of copper(ll)chloride

Now we are going to investigate the electrolysis of copper chloride. You might already have
done this activity in Matter and Materials when we investigated the decomposition of
compounds. We are going to perform it again, this time focussing on the effects of an electric

current.
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Activity 2: Electrolysis of copper(ll)chloride | Duration: 30min Method: group work

Teaching strategies: Demonstration; Question-and-answer

Purpose of this sub-unit: To investigate the effect of electricity in the solution of
copper(ll)chloride

Materials needed

e 250 ml beaker

e Spatula (teaspoon)

e 2 carbon electrodes

e 3 copper conducting wires (with crocodile clips)
e copper chloride

e torch bulb

e power source

Instructions

1. Connect the conducting wire from one electrode to the torch bulb and another wire
from the torch bulb to the negative terminal of the power source.

2. Connect the crocodile clip from the second electrode to the positive terminal of the

power source.

Make about 100 ml copper chloride solution in a beaker.

Put the electrodes into the beaker. Make sure that they do not touch each other.

Look at the electrodes. What do you observe?

Turn on the power source. Leave it on for a few minutes.

Again, look at the electrodes. What do you observe?

No o bkow

Questions

1. When you switch on the power source, does the torch bulb glow?
2. What do you observe happening at the two different electrodes?
3. Can you smell anything? What do you think this is?

4. What is happening to the copper chloride solution when the electric current is passed
through it?

5. If you switch off the power source, what happens?
6. What is causing the separation of the copper chloride?

7. Why is it important that you do not let the carbon electrodes touch each other while the

current is flowing?
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During the electrolysis of copper (I1) chloride this is what happens if an electric current is

passed through the solution:

v’ Copper chloride solution breaks down into copper metal and chlorine gas.
v Copper metal is deposited on the negative electrode, as shown by a reddish-brown
colour observed at this electrode. This electrode is called the cathode.
v Bubbles of (and sometimes the smell) of chlorine gas are formed at the positive
electrode (anode).
During the electrolysis of water, the following occurs as soon as you connect the wire to the

battery:

v Bubbles appear around each of the pencil tips in the water and floating upward.

v Those bubbles are the components of water, namely, hydrogen gas and oxygen gas that
have been split apart by the electricity as it travels through the water from one pencil to
the other.

v The pencil attached to the negative terminal of the battery collects hydrogen gas while
the one connected to the positive terminal collects oxygen.

During electrolysis, electrical energy is converted into chemical energy. Electrolysis is used

widely in industry such as:

1) To electroplate metals — involves covering one metal with a thin layer of the desired
metal using electricity.

2) To protect the metal underneath from rusting.

3) To create an attractive furnish.

4) To extract and refine metals from their ores.
The magnetic effect

When electric current flows in a conductor, a magnetic field is set up around the conductor.
This is called the magnetic effect of an electric current. When the current is switched off, the
magnetic field disappears. This shows that an electric current can be used for making temporary

magnets known as electromagnets.

The activity below shows us how to make a simple electromagnet.
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Activity 3: Making an electromagnet | Duration: 30min Method: group work

Teaching strategies: Demonstration; Question-and-answer

Purpose of this sub-unit: To investigate the magnetic effect of electricity.

Materials needed:

e one iron nail (approximately 15 cm long)
e 3 metres of insulated copper wire

e two 1,5V cell batteries

e paper clips

e iron filings

Instructions:

1. Wrap the insulated copper wire tightly around the nail.

Make sure that you wrap the wire in the same direction.

Strip some of the insulation off each end of the insulated copper wire.
Attach the ends of the insulated copper wire to the terminals of the battery.
Hold the wrapped nail above the paper clips.

Disconnect the wire from the battery.

Hold the wrapped nail above the paper clips.

O N o g B~ WD

If you have iron filings, place some on a piece of paper around the electromagnet you

have made and observe the magnetic field.

Questions:

1. What happened when you held the nail over the paper clips?
2. Why were the paper clips attracted to the nail?

3. Did the disconnected nail attract the paper clips? Why?

We have observed that by passing an electric current carrying through a straight current-
carrying conductor sets up a magnetic field. Magnetic field around a current-carrying straight
conductor is in concentric circles. The direction of the magnetic field around a conductor is
given by the Right Hand Rule which states that:

‘If a current carrying conductor is held in the right hand such that the thumb points in the
direction of current, then the fingers wrapped around the conductor shows the direction of the

magnetic field’, as shown below:
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An example of a simple electromagnet

a current flowing in the direction of the white arrow
produces a maanetic field shown by the red arrows

If a magnetic compass is placed near a current — carrying conductor, the needle deflects

showing that the conductor has a magnetic field around it.
If the direction of the current is from north to south, the deflection of the magnetic needle is

towards the east. If the direction of the current is from south to north, the deflection of the

needle is towards the west. Magnetic effect is applied in many ways in our daily lives, for

example, electric drills, loud speakers and electromagnets.
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Unit 2 Series and parallel circuits

Activity 4: Series circuits Duration: 30min | Method: group work

Teaching strategies: Demonstration; Question-and-answer

Resources: CAPS document and electricity kit

Purpose of this activity: To investigate the effect of increasing the number of light bulbs in
series on the electric current.

Background Knowledge

Most circuits have more than one device that receives electrical energy. These devices are
commonly connected in a circuit in one of two ways, series or parallel. When connected in
series, the devices in a circuit form a single pathway for electron flow between the terminals
of the battery, generator, or wall socket (which is simply an extension of these terminals). When
connected in parallel, the devices in a circuit form branches, each of which is a separate path
for the flow of electrons. Both series and parallel connections have their own distinctive
characteristics. This unit briefly describes circuits with these two types of connections.

Caution: Demonstrate the two types of connections using the resources supplied, emphasizing

on how the ammeter and the voltmeter should be connected.

Aim: To investigate the effect of increasing the number of bulbs in series on the electric

current.

NB: Using standard ammeters may not give perfect results and if the bulbs are allowed to

heat up too much in between adding more bulbs, their resistance will be higher.

Procedure

1. State your investigative question.

Construct the circuit with two cells, the ammeter, 1 bulb and the switch in series.
Close the switch.

Note the brightness of the bulb and record the ammeter reading in table 1 on page 11.

o o~ w

Draw a circuit diagram for the circuit you constructed in steps 3 & 4 above.
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7. Open the switch; add the second light bulb into the circuit, in series with the first one.

8. Close the switch, note the brightness of the bulbs, and compare it with that of number 5
and record the ammeter reading in table 1 on page 11.

9. Draw a circuit diagram for the circuit you constructed in steps 7 & 8 above.

10. Open the switch; add the third light bulb into the circuit, in series with the other two light
bulbs.
11. Close the switch; compare the brightness of the bulbs with your previous observations.

12. Draw a circuit diagram for the circuit you constructed in steps 10 & 11 above.

13. Record your observations for question 5, 8 and 11 in table 1 below.

Table 1
Number of bulbs in series Brightness of bulbs Ammeter reading

14. Write down your conclusion (was your hypothesis correct?)
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Activity 5: Parallel circuits Duration: 30min Method: group work
Teaching strategies: Demonstration; Question-and-answer

Resources: CAPS document and electricity kit

Purpose of this activity: To investigate the effect of increasing the number of light
bulbs in parallel on the electric current.

Aim: To investigate the effect of increasing the number of bulbs in series on the electric
current.

Procedure
1) Construct the circuit with two cells, ammeter, one bulb and an open switch in series.

2) Close the switch, observe the brightness of the bulb and record the ammeter reading in
table 2 on page 13.

3) Open the switch; add the second light bulb into the circuit, in parallel with the first one.

4) Close the switch, observe the brightness of the bulbs and record ammeter readings for the
three positions shown in table 2 on page 13.

H
® |

5) Open the switch; add the third light bulb into the circuit, in parallel with the first and
second one.

6) Close the switch, observe the brightness of the bulbs and record the four ammeter readings

in the table below.

7) Draw a circuit diagram for the circuit you have constructed in steps 5 & 6 above.
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Table 2: to record results from steps 2, 4 and 6

No. of Brightness of Ammeter readings
bulbs in bulbs A A A A
parallel ! 2 3 4

Answer the questions below based on your investigation.

a) Write down your investigative question.

b) State your hypothesis.

c) What happened to the brightness of the bulbs as the number of bulbs increased?

d) When you had two bulbs, did they glow with the same brightness or was one brighter
than the other?

e) When you had three bulbs, did they glow with the same brightness or was one
brighter than others?

f) What do your answers to the previous questions tell you about the current in parallel
branches of the circuit?

g) What happened to the reading on ammeter (A1) as you added more bulbs in parallel?

h) Based on your answers, what happened to the total current when more bulbs were
added in parallel?

i) Is your hypothesis true or false? Explain.
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Unit 3 Resistance

Purpose: Duration: 30min
® To discuss the effect of resistance in the circuit.

® To understand the use of resistors in electrical circuit.
® To discuss factors affecting the resistance of the circuit.

Resources: CAPS document, electric circuits and resistors Method: Group work

Summary

Resistance is the tendency for conductors to block the current flow. The more light
bulbs/resistors are connected in series, the greater the resistance in the circuit, the smaller
the current that flows in the circuit. The more light bulbs/resistors are connected in parallel,

the smaller the total resistance in the circuit, the larger the current that flows in the circuit.

Resistors are conductors which have different effects in the current strengths in the circuits.
Sometimes the current strength increases and sometimes it decreases. They are used to a great

extent in the manufacturing of electronic gadgets and are also used for electrical heating.

Resistance has an opposing effect on the strength of the current flow. If the resistance
increases, then the current decreases and vice versa. The resistance of a conductor is affected

by the following factors:

e The length of the conductor — a long piece of wire will have a higher resistance than a
short piece with the same thickness.

e The thickness of the conductor — a thick wire will have less resistance than a thin wire
of the same length.

e The temperature of the conductor — the resistance of most metals increases with
increasing temperature, i.e. hotter conductors have higher resistance than colder
conductors.

e The material type of the conductor — different conducting materials have different
resistance to an electric current. For example, copper is a better conductor than other

metals such as nichrome.
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Unit 4 Cost of electrical power

Purpose: Duration: 30min
® To discuss the effect of resistance in the circuit.

® To understand the use of resistors in electrical circuit.
® To discuss factors affecting the resistance of the circuit.

Resources: CAPS document, electric circuits and resistors Method: Group work

Electricity costing

Electrical power is the rate of electrical energy supply. It is measured in units called watts
(W) or kilowatts (KW).

All household appliances have a power rating or wattage. This is usually written on the back
or bottom of the appliance. It tells us how fast it uses electrical energy to do its task. For
example, if a toaster has a power rating of 800W, this means that the toaster transfers 800J of
electrical energy each second that is turned on.

Eskom and municipalities use the symbol kilowatt hour (kWh) for electricity readings. It
refers to the amount of energy released when 1 000W of work is done in 1 hour. This means
that: 1 kilowatt hour = 1 000 watt hour

=1 000 joules per second for 1 hour

=1000x60x601J

=36000001J

=3 600 kJ

Consumers pay for the quantity of electricity they use in kilowatt hours. The power consumed
by an electrical appliance is its power rating (in kW) multiplied by the number of hours it is
used, as shown by equation (i) below:

Power consumed (kWh) = Power rating of appliance (kW) x time used (hours) -------- 0]

The number of kilowatt hours consumed is then multiplied by the price of one kilowatt hour of
electricity, as shown by equation (ii) below:

Cost = power consumed (kWh) x the unit price of electricity -----------==-=====-mmmmmmnu- (i)

Combining the two equations give:

cost = power rating of the appliance x number of hours it was used x the unit price of electricity
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Examples for calculating the cost of electricity

1) Calculate the cost of electrical energy used when a 100W light bulb burns for 6 hours at a
rate of 12c per KWh.
Solution: Energy consumption = 100W x 6h = 600Wh =0, 6 kWh
Therefore: Cost =0, 6 kWh x 12c/kWh =7,2¢c

2) Calculate the cost of using a 2000W heater for 8 hours if the cost per unit of electricity is
10 cents.
Solution: Energy consumption = 2000 x 8h = 16 000Wh = 16kWh
Therefore: Cost = 16 kWh x 10c/kWh = 160c
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Unit Activities

1. Study the diagrams below on the left column and then complete as per the instructions on
the right column.

Sketch no. 1 Draw a circuit diagram:
1.5v 1 1.5v | 1.5v |

Sketch no. 2 Write the description of the circuit and draw
the circuit diagram:

Sketch no. 3 Draw the circuit diagram:

H L5v 1 1.5v I 1.5v | 1.5v |
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2. Complete the crossword below.

Across

4 A safety device that break a circuit
when too much current is flowing (4)

5 The unit that resistance is measured
in. (4)

8 7 A switch that open a circuit when too
much current is flowing. (7)

8 An electric discharge from the sky to
the ground during a storm. (9)

. 12 The unit that current is measured in
14 15 16 (for short). (4)

. 15 A device that resists the flow of
— electricity in a circuit. (8)

10 11 12 13

17 A material that doesn't conduct
electricity well. (9)

18 A device that will open or close a
circuit. (6)

18 19 The flow of electrons through a

material is called electric

B )

19

Down
1 The charge on a proton. (8)
2 The charge on an electron. (8)

3 A type of circuit where current by passes most resistance and
large, dangerous currents flow. (5)

6 A circuit with only one path through which electrons flow. (6)
9 A voltage supply used in flashlights and many toys. (7)

10 Electricity is the movement of through a
conductor. (9)

11 A path through which electric current flows. (7)

13 A circuit with more than one path through which electrons can
flow. (8)

14 A material that conducts electricity will. (9)

16 Kind of electricity resulting from a build-up of charged
particles. (6)
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3. State whether the following statements are true or false. If false, rewrite correctly.

3.1.
3.2.
3.3.
3.4.
3.5.

Current is a measure of the amount of potential energy stored in the battery.
Ammeters are used to measure potential difference.

Voltmeters are connected in series.

Lights in your homes are connected in parallel.

Resistors offer opposition to the flow of current.

4. Provide the correct word for the following:

4.1.

4.2.
4.3.
4.4.
4.5.

Electric current that flows from the positive to the negative terminal of a
battery.

A circuit that provides more than one pathway for the current to flow.

Plastic covering on electric wires.

Solid conductors inside the battery.

The resistance wire in a light bulb.

5. The readings on some of the ammeters and voltmeters in each of the circuits below are

known

. What are the readings of the ammeters and voltmeters that are not given?

NB: The light bulbs are NOT identical.

ii-—_ il

)
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6. The table below indicates the usage of appliances by a particular household. Study the table

and then answer the questions that follow.

Appliance

Energy consumption in kWh

4kW geyser for 5 hours

3 X 60W light bulbs for 2 hours each

1,5kW washing machine for 1% hour

Fridge with a 500W motor that runs for 15 hours

. 1
1,3kW microwave oven for 5 hour

TOTAL ENERGY CONSUMPTION

7.1. Complete the table by calculating the energy consumption in KWh for each appliance.

7.2. Calculate the total energy consumption.

7.3. Calculate the cost of the electric energy that this family used at a cost of 3,99c¢ per unit.

8. Study the attached voucher of electricity purchased from a local municipality and answer

the questions that follow.

DATE: 17 June 2016 03.59 AM

METER
CUSTOMER
STAND
ADDRESS

01021541006
XULUME
0103310751000/
38 HEDGE HUNT
BRACKENHAM
104954

VAT
PAID

UNITS

® 2D
-, .o
.\)~\
3%

e
3

Eloctrcity 0.0
Elocircity 0.0
Electicity 627 @R 140
Elecircity 0.0
Eleclrcity 0.0

Electricity Token

4622
4973
0384
4329
6242

Grand Tolal
Amount to Pay
Amount Tendered
Change

Cuslomer Message

The business {ariff also includes a rural levy

of R 0.0639 per unit

o

>

-~

22 o g
i

re
};}O’m’

-~

Pel
oo
88

pel

polrolrolrs]
83888
288%:

:;8

b

g
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8.1. What is the unit cost charged by this local municipality?
8.2. How many units were purchased by this household?
8.3. How much did this household pay for the units purchased?
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Module 2: Planet Earth and beyond

Unit 1: Beyond the Solar System
Purpose: Duration: 30 min
® To explain how the Sun produce energy.
® To discuss objects that orbit around the Sun.
® To understand the following:
v’ Earth’s position in the Solar System.
v' The Milky Way Galaxy.
v' Light years, light hours and light minutes.
v Early viewing of space.
v Telescopes.
Resources: CAPS document, textbooks and reference materials | Method: Group work

The Sun

The Sun produces its energy at its centre via nuclear fusion reactions, where hydrogen nuclei
are squeezed together to form helium nuclei. The Sun's energy is transported to the surface and
radiates equally in all directions. Our solar system consists of the Sun and all the objects that
are held in orbit around the Sun by gravity.

Objects around the Sun

Objects such as planets, dwarf planets, asteroids, comets and Kuiper Belt objects orbit around
the Sun. The 8 planets in our solar system have their own properties and characteristics. The
planets can be split into two groups, the inner small rocky terrestrial planets and the outer
large gas giants.

The asteroid belt is the area where most asteroids are found in our solar system, lying between
the orbits of Mars and Jupiter. This asteroid belt or "main belt" contains probably millions of
asteroids.

The Main Asteroid Belt
_I(Cr kits drawn appoXmately to scal e):
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The Oort Cloud is a hypothetical huge cloud of icy objects (comets) surrounding the Sun at
the very edge of our solar system. Sometimes, comets from the Oort Cloud come close to the
sun. We can only see them when they come into the inner solar system because they are small
and only visible by reflected sunlight. Scientists think that some of the conditions necessary for
sustained life include moderate temperatures, liquid water, sunlight (energy) and oxygen.

Earth’s position in the Solar System

The Earth is the third planet from the Sun and the only planet in the solar system known to
harbour life. The Earth lies within the Sun's habitable zone; i.e. the range of distances that a
planet can lie from a star and still have liquid water on the planet's surface.

The Milky Way Galaxy

At the darkest places on Earth, far away from city lights, there are thousands of stars at night.
In fact there are many more stars in the sky which are too faint for us to see.

All of the individual stars that we can see are members of our Milky Way Galaxy. A galaxy is
a massive collection of stars, gas and dust all held together by gravity. The Milky Way has
about 200 billion stars and our Sun is just one of those stars in the Milky Way Galaxy.

From the Earth, the Milky Way looks like a bright hazy band of light across the sky, mixed in
with dark dusty patches. This was called Galaxies Kuklos by the Greeks which means the
Milky Circle because they thought it looked like milk spilled across the sky. The Romans
changed the name to Via Lactea which means the Milky Road or the Milky Way.

Our nearest star

The Sun is our closest star, and is only 150 million kilometres from Earth. When you look up
at the sky at night, if you are far from the glare of city lights, you can see thousands of stars.
For those of you in a city, perhaps you can see hundreds of stars, depending on the amount of
light pollution from street lights and other light sources. As you know, there are actually
billions of stars in our galaxy but most of them are too faint to see from Earth.

A constellation is a group of stars that, when viewed from Earth, form a pattern in the sky.
One famous constellation that is visible, even from big cities in South Africa, is the Southern
Cross or Crux. The two bright stars at the bottom left pointing towards the cross are called the
pointers.

The brightest of the pointers looks slightly orange if you look closely. This star is called Alpha
Centauri and is our closest easily visible star after the Sun. Alpha Centauri is actually part of
a triple star system which is where three stars are in orbit around each other. The two main
stars of the system are called Alpha Centauri A and Alpha Centauri B. They orbit close
together, on average about eleven times the Earth-Sun distance from each other.
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Light vears, licht hours and lisht minutes

Light minutes, light hours and light years are used to measure distances in space because the
distances are extremely large. For distances within the solar system, astronomers use units
called light hours and light minutes.

e A light minute is the distance that light can travel in one minute.
e Alight hour is the distance that light can travel in one hour.
e Alight year is the distance that light can travel in one year.

Astronomers use units called light years to measure the distances between stars and galaxies.
One light year is almost 10 trillion kilometres. So, a light year is very, very far.

They also tell us something else very interesting. If you measure the distance to a light source
in light travel time, you can work out how long light emitted from the distant source takes to
reach you. Light that is emitted from an object one light year away from you, takes one year to
reach your eyes. Similarly, light that is emitted from an object one light hour away, takes one
hour to reach your eyes.

Our closest stars are less than ten light years away, however most stars in our galaxy are much
farther away. The distances to stars are generally measured in tens, hundreds or even thousands
of light years and the distances between galaxies are truly enormous.

Beyond the Milky Way Galaxy

Our galaxy, the Milky Way, is only one out of a total of about 100 to 200 billion galaxies that
astronomers estimate to be in the Universe. That is more than 10 times the total number of
people on Earth.

As well as stars, galaxies contain vast amounts of gas and dust. Galaxies come in a variety of
shapes and sizes. The Milky Way is an average-sized spiral galaxy: it is 100 000 light years
across and contains around 200 billion stars.

Early viewing of space

In dark conditions away from city lights, thousands of stars are visible in the night sky. Early
cultures around the world gazed at the stars in wonder. They noted the movement of the stars
and planets across the sky and used this to mark the passage of time. People often grouped the
stars they saw into patterns called constellations. Early cultures tended to associate the stars
and planets they saw in the night sky with animals or gods and told stories, which were passed
on from generation to generation, about the patterns in the sky which were passed down from
generation to generation.

The stars that are visible depend upon your location on Earth and also the time of year. The
southern sky, which we see from South Africa, is full of beautiful stars and several prominent
constellations are visible in the sky including the Southern Cross or Crux, Orion and Pavo the
Peacock.
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Telescopes

Telescopes can collect more light from faint and distant objects because they have larger
collecting areas and because they can accumulate light over longer periods of time to make an
image. This means that you can see fainter objects with telescopes that you would not be able
to see using just your eye.

Telescopes also magnify (enlarge) the image that you see, so it takes up more room on your
retina allowing you to see the object more clearly.

The larger a telescope's mirror or lens, the better it is at seeing narrowly separated objects as
individual objects and the sharper the images look.

The most important feature of a telescope is how much light it can collect, which depends upon
the area of the lens or mirror. The larger the light collecting area, the more light a telescope
gathers and the higher resolution (ability to see fine detail) it has. So the size of a telescope is
far more important than its magnification.

There are different types of telescopes which include:

e Optical telescopes - collect visible light from celestial objects and focus it by refraction
(using lenses) or reflection (using mirrors) such as SALT (Southern African Large
Telescope), and the Hubble Space telescope.

e Radio telescopes — receive radio waves and focus them by reflection (using a metal
receiving dish) such as the SKA (Square Kilometre Array). Radio telescopes are used
in radio astronomy for tracking and collecting data from satellites and space probes.
They function in the radio frequency portion of the electromagnetic spectrum. Here
they can detect and gather data on radio sources. The radio observatories are positioned
quite away from major centres of population to avoid electromagnetic interference from
radar, TV, radio and other EMI emitting devices.

antenna

parabolic
dish

computer
recorder

amplifier

A radio telescope reflects radiowaves to a
focus atthe antenna. Because radio wavelengths
are very large, the radio dish must be very large.
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Unit 2 Lithosphere

Purpose: Duration: 15 min
® To explain how the Sun produce energy.
® To discuss objects that orbit around the Sun.
® To understand the following:
v' Earth’s position in the Solar System.
v" The Milky Way Galaxy.
v' Light years, light hours and light minutes.
v' Early viewing of space.
v' Telescopes.
Resources: CAPS document, textbooks and reference materials | Method: Group work

Lithosphere

The lithosphere (‘lith’ means ‘rocks”) consists of all the mountains, rocks, stones, top soil and
sand found on the planet. Even the seafloor is part of the lithosphere, because it is also made
up of sediments of sand and rock. The lithosphere is found all around us and we interact quite
closely with it every day.

The lithosphere consist of three layers:

e The solid outermost part of the mantle
e The crust, and
e The soil

Different combinations of elements and compounds form minerals such as copper, gold and
hematite (iron oxide) in the crust.

The rock cycle

The rock cycle is the natural continuous process in which rocks form, are broken down
and re-form over long periods of time. There are three rock types:

e igneous rock
e sedimentary rock, and
e metamorphic rock.

Sedimentary rock is formed when rocks on the surface are weathered and the small particles,
along with plant and animal material, are deposited in sediments at the bottom of lakes, oceans
and rivers. Over time, more and more layers of sediment are deposited. The resulting increase
in pressure causes compaction and the formation of hard layers of sedimentary rock. Fossils
are often found in sedimentary rock as when some organisms die, they become incorporated
into the layers of sediment.

Hot magma is found deep below the surface of the Earth. When magma cools slowly, below
the surface of the Earth, it forms intrusive igneous rock. When the magma pushes up through
the crust (for example in a volcano), it cools rapidly and forms extrusive igneous rock.
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Hot magma can heat the surrounding rock and change other types of rock into metamorphic
rock. Different combinations of elements and compounds form the minerals in the crust.

Unit 3: Mining of mineral resources

Purpose: Duration: 15 min
© To explain how the Sun produce energy.
@® To discuss objects that orbit around the Sun.
© To understand the following:
v' Earth’s position in the Solar System.
v The Milky Way Galaxy.
v Light years, light hours and light minutes.
v Early viewing of space.
v Telescopes.
Resources: CAPS document, textbooks and reference materials | Method: Group work

Extracting ores

People extract valuable minerals from the lithosphere. Rock that contains high concentrations
of valuable minerals are called ore. Various methods are used to locate potential sites for
mining. Ore is removed from the crust by mining, either on the surface, called open pit mining
or underground, called shaft mining or room and pillar mining. Some minerals can be used
in their natural form, for example sand in the building industry, phosphate rock for fertilisers
and diamonds in jewellery. Some minerals require a physical and/or chemical process to
remove them from the ore.

Refining minerals

Large rocks containing minerals need to be crushed and milled. The valuable minerals are then
separated from the rock using a variety of physical and chemical separation methods. People
have extracted minerals, for example iron and copper, from ores for thousands of years.

Mining in South Africa

Examples of how minerals were mined long ago can be found at archaeological sites in South-
Africa, such as Mapungubwe. Today iron is extracted using coke (carbon) to make steel. South
Africa has a large mining industry. The industry creates jobs and contributes to the economy.

The mining industry has a significant impact on the environment, such as:

e creation of mine dumps

e pollution of water resources

e damage to places with high tourist or cultural heritage value
e loss of farming and wild life environments
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Unit 4 Atmosphere

Purpose: Duration: 15 min
© To explain how the Sun produce energy.
@® To discuss objects that orbit around the Sun.
© To understand the following:
v’ Earth’s position in the Solar System.
v The Milky Way Galaxy.
v Light years, light hours and light minutes.
v' Early viewing of space.
v/ Telescopes.
Resources: CAPS document, textbooks and reference materials | Method: Group work

The layer of gases around the Earth is called the atmosphere. The density of the gas molecules
decreases as the distance from the Earth increases - the further away from the Earth you travel,
the fewer gas molecules there are. The atmosphere can be divided into different layers

e the troposphere

e stratosphere

e mesosphere and

e the thermosphere.

The exosphere is the uppermost layer directly above the thermosphere, where the gases thin
out and the atmosphere merges with space. It is considered part of outer space.

The troposphere is the densest layer, has the highest air pressure and is closest to the surface
of the Earth. It is on average about 12 km thick and temperature decreases with altitude.

The stratosphere stretches from 12-50km and contains the ozone layer. Aeroplanes fly in this
layer because the air is more stable. Temperature increases with altitude, from -60°C to 0°C.

The mesosphere stretches between 50 - 80km. The air is very thin. Meteorites usually burn up
in the mesosphere. Temperature decreases with altitude from 0°C to - 90°C. The thermosphere
stretches up to 480 - 600 km. It absorbs ultraviolet light and X-rays. Temperature increases
with altitude and can reach 1500°C. The ionosphere is the layer where molecules are ionised
by the Sun's ultraviolet light. Radio waves can be transmitted and reflected due to the ionised
layer.

The greenhouse effect is a natural phenomenon - it warms the atmosphere sufficiently to
sustain life. Greenhouse gases trap the re-radiation from Earth's surface and reflect it back to
the Earth (like inside a greenhouse). The most common greenhouse gases are carbon dioxide,
water vapour and methane. An increase in greenhouse gases leads to global warming. Global
warming is an increase in the average temperature of the atmosphere. Global warming is a
potentially life threatening situation on Earth. It can lead to climate change, rising sea levels,
food shortages and the extinction of organisms on Earth.
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Unit activities

Tabulate any four differences between terrestrial planets and dwarf planets.
How does the Sun produce its energy?

Where is the Kuiper belt located?

Why can the Earth support life?

What is the definition of a light year?

What kind of galaxy is the Milky Way?

What does the abbreviation SALT mean?

© N o o ~ w bdoF

Complete the diagram by filling in which type of rock belongs where: Sedimentary rock,
Metamorphic rock, Igneous rock.

cooling

meltlng weathering & erosion

heat & pressure

magma

weathering &/V[ sediments ]

T
melt‘lng / erosion / /

[ ] weathering & erosion

heat & pre&[ ]

9. What are the most abundant elements in the Earth's crust?

compaction &
cementation

10. Why are these elements so abundant?
11. Name any three environmental impacts of open pit mining.

12. Name the effects of global warming on Earth.
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