How are magnetic forces used to produce
rotation in an electric motor?

What is a brushless motor?

How can the concept of electromagnetic
induction be applied to benefit human beings?

Why are transformers used in the
transmission and distribution of electricity?

You will learn:

&1 Force on a Current-carrying Conductor in
a Magnetic Field

432 Electromagnetic induction
43 Transformers
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The drop tower is a high technology theme park equipment
based on the concept of electromagnetic induction. The
passengers on the drop tower will drop from a great height
and experience free fall at high speed. They are then slowed
down by an arrangement of permanent magnets fixed under
their seats and copper strips on the lower section of the drop
tower, The motion of the permanent magnet passing the
copper strips will activate electromagnetic braking. This can
be explained by the concept of electromagnetic induction.

Importance of

Knowledge about electromagnetism is important because
magnetic forces, electromagnetic induction and transformers
have wide applications and affect various aspects of our daily
life. Magnetic forces are used in various types of motors such
as small electric motors in fans and modem electric motors
in modem electric vehicles, The principle of electromagnetic
induction is applied in electric generators and transformers
for the purpose of generation and transmission of eleciric
power from the power station to the consumer, Various new
inmovations that use the concept of electromagnetism are
being developed by scientists and engineers.

FFuturistic © JI0S

The concept of electromagnets is not only used to slow dawn
mation but also to accelerate the motion of objects to very
high velacities. For example, hyperfoop transportation uses
limear electric motors (without rotation) 1o accelerate vehiches
mewving In low pressure tubes. Transportation on land at

speeds comparable to the speed of aircraft may become a
reality in the near future.




4 ’] Force on a Current-carrying Conductor in a
= Magnetic Field

[} you know that an electric train as shown in Photograph 4.1 uses a large electric motor while
a smart phone uses a small motor? The function of most electric motors is based on the effect of
a current-carrying conductor in a magnetic field.

beoip et A NS T

Phatagraph 4.1 Electric train

oo Activity 7

-

Adm: To study the effect on a current-carrying conductor in a magnetic ficld

Apparatus: Low voltage direct current power supply, U-shaped steel yoke, a pair of Magnadur
magnets and retort stand

Materials: Two copper rods withowt insulation and copper wire (s.w.g. 20 or thicker)
without insulation

Instructions:

L. Se¢t up the armngement of apparatus as shown in Figure 4.1.

Retor stand Magnadur
magncl

Low voltnge dinect
curment power supply

Figure 4.1




2. Tum on the power supgly o that current flows into the copper wine, Chbserve the movement of
the copper wire.

3. Tum off the power supply. Reverse (he connections 1o the power supply so that the curment in
he copper wine is reversed.

4. Tum on the power supply again, Observe the movement of copper wine.

5. Tum off the power supply. Remove the steel yoke, reverse the pobes of the Magnadur magnets
and put back the steel yoke,

6. Tum on the power supply and observe the movement of copper wire,
Discussion:
1. Deseribe the motion of the copper wire when the power supply is tumed on.

2. Whet is the effect on the copper wire when:
(i} the direction of the current is reversed?
(b} the poles of the magnet are reversed?
3. State two factors that affect the direction of the foree acting on the current-carmying conductor.

When a current-carrying conductor is placed in a magnetic
field, the conductor will experience a force. The direction of the
force depends on the direction of the current and the direction
of the magnetic field.

Pattern on Resultant Magnetic Field

Figure 4,2 shows a current-carrving conductor that is placed in
a magnetic field produced by a pair of Magnadur magnets. What
is the direction of the force acting on the conductor?

D, power supply

Condugior

Figure 4.2 Current-carrying conductar plisced Detiveen e magnets Moy 20116

The force on a current-carrving conductor in a magnetic field is produced by the interaction
between two magnetic fields: the magnetic field from the electric current in the conductor and
the magnetic field from the permanent magnet. The two magnetic ficlds combine to produce a
resultant magnetic field that is known as a catapult field. The pattern of the catapult field will show
the direction of the force acting on the conductor.
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<v| Activity LFE
Aim: To observe magnetic field patterm through a computer simulation
Instructions:

L. Carry out i Think-Pair-Share activity.

2, Scan the QR code 10 observe the compater simulation that
shows the method of drawing the pattem of the resultan
magnetic field,

3. Scan the QR code and print the worksheet.

4. Based on the computer simulkation thal you watched,
complete the worksheet (o show the formation of the
catnpult field.

5. Label the direction of the force acting on the

. Rentpe e i Apig VO
curment-carrying conducion. FRENETIN,

Figure 4.3 shows the catapult field formed when

a current-carrying conductor is in a magnetic ficld. A

catapult field is a resultant magnetic field produced ‘m
by the interaction between the magnetic field from a « For asiraight conduetar, ihe dirsction of
current-carrying conductor and the magnetic field from e magnetic fiekd is determined by the

a permanent magnet. The catapult feld exerts a resultant right hand grip e,
force on the conductor. For & parmanent magre, the
. drection of the magrese field is from
Magnetic field from bk rrlsio
POMQEIL e « The resgion of wealk magnete held and
e region of stong magnesc feld 5
determined as folows:
Oipposing magnetic
ficld lines, weak
magnelsc liekl
I

=xui

Magnetic fiekd from curment-canmying conductor N Il'{Ei..l q
N A
|~ |

I
Magnetic Neld lines
i lhe same dircclion,
smag magnetic el

@ DCerection of cumenl oul of the
plane of the paper

@ Derection of curment inks e plane
of the paper

Fignre 4.3 Formution of catapuils field




The direction of the force on a current-carrying conductor can be determined by using
Fleming's left-hand rule as shown in Figure 4.4,

Fleming's eft-hand rulg
ep
Foece 0|ndc: finger shows the direction
of the magnetic field, that is, from
north to south.
Magnetic N
Tk oLEp

eMIddle finger shows the direction
of the electric current.
'IH_HHJJ Current e

e']hr thumb will show the
direction of the force acting on
the conductor, The direction of

maotion of the conductor follows
the direction of the force.

k-1

Magnetic field
Tromm Mo S

Figure 4.4 Flenving's left-lamd e fo detersnine the direction of the foree

Factors Affecting the Magnitude of the Force Acting on a Current-carrying
Conductor in a Magnetic Field

A large force is required to drive the motor in a washing machine compared to the cooling fan in
a notebook computer which requires a smaller force. What are the factors affecting the magnitude
of the force acting on a current-carrying conductor in a magnetic field?

39
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S Activity L]

[ Adm: To study the factors that affect the magnitude of the force acting on a current-carrying
conductor in a magnetic field
Apparatus: Direct current power supply, U-shaped steel yoke, two pairs of Magnadur magnets,
electronic balance and reton stand
Materials: Copper wire (s.v.g. 200, crocodile clip and connecting wires

Instructions:
1. Set up the apparatus as shown in Figure 4.5.

The inbaraction batwean the
magnetic fiedds of tha curment in
the copper wire and the Magnadur
magnets will produce a catapul
fiedd, The catapult fisld exeris &
forea virtically upwands on the
copper wirg. Ab the same time, the
Magnadur magnets expesiance
& raaction force with the same
magnituce but in the opposie
direction. This force acts on the
Copper pan of the alectronic balance i
wine give @ reading that represents the
Conneeting magnitude of the fonca, Hence, a
wire larger force will produce a tanger
reading of the electronic balance.

., power supply -
—— = Notp I '

Flectnmic balapce
Figure 4.5

2, Adjust the output 10 1 ¥ on the D.C. power supply. Reset
the reading of the electronic balance to rero.

3. Turm on the power supply and record the reading of the
electronic balance. Then, tum off the power supply.

4. Repeat steps 2 and 3 with output voltage 2 V. Record your
results in Table 4.1.

5, Add another pair of Magnadur magnets on the steel voke
and repesst steps 2 and 3. Record your results in Table 4.1.

et 33 T

Results:
Table 4.1 *@
/Y| s meerg | emmemm
| One pair a&w‘:ma
T A
1 Two pairs

[g_{g B us
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Discussion:

L. Whnt is the relitionship between the voliage applied across the copper wire and the current
in the wine?

2. How does the magnitiede of the curment affect the magnitude of the force acting on the
curmenl-camying conductor?

3. What is the effect of the strength of the magnetic fickd on the magnitude of the force acting
on the currend-canmying conductor?

From Activity 4.3, it is found that the magnitude of the force
acting on the current-carrying conductor in a magnetic fiehd &m
increases when the magnitude of the current and the strength of the

magnetic field increases. The effect of the increase in current and mnwm*.mmdngm
the strength of magnetic field on the force can be observed from e increasad?
the height of swing of the copper frame as shown in Figure 4.6,
+t'um-n.l.l'_ o Corent. 4, ,l‘c'urmm.i';
L"'E“.- focce Larger force
and higher and highte
swing

Curit > 1 Magnetic poles are closer (o each

3 other, stronger magnetic field and
Larger force Kigex Souice

Figure 4.8 Ffects of current amd magietic field on force

e

Figure 4.7 shows another
way 1o study the factors that affect
the magnitude of the force acting
an a current-carrying conductor
in a magnetic field. The distance
travelled, d, by the conductor
represents the magnitude of the
force, The larger the force, the
further the distance travelled by :
the conductor. = Chiginal position of conductor

Figure 4.7 Distanoe travelled, d, By o conductor when electric curmeni
Jewess therough it

s (Lo



Effect of a Current-carrying Coil in a Magnetic Field

Figure 4.8 shows a rectangular coil formed with a piece of copper wire. When the coil is connected
to a power supply, current can flow through the coil in the direction of A =+ B = C = Dor D —
= B — A. What is the effect on the coil if the coil carries a current in a2 magnetic field?

A B C n
v v v v
A B

i C
Flgure 4.8 A rectangular oodl formed with a copper wire

s Hetity LT3 e

Adm: Toobserve the wming effect on a current-carrying coil in a magnetic ficld
Instructions:
1. Carry out this activity in pairs,
2. Scan the given QR code 10 watch a video on the turming
cffect on a current-carrying coil in a magnetic ficld.
3. Download Figure 4.9 from the given website and complene
the diagram by
() labelling the direction of the current in sections AR, BC
and €D
(h) labelling the direction of the force on the coil at sections
Al and CI
() mark the direction of rotwtion of the coil

Serap ity By e

The current-carrying coil in a magnetic ficld will rotate about the axis of rotation. This
rotation is due to a pair of forces of equal magnitude but in opposite directions acting on the sides
of the coil. This pair of forces is produced by the interaction between the current-carrying coil and
the magnetic field from the permanent magnet.

Eﬂ B 3 a4



Figure 4,10 shows the pair of lorces
acting on sides AR and CDof a current-
carrying coll. The interaction between the
magnetic field from the current-carrying
ooil and the magnetic field from the
permanent magnet as shown in Figure 4,11
produces a catapult field as shown in
Figure 4.12. The catapult field exerts a force
on sides Al and CI of the coil respectively.
This pair of forces rotates the coil. The
turning effect on a current-carrying coil in
a magnetic field is the working principle of

.; Axis of roiniion

Pﬂmclmtnt magnel

Cumrent out Farce

e dirsct current MoloE Fignire 4. 10 A pair of forces aening in o sugrenic feld
crttses e coll fo rotile

Figuere 4.1 Directton of magnetic feld aooumd Figuere 4,12 Crapull felds is produced
sides AR and C1

Direct Current Motor

Small electrical appliances such as children's tovs, portable drills and the hard disk of a computer
have a small direct current motor. Larger direct current motors are found in machines such as
electric vehicles, lifis and rollers in factories. The direct current mator changes electrical energy
1o Kinetic energy by using the turning effect of a current-carrying coil in a magnetic feld. What
is the working principle of a direct current motor?

| - Actvity £713 )

Aim: To gather information on e working principle of a direct curment modor

Instroctions:

1. Carry out this activity in pairs.

2. Scan the QR code and wistch the video of the working
principle of the direct current motor.

3. Refer 1o other misterials o obiain sdditional information.

4, Prepare a multimedia presentation entitbed “The Working
Principle of Direct Current Motors',

B va s LL‘QQ




Figure 4.13 shows a direct current motor during the
first hall of its rotation and the second halfl of its rotation.
An important component in a direct current motor is the
commutator that rotates with the rectangular coil. The
carbon brushes in contact with the commutator are in their

fixed positions,

|_Broin-Teaser)

Wy ks the commutator not & full
ring but & ring splt inta teo halvesT
Can the commutalor be spi into
man Sectons?

First-half rotation
Direction of current in the coil: ABCD

Carbon brush X in contact with red half of

the commutator

Carbon brush ¥ in contact with blue half of
the commutator

.- Direction of current in the codl
A-+f—=C—D

Side AB of the coll: force acts downwards
- Side CIVof the coll: force acts upwards.

o) Coll rotates in one direction

D, posver supply

Second-half rotation
Direction of current in the coil: CBA

Carbon brush X in contact with blue hall
2! of the commutator

 Carbon brush ¥ in comtact with red half
e

“of the commutator

 Direction of current in the coil
5 DsC-sfi—=A

Side AB of the coll: force acts upwards

& Side € of the coil: force acts downwards

. Cal rotates in the same direction as the

= first half rotation

Figure 4.13 Working principle of a direct current mator
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Factors Affecting the Speed of Rotation of an
Electric Motor

Photograph 4.2 shows a portable device that can function as a
screwdriver or a drill. The direct current motor in the device
rotates at a low speed when turning a screw, A high speed is
necessary when the device is used to drill a hole in the wall,
What are the factors that affect the speed of rotation of an

ik 3
electric motor? Photograph 4.2

Serenwdriver and drill
o Activity LT

Aim: To study the Tactors that affect the speed of rotation of an electnic motor
Apparatus: Direct curment power supply and a pair of Magnadur magnets
Materials: Insulated copper wire (s.w.g. 26). two large paper clips, two picces of thumb tcks and
connecting winzs
Instructions:
1. Set up the armangement of apparatus as shown in Figune 4,14,
D, power supply

Coppet wire cofl

Large paper clip

Magnadur
magnet
Thur:'lb tck Connecting wine
Figure 4,14
2. Adjust the voluge of the power supply 10 40V, Turn on the & e
power supply and observe the speed of notation of the motor, vrii F Iy
3. Repeat step 2 using a voltage of 6.0 V. * Switch offthe power supply
4. Add one mone Mognadur mognet to produce o stronger ha:hdml mm o
mignetic field. Tum on the power supply and observe the + Curreni should flow for anly 2
speed of rotation of the motor, shart Bime 50 that the coll wil not
5. Add more turns 1o the copper coil. Tum on the power supply becoms oo hot
and observe the speed of nation of the motor.
Discussion:
1. What is the relationship between the current in the coil and the
voltage supplied?

2. Describe the change in the speed of rotation of the motor when:
(a) the voliage supplicd is increased
(b} the strength of the magnetic fickd is increased
{c) the number of turns of the coil is increased

3. State the factors that affect the speed of rotation of 4 motor.

B s Mﬂ




Activity 4.6 shows that the speed of rotation of an electric motor increases when:

Current in the Strength of magnetic Coil with more s
coil increases field increases Is used

J-"i..

yq J ces f ics B

Adm: To study the direct curment motors Found in wsed devices (o identify the armngement of the
coil and the commutator
Instructions:
1. Collect a few direct current electric mobors from used devices.
2. With the aid and goidance of your teacher, dismantle each motor and identify the coil, the
magnel and the commutator.

3, Observe the position of the coil and the magnet in the motor.
4. Observe also the number of sections in the commutator.

5. Prepare a briel repon that compares and conirasts the arrangement of the coil, magnet and
commutator in direct currenl modors.

While carrying out Activity 4.7, you may have come across electric motors which do not have
a commutator and carbon brushes. Photograph 4.3 shows a brushless motor and a brushed motor.
What is the advantage of brushless motors?

Hrushless Mator ] Brushed Motor

Carbon brush

Axke Coil

T T

Photegraph 4.3 Srishles moror amd Broushed pnotor

[I;'_-.Lﬁ D s



P
Adm: To study and report on the sdvamages of brushless mowor
compared 1o brushed maotor
Instructions:
1. Carry owt a Three Stray, Cne Stay activity,
2. Scan the QR code given or refer to other reference materials to: s AL YT B

{3 understand the working principle of brushless molor
(by study the advantages of brushless motor compared 1o brushed motor

3. Report the findings of vour study.

Table 4.2 shows the comparison between brushless motor and brushed motor,
Table 4.2 Comparison befuween brushiess protor and breched motor

Brushless milor Brushed muolor

Similarities
Has a magnet and a coil
Uses magnethc force to produce rotathon
.  Differences
o Coll is stationary, magnet rotates Magnet is stationary, coil rotates
‘f"ﬁl ® |'No carbon brushes, therefore no friction between | Friction between the carbon brush and the

@ | the brushes and the commutator commutator causes the carbon brush to wear out
| @ | Mo sparking at the commutator Sparking at the commutator

° IL_Sl:lﬁ operational sound Lowder operational nodse _,a

yg Jsrem J ces fics

Aim: To design a simple and efficiem homopolar molor

Materials: Neodymium magnel, AA dry cell amd copper wire (sw.g, 18 10 22)

Instrusctions:

1. Carry out this activity in groups.

2, Gather information on homopolar motors from the aspect of:
{a) the working principle of homopolar mators

(b the shape and size of the neodymium magnet

(¢} varous designs of the copper wire thin can be tried out

3. Use the K-W-L Data Strategy Form,




4. Sketch the design of a homopolar modor.
5. Construct the homopalar modor acconding 1o the suggested design,
6. Operate the homopolar motor that you have constructed. Histnr\‘
7. Observe the rotation produced and identify the aspects of the In the year 1821, Michael

design that need to be improved. Faraday consinucled and

. ; demansirated the cpemtion

8. Discuss the steps of improvement that can be carried o, i ol
9. Improve the homopolar motor if necessary and test the motition. Royal Institua, London

10. Based on your experience in designing and constructing the
homopalar motor, discuss ways to construct a more elficient
molor al o bow coasl,

11. Present the oaicome.

1. With the aid of a labelled diagram, explain the meaning of catapult field,

2. Figure 4.15 shows the arrangement of apparatus to study the effect of a force on a
current-carrying conductor.

To curem

supply

Copper nod

Figure 4.15
{a) What is the direction of the current in the copper wire XY when the switch of the direct
current power supply is turned on?

{b) Explain the motion of the copper wire XY and state the direction of the motion. &
3. State three factors that affect the speed of rotation of a motor.

4. (a) Compare and contrast the structure of a brushed motor with a brushless motor,
(b} State two advantages of brushless motor compared to brushed motor,
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1;2 Electromagnetic Induction

Photograph 4.4 shows a musician plucking an electric bass guitar, The guitar pickup consisting of
four magnets and copper coils produces an electric signal by electromagnetic induction. How does
electromagnetic induction produce an electric current without the use of dry cells?

Photograph 4.4 Comporents inan elocerie bags giiar piokup

Adm: To study electromagnetic induction in a straight wire and a solenoid

€ Straight wire

Apparatus: A pair of Magnadur magnets, copper mod and sensitive centre-zero galvanometer or
digital multimeter

Material: Connecting wires with crocodile clips

Instructions:

1. Set up the appanitus as shown in Fgune 4.06.

2. Hold the copper rod stationary between the poles of the magnet as shown in Figure 4.16.
Ohserve the reading of the galvanomeer.




3. Move the copper rod quickly in direction A as shown in Figure 4.16, Observe the deflection of
the galvanometer pointer.

4. Repeat step 3 in directions 8, C and £,

5. Hold the copper rod with your left hand. Lift up the Magnadur magnet with your right hand.
Move the Magnadur magnet in direction A and direction B with the copper rod stationary in
between the poles of the magnet. Observe the deflection of the galvanometer pointer.

6. Complete Table 4.3 with a tick («7) for the direction of deflection of the pointer of the galvanometer.

Results:
Tuble 4.3
State of Magaadur s ol ot voa Deflection of galvanometer pointer
LAt To the left [-]  Zero [0]  To the right [+]
Stationixry Stationiry
Stationry Maoves in direction A
Stationary Maoves in direction B
Staticnary Moves in direction €
Stationiry Moves in direction
Moves in direction A Stationary
Muoves in direction & Stationary
Discussion:

1. What causes the deflection of the galvanometer pointer?

2, State the direction of the magnetic field between the poles of the magnet.

X, What are the directions of motion of the copper rod that causes the cutting of magnetic field lines?
4. Explain the condition where a current is produced in the copper md.

& Solencid

Apparatus: Bar magnet, solenoid (at least 400 mirns) and sensitive centre-zero galvanomeler or
digital multimeter

Material: Connecting wires with crocodile clips

F[L__J;g B i




Instructions:

1. Set up the armngement of appamtus as shown
in Figune 4.17.

2, Hold the bar magnet stationary near the solenoid

as shown in Figure 4.17. Observe the reading of

the galvanomeler.

Push the har magnet into the solenoid. Observe the

deflection of the galvanometer pointer.

4. Hold the bar magnel stationary in the solencid.
Observe the reading of the galvanometer,

5. Pull the bar magnet out of the solenoid. Observe
the deflection of the galvanometer pointer.

6. Hold the magnet stationary. Move the solenoid
towards and away from the bar magnet. Observe Figure 4.17
the deflection of the galvanometer pointer.

7. Complete Table 4.4 with a tick (+) for the direction
of deflection of the galvanometer pointer.

3

-

Results:
Table 4.4

Deflection of galvanemeter pointer
State of bar magnet Stane of solenoid

To the left [-]  Zero (0] To the right [+]

Stationary Statiomiry

Moves into the solenoid — Stationary

Muoves out of ; _
(e sakoridl Stmbionary
S Moves towards the
4 har magnet
Ly Moves away from the
Stationary s ;
Iscussion:

1. What do you observe about the deflection of the galvanometer pointer when:
() the bar magnet is moved wowards the solenoid?
(b} the bar magnet is moved away from the solenoid?

2. State the condition where a current is produced in the solenoid.

D s
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When a piece of copper wire i moved across magnetic flux, an electromative force (e.m.f)
is induced in the wire. This phenomenon is known as electromagnetic induction. If the wire
is connected to form a complete circuit, a deflection of the galvanometer pointer is observed as
shown in Figure 4.18. This shows that induced current is produced. An electromative force is also
induced in the wire if the magnet is moved towards the stationary wire as shown in Figure 4.19.

Direction of molion of wine

Gialvanomeler

Fignre 4. 18 Magneis are stationary wiile condotor i mosed

Dhrection of mation of

emf, induced
im the wire

L [1{1 GALLERY K=
Magnetic flux refers 1o magnetic
Fald nas that pass Beough
asuriaca

Magnetic Dield line

Surface

Muoving conductor
A conduciar thal movies and tuls
magnetc fiskd ines can be said 1o
cull magnetc oo

Cinlvanometer _/

Flgure 4,19 Magnets are moved whiile conductor i stationmry

e

indisction for @
COpper wire

Aigpcy Mt Adrdcd 7



When a bar magnet is moved
towards or away from a solenoid, the
turns of the solenoid cut the magnetic
field lines. Electromagnetic induction
occurs and an e.muf s induced across the
solenoid as shown in Figure 4.20,

Figure 4.21 shows the ends of the
solenobd are -:anneclv.::d oa gal'l.l:nnmn-:ler 4 e 4
to form a complete circuit. The induced
electromotive force will produce an Figure 4.20 Magnetic field lnes are cut by the
induced current in the circuit and the sofenald and emf. i induoed
galvanometer pointer shows a deflection,

W P
m"H DEEA \:\-" Indlisced current

Fignre 4.21 Induced corrent in a complete clrewit

htrp e /A2 VREL

Activity 4.10 shows that an induced et is produced by the cutting of magnetic field
lines when a magnet and a conductor move towards or away from each other. Electromagnetic
induction is the production of an induced em.f. in a conductor when there is relative
motion between the conductor and a magnetic field or when the conductor is in a changing
magnetic field.

1@fo CNETP -

Relatree motion batwesn two objects is the motion that results in the two objects becoming cioser to each other or furiher away

frm each other,

Retatrve motion oocurs bitween obpects A and B i

« objoct A is stationary and object 5 movies lowards of away from A

¢ object B is stationary and object A moves towards or away from B

* both objects A and 8 move with diflarent valocities

o refative motion between objects A and B #

* both objects A and B are stationary

= both abjects A and B move with the same speed in B same deecion

D o !




Factors Affecting the Magnitude of the Induced e.m.f.

Figure 4.22 shows an induction lamp made by a pupil. He found that the LED lights up with
different brightness when the magnet in the PVC pipe is shaken at different speeds. What are the
factors that affect the magnitude of induced e.m.f?

Figure 4.22 A self-made induction lamp

s Activity L7

f Aim: To study the factors affecting the magnitude of induced e.m.f,

Apparatus: Two solenoids with 400 and B00 tums respectively, two bar magnets and sensitive

centre-zern galvanometer

Materials: Connecting wires and rubber band

Instructions:

1. Set up the appartus as shown in Figure 4.23,

2. Push a bar magnet slowly into the solenoid with
400 tums. Record the maximum reading shown
on the galvanometer.

3. Push the bar magnet quickly into the solenoid
with 400 wrns. Record the maximum reading
shown on the galvanometer,

4. Push a bar magnet slowly into a solenoid with
00 turns, Recond the maximum reading shown
on the galvanometer.

5. Use a rubber band to tie two bar magnets
together with like poles side by side.

6. Push the two bar magnets slowly into the

solenoid with 800 tums, Record the maximum Figure 4.23
reading shown on the galvanometer in Table 4.5,

B 422




Results:
Table 4.5

Number of  Speed of  Number of turns Maximum reading of galvanometer
magnets  mugnet of solencid First altempt  Sccond ailempt  Average

e Slow i)

Che Fast ELLH]

One Slow B

Two Slow 8
IHscussbon:

1. Why does the galvanometer pointer deflect when @ magnet is pushed into the solenoid?
2. Which factor is studied when the bar magnet is pushed at different speceds into the solenoid?
3. Which factor is studied when the number of magnets pushed into the solenoid is different’?

4. How is the magnitude of indeced em.f. affected by:
() the speed of magnet?
(b} the number of tums of solenoid?
{e) the strength of magnetic feld?

The results of Activity 4.11 show that the magnitude
of induced e.mof. is affected by the speed of relative motion
between the magnet and the conductor, the number of turns of
the solenoid and the strength of the magnetic field,

+ the speed of relative motion
increases

» the strength of the magnetic
field increases

For the relative motion
of a straight wire and
magnet, the induced

e.m.f, increases when:

the speed of relative motion
For the relative motion increases
of a salenoid and the number of turns of the
magnet, the induced solenoid increases
el increases when: the strength of the magnetic
field increaszes

O Histary

Michael Faraday

{1791-1867)

discovered electromagnetic
induction in the year 1831, He
suecessiully corstructiod an
electnic dynama. The elacirc
dynamo was used o genaraia
lertrical power,

‘The magnitude of the e.m.f, increases if more magnetic field lines are cut in a certain period
of time. Faraday's law states that the magnitude of induced e.m.f. is directly proportional 1o

the rate of cutting of magnetic Mux.
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Direction of Induced Current in a Straight Wire
and Solenoid

You have observed that the direction of the induced current
changes when there is a change in the direction of the relative
maotion between the conductor and the magnet in Activity 4.10.
Carry out Activity 4.12 and 4.13 to study the direction of the
induced current in a straight wire and solenoid.

o Activity L1

Aim: To study the direction of the induced current in a straight wire
Apparatus: Thick copper wire, a pair of Magnadur magnets,
sensitive centre-zero galvanometer or digital multimeter, .
a dry cell with holder, 1 k£ resistor and switch e i, i Bapgl AP
Material: Connecting wires with crocodile clips
Instructions:

1. Set up the apparatus as shown in Figure 4.24,

Coanccting wine

2, Connect the dry cell with its positive terminal at ¥ and negative terminal at X,

3. Turn on the switch. Observe the direction of deflection of the galvanometer pointer (10 the left
or to the right) and record your observation in Table 4.6. Determine the direction of the current
through the dry cell (X w ¥ or ¥ o X).

4. Reverse the dry cell so that the positive terminal is
at X and negative terminal at ¥ and repeat step 3.

5. Remove the dry cell from the circuit and
replace with a piece of thick copper wire.
Place the thick copper wire between the
pair of Magnadur magnets as shown in
Figure 4.25,

6. Move the copper wire upwards (direction ).
Observe and record the direction of deflection
of the galvanometer pointer and the direction of
the current through the copper wire in Table 4.6,

7. Repeat step 6 by moving the copper wire
downwards (direction 8). Fgnre 446

) D




Results:

Table 4.6
Direction of deflection of
5 i I i Direction of current
(X to ¥ or ¥ 1o X)
(o the left or to the right)
Dy cell (posative terminal at ¥, negative
terminal at X)
Dry cell reversed (negative ieominal ot ¥,
positive terminal an X}

Copper wire moved upwarnds (direction A)
Copper wire moved downwands (direction )
Dismewssion:
L. Try to relate the direction of the magnetic Gield lines, direction of modion of the copper wine
and direction of the induced current by using the Fleming's right-hand rule.
2. Suggest other ways (o change the direction of the induced current other than the direction of
motion of the copper wire,

Fleming's right-hand rule .

T
The direction of the induced Mth:ﬂrb-in
current in a straight wire can be Fare finger
determined by using Fleming's right- Magnetic field

hand rule as shown in Figure 4.26.

Middle finger
Il current

Magnetic

ficld I

e
Direction
Induced al madion

curreni ol magmet

. mq.u



L Activity L2
Aim: To study the direction of the induced curment in a solenoid

Apparatus: Solenoid, bar magnet and sensitive centre-zero galvanometer or digital multimeter
Material: Connecting wires with crocodile clips

Instructions:
1. Set up the apparatus as shown in Figure 4.27.

Solemoid

{i.'lll:lm'n'u:r:r CGialvanometer
fa} (i)
Figiire 4.27

2, Move the north pole of the bar magnet as shown in Figure 4.27(a)
{a) towards end A of the solenoid
(b) away from end A of the solenoid

3. Observe the deflection of the galvanometer pointer and determine
the polarity of the magnetic field at end A of the solenoid. Scan
the QR code for the guideline on determination of the polanity at
a solenoid.

4. Move the south pole of the bar magnet as shown in Figure 4.27(b): Wttty Hfvral
{a) towards end A of the solenoid
(b) away from end A of the solenoid

5, Observe the deflection of the galvanometer pointer and determing
the polarity of the magnetic field at end A of the solenoid.

6. Record vour observations and results in Table 4.7,

Results:

f{yutsm:m

Table 4.7

g Direction of deflection of Magnetic polarity at
PR ESon Ot e RRSIEERR galvanometer pointer end A of the solenoid

bar magnet end A of the solenoid (11 the left o to the right) it o ackh)

Towards
Morth

Away from

Towards
South

Away from

[_LEQ 15 JEEES
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DHiscusshon:

1. What is the effect of the motion of the bar magnet on
the polarity of the magnet at end A of the solenoid?

2. Predict the polarity of the magnet produced at end A;
{a) when the south pole of the bar magnet is pushed wwards it
(b} when the south pole of the bar magnet is pulled away From it

Induced cument is produced

In the: solenced by tha retatie
molian beshatdn the bar magrs
and i sokenoid.

For a solenoid, Lenz's law Is used to determine the magnetic polarity at the end of the
solenoid when current is induced. Lenz's Law states that the induced current always flows in a
direction that opposes the change of magnetic flux that canses it. Figure 4.28 shows that Lenzs
law is used to determine the direction of induced current in a solenoid.

W Magnet pushed
towards solenoid
=

N ]

L™~ R v A T R T R

2 Induced curmen

produces a nonh
pole at the end of

the sulenoid 1o nepel
the magnet mewing
nowwards tho solenoid

B Magnet pulled
away From solenid
—

N 5

L~ =~ =

A 1

()

& Induced currem
proshices & south
pole ot the end of the
solenoid 10 mimct the
TRAENED Moving awny
Iromm the solenosd

Nl 4

B Magnet pushed

towrds solenosd

b7~ = A~ B N

@ Induced curment
produces o south
pode af the end of
the solenosd to repel
the magnel moving
townrds the solemoid

1 Magnet pulled
away from solenoid
—

L T T B e =

E

& Induoced curren
prodisces a north

b pobe s the end of the

sodenoid Lo anract the
magned moving away
from the solenoid

Figuere 4.28 Lenz's lnwr used to determine te direction of indweed curnent in a solerold

Direct Current Generator and Alternating

Current Generator

Photograph 4.5 shows wind turbines electric

generators that apply electromagnetic induction

to produce induced e.m.f. There are two types

of generators — the direct current generator and

alternating current generator, What is the working
principle of these current generators?

B 123 424




| Activity L0 EE

Aim: To gather information on the structure and working principle of the direct current generator
and alternating curment generator
Instructions:
1. Carry out this activity in groups.
2. Examine Figure 4.29 that shows the structure of the direct current generator and alternating
current generator.

(i} Direct current generator () Altermating current generator

Figure 4.29
A, Surf the Internet to gather more detailed information on the
structure and working principle of the direct current generator
and alternating current generator.
4. Prepare a multimedia presentation entitled *Structure and
Working Principle of the Dinsct Current Generator and
Alternating Current Generator”, Btz b FaQATIC

Table 4.8 Working principle of the divect current generator and alternating current generator
Diirect current generator Alternating current generator
Similarities
Applies electromagnetic induction
Coil is rotated by an external force
Codl cuts magnetic flux
e.m.f. is induced in the coil

Differences
Ends of the coil are connected to a split ring Ends of the coil are connected to two slip rings
commutator
The two sections of the commutator exchange Slip rings are connected to the same carbon brush
contact with the carbon brush every half rotation
Output is direct current Output is alternating current

gﬁ B a4
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Aim: To construct a functional prototype curnent generator (dynamo) by modifving an electric motor

Instructions:
1. Carry out this activity in groups.
2, Compane and contrast the structures and working principles @
of the direct current motor and the direct current generator. [ saiha KWL sirategy data forr
3. Gather and study the following information from reading
matenials or websites:

() the method of converting o motor 10 2 dynxmo

(by the ways o prodece rofation in a dynamo

Based on the information you studied, suggest a design for the

profotype dynama and the way (o opermle il i i (A0 S

5. Construet the dynamo by modifving electric motor according
1o the suggested design and test the dynamo.

6. From the resalts of testing the dynamo, discuss the improvements that need o be misde.

7. Make the improvements (o the prototype dynamo and test the dynamao again,

8. Present the design of your dynamao.

4

Formative ~4.2

1. What is the meaning of electromagnetic induction?

2. (a) State Faraday's law,
(b) Use Faraday's law to explain the effect of the speed of rotation of the coil on the
magnitude of the induced e.m.f. in a curremt generator,

3. Figure 4,30 shows a simple pendulum with a bar magnet
as the bob oscillating near a copper ring.

(a) Explain the production of current in the copper ring when Copper
the bar magnet is moving towards the ring. & fing
(k) At the position of the ohserver in front of the ring as
shown in Figure 4.30, state whether the current in the
copper ring is clockwise or anti-clockwise,
{c) Explain the effect of the current in the copper ring Chscrver
on the motion of the bar magnet. 8 Figure 4,30

i (et



[I3 Transformer

Working Principle of a Simple Transformer

Photograph 4.6 shows a step-up transformer and a step-down
transformer that are used in electrical devices. How does a

transformer change an input voltage to an output voltage with a At B Ay I D
different value?

Step-down
transformer in a
miobile phone charger Step-up
. transformer in a
Transfommer

microwave oven

Photograph 4.6 Tvpes of ransformers nzed in elecirical devices

| Activity L1 TR

Aim: To gather information on the working principle of a simple transformer

Instroctions: )
1. Carry out this activity in groups, i e
2. Examine Figure 4,31 that shows the circuit
diagram for a simple transformer. Fi i Out
. 3 st
3. Surf websites or refer o the Form 3 supply D iz :Tm'::::" :::::m * terminals
Science Texthook to search for
information on the working principle af
:!Tt‘l'lr:?drmr::nd gather information Primary cofl ¥, Secondary coll N,
{a) type of power supply in the primary circuit Sem 421

(b) type of current in the primary circuit

(c) magnetic field produced by the current in the primary coil
{d) function of the soft iron cone

(e} the phenomenon of electromagnetic induction in the

secondary coil
(f) the magnitude of the voltage induced across the ¥

secondary coil et sEZ PN
(g) relationship between Vi, V. N and N, where

V., = voltage across the primary coil or input voltage

V, = voliage across the secondary coil or output voltage
N, = number of tumns of the primary coil

N, = number of turns of the secondary coil

4. Present the findings.

L6 FER)
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Figure 4.32 shows the structure of a simple transformer and
Figure 4.33 shows the flow map for the working principle of a
simple transformer.

Laminated soft iron core

AT, power

s ¥y principly
of a trarsformer

Figure 4.32 Structuse of @ siniple fransformer fikl

Primary circull

A pmg supply The alternating current
proshuces an produces a magnetic ficld
abternating current that changes in magnitude
in the primary coil. and direction.

The magnetic fhux from the
primary coil is linked to the

Secondary circuit mﬁmﬂﬂnﬂ“ﬁlﬁhuﬂ
soft fron core.

The changing magnetic ficld induces
an alternating veltage across the
secondary coil.

Figure 4.33 Working principle of a simple transfonmer

Ideal Transformer

Figure 4.34 shows an electrical i i
equipment connected 1o .
the output terminals of a
transformer. The transformer i X - e,

receives input power from the ::;:;@ i‘hj _’r} M“ [_ m
power supply and supplies the v, Tv.
output power to the electrical

equipment. Therefore, electrical Frimary circuit Secondary circuil

energy is transferred from

the primary circuil to the Figure 434 Hrcirical equipment concted &n the autpit terminls
secondary circuit.

[ i a2 [Lissh)




A transformer that is in operation experiences a loss of
energy. Therefore, the output power is less than the input power.
The efficiency of the transformer, 17 is defined as

ﬂ-%ﬂ-!f'ﬂmﬂm

el 2 FVpecr

Nowadays, there are transformers with very high efficiencies, up to 99%. An ideal transformer
is a transformer that does not experience any loss of energy, that is the efficiency, 1 is 100%,

For an ideal transformer, efficiency of the transformer, 1 = mlput powes: = 100% = 100%

Input power
Therefore, output power = input power
Vil = Vi,

Ways to Increase the Efficiency of a Transformer

The working principle of a transformer involves processes such as the flow of current in the
copper coils, the change of magnetic field and electromagnetic induction. These processes cause
loss of energy and the transformer is unable to operate at an optimum level, Most of the energy
is lost in the form of heat energy.

-_Activity X MBI,

B —

Aim: To gather information and discuss the causes of energy loss in a transformer

Instructions:
1. Examine Table 4.9 that shows four main causes of energy loss and their effects.
Table 4.9
E'Hﬂ':;""“ Effects of energy loss

Resistance of coils  » The primary and secondary coils consist of wires that are very long,
* When current flows in the coils which have resistance. heating of the
WITES DOCUrs.

+ Heating of the wires causes heat energy o be released to the surmoundings,

Eddy currents * The changing magnetic ficld induces cddy currents in the iron core.
* The eddy currents heat up the iron cone,
* The hot inon core releases heat energy 1o the surroundings.,

Hysteresis * The iron core is magnetised and demagnetised continvously by the changing
magnetic field,
* The encrgy supplicd for magnctisation is nof fully recovered during
demagnetisation, The difference in energy is transferned 1o the iron core o

heat it up.
Leakage of + The magnetic lux produced by the primary current is not fully linked (o the
magnetic flux secondary coil,

[Qﬂ B 2 433
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2. Scan the QR code and print Table 4.9,

3. Discuss the ways to increase the efficiency of tansformers 72
and complete Table 4.9, {Tabde £.9)

4, Present the outcome of your discussion in the form ol a
suitable thinking map. Bsgpr i e 2w YIE

The efficiency of a transformer can be increased by reducing the loss of energy in the
transformer. Table 4.10 shows ways 1o reduce the loss of energy in a transformer,

Table 4.10 Ways to reduce energy boss (n a fransfarmer

J Canses of energy loss Ways to reduce encrgy loss in a transformer ]

| Resistance of coils Use thicker copper wire so that the resistance of the coil is smaller. .

| Eddy currents Use a laminated iron core that consists of thin iron sheets glued mgxlhcrl
with insulation ghee.

| Hysteresis Use soft Iron as the core. Soft fron requires a smaller amount of energy 1o

| be magnetised.

| Leakage of magnetic flux  The secondary coil i wound on the primary coil 5o that all the ma.;m.-lh:.
| flux produced by the primary current will pass through the secondary coil. |

In the operation of a transformer, eddy currents are a canse of energy loss. However,
eddy currents can be beneficial to human beings. Photograph 4.7 shows an induction cooker.
Figure 4.35 shows a high-frequency alternating current in the coil producing a magnetic field
that changes with a high frequency. This magnetic field induces eddy currents at the base of the
pan. The eddy currents heat up the base of the pan.

Eddy carrenis in the base of & pan

Changing
magnetic fheld

Photograph 4.7 Induction cocker Figure 4.35 Edidy curronis in the induction cooker
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Uses of Transformers in Daily Life

Transformers have a wide range of uses. The following are some examples of machines that use
step-down transformers and step-up transformers.

Step-down Lransformer Step-up transformer

« Notebook computer charger « Microwave oven
=« Photocopy machine « Defibrillator
« Welding machine « X-ray machine

| Activity LA fiss s |

Adm: To search for information on the applications of transformers in daily life
Instructions:
1. Carry out a Hot Scat activity,
2, Gather information on the applications of transformers in daily life such as:
(a) electnical appliances
(b) electrical energy transmission and distribution sysiems
3. Information can be obained from websites or by referring to your Form 3 Science Textbook.,
4. Present your findings in the form of a folio.

A transformer that is connected to a 240 V
power supply supplies 27 W of power at a
voltage of 18 V to an electronic equipment, —-, 18V Electranie
as shown in Figure 4.36. Assuming the (») Y nw [ equipment
transformer is ideal:
(a) calculate the number of turns of the £ ’
primary coil.

(b} calculate the current in the secondary circuit.
() calculate the current in the primary circuit.

(a) V, =240V, V, =18 V,N, =60 |(b) Output power=27W [(c) VI, = V.L
gl by Vi, =27 240 x 1, = 18 x 1.5
V. N 18 x I, =27 _18x15
18 _ 60 Fie 22, T 40
240" N, . 18 =0.1125 A
N, ldﬂl;ﬁﬂ o




Electrical Energy Transmission and
Distribution System

Transformers play an important role in the transmission
and distribution of electricity from the power station 1o
the consumers. Figure 4,37 shows the use of the step-up
l.ranifn:mmr and step- dl;m'n transﬁurmcr in the system.

. Transmission of electricity Distribution of electrvity
Giencration of .

electricity TR

i = 132V
\_ el kv
g,
4 Y

LI IS Py

=1
M.'ml %
|

nd receiving distribution
m.‘n:p-urrlmnsfmmcr Fubsiation kv <~ substalion
1 Light indusiry || T anl B
l..r.l Step-down transformer el . i @_|
El}"- -
ﬁ W Heavy indusiry
Hesdential bomes il

Figure 4.37 Electrical energy transmission amd distribution sysient from e power siation

Al the stage of transmission of electrical energy, step-up transformers are used 1o increase the
valtage in the power cable so that the current in the power cable becomes small. This reduces the
loss of electrical energy from the power cable. During the distribution of electrical energy, step-
down transformers are used to decrease the voltage in the power cable in stages to a suitable value
for industrial and residential consumers,

Formative Pralige .39

. A step-down transformer i connected 1o an alternating current power supply, Explain the
working principle of the transformer,

2. A pupil collects the following information on a transformer:

Primary voltage = 120 V Secondary voltage = 6 V
Primary current = 0,25 A Secondary current = 4.80 A

(a) Calculate the efficiency of the transformer,
(b} Explain two factors that cause the transformer to be non-ideal.
3. Explain how an induction cooker can heat up food in a steel pot,

4. Transformers are used in the elecirical energy transmission and distribution system.
State the type of transformer used:
(a) before transmission of electrical energy
(b} at the distribution substation

D o | N L
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@ Jelf-Reflection

aummaative Praclico AN A

. ‘The most interesting thing | have learnt this chapter is

Mew things I have learnt in the chapter ‘Electromagnetism’

s et fu g P I

. The things I still do not fully understand are & .
. My performance in this chapter.

Poorgy (12 3 4 s %vﬂym

. I need to & to improve my performance in

this chapter.

Figure 1 shows a conductor hanging from a sensitive spring
balance in between a pair of Magnadur magnets.

Spring balance

:‘mmrj k

Figure I

(a) Suggest the polarity of dry cell X, ¥ and the pelarity of magnets P, Q such that the reading
of the spring balance increases when switch 8 is turned on.

(b} Explain why the reading of the spring balance can increase in 1(a), &
{c) Suggest improvements that need 1o be made to further increase the reading of the
spring balance,

With the aid of a labelled diagram, explain how Fleming's left-hand rule is used to determine
the direction of the force on a current-carrying conductor in a magnetic field.

e



| 3. Figures 2 and 3 show the induced currents produced when there is relative motion between
a bar magnet and a solenoid.
Kolemnid Bar magnet Solenoid Buar magnet
X

Figure 3

{a) What is the meaning of induced current?

(b)) Based on the direction of the current given in Figures 2 and 3, state the magnetic
polarities at ends X and Y of the solenoid.

(e} Stane the direction of motion of the bar magnet in Figure ¥ and Figure 3, &%

(d) Suggest two ways 1o increase the magnitude of the induced current in Figure 3,

| 4. A transformer is used to step down voltage from 240 ¥V to 6 V for an electronic equipment.
The current in the primary coil is 0,18 A, What is the current in the secondary coil? State the
assumption that needs to be made in your calculation.

5. Figure 4 shows two identical metal balls and a copper tube, One of the balls is a neodymium
magnet while the other is a steel ball,

00 )

R:Ellrzd
[Fesign an activity that can identify which ball is the neodymivm magnet. Explain the
phiysics principle used in your activity, &8

6. Figure 5 shows a wooden block with a bar magnet tied 1w it sliding with an acceleration
down a smooth track,

Bar magnet

Figure 5
When the block arrives at mark X on the track, the switch is turned on.
{a) What is produced in the solenoid? Explain your answer.
{b) Explain the motion of the block after the switch is turned on, &
{c) Based on vour answers in 6{a) and (b}, discuss the effectiveness of electromagnetic
braking in stopping a moving object. @

&
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7. Figure & shows a transformer with a bulb at
its output terminals,

(a) Calculate the value of I,

(b} What assumption needs 1o be made in
vour calculation in 7(a)?

(=

Figure &

| 8 A pupil investigated the operation of a transformer and gathered data as shown in
| Figure 7. Calculate the efficiency of the transformer and suggest improvements to the
design of the transformer to increase its efficiency. &

Solid irom block

ﬂ n
@ Primary soltige = 12 Y Secondary vlage = 48V I
Primary carrent = 4.0 A | [ Secomlary currend = D60 A
i : ; 1
Figure 7

ZIst [entury Challenge

9. Figure 8 shows the design of a simple direct current motor that can produce a force to
rotate a dise connected to the axle of the motor, A pupil who constructed the motor
according to the design made the following observations:

« speed of rotation of the
disc is slow Dy cell

» speed of rotation of the
disc cannot be controlled

« rotation of the disc is not
smooth

» the dry cell loses its
power in a short time

Permament iagniet

Study the design

of the motor and
suggest improvements
to the design that

can overcome the
weaknesses identified I

by the pupil. & D Permancm magnel

Figure &



