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Learning outcomes
At the end of this module you will be able to:

Apply formulas of current, power and work when solving problems &iz12
Apply Joule-Lenz’s law when solving problems.
Define, by way of experiment, current, power and work E274)

Perform cost of electricity calculations

g measuring unit KWh 215

Describe dependency of resistance on temperature in metals (4216

Explain a short circuit and describe ways of preventing i

Explain the nature of electric current in liquids 8275)

0

Activity 7.1 A

Question

How can we generate electricity?

Equipment needed

About 1 metre of insulated copper wire Different types of magnet
pencil Digital multimeter
Safety

®  Take care not to drop the magnets as they can be quite
heavy or trip someone.

Conducting the activity

1. Wrap the wire around the pencil and leave about 10 cm of
the wire unwrapped at both ends. You now have a copper

wire coil.

2. Connectthe two free ends of the wire to the terminals of e 701 CorperwHE o

the multimeter.
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Turn the dial of the multimeter so that it will read
millivolts.

Move one of the magnets back and forth near the wire
wrapped around the pencil.

Note what you observe from the multimeter.

Repeat steps 4 and 5 using different magnets.

s
@ @ Figure 7.2 Magnets

7.1 What do you notice on the multimeter i
move the magnet faster?
7.2 What do you notice on the multimeter i
use astronger magnet?
7.3 Does using a magnet of a different shape
make any difference?
7.4 Would using a longer piece of wire make any
difference?
7.5 What do you notice if you move the wire
instead of the magnet?
The insulation used for copper wire may be e ] Diglol muldmerer
varnish, which is a type of clear paint. Why
do you think this type of wire would be
helpful in the above experiment?

What is electrical power?
As with other words we have looked at, power has a very precise meaning in the physical
world. Note the following:

@ Electrical power is the amount of electrical energy changed to other forms of energy in
one second.
@ The unit for electrical power is the watt (W).

® Sometimes you see the kilowatt (kW), which is 1000 watts.
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7.7 Read the following and then answer the questions below.

g the performance of electric kettles by
connecting them to power supplies of different voltage values. In each trial he
noticed the value of the voltage and the value of the current flowing through the
kettle. He also recorded the power rating of each kettle.

The following is the data he recorded.

Powerrating (W) Voltage (V) Current (A)
1200 120 10
1500 150 10
1800 180 10
2000 250 8
2200 110 20
2500 125 20

(a) Do you notice any pattern in the data the scientist recorded?

(b) From the data, work out a mathematical rule that would allow you to calculate
the power rating.

Does your mathematical rule agree with the following formula for calculating a

power rating?

power = potential difference x current
We can write this formula as:
P=VxI

Where:

P = power

V = potential difference (voltage)

I = current.
We can rewrite this as a triangle to help solve other
calculations:

VI

Note: This maths formula is used only for questions on elect
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7.8 When you buy an electrical appliance the power is usually written on it.
How do the following values compare to what you have at home:
(a) An 11 watt energy saving bulb?
(b) A 900 watt microwave oven?
() A 2500 watt electric kettle?
(d) A110watt flat-screenTV?

What do you notice about the heat output of appliances that have a higher power rating?

Note: Be very careful with electrical appliances at home. Examine them only when they
are plugged out from the socket. Hot appliances should be allowed to cool before being

examined.

Sample calculation 1
Calculate the power used by an electrical appliance that consumes 2 amperes of current
when connected to a 230 volt supply.

Answer:
P=Vxl
P =230 x 2
P = 460W

Sample calculation 2
Calculate the current used by an electric kettle rated 2300 watts when it is plugged into the
socket at home, which gives 230 volts.

Answer:
Rearrange P =V x| toget |= %
2300
Therefore 1= Son
1= 10A

Sample calculation 3
Calculate the potential difference applied when a 24 watt car bulb uses a current of

2amperes.
Answer:
Rearrange P =V x|  toget
Therefore V= 2
2
V=12v
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7.9 Calculate the power used by an electrical appliance that consumes 10 amperes of
current when connected to a 230 volt supply.

7.10 Calculate the power used by an electrical appliance that consumes 0.25 amperes of
current when connected to a 230 volt supply.

7.11 Calculate the current used by an electric kettle rated 2760 watts when

the socket at home, which gives 230 volts.
7.12 Calculate the current used by an electric kettle rated 1840 watts when itis plugged into

plugged nto

the socket at home which gives 230 volts.

7.13 Calculate the potential difference applied when an 18 watt car bulb uses a current of
1.5 amperes.

7.14 Calculate the potential difference applied when a 14 watt living-room bulb uses a
current of 0.06 amperes.

What is the unit of electrical energy?

We saw i previous modules that the unit of energy is the joule. This unit would not be
very suitable for calculating the electrical energy used in our homes as the joule is a very
small amount of energy. So electricity supply companies use a different unit for energy:
the kilowatt-hour (kWh).

The kilowatt-hour is the energy used when 1 kilowatt of power is used for 1 hour.

Note: The kilowatt-hour is often called the unit of electricity.

would

The price of 1 kWh can vary jus
be about 11 tenge for 1 kiWh.

the price of most items. However, an average

Power rating of electrical appliances

Most electrical appliances will have their power rating written on them. The power rating can
be given in watts or in kilowatts. When you want to calculate the cost of using an appliance
you must always work with kilowatts.

To help you convert to kilowatts remember to divide the power in watts by 1000.

500 watts = 20 = 0.5 kW
1000

75 watts = —>— = 0,075 kW
1000
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Sample calculation 4
An electrical kettle has a power rating of 2 kW. The kettle is used to boil water for a total of
2 hours each day for a full week. Calculate:

(a) The number of units of electricity used in the week.

(b) The total cost if 1 kWh costs 11 tenge.

Answer:

number of KW x total number of hours
=2x@x7
28KkWh
number of kWh x cost per unit
28 x 11tenge
308tenge

(a) number of units

(b) cost

Sample calculation 5
Afamily goes away on holiday for exactly 2 weeks. An 11 W bulb is left on for the full
2 weeks. Calculate:
() The number of units of electricity used in the 2 weeks.
(b) The total cost if 1 kWh costs 11 tenge.
Answer:

n

(@) Remember: 11W = JrkW =

number of KW x total number of hours
= 0011 x (24 x 14)
3.696 kWh
number of kWh x cost per unit
369 x 11
40,656 tenge
=41 tenge (rounded to the nearest tenge)

Y

Activity 7.2

rg A

How can we estimate the cost of electricity in our homes for a week?

.011 kW

number of units

(b) cost

Equipment needed

Various electrical appliances in your home

Arecent electricity billfrom your home (don't bring this into class as
Safety
@ Unplug any appliance before you exami

s private to your family)

it.

@  Allow any hot appliance to cool down before you examine it.
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onducting the activity

sing a table similar to the one below:

Make a list of ten electrical appliances you have at home.

Beside each appliance on your lst write down the power rating, taking care to unplug any
appliance before you examineit. (The power rating will be written on the appliance) Let any hot
appliance cool before you examine it.

Make an estimate of the number of hours that each appliance is used in a week.

Calculate the total number of kilowatt-hours for all these appliances for the week.

Find out the cost of one kilowatt-hour (one unit) from a recent electricity billin your home.
Calculate the total cost of using all these appliances for the week.

Appliance  Powerrating (kW) Number of hours  Number of kWh

Total number of kilowatt-hours
Cost per unit

Total cost

00

7.15 How does your estimated cost compare with your bil
716 How much time s covered by your billat home? Was it one week, one month or longer?
717 Give some reasons why your estimated bill and your actual bill might

be quite different.
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7.18  An electrical kettle has a power rating of 2500 W. The kettle is used to boil water for a
total of 3 hours each day for a full week. Calculate:
() The number of units of electricity used in the week.
(b) The total costif 1 kWh costs 11 tenge.
7.19 Aflat-screen TV has a power rating of 120 W. The TV is on for a total of 8 hours each day.
fora full week. Calculate:
() The number of units of electricity used
(b) The total costif 1 kWh costs 11 tenge.
7.20 Afamily goes away on holiday for exactly 2 weeks. A 500 W garden security light bulb is
left on for the full 2 weeks. Calculate:
() The number of units of electricity used
(b) The total costif 1 kWh costs 11 tenge.

the week.

the 2 weeks.

How can we reduce consumption of electrical energy?

Many people in the world benefit from electrical energy. In some cases this benefit is very
obvious. However, in order to conserve energy and keep costs down, we need to know how
used in the world and what it is used for.

much electrical energy

0909

7.21 Use the interet to find out factual information on the following:
() Which household appliances in the home use most electri
(b) How much electrical energy different industries use.
() How much electrical energy has been used in Kazakhstan i
the last ffty years.
(d) How much electrical energy is used in different countries.

The three effects of electricity: Heating, chemical and magnetic
I ap)
electrical energy to other forms. Electrical energy is converted to heat energy, to chemical

We all use electricity in our dai iances we use convert

lives. However, all the electri

energy and to magnetic energy.

Everyday uses of the heating effect of electricity

@ When we boil water in an electric kettle to make tea or coffee we use the heating effect of
electricity.

@ Many homes have an immersion heater in the hot press. Here electricity is used to heat
water for showers or baths.

@ Inan electric cooker the hot plates, the grill and the oven are all used to cook food. Once
again, electrical energy is converted to heat energy.
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Activity 7.3

Question

How can we demonstrate the heating effect of electricity?

o
Equipment needed 4.—._M|7

6V battery

heating oil
switch Yhzvmnmzluj

beaker of water

thermometer and connecting

e

Conducting the activity

1. Setup the experimental arrangement as shown in Heating col
Figure 7.4,

2. Note the temperature of the water, Figure 7.4 To demonstrate the

heating effect ofclectricity

Close the switch to allow the current to flow.

After a few minutes you wil notice that the temperature of the water has risen.

000

7.22 What does the experiment show about electricity? ‘

The electric fuse

You will find a fuse in the plug of an electric appliance. As
the name suggests there are also fuses in the fuse board in
your home. Remember that:

@ The purpose of afuse s to limit the size of the current
flowing in a circuit Essentialy it s a safety device to
prevent a circuit from overheating,

® The principle of the fuse is based on the heating effect
of electrcity.

Afuse has a current rating marked on it. A fuse in a plug

might have 5A written on it.If the current flowing through

the plug tres to exceed 5A the wire inside the fuse will

rapicly heat up and melt. This will break the electrical circuit and stop the current flowing. The

fuse is said to have blown’ Such a fuse willimit the current to no more than 5A.

Figure 7.5 Electric fuses
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The circuit breaker
Circuit breakers are found in the fuse board in your home. They have the same purpose as a
fuse.

@ The function of a circuit breaker is to limit the size of the current flowing in a circuit.
Essentially, it is a safety device to prevent a circuit from overheating.

@ The principle of the circuit breaker is based on the magnetic effect of electricity.
Remember that the fuse was based on the heating effect.

Acircuit breaker has a small electromagnet inside. The circuit breaker has a current rating
marked on it If this current is exceeded then the electromagnet is now strong enough to
attract a metal switch and turn off the current. In this way, the size of the current will not

exceed a cert

value.

D] e ] o] [ [janswr]

Fuse or circuit breaker?

@ When the wire in a fuse melts and turns off the current, it cannot be reused. The fuse has
to be replaced.

@ Whenacircuit breaker turns off the current you only need to push the switch up again to
allow the current to flow. This is much handier than replacing a fuse.

00

7.23 Whatis the purpose of a circuit breaker?
7.24 What advantage does a circuit breaker have over a fuse?
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Everyday uses of the chemical effect of electricity
@ Electroplating is a common use of the chemical effects

of electricity. Here an expensive metal like silver is

coated onto a less expensive metal. This is done for
cutlery and for trophies.

@ Ifyou pass electricity through water it is possible to
produce oxygen gas and hydrogen gas. This is called
the electrolysis of water. This is another example of the
chemical effect of electricity.

@ The mobile phone has become a part of our daily lives.
Every two to three days you recharge the battery of your

mobile phone. The electricity from the socket causes
Figure 7.7 A trophy which

a chemical reaction inside the battery. This chemical
has been electroplated

reaction restores the battery to full power.

R JRs R ()

Activity 7.4

Question

How can we demonstrate the chemical effect of electricity?

Equipment needed

weighing scales

beaker of copper sulphate solution
two copper electrodes pperecinte. Copperscinde
26V battery e (ot

aswitch and connecting wires
st soion

Conducting the activity °
Set up the experimental arrangement as shown in Figure 7.8 To demonstrate the
chemical effect of electricity

Figure 7.8,

Note the mass of the two copper electrodes before the activity begins.
Close the switch and allow the current to flow for several minutes.
Open the switch to stop the current flowing.

Note the mass of the two copper electrodes again.

000

7.25 What has happened to each of the copper electrodes?
7.26 What does this show has taken place?

In Module 8 we will investigate the magnetic effect of electricity.

ODULE 7 USES OF ELECTRICITY
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Learning outcomes
At the end of this module you will be able to:

0

Magnetism

The study of magnetism dates back at least 2500 years, when
naturally magnetised iron ore was found in what is now
western Turkey. People noticed that the ore was attracted to
iron rods, and that the iron rods would themselves become
magnetic when they were in contact with the ore. We don't
know when magnets were first used for navigation, but we
do know that it was at least a thousand years ago.

Long before modern physics took shape, the concept of

Characterise the basic properties of magnets and draw magnetic field lines 37)
Know and keep safety procedures in the physics classroom (733

Explain the properties of a magnetic field (432)

Define the direction of a direct conductor’s magnetic field vector lines with current and
solenoid

Compare magnetic fields created by a magnetic bar and a current in solenoid (E34)
Describe a magnetic field's effect on a conductor with current (€435

Explain structure and workings of an electric engine and electric measuring devices (6435)
Describe phenomenon of electromagnetic induction (6437)

Provide examples of the production of electrical energy in the world and in Kazakhstan (6437)

talking about magnetism in terms of north and south poles  Figure 8.1 Magnetite also known

was well established, with the north pole being the one that

s lodestone, is aname given
toiron oxide. Itis a naturally

points towards the north. magnetic mineral
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You have already learnt the rule that like poles repel each other, and unlike poles attract each
other. Common investigations of this rule include that shown in Figure 8.1.

Magnetic fields

Amagnetic field is the space around a magnet in which the magnet has an effect.

Magnetic fields can be demonstrated with iron filings, o with plotting compasses (see
Activity 8.1). You may have carried out experiments like these before, but its important to
recall the results. Remember that the convention in physics is to show the direction of a
magnetic field as being from north to south.

Activity 8.1

@A

How can we demonstrate a magnetic field?

Equipment needed

iron filings

magnet

plotting compasses

Safety

@ Take care not to drop the magnets as they can be quite heavy and
might trip someone.

Conducting activity 1

1. Place abar magnet under a sheet of paper. . "
Figure 8.2 The magnetic
2. Sprinkle ron filings on top of the paper and note the pattem created.  feidaround a bar magnet

Conducting activity 2

1. Place a small plotting compass close toa
magnet.

Note, and mark, the direction in which the
needle points.

Move the compass to various points around
the magnet and in each case mark the
direction in which it points.

Draw in the magnetic field.

Figure 8.3 Using a plotting compass to
demonstrate a magnetic field
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Electricity and magnetism

Allmagnetis

created by the movement of electric charges.

In an electromagnet, this is obvious: in Activity 8.2, you can see that when an electric current
flows, the iron core becomes magnetic, and without the current the magnetism disappears

almost instantly. It isless obvious in a bar magnet, but it is nonetheless true.

Activity 8.2

Question @A

How can we show electromagnetism ?

Equipment needed

Battery Iron nail Coil of wire Paper Clips

Safety

® Depending on the wires shown and the voltage of the %(%é

tron nail N
batteries used, the wires can quickly overheat. Only d

allow a current to flow for a few seconds at a time, and
do not leave the equipment unattended.

Conducting the activity
Wiap a wire tightly around a steel nail and connect the

two ends of the wire to a battery, as shown in Figure
84,

Check whether the nail is magnetised by attempting to °
pick up light materials such as paperciips.

Figure 8.4 Creating an electromagnet

Most permanent magnets are made from nickel, cobalt,iron or alloys that contain these
elements. What these elements have in common is the arrangement of electrons inside their
atoms. Electrons are never motionless and in fact are constantly spinning. Itis this spinning of
the electrons that creates the magnetic effect. Indeed, it makes sense to see each individual
electron as a sort of mini-magnet.

Figure 8.5 shows an iron bar that has not been
magnetised. Although each electron behaves as
amini-magnet, the random mix of the directions
in which they spin means that, overall, there s no
magnetic field created.

Figure 8.5 A non-magneised iron bar
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When it happens that all the electrons on the outside -
of the iron atoms are spinning in the same direction, ® @
though - as shown in Figure 8.6 - the magnetic effects | @ © &

created by each electron combine to create a powerful °
bar magnet.

Figure 8.6 Amagnetised ron bar

Did you know?

The reason that iron, nickel and cobalt can create permanent magnets in this way is
down to the arrangement of electrons inside the atom and is not an area generally
studied in a physics text. Students of chemistry will learn far more about the
structure of the atom than students of physics.

81 Whatis magnetite? 5

8.2 Most permanent magnets ﬁ ﬁ
contain at least one of which
three elements?

8.3 Figure 8.7 shows an 4
investigation being carried i %

Metal bar ¢

out by astudent to determine
whether a piece of metal is
magnetic. The metal is attracted
and/or repulsed as shown.
(a) Is the metal bar a magnet? N
(b) The student has been told Q’U QI
that the metal is either iron, °
steel or silver. Which of these

Figure8.7

Figure 8.8
might it be?

8.4 Inthe diagrams shown in Figure 8.8, the arrows represent the spin of electrons within
a steel bar. Which of the two would you expect to be magnetised?
8.5  Draw a diagram to show the shape of a magnetic field around a bar magnet.
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Magnetic fields around electrical objects
We have seen already that all magnetism is created either directly or
presence of moving electric charge. It follows that any electrical current will create a magnetic

directly by the

field. However, the shape of that field will be determined by the arrangement of the electric
circuit. The shape of the magnetic fields due to the electrical current in a long straight wire, a
loop and a solenoid are shown in Figure 8.

Key
< Current
« Magnetic field

Figure 8.9 Magnetic fields around electric currents

8.6 Draw adiagram to show the

a b
magnetic field around each of —_—

the arrangements of electrical

circuitry shown in Figure 8.10. °

Figure 8.10

A current-carrying conductor in a magnetic field experiences
a force
We have seen that an electr

current will always create a magnetic field. We also know that
any two magnets will create forces on each other if they are close enough for their magnetic
fields to overlap. It follows that if an electric current passes through a magnetic field, it will
experience a force. This can be demonstrated using a strip of tinfoil, which carries a current in
amagnetic field (see Activity 8.3).
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Activity 8.3

Question @A

Does a current-carrying conductor experience force in a magnetic field?

s

(€)

Equipment needed
Two bar magnets Stand and Clamp

Battery Strip of tinfoil
Wire

Safety
®  Take care not to drop the magnets or stand -
and clamp as they can be quite heavy and et

might trip someone.

{
=
Conducting the activity |

onedian |
artores —
1. Setupacircuit like that shown in \ﬁ nfo

Figure 8.1, with a piece of tinfoil

suspended from a retort stand. ° Battery
2. Close the switch so that a current will flow.

O0d

87  What happened to the tinfoil when the current flowed?
88 What did you note about the direction in which it moved?

Figure 8.11 Experimental setup

The direction of the force
As we have seen, a current-carrying conductor in a magnetic field will experience a force. In
Activity 8.3, we use tinfoil so that the metal will be light enough to move in response to this

force, allowing us to detectits presence.

If you swap around the connections to the power supply so that the current flows in the
opposite direction, you should notice that the foilstill moves, but that it moves in the
opposite direction. Similarly,if you swap the two magnets, you will see that the direction of

movement reverses again.

101
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The connection between the direc

ns of the
current, magnetic field and force was established Forcef.

by English electrical engineer and physicist John
Ambrose Fleming (1849-1945) in the late 1800s. Magnetic Feld &

Fleming explained the connection using what he

called the left-hand rule. If you look at Figure 8.12, |yt pang Clrrent
you will see a left hand with the fingers arranged so
that the thumb, index and second fingers are all at
right angles to each other.

Figure 8.12

The index finger is used to represent the direction of the magnetic field, the second finger
shows the direction in which the current s flowing, and the thumb shows the direction of the
resulting force.

00

8.9 Thediagramsin Figure 8.13 A b
show electrical wires carrying
acurrent and flowing
through a magnetic field
represented by B. Which way

Current

would the wires move,

todo so?

Electric devices

The electric motor is a device absolutely

central to modern technology. Itis the

basis of a lot of large household items,

such as washing machines, dryers and

dishwashers as well as power tools,

blenders, vacuum cleaners, clocks,

turntables and smaller items such as disk

drives. In all ituations the basics of the ° ‘\
design are the same, and the key part of

that design is that they make use of the fact

Figure 8.14 Ad.c. motor

that an electric current in a magnetic field will experience a force.

We can see the basis of the operation of a d.c. motor very easily (see Activity 8.4).
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Activity 8.4

Question A

How can we show the force on a current-carrying coil in a magnetic feld?

Equipment needed
Coil Carbon brush it Magnets

Safety

®  Take care not to drop the magnets as they can be quite heavy and may trip someone.

Conducting the activity

1. Connecta basic d.c. motor - which consists
ofa coil between two curved magnets - to
abattery as shown in Figure 8.15.
Allow the current to flow and observe what
happens.

Observations

You should see that when the current flows, the Commutator
ol rotates. ° i~
This demonstrates the force on a curtent-

PO Figure 8.15 A coilinamagnetic field

Speakers are another example of a device that makes use of the fact that a current-carrying
conductor in a magnetic field will experience a force. In these a coi
magnet, as shown in Figure 8.16.When a current flows through the coil it creates a force. The
coilis usually held tightly in place, so it is the magnet that moves instead. This is connected
tothe cone of the speaker, often simply made of paper. A constantly changing current in the
coil creates a constantly changing force on the magnet. This causes it to move backwards and

wound around a

forwards and creates vibration

the cone, which in turn creates the sound waves we hear
coming from the speaker.

Most ammeters, voltmeters and ohmmeters are based on the same principle.

In an ammeter, the current flows through a coil placed between two magnets.
The current causes the needile to rotate, and the larger the current, the greater the rotation.
This gives us a simple way of measuring the magnitude of a current, and indirectly measuring
the related values of voltage and resistance.
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Case

Paper cone
Coil on tube

Figure 8.16 Applications of electromagnets: two types of speaker. (a) Design
of astandard speaker. (b) Earphones. Allow one earphone to hang loosely by its
connecting wires and move the other earphone close o i. You will notice either a
slight attraction or repulsion between the two, created by the magnets that are a
Key partof their design

©

8.10 Whatis the direction of the force created in each of the wires shown in Figure 8.17?

F o =2
o

8 coming
towards us

Figure 8.17

Electromagnetic induction

In the preceding section we showed how we can create movement by passing an electric
current through a magnetic field. In this section we will see that the opposite is also true: we
can create an electric current by moving a magnetic field through a coil of wire. This is known
as electromagnetic induction.

When the magnetic field passing through a coil changes, a voltage is induced in the coil.
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Question

How can we demonstrate electromagnetic induction?

Equipment needed

Coil Magnet Galvanometer

Safety

@ Take care not to drop the magnet s it can be heavy and may trip someone.

Conducting the activity

1. Setup the apparatus as shown in Figure s B=u
818,

2. Move the magnet towards the coil. Note
that the needle on the galvanometer
indicates thata current s flowing (a
galvanometer is a device that measures
electric current).

Try varying the speed with which you move °
the magnet, and observe what happens.

Galvanometer

Figure 8.18 To demonstrate electromagnetic
s induction

811 Asthe magnet moved faster what happened to the current?
812 What happened to the direction of the current as the magnet moved closer and
further away?

Remember that each individual electron can
be thought of as a sort of miniature magnet. In
ure 8.19, we can see that the magnetic field

from the bar magnet passes through the coil.
Its effect can be felt by each of the electrons
s that go to

indicated (not to scale) in the

make up the coil.

When the bar magnet is moved it will like any
Figure 8.19 fthe magnet moves,t causes the - moving magnet, create forces on any other
electrons to move and the bulb to fight up N
magnets nearby, such as the electrons. This
causes them to move. An electric current is the flow of electric charge, and so an electric

currentis created.

105





OEBPS/image/1073.jpg
MODULE & ELECTRICITY AND MAGNETISM

Power stations

The basic design of the power stations we use to
generate electricity is based on electromagnetic
induction. Essentially, the power station consists
of a large coil between magnets. When the

coil turns, a voltage is created. As long as the
coil keeps rotating, a voltage is constantly

m; ed.

In variations on the design, itis very often the
colls that are stationary while the magnets spin.  Figure 8.20 A hydroelectrc station
The main issue in the design of power stations is
how to maintain the constant rotation of the coil

or magnets - or the turbine, as it is known. Transtormer

‘The most basic idea is to connect the turbine

toa windmi

. In hydroelectric stations, deep e
water is usually created using a dam, and water
passes through a narrow gap in the dam at
h pressure, turning the turbine. In sta
which coal, oil or gas are burnt, the heat is

used to boil water, and the pressure of the steam

Figure 8.21 The flow of water tums the
turns the turbine. Nuclear power stations also use  rurbine

the heat released during nuclear fission to boil

water and create steam to turn a turbine.

Another situation in which we see electricity generators in use is in the alternator in a car.
Conventional car engines need their battery to spark the engine into action, and also to run
devices such as a radio. This battery needs to be constantly recharged, and in order to do this
the car's engineis used by the alternator to generate a current to the battery that recharges it
while you are driving.

Many bicycles used to have dynamos fitted to their wheels. These use the rotation of the
wheel to generate a current sufficient to operate the bicycle’s lights.

UJC T ©

8.13 Use the

ternet to find out what percentage of Kazakhstan's electricity is generated by
each type of power station men

8.14 Workiin groups. Prepare a short presentation on one type of power station in
Kazakhstan.

ned above.
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Reflectionfof light

Learning outcomes
At the end of this module you will be able to:

Depict schematically a solar and moon eclipse [€577)

Plot by way of an experiment the angle of incidence and the angle of reflection (8572)

Explain and provide examples of mirror and diffuse reflections (8573
Plot an image in a flat mirror and describe its characteristics (8574
Plot the path of rays in convex and concave mirrors (8575

Examine and describe characteristics of images in convex and concave mirrors (8515

Construct simple optical devices 85116

+ ray  plane mirror + concave mirror  convex mirror
+ angle of reflection + angle of incidence +* normal
+ realimage + virtual image

Light is a form of energy

Life on Earth depends very much on the sun. Light is one of the forms of energy that we get

from the sun. Light energy is often converted to other forms:

® In photosynthesis light energy is changed to chemical energy in growing plants. The
vegetables and fruit
we eat give s this
chemical energy,
which we change to
other forms.

@ Solar cells convert
light energy to
electrical energy.

Solar cells can power

satellites, calculators

and parking meters (%)
in cities and towns.

Figure 9.1 Space telescope
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Speed of light
Light travels extremely fast. In scientific language the speed of light is 3 x 10° ms". This means.
that light travels 300000000 metres in one second.

If something could travel at the speed of light it could travel around the equator of the Earth
over seven times in one second.!

Activity 9.1

S A

Does light travel in straight lines?

Safety

Take care not to touch the bulb.

Equipment needed

Light bulb and three pieces of cardboard

Candiicting the activity] Figure 9.2 Light travels in straight lines

1. Take three similar square pieces of cardboard.
2. Putahole in the exact centre of each piece of cardboard.
3. Place the three pieces of cardboard between your eye and a bulb as shown in Figure 9.2.

Q) I I+

9.1 What can you see when the three holes are in a straight line?
9.2 What happens if you move the middle piece of cardboard 15 cm to the left?
9.3 What do you conclude from this experiment?

Shadows
Onabright day you can see your shadow on the ground. f you hold your hands in front of a
lamp you can see shadows on a wall.

Why are shadows formed? The answer has two parts:

1. Light travels in straight lines.
2.

)]

9.4 Canyou provide the second answer above?
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Light coming from a tiny point

Figure 9.3 A circular pece of
cardboard blocks the light from
point source. The shadow s a dark,

circularshape on the screen  pajsource

ofight

Light from a filament bulb

Screen |

Filament bulb.

Figure 9.4 Light
from the top and
the bottom of the
filamentin the
bulbis shown

Because light comes from different parts of the bulb the shadow is alittle more complicated.

@ You have the central dark area which gets no light from the bulb.
@ Theless dark outer area in the shadow gets light from only some parts of the bulb.

An eclipse

Figure 9.5 The moon s the
‘opaque material that blocks
light from the sun reaching
the Earth. Notice again the
central dark area and the less
dark outerarea ofthe shadow
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