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MEASUREMENT OF
TEMPERATURE

= The temperature of a substance is a number which expresses its degree of
hotness or coldness.

THE THERMOMETER

= Temperature is measured by a thermometer.

= There are different types of thermometers. Each of them makes use of a
different physical property which changes continuously with temperature
to show the temperature.

' Types of thermometer

1. Volume of a fixed mass of liguid  Liquid-in-glass thermometer e.g
| mercury, alcohol.

2 Electromotive force (e]'\.f)ﬁ Thermocouple. |
3. Resistance of a piece of metal Resistance thermometer
4. Pressure of a fixed mass of gas Constant volume gas thermometer

at constant volume

GRADUATING A THERMOMETER

The following steps must be taken;

100¢ | | 5 upper fved E upper fixed point
et -
-
=E 100 equal divisions
| 5. :
lower fixed -
e 1] = point o ¥ lower fixed point
il
|
{a) ) ()
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1. To graduate a thermometer, two points are first determined. These are called
lower fixed point and the upper fixed point. A fixed point is a reference
temperature chosen because it is readily reproducible.

2. Determine the lower fixed point, which is the temperature of pure melting ice.
Impurities lower the melting point.

Determining the Lower Fixed Point

Pure melting ice

3. Next determine the upper fixed point, which is the temperature of steam.

Determining the Upper Fixed Point

The thermometer is mounted in a hypsometer. The double wall minimizes heat
loss.

Cork

_f..--""ﬂm il arrinspheric presgurs

4. Divide the temperature range between the two fixed points into a number of
equal parts or degrees.
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THERMOMETRIC LIQUIDS

The two commonly used liquids are alcohols are mercury and alcohol.

Comparison of using mercury to alcohol:

Mercury Alcohol

ADVANTAGES
Boils at 357°C

Conducts heat rapidly
— more sensitive to
temperature change
Easy to see

Does not cling to glass

Does not vaporize
rapidly

DISADVANTAGES ADVANTAGES
Not as cheap as Cheaper
alcohol

Freezes at -115°C -
suitable for colder

Freezes at -39°C

regions
Expands less than Expands more than
alcohol mercury

CLINICAL THERMOMETER

Used to measure temperature of human bodies.
* The range of the thermometer is 35°C to 42°C.
= |tis very sensitive because it has a large bulb and a narrow bore.
= |t has a constriction to block mercury above it. The mercury below the
constriction cools and contracts back into the bulb.

HT _I ;| HETTTTI AT

T }

135151: 18 W a0 41 42

Consirstion

DISADVANTAGES
Boils at 78°C

Alcohol is less
sensitive to
temperature change
Alcohol is not easy to
see — needs to be
coloured

Alcohol vapourises
easily

Clings to glass
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THE MAXIMUM MINIMUM
THERMOMETER

3 Ol @l crensnic

0EC

= Used to record the maximum and
-3 o) Mzumum - minimum temperatures reached over a
period of time.

40~ )
Pt =  Consists of two bulbs.

By g * The scale on the side of the

*13: ; completely full bulb measures minimum
=L

e temperatures.

b1

Temperatures may also
be measured by
variations of electric
currentina
thermocouple. If two
wires of different
8 materials are joined
S BunenFlame  tnoather at their ends
and the two junctions are maintained at different temperatures, an electric
current flows around the circuit. This is called thermoelectric effect.

* The magnitude of the current depends on the temperature difference
between the two junctions.

= They are very sensitive and can measure high temperatures like the
temperature of a Bunsen flame.

= A number of thermocouples joined together make a thermopile.
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= Commercial thermocouples use antimony and bismuth because they give a
large thermoelectric effect.
= Athermopile:

Gt yanomsier

?)

THE BIMETALLIC THERMOMETER

__ Temperature sale The bimetallic thermometer consists of a
bimetallic strip made of a coiled spiral. One
end of the spiral is free while the other is
fixed. A pointer is attached to the free end
and moves over a temperature scale which is
predetermined.

Free end

2

inter
Fixed end e

= The thermometer works on the basis that the radius of the curvature of the
spiral coiled bimetallic strip changes with the surrounding temperature.
Increase in temperature makes the radius of curvature to increase. This
makes the pointer move.

CALCULATION OF UNKNOWN
TEMPERATURE

How to Find Unknown Temperature without a Temperature Scale?
Using ice point (lower fixed point) and steam point (upper fixed point) as
reference points.
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= o =
100° || & steam point

I

Iy

I ice poinl

e
e
-
=
-
.

(a) {(b) {c)

= |If the following are given:

Apply

o Lo: Length of the liquid column at ice point (0°C)

o Lioo: Length of the liquid column at steam point (100 °C)

4 unknown temperature 8

o Le: Length of the liquid column at an unknown temperature (0)

the following equation:

lo — 1

0 x 100°C

g llOO - lO

Example

A
B
D

[Ans]

[2] A thermometer reads 1°C in pure melting ice and 101°C in steam above boiling
water, It is used to measure the temperature of water before and after it is heated.

What is the error when the lemperature rise is calculated?

2°C too low
1°C too low
Zero

1°C too high

€  Puremelting ice is 0*C and steam above boiling water is 100°C. From the readings
given, it is found that all readings are 1*C too high. However this error will be eliminated
when the temperature difference is caleulated,
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Example

[Q] The diagram shows a mercury-in-glass thermometer. The distance between the —10°C and
the 110*C markings is 25 cm.

15¢cm =
-' - ————)
—-HC G

B 25 cm "
At which temperature is the end of the mercury thread 15 em from the -10°C mark?
A 50°C
B 80°C
C 6°%C
D 72°C

[Ans] € reading =[%xllﬂ]-lﬂ
=62°C

Example

3] Aswdent puts the bulb of an unmarked liguld-ineglass thermpmeter into meltng fee, then
into steamn above boiling waler and finally into sea-waler, Facl lime she waits until the
liguid level is steady, and then marks the level.

The disgram shows the liguid levels measused from the bull,

i < %.:.'m.
12 em
saa-water
#em " o
Zom
H"r L ;
I

What is the approvimate temperature of sea-water?
A 2°C C a3
B 205 D 403

[Ans] B Reading — il ypgee-42 L p0ecanec
> hoy =l 12-2
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KINETIC THEORY

States: All matter is made of atoms that are constantly in motion.

THREE STATES OF MATTER

Example
[Q] Which nf (he following correctly states the properties of solids, liquids and gases?
salids liquids Rases

A oo not flow easily | fow easlly Horw ensily
B |easily compressed | easily compressed | hard 1o cnmpress
C | fined shape lixed shape no fixed shape
D | no fised volume | fixed volume o fixed volume

[Ams] A Pac

Example

Iiark‘ﬁmm has (hree sealed plastic bags. One bag is full of gas, ene of liquid and one of
m y i

The shudent squeezes sach bag to see if it changes shape, and warms each bag to see (I

Y

Which bag containg gas?

A the one that changes shape easily and expands the least when heated
B the one that changes shape easily and expands the mos| when heated
€ the one that s fixed in shape and expands the least when heated

D the ope that is fixed in shape and expands the most when heated

|

[ans] B A gas Was no fixed shape or sizs and expands the most when heaed.

BROWNIAN MOTION

= The existence of molecules in continuous random motion can be
demonstrated by Brownian motion.
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= Particles can be seen in a random zig-zag path.

Example

(= T

Ans]

When the Brownian motion of smoke particles in air is observed with a microscope, moving
points of light are seen.

These points of light are reflections from

air particles only, moving randomly.

smake particles only, moving randomly.

smoke particles only, vibrating,

both smoke and air particles, moving randomly.

B The air particles are too tiny to be observed and so the light spots come only
from the smoke partieles. The smoke particles are moving freely but not vibrating,

Example

A

B
C
o

Aris]

[0 Browrdan mition of smoke particles can be studied by using the apparitas shown,

tarip

Whik causes the Brownian froling?

eenvection currents in the air

hear from the lamp ‘

random collisions betvesn air molseules and Snoke patticles
random collisions between smoke particles and other smioke particles

C  The sgzag molion of he smoke pericles s due lo (he random motion of the
air malecules which oollide with the smake particles,
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THERMAL EXPANSION OF
SOLIDS AND LIQUIDS

THE BIMETALLIC STRIP

This strip consists of two strips of iron and brass welded together. When
temperature rises, brass expands more than iron, and so heating the
bimetallic strip results in its bending towards the iron.

i i, e
T T
[ron
Iriii

{8) Before healmp {l) After heating

Bimetallic strips are used in devices such as refrigerators, pressing irons,
fire alarms, direction indicators and thermostats.

A thermostat is a device used to maintain a steady temperature and it
employs a bimetallic strip to accomplish this.

LINEAR EXPANSIVITY

= The linear expansivity of a substance is the fraction of its original length by

which a rod of the substance expands per kelvin rise in temperature.

expansion

linear expansivity = —— —
original length X rise in temperature
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* The linear expansivity of a rod can be measured by the instrument below.

<
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Example

A rod S0cm long expandad from 50 cm to 50.080 cm in a iemperature range of 83k, find
its linear expansivity. What substance could this rod be possibly made of?

Solution

cxpansion
Linear expansivity = ongmal length X nse m temperature

= 50080 cm - 50.000 cm
i X 83

0080
50 x83

0,000 0193/

EXPANSION OF LIQUIDS

Most liquids expand when heated.

The Abnormal Expansion of Water
If water at at 0°C is heated, it gradually contracts until the temperature of 4°C.
Above 4°C water expands with a rise in temperature.

+ ' = TO
105 o*C 4°C Ll o wnc

As the volume reduces between 0°C and 4°C, the density increases. Water has its
maximum density at 4°C and this 1g/cm>.

Densi
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GAS VOLUME AND ITS PRESSURE AT
CONSTANT TEMPERATURE

The following apparatus is usually used in the investigation of how the volume of
a gas changes as the pressure exerted on it changes:

o

;'[T
LY

£

a
T T T

(

It is called Boyle’s law apparatus.

= Boyle’s law states that the volume of a fixed mass of a dry gas varies
inversely with the pressure, provided the temperature remains constant.

= For a fixed mass of a dry gas at constant temperature the product of its
volume and pressure is a constant.
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Example

A s occupies o volime of 1500m st 23°C and pressure of Blem of mereury, What
would ke the yolume of the gas iF the pressure were reduced o Teem of mereury bt
the temperanire remained comstant?

Sodurian
Bl =P

R ISD=T581"
= lbbem’

GAS VOLUME AND TEMPERATURE AT
CONSTANT PRESSURE

All gases expand by the same amount when heated through one degree if
the pressure is constant.

= The following apparatus is used to find the relationship between the
volume and temperature of a fixed mass of gas at constant pressure.

(1 - ' mm Scale

Thermometer ' : Capiltary tube
' Coancentrated sulphuric acid

Lids b il

| trapped air column

L&

— \H@l.}iz

This is called Charles law apparatus.

|

= Charles’ Law is a law stating that the volume of an ideal gas at constant
pressure is directly proportional to the absolute temperature.
= To convert from Celsius to Kelvin scale, just add 273.
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COMBINATIONS OF BOYLE’S AND
CHARLES’ LAW

Example

I, 250cm’ of gas 8 al 4 pressure of 70em of mercury and a temperatire of 27°C. Find
i"s virlume when it is at a temperature of 1 27°C and a pressure 6 35¢m of mercury,

Sulution
trom the general gas equation
B ¥ T 70 %250 (127 + 273)
¥ o= A= = X
¥ ", (27 + 273 35
= bbbk, Tem

2. 220cm’of a pas is collected at 57°C and at o pressure of §0em o mercury, What
is the volume at s.tp. (Standard temperature and pressure)?

Solution
Stanglard termperature = UPC = 273 K and standard pressure is Them of mereury.
e W B0 X220 273, S
F, - — e —= = e e
T P 330 % 76
= 191 6em’

PRESSURE AND TEMPERATURE AT
CONSTANT VOLUME

Pressure Law states that the pressure of a fixed mass of gas at constant volume
is directly proportional to its absolute temperature.

eskulu.com n



ESKULU.COM STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

Example

An inexpansible vessel contains a gas at a pressure of 40kN/m” and a temperature of
-13°C. To what temperature should the gas be heated to double the pressure?

Solurion
By £
£
A = 260 x% B0
¥ P, = 40
=520K
=47°C
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HEAT TRANSFER

= Thermal energy is the total kinetic energy of the molecules in a body.

= Thermal energy transfer or heat transfer takes place only when there is a
difference in temperature.

= Heat transfers from a higher temperature region to a lower temperature
region.

= The three forms of heat transfer are: conduction, convection and
radiation.

CONDUCTION

= Conduction is the process by which heat is transmitted through a medium
from its hotter part to its colder part until they are both at the same
temperature.

Example

€3] Fibre is weed [or home insulation as shown,

ok

roof gpacs

febre

cailimg
How dows Abre preven) heat passing easily through the ceiling?
A Fibre allows alr to pass thoough easily, C Fibre is warm
B Fibre is highly packed. [ Fihre traps air

[Ans] T Trapped air 8 a very good insulalor

Relative Conductivity

Relative conductivity is a measure of the degree of conductivity of a material
compared to the conductivity of air.
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CONVECTION

Convection is the process by which heat is transmitted from one place to
another by the movement of heated particles of a fluid (a liquid or a gas).

Convection Current
Convection currents are the flowing of a liquid or a gas caused by a change in
density, in which the whole medium moves and carries heat energy with it.

Applications of Convection Currents
1. Car engines are cooled by convection currents in the water pipes. Water is
a very good substance. Water is a very good substance to carry the
unwanted heat away from the engine to the radiator. The radiator is a heat
exchanger where the hot water gives up its energy to the air.

Tadiator

flow of hot water

air into
radiator

flow of cool water

2. Simple domestic hot-water system. Convection currents drive the hot
water up from the boiler to the storage tank while cold water flows down
to the boiler.
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Example

[ An experimwnt s earried oug a5 shown i the diagram,

v
Why dues the jo ke o long fime o melt, even tough the werr i Ihe top of the tube
1 boillng?

A Waler is @ o comdustor of hoat,

B Convection carsni ot 1 wabir.

€ The gauze prevents ihe energy reaching the jos

B lee s poor conductor of heal

Example
1Q] Density changes are responsible for which methods of thermal energy transfer?
A conduction anly
B comvection only
C radiation only
D conduction, convertion and radiston

[Ans] B Density changes canse the bulk movement of floid resulting in comvection.

Convection in Air
Experiment:

£
0

I -
t%y;;:,;::-?

L W= T T

You will observe that instead of rising as usual, the smoke flows through the top
of the box and emerges through the other chimney.

This is a result of a convection current.

eskulu.com n



WAAAA=E abkaimerHafe

Sea and Land Breeze
During the day, hot air above the land rises and is replaced by colder air from the

sea. This results in a sea breeze, thus a breeze coming in off the sea.

X - S5¢a  Breezs a
&=

At night the reverse occurs. The air above the sea which is warmer rises and is
replaced by the air above the land which is colder. Thus a breeze blows from the

land to the sea.

RADIATION

Radiation is a method of heat transfer whereby heat energy is transmitted from
a hot object to another in the form of electromagnetic waves.
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Factors Affecting Rate of Energy Transfer by Radiation

Factors: Radiate faster Radiate slower

Colour and texture of the dull black surface (also bright shiny surface

surface absorbs faster) (also absorbs slower)

Surface area Large area Small area

Temperature High temperature Low temperature
Example

[Q] Two identical metal plates are painted, one matt white and the other matt black, Thesa
are placed at equal distances from & radiant heater as shown. The heater is tumed on
for five minutes.

Which metal plate absorbs more energy and which plate emils more energy in this time?

absorbs more | enits more
black black
black white
white black

el while ehaciric mat black
white white matal plate i irtal plade

9N = =

[Ang] A  Black or dull surfaces are both good emitters and good absorbers of radiant energy.

VACUUM FLASK

Example

10 Tha diagram shows @ vacuum [lask and an enlarged view af @ setion through the Mfask
wenll. The main reason. for the slvering (5 o reduce heat (fandder by

Stopper

Ligjunct

silvering
A panduction only, € conduction and copvectomn.
B radialion only. N eonvection and mdiation.

[Ama] B A shiny aurfece 5 & poor absorber of mdiand energy
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= Heat or thermal energy is transferred from a higher temperature object to
a lower temperature object.

= Once the energy is transferred, it becomes the internal energy of the lower
temperature object and its temperature rises.

= This internal energy is in two forms: kinetic energy and potential energy.

= The change in temperature is due to the change in average kinetic energy
of the molecules.

= The change in state (solid, liquid or gas) is due to the change in potential
energy, i.e. the force between the molecules and their distances apart.

= Like all other forms of energy, internal energy is measured in joule (j)

= In all energy transferring processes, energy is neither created nor
destroyed. This is the principle of conservation of energy

The heat capacity of a body is the amount of the thermal energy that is needed
to raise the temperature of the body by 1 K or 1 °C.

= S| UnitisJ°C?
= Equation:

E = CA©6
where E: Thermal energy (j); C: heat capacity;

The specific heat capacity (c) of a substance is the amount of thermal energy
that is needed to raise the temperature of 1 Kg of the substance by 1 °C (or 1 K).
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E = mcAB

where E: Thermal energy (j); C: heat capacity; m: mass(kg);

Substances Specific heat capacity (j Kg*°C?)
Water 4200
Methylated spirit 2400
Paraffin 2200
Ice 2100
Aluminium 900
Sand 800
Iron 460
Copper 400
Mercury 140
Lead 130

FINDING SPECIFIC HEAT CAPACITY OF
LIQUIDS

= Apparatus is set up as follows:
Ihuiiwry ha i

i , NOTE: Heat lost by heater = Heat gained
= E =Power X Time
Ayt . _ VIt
-~ €= ot
Tianiti waussa i e b
15 '
Bl e

WAV

RTVR TR VR VLAY LY
| ia by :
VA
H

E
)
|
)

=
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Example

It takes 5 munutes for 3 heater rated 1YV, 5A to raise the einperatuee of 2hy of
lguid by 37C, Caleulate the specific heat capacity of the liguid,

Solution

Hiut lost = Heal grmied
Vi = el
e =ViymDT

IZX5% 30

1¥3
= 3 M Rg"C

1 kg of a metal at 1060 *C 1= placed o twi kilogroms of wister at 2°C and the
resulting temperature of the water and metal Is 5°C. Find the specific heal
capacity ol the metal
Sedlitian
Heut lost by metal = Heat gained by water
| X (100=5) X g =2 X 4200 X (5-2)
¢ =163 20 Jkp"C,

HEAT TRANSFER BETWEEN TWO BODIES

When two bodies with different temperatures are in contact, they will finally

have equal temperature.

Energy lost by the hotter body = Energy gained by the colder body

mic1(61-0) = mac2(0 - 62)
LATENT HEAT

Latent heat is the thermal energy absorbed or released during a change of state.

Latent Heat of Fusion

For a solid at its melting point, the amount of thermal energy that is needed to
change its state (without changing the temperature) is called the latent heat

of fusion.

The molecules in a solid are held by strong forces. At melting point, all energy
supplied to it is completely used up for breaking the strong forces.
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= Only the potential energy of the molecules has increased, not the kinetic
energy. As such, the temperature at melting point remains unchanged.

Specific Latent Heat of Fusion

The specific latent heat of fusion of a substance is the amount of energy
needed to melt 1 kg of the solid to liquid without changing the
temperature.

SI Unit: j/kg.

Equation:

E: energy; m: mass; Ls: specific latent heat of fusion;

Latent Heat of Vaporization

For a liquid at boiling point, the amount of energy that is needed to
change its state (without changing the temperature) is called the latent
heat of vaporization.

In this process, the latent heat is used to overcome the attractions between
the molecules in the liquid. It is also used to push back the surrounding air
molecules in order to let the molecules in the liquid to escape, becoming a
gas.

Specific Latent Heat of Vaporization

The specific latent heat of vaporization of a substance is the amount of energy
needed to vaporize 1 Kg of the liquid to gas without changing the temperature.

S| Unit: j/Kg
Equation:
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Example

An immersion heater rated at 150 W is fitted into a large block of ice at 0 °C. The specific
latent heat of fusion of the ice is 300 ]/g. How long does it take to melt 10 g of the ice?

A 2s C s
B 5s D 150s

[Ans] € Assumption: no energy lost to the surroundings
energy supplied by heat = latent heat absorbed by ice
Pt-le
temL; /T
=10 = 300 /150
=Ms
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Example

How much heat is required to convert 5Kg of ice at -10°C to steam at 100°C?
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EVAPORATION

= Evaporation causes cooling since it is the more energetic molecules that
escape from the surface taking heat with them from the container.
® Thus the surrounding cools down.

Applications of Cooling by Evaporation
The domestic refrigerator

The cooling effect of a very volatile liquid Freon (dichlorodiflouromethane) forms
the basis of the refrigerator.
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CHALLENGING QUESTIONS -1

Instructions: *attempt questions before looking at the answers*
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1. A physics student wishes to measure the thermal energy from the Sun that falls on the surface of
a lens. He sels up the experiment as shown in the figure. Sunlight is converged by a lens on to
a blackened piece of metal, which absorbs all of the incident energy. The lens transmits all of the
energy that falls on it

Sun's
FAYE thermomater
blackenad
peoce of
lens matal

The mass of the block of metal is 0.20 kg and its specific heat capacity is 390 J/(kg K). The reading
an the thermometer increases by 2.1 K in one minute,

(i) Calculate the energy received by the block of metal in one minute.
(i} Caleulate the power received by the block of metal.

[iii} What other measurement does the student need to make in order to measure the thermal power
from the Sun that falls on 0 a 1 cm? area of the surface of the lens? [7]

2. A waler bath is kept warm by an electric heater placed inside the water, as shown. The heater switches
an when the temperature of the water is 40 °C or below, and swilches off when the lemperature

reaches 45 C.

___— waler bath

. | watar
.- EEN RS C
b

(a}) Energy from the heater warms all of the water in the tank by means of convection currents.
(ij Explain in detail how convection currents are formed.

(i} Describe an experiment that you could perform lo demonstrate a convection current in a
liquid or in a gas. In your account, draw a diagram showing the convection current. [5]

fb) The variation with time of the temperature of the water in the tank is shown.

45
mmmm/\“\ /\
404 ! —
6 1 2 3 4 5 & 7 8 8§ 10 N

w

The water bath contains 3.0 kg of water and the specific heat capacity of water is 4200 ] /(kg
e
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(i) Show that the energy needed to warm the water from 40°C to 45 °C is 63000 .

(i) Show that the power of the heater is 2100 W. You may assume that all of the energy from
the heater is used to raise the temperature of the water.

(iii) In every hour, the heater is on for 3 minutes. Calculate the amount of energy in kWh used
by the heater in one hour. 171

{c) Describe two ways by which the water cools down while the heater is switched off, [2]

A person running in a race generates, on average, 800 ] of heat energy every second. Half of this
heat energy is lost from the body by the evaporation of water.

(a) Explain in terms of molecules, how the loss of water by evaporation cools the body. [2]

(b} Calculate the mass of water evaporated from the body in a 2 hour race. The specific latent heat
of vapourization of water is 2.25 x.10* ] /kg. [3]

The figure below shows steam passing into a jug to warm up some cold water. In this question,
you may ignore any heating of the atmosphere.

Steam

:

coid water

Pure steam enters at 100 °C and the jug initially contains 500 g of water at 20 °C, Eventually, the
water in the jug reaches a temperature of 100 °C. The specific heat capacity of water is 4.20 J/(g °C)
and the specific latent heat of vapourization of water is 2250 | /g.

fa) State whal is meant by the specific latent heat of vapourization of water. 2]
(b) Explain why the mass of water in the jug increases. [1]
{c) Calculate the energy needed to warm 500 g of water from 20 °C to 100 °C. 2]

(d) Calculate the final mass of water in the jug, when its temperature has reached 100 °C.  [2]
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5. A small quantity of solid wax in a test-tube is heated slowly. The figure shows the variation with
time of the temperature of the wax.

8 8 8 &§ 8 3 8 8

=]

1 2 3 4 § 6 7 8B 8 10 11 12 13 14 15
time/min

{a) (i) State what is meant by the melting point of a substance.
(i) Determine the melting point of the wax in the experiment. [3]
(b) In a second experiment, twice the amount of wax is used, and exactly the same amount of heat
energy every second is passed into the wax as in the first experiment. The initial temperature
of the wax is also 30°C.
On the figure, draw the variation with time of the temperature of the wax in this second experiment.
You may assume that the heat needed to warm up the test-tube itself is negligible. [2]
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SOLUTIONS

L.

2.

ExamTip 15~

=2
(a) (i) E=mcad i) P.%
=020=390x21
=160] =038
a0
=27 W

(iii} cross-sectional area of the lens

Wa assume that the lens does not absorb any energy from the Sun. It only transmits energy
to the metal block.

Thermal power from the Sun that falls on to a 1¢m® area of the surface of tha lens
Tharmal power
cross-sectional arernf en

(a) (i) Whm&mwateratﬂﬂhu@mofﬂwm\kjshﬂmdtthyﬂwm,ﬂwwﬂww
andﬂtedmﬁtybdmmmtmtwamﬁmandﬂmmmwamrﬂﬁ\ksmmup&m
convection current.

(i) | P

'
E=

ﬁ

A beaker Iaﬁﬂedwiﬁnsmewqtermdmmemmhnfpumﬁhmﬁpemungamteisplamd
at the centre of the bottom of the beaker. The water is then heated at the centre of the botor.
Purplish streaks can be observed moving from the bottom towards the water surface and
then coming down near the rim. 5

(b) (i) Energy needed = meA#
: = 3.0 x 4200 x (45— 40)
= 63000 ]

(i) Time taken to raise the temperature of water from 40°C to 45°C = 0.5 minute

Pmreru%

- 0300

0.5 % 60

= 7100 W
p 2100 3
i} Amount of = Sl
(it} of energy mm”,ﬁu
=0105 kWh

(c) Heat can be conducted to the outside of the water bath which radiates the heat away by radiation
in the form of infra-red. '

Evaporation may also occur near the surface of the water bath to cool down the water.
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mﬂ&mﬂmlmq:emhtenfﬂwuquiddmpa}lmt mﬂmduwn'bytl‘tliqtﬂdfrmtthﬂbud}r
causing the body to cool.

(b) Energy, E = Pt = ml

m==t
_B00x2x60x60 1
- 2Ex10t 2
=128 kg
ExamTip 1

{al Femermbar that the temperature of a liquid depends on the average kinetic energy of tha
molecules, Evaporation only oocurs at the liguid surface,

ibl Ewaporation is slso & change of state lrom liguid 1o vapour though it happens at any tempereiuns.
The time In the equation E = Pt must be in second.

4. ({a) The specific latent heat of vapourization of water is the amount of energy required to change
1 kg of water to steam at constanl temperature,

{b} The steam condenses to form waler.

{¢) Energy needed =mcAf
= 500 = 420 = (100 = 20)

= 165000 ]
{d) Final mass of water = initial mass +mass of waler from steam
168000
=500+
.:5'_?55
5 (@ M Melﬂngpuhthﬁmmmmwhﬂiammw&mmmh
to liquid state.
{E} 59°C
(b) 90 T T Ta e St ' T "
m i i
ﬂ’fﬁ'_mm .
m L]
50 s 4
«-:5" -‘ll
30 T
20 4 s

0 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15
timefmin

ial The horzontal ling of the graph represents maiting of the solid wax. The comesponding temperaiura
is the mefing point. When change of state happens, thera is no change of temperaturs.

ib} Since the amount of wax is doubled, the tima for the wax ta mach its mefting point ls also
doubled. However, the malting point is a constant regardiess of haw much wax is used.
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WAVE MOTION

= A wave transfers energy from one place to another.
= NO MATTER is transferred in the process.

TERMS USED

1. Wavefront: A line joining all the crests (or troughs) of a moving wave is
called the wavefront. It is an imaginary line.

2. Wavelength ( A ): of a wave is the minimum distance at which the wave
repeats itself. The distance between two successive wavefronts is equal to
one wavelength.

3. Amplitude: the maximum displacement of a particle from its resting
position.

Example

Q] A long rope is stretched out on the Hoor. One end of the rope is then shaken.
The graph shows the rope at a particular moment in time.

03 -
oz I
['R]
displacement,/m 0 J— —

02 04 DB OF 10 12 14 16 LB 20
=01 distance 'm
—ﬂ!]
03

What is the wavelength of the wave motion?
A DIm C 0Bm
B 06m D l6m

[Ans] D Wavelength is the distance for one complete wave.

PERIOD AND FREQUENCY

= Period (T) is the time taken for one complete oscillation of a point on the
wave.
= S| Unit: Seconds (s)
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* Frequency (f) is the number of complete waves produced per second.

1
= - f: frequency [in Hertz(Hz)]; T: period;

WAVE SPEED

» The speed (v) of a wave is the distance travelled by the wave in one
second.

v=fA wherev:wave speed(inm/s); f: frequency(in Hz); A: wavelength(in m)

» S| unit of wave speed: ms™(metre per second).

Example

[Q] The diagram shows how displacement varies with time as a wave passes a fixed point.

|

0.10-
JaAWA
displacement,/m 0 UE = =
~0.0% -}
—0.10 - \-/

What is the frequency of this wave?
0.25 Hz

0.50 Hz

1.0 Hz

2.0 Hz

o I o -~ I 2

[Ans] B frequency =1/period=1/2 =050 Hz
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Example

[Q] A vibrator sends ripples across the surface of water. They run closer together as they travel
further from the vibrator.

This shows that the ripples

decrease in frequency.
increase in frequency.
slow down.

speed up.

on = »

[Ans] C The frequency of the water waves always remains constant. The wavelength is
then proportional to the speed of the wave,
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TYPES OF WAVES

There are two types of wave:

The two waves can be distinguished by their waveforms.

1. Transverse Waves

= The waveform of a transverse wave appears as succession of crests and
troughs, shown in the following figure.

= The waveform appears to move at a constant speed.

vibrations of particles are at right angles
to the direction of travel of wave

up-down motion H
atsource produces b - s e s e s e e e e e e A e = direction of
0 LTANSYErSE Wave | travel ol wave

crest

trough

A TRANSVERSE WAVE IS A WAVE IN WHICH THE OSCILLATIONS OF THE
PARTICLES ARE AT RIGHT ANGLES TO THE DIRECTION OF TRAVEL.

* The following are parts of a transverse wave:

Froreh Wavelength  —3]
=/} /\
S Wavelength
! ’
l \/

Undsstarbed level
.A.mpll.l‘ud-e

|

Trough

——

I
1
I
|
|
|
|
1
H— wu.'\'tjuﬂgm

Examples: water waves, microwaves, radio waves, infra-red, visible light, ultra-
violet, X-rays and Y-rays.
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Example

[Q] The diagram shows a ball floating in a tank of water.
direction of wave

=

Which diagram shows the movement of the ball when the wave passes?
A B

C D
— ——— +

[Ans] D Water waves are transverse waves.

2. Longitudinal Waves
= They appear as a succession of compressions and rarefactions.

= An example of such waves: sound waves.

= A LONGITUDINAL WAVE IS A WAVE IN WHICH THE VIBRATIONS OF THE
PARTICLES ARE PARALLEL TO THE DIRECTION OF TRAVEL OF THE WAVE.

Example
[Q] A lightly coiled spring Is fixed at one end and held by hand at the other.

: -

Tt == 1 &= right

down
Which hand movements cause (irst a compression and then a rarefaction to travel along

the spring?
A down then up C  left then right
B up then down D right then left

[Ans] D A longitudinal wave is a wave such that the vibration of particles is along the
direction of the wave motion,
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Example

[Q] The dipper in a ripple tank vibrates at a frequency of 4.0 Hz and the resulting wave pattern
is photographed. The distance between the two crests shown is 20 cm.

I
|
i
i_-=

20cm "
What is the speed of the wave?
A 4cm/s C 16cm/s
B 5om/s D 20cm/s

20
[Ans] C Since the distance between two successive crests is the wavelength, 4= i

4 em. Using the wave equation, speed of wave = fi = (4.0)(4) = 16 cm/s.

Example

[Q] The diagram shows waves set up in a rope by a student moving the free end up and
down at a steady rate.

trea end fixed end

What is the wavelength of the waves shown, and what will be the wavelength when the
student doubles the frequency at which the free end is moved up and down?

| wavelength as shown | wavelength when frequency doubled
A 0.50m 1.00 m
B 0.50 m 0.50 m
1.00 m 1.00 m
D 1,00 m 0.50 m

[Ans] D There are two waves in a distance 2.00 m. Thus the wavelength is 1.00 m, The
speed of wave is constant. When the frequency is doubled, wavelength must be halved
to keep the wave speed constant.
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SOME BEHAVIOURS OF WAVES

=  We will refer to water waves in the simple ripple tank.

Reflection

w— - . K X ] - -—
Barrier . I ‘Fﬂ—t Incident waves
— — — -— e P RN S

Reflected waves

Refraction
The change in the direction of propagation caused by a

L\P\b change in the speed of the wave is called refraction.
Iﬁ\‘:.r

ks )

Waves Negligible diffraction

This bending of waves as they emerge from a slit is called diffraction.
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Superposition and interference

= |f a number of waves pass through a certain point at the same instant, the
displacement is the resultant of the displacements of the two separate wave
motions.

= This is the principle of superposition and applies to all kinds of waves.

= |f two waves are travelling in the same direction at the same time and having
equal amplitudes and frequency, while they travel in such a way that the
crests of one wave meet those of the other and their troughs do the same,
their displacements of the waves add up and result into a wave of double the
original amplitude

Resultant Resultant
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CHALLENGING QUESTIONS — 2

Instructions: *attempt questions before looking at the answers*

1. (a) Draw on the grid below a transverse wave at a particular instant as it travels from left to right.
Your wave should be drawn full scale and should have an amplitude of 2.0 cm and a wavelength
of 5.0 em. 12

(b) Each of the particles in a medium in which a transverse wave travels has a similar motion.
Describe briefly the motion of one such particle in a medium through which a transverse wave
is passing, [2]

(c) The full-scale diagram represents the positions of particles of a medium at a particular instant
whilst a longitudinal wave, travelling from left to right, passes through the medium. Before the
wave arrived the particles were all 1.0 cm apart, i.e. each was on one of the dotted lines in the
diammmémmm the particles A, B and C are passing through their original undisturbed
positions,

—— = ——
L]
B
L]
L ]
—————————
L ]
=
i -l i e
-
—————————
-
-
————————
-
L]
]
il e

By making measurements on the diagram, write down
(i) the wavelength of the wave
(ii) the amplitude of the wave motion 2]

2. Transverse waves are produced in a long rope by securing one end of the rope to a wall and then
moving the other end from side to side by hand. The frequency of the waves is 2 Hz.

{a) What does the term ‘transverse’ mean? [1]
(b) Explain the meaning of the expression ‘the frequency is 2 Hz'". [2]
{(c) What determines the amplitude of the waves produced? (1]
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3. (a) Fig. 3.1 is a graph of the variation of d, the displacement (y-axis), with s, the distance from the
vibrator (x-axis), for ripples on the surface of water in a ripple tank.

d/mm 1.0
Pt e a P

o N 7 7N 71\

SISV ET Ny Wy e
-1.0
Fig. 3.1
Determine
(i) the amplitude of the ripples,
(ii) the wavelength of the ripples. 12]
(b) Fig. 3.2 is a graph of the variation with time t of the vertical displacement d of the ripple tank
vibrator.
d/mm 44
0.5 b2 ~ Pt b~ pa
N a0 v
-0.5 > 5I\/ 7 g
-1.0 t
Fig. 3.2
Determine
(i) the period of oscillation of the vibrator,
(i) the frequency of the vibrator. 131
(c) Use your answers to (a) and (b) to determine the speed of the ripples. 38

5. Fig. 5.1 shows a ripple tank being used to investigate waves on water.

water

I
ripple tank
Fig. 51 Fig. 5.2 full scale

The dipper moves up and down 20 times in one second. Fig. 5.2 shows, to full scale, a sideways
view of the wave on the surface of the water at one instant.

(a) (1) Determine the wavelength of the wave in Fig. 5.2.

(ii} Calculate the speed of the water wave. State clearly the equation you use. [4]
(b) The dipper is now made to move up and down 40 times in one second, The speed of the water

wave is unchanged.

(i) On Fig. 52, draw the sideways view of the new wave.

(ii} State the value of the new wavelength of the wave. [2]
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SOLUTIONS

g T | 8 /

X

/ /

(b) Each particle oscillates about a fixed position in the direction which is perpendicular to the direction
in which the (ransverse wave is travelling.

() (i) 12em
(i) 0.7 em

fa) 1 sguare is 1em x 1cm,

le) (i  Wavelangth for longitudinal wave is the distance between two consecutive rarefactions
of compressions, Hauiacmﬁ; oceur at A and C whereas a compression occurs at B.
Therefore the wavelength is ‘the distance betweesn A and C.

lil Amplitude is the greatest distance that a particle has from its resting or equilibrium position
ithe dotted linel.

2. (a) It means that the oscillation of the particles is perpendicular to the direction of the wave motion.
(b) It means that each particle on the rope undergoes 2 complete oscillations per second.

(¢) The amplitude of the source which produces the wave. It is the amplitude of the vibration of
the hand which generates the wave.

It is very often in the O-Level Physics examination to ask about the meaning of transverse
wave, longitudinal wave, wavelength, frequency, amplitude, period and speed of a wave.
Candidates are advised to study the meaning or definition of all thesa terms.

3. (&) (i) 0.70mm (ii) 1.5cm
5 1
) (i) 0.125s (ii) f=¥=ﬁﬁﬁgﬂ}h
ey v=14
=Eﬂx.}§h
100
=012m /s
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4 (@) ) (ii) A

(b) (i) Frequency is the number of complete waves produced per second or the number of complete
oscillations for each particle along the wave in one second.

f # Position /mm

(iii) v=1fd
Fd-,_ﬂ'l-ﬂ]:ﬂ lﬁ-&
=20m/s

(iv) water waves, llmmm waves (e.g. radio waves)

{a] The diagrams drawn should show the direction of vibration of particle A compared with the
wave direction.

b} (i) A full-scale diagram is required. Candidates need to choose a scale for displacemeant and
position axas. Remember the number of complete wave needed.

(v} Other possible answars are infra-red and microwaves.

5 (a) (i) wavelength =~£—-2.121:m

{a) (i} Candidates need to measure the total
length of 2.5 wavelangths instead of

(i) v=F4 3 just measuring the distance of 1
= M) — wavelangth. To measure a langer
- 100 distance will result in a more accurate
=042 l1'*-"’ 8 AnswWar.
fiiy It is a good practice to include the
(®) (i) equation used in the working. The

wavelength should ba expressed in m
when the wave equation is applied.

bl Tha speed of watler wave remains un-

changed as [t depends on the depth of the

water. If the frequency is doubled, the

{ﬂ} wnuﬂengﬂ'l = 1.06 cm wavelength must be halved, However thera

is no change in amplitude.
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LIGHT

RECTILINEAR PROPAGATION OF LIGHT

= Light travels in a straight line. This phenomenon is called rectilinear

propagation of light

= Rectilinear propagation of light produces sharp-edged shadows.

Opaque . Box

AR
AR

Pearl electric famp 7
Penumbra

REFLECTION OF LIGHT

Laws of Reflection
1. The incident ray, the reflected ray and the normal all lie in the same

plane.
2. The angle of incidence is equal to the angle of reflection.
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Example

[Q] The diagram shows a single ray of light being directed at a plane mirror. What are the
angles of incidence and reflection?

angle of incidence | angle of reflection
A 40 40 W
B 40 50
C 50 40 ,
D 50 U #

|Ans] D angle of reflection = angle of incidence = 90° - 40" = 50"

Regular and Diffused Reflection
= Regular reflection refers to the reflection of rays coming from a smooth
plane surfaces. All incident rays have parallel reflected rays in this case.
= |n diffused (irregular) reflection the reflected rays come out in different
directions as shown below. This is because of the rough surface.

parallel
incident rays reflected
rays

parallel
incident rays parallel
reflected rays

reflected

(a) Regular reflection (smooth surface) (b) Diffused reflechion (rough surface)
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Ray Diagrams
= Animage is formed when an object is placed in front of a plane mirror.

(laterally inverted,
erect, virtual)

Image in a plane mirror

The image has the following properties:

1. Same size as object (hi= ho)

2. Laterally inverted

3. Erect

4. Virtual

5. As far behind the mirror as the object is in front (v = u)
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PRACTICAL 1 - COMPARING THE SIZE OF
THE OBJECT WITH ITS IMAGE

Draw a straight line on a sheet of plain paper to represent the mirror and a triangle ABC
to represent an object. Take one point of the object after another (4, B, C) and locate its
image (a, b, ¢,) respectively, then join the points together. The image appears as shown
inFigure 7.14.

Figure 7.14 Image is same size as object

The explanation for this is as follows: the ray AX strikes the mirror normally and is
reflected back on itself. Ray 4 ¥ reaches the mirrorat ¥ and is reflected along ¥Z, making
i equal to r. Lines 4X and YZ, when extended behind the mirror, intersect at ‘a’, the
image of 4. Repeating the process for B and C gives the image as it appears in the
diagram. The following points should be apparent about the image. It is as far behind the
mirror as the object is in front. The image is of the same size as the object. It is laterally
inverted and it is virtual,
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PRACTICAL 2 - TO DETERMINE THE
POSITION OF THE IMAGE

Draw a straight line on a sheet of plain paper. Stand a mirror upright with its back on the
line. Stick a large pin (O) in front of the mirror to represent the object. View the image in
the mirror from some convenient position P,. Place two other pins 1 and 2 so that they
and the image are all in a straight line.

Remove them, mark their positions, and repeat the process from another
position P..

Remove the mirror and all the pins. Join the positions of pins | and 2, and the
positions of 3 and 4 with solid lines touching the mirror. Extend these behind the mirror
as dotted lines. Where these meet behind the mirror is the position of the image you
observed from positions P, and P, Mark it as /. Repeat the experiment to confirm your

result.
P
i P —q P,

THE MIRROR PERISCOPE

o s |

> . *‘1 Mirror
I
|
|

This instrument uses mirrors to enable
observers to see above an obstacle.

NF«L

—Tubc

| gi_‘—* b,
r Mirror
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REFRACTION OF LIGHT

= Refraction refers to the bending of light when it passes from an optically
less dense medium to an optically denser medium or vice versa.

Three Situations of Refraction
From a less dense to a denser medium: Speed of light becomes slower.
Light is refracted towards the normal (i>r).

normal
|

, less dense medium In this situation, |
: Take |an important
qﬁqh, denser medium note |concept is
"N ?i% refractive index.

LS
-

""‘/tf::wa'rds normal

From a denser to a less dense medium: Speed of light becomes faster.
Light is refracted away from the normal (i <r).

normal

I this situation,

denser medium Take |27 important
concept is
;l:?~.\-\ less dense medium note | tal E:tmn!

reflection.

1
1: %%) away from normal

From a less dense to a denser medium: Speed of light becomes slower.
Light is refracted towards the normal (i>r).

normal
I

o less dense medium In this situation, |
- - Take |animportant
\ Yy, denser medium note |concept is
: "“q-% refractive index.

""’tJowaj'ds normal
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Laws of Refraction

1. The incident ray, the refracted ray and the normal are all in the same
plane.

2. The ratio of the sine of the angle of incidence to the sine of the angle of
refraction is always a constant. This is called the refractive index.
(Snell’s Law)

The equation is given below.

sinf,

n= sinB,

speed of light in vacuum (or air)
r’ =

speed of light in medium

Example

[Q] The table shows measurements taken during an experiment in which a ray of light is shone
at one of the sides of a rectangular block of glass.

angle of incidence, i | 260°| 390°
angle of refraction, r| 155°| 225°
sini 0.438 | 0.629
sinr 0267 | 0383

What is the refractive index of the glass?
A 150 C 168
B 164 D 173

[Ans] B /4 =sini/sin r = 0.438 / 0.267 = 1.640
n, = 0629 /0383 = 1.642
Naverage = (1.640 + 1.642) / 2 = 1.64
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PRACTICAL 3 — REFRACTION THROUGH A
RECTANGULAR GLASS BLOCK

Place a rectangular glass block on a plain sheet of paper on a drawing board. Mark its
outline with a very sharp pencil. Remove the block temporarily and draw a normal and
- several long lines to represent incident rays at measured angles. Replace the block right

on the outline.
i \ P,
\
N

Figure 8.4 Refractiond]

Stick two optical pins P, and P, as far apart as possible along the normal to represent a ray
of light incident on the block through the normal. View these pins from the opposite side
of the block and stick two more pins P, and P, in the same manner so that all the four pins
appear to be in one straight line.
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Remove the pins, mark their positions with crosses, and repeat the procedure for all the
incident angles. Each time you remove the pins, join the positions of each pair with a
straight line. Line P,P, represents the incident ray while P,P, represents the emergent
ray. To obtain the refracted ray, join point N with point M.

Measure i and r, look up their sines, and calculate the ratio for each pair of angles
and complete the table below:

Sine i
i r Sinei Siner Siner

From your results you will notice that a light ray bends towards the normal when it
passes from air (light medium) to glass (a dense medium), except when it passes along
the normal. In the latter case there is no refraction because there is no angle of inci-
dence (i = 0). For a parallel sided block the emergent ray is parallel to the incident ray.
The incident ray, the normal and the refracted ray all lie in the same plane. The ratio

sine
is constant and is therefore called the refractive index (n). This
sine
sine i
relationship, ——— =constant, discovered by Snell is called Snell's law. For
siner

glass the refractive index is approximately 1.5 to 1.6 depending on the kind of glass
used. The refractive index of water is 1.33 and that of alcohol is 1.36. Refraction takes
place because light travels at different velocities in different media. It could be shown
that

Velocity in air

I

Refractive index
Velocity in medium
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TOTAL INTERNAL REFLECTION

Critical Angle
= Critical angle (C) refers to the angle of incidence in the optically denser
medium for which its angle of refraction in the less dense medium is 90°,

normal normal e
incident xay | denser : f?:'f?
| .
medinm " e
t less dense : ;;‘
I _ refracied ray far medium !'I & - refracted ray
:'éu[]f denser :
I 1"~..‘ less dense medium C
t qﬁ'«-} medigm :
| ﬁl‘q;w‘ incident ray i
= Equation:
h_, 1
C =sin""(-)
n

Total Internal Reflection
=  DEFINITION: When light travels from an optically denser medium to an
optically less dense medium and the angle of incidence is greater than the
critical angle, there is NO refracted ray, all the light is reflected back into
the optically denser medium. This is called total internal reflection.

h=C | iz < C i strong 6=>C ; 03
- - 7 strong : '
8 =90 : N pnbractin < By ‘g, refracted H refracted
':Fl it y o J : ray
o ay 1 I

//-\ weak i SD’L“IBE
reflected
\\) s weik ray box ::;:“'Ed
ray box : Peichet
ray box y

(a) (b) (c)
critical angle light is totally reflected
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Converging Lens
= Alens which is thicker at the center than at the edges is called a converging
(convex) lens.
= Light rays are converged to a point (F) after passing through a converging
lens
* |nray diagram:
o ‘C'is the centre of the lens and is called the optical centre.
o ‘F’is the principal focus.
o ‘f is the focal length.
o Aline passing through C and perpendicular to the plane of the lens,
i.e the line F-C-F, is the principal axis.

v
! symbol of a converging lens
used in a ray diagram

Diverging Lens

= Alens thinner at the centre than at the edges is called a diverging (concave)
lens.
= Light rays are diverged after passing through a diverging lens.
o ‘C'is the centre of the lens and is called the optical centre.
o ‘F’is the principal focus.
o ‘fis the focal length.
o The line passing through C is the principal axis.
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principal axis

e

B

parallel rays of light diverging e ¢ ; f /k |
: symbol of a diverging lens

used in a ray diagram

Construction of Ray Diagrams (For Converging Lens)

= Rule 1. Rays parallel to the principal axis are refracted through ‘F’.

= Rule 2. Rays passing through ‘F’ are refracted parallel to the refracted through
IFI.

= Rule 3. Rays passing through ‘C’ are undeviated.

The image formed depends on the position of the object.
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Positions of object Ray diagrams Nature of image
{a) O betweenF F- D virtual
e
and C { "‘-L‘::_L - @ erect
8.q | Ve e - © magnified
magnifying glass, | S e
spectacles : = = @ on same side of
correction for I . L N lens as O and
long-sightedness | FQO "‘1' 3 F E further away
eye
(b} QatF @ at infinity
..
produces a
parallel beam of
, light as In a spot
light with lamp at
(]
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{c) O between P 0 real
2F
and 8 inverted
e.g. .

s, 4= © magnified
microscope @ on apposite
objective lens side ot lens to O,

beyond 2F
(d) Qat2F 0 real

@ on opposite
side of lens to O,
at 2F
(symmetrical
diagram)

D real

B inverted

@ diminished

@ un opposite
side of lens ta O,
between F and 2F
{diagram in (¢)
reversed)

8.4 o @ inverted

camera making R -

equal size coples | ; ’!i %, i iﬂﬂmeslmaﬂﬂ
! i .

e} Obeyond 2F

e.0.
CAMmEera, ayes

(f) O al infinity Q real

e.0. 5‘%’?@ P ® inverted
fh'::‘;""”f a Clany” | © diminished
‘B'u\ﬁ{_l'q : [ 9 on opposite

, F side of lens to O,

| atF
(dingram in (b)

reversed)
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CHALLENGING QUESTIONS -3

Instructions: *attempt questions before looking at the answers*

‘1. A person standing at point A sees the reflection in a shop window of a person standing at point
E. .

B A
- - ai

Y

shop wingow

{a) Draw a ray of light to show how, by reflection, the person at A sees the persons at B. [1]
(b) Mark, with a letter I, the position of the image of B formed by reflection in the shop window.
i 12]

{c) (i) The person at A moves further away from B towards Y in the direction of the arrow shown,
‘Mark with a letter X the furthest position along AY to which the person can move so that
the two people will still be able o see each other by reflection in the shop window.

(i) Explain how you decided on the position of X. 12]

2 EglﬁﬂMnﬂumhh:knfglﬂﬂIﬂMﬁﬂlnmfﬂ“lghihﬂMmﬂdﬁ[ﬁﬂmmghoi
incidence of 60° The refractive index of the glass is 1.50.

K L
I]
60"
] M
{a) Calculate the angle of refraction of the ray. [21
{b) Calculate the critical angle for a ray of light in this glass. 21
Ic) Explain why the ray cannot emerge from side KL but will emerge from side LM. [3]
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3. Figure shows the passage of a ray of white light into a semicircular glass block. The ray meets the
straight side of the block at O, the centre of the semi-circle. The angle i is less than the critical angle.

{a) As the light meets the straight side of the block, part of the light is reflected and the rest of
the light is refracted.

(i) Draw rays which show the reflection and refraction of the light at O.

(ii) Explain why a spectrum may be seen in the light that is refracted.

(iif) Explain why the reflected light stays white. 151
{(b) The angle of incidence ¢ at O is increased until total internal reflection occurs.

(i) State what is meant by total internal reflection.

(ii) Draw a diagram to show how a light pipe (optic fibre) makes use of total internal reflection.
[2]

4. Fig. 4.1 shows words seen through a lens. Fig. 4.2 shows the same words without the lens.

Fig. 4.1 Fig. 4.2

(a) State two properties of the image formed by the lens. [21

(b) On Fig. 4.3, sketch a ray diagram to show how the image in Fig. 4.1 was formed by the lens.
Mark clearly the focal length of the lens and the image formed. [3]
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Fig. 4.3

5. Figure shows an object AB near a thin converging lens. The principal fod of the lens are at F and
F,

, P F

B

{a) Draw rays to find the positions of the images of the points A and B, 131
(b) The image of the object AB is real. State two olher characteristics of the image. 2]

{c) State the name of an optical device that uses a lens to form a real image of an ebject.  [1]
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SOLUTIONS

L. (a), (b), (e)(i)

(e} (ii) The light ray from B must be incident o ﬂuulrmnghtadpﬂfﬂrenﬁrmmcht‘nn
ﬂhh@turmbmbyﬁlt X,

- - B &
It i recommended to locate the image of B first and then draw the ratlected ray from image

of B to A,
The multiple reflaction inside the glass can be ignored,

2. (a) refractive index of m.&:

L]
sinrs———m

15

angle of refraction = 35.2°

e i

C=418"

{e) AtKL, the angle of incidence is greater than critical angle. Therefore total internal reflection occurs.
The light ray is reflected and travels to LM. At LM, the angle of incidence is smaller than the
critical angle and the light ray emerges.
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3@ ®

(ii) The seven colours are refracted into air with different angles of refraction. The white light
is dispersed and so a spectrum is seen.
(iii) The seven colours are reflected with the same angle of reflection and they combine again
to form a white light.
() (i) When light ray travels from an optically denser medium to an optically less dense medium
and the incident angle is greater than the-critical angle, the light ray is reflected back into
the denser medium. This is called total internal reflection.

{ii)

Examllp 15
fal &l The reflscted ray is weaker than the refracted ray. Angle of reflestion is equal to the
angle of incidence /.
(il The seven colours undergo different changes in speed when-thay emerges into air.
liiil The seven colours travel with the same spead when they are in the same medium.

bl (it When the light ray travels along the optic fibre, it undergoes total internal reflection, The
angle of incidence at the wall should be greater than the critical angle. Candidates should
take note of this point when they draw the diagram.

e SR 4 e T e T T I L LT e il S Tl Bl
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focal lo
I
K=sz-n__ |
i S = I
1 e T8 S |
| I
I I
. e L
aye
lens
Examlip L 5=

{a) From the figure shown in the question, it is obvious that the image formed by the lens is
magnifisd, The lens is hence a converging lens. The image formed is virtual, magnified and
upright.

{b) Candidates are reminded to use datted line for virtual light rays and image. Focal length should
also be indicated clearly in the ray diagram. Another important point is that tha light rays
should ba given a direction.

5 (@) c '

(b) Diminished and inverted
(¢) Camera

Examlip >

A B * B

A - image of A
B - image of B

tal Two light rays are required for both points & and B. Arrows am expected to indicate the
direction of light ray.

(¢} Other possible answers are gye and projector, but projectar will produce @ magnified image.
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ELECTROMAGNETIC
SPECTRUM

Electromagnetic spectrum consists of seven kinds of waves.

Radio waves.

Microwaves.

Infra-red radiation (IR).
Visible light.

Ultra-violet radiation (UV).
X-rays.

Gamma (Y) rays.

A. The following shows the ascending order of wavelength and frequency of
electromagnetic waves. The shorter the wavelength, the higher the

frequency.
m‘hie light n'dm'iwaves
Em}ma i X-rays ultra-violet EI j infra-red i radio waves
| r i
10%m .10, 10%m 10TM ggem 107m 0201000 m
wavelength (short) wavelength (long)
order of increastng wavelength -
y-rays | X-rays | UV | Visiblelight | IR | Microwaves | Radio waves:
wltra high frequency (LIHF)
very high frequency (VHF) E
short wave (SW) | | &
mediunt wave (MW) | |5 E
long wave (LW) -E E
- order of increasing frequency
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Example
[ Which row shows parts of the electrornagnetic spectrum in order of increasing frequency?
A radio waves 1 X-rays visible light
B radio waves | visible light X-rays
| Xrays | radiowaves | visible light
D | X-rays | visible light | radio waves

[Ans] B Fact,

Properties of Electromagnetic Waves

They are all transverse waves.

They transfer energy from one place to another.

They all show wave properties such as reflection and refraction.
They can all travel through a vacuum.

They all travel at 3 x 108 msin a vacuum.

The equation v = fA applies to all of them.

ok wWwNE
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Applications of Electromagnetic Waves

Hlestromagnetic Wavelength Sourcels) Applications ar effect
eaTess
Gamma rays 2 m O mdicachve O radiotherapy
(y ~says) Gherisg | 0
O Xeray tube O medical diagnosis
o 1% m O diapnosis of flaws in machines
O thesun O causing sun-tan
Utra-violet O mercury lamp | O causing skin cancer
eadiation 10% m 0 halogen lamp | O stimulating the production of
{uv) vitamin D in skin
O sterilization
Visible light O the sun O enharnce vision
(violet to red) 05m 0 famp B aptical fibre
Infra-red o L warm or hot O furnace for car paint
radiation (II2) o nhjects O remote contrel for TV, HI-Fi, ete
O man-made O microwave oven
Microwaves 10 m transmiktar O radar
~ O telecommunication
0% mte 10° m | L man-made \ shmadeastﬁlg of radio or TV
Raclio waves ' . transmitter - programmes.
(langest) ‘ “ ] O telecammunication

eskulu.com



ESKULU.COM STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

CHALLENGING QUESTIONS -4
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Instructions: *attempt questions before looking at the answers*

In each of (a) to (d) below, which part of the electromagnetic specirum has the properties described,

(a) Its wavelengths are longer than those of visible light it can pass through fog but is absorbed
by glass.

(b) Its wavelengths are longer than those of visible light; it can be reflected by layers in the upper
atmosphere,

(¢) Its wavelengths are shorter than those of visible light; it passes readily through glass but is strongly
absorbed by a lead screen several centimetres thick.

(d) Its wavelengths are shorter than those of visible light; it is absorbed by glass; it can produce
fuorescence.

(a) Complete the gaps in the diagram of the electromagnetic spectrum.
RADIO GAMMA

(b) Very short wavelength radio waves can be used to determine the distance of the Moon from
the Earth, by measuring the time taken for radio-waves to travel from the Earth to the Moon
and back again. Calculate the delay between the transmission and reception of the signal when
the Moon is 3.9 x 10" m from the Earth. (Speed of electromagnetic waves = 3.0 = 10" m/s.) [5]

The chart shows the main parts of the eleciromagnelic spectrum,

visible
By |Xays| ultrawviolet! | infraved | radio
10 10%m 10%m 10°m  Im  1000m
wavelength
(a) All of the different types of electromagnetic waves in the chart may be reflected. State three other
properties common to all electromagnetic waves. [3]

(b} Microwaves travel at a speed of 3.0 x 10* m/s in a vacuum and have a frequency of 1.5 x 10" Haz.
(i) Caleulate the wavelength of these microwaves.

(ii) On the chart, mark a line to represent the position of these microwaves. in the electromagnetic
spectrum. [5]

eskulu.com




ESKULU.COM STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

1. (a) Infra-red
(b} Radio waves
(c) Gamma rays
(d) Ultra-violet

- = S ——

Cand}dates shﬂu!d Imuw the electromagnetic spentrum in urder of II'Il‘.‘-‘lBE-BII'Ig wavaiangth k'.-r
frequency) and the nature and application of 2ach kind ol electromagnetic waves,

2. (a)

RADIO |INFRARED | VISIBLE LIGHT | ULTRA - VIOLET | X - RAYS [ GAMMA

(b) Distance travelled by the signal = 3.9 x 10° x 2 m = 7.8 x 10* m

The delay, t=%:-:—g;=za s

—— e T Ter S I P TSR LS TR S o S . . s &

(b) Since the signal travels from the Eﬁlt'h the Munn and back again, the distance 1ravallﬂd
is two times the distance between the Earth and the Maon.

" {a]' 1. They are transverse waves.
2. They travel at a speed of 3.0 x 10° m/s in a vacuum.
3. They are neutral and undeflected by electric and magnetic field.

: 30x10% 5
ﬂ.'.'} {l] J-%ﬂm-z.ﬂklﬂ 2 m
(ii) visilhie
B aye | Xcrays! ultra-violeti i infrared | radio
102 m 10°m 10%m 10°m f Im  1000m
1. wavelength
107
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Sound is caused by vibration.

= Sound needs a medium (gas, liquid or solid) for transmission.

= Unlike electromagnetic waves, sound waves cannot propagate through a
vacuum (because there are no molecules to pass on the vibrations).

= Air is the main medium for us to hear sound.

The speed of sound has the following Equation:
v=fA

= Sound travels faster in denser media, so it travels faster in liquids than in
gases and fastest in solids.
= Sound travels faster in higher temperature.

Sound waves can be reflected. These reflections are called echoes.

= Echoes can be used to calculate the distance between two objects and the
speed of sound.
= To calculate the speed of sound in air we use 2 methods:

Direct Method

ke ?51,,1|-|i_11;; puginl ohserver B
. )
_’;'//f open field =

F EE=e

-'fl 1 stopwatch ™ (2

L) L
i ! I. lll

| 14
= |
I I

distance, 5

S N . M
v=- where v = speed; s = distance;t = time interval,;
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Indirect Method
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Example
k:

The range of frequencies which the human ear can hear 15 from about 20 Hz to
20 000Hz. What wavelengths correspond to these frequencies in air? Take v =
330m/s.

Solution

(a) |

n
|

]
330/20
16.5m

) |= n

|
|
= 330

20 000
= (.0165m

2. An echo sounder produces a high-pitched sound whose echo is picked up by =
hydrophone after 3s. Given that the velocity of sound is 1410m/s in water, how
deep is the water at this point?

Solution

2 X Distance = VX ¢

Distance (depth) = 1410 X 3
2

=2115m
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LOUDNESS AND PITCH

Loudness
* The loudness (how soft or loud) of a sound depends on the amplitude of

the sound wave.
= Larger amplitude => more energy => louder volume

i oy T N
HEEFA .,
Al fi
al g ™ LY \
9 L 1
i I
N | I i |
soft note hame note bt LOUDER
() {b)
Pitch

= The pitch (how low or high) of a sound depends on the frequency of the sound

wave.
= A sound wave of higher frequency (shorter wavelength) produces a higher

note.

T 1 ""_”'I‘_ i ' i 1
...|__ EEEEEE 1
P ", / '\\

LA h
VLT LINT B I N
L T SCF TN | vi
(S [ - = | | 11
SENENE NN - | J

low piteh (low frequency) high pitch thigh frequency)
long wavelength short wavelength
{a) (bl

ULTRASOUND

= Ultrasound refers to sounds with frequencies greater than 20 000 Hz.
= Ultrasound is used for: examining an unborn baby, detecting flaws in metal
joints, cleaning jewellery, for sonar instruments.
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CHALLENGING QUESTIONS =5

Instructions: *attempt questions before looking at answers*
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1. When a sound passes through the air, it affects the pressure of the air and the motions of the molecules
of the air. Describe briefly how each is affected.

(a) the pressure 21
(b) the motions of the molecules [21

2. The lines in Fig. 1 represent the positions of equally spaced ‘row’ of molecules of air before a sound
wave passes through the air. The lines in Fig. 2 represent the positions of the same ‘row’ at one
particular instant as the sound wave passes. The wave is moving from left to right.

2 3456768 210111213 14151617 181592021 2223242528

Fig.1

e mm
rr——

direction of
wave motion

Fig. 2

2 3 4 5678910 11 12 13 4 1516 71B9DAR B M4 35 X
(a) SIattthenumhnrnfﬁm*raﬁs'hﬁg.lwhi:hnswuﬂasbeirgrmwmmﬂﬂ,m
(i) in a region of compression,

=

{ii} in a region of rarefaction. 2]
{b) Figs. 1 and 2 are drawn to full scale. Estimate the wavelength of the wave. 1]
(c) The speed of sound in air is 340 m/s. Estimate the frequency of the wave. [31

3. The figure shows a cathode-ray oscilloscope trace for a sound wave produced by a loudspeaker.
4 ' i i | | "

|
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{a) Draw the trace for a louder sound of the same pitch. 21
(b) It takes 1/50 th of a second (0.02 s) for the whole trace to be produced.
(i) Show that the frequency of the sound produced by the loudspeaker is 100 Hz.

(ii) Determine the wavelength in air of the sound produced by the loudspeaker. (The speed of
sound in air is 330 m/s) [3]

4. Ultrasound and X-rays are both used to provide information about structures inside the human body.
Ultrasound is sound having a frequency above the highest audible frequency that humans can hear.
X-rays are a region of the electromagnetic spectrum with a higher frequency that visible light.

increasing frequency

L J

visible

light Hetapd

(a) (i) Name three regions of the electromagnetic spectrum other than X-rays and visible light.
(ii) Copy the above figure and on it show the position of the three regions of the electromagnetic
spectrum that you have chosen in (i).
(iii) Write one or two sentences about each region of the spectrum that you have chosen, describing
how the electromagnetic waves-are used or how they affect people.
(iv) State one property that all parts of the electromagnetic spectrum have in common.  [8]
(b) The figure below shows ultrasound being used to study an unborn baby.

{i} Explain how the vibrations of the source produce waves of ultrasound and suggest how
these waves are transmitted through the body tissue to the receiver.

(ii) Ultrasound used in medicine has a frequency which is about 100 times higher than the
maximum frequency that can be heard by humans.

Estimate the frequency that might be used for ultrasound in medicine, and calculate its
wavelength in the human body. The speed of ultrasound in the human body is
1500 m/'s. ! 7]
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5. (a) Sound is a longitudinal wave. Explain, with the aid of a diagram, what is meant by this statement.

(b} (i) The figure shows the waveform produced on an oscilloscope screen by a sound.

\“ fin

VIR AT AT A

1
\v/ .-

State how you can tell from the waveform that
L. the loudness of the sound is decreasing,
2. the frequency of the sound is constant.

(i) The separate waveforms of two whistles of different frequencies are obtained on the oscil-
loscope screen at the same time. Draw the two waveforms you would expect to see. Label

the waveform that has the higher frequency.

[4]

[4]
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SOLUTIONS

1. (a) Ateach point of the air where the sound wave passes, the pressure at that point changes continuously
between a high pressure (greater than normal atmospheric pressure) and a low pressure (lower
than normal atmospheric pressure).

(b} At each point of the air where the sound wave passes, the air molecules at that point oscillate
about a fixed point in a direction parallel to the direction of motion of the sound wave.

ta) The high pressure region i compression and the low pressure region is rarefaction.

{b] For longitudinal wave, the direction of vibration loscillation) is parallel to the motion of the
Wwave.

2 fa) @) 6 7 8
fiiy 12 13 14
(b) Wavelength = 6.0 cm

fa} {il For compression, the particles are closest to each other. Another possible answer:
18 18 20

{ii} For rarsfaction, the particles are furthest apart from each other. Another possible answer:
24 25 26

(b} Wavelangth of a longitudinal wave is the distance between two successive compressions of
rarefactions. '

ich The unit of wavelength s in metre.

{(b) (i) Period = (0.5)(0.02) = 0.01s

1 1
f-—-—:——.—— I'I_'E
T 001 N

(ii) Au.—':m%z 33m
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4. (a) (i) Radio wave, Infra-red, Ultra-violet

{ii) increasing frequency

radio infra- visible wultra-
waves  red light wviolet Xoriys

(iii) Radio wave ~ used for transmission of radio and TV signals
Infra-red - used for transmission of heat energy and remote controls of electrical appli-
Ances.
Ultra-violet — causes fluorescence which is used to detect counterfeit notes, causes skin burn
and skin cancer
(iv) They travel at the same speed 3.0 x 10" m/s in vacuum.

(b} (i) As the source vibrates, it produces waves of ultrasound which comprise alternate series of
compressions and rarefactions travelling into the body. The ultrasound waves are reflected
by various tissues in the body and the reflected waves are picked up by the receiver,

(i} Frequency of ultrasound, f = 100 = 20000 = 2.0 = 10* Hz

v 1504

T 300t /A% 107 m

tbl (i) When ultrasound waves pass through two media, eg body tizsue and bones, the ww_n;:;j:
- retlected. The reflected waves can be analysed by a CRO to produce & ‘picture’. For example,
wa can use ultrasound scanning to study an unborn baby.

5. (a) il
4 —= : - » direction of
/ wave motion
medium particle
(eg. air molecule)

For a longitudinal wave, the oscillations of the medium particles are parallel to the direction
of the wave motion. -

() (i) 1 The amplitude of the sound wave is decreasing.
2. The period is constant.

(i)
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MAGNETISM

PROPERTIES OF MAGNETS

Magnetic Poles

= A magnet has north and south poles.

= A magnet suspended from a string so that it
is free to rotate always comes to rest with
its axis along an approximate north-south
direction. One pole points south and the
other north.

Attraction and Repulsion

15T LAW OF MAGNETISM: “Like poles repel while unlike poles attract.”

Induced Magnetism

= A permanent magnet can retain its magnetism for a long time.

= |tis also able to temporarily pass its magnetism effects to a magnetic material
so that the latter gains the ability to attract other magnetic materials.

= Magnetic induction is the process of inducing magnetism in an unmagnetised
magnetic material.
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» There is an induced magnetism (temporary magnetism) in the soft iron bar.
* The end nearer to the north pole becomes a south pole and the other end
becomes the north pole.

Magnetic Materials
= Soft magnetic materials lose their magnetism easily e.g Iron, stalloy,
mumetal etc. Hard magnetic materials are those that retain their
magnetism. They are used in making powerful magnets. E.g steel, alnico,
alcomax etc.

Example

[Q] The diagram shows a magnet being used to pick up a steel needle, The north pole of the
magnet is close to the centre Y of the needle.

5
meagned
N
=]
" ¥ z T needls

What are lhe poles induced in the needle at X, ¥ and Z?

pole induced al X | pole induced at ¥ | pole induced at 2
A ! N i
B M 5 N
C 5 N 5
D 5 5 ]

[Ans] B Fact

——
Sinoe ¥ is closest 1o Nipole, the S-pale is Indused &t ¥ Henca anooaite (Mool
are produced ai A and £ thay sia the {Erthest away.
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METHODS OF MAGNETISM AND
DEMAGNETISM

= A magnetic material can become a permanent magnet by using stroking and
electrical methods.

Stroking
(a) Single touch (b) Divided touch
magnets
. . i
| permanent b——move the | I i
* magnet * permanent 1. + + ?
, : magnet alor.lg | I |
e e A thedottedhne—-\___-__ s
induced-+N S+—induced induced-t+N S+~ induced
steel bar steel bar

Electrical Method

Magnetisation

» The solenoid (coil) is connected to a D.C supply.

= A strong magnetic field is produced and the steel bar is magnetised.

= |f the current flows in a clockwise direction, this end is the induced S-pole.

= |f the current flows in an anti-clockwise direction, this is the induced N-pole.

induced induced
N-pole solenoid S-pole
steel bar

direct current ‘

-

rhHeostat

gl
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Demagnetisation

= The solenoid is connected to a A.C supply.
= Placed inside the solenoid parallel to the east-west direction.
= Slowly withdraw the magnet.

solenoid N
TaTaTi vt
YA magnet is
slowly withdrawn S
far away in W-E direction
oo O ~0
switch low voltage

a.c. current supply

= This is the most efficient way of demagnetisation.

A magnet can also be demagnetised by hammering or heating.

MAGNETIC FIELDS

= The region around a magnet where the magnetic force can be experienced is
known as the magnetic field.

Properties of Magnetic Field Lines

1. The direction is always from N-pole towards S-pole.

2. They do not cross or intersect one another.

3. They repel one another sideways.

4. They are in a state of tension which causes them the tendency to shorten
themselves.

5. They region with the higher density of lines has the greater magnetic field
strength.

Examples of Magnetic Field Patterns
= Two magnets with like poles placed near each other.
= At point P where there is no magnetic effect at all is known as neutral point.
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>§ AN
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= Two magnets with like poles facing each other. There is no magnetic effect
at all at P.

W

/P\,,/&;
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MAGNETIC PROPERTIES OF IRON AND

STEEL AND THEIR USES
. W St

Type of magnetic soft hard
material

Magnetic property easy to magnetise and harder to magnetise and
demagnetise (lose its demagnetise
magnetism easily)
Electromagnets Permanent magnets

Transformers = d.c motors
= Audio and video ® a.c genererators
tapes ® moving coil galvanometers
n
n

Electric bells moving coil loudspeakers
Magnetic relays magnetic door catches
Reed switches

Reed relays

MAGNETIC SCREEING (SHIELDING)

= |fasoftironis placed in a magnetic field, the flux passes through it rather
than through air.

= |f the soft iron bar is replaced by a soft iron ring the lines of force pass
through it and none pass through its centre.

s
—_—

<'|<- )
i

Magnetic flux distorted by a soft iron bar:

s‘/(j\*w
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CHALLENGING QUESTIONS -6

ll.

< fa) You are given two bars of metal which look to be the same. However, one is a bar magnet and

(a) State the effects that the poles of a magnet have on the poles of other magnets. 1]
(b) Pigure 1.1 is a diagram of a bar magnet.

[N 5]

Fig. 1.1

Copy Fig 1.1 and on your copy, draw a diagram of the magnetic field pattern around such a
magnel. [31
le) Figure 1.2 shows a soft-iron bar placed near the end of a magnet,

® 5 =7

Fig. 1.2
(I) -Copy Fig 1.2 and on your , draw the tic field H
oy Dbt copy magnetic field pattern around the soft-iron bar
(ii) Name the magnetic field shown by your answer to (¢)(i).
(iii) State one application of this effect. 4]
(d) Explain briefly, with the ald of a series of diagrams, how you would use compass
to show that your answer to (c)(i) is correct. e LR 6]

the other is a soft-iron bar. Explain how, without the use of any additional equi Id
show which bar is the magnet. ” g e tmiﬁ]

(b) Fig.2.1 shows a small compass placed in a uniform honzonial magnetic field. The ¢ needle
is held in the pesition shown, so that it cannot mave, iz

Fig. 2.1

() Copy Fig. 2.1 and on your copy draw arrows 1o show the directions of the two magnetic
forces acting on the compass needle.

(i) State and explain what would happen if the compass needle were no longer held in the
position shown, [6]
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SOLUTIONS

1. (a) Force of attraction or repulsion. Like poles repel and unlike poles attract.
()

© G /

> . - —
\ ’ _-‘\“\‘\
{iiy Magnetic Induction

(d) m@‘mﬂﬂﬂwﬁﬁmwmnﬁﬁEMPapu.
(i) Mark a dot near the south pole of the magnet and one end of the soft iron. Align the compass

such that the N-pole of the compass is pointing to the dot. Mark a dot on the paper next

te the S-pole of the compass.

(i} Repeat step (i) for each new dot to obtain a series of dots. Stop when the dot is near to
the edge of the paper or the north pole of the magnet.

{iii} Join all the dots using a smooth line to represent the magnetic field line.

Repeat (i) to (i) for other field lines,

> e i

"= @
7} e r

2 S
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pE

(2] Label one metal bar A and the other B. Use A to stroke B continuously for some time as shown
in the diagram. If either ends of A are still attracted by one end of B, then B must be the magnet.
If one end of A is repelled by one end of B, then A is the magnet.

®) @

(i) The two apposite and equal forces acting on the compass needle produce a net anticlockwise
moment which causes the needle to rotate. After the needle rotates anticlockwisely an angle
of 90%, the net moment becomes clockwise and causes a clockwise rotation of the needle.
The needle will oscillate for a while and finally stop at a position pointing in the direction
of the magnetic field.

tal To test for parmanent magnet, repulsion is the only sure test. When attraction occurs, we
cannot deaw any concluson 8s the metal may be a magnetic matarial.
(bb [ The arrows representing the two forces must be equal in langth as the forces are equal
i giza. Tha arow head of the compass naadle is & Merth pale. It peints tn tha Sguth
pole of the magnetic: fiald. .

il The maomant produced by the two equal forces is called 3 couple.
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ELECTROMAGNETISM

MAGNETIC EFFECT OF A CURRENT

Electromagnetism is the study of the magnetic effect of an electric current.
= A current-carrying straight wire produces a circular magnetic field around
it.
* THE DIRECTION OF MAGNETIC FIELD DEPENDS ON THE DIRECTION OF THE
FLOW OF CURRENT. (use Maxwell’s Screw Rule or Right — hand Grip Rule)

Right Hand Grip Rule:

Grip the wire by the right hand in such a way that the
thumb points in the direction of the current. The direction of the curled fingers is
the same as the direction of the lines of force.

Maxwell’s Screw Rule:
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The direction of rotation indicates the direction of the magnetic field. The
forward direction of the screw is the same as direction of current.

Magnetic Field Due to Currents in Straight Wires

If the flow of current is reversed, the direction of the magnetic field is also
reversed.

Viewing from the top of the paper card

magnetic o magnetic
ﬁt’flf 15 DPPQHHE lﬁ!EIﬂ' is
clockurise directions anti-clockuvise
divection of current direction
(a) (b)

when current flows when current is reversed

into the paper (flows out of the paper

(away from you) towards you)

Magnetic Field Due to Currents in Solenoids
= The magnetic field pattern is similar to that of a bar magnet.

=  One end of the solenoid acts like a North Pole and the other end a South
Pole.

= How to know which end is North/South Pole:
1. Apply Right-hand Grip Rule. The end where the thumb is pointing is
the induced N-pole.
2. When viewed from one end of the solenoid; if the current flows in a
clockwise direction, it’s the induced S-Pole. If the current flows in
an anti-clockwise direction, it’s the induced N-Pole.
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= WAYS OF INCREASING THE STRENGTH OF THE MAGNETIC FIELD:
1. Increase the size of the current.
2. Increase the number of turns per unit length of the solenoid.
3. Placing a soft iron core inside the solenoid.

Electromagnets
If a bar of soft iron is placed in the solenoid, the magnetic field becomes
concentrated in the soft iron core and the soft iron becomes an electromagnet.

When the current of an electromagnet is switched off, it ceases to be a magnet.

Circuit Breaker
= |t cuts off electric current when the current exceeds a certain limit.
= When the flow of current is too high, the strong magnetic force of the
solenoid will separate the contacts and break the circuit.

Magnetic Relay
® |n a magnetic relay, there are two circuits. The first circuit uses an
electromagnet. The second circuit, which can only be switched on by the
first circuit, is connected to an electrical device.

eskulu.com



WAAAA=E abkaimerHafe

= When the switch is closed, the current flows through the solenoid and the
soft iron core is magnetised.

= The soft iron armature is attracted by the electromagnet. The top end of
the armature is raised and closes the contacts of the second circuit.

= The second circuit is complete and the electrical device is switched on.

® The advantage of using a magnetic relay is that we can use a small current
circuit to switch on a large current circuit.

Electric Bell

Electromagnet
© Springs
7
2 ” _ Adjustment screw
- ery
- Make-and-break
contact
soft iron armature
hammer

Push button switch 0Tt irom core
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When the push-button switch is pressed, a current flows through the
completed circuit and the soft iron core in the coils becomes an
electromagnet.

The coils are wound in opposite directions to produce opposite poles.
The electromagnet attracts the soft iron armature. This causes the
hammer attached to the soft iron armature to hit the gong.

The adjustment screw adjusts the gap between the armature and the
electromagnet in order to vary the rate at which the armature with the
hammer vibrates to cause a ringing sound.
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FORCE ON A CURRENT-CARRYING
CONDUCTOR

Fleming’s Left-hand Rule

= Place the forefinger, second finger and thumb of your left hand mutually at
right angles.

= |f the forefinger points in the direction of the magnetic field and the second
finger in the direction of the current, the thumb will point in the direction of
the force or motion.

Ways of Increasing the Force Acting on the Wire:
1. Using larger current.
2. Using a stronger magnetic field.
3. Using a greater length of wire inside the magnetic field.
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Example

[Q] A current flows in wire hanging between the poles of a magnet. The wire starts to move
in the direction shown.

current flowing
in wire
direction of
movement

Which diagram shows the position and the polarity of the magnet?

He S T 5

[Ans] D The correct diagram can be found by using Fleming's Left Hand Rule, The direction
of magnetic field is from N-pole to S-pole.

Example
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Force on a Beam of Charged Particles
Applying Fleming’s Left Hand Rule:

magnetic field
{direction: away from you)
b » x ;a( b4
a0 :5_‘ ¥ X b i Hiilih
pasitively ( —— —
charged b L oK ]
maying into W e N N
magnetic field
path of positively charged particle
deflected upwards (part of a circle)

Two Parallel Current Carrying Wires
Currents flowing in the SAME directions cause ATTRACTION.

both currents in the same direction
mﬂﬁf field in UFPUSH'E direction gressmsmssss

T

field
becomes weaker

two forces
moving inwards
field is "8

stronger ® ®

here

field is
stronger
here
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Currents flowing in the SAME directions cause ATTRACTION.

Moving Coil Galvanometer

This instrument is used to detect electric currents. It depends on the motor effect
for its operation.

When a current flows through the coil it set ups up a magnetic field around the
wires. The size of the deflection of the pointer is proportional to the size of the
current.
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D.C MOTOR

In the figure below, a rectangular coil ABCD is placed in a uniform magnetic field. The coil
can rotate freely about the horizontal axis YV,

upward direction ef rotation AB segment
force y E" Telwrant |
L] - t :
g I ; feld
% L.
el
2o CD segment
: fores
- - i
N s A 4 - ;
. % : Tl
- :
:,_.‘-""':.-r downward - current
- torce
v

< When the switch is closed, the current flows from point A to point D through the coil.

- Apply Fleming's Left Hand Rule on the wire segments AB and CD. Tt is found that there is
a downward force acting on AB and an upward force acting on CD, Thus the coil tumns in
CLOCKWISE direction.

This tuming effect of the current-carrying ¢oil can be increased by:
@ increasing the current;

@ increasing the magnetic field strength;

@ increasing the number of wirns of the coil and

@ inserting a soft iron core within the coil to concentrate the magnetic field lines.

Principles of a D.C. Motor
= Adirect current electric motor (d.c. motor) consists of
o Two permanent magnets with circular poles (N and S),
o A coil (ABCD) connected to a split-ring commutator (X and Y are not in
contact) and
o Two carbon brushes (P and Q) connected to an external battery
= The commutator (XY) will rotate when the coil rotates. The two carbon
brushes are made to press lightly against the commutator (to have contact) so
that the current can pass through.
= The following figures show how the coil is set into motion when current flows
through it.
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o When current flows from A to B and C to D through the coil, arm AB
experiences a downward force and arm CD experiences an upward

force.
o These forces produce a turning effect and cause the coil to rotate in a

clockwise direction.

carbon brush

When the coil turns to the vertical 90% position, the split ends of the commutator are now
in alignment with the carbon brushes, The contact 15 broken and the current is cut off em-

porarily.

Take note

li current is not cut off temporarily,
AB in other half still having
dﬂﬁ] LWEI‘{‘I fﬂﬂ'.‘E .' el I:I.Jrr!lli'l-'t-

A :
field
i.."?'.".'.....

CD inother half still having
upward foree g

Because of inertia, the coil will keep rotating. So arms AB and CD cross over to the
other half of the magnetic field without experiencing any turning effect generated
by the current until the commutator is in contact with the carbon brushes again.
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Once the commutator and the carbon brushes are in contact again, the current is able to
flow in the same direction, now from D to C and B to A. So arm DC experiences a downward
force and arm BA experiences an upward force.

' Hence, the coil continues to rotate in a clockwise direction.

Ways of Increasing Rotating Speed of a Motor
1. Increasing the current

2. Increasing the magnetic field strength

3. Increasing the number of turns of the coil and

4. Placing a soft iron core into the coil
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CHALLENGING QUESTIONS -7
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I The ;lgl.lreahuwsa rectangular current-carrying coil mounted on a freely pivoted horizontal shaft
m&mlﬁnfamtwmmmabmuyand the direction of the current
in each side of the coil are shown; the sides of the coil are labelled ], K, L and M.

{a) Drawanuwsldshmvhadirecﬁnmufﬁelmm,if:ny. acting on the sides J, K, L and M.
I3l

(b) State what will happen to the coil as a result of these forces acting on it. [2]

- The following is a diagram of a d.c. motor,

pale

{a) (i) f{;ﬂt&ﬂ'ﬂ direction of movement of side AR and of side CD when the current is in the direction
awT,

{ii) Explain the reason for your cholces of direction. 3]
(b) When the coil ABCD is vertical, the brushes line up with the gaps in the split-ring commutator.

The coil rotates past the vertical position, Explain what happens

{i) to the current in the coil.

(i) to the forces on the sides AB and CD af the coil 2]
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(b) The forces acting on the coil produce a net anticlockwise moment about the shaft when viewed
from the front. Hence the coil will rotate in an anticlockwise direction.

Il Thro drpbiws shoold Gove the sSimG lEngth as ey (onressit twd astal (orose Therd s 6
fipeel wetion om e siies b Sad M e thn difcttn 8l zurmnl s parallel te the magnetic

HElg
Il ThEss & N senimuods idation @& dip fings 2te fed instead of commutaties. Tha oall vl
el (TS

2 fa) (i) side AB: downwards
side CD: upwards
L 4

tii}'méwﬁmufmemﬂn%'_. on each side of the coil is given by Fleming's Left Hand Rule
and is perpendicular to both. '&ﬂmﬂm{ﬂwmﬁm&mﬁmunﬂmedm

of magnetic field.
(b) (1) The direction of current in the coil is reversed.
(i) Each force reverses its direction so that the coil continues to rotate in the same direction,

P

— _—

M Al Alesty ol U Howing Tram A tn £ and © o D, When the Gl & of U Yeitics)
pRsiEiE, tha spli-ang eammuiaior o ot o comiact sl e cotbon Bresh aml thareloe
B grrei Hliven Bucauze al i, tid 2ol Wl eaifinug ie niplata and The soommmat e
touehes tha crrbon, brush sgain, However the cUment i then Dowing fom 8 18 A god
P 1 2

Wik This Yumehion o 1ha spilisnng sammutator i 15 ensore that themotor retetes v ane direstion.
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