How is electric field produced?

What are the factors affecting the
resistance of a conducting wire?

What are the advantages of
connecting dry cells in series and
in parallel?

How can we reduce electrical
energy consumption at home?
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Intormation Gy

Tenaga Nasional Berhad (TMB) was expected to spend
RM1.2 billion from 2018 to 2020 to install new smart meters
in residential homes across the country. A smart meter is a
device that allows the daily electricity usage to be recorded
and converted to data that users can monitor through
mobile applications. The device can collect and analyse
data of electricity usage hourly. Electricity consumption
data is collected and transmitted to the control centre
through a radio frequency (RF). It allows users to monitor
electricity consumpticn easily and reduces TNBS manpower
in recording electricity consumption. Indirectly, this
technodogy enhances the efficiency of electrical energy
consumption in our country.

| 1 =
importance of \ AT

Careers in the Foeurth Industrial Revolution (IR 4.0) requine
the need for software engineering skills to develope
applications to meet the current market demands throwgh
two main platforms, namely Android and 105, These
platforms prioritise artificial intefligence software (Al) that
miakes decishons based on smart algarithms in electrical
and electranic fields.

1
"Futuristic © JT0S
Power Line Communication (PLC) will become the digital
data transmisskan method of the future between smart

meters and the utility control center. This method allows
the power consumption data and the usage profile of each

hame to be monitored onling,
Loty
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31 Current and Potential Difference

Observe Photograph 3.1 which shows
the lightning phenomenon. How
does the phenomenon occur? Recall
the chapter on electricity which you

studied in Form 2 Science.

hutepr bz,
WAVCPNM

Electric Field

When a charged comb is brought near to a fine stream of

tap water, the stream of water bends towards the comb. This
phenomenon indicates the existence of electric fields in our
daily life. Can you list some other examples of the existence of
electric fields?

(b)) Hair fs attrrched to a
charged balloos

i

() A charged drinking straw

—— - - mves cloger fo i
() A fine shream of tap approdacling finger
watfer is beat when a

...'h:lrtﬂ'..l' covnlr 5

frrouight mear it

-
() Tiny preces of paper are attracted
to a charged plastic comly

Photograph 3.2 Examgiles of the existence of slectrie flelds in daily Uk

:[_Q‘Q B s

KM



CF s Denovsitn

Aim: ‘To study electric fields by usi electric field ki Safery| :

AN T saay il ege i s tme A i Aok A LA A\

pparatus: ric fichd kit and exira high tension (EH.T.) ». Donotiouch sny metai s
pwersupply wssing e EH T power supgiy.

Materials: Olive oil and semoling powder + Engure thal the EH.T, power

Instructions: supply is swilchod off when no

cbsarvabion is being recorded.

1. Set up the apparatus as shown in Figure 3.1,

. Scan the QR code and print Table 3.1. Tt A T TT
. Pour olive oil into a petri dish.
. Sprinkle semoding powder on the surface of the olive oil.

5. Switch on the EH.T. power supply and observe the movement of the semolina powder.
6. Record your observation in Table 3.1,

7. Bepeat steps 3 1o 6 with a pair of elecirodes of different shapes as shown in Table 3.1,
Resulis:

= e b

) i e _ Table 3.1
Two poimt clectrodes

A poin electrode and

a plate elecinode

Two parallel plate - _
electrodes

@ @
5 e |
16
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Discussion:

1. Why is the EH.T. power supply used in this sctivity?

2. What happens 1o the paridiel plate electirodes when the EH.T. power supply is switched on?

3. Why docs the sprinkled semolina powder form a ceriain pattern when the EHCT. power supply
is switched on?

4. What is the function of olive oil in this activity?

5, Name other materials beside semoling powder that can be used in this activity.

Based on Activity 3.1, when the EH.T. power supply is switched on, the two electrodes will
be at different potentials, An electric field exists between the two electrodes, An electric field is
the region around a charged particle where any electric charge in the region will experience an
electric force. When semalina powder is placed in the electric field, it experiences an electric force,
The pattern formed by the semolina powder shows the pattern of the electric field.

An edacric Seld ine beging on
a positve change and ends on
@ negaiine chame. Elecanc el
lines =0 do nol cross aach offer
{B) A particle with :
negative charge
Figure 3.2 Pattern of an electric feld arownd o posiively charged

a1 regatively charged porticle

The electric field lines around a positive change always point outward while the electric field
lines around a negative charge always point inward (Figure 3.2). Unlike charges attract each other
while like charges repel each other.

S T " g i

w b I - . 4 ¥

BeS=r . 9 [ —— -

e 'j‘,i‘_" - b e e r -

f : b R S o -
¥ !

e - -

L ¥

(i) Twor particles with () Two particles with {e} A particle and o {d} Teo parallel plates
unlike churges like charges pliate with unilike with unlike charges

L.

Figure 3.3 Flectric field patterns

Electric field patterns can be drawn using lines with arrows as shown in Figure 3.3, Every line
represents an electric field line.

Lo D
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Electric Field Strength

Assume that a positive test charge, 4 is placed in an electric field, The test charge will experience
an electric force, This force can either be a repulsive or an attractive force depending on the type
of a charged particle. Figure 3.4 shows an electric force acting on a positive test charge.

A
x| |
™ / Repulsive force \ ¥ "/ Adtrmctive foroe
-, e Gq—ln-p - i—iF—Qq
: gl
PR rol .Y
¥
Flgure 3.4 Electric force acting on a positive test charge In an eleciric field
The electric field strength, E at a given point in an m
electric field is defined as the electric force acting on
The: esectric feld nes follow
@ unit positive charge placed at the point. the direction of the trce on 8
g=F pasitive fest charge that is placed
‘7"' in the slectric fiskd,
where E = electric field strength
F = electric force :
i = quantity of electric charge @mm
The S.1. unit for £ is newton per coulomb (N C-°) The 5. um for
charga is coulomb (C).

Figure 3.5 shows a uniform electric field between two oppositely charged parallel plates.
A uniform electric field is represented by a set of parallel electric field lines.

-
F-]ocl.rir—-! | 4

ﬁuldlmn-ir Yy ¥ '%' YY | v
L‘F"—I_

Figure 3.5 A uniform electric fleld between fuo oppasitely churged parallel plates

The electric field strength, E produced by two parallel charged
plates is
E=
where E = electric field strength ; Info
V = potential difference between two parallel plates V! i equivalent lo N C-
d = distance between two parallel plates
The S.1. unit for £ in this formula is volt per metre (V m™)

D a2 L_E_QSA
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Behaviour of Charged Particles in an Electric Field

In an electric field, there is electric charge which can be positive or negative. Like charges repel
each other while unlike charges attract each other. What will happen to charged particles when
they are placed in an electric field?

ety

Adm: To show the effects of an electric field on a charged object

Apparntus: Extra high tension (E.H.T.) power supply, metal plates and retort stands
Muaterials: Polystyrene ball wrapped in aluminium foil, nylon string and candle
Instructions:

1. Set up the apparatus as shown in Figure 3.6,

Polystyrene ball
wrapped in —— Rebort stands

aluminium foil Metal plates

EH.T.

Figure 3.6 Figure 3.7

2. Switch on the E.H.T. power supply. Displace the polystyrene ball so that it touches one of the

metal plates and release the ball. Record your observation.

Repeat step 2 by:

(a) decreasing the distance between the two metal plates.

(k) increasing the voltage of EH.T. power supply.

4. Switch off the power supply and replace the polystyvrene ball with a lighted candle as shown in
Figure 3.7.

5. Switch on the E.H.T. power supply. Observe the effects on the candle flame. Record your
observations.

6. Switch off the EHT. power supply. Reverse the connection at the power supply terminals and
then switch on again. Observe the effects on the candle flame. Record your observations.

Discussion:

3

1. Why must the polystyrene ball be wrapped in aluminum foil?
2. What is the function of the nylon string?

d. What will happen o the movement of the polystyrene ball if the distance between the metal
plates increases?

[ 96 B s



The effect of an electric field on ametal, coated polystyrene ball

When a polystyrene ball is displaced to touch a positively charged metal plate and released,
the polystyrene ball will swing 1o and fro between the two plates until the power supply is
switched off,

e When the power supply is switched on, the metal

coated polystyrene ball which is in between the two

charged metal plates does not move. The polystyrene i

ball is neatral &
When the polystyrene ball is displaced to the negatively
charged metal plate, positive charges of the ball will be
discharged. The polystyrene ball will become negatively
charged. Like charges on the polystyrene ball and the
metal plate will produce a repulsive force which pushes the
ball away. The negatively charged polystyrene ball will be

4 attracted towirds the positive metal plate.
o

€ At the positive metal plate, the electrons in the polystyrene ball
will be transferred 1o the metal plate until the ball becomes
poaitively charged. Like charges on the palystyrene ball and
the metal plate prodsce a repulsive force which pushes the ball
away. The positively charged polystyrene ball will be attracted
towards the negative metal plate,

e The process keeps repeating until the power supply is switched off

Figure 3.8 The effect of an electric feld on the movernents of o metal coated polstyrene ball
B s 97



3 When the power supply is switched on, the
candle flame will spread out between the two
metal plates. The spread of the flames towards

the negatively charged metal plate ks greater than
towards the positively charged metal plate, —_—

&1 The heat from the candle flame causes the air to g
ionise 1o form positive jons and negative ions.

The negative bons will be attracted to the
positively charged metal plate while the positive
ions to the negatively charged metal plate.

@

‘s Positive fons have larger mass and size compared to negative
fons. Therefore, the spread of flames towands the negatively
charged metal plate ks greater than towards the positively
charged metal plate.

Wiz i

Flgure 3.9 The effect of an eleciric field on a candle fame

Electric Current
An electrical equipment can only function if current flows in a Conductor
complete electric circuit. Current, I is the rate of flow of charge, @ -
in a conductor. B o "0 o
Q - .:*D-i-a-.;--b
1= o Q=lIt ?
Charge
where [ = current
Q = total charge Tammmﬂm
I = time
The 5.L unit for current, [ is coulomb per second
(C 57"} or ampere (A).
Potential Difference
You have learned that current is the rate of flow of electric : .ﬂ‘.ﬁ}
charges. What makes the current flow in a circuit? This is =
related to the electric potential difference. hnﬂm:' “I :;hp':&l
paential highor at a pesition resrr
1o tha charge?

Eﬂé D i3 34 58
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Current can flow from one point to another due to a
potential difference between the two points in a circuit. The Histary
potential difference, V between two points in an electric field is

the work done, W in moving one coulemb of charge, Q from
one point 1o another,

W E
Ve— or Ve—
Q Q
Alessandna Volln wias an
where V= potential difference [talian pitysicies wha Frenieg
W=wrkdm prﬁ_him
E = energy transferred chamical battery. Tha uni of
3 = the amount of charges flowing voll was named in his honour
1o mecogrise his contribution in
The 5.1. unit for potential difference, V is joule per coulomb fhe ik f eectricdy

(1 E) ar volt (V).

The potential difference is | V if the work done to move | C

of charge from one paint to another is | ], Info

Change of an efecinon
e=16=10"C
Thenedee,
1
T T
=6.25 * 10" glectrons

1. Dwefine current and potential difference.
2, What is an clectric field?

3. Figure 3.11 shows an electronic advertisement board. The
current flowing is 4.0 = 107 A. What is the number of
electrons lowing in the circuit when it remains switched
on for 3 hours? ¥

4. A bulb labelled 3.0V, 0.2 A was lit for 1 hour. Calculate; #8
{a) the electric charge
{b) the energy generated p sii

5. An electric charge of %00 C flows through a metallic conductor in 10 minutes, Calculate
the current.

B s g’g



32 Resistance
Ohmic Conductor and Non-Ohmic Conductor

A conductor which obeys Ohm's Law is called an ohmic
conductor whereas a conductor which does not obey Ohm's Law
is called a non-ohmic conductor, Do the potential difference and
the current vary according to Ohm’s Law for conductors such as
a constantan wire and a bulb? Carry out Experiment 3.1,

L

’;:rl'qn.‘ﬁ'hf-r-lr.-".?{!:.ﬂ'ﬂfﬂ

Experiment EXD)|

Inference: The potential difference across a conductor depends on the current flowing through it

Hypothesis: The higher the current, the higher the potential difference across the conductor

Adm: To study the relationship between the current and the potential difference of an ohmic
conductor and a non-ohmic conductor

€} Ohmic conductor (a constantan wire)

Variables:

(a) Manipulated; Current, [

(b} Responding: Potential difference, ¥

{c) Constant: Temperature, diameter and length of constantan wire

Apparatus: 1.5V dry cell, cell holder, switch, connecting wires,

Standard wire gauge (Swo.)
represents the diameter of 3 were
ammeter, voltmeter, metre rule, rheostat, constantan The the value of 15 5.9,

wire s.w.g 24 (20 cm length) the smialier the dizmeter.

Procedure:
1. Set up the apparatus as shown in Figure 3.12.

Switch 15V, dry cell %
o F rrr Py

Y + Ensure that the connecting wires
arg connected tighty,
Volimeter + Mvold paraliax emor when taking
Ammeter ICD L H“hml fhe ammeter and voltmeler

readings.
+ Tin off the swilch mmediatety
after taking each reading so
that the lemperature of the
canstantan wire remains. conslanl
Figure 3.12 Hhroughout th axparment,
2, Close the switch and adjust the rheostat wntil the ammeter
reads [ = 0.2 A, Record the volimeter reading, Vin Table 3.2,

3. Repeat step 2 with values of f=03 A 04 A, 05 A and 06 A,

%‘% B 32



Resulis:

Current, I/ A Potential difference, V /¥
02

0.3
04
05

.6

© Non-ohmic conductor (a filament bull)
Variakles:

{n) Manipulated: Current,

(b} Responding: Potential difference, V

() Constant: Filament length

Apparatus: 1.5V dry cell, cell holder, switch, connecting wires, ammeter, voltmeter, rheostat and
filament bulb (2.5 V, 3 W)

Frocedure:

1. Replace the constantan wire in Figure 3.12 with a filament bulb.

2. Close the switch and adjust the rheostat until the ammeter reads F= 0,14 A, Record the
voltmeler reading, Vin Table 3.3,

3. Repeat step 2 with values of 1= 0006 A, 0L18 A, 020 A and 0.22 A,

Ruosulis:
Table 3.3

Current, /A Potential difference, V / V
014

0.1%

020
022

D o



Iata analysis:

Plot graphs of potential difference, V against current, / for experiment A and experiment B.

Conclusion:
What conclusions can be drawn from both experiments?

Prepare a complete report of experiment A and experiment B.

D¥iscussion:

Based on the two graphs of V against 1. compare the shapes and gradients of the graphs.

Table 3.4 Compurison of graphs of V against | for an ohmic conductar and a non-ohumic conductor

between V is directly proportional to [

Constant

Constant

The graph on the righl shaws the relatiorship betwesn potential diffarenca, V¥ and
curment, | for & tungsten filament bulb, The bulb filament uses a tungsten ool The
fungrsden wire is actually an chmic conductor, As the cusment flowing through the
coil increases, the temperature of the col increases and the bulb lghts up. A2 the
sama time, the resislance of the col also increasas with the lemparatura. Linder
this condition where th: lemperatune cannol be kept constant, the tungsien coll in
the bulb exhibils a nan-chmic characleristic.

0

Type of conductor Ohmie conductor Noen-ochmic conductor
A straight-line graph passing A curved graph passing through
through the origin the origin
Vv v
A
0 . o ‘)

V increases with |

Increases

il

Graplt of V agains |

B s



Solving Problems Involving Series and Parallel Combination Circuits

Let us recall series circuits and parallel circuits that yvou have studied in Form 2, The relation
of current, potential difference and resistance in a series circuit are different from those in a
parallel circuit. Table 3.5 summarises current, potential difference and resistance for series and
paralle] circuits. Based on the summary, you can determine the current, potential difference
and resistance for series, parallel and combination circuits.

Taille 3.5 Swmenary of eurrend, potentiial difference amd resistamee o series and parallel cirewis

The current flowing through each resistor is
the game.

i'n}"nj'l-[.

The potential difference across the dry cell is
equal to the sum of the potential differences
across all the resistors.

V=V 4V + V)

I-R:+R‘+R]

The sum of current leaving a junction is equal 1o
the sum of current entering a junction.

I=1 4541,

The potential difference across the dry cell s
the same as the potential difference across
each resistor.

V:IVI:VIH'II".

Effective resistance
L B
R

il
{ LS |




Three resistors are arranged in series and in parallel as shown in Figure 3.13.
The resistance for R, R, and R, are 2 £2, 4 {2 and 12 £} respectively.

Figure .13

When the switch is closed, calculate:

(a) the effective resistance, R

(b} the current flowing through the 2 £2 resistor and the potential difference across it

() the current flowing through the 4 £2 and 12 €2 resistors and the potential difference across
them respectively

i3
10
Total resistance in the parallel circuit, | Thus, the effective resistance in the complete circuit,
G B R=R +R
L RPPRPE SPRE 1 i
R, R, R =2+3
el el =50
T 4712
5
12
12
R = T
=34
(b} Total current flowing in the circuit,
4
R
=
Ja 3
=1L2A
=1

‘Thus, the potential difference for V =1 R
V,=1.2(2)
=24V




{c) For the 4 £ and 12 £ resistors:

Potential difference, V=V, + V, | So, the current flowing While the current flowing
V,=V-V through the 4 £2 resistor, | through the 12 £2 resistor,
=6-24 v, v
=36V L=x L=
Since R, is parallel with R, = _ 35
- 4 12
Then, V, = ¥, = 36 ¥ =09 A =0.3A

Figure 3.14 shows five resistors connected in a

combination circuit. Calculate:

{a) the effective resistance, R

{b) the current flowing through the ammeter, |

{e) the potential difference across points
Aand BV,

Ro=2+1 ...1..=..!.+J. R=4+44+2
=40 R 4 4 =108
-2
4
4
R, = 5
=20
(b) Potential difference, V=5V (c) Resistance, R, = 20}
Effective resistance, R = 10 £} Current, [ = 0.5 A
Current, | =¥ Potential difference, V, = IR,
_ = (0.5)(2)
10 =10V
=05A

Lok



Factors that Affect the Resistance of a Wire

Factors that affect the resistance of a wire are the length of the wire, [, cross-sectional area of
the wire, A and resistivity of the wire, p. Conduct Experiments 3.2, 3.3 and 3.4 to study the
relationship between these factors and the resistance of the wire,

(1-:"‘_“\

=) Experiment :i'...'f_lJJ

Inference: The resistance of a wire depends on the length of the wire

Hypothesis: The longer the wire, the higher the resistance of the wire

Aim: To study the relationship between the length and the resistance of a wine

Variables:

(a) Manipulated: Length of wire, /

(b} Responding: Resistance, R

(¢} Constant; Diameter, resistivity and temperature of the wine

Apparatus: Two 1.5V dry cells, cell holder, switch, connecting wires, ammeter, volimeter,
crocodile clips, rheostat and metre rule

Material: 1100 cm of s.w.g. 24 constantan wire

Procedure:

1. Set up the apparatus as shown in Figure 3.15, m -

The resstity of a wir depands
i Swilch on the wire material,
Illl. -

Rlweomstan

Constaman wire T
" Crocodile clip Ensure the wire tamperatuna

|
! Metre rule temperatura will affect the
: resistance of the wine.

Figure 3,15
2, Adjust crocodile clips # and @ so that the length of the wire, { = 2000 cm.
3. Close the switch and adjust the rheostat until the current, £ Aowing in the circuit is 05 A,
4. Record the value of potential difference across the wire in Table 3.6,

5. Repeat steps 2 10 4 for different lengths of the constantan wire, [ = 40.0 cm, 60.0 cm, 80.0 ¢cm
and 100.0 cm.

6. Calculate the resistance, R = %

gﬂ B 324



Resulis:
Table 3.6

Length of wire, [/ em  Current 1/ A Potential difference, V /V  Resistance, R / 2
200
400
B0
200
1000

Data analysis:
Plost a graph of resistance, B against the length of wire, L.

Conelusion:
What conclusion can be drawn from this experiment?
Prepare a complete report of this experiment.

Dhiscussiaon:
State one precaution thal needs to be aken (o ensure that the wire lemperature is constant
throughout the experiment.

L

Experimont 3.3;

Inference: The resistance of a wire depends on the cross-sectional arca of the wire

Hypothesis: The larger the cross-sectional area of the wire, the smaller the resistance of the wire

Adm: To study the relationship between the cross-sectionnl ares and the resistance of a wine

Variables:

() Manipulated: Cross-sectional ansa of wing, A

{b) Responding: Resistance, &

fc) Constant: Length, resistivity and temperature of the wine

Apparatus: Two 1.5V dry cells, cell holder, switch, ammeter, volimeter, connecting wines,
crocodile clips, rheostat and metre rule

Materials: 30.0 cm constantan wires of sw.g. 22, s.w.g. 24, svp. 26, sow.g. 28 and sw.g. 30

Frocedure:
1. Set up the appamtus as shown in Figure 3.16.

v Switch
I

Constaninn wire  Crocodile clip Ensure that the wire lemperature
& constant throughout the
axpofiminl a5 changes in thi
tampesrabure wil affect the
resistance of the wire.

Figure 3.16

B sa4 Loz



2. Connect a 25 cm length of s.w.2. 22 constantan wire between P and .

3. Close the switch and adjust the rheostat until the current, [ lowing in the circuit is 05 A,

4. Record the value of the potential difference across the wire.

5. Repeat steps 2 10 4 using the sw.g. 24, sowg, 26, sawg, 28 and s.w.g. 30 constantan wires.

6. Based on the diameters given in Table 3.7, calculate the cross-sectional area of wire, A = o
and resistance, K = % for the five sets of data obtained (r = wire mdius).

7. Record all the values for cross-sectional area, A, curment, [, potential difference, V and
resistance, K in Table 3.7,

Results:
Table 3.7
swg. Diamieter, Cross-sectional  Current, Potential Resistance,
d [ mm area, A / mm?* A difference, V/ ¥ R/5
22 0711
24 0559
26 0457
25 0376
0 0315

Data analysis:
Plot a graph of resistance, R against cross-sectional arca of wire, A.

Conclusion:
What conclusion can be drawn from this experiment?

Prepare a complete report of this experiment.

Dhiscussion:

State the relationship between:

{a) the cross-sectional area and the resistance of a wire.
(b} the value of sw.g. and the resistance of a wire.

Based on the results of Experiment 3.2, the graph
in Figure 3.17 is obtained. The graph of R against |
shows that as the length of the wire increases, the
resistance of the wire also increases provided that
the wire temperature remains constant. This shows
that the resistance is directly proportional to the

length of the wire. ! .

Figure 3,17 Graph of # against |

g@ B 24
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Based on the results of Experiment 3.3, the graph in Figure 3.18 is obtained. The graph of R
against A shows that the resistance of the wire decreases as the cross-sectional area of the wire
increases provided that the wire temperature remains constant. When R is plotted against Ilm
straight-line graph passing through the origin is obtained as shown in Figure 3.19. This shows
thu:Ll-un-msla:tnm:cis-:lim:t]arpr:*n:p:rrl:t-:mllsu:}+

R R
& L l/ )
L] = 0 =

Figure 3.18 Graph of i against A Figure 3.19 Graph of R against 4
Resistivity of a Conductor

« The resistivity of a conductor, o is a measure of a conductor's ability to oppose the flow
of electric current,

« The unit of resistivity is ohm-meter (£2 m).

+ ‘The value of resistivity depends on the temperature and the nature of the conductor material.

Experiment EX]

Inference: The resistince of a wire depends on the resistivity of the wire
Hypothesis: The greater the resistivity of o conductor, the greater the resistance of the wire
Aimi: To study the relationship between the resistivity and the resistance of a wine

Variahles:

{n) Manipulated: Resistivity of the wine, p

(b) Responding: Resistance, R

¢} Constant: Length, diameter and temperature of

the wire

Apparatus: Two 1.5V dry cells, cell holder, switch,
connecting wires, ammeter, voltmeter,
crocodile clips, rheostat and metre rule

Materials: 35,0 cm of s.w.g. 24 constaman wire and
350 ¢m of s.w.g. 24 nichrome wine

3y Switch
|||| -

Rheosda

Constanton wine  Cirogodile clip

Figure 3.20

Procedure:

1. Set up the appamtus as shown in Figure 320,

2. Adjust the length of the constantan wire between P and @ =0 that its length, { = 30.0 cm.
3. Close the switch and adjust the rheostat until the current, 7 Mowing in the circuit is 0.5 A,
4. Record the value of potential difference across the wine, V,

B 323 324 gﬂg



5. Repeat steps 2 to 4 with the nichrome wire, Y Noio i

6. Calculate the resistance, K = ¥ for each type of wire.

! R Ensure S wire temperature
7. Record all the values of currem, /, potential difference, V is constant throughout the
and resistance, K in Table 3.8, experiment as changes in the
; temperatur wil affect the
Results: resistance of the witg
Talle 3.8
Type of wire Current, / /A Potential difference, V/ V. Resistance, K | £
Constanian
Nichrome

Conclusion:
What conclusion can be drawn from this experiment?

Prepare a complete report of this experiment.

Discussion: Tabie 3.9

The resistivity of different conductors is Material  Resistivity of conductor, p/ 2m
given in Table 3.9, What can you say about Copper |68 x 10

the resistance of copper wire compared 1o -

the resistance of constantan and nichrome Constantan 9= 10*

wires? Explain. Nichrome 100 = 100"

Based on the results of Experiments 3.2, 3.3 and 3.4, the factors that affect the resistance of
a wire can be summarised as shown in Figure 3.21.

Rnﬂf\ R=-§

ol
=% - where p = the proportional constant known

R .‘i. o as the resistivity of the conductor

Figure 3.21 Summuary of the factors affecting the resistamnce of a wine

Applications of Resistivity of Conductors in Daily Life
How can you apply your knowledge of resistivity in your daily life?

ol Yy
o~ 73 [ is5
Aim: To siudy and elabomte on the applications of resistivity of conductors in daily life
Instructions:
1. Carry out this activity in groups.
2. Gather information to stedy the applications of resistivity of conductors on:
{a) heating clements
(b} electrical wiring at home (fuse and connecling wires)
3. Prepare a short report on the applications of resistivity of conductors,

[Q:g By 324 325
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Figure 3.22 describes the applications of resistivity in an electric rice cooker,

+ The heating plate acts as a heating element.
+ The conductor material has a high resistivity,
melting point and is durable.

s« The connecting wire consists of fine
metal wires.

‘» Copper wire is used becouse copper has

low resistivity which prevents the wire

from heating up 100 quickly when current

fows through it

Figure 3.22 Applications of resistimity in an elecicic rice cooker

Different conductors have different resistivities. Likewise, non-conductors, semiconductors
and superconductors have different resistivities as well.

3y iss [ ics &

Aim: To seek information ahout the resistivity of conductors, non-conductors, semiconductors

and superconductors

Instructions:

1. Carry out 2 Think-Pair-Share activity.

2. Get information Trom reading resources or search the websites
for the resistivity of conducions, ron-conductors, semiconductors
and superconductors,

3. Present your findings.

D s (o)




Table 3,10 shows the comparison between non-conductors, semiconductors, conductors
and superconductors,

Tabile 3.10 Comparizon between non-conductors, sericomaduciors, conductors and supercondiiciors

A material that does A material that A material that A material that
not conduct electricity,  conducts electricity conducts electricity.  conducts electricity
good insulator. better than an insulator without any resistance,
but not as good as a
conductor.
Has the highest Has resistivity between a = Has low resistivity Has zero resistivity at
resistivity non-conductor critical temperature
and a conductor

Examples: plastic and ~ Examples: silicone and ~ Examples: iron and  Example: caesium at a
wood, gErmanium, carbon. temperature of 1.5 K or
lower

Superconductor

Plastic cover of fuse box Silicon chip
Nichrone coil as a
heativg element

Superconducior coll in .'I-J'.I'i‘l'_J

Superconductors are materials that conduct electricity without any resistance,
Therefore, no energy is lost when the current flows through the superconductor. Critical
temperature, T is the temperature when the resistivity of a superconductor becomes zero.

- Activity £13 E

Aim: To seck information on previous studies of superconductors

Instructions:

1. Camy out this activity in groups,

2. Browse the website or scan the QR code to obtain information
on previous studies of superconductors.

3. Gather information about:
(a} the critical temperature, T
(b) the graph of resistance against the thermodynamic temperature of superconductors
(¢} recent discoveries and studies of the critical temperature, T,

4. Present your findings,

[LL@ B s
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Solving Problems Involving Wire Resistance

k

The resistivity of constantan is 49 x 100* £2 m. Calculate the resistance of a
constantan wire with a length of 50.0 cm and a diameter of 0.6 mm.

Step I: Step 2:
Identify the Identify the
problem information given

@ Constantan wire resistance, #

© Hesistivity, p =49 = 10" 0 m

Length of wire,l = 50.0 cm
=05 m

Diameter of wire, o = 0.6 mm

Radius of wire,r = -Mf__}g-lﬂ.
= 1w l0'm

Exampie )

Step 3: Step 4:
Identify the formula  Solve the problem
that can be used numerically

€ Cross-sectional area of wire, A = nr

; A
Resistance, R = i

O A=nlix 10 m
(49 = 10"W0.5)
a3 = 10y
= (.67 L1

Axwan is an electrical wiring contractor in Taman Kota Puteri. He found that a coil of pure
[ copper wire with a length of 500 m and a radius of 0.5 mm has a resistance of 10,8 £, What is

the resistivity of copper?

Resistance of wire, R = 10,8 £2
Length of wire, § = 500 m

Radius of wire, r = 0.5 mm
=05 % 10r" m

Resistivity of copper, p= 3]‘-"-
_ Rar
- ]
& ;Iﬂ.ﬂ]ni_ﬂ_‘i * ID"E

S0
= 1696 10" L2 m

1. List the factors that affect the resistance of a wire.

2, Calculate the total resistance of a coil of copper wire with a length of 50,0 m
and a cross-sectional area of 2.5 mm’, given that the resistivity of copper at a
temperature of 20°C is 1.72 = 107 {2 m. ¥

D s

i)

KM



Electromotive Force (e.m.f.)

and Internal Resistance

Electromotive Force

There are various sources of electromotive force, e.m.L like
electric generators, dynamos, batteries and accumulators,
Photograph 3.3 shows several sources of e.m.L.

The electromotive force (e.m.L.), £ is the energy
transferred or work done by an electrical source Lo
move one coulomb of charge in a complete circuit.
f= b
Q
where & = electromative force
E = energy transferred / work done
0 = the amount of charge flowing
The S.1. unit for e.m.f. is volt (V) or ] C,

e

Photograph 3.4 shows a dry cell that can supply
1.5 | of electrical energy for each coulomb of charge in
a complete circuit.

emfofadrycell =15V
= 1.5] C!

Pﬁﬂlmph A4 A dry cefl

X

{Alkaline cell)

Lithium-ion battery
Phatograph 3.3 Sources of emf

A voltmeler has & Pigh registance
Thus, e current from a dry

cell through B voltmeder can be
neglecied. The volimeler reading
| i %he am.f. of the dry ool

B



Electromuotive force and potential difference have the same 5.1 units. However, electromotive
force differs from potential difference under different circumstances.

o Activity £77

Aim: To compare between e.m.f. and potential differcnce
Apparatus: 1.5V dry cell, cell holder, switch, bulb, connecting wires and voltmeter

Instructions:

1. Set up the apparitus as shown in Figere 323 with the switch § open (open circuit),
gy
W

Figure .23
2, Obwerve what happens 1o the bulb and record the valtmeter reading in Table 3.11.
3. Close the switch 5 (closed circuit). Observe what happens to the bulb and record the
volimeter reading.

024

Results:
Tl 3.01
Open circuit Closed circuit
State of the bulb
Noltmeter reading [V
Dscussion:

1. What is the change in energy when the bulb lights up?

2. Based on the results of this activity:
() which circuit measured the potential difference scross the bulb?
(b} whist is the quantity of electrical energy released by the bulb for every coulomb of charge

that flows through it?

3. Whut is the emf. of the dry cell?

4. What is the quantity of electrical energy that is supplied 10 every coulomb of charge fowing
through the dry cell’?

&, What is the difference in voltmeter readings between the open circuit and the closed eircuit?
[¥iscuss why this difference ocours.

B 2 [Luizd
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Based on Activity 3.6, a comparison between electromotive force and potential difference is
shown in Table 3.12.

Table 3,12 Comparison between electromotive force and potential difference

Electromotive force (e.m.f.), & Potential difference, V'
s = =
Mo current flows in the circuit A current flows in the circuit

The voltmeter reading in an open circuit is the The voltmeter reading in a closed circuit is the
electromotive force, £ potential difference across the bulb, V.

Work done by an electrical source to move one Work done to move one coulomb of charge
coulomb of charge in a complete circuit. between two points,

Internal Resistance

Based on Activity 3.6, the value of potential difference across the bulb, V' is smaller than the
ek, £ of the dry cell. This indicates that there is a voltage drop. What causes the voltage drop
in the dry cell?

Cor Activity £X1

Ailm: To study the effect of internal resistance on vollage drop
Apparatus: Two 1.5V dry cells from two different brands (brands A and B), cell holder, switch,
bulb with holder, connecting wires, ammeter and voltmeter
Instructions:
1. Check the dry cells you are using. Make sure both dry cells are new.
2, Set up the apparatus as shown in Figure 3.24 using the brand A dry cell.

WS

(-’D kk!im'n:h
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3. Record the voltmeter reading s em.f., £ in Table 3.13.

. Close the switch and record the volimeter reading as potential difference, 1.

5. Calculate the difference in volimeter readings before and after the switch is closed 10 determine
the voliage drop.

6. Repeut stieps 2 10 5 wsing the brand B dry cell,

Roesulis:

=

Table 3.13
Brand A Brand &
Voltmeter resding before switch is closed, £/ Y ‘
Voltmeter resding after switch is closed, V /Y
Volage drop, fr=£=V
Discussion:
1. Why should new dry cells be usced in this activity?

2. Which brand of dry cell experiences greater voltage drop?
3. Why is there a difference in voliage drop between the two dry cells? Explain,

Internal resistance, r of a dry cell is the resistance caused by electrolyte in the dry cell.
The 5.1, unit for internal resistance, r is ohm (£3). Internal resistance causes:
o loss of energy (heat) in dry cells as work has to be done to move one coulomb charge

against the resistance within the dry cell
» the potential difference across the dry cell terminals to be less than the e.m.f., £ when

current flows in a complete circuit

Vaoltage drop, Ir = £- V
Figure 3,25 Interml recisiance of o dry cell



Determining the e.m.f. and Internal Resistance of a Dry Cell

T

=) Experiment EX3

.I-\.

Procedure:
1. Set up the apparatus as shown in Figure 3.26.

2. Plan steps to:
* obtain an ammeter reading

Aim: To determine the e.m.f, and internal resistance of a dry cell
Apparatus: 1.5V dry cell, cell holder, switch, connecting wires, ammeter, voltmeter and rheostat

* avoid parallax errors when king ammeter and
voltmeter readings

* reduce energy loss from the dry cell

* pepeat the experiment to obtain a sct of data so ("ID
that a graph of polential difference, V against

I"~. Switch

current, f can be plowed
3, Carry out the experiment according to plan.

4. Record the results of the experiment and plot the graph
of potential difference. V against current, .

Rheosial
Figure 3.26

5. Based on the graph plotted, perform the data analysis-as follows:

(a) calculate the gradient of the graph

(b) write a lincar equation of the graph and relate it o the voliage drop, fr= 8-V

(c) calculate the internal resistance, r
(d) determine the et £

Conclusion:

What conclusion can be deawn from this experiment?
Prepare a complete report of this experiment.
Discussion:

Based on the graph of this experiment, state the relationship between Vand /. Explain your answer.

Voltage drop, fr = £ - V
Then, V = -Ir + £
where £ = electromotive force motion (e.m.f)
V = potential difference across variable resistor
(rheostat)
I = current
r = internal resistance of dry cells
R = external resistance
F=V+ir
=JR+Ir
=[{R+r)

(L

[ S

Fignre 3,27
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When a graph of V against ! is plotted, a straight-line graph
with a negative gradient is obtained as shown in Figure 3,28,

viv b=t o
& £ ' ¥ of Vagainst | in
The nqaahm for the linear i it
4 graph is: L% theferming
T the a.m.f. of a
Cindiend = =¢ y= X+|C dﬂ'iﬂ"ﬂdlh‘
V= I+|£ experiment to
verily Cher's Law
Intercept at vertical axis, ¢ = & [LLER IR
0 /A Gradient, m = -r
Figure 3.28 Graph of V agodest [

o Activity £T7

Aim: To swudy the effects of connecting dry cell in series and parallel armangements on:
s emf, £
= potential differcnce, V
= internal resistance, r
+ curment flows in the circuit

Apparatus: Six 1.5 V dry cells, cell holder, swilch, connecting wires, ammeter, voltmeter and

10 £2 resistor
Instructions:
1. Set up the apparatus as shown in Figure 3.29 for dry eells in series and Figure 330 for dry cells
in parallel.
'
L
v
av file
il
il
i ]
Figure 3.29 Figure 330

2. Record the volimeter reading (total e.m.f. of dry cells), £in Table 314,

3. Close the switch, Record the ammeter and voltmeter readings (values of potential difference
across 10 £} resistor).

4. Using the voluage drop, fr = £= V, calculate the effective internal resistance, r_ for dry cells in
the series and the parallel amangements, Complete the able.

> 3




Hesulis:
Turbsle 3.14

Dry cells in series Dy cells in paraliel
eml. 0V
Potentinl difference, VIV
Current, [/ A
Effective internal resistance, r, [ £2

Driscwssion:
Which arrangement of dry cells produces smaller elfective internal resistance?” Explain,

Alkaline batteries that use potassium hydroxide electrolyte are twice as durable compared 1o
zing-carbon batteries that use ammonia chloride. Different electrolyte cause the internal resistance
of the two batteries 1o be different. Apart from the electrolyte used, the arrangements of dry cells
also affect the effective internal resistance.

Effects of Dry Cell Connected in Series and Parallel Arrangements

Dry Cells in Series Dy Cells in Parallel
1 1

i[u r]ili r;“i r}“f' r}* Diry cell
| ' arra E

N\

L-l,1;L;L1

i r r F F
F=r+Frt+r+r L, 4
[ . 8
=4r r
r
e

Figure 3.3 Effects aof diy cell connectad in series and paraliel errangemenis

The arrangement of dry cells in series increases the effective e.m.f. while the arrangement of
dry cells in parallel reduces the effective internal resistance,

EZE B 3z
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Problem Solving Involving e.m.f. and Internal Resistance of Dry Cells

There are many electrical appliances that use dry cells such as radios, flashlights and children’s
toys, If an electrical appliance uses more than one dry cell, how should the dry cells be arranged
so that the device can function with maximum efficiency?

Figure 3,32 shows two circuits with dry cells arranged in series and in parallel. It is given that
the ean.l., £ of each dry cell is 1.5V and the internal resistance, r is 0.5 (L

L
lils
¢ II1. 5 J.
ik
o [
{a) Arrangement of two dry cells in series (b) Arrangement of two dry cells in parallel
Figure 3.32

(a) (i) Compare the current flow in the two circuits.
(i) Which arrangement of dry cells gives a greater current? Explain.
(b} If the circuit in Figure 3.32(b) is replaced with three dry cells in parallel:
(i} calculate the current
(i) compare the current in the arrangements of two dry cells in parallel and three dry cells
in parallel
(iii) state the relationship between the number of dry cells arranged in parallel with the
current in the circuit and explain your answer.

(a} (i) Arrangement of two dry cells in series: | Arrangement of two dry cells in parallel:

“Then « o5t
r=0250
f=”ﬂ+l‘} C.!JJ'H.'I'II:J = £
Current,/ = M REL
11 1.5
Wl “T0+025
10+ 1.0 = 01463 A
=027 A
{ii) The dry cell connected in series provides a higher current because of a higher effective
em.f.
(b) (i) Arrangement of three dry cells in parallel: | (1) The current for three dry cells
= BRI W B arranged in parallel is higher.
r, 05 0505 (iii) Increasing the number of dry cells
o= 0:167 0 £ that are arranged in parallel will
Current, [ = R increase the current in the circuit
15 because the effective internal
=10+ 0.167 resistance decreases,
= 01475 A

D e



Figure 3.33 explains how two types of vehicles are powered by different electrical sources,

Types of Vehicles Using Electric Power

Electric Vehicle (E.V.) Hybrid Car
s« Electric vehicle uses 100% electric + 25 - 40% of its power is supplied
power using rechargeable batteries to by rechargeable batteries and the
supply energy to electric motors, The remainder by fossil fuels such
commonly used batteries are Li-lon as petrol.
or Mi-MH batteries, + The battery voltage range wsed is
« The battery voltage range required is 1040 — 200V,
300 - 800 V.
V ] v
Peirol tank Batiery Muotor
Electric mosor |

Engine

Figure 3.33 Type of veliicles niing electric poter

EN. and hybrid cars batteries can be charged using domestic
electricity supply and at E.V. charging stations or at solar cell
charging power stations. Solar cells are components which can
convert sunlight into electricity, Solar cells are arranged in series
to form a solar panel. Arrangement of solar panels at solar cell
charging power station plays a role in providing a suitable voltage
and current. The use of EV. is a good alternative in maintaining
environmental sustainability,

Lzl B >4




Adm: Discuss the connection of solar cells and batteries in an electric vehicle 10 power the engine

that regquires high current

Instructions:

1. Carry out this activity in groups,

2. Scan the QR code given or browse the Intermel 1o get
information on how solar cells and batteries in clectric
vehicle are conmected o generate high current.

2o b

":m:-:-'i.rm?s Hr Yk

Figure 134 Salar cells Photograph 3.5 Baltery packs in eleciric pehiicle
3. Discuss the connection of solar cell and batteries 1o stan the engine of an cleciric car thal requires
high current.

4. Present the results,

1. What is meant by electromotive force, e.m.£3
2. State the difference between e.m.f. and potential difference.
3. What is the effect of internal resistance on current in a complete circuit?

4. If you are supplied with two dry cells, what type of arrangement can reduce the effective
internal resistance of the dry cells?




Phatograph 3.6 Virias elecirical appllances of Tome

Photograph 3.6 shows various electrical appliances that are used at home. Electrical appliances
convert electrical energy into other forms of energy. For example, lamps produce light and heat
energy when supplied with electrical energy. Can you state the form of energy that is generated
by the electrical appliances in Photograph 3.62

The Relationship between Electrical Energy (E), Voltage (V), Current (I} and
Time (t)

Based on the formula of potential dtﬁmm.h%

where V = potential difference
£ Sy o G -
(} = the amount of charge flowing ®°

1.J i the slecinical enesgy thal is

Electrical energy, E= VQand Q= It used when 1 A of cument flows
thwough an electrical device with &
Therefore, the relationship between E, V. [ and ¢ can be potontial difforence of § V across
formulated as: Rlris
E=V¥it E

The 5.1 unit for electrical energy. E is joule (J)

%},{g B u



The Relationship between Power (P), Voltage (V) and Current (I}

Have you ever seen a label as shown in
Photograph 3.72 The label displays the

voltage and electrical power required to
operate the electrical appliance. —— —

Based on the label in Photograph 3.7, the N .

electric rice cooker will use 700 | of electrical energy
in one second when a voltage of 240V is supplied.

This information can be used 1o calculate the amount
of electrical energy that is used over a period of time.

ol o
'ﬁ‘:‘-i”“:'m .
f O

“

Photograph 3.7 Power mting lnbel or ar decirie rice cooler

Electrical power = ﬂm:::::‘:&: L
P= -fa-

and electrical energy, £ = Vit

Therefore, the relationship between P, V and [ can be P m -
derived as:
The voltage Labelled on an
p=XIi eectrical appiiance s the working
f veltage. The working vellage &
rP=Vi the potentisl difference required
for an electrical appliance In
From Ohm's Law, V' = IR, two Luﬂ'u:r equations for m;r’mmﬁ“
electrical power, P can be obtained as follows: operaing al the warking volage,
7 the electrical power used b 25
Q9 p:v(%j_mm;?:% stafied in the label

& P= (R} then P=I'R

The 5.1 unit for electrical power, P is watt (W) or J 5.




Solving Problems Involving Electrical Energy and Power in Daily Life

Figure 3.35 shows a circuit that is supplied with
a 6V battery to light up a lamp. If the current i-=-Ji
is 0.7 A, what is the amount of electrical energy
used to light up the lamp for one minute?

Figure 3.35
Step 1: Step 2: Step 3: Step 4z
Tdentify the Identify the Identify the formula | Solve the problem
problem information given that can be used numerically

©L=V0
Q=0
Therefore, E = VI

© Total electrical energy, F

@ Potential difference, V=6V
Current, [ = 0.7 A
Time, t =1 =60 s

=ols

O E=6x=07x 60
=152

COOE0ER Info

Scan the OR code for bps on
haw 10 use formulae ko sobve

Exampie E1
A fluorescent lamp is labelled 240 V, 32 W,
Calculate:
{a) the lamp resistance
(k) the current flowing through the lamp under
normal conditions
() the electrical energy that is supplied for three hours in k)

‘

ta) Electrical power (b) Electrical power {c) Electrical power
required, P = 32 W required, P = 32'W required, P = 32 W
Potential difference across Potential difference across Time, [ = 3 x 60 = 60
the lamp, V = 240 V the lamp, V = 240V = 10 800 =
, rl 7
Resistance, R = ‘T 1 Current. L= % Eh;c:::cal ENErgY,
=20 -3 = 32 % 10 800
— 18000 _ = 345 600 |
Q134 = 3456 k|
L1z 15 JEXE
=



The Power and Energy Consumption Rate for Various Electrical Devices

MNowadays, a variety of electrical appliances are available @fm &
in the market. Consumers need to be wise in choosing =
electrical appliances that provide maximum energy saving. The cost of elactricty
i consumption depends on the
For example, a 40 W Compact Fluorescent Lamp (CFL) amount of slectical eneegy used
and a 12 W Light Emitting Diode (LED) both produce the in @ certain durabion {usualty 30
same brightness. [f they are switched on for 12 hours a day, days), The total slectrical aneny
compare the costs of energy consumption for both lamps for sed is maasured in KW,
30 days, 1 kivh = 1 unit of electricity
Tabie 3,15 Comparisen of costs of energy consingalion betueen CFL and LED
CFL LED
Energy used, Energy used,
E= Pt F E= Pt
= (M4 kW x 12 h . =00I2kW x 12h
= (148 units v = (L144 units 7

Given that the cost of energy Given that the cost of energy

consumption is RMD.218 per unit; comsumption is RM0.218 per unit; -

Cost of energy consumption Cost of energy consumption w

= 30 days x 048 units = RMO.218 = 30 days = 0.144 units = RM0.218

= RM3.139 = RM0.942

The energy consumption of LED is lower than CFL. This shows that LED has a higher
efficiency and is more energy-saving compared to CFL.

o

& 3.0 155

Aim: To calculate electrical energy consumption a1 home

Instructions:

1. Carry oul this activity individually.

2. Scan the QR code and print Table 3.06.

3. List all the elecirical appliances that are found in your home
such as electric rice cooker, television, lamp, electric oven, fan,
air conditioner and so on in the table.

4. Collect information on the consumption of clectrical energy hased on the power mting of the
¢lectrical appliances. For each electrical appliances;

() determine the quantity, poser and hours used in a day
(b} estimate the cost of electrical energy consumption in your home for a month

B aa4 Lzl



Table 116
Hours wsed in g

No, |[Flectrical  Quantity  Power / kW day I h Toial energy usage [ KWh
appliance (A} (B} © AxBxC)

| Bleetic rice
coker

2 Television

3 Lamp

5. Present the results of your findings.

Discussion:

1. Kdentily the electrical appliance in vour home that consumes the highest electrical energy.
2. Sugpest steps (o reduce the cost of electricity consumption in your home,

Steps in Reducing Household's Electrical Energy Usage

Prudent use of electricity can help save and reduce the cost of electricity consumption at home.
Can you suggest some energy saving measures that you can do at home?

Steps in Reducing Household's Electrical Energy Usage

Close all windows and Switch off electrical Use only full loads of  Use encrgy saving
doors when using the air appliances when laundry when using lamps to reduce
conditioner and ensure they are not inuse to the washing machine.  energy consumption.
that the air conditioner CONSEIVE ENErgy.

filter is kept clean to cool

the room down faster and

more efficiently,

Flgure 336 Steps in reducing howsefld's efectrical emengy usige

1. The output power of a battery is 80 W, Determine the electrical energy that is supplied by
the battery in:
(a) 10 seconds
(b} 2 hours

2 If the cost of electricity is 30 sen per unit, calculate the cost of using:
(a) 600 W LED television for 8 hours
(b) 1 kW vacuum cleaner for half an hour

2 B 344 345
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@ sSelf-Reflection

1. Mew things | have learnt in the chapter on "Electricaty” are
F
£ . 7 s B BN T

2, The most interesting thing [ have learnt in this chapter is

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

Poor .‘-.;. Tol] [l (S (i e % Very good
5. 1 necd to 2 to improve my performance in this chapter

summative Praclice | S =i

1. Figure | shows a filament lamp, Why does a coiled filament

prodduce a brighter light?

Coiled filamem

Figure !

2. Figure 2 shows a circuit with three bulbs, X, ¥ and Z
with a resistance of 3 £1 each.

(a) I switches 5, 5, and §, are closed, calculate; &8
{ih the effective resistance in the circuit
(i) the current indicated by the ammeter
(iii} the potential difference across bulb X

(b} Compare the brightness of light bulbs X, ¥ and Z
when switches 5,5, and §, are closed. @

(¢} If only switches § and 5, are closed, calculate: &
{i} the effective resistance in the circuit
(i) the current indicated by the ammeter
(iii} the potential difference across bulb X

[d) Compare the brightness of light bulbs X, ¥ and Z when only switches $ and 8, are closed.

e




3. An experiment is conducted to study the relationship between electromotive force, &
and internal resistance, r of a dry cell. The electrical circuit for the experiment is shown

in Figure 3. The voltmeter readings, 1 and the corresponding ammeter readings, § are as
shown in Table 1.

Turkale 1
viv 1A
Ik 1.40 0.2 |
Ly 1.35 0.4 |
1.25 L& |
ke 1.15 0.8
110 1.0

Figure 2
{a) What is meant by electromotive force?
{b) Based on the data in Table 1, plot a graph of V against I.
(e} Based on the graph plotted, answer the following questions:
(i} What happens to V" when [ increases?
(i) Determine the value of the potential difference, V when the current, § = 00 AL
Show on the graph how you determine the value of 17
(iii) WName the physical quantity that represents the value in 3(c){ii}.
{d} The internal resistance, r of the dry cell is given by r = —m, where m is the gradient of
the graph. Calculate r.

(2] State two precautions that need 1o be taken in this experiment.

4. Figure 4 shows a circuil that is used 1o investigate the relationship between resistance, B
and length of wire, [ for two different wire conductors with the same diameter, that is
0,508 mm. Figure 5 shows the graph of resistance against length of wire.

Resistance, & = 100 &2

30
- I % Leasd wire
4 24
0
s
12
R
Aluminium wirg
4 ARy
a e -
i 4 & 12 6 m M

Lemgth af wire, |/ em

Figure 5

(a) What is meant by resistivity?

{b) Based on the graph in Figure 5, compare; #8
(i} the gradients of the graph
{ii) their resistivities.




{c) Based on your answer in 4(b), state the relationship between the gradient of the graph
and the resistivity of the conductor. ¥

5. Figure 6 shows four types of air fryers A, B, © and D with differem specifications. Study the
specifications of the four air fryers based on the following aspects:
+ heating elerment
« coll turns of the heating element
« number of fan blades
« suitability of fuse

Air fryer A Air fryer B

Heating element: Heanng clemem:
Nichrome Comstanian

Fuse: 1A Fuse: 104
Power rating: 240V, 1500 W Penwer mting: 240 V., 1500 W
Alr fryer C Air fryer [
Heating clement: Heuting element:

NII.'"II":II

Canstantan % %

Fuse: BA Fase; A
Poswer raling: 240 W, 1500 W Penwer mating: 240 ¥, 1500 W

| Figure &
| {a) What is the function of a fuse in an air fryer?
| {b) What is meant by 240V, 1500 W on the label of the air fryers?
(e} Discuss the specifications of the fowr air (ryers 1o cook food quickly and safely, ¥
{d} Determine the most suitable air fryer. Give your reasons, &8

Lzl



6. Your mother has just renovated her kitchen with a modern concept. As a final

touch, she asked you 1o buy an electric stove that can heat up food quickly and save
electricity. Table 2 shows several electric stoves with its heating element features,

bl 2

Typeof  Metalresistivityat —yu oy oy Maiing ] o

electric stove  20°C, p [ 10401 cm point / "C
P L7 Low 1084
Q 7 High i)
R 69 High 1452
5 2006 Low u7

{a) Discuss the suitability of the four types of electric stoves based on the
features given, &

(b) Determine the most suitable electric stove. Give your reasons, S8

2Ist [Century Challenge

High
Low
(]
High

7. Figure 7 shows a heating element in an electric kettle. You are required to modify the

heating element so that it is portable and can boil water faster and safer,
Explain the modifications based on the following aspects; &8

« number of coil s of the heating element
« density of the heating elemem

» diameter of the heating wire

« type of material used as the heating element




