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How can wind be used to generate
electricity? i —

Which energy is needed for vehicles to
move?

What causes the formation of lightning?

Why does the compass always show the
north-south direction?
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SCIENCE ‘B[OG
The Electric Eel

The electric eel or scientfically known as
Bectrophorus electricusis a type of fireshwater
fish found in South Amernica, The length of its
body can exceed B feet

This fish has around B 000 special cells
known as electrocytes, These cells are their
secret weapon that enahles the electric el to
discharge electricity up to BOD volts!

Electricity that is discharged s used to
protect the figh from its predators and o
catch smaller fishes. This fish's eyesight is
limited because of its dark and muddy habitat
This ceuses the fish to use the transmission
of glectric charges as a guide lor direction.

g

# Electric current * Series circuit
¥ Electric charge P Resistors

¥ Electrostatic ¥ Magnetic field
# Ohm's Law * Magnet

# Parallel circuit ¥ Elactromagnet
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o you still remember the topic on dectricity that you have learned during primary school?
Various home appliances such as the washing machine, television, computer and others use
electricity to function.

Energy

All living things need energy. A moving vehicle, a lighted bulb, and a sleeping cat use energy. What

does energy mean? Energy means the ability to do work. Can you state a few daily activities that
use energy?

need energy
from fuel to i bulb is produced by
move ————

a

Photograph 7.1 Varions wses and needs of energy
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Forms of Energy

Energy cannot be created nor destroyed but it can exist in various forms. Photograph 7.2 shows
various forms of encrgy that exist around us. Can you give another example for cach of the following

types of energy?
‘ IIL'
’ 4 I,‘.

Electrical energy

o

Gravitational potential energy Elastic potential encrgy

Heat energy
Photograph 7.2 Variows forrmis of erergy

Chemical energy

— Figure 7.1 Virious sources of energy Q‘
©
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é'} Aim : To discuss energy. | g

— __"1 Instruction .
-_-_-:—:'Eq 1. Work in groups.
— & 2 Disouss

— (@) the importance of energy in our daily lives _

! 3 | (b) forms of energy
oy | () sources of enerqy
3, Usevarious sources to gather these information.

_i _’:r_-—'"-_ | 4 Present your discussion in the form of a multimedia presentation.

- — -
—_— o

Electrostatic Charges

Have you ever felt an electric shock when you touched a door knob? Why does this happen? It happens
a% a result of the transfer of electric charges between our body and the door knob that has static electric
charges. These static charges are known as electrostatic charges. Let us camy out Activity 7.2 to show the

existence of electrostatic charges on different types of materials.

-

Aim: To test the existence of electrostatic charges on certain materials, Note: Make sure that all the
* Materials: Balloon, pieces of shredded paper and stream of apparatus are dry.
running tap water

A Apparatus: Polythene rod, cellulose acetate strip and
. woollen doth

- Instruction

1. Rub a polythene rod with a woollen cloth.

2. Hold the rod dose to pleces of shredded paper
(Photograph 7.3) and record your observation.

3. Repeat step 1.

4. Hold the rod dose to a small stream of running tap
water and record your observation. Photograph 7.3

5. Repeat steps 1 ta 4 using a cellulose acetate strip and
a balloon 1o replace the polythene rod.

Questions
1. Give an inference for your observation.

2. What other methods can be used to test the existence of electrostatic charges on the balloon?
Explain the steps taken.

- T2
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Based on your observation in Activity 7.2, how are the electrostatic charges between the objects
produced? Electric charges consist of positive charges (proton} and negative charges (electron). The
attraction and repulsion between the electric charges shown
in Figure 7.2 are known as electrostatic forces. _o o* Same charges

When two different types of objects are rubbed together, } repel each
only the electrons are transferred from one object to the *9 e* other
other, whereas the protons do not move. The object that Opposite
gains electrons will be negatively charged. The object that 0“9 charges attract
loses electrons will be positively charged. The object that has - otkiee
equal number of protons and electrons is known as neutral,

Figure 7.2 Properties of electric charges

The number of protonsis  The number of electrons The number of protons
maore than the electrons is more than the protons and electrons is equal
Positively charged MNegatively charged MNeutral

Figure 7.3 The number of electrons on objects

Look at Figure 7.4 to understand the effect of electrostatic charges on a plastic comb that has
been rubbed with a piece of woollen cloth.

% The comb rubbed with the woollen cloth will gain
electrons from the woollen cloth and will be negatively
Pieces of neutral charged. This enables the comb 1o attract the pleces
shredded paper af paper because of the force of attraction that exist
between the positive charges on the pieces of paper
and the negative charges on the comb,

Figure 7.4 Effect of production of electrostatic charges —
A
| 145) |




Electroscope
An electroscope is a device used to detect the existence of
electric charges on an object.

Positively charged  Megatively charged
: wbip

Meutral strip

(a) (b)
The gold leaf does not The gold leaf diverges because the
diverge because the same charges repel each other.

positive and negative
charges are attracted to
one another.

Figure 7.5 How the clectroscope works

The further the divergence of
- the gold leat, the higher the

Examples of Electrostatic in Our Daily Life

The occurrence of lightning is one of the phenomena that is related
1o electrostatic charges, The friction between clouds and air causes
the clouds to be charged with electric charges. Lightning is a result of
the force of attraction that exists between the positive charges on the
ground and the negative charges in the clouds.

The upper part
of the cloud is

The negative charges in

the clowds are atiracted

to the positive charges on
the surface of the earth

of the cloud Is
negatively charged

$t+t+++Eath +++++++

— Figure 7.6 Lightming

Matal cap

|
s Insulator
Fao {f

LY
h—ﬁﬂdhf

A& q

Photograph 7.4 An clectrascope

.:Tl'lﬁ'ltnﬂlei

electroscope was invented
by a physicist, Abraham
Bennet n 1787

The bghtning conductor

i installed at busldings to
provade a path for the electric
charges to flow into the
ground. This method protects
thie buidimg from beng struck

by bghtning

2]
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o Science
| I
Simulation of lightning can be carried outl in the school \Lm
laboratory by using a Van de Graaff generator or Wimhurst machine. Wimhurst machine
Carry out Activity 7.3 to observe the simulation of lightning. s a device for
¥ generating high
voltages.

S = e

| Aim: To carry out a simulation of lightning formation by using the Van de Graaff generator.
= | Apparatus: Van de Graaff generator
*  Instruction

1— 1. Switch on the Van de Graaff generator,
: 2. After a few minutes, move the metal sphere closer to the dome and

record your observation.

» | Questions |
| 1. What is your observation in this activity? . |
2. What will happen if the metal cap of an electroscope is brought closer to the Photograph 7.5
dome of the Van de Graaff generator?

- _ == -

Solving Daily Life Problems Inveolving Electrostatic

| cleaned this TV screen

Tha TV screen becomes dusty
quickly because the negative charges
on the dust are attracted to the
positive charges on the TV screen,
Use a microfibre cloth, a type of anti-
elecirostatic material so that # does not
\ become dusty too quickly

- CDawy s . G000 & -
— Aim:To gather information and solve daily life problems involving electrostatic. L
__ Instruction
. 1. Workin groups.
1 2. Gatherinformation on the following problems that involves electrostatic. Discuss how to solve them. :

| {a) The choice of fabric to be worn in hot weather } =
= (b) Safeshelters during a thunderstorm (use Faraday’s cage concept) ——————s
E { 3. Share your findings with the class. [
e — . :

=




Electric Current oa
Electrical appliances require electric charges to operate. Energy ;

that is needed for the electric charges to flow can be generated from -
sources such as electrical generators, dry cells and solar cells. What o

is the relationship between electric charges and electric current? 4 :—:}\

Photograph 7.6 Diry cells

;‘: C ¥aiwiey 75 | - :

Aim: To study the relationship between electric charges and electric cument. Safety . q

Apparatus: Van de Graaff generator, galvanometer and connecting wire :".

— 1 Make sure all the apparatus

= - Instruction i
- [ an:l lra1
~ 1. 5etupthe apparatus as shown in Figure 7.7, I mw o

. 2. Switch on the Van de Graaff generator and observe the pointer on the gatvanummr

———ty ; Deme of Van de Graalf generator

* B N N Diigb

: parthed A galvanometer & used to
- Galvanometer detect very small electric
urments,
1 ure 7.7
Questions Fo

~— 1. What happens to the galvanometer's pointer? Explain,
! | 2. How do you show the existence of electric charges on the dome of the generator?

= = | 3., State the meaning of eleciric current.
==rui
——— — - — - ———

The deflection of the galvanometer’s pointer indicates the flow of
the electric current. Electric current can be defined as the rate of flow
of electric charges through a conductor.

Measuring the Quantity of Electricity

The flow of dectric current can be measured by using an ammeter.
You have learned in Form One that the 5.1 unit for electric current is
ampere (A}, The voltage is the potential difference between two points
that can be measured in volt (V) by using a voltmeter.

Photograph 7.7 Voltmeter

il

(=

o
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E mqr 76 ' - :

| 2. Turn on the switch and record the reading of the voltmeter.

Aim: To measure the current and voltage by using a suitable measuring apparatus.
Apparatus: Ammeter, voltmeter, connecting wire, switch, dry cell, crocodile clip, bulb and dry

| cell holder
r
GJ_. Measuring current using an ammeter Swilch Connecting
- L% i
" Instruction ‘IQ / wire
1. Connect the circuit as shown in Photograph 7.8 using
| onedrycell. Dry cell
2. Turn on the switch and record the reading of the ammeter. — Crocodile
Observe the brightness of the bulb. clip
3. Record your observations.
4. Repeat steps 1 to 3 using two dry cells. LI RACY o0 e
Photograph 7.8
G', Measuring the voltage using a voltmeter @
Safely g
E !H,."-'!l" mm,
The voltmeter must be connected parallel o the bull n order to measure the voltage.
Instruction Votmeter "M Connecting

1. Connect the circuit as shown in Photograph 7.9 using
one dry cell.

Observe the brightness of the bulb.
3. Record your observations.
4. Repeat steps 1 to 3 using two dry cells,
Bulb 'Dry cell holder
Observation Photograph 7.9

Reading of Reading of

Activity . I'ﬁ.lmhnrnﬂlrrulk. — /A voltmeter/V | Brightness of bulb
A 1
2
1
B
2
Questions

1. What is the relationship between the electrical current and the increase in the number of dry cells?
2. What is the relationship between the voltage and the increase in the number of dry cells?

| 3. Give an inference for the brightness of bulb in Activity A.

| 4, What is the relationship between the voltage, electric current and the brightness of the bulb?

- —

\Z m

Multrmeter can be used Lo measure curment and voltage

| _1“;!:



The Relationship between Current, Voltage and Resistance

The ability of a conductor to limit or resist the flow of electric current is known as resistance. The
unit for measuring resistance is ohm (£2). A fixed resistor has resistance that cannot be adjusted
whereas a variable resistor or rheostal has resistance that can be adjusted. Current, vollage and
resistance are three electrical quantities that are closely related to one another in a circuit. The
changes in magnitude of one of the electrical quantities will have an effect in the magnitude of the
other quantitics.

Let us carry out Experiment 7.1 to study the relationship between current, voltage and resistance,

&'

, eriment 7.|

27 P
Aim: To study the effects of changes in resistance and voltage on electric current.
l&, The effect of changes in resistance on electric current

Problem statement: What is the effect of changes in resistance on electric current?
Hypothesis: The higher the resistance, the smaller the current flow.

Variables:

{a) Constant variable: Number of dry cells

(b) Manipulated variable: The length of the nichrome wire
(c) Responding variable: Reading of the ammeter

Material: Nichrome wire (60 cm)

Apparatus: Ammeter, metre rule, dry cell holder, dry cell, thumbtack, crocodile clip, jockey and
k connecting wire

Procedure:
L’ 1. Fix a nichrome wire to both ends of a metre rule.

2. Setup the apparatus as shown in Photograph 7.10.
k 3. Place the jockey where the length of the nichrome wire is 20 cm. Record the reading of the

ammeter.

4. Repeat step 3 by increasing the length of the nichrome wire to 30 cm, 40 cm, 50 cm and 60 cm.
k 5. Record the ammeter readings in a table for each length of the nichrome wire used.

6. Plot a graph of current against the length of nichrome wire.

Ammeter
Connecting
_J_J:, Creeodile clip Wit

S X

Y
|

,\
2
=

s
&
LI:
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K Observation:
k Length of nichrome wire (cm]  Reading of ammeter (A) |
20
k 30
Conclusion:
Is the hypothesis accepted? Give your reasons,
Questions
k 1. Whatis the relationship between the length of the nichrome wire and resistance?

2. What is the relationship between the length of the nichrome wire and the current that flows in
the cireult?
3. What is the relationship between resistance and electric current?

k & The effect of changes in voltage on electric current

Hypothesis: The higher the voltage, the larger the current flow

Variables:
{a) Constant variable : Nichrome wire of 10 cm length .o
(b) Manipulated variable : Number of dry cells

{c) Responding variable : Reading of the ammeter

k Problem statement: What is the effect of changes in voltage on current?

Apparatus: Ammeter, voltmeter, connecting
wire, nichrome wire of 10 cm length, dry cell and
crocodile clip

Procedure:
1. Setup the circuit as shown in Photograph 7.11
using cne dry cell
k 2. Record the reading on the ammeter and
voltmeter.
3. Record your observations in a table.
k 4. Repeat steps 1 to 3 using two, three and four dry cells. Photograph 7.11
5. Piot a graph of current against voltage.

k Observation:
Number of dry cells [ 1 | 2 | s s
k . Reading of ammeter (A) . . | .
' Reading of voltmeter (V) |

Conclusion:
Is the hypothesis accepted? Give your reasons.

Questions
l‘ 1. What is the relationship between the number of dry cells and the reading of voltmeter?
2. What is the relationship between voltage and electric curnent?

((3s1)}

=



Experiment 7.1 shows that the amount of current flowing through the circuit decreases as
the resistance increases. Besides, we can also observe that when a higher voltage flows through the
circuil, the amount of current flowing through the crcuit also increases.

The relationship between the current, [, the voltage, V and the ,x:-) Science
resistance, R is known as the Ohm's Law. The relationship among _/."t l m
these three electrical quantities can be written as:

Ohm's Law Tnangie can be

used to memanse the Dhm's
B Law. Put your finger over the
= quaniity thak you are lnoking
far. Then, multiply or divde

Ohm's Law states that the electric current that flows the other two quantities that
= through a conductor is direclly proportional to the Al mel

voltage across two ends of the conductor, provided 3

the temperature and other physical situations remain &3

unchanged. e

1. State the forms of energy that exists in each of the following situations,
{a) Bolling water
{b) A chicken running
() Compressed spring

2. Asthe clouds move, a lot of electric charges are accumulated by the douds. J

Based on the statement above, explain the occurrence of lightning.
3. What is the resistance of a car light bulb that conducts 0.025 A current when connected toa 12V
car accumulator? Is the current in the bulb steady?

?2 Flow of Electric Current in a Series Circuit and Parallel
Circuit

lectric current requires a complete path which enables it to flow. This path is known as an
electric circuit,
Electrical Circuit Components

A complete electric circuit is made up of various electrical components which are represented by
symbaols. These symbols are used to draw circuit diagrams.

o)/ =
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Table 7.1 Electrical components and their symibols

Electrical component | Symbeol Electrical component |
Switch T
Diry cell —f b Resistor

Fuse

Varisbleresistor  —[7F or —{—}-

é"
79¢

EEEE

An electric circuit can be connected in series or parallel, A series circuit is made up of electrical
components that are connected one after another where the current flows through in a single path
(Figure 7.8), A paralle] circuit is separated into several different paths of electrical circuit and each
parallel path has electrical components (Figure 7.9).

| i
&
&

Figure 7.8 Scries circuit Figure 7.9 Parallel circuit




Current, Voltage and Resistance in a Series Circuit

Is the current that flows through each electrical component in a series circuit the same? Carry out
Activity 7.7 to study the current, voltage and resistance in a series circuit.

77 : 5 >

>
Aim: To study current, voltage and resistance in a series circuit.
— . Apparatus: Dry cell holder, connecting wire, bulb (1.5V), dry cell, - .
Eg—— . switch, ammeter and voltmeter
. Instruction |

1. Set up a series circuit as shown in Figure 7.10 {a).

2, Turn on the switch and measure the current that flows through
bulb M. Measure the current that flows through bulb N by placing M I, N

. theammeter between Mand N as shown in Figure 7.10 (b).

, 3. Measure the current that flows through bulb M and N by setting up
the circuit as shown in Figure 7.10 (c).

4. 5et up the voltmeter across bulb M, followed by bulb N as shown in
Figure 7.10 (d) to measure the voltage reading across the bulb.

5. Setup the voltmeter as shown in Figure 7.10 {e) to measure the

voltage across two bulbs,

Calculate the resistance for each bulb separately and also for both

the bulbs using Ohm's Law,

7. Record all the readings in a table.

Questions

1. What is your conclusion on the current flow through the series
circuit?

| 2. What will happen to the bulbs in the series circuit if one of the

bulbs is removed?

After carrying out Activity 7.7, you will notice that the current that flows through each bulb is
the same but the voltage is the sum of the voltages across each bulb, Effective resistance, R is the total
resistance across the components. We can conclude that:

Cwmnt.!-f,nl, '-"U]tagr.'l’-i’l-l-'il’: Rﬂ:istmc,e,ﬂuﬂi+ﬂ_’

I'\_--./"
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Table 7.2 Advantages and disadvantages of a series eircuit

Advantages Disadvantages

* Every component in the circuit receives the * When one of the electrical appliances is

same amount of current. damaged, other electrical appliances cease to
» Every component is controlled by the same function.

switch. . Mt‘iin:more electrical appliances increases
* |ncrease involtage supplies more electric resistance and decreaces the flow of the

current. current.

+ Eachelectrical appliance cannot be switched off
! individually. 1

Current, Voltage and Resistance in a Parallel Circuit

Current, voltage and resistance in a parallel circuit is different from a series drcuit. Carry out
Activity 7.8 to investigate the current, voltage and resistance in a parallel circuit.

- "“!' 18 : g o

_— - " —
Aim: To study current, voltage and resistance in a parallel crcuit. I M "
| Apparatus: Dry cell holder, connecting wire, switch, bulb (1.5 V), dry [
- cell, ammeter and voltmeter
— |nstruction = {a) e
== | 1. Setup a parallel circuit as shown in Figure 7.11 (a). i -
. | 2. Turn on the switch and measure the current that flows through M (B
— . bulb M. Measure the current that flows through bulb N by changing
= the position of the ammeter. N
Hl—r 3. Measure the electric current that flows through both the bulbs, M _@_ | ——
" and N by setting up a circuit as shown in Figure 7.11 (b). (B}
| 4. Fixthe voltmeter across bulb M followed by bulb N as shown in " — 1=
- | Figure 7.11 {c} to measure the voltage across the bulbs. Vs
| 5. Fixthe voltmeter as shown in Figure 7.11 (d) to measure the voitage Y]
across two bulbs. 3
—_— | 6. Calculate the resistance for each bulb separately and for bath the WV,
<] bulbs using Ohm's Law. @ l
; 7 Record all the readings in a table. : é :
. | b
- Questions ©
1. Isthe value of voltage different for bulb M and N7 I
| 2. List out the advantages and disadvantages of a parallel circuit. —h
| @V
— M =
— ®
——— (@ =t
> Figure 7.11
= - - —,
- . =
— (8}
» ==



Voltage, V that flows across each resistor in a parallel circuit is the same as the voltage that
flows across the dry cell. However, the current, I that flows in a parallel circuit is actually the total
amount of current that flows through each resistor. Therefore, the current and the voltage can be

concluded as:
Cl.l.l.'l':‘n‘l,f=i'l+fz ‘fal‘ll.ge.V=V!=V!

R4
R,

HII—I

Effective resistance, R can be calculated wsing the following formula: %=

Table 7.3 Advantages amd disadvantages of a parallel circuit

Advantages Disadvantages

» Everyelectrical appliance can be switchedon ~ # The voltage for every electrical appliance cannot
or off separately. be adjusted because the voltage is the same as
# The increase in the number of electrical the source of voltage.
appliances does not affect the function of
other appliances in the same circuit.

The electrical wiring system in our homes is
connected in parallel. For example, all the lights at home
are connected in parallel to ensure every light gets the
same voltage from its main power supply. The current
that flows from the main power supply to the circuit is
controlled by a distribution panel (Photograph 7.12).

P'I'm‘tny'-n]-bh 7.12 Distribution panel

Numerical Problems Related to Current, Voltage and Resistance in
Series Circuit and Parallel Circuit

1. Two resistors, R, and R, are connected in series in a
circuit as Shnwn in Figure 7.12. Calculate:
{a) the effective resistance, R
(b} the current, ['in the circuit
{c) the voltage, V and V|

Figure 7.12
Solution:
(&) Effective resistance, R (b) Current, I (€} V,=IR,
R=R +R, rak =1.5A%20
E=101+21] R =3y
R=4101 _6V V,=IR,
4 0} =13 Ax 21}
o 3V




2. Two resistors, R, and R;r are connected in parallel in a circuit
as shown in Figure 7.13. Calculate:
{a) the effective resistance, R
(b) the voltage, V'
{e) the current, I in the circuit

Solution:

(a) Effective resistance, R {b) Voltage, V

‘B

R U ) Voltage across cach
R R R, resistor in a paralle]
S U circuit is the same, that
R 201 20 56V,
L1 )
R {c) Current, !
R=1101 v V.
i =—1 j" = —=
R, *T R,
=¥ O
S -0
=3A =3 A
I =1+l
=JA+3A

W#

[FormativelBractice)

= Edeetricity sed Magnetism
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Iy +r R

+ [Dwection of eectron flow
fram the nisgathe temminal
1o the posiive terminal af
an elecincal source

= [wection of current flow &
fram the pestive terminal
to Uit negativie terminal of

an elecinl soune

h,

1. Draw a parallel drcuit using three bulbs, a dry cell, a switch and several connecting wires,

2. Based on Figure 1, calculate:
{a) the effective resistance
{b) the current in the circuit
(¢} the voltage across each resistor

. Based on Figure 2, calculate:
(8} the effective resistance
(b} thevoltage
(e} the current flowing through each resistor

1 3N

ay
i

Figure 1

51

4y
i

an
[ &9, |
[ 1

Figure 2

\]
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7.3 % Magnetism )

Dn you know what causes button magnets to stick to .
a whitchoard? These button magnets have pieces
of magnet attached to them to enable them to stick on 21 + 10 = ?

a whiteboard surface (Photograph 7.13). Magnets exist
naturally in the form of lodestones. However, man-made
magnets, made of materials such as iron, steel, cobalt and
nickel, are widely used in our everyday life.

Photograph 7.13 Bufton magmets
on whiteboard

Properties of a Magnet

You might have already known one of the properties of a magnet, that it only attracts magnetic
materials. Do magnets have other properties? Let us learn its properties (Figure 7.14]).

Has poles
(north pole and

south pole)

Attracts magnetic
materials

Pri pert ies
ofa

nmagn et

Like poles repel, Freely suspended
unlike poles magnet shows
attract north-south
direction

Figure 7.14 Propertics of a mugmet

Magnetic Field

Photograph 7.14 shows only steel balls that are
closer to the magnet are attracted by the magnet.
The area around the magnet with magnetic force is
known as magnetic field.

Photograph 7.14 Magnet and steel balls

(o,
{fer™)
\ 15‘? )b A1
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Aim: To study the pattern of a magnetic field.
 Materials: Iron filings and a piece of thin card
Apparatus: Bar magnet, horseshoe magnet,

Iron filings —p

magnadur magnet, compass and drawing paper Card i

= Instruction Photograph 7.15
LT — 1. Sprinkle some iron filings evenly on a thin plece of card.
= % (Photograph7.15).
— 2. Place the card on a piece of bar magnet (Photograph 7.16)
e — and tap the card gently until a pattern is formed. Cord—__ — | —

| 3. Draw the pattern that is formed. Bar N
. | 4. Arrange four compasses and a bar magnet on the piece of  magnet

| drawing paper as shown in Figure 7.15.
* 5. Mark the direction of the compass needle on the pattern that Photograph 7.16

. you have already drawn in step 3.

| 6. Repeatsteps 1 to 5 by replacing the bar magnet with a
. | horseshoe magnet and magnadur magnet. Bar o
- . Questions magnat O’ Compass

1. Which part of the magnet can you see the most magnetic field

——— 7 Wik partofthemag - ONNN_S0 F~—
= | 2. What is the direction of the magnetic field lines? O
£ 3. What s the relationship between the magnetic field lines and the Figure 7.15
—_—1 strength of the magnetic field? &
—
— _

You have observed different patterns of magnetic field
produced by Lthe magnetic field lines. These magnetic field lines have
several characteristics.

The magnetic field lines

begin from the north pale " \

and end at the south pole. The magnetic field lines J

S never meet or cross.
R e
The magnetic field lines I e ) i
e o et S
where the magnetic field ‘:'"'.-: .'."'::.
is stronger. ¥ Ve 2 |
g T e S

Figure 7.16 Characteristics of magmetic field lines

Does a magnet beoken mio
two pieces shil have two

\ poles?

(T Seience
~WDlifo
A magnetic field between
two ke poles will produce a
neutral region |X] which is
free from the effect of any
magnelc foroe

/

Brain @@y



Electromagnet

You have studied electric current in 7.1, Do you know that electric current has
magnetic effects? An electromagnet is a type of magnet that has temporary
magnetic effect when electric current flows through it. The electric bell is an
object that uses electromagnet (Photograph 7.17).

- Photograph 7.17
- 740 X Electric bell
<l :

- - Aim:To studythe pattern and direction of the magnetic field produced by the electric current that
'_—_.__I flows through different conductors.,
._____'; : Materials: Straight wire, coiled wire, thin cardboard, solenoid and iron filings

| Apparatus: Compass, retort stand with clamp, power supply (D.C. 3 V],

"I

I11.|

| connecting wire and crocodile clip &.

Instruction

1. 5et up the apparatus as shown in Figure 7.17.

. 2. Sprinkle some iron filings evenly on the white cardboard. i

| Start the power supply and tap the cardboard gently until  wira

amagnetic field pattern is formed.

Stop the power supply and sketch the magnetic field

pattern that has been formed.

Place four compasses around the straight wire as shown in

Figure 7.18.

. Restart the power supply and observe the direction of the

needie of the compasses, D.C. power

Stop the power supply. Mark the direction of the current

flow and the direction of the magnetic field in the pattern

you have drawn in step 3.

. Reverse the direction of the current flow and observe the

pattern and the direction of the magnetic fisld again.

8. Repeat steps 1 to 7 by replacing the straight wire with
coiled wire and solenoid.

Questions
= 1. Whatis the purpose of using the iron filings and compass in this activity?

2. Are the magnetic field patterns for all three conductors similar?

3. What can you observe in the magnetic field when the direction of the electric current is reversed?

1

)

I

i

The pattern of the magnetic ficld depends on the shape of the

conductor used. For example, the magnetic field lines produced by a 1m
straight wire and a coiled wire are concentric circles. Magnetic field Direetian af
lines are closer where the magnetic field is stronger. The strength of magnetic field
the magnetic field reduces as it moves away from the centre of the
conductor. The pattern of the magnetic field produced is not affected by
the direction of the current that flows through the conductor.

Straight wire

The direction of the magnetic field is determined by the direction Fi 7.19 Right-hand
of the electric current. The right-hand grip ruledetermines the direction g;;u::k. sk
Dflhr. magnetic field of the current flow in a straight wire (Figure 7.19).
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Solenoid polarity can be
determined by absening the
direction of Uhe current fliow,
The current that flows n the
anti-clodkwise direction is

the north pole, whemeas the
cument that fAows docosmse =
the south pels,
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Figure 7.20 Pattern and direction of magnetic fields produced by
conductors
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k Aim: To study the factors that influence the strength of the magnetic field.
Q The relationship between the current that flows and strength of the magnetic field

Problem statement: Does the current flow affect the strength of the magnetic field?
Hypothesis: The larger the current that flows through a conductor, the stronger the magnetic field.

Variable:

(a) Constant variable : The number of turns of the coil
k {b) Manipulated variable: Current

{c) Responding variable : Number of pins attracted

Materials: Pin, iron rod and copper wire
Apparatus: D.C. power supply, ammeter, theostat, Petri dish and retort stand with clamp

Procedure:

1. Setup the apparatus as shown in Figure 7.21 with Iron rod
10 coils of copper wire around the iron rod.
2. Turn on the power supply and adjust the rheostat to Reteort
obtain 0.5 A of cument. x"‘d with
3. Replace the Petri dish containing pins with an empty mp
Petri dish. E
Turn off the power supply to let all the pins to fall g@)
back into the empty Petri dish. E
Count the number of pins attracted by the iron rod.
Repeatsteps 1to Susing 1.0A, 15A, 20 Aand 25 A
of current. Record your observations, sl

— L Z e —p
Conclusion: Rheostat =%itch DG power
Is the hypothesis accepted? Give your reasons. supply

k Figure 7.21
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H o,- The relationship between the number of turns of a coil and the strength of the
" magnetic field

Problem statement: Does the number of turns of a coil affect the magnetic field?
Hypothesis: The more the numbser af turns of a coil, the stronger the magnetic field.

Variables:

(a) Constant variable: Current

(b} Manipulated variable : Number of coils

(c) Responding variable : Number of pins attracted

Procedure:
1. 5Set up the apparatus as shown in Figure 7.21 with 10 colls of copper wire coiled around an iron

k 2. Tum on the power supply.
3. Replace the Petri dish containing pins with an empty Petri dish.
4. Turn off the power supply so that all the pins drop back into the empty Petri dish.
k 5. Count the number of pins attracted by the iron rod.
6. Repeat steps 1to5 using 20, 30, 40 and 50 turns of copper wire on the iron rod.
7. Record your observations.

Conclusion:

| Is the hypothesis accepted? Give your reasons.

Application of Hagnets and Ele:tmmagnets in Daily Life

The needle of Credit cards The magnetic lock
o Sk e and debit on doors uses an
uscs a magnet cards have sn electromagnet

to show the electromagnetic ta lock the doors
direction of the poles, strip that stores information. automatically.

Photograph 7.18 Uses of magnets and electromagnets in duily life

1. What is a magnetic field?

Iron——]
2. Figure 1 shows an iron nail coiled with insulated copper wire nail 1 Dry cell
connected to adry cellof 1.5V, 3
{a) What happens when the switch is tumed on? Coppar—
{b) Mark the direction of the current flow in the copper wire "™ .
around the iron nail. ] P
(c) State the poles of the magnetic field at P and Q. Switch

Dy ==

{d) What happens to the strength of the magnetic field if another
dry cell of 1.5V is added? Figure 1

3. State True or False for the following statements.
{a) Ifan object is attracted to magnet, the object is a magnetic material
—
{b) A straight wire produces magnetic field lines in the shape of concentric
circles. —_—
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After learning this chapter, you are able to

7.1 Electricity

D Describe and communicate about energy.

[:l Explain and communicate the existence of electrostatic charges.

[ ] Explain with examples electrostatic in daily life.

|:| Draw a conclusion that the flow of charges produces electric current.

[ ] characterise current, voltage and resistance, and their units.

EI Draw a conclusion on the refationship between cument, voltage and resistance.
7.2 The Flow of Electric Current in a Series Circuit and Parallel Circuit

[ Blaborate and communicate about the flow of electric current in series circuit and parallel circut,
7.3 Magnetism

|__| Draw a conclusion about the characteristics of a magnet.

D Describe and communicate about electromagnets.

EI Carry out an experiment and communicate the uses of magnets and electromagnets
in daily life.

Summative [Z2EN 7 A

1. Tick (+) the correct statement about electrostatic charges.

{a) Earthing causes positive charges to flow from the object to the ground.
{b) Similar types of electric charges attract one another.

{c) An electroscope is used to determineg the presence of electrostatic charges.

U

2. Imran's office floor is covered with a nylon carpet.

(a} What isthe effect of electrostatic charges on Imran if he touches an iron chair? Explain your
answer.

(b) Suggest a method to evercome the effect of the electrostatic charges mentioned in
2{3). &
3. {a) Why doesn't aVan de Graaff generator function properly in damp weather? &l

(b) Why is the shock from the Van de Graalf generator not as dangeraus as the electric shock
from a domestic power supply? &

o
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4. Complete the following crossword puzzle regarding electricity. &5
4 Across

id) 1 I {b) — allows the electric current to
P £ flow through it.

{d) A drcuit connectedin_______ has
the same voltage across the bulb.

Down

{a} he

l « fal ___ isthe quantity of electricity
; that is measured by the ammeter.

o5 R (c) The unit for resistanceis
(8) — resists the electric current
from flowing through a conductor.

L]

5. What is the most suitable dircuit to be used in a fire alarm system?
Explain your answer.

6. Figure 1 shows a parallel electric circuit. Calculate the value
of current A, A, and the voltage V, V_ that is not stated.

Figure 1

HOTS _ Mastery 7

7. Why does the copper coill
in the electromagnet used
in lifting scrap metals
(Photograph 1) have many
turns? @ik




