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Definitions in Physics 6091 O-Level Syllabus

Topics Definition

Measurements A physical quantity is one that can be measured and consists of a
numerical magnitude and a unit.

Each complete to-and-fro motion of an object is one oscillation.

The Period T of a pendulum is the time taken for a complete oscillation.

Kinematics Scalar quantities are physical quantities that have magnitude only.

Vector quantities are physical quantities that possess both magnitude
and direction.

Speed is the distance moved per unit time.

Displacement is distance travelled in a specified direction.
Average speed is total distance travelled over total time.
Velocity is the rate of change of displacement.

Acceleration is the rate of change of velocity.

Uniform Acceleration is the constant rate of change of velocity.

Free fall is when an object falls and experiences only the gravitational
force.

Dynamics A force is a push or a pull that one object exerts on another.

Newton’s 1st Law of motion states that every object will continue in its
state of rest or uniform motion in a straight line unless a resultant force
acts on it. {note : This is also known as Law of Inertia}

Newton’s 2nd Law of motion states that when a resultant force acts on
an object of constant mass, the object will accelerate and move in the
direction of the resultant force. The product of the mass and
acceleration of the object is equal to the resultant force.

One Newton (1 N) is defined as the force that will produce an
acceleration of 1 m s2 on a mass of 1 kg.

Newton'’s 3rd Law of Motion states that for every action, there is an
equal and opposite reaction.

Friction is a force that opposes sliding motion between two surfaces in
contact.

Mass, Weight, Mass is a measure of the amount of matter or substance in an object.
Density Density is the mass per unit volume of a substance.
Weight is the gravitational force acting on a mass.

Gravitational field is a region in which a mass experiences a force due
to gravitational attraction.

Gravitational field strength is defined as the gravitational force acting
per unit mass on an object. {eg. g =10N/kg}
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Inertia of an object refers to the reluctance of the object to change its
state of rest or motion due to its mass.

Turning effect of | Moment of a force is the product of force and the perpendicular
Force distance from the pivot to the line of action of the force.

Principle of moments states that when a body is in equilibrium, the
sum of clockwise moments about a pivot is equal to the sum of
anticlockwise moments about the same pivot.

The centre of gravity of an object is defined as the point through which
its whole weight appears to act.

Stability refers to the ability of an object to return to its original
position after it is slightly displaced.

Energy, Work and | Energy is the capacity to do work.

Power Principle of conservation of energy states that energy can neither be

created nor destroyed. It can be converted from one form to another or
transferred from one body to another. Total energy in an isolated
system remains constant.

Work done by a constant force on an object is given by the product of
the force and the distance moved by the object in the direction of the
force.

One Joule is the amount of work done by a force of 1 N which moves an
object through a distance of 1 m in the direction of the force.

Gravitational potential energy is the energy which a body possesses
because of its position relative to the ground.

Kinetic energy is the energy a body possessed due to its motion.
Power is the rate of work done or rate of energy converted.

Efficiency is the ratio of useful energy (or power) output over the total
energy (or power) input and is usually expressed as a percentage.

One watt is defined as the rate of work done or energy conversion of
one joule per second.

Renewable Energy is defined as energy from sources that can be
replenished naturally.

Pressure Pressure is defined as force per unit area.

Atmospheric pressure is the weight of a layer of air that acts on the
Earth per unit area.

Temperature When two bodies are in thermal contact and there is no net flow of
heat between them, they are said to be in thermal equilibrium.

Temperature is a measure of the degree of hotness or coldness of a
body.

Heat refers to the amount of thermal energy that is being transferred
from a hotter to a colder region.
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Thermometric property is a measurable physical property that varies
continuously and linearly with temperature.

Ice point is the temperature of pure melting ice at one atmospheric
pressure and is assigned a value of 0°C.

Steam point is the temperature of steam from water boiling at one
atmospheric pressure assigned a value of 100°C.

Kinetic Model of | Tiny particles in continuous motion is known as the kinetic model of
Matter matter.

Brownian motion is the random motion of particles suspended in a
fluid.

Heat Transfer Heat refers to the amount of thermal energy that is transferred from a
hotter to a colder region.

Conduction is the process of thermal energy being transferred through
a medium from one particle to another without any flow of the medium.

Convection is the transfer of thermal energy by means of convection
currents in a fluid (liquid or gas), due to a difference in density.

Radiation is the transfer of thermal energy in the form of
electromagnetic waves such as infrared radiation without the aid of a

medium.
Thermal Internal Energy consists of kinetic energy (due to the motion of
Properties of particles) and potential energy (due to the intermolecular forces)
Matter present in the molecules of a substance.

Heat capacity C, is the amount of thermal energy required to raise the
temperature of a body by 1 K or 1°C. (unit: J/K)

Specific heat capacity, c, is the amount of thermal energy required to
raise the temperature of unit mass of a material by 1 K or 1°C (J/kg ° C)

Latent heat is the energy released or absorbed during a change of state,
without a change in temperature. (unit: J)

Latent heat of fusion, Lf of a solid is the amount of thermal energy
required to change it from solid to liquid state, or vice versa, without
any change in temperature. (unit: J)

Specific latent heat of fusion Ir of a solid is the amount of thermal
energy required to change a unit mass of the solid to liquid, or vice
versa, without a change in temperature. (unit: J/kg)

Latent heat of vaporization, Lv, of a substance is the thermal energy
required to change it from liquid to vapour state, or vice versa, without
any change in temperature. (unit: J)

Specific latent heat of vaporization, lv of a substance is the thermal
energy required to change unit mass of a substance from liquid to
vapour state, or vice versa, without any change in temperature

(unit: J/kg)
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Condensation is a change of state of a substance from gas to liquid and
energy is released.

Boiling is a process whereby a liquid changes to gas at constant
temperature (its boiling point)

Evaporation is a change of state of a substance from liquid to gas
below boiling point.

Freezing is a change of state when a substance changes from liquid to
soild without any change in temperature.

Melting is a change of state when a solid changes to a liquid upon
heating at a constant temperature.

Light First law of reflection states that the incident ray, the reflected ray and
the normal at the point of incidence all lie in the same plane.

Second law of reflection states that the angle of incidence is equal to
the angle of reflection.

Angle of incidence is the angle between an incident ray and the normal
at the point of incidence.

Angle of reflection is the angle between a reflected ray and the normal
at the point of incidence.

Angle of refraction is the angle between a refracted ray and the normal
at the point of incidence.

Refractive Index is the ratio of speed of light in vacuum or air to the
speed of light in the denser medium.

An optically denser medium slows down the speed of light when it
enters from a less optically dense medium.

The first Law of refraction states that the incident ray, the refracted
ray and the normal all lie in the same plane at the point of incidence.

The second law of refraction states that, for two given media, the ratio
of the sine of the angle of incidence i to the sine of the angle of refraction
r is a constant.

Critical Angle, c is defined as the angle of incidence in the optically
denser medium for which the angle of refraction in the less dense
medium is 90°.

Total Internal Reflection takes place only when a ray of light travels
from an optically denser to optically less dense medium with an angle of
incidence greater than the critical angle. The light is totally and
internally reflected.

Focal length is the distance between the optical centre and the
principal focus of a lens.

Focal plane is a flat surface perpendicular to the principal axis which
passes through the principal focus.

Optical centre is the point midway between the lens’ surfaces on its
principal axis. (light rays passing through the optical centre are not
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refracted)

Principal axis is the horizontal line passing symmetrically through the
optical centre of the lens.

Principal focus is the point at which all rays parallel to the principal
axis converge to (or diverge) after refraction by the lens.

Real image is an image formed by a lens that can be captured on a
screen. It is formed by the actual intersection of light rays.

Virtual image is an image formed by a lens/mirror that cannot be
captured on a screen. It is NOT formed by the actual intersection of light
rays.

Normal is a line that is perpendicular to the reflecting or refracting
surface at the point of incidence.

General Wave The source of a wave is a vibration or oscillation.

Properties A wave is a disturbance in a medium that carries energy without a net

movement of particles.

Transverse waves are waves that travel in a direction perpendicular to
the direction of vibration.

Longitudinal waves are waves that travel in a direction parallel to the
direction of vibration.

Crests and troughs are the highest and lowest points of a transverse
wave.

Any two points in a wave are said to be in phase if they move in the
same direction and have the same speed and the same displacement
from the rest position.

Wavelength is the shortest distance between any two points in a wave
that are in phase, e.g. two successive crests or troughs or compression
or rarefaction.

Amplitude is the maximum displacement of a point of a wave from rest
position.

Frequency of a wave is the number of complete waves produced per
second.

Period is the time taken for one point on the wave to complete one
oscillation. This is also the time taken to produce one complete wave.

Wavefront is an imaginary line on a wave that joins all points that are
in the same phase.

Sound Sound is produced by vibrating sources placed in a medium which
produce regions of compression and rarefaction.

Longitudinal waves show areas of compression and rarefaction :
Compressions are regions of high pressure due to particles being close
together.
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Rarefactions are regions of low pressure due to particles being spread
further apart.

Echo is the reflected sound from a surface heard after an interval of
silence.

The maximum pressure change gives the amplitude of the sound
wave.

Sound with frequencies above the upper limit of the human range of
audibility (20 000 Hz) is known as ultrasound.

Sound with higher frequency will have a higher pitch.
Louder sounds have higher amplitude.
Static Electricity | Electrostatics is the study of static electric charges.

Laws of charges states that like charges repel and unlike charges
attract.

Electrostatic induction is the process of charging a conductor without
any contact with the charging body.

An electric field is a region where an electric charge experiences an
electric force.

The direction of the field is defined as the direction of the force on a
small positive charge.

The strength of an electric field is indicated by how close the field
lines are to each other.

Current of An electric current is a measure of the rate of flow of electric charge.

Electricity 1 Amphere is the flow of 1 coulomb of charge per second.

Electromotive force (EMF) of an electrical source is defined as the
work done by the source in driving a unit charge around a complete
circuit.

The potential difference (p.d.) across a component in an electric
circuit is defined as the work done by the source to drive a_unit charge
through the component.

Resistance of a metallic component is defined as the ratio of the
potential difference V across it to the current I flowing through it.

Ohm’s Law states that current passing through a metallic conductor is
directly proportional to the potential difference across its ends,
provided the physical conditions (e.g. temperature) are constant.

D.C. Circuits A series circuit is a connection where the components are connected
one after another in a single loop and there is only one path through
which electric current can flow.

A parallel circuit is a connection where there is more than one path
through which current can flow.
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A potential divider is a line of resistors connected in series. It is used
to provide a fraction of the voltage of a source to another part of the
circuit.

Transducers are electrical or electronic devices that convert energy
from one form to another.

Input transducers convert non-electrical energy to electrical energy.
Eg. microphone, Thermocouple, Thermistor and LDRs

Output transducers convert electrical energy to other forms of energy.
Eg. microphone, loudspeaker, LED, voltmeter and ammeter.

Thermistor is a device whose resistance varies with temperature.

Light-dependent resistor is a device whose resistance varies with
amount of light shining on it.

Practical Alternating current is an electric current that periodically reverses its
Electricity direction and changes its magnitude in a circuit.

Live wire (brown) is usually at a high voltage like 240 V in Singapore.
Neutral wire (blue) is usually at zero voltage.

The earth wire (green and yellow) is a low-resistance wire which is
connected to the metal casing of the appliance. The other end of the
earth wire is connected to the earth so that any leakage of large current
will be directed to the ground.

Circuit breakers are safety devices that can switch off the electrical
supply in a circuit when there is an overflow of current.

A fuse is a safety device included in an electrical circuit to prevent
excessive current flow by breaking the circuit.

Double insulation is a safety feature in electrical appliances. They
normally use two-pin plug (only live and neutral wire). The electric
cable is insulated from the internal components of the appliance and the
internal components are also insulated from the external casing
(normally plastic).

Magnetism Law of magnetism states that:
Like poles repel, unlike poles attract.

Magnetic Induction is the process whereby an object made of a
magnetic material becomes a magnet when it is near or in contact with
a magnet.

A group of atomic magnets pointing in the same direction is called a
magnetic domain.

A magnetic field is a region in which a magnetic object, placed within
the influence of the field, experiences a magnetic force.

Magnetic materials (e.g. iron) which are easily magnetized but do not
retain their magnetism are called soft magnetic materials.
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Magnetic materials (e.g. steel) which are harder to magnetize but retain
their magnetism are called hard magnetic materials.

Electromagnetism | Motor Effect is produced when a current carrying conductor is placed
in a magnetic field.

A D.C. Motor is a device that converts electrical energy to mechanical
energy.

PHYSICS FORMULA

Formula Symbols /

Units /
Remarks

Measurements | e Period of pendulum

| T: Period of pendulum (s)
T=27 E I: length of pendulum (m)

g: gravitational field strength (N/kg)

Kinematics e Average Speed Unit: m/s
total distance

average speed =
gesp total time

. A
e Average Velocity, v = A—f

Ax: total displacement,
At: total time

. v-u .
e Acceleration, a = v Unit: m/s2

v: final velocity
u: initial velocity
At: total time

e Gradient of distance-time graph = speed
e Gradient of displacement-time graph = velocity

Gradient = &
At

= speed/velocity of object

Ad = change in distance
At = change intime




Formula Symbols /

Units /
Remarks
e Gradient of speed/velocity - time graph = acceleration Unit: m/s2
v/ms?

Gradient = av
A At

= acceleration

Av = change in speed/velocity
At = change intime

> t/s

e Area under the speed-time graph = total distance

travelled
e Area under the velocity-time graph = total displacement
travelled
v/ms?
A
v Areaunder graph = distance travelled
=areaof triangle
=—xt xV,
2
> tfs
Dynamics Newton’s Second Law, F,,; = ma Unit: N
Mass, Weight, |e Weight, W = mg N
Density
e Density, p = % kg/m3

Turning effect | ¢ Moment of force
of Force moment = F X d Nm
d = 1 distance from line of action of force to pivot

e Principle of Moment
sum of anticlockwise moments = sum of clockwise moments

Energy, Work | e Work Done J
and Power WD =Fxd
d: distance travelled in the direction of force

e Power w
t

e Gravitational Potential Energy J
Ep = mgh




Formula Symbols /
Units /
Remarks
e Kinetic energy J
E L2
= —mv
)
% (no
o Efficiency E = useful output power % 100% unit)
! input power
Pressure Pressure, P =~ Pa, N/m?
’ A
e Pressure of liquid column
P = hpg
e For Hydraulic jack
F, F,
A, A,
F,
F\ A
ﬂitsls:jgr]@zl A E 1 i piston 2
TS e SIS 1o with area 4,
X ¥
liquid
Or work done at piston A = work done at piston B
FxXdx = Fy X dy
Or Vol change at piston A = Vol change at piston B.
Axxdx = Ay X dy
K
piston 1
with area A, g
F
d, ;
piston 2 r—L ldf
with area A, — ¥
liquid
Temperature e (Calculating temperature for thermometer based on length | Valid for
expansion 100 parts.
goc = Xe=%o_+ 100 Need to
X100~Xe modify if
interval is
not 100
e For thermocouple, parts
e =kAO

& -emf




Formula

Symbols /

Units /

Remarks

Thermal e Heat Capacity: Q=Cx A8 J/°C,J/K
Properties of
Matter e Heat Capacity and specific Heat Capacity
C=mxc J/kg°C,
J/kgK
e Specific Heat Capacity : Q =m x cx A8
e Specific Latent heat of fusion
J/kg
e Specific Latent heat of vaporization
E =ml,
J/kg
e Wave velocity, v = f4 v-m/s
General Wave f-Hz
Properties Wave f -1 A-m
o ave frequency, f 7 s
Light e Refractive index c - speed
5= ¢ of light 3.0
v x 108 m/s
e Snell’s Law (refraction) v - speed
1= sint of light
sinr from air to
medium
e (ritical Angle,n = s ONLY
Current of e Current] =2 A
Electricity t
E
e Voltage V = 2 v
e Ohm’'sLawR = % Q
e Resistance of a wire
I p—-Om
R = p— [-m
4 A -m?2

D.C. Circuits

Resistance in series

R = R1 + RZ + R3
e Voltage is shared among all the components
e Same current flows through all the components
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Symbols /

Units /

Resistance in parallel

1 1 N 1 N 1

R R R, Rs

e Voltage is the same for parallel resistors

e Sum of current flowing through each component

equals to the current flowing through the source.

Remarks

Practical
Electricity

P=VI, P = I?R, P=—
Electrical Energy




MUST KNOW KEY CONCEPTS/IDEAS/FACTS IN PHYSICS 6091

Topics

Measurements

Key Concepts/ Ideas

S| Base Units

Quantity Symbol Unit |Abbreviation
Length | Meter m
Mass m Kilogram kg
Time t Second S
Temperature T Kelvin K
Amt. of n Mole mol
Substance
Electric I Ampere A
Current
Luminous ki Candela cd
Intensity

Table 2. Commonly used SI prefixes

Prefix Symbol Factor Numerically Name

giga G 10° 1000 000 000 billion
mega M 108 1 000 000 million

kilo k 10° 1000 thousand
cent C 102 0.01 hundredth
milli m 103 0.001 thousandth
micro 1 106 0.000 001 millionth
nano n 10° 0.000 000 001 billionth

Diameter of atom : 10-19m
Average width of human hair: 1.0 x 104m
Average radius of earth: 6.3 x 106m
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Internal Vernier scale

( jaws \

- Main scale

12 4 § & 4 2 4 88 B 24 88 8
o 12 13 1 5

| ] nlulll-IlmHlunl 1nu‘|=|m|m:|| bbb b e ":;I-_mi aad
~ e - /
~Metric scale penth measuring
'\.,/' Retainer hlads
|
External
jaws
Anvil Spindle Sleeve (with main scale)

Thimble

Rotatlng Ratchet
scale

Image source

(Micrometer Gauge)

© Sutharian john
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Zero error and vernier calipers

3 4 P
|~ mainscale
/
| 'H 1 ' | ——— vernier
0 5 10 scale
measured reading = 3.3 +0.04 = 3.34
fig. (a)
9 ' Vernier scale zero is right of main scale zero
‘ 111 ‘ m ll 1] Correct measurement with
LAY positive error = 3.34 - 0.04 = 3.30
0 5 10
positive zero error = 0.04
fig. (b)
: ! Vernier scale zero is left of main scale zero
mmm |
| RN | P ] Correct measurement with
5 10 negative error = 3.34 - (-0.04) = 3.38
negative error = - 0.04
fig. (c)

Zero error and micrometer

Positive zero error: zero marking on thimble scale is below the datum line (zero
mark on main scale can be seen)

Negative zero error: zero marking on thimble scale is above the datum line
(zero mark on main scale cannot be seen)

Positive zero error Negative zero error
Te B e [
0= 5 = 0
: 0 ! 45

Zero error = +0.03 mm Zero error = =0.02 mm
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Kinematics

Key Concepts/ Ideas

Graphs of motion

Motion graphs

s-t : displacement-time graph
v-t : velocity-time graph

a-t : acceleration-time graph
Typical Example

» Constant velocity

s VA a
a=0ms?
t ——>1 t
e  Accelerating uniformly
5 v a A
t t e B
*  Decelerating uniformly
s v ap
. —N
t t
Distance-Time Graph
100+
T Stop
801 -
2 Fast, steady|speed Decdlerate
2 60 i
E
3 N
c Sto
& 40+ i .4
h /
O 1 f.f'
f
Steady’speed ; steady'speed .
204 / Return to\start position
1 %rate
N
0 2 4 6 8 10 12
Time (seconds)
The green line shows a fast, steady speed, moving from 0 to 100 m in 5 seconds.
The blue line shows a journey with a stop and a return to the starting position.
The red line shows a journey starting 2 seconds later than the other two, with an
initial acceleration, then a deceleration and then a stop.
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Area under velocity-time graph

Oxbtcrdre

X
o = Digkance
9 Teovelled
9
g
TIME
Object thrown up

velogity/ms-! cpeed /ms-1
Pisplacempnt-tine Goph ot of
& r\lleloaig-fm Greph. \@ S \@/ =
ime /S ime /s
of \G

BALL THROWN WP o duss
AND COMES DOWN iy |
(2]

@ e e
f
@
)
@

+;n’e/s

[A]

—=
Q (B [C]

OO0~
[
+
v
=

An example of motion with and without air resistance

Kicked Football Trajectory With and Without Air Resistance

Height [m]

Horizontal Position [m]
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Parachutist vel-time graph

vertical downwards
velocity /ms™

Terminal steady speed
velocity 1: e
50m/s
=%
®
(2]
1
]
k-]
2
o
Terminal
e PR | i ] A e S L ST R D steady speed
8mis
. i~ time
50 60 70
jumps at parachute
t=0s opens at t=42s Iatzggsat

Terminal velocity occurs when the weight is equal to the air resistance,
resulting in zero net force.

Dynamics Free body force diagram

Al
°
@°®
@\

e
< \Q;\O‘ 03\

W (Weight)
Forward
Driving Force __—~
Air ; ? . - -
Resistance !/ \ f/ \\
L X
Friction ‘l’ L Friction T
Weight .
Contact 3 Contact
Force Force
Newton’s first Law
j . |
An object at rest
will remain of Fest e wbulm: An object in motion

will continue with
constant spesd and
direction, . ..

Unless acted on by
an unbalonced force.
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Effect of Balanced and Unbalanced Forces on Motion

Forces are Balanced
Objects at Rest Objects in Motion
(v=0m/s) (v #0m/s)
a=0m/s? a=0m/s?
Stay at Rest Stay in Motion
(same speed and dir'n)

Newton's Second Law
Forces are TInbalnmnoced

l

There iz an accelerntiorn

Z %

Tha sccelormn Homn Thae sl Hon
depends directhy deperds inversely
upeor e upor e

“mert fioree™ ohject’s nonss.

Newton’s Third Law

Action: tire pushes onroad  Redction: road pushes on tire

e The third law

e anl ALL forces come in pairs.
Action: rocket pushes on gos Reaction: gos pushes on rocket These pail’s of forces always_

= are equal in magnitude.

-_—— |

Action: man pulls on spring Reaction: spring pulls on man e o "
— ‘ + are opposite in direction.
1{“ + act on different objects.

IAchon- earth pulls on ball « act simultaneously.

Reaction: ball pulls on earth « are the same kind of force.
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Vector Diagrams

Parallelogram Tip-to-Tail
Method Method

OR

9.5N 8N 9.5N

5N 5N
(2) (b)

Mass, Weight, | Difference between Mass and Weight

Density
Mass Weight

e The amount of matter in abody e Due to the pull of gravity on a
body

e Has only magnitude, i.e. a scalar = e Has both magnitude and
direction, i.e. a vector

e Measured in kilograms (kg) Measured in newtons (N)

e Constant regardless of the e Varies according to the
gravitational field strength gravitational field strength

e Usually measured by a beam e Usually measured by a spring
balance or calibrated electronic or compression balance
balance

Conversion of density from kg / m3 to g / cm?3 and vice versa:

1000kg /m3=1.0g / cm3




Topics Key Concepts/ Ideas

Turning effect
of Force

C.G. of an irregular figure

Pin held by
clamp

plumb line

U

Stable Equilibrium

Unstable Equilibrium

Neutral Equilibrium

Stable equilibrium

Unstable equilibrium

MNeutral equilibrium

If cone is slightly
tilted:

e centre of gravity
rises before
returning to its
original height;

e the moment of its
weight causes the
cone to return to
its original
position

If cone is slightly
tilted:

e centre of gravity
drops and unable
to return to its
original height;

e moment of its
weight causes the
cone to topple

If cone is slightly
tilted:

e centre of gravity
remains at the
same height;

e moment of its
weight is zero and
cone stays in the
position to which
it is displaced.
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Energy, Work
and Power

An example on Conservation of Ener:

Key Concepts/ Ideas

Calculation

A 0.5 kg bal! rolls down a ramp with an initial speed v, as shown in the figure.

.\"\_ -ﬁ:gfd
SR, 24wk

.. 0

Given that the friction on the
bottom of the Slope is 24.0 ms

/—__M

KE +GPF =

|
3X05x\5 + -5
02cV, + 15 =
\/].
b
Vo

blé

1

—Q-I-mv‘+mjh = Lmvt + F, xd

40m 3 ONQH’ O

(P=~
the speed of the ball at the

d th
Vo7

slope is 5.0 N
! what is the vallie

LE 'f';):ﬂf + h}-DFnc—hn/]

famllel o ctanee
T\ +s Friction

xIOx 3 = xgngy + §x§

169

2‘%»3:14/_(

Pressure

Hydraulic Press

Input Force

F1 P, =
v

ko

Ay

Output Force

I . %]

A,

Multiplication of Force
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Key Concepts/ Ideas

Reading a Barometer

No air trapped in the tube

Some air trapped in the tube

Y
——wvacuum

r 3

hy

L

I

NENNNNNNNY

1)

— air

X2
hz

SENNNNNNS

I

pam=h1pg Pam= hz2 p g + pai
px=X1pg Px= X2 p g + Pair
X1= X2
hi= ha
Manometer

Palm

¢

!

h

.

(S

Pgas = Pam — hpg

Manometer and two liquids

L open ns :
p =

Palm

——Open end

)

Pgas = Pam + hpg

Po Po
Ii- l
|
Less dense ha .
liquid he i
I
ARY.___ 118
denser
liquid — L\ //
Pa=Ps

Po+haxpaxg=Po+hsXpeXg
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Temperature | Themometric properties
THERMOMETRIC PROPERTY THERMOMETER
Volume expansion of a gas Gas thermometer
Volume expansion of a liquid Laboratory or clinical thermometer
Volume expansion of a solid Bi-metallic strip thermometer
change of a fixed mass of gas Constant - volume gas thermometer
Changes in « Thermocouple
Changes in clect Resistance thermometer or thermistor
Calibrating thermometer
9
N Maonometer
r N A
o
|
‘ = Pure melting
y ice
11 )LGQ Double wal Ic— [\\\‘
‘ C degrees ‘l | Steam
| | | exit
=2 Il o
Bulb in steam—
at :’ﬂ"c:.'i,'mﬁn{.'[ = =]
| pressure e et
1 Boiling water — H
I
Fig. 14.1. Celsius scale Fig. 14.2. Hypsometer (upper fixed Fig. 14.3. Lower fixed point
point)
1. Mark ice point and steam point
2. Divide space in between into 100 equal parts
Kinetic Model | Brownian motion set-up
of Matter

Lamp

&

Microscope

ns

Smoke

><f

Pt I LI d I

FELFE T
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Key Concepts/ Ideas

P-T relationship : (V constant

The pressure p of a fixed mass of gas is directly proportional to its

temperature T(K) at constant volume. (P a T)
Pressure

-

Pressure P

-300 -250 -200 -1560 -100 -50 1] 50 100 160
Temperature ("C)

Temperature T (K)

V-T relationship : (P constant
The volume V of a fixed mass of gas is directly proportional to its temperature

T(K) at constant pressure. (V o T)

Volume (cm®)

Volume
\
\
Y

Temperature (K) 213" C 0°C Temperature

Theory : temp increase...pressure increase...volume increase.. rate of collision
decrease... pressure decrease back to remain constant.

P-V relationship : (T constant

The pressure p of a fixed mass of gas is inversely proportional to its volume
V at constant temperature. (P o 1/V)

L.
s

»T

<=

Y




Topics Key Concepts/ Ideas

Heat Transfer | Experiment to prove water is a poor conductor

bolling
water

bunsen
burner

ice wrapped
with wire gauze

Fig. 8.3

Experiment to demonstrate convection in gas.

smruldering rag

sk — i A anr cardboard
1
—plass chimneys
td: L
— =i g
glass | -F:‘
fronged baox ﬁ -
4
lighed canadle

Experiment to prove black is a better emitter

to data logger  to data logger
I ™ Temperature/°C
A B/

temperature
SEensors

B - Shiny tin

A - Black tin

Time/min

Temperature,/*C

(1]

\ The higher the temperature
\. of an object relative to its
\ surrounding temperature,
Ny o the higher the rate of
T~ emission of infrared
Boam fp—— radiation.

TEMPEralure = = = = = = = == s s c e c o oo oo oo

o Time/min

Trapped air between
glass two panes of glass help
air to reduce heat loss (rate
of emission of infrared
radiation)
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Reducing heat transfer
using a vacuum flask

Siopper CONDUCTION
— reduced by the vacuum,
stopper, glass, cork and air
spaces.
P CONVECTION
- =l — reduced by the vacuum,
stopper and the trapped air
u Ml R spaces.
RADIATION
— reduced by the silvered
) ol glass walls.

S J | cork to hold
S [ Meekhoce

| t vacuum

Thermal
Properties of
Matter Buailing Evaporation
1. Ocours at a fived temperature 1. Oocurs at any tempesature
2. Quick pracess 2. Slow process
3. !afﬁ place throughaut the 3. Takes place only at the liquid
Jicqund surface
4. Bubbles ara formed in the 4. Mo bubbles are forrmed in the
liquid liquid
5. Temperaturs remains consant 5. Temperature may change
6. Thermal energy supplied by 6. Thermal enengy supplad by
an energy source the surroundings

Evaporation causes cooling

o Molecules in a

liquid are in o & g
constant, > e The more energetic
random motion. ol g G molecules have
T sufficient energy to
o Less energetic ¢ v bB1— overcome attractive
molecules are left |~ — forces due to other
behind. The : molecules to escape
average kinetic — | —__ , from the surface into the
energy of the L T atmosphere.

molecules
decreases and
the temperature
decreases.

Evaporation results in cooling.
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Factors affecting rate of evaporation

Temperature Humidity of Boiling point

Higher temperature || surrounding air Lower boiling point of
of liquid, higher rate || Higher humidity, lower || liquid, faster rate as
as more molecules || rate as more water || bonds between liquid
at the surface are || vapour present in the || molecules are weaker.
energetic enough to || air to hit the escaped || Less energy needed to

escape molecule back to liquid change to gaseous state.
"\ A /
Rate of EVEEFJDI’-E:IUDI"I

is affected by

o i e

Surface area of liquid | Movementof air Pressure
Larger surface area, | Removes the liquid || Reducing atmospheric
more molecules can || molecules as soon as || pressure increases
escape from liquid, | they escape rate of evaporation
greater rate

Reflection

Light

i ,f_ Characteristics of a plane mirror image:
ofh - Itis laterally inverted.
b NS + ltis the same size as the object.

) el + ltis upright.
--\ ’ « |tis virtual (it cannot be captured on a screen).

’ + lts distance from the mirror is equal to the
T 17 f distance of the object from the mirror.

Refraction

light rays as seen
by the eye

Ray diagram for why objects appear
bent in water.

apparent ) _
depth I_ - ——f real depth

depth n= apparent depth

actual path of
light rays
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Critical Angle and Total Internal Reflection (TIR)

0 is the centre of the semicircular glass block.

refracted away
from the normal

vr A
i weak refracted
', reflected 0 :_|90° ray
(170 ray i !
4y \ cre’s, f O ]
', semicircular weak*\‘ \ - 1 ~
5 reflected A T ™~
_ glass block o & )\ /reﬂect y
I —
Conditions for TIR

e Light travel from optically denser to optically less dense medium
e Angle of incidence is greater than critical angle.

Advantages of optical fibre

1. Greater bandwidth - can carry much more information over longer
distances than copper wires.

Less signal degradation - less signal loss than copper wires

Light weight - light weight, thin and more durable than copper wires
Data security - signals are difficult to tap.

. Lower cost - cheaper to manufacture as compare to copper wires

Converging Lens Diverging Lens

optical axis oncave Lens

G W

parallel rays ofrlight y -
' | &

focal point ; o

principal  optical centre |O F e

axis o "

-
— -

y
'

> (Principal Focus)

-

f‘

focal length (OF)

T

parallal
beam

Parallel rays (not parallel to the principal
axis) enter the lens and focus at focal
plane.

principal
axis
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Possible scenarios when object placed at different positions.

Case (iii) Object at 2f Case (iv) Object in between f and 2f'\l
o
) . iy F’f Magnifying glass

4 B ., M
Bl H A |
! |
B ol F, 2F, : [ ol F, aF,
2F, F Y \ c B 2F, FB (] c,
c, \ / = c, |
1 . V7
\ = \f
™ “a . g

Case (v) Object at f oA Case (vi) Object distance <f

Type of image produced:
1. Objectis placed <F, then image will be virtual and upright.
Object is placed >F, then image will be real and inverted.
Object is placed <2F, then image will be magnified.
Object is placed =F, then image will be same size and same distance.
Object is placed >2F, then image will be diminsed.

Ui W

If half of the lens is blocked, the image will still be sharp and whole but it will
become dimmer as lesser rays will converge on the image.

Projector ray diagram

slide

projector lens

screen
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General Wave
Properties

Displacement-Distance graph

A Displacement

one wavelength

—
Distance

one wavelength

The displacement of all particles from their rest positions at different distances
from the source of disturbance at a given instance is captured in a
displacement-distance graph.

Displacement-Time graph

Period, T

__Deplacoment S

Rarefaction
A

Compression

The displacement of a single particle over a period of time is shown above as
the displacement-time graph.

To determine the next position or direction of particle, draw the next wave in
the direction of the wave propagation.

=) Direction of wave

>
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Ripple tank

?:_::.ﬁ E 5—— - lamp
/ﬂ/ . oscillator

water surface "

olastie — == & Shallow — ’_:'/”/r
bands = —===.___water tray =

wave pattern

0N SCieon

Reflection of water waves

—
Key: Incident wave
—————— Reflected wave

¢ No change in frequency, wavelength and speed of reflected wave.

Refraction of water waves

speed and
wavelength reduced
. o —

Figure 8a Water waves travel more
slowly in shallow water. This can be used shallow
to demonstrate refraction weler 7 water

e When water waves travel from deep to shallow
(i) It bends towards the normal
(i)  Wavelength decrease and speed decrease
(iii) Frequency remains the same

e Speed of wave depends on the medium and depth
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wavefront
. dipper moved
up and down shape of
q] , by motor the waves plane
_ wavefront
straight
dipper

P

// //é i

Figure 13.11  Plane water waves

EM waves EM spectrum
10%m 1m  10°%, W09, 10°,, 10 S T
| 1 1 | |
Radio Micro- LIira- Gamma
WAVES wave Iniared | wviolel X-Rays Rays
Vigibie Laght
red: 700 nm UV :400 nm

Properties of EM waves

e They are transverse in nature.

e They can travel through a vacuum.

e They travel at the speed of light in vacuum, ¢ = 3.0x108 m/s

e The obey the wave equation v =fx A

e When an EMW travels from one medium to another (e.g. from air to
glass), its speed and wavelength change but frequency does not
change. Frequency depends only on the source of the wave.

e They can be reflected and retracted.

Uses of EM waves

(i) radio waves (e.g. radio and television communication)
(i) microwaves ( e.g. microwave oven and satellite television ).
(iii) infra-red ( e.g. infra-red remote controllers and intruder alarms)
(iv) light (e.g. in optical-fibres for medical uses and telecommunications)
(v) ultra-violet (eg. sunbeds and sterilisation)
(vi) X-rays ( eg. radiological and screening baggage at airport)
(vii) gamma rays ( eg. medical treatment)
Effects of electromagnetic waves

e Exposure to ionising radiation (e.g. UV radiation, X-rays, yrays) can damage
biological molecules (e.g. proteins and DNA) and lead to abnormal patterns
of cell division. This may cause cancers or developing foetus to become
deformed.
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Sound Sound travels via compression and rarefaction of air particles. The

displacement-distance graph is for all particles along the vibrating medium.

Compression Rarefaction Compression
(C) (R) (C)

——sass  »e / oy e -—4:- .1 + pe s ——sasas b T —

| direction of wave
Particle P

Displacement

ad

0 » Distance

~A—

Speed of particle at the end of amplitude (max displacement) is zero.
Speed of particle at the original position (zero displacement) is maximum.

z | -
Air pressure COI’T‘IDFESSIOFI

non |/ / \ e
[ \rarefacnon i
surrounding \ o Distance

\ » along the

air pressure \/ \ /'J i hollow pipe
low
\/ / \1/

The displace-time graph of one particle in a sound wave.

P —» positive direction Displacement
Attime t=0 + original undisturbed 1
position A
- x = e
At time 1 = 41 e / \
! \
At time f= 1 B ) \
2 particle P > Time

arie 0 ! L} 1 7
A lime = 34T | > vibrating T T 3T T

Attimet=T 1
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Speed of sound
Table 1 SDBBU of Sound in Various Media

Use of ultrasonic sound:

Key Concepts/ Ideas

Measuring speed of sound using

' Speed of direct method
Medium sound (m/s)
air (20 °C) 344 starting pistol stopwatch
air (0 °C) 331 A \ B
air (—20 °C) 319
glass (Pyrex) 5170 open field
steel 5000
water 1496 |< . > |
wood (maple) 4110 distance d

1. To clean objects like electronic components. The components to be
cleaned are kept in a cleaning solution and ultrasonic waves are sent into
the solution. Due to the high frequency, the dirt particles get detached
from the components.

2. To detect cracks in metal blocks. Ultrasonic waves are sent through the
metal blocks and if there are cracks, the waves are reflected back and the

cracks can be detected.

3. Used in ultra sound scanners for getting images of internal organs of the

human body.

4. To break small stones formed in the kidneys into fine grains so that they

are removed through the urine.

Use of Ultrasound to check crack

_ Transmitter/Receiver Ultrasonic
""‘.‘ [r-mlul + Transducer
H,\Slgnal Back surface
ﬂ signal
Crack f|
\ Echo
| / \ Roller Shaft
I"\-JE‘- g = E / + : * | v'/ \
— —— E— | [
0123 45678 Fla\\‘[\k4‘vu ‘f \|
A
ine Display Sc \ |
Testing Display Screen \ /$* ‘l /
\ I' L
X \ A/
Amplitude and Pitch
Anplitude T
A - 2 x
Ry \_/
Quieter Louder
rIEI.'.IL'_'El
s
% o
Lower Pitch Higher Pitch
Time




Topics

Static Electricity

step 1 step 2 step 3 step 4
Free electrons
earth to the ¢
+ +
M + + + i =
( } = = F =
++ \= +I |+ +| = +I = = =
L1 1 1 L 1
Electric Field
A Y b - i ¥
* - 4 A, # A / - \ ¥
e N LA sl —— g/

- + +Q > > = Q - - . - - Q -
& & - - 4 ) : =,
Y A " r Ny &

| | 5 ) || 5 I
. _ < . :
si Nt £ e N F i
\‘-.__,*' L& Sl XA |- |
—— ) > = e
P o h |* o
il [ e S B,
kil % 5 \\\ 4 M A™ | -
/ { 7 | N
Z 1l s z 1l %

Key Concepts/ Ideas
Electrostatic Charging by Friction

An electric phenomenon in which friction transfers electrons from one body
to another.

glass rod silk glass rod electron transfer

7 &7

Charging two spheres by induction

glass rod

A method of charging in which a conductor is charged without contact with
the charging body.

step 1 step 2

@@
JC JC

insulating stand

step 3 step 4

0 ¢ 29

Electrons in A are repelled to the far
end of B. A has excess positive
charges, while B has excess negative

Charging single sphere by induction
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Photocopying using electrostatic charging
Original document
Physics
The photocopy is .
takenoffthe /Physics stk A
copy plate and : :::::u e |f.vp Icn,nec
TTien ouee it Copng e
to reveal the text ———— The . g pying p
photocopier J
Where light falls onto
the plate, the electncal
Paper is placed F - ' charge leaks away
over the copying plate \ /
toner is transferred to i
the paper and heated 8313‘“‘\
to make it stick
Negatively charged black
toner particles are attracted
to the remaining positive areas
Current Short Circuit
Electricity
el T e
current flows through
+ 6 alternative path of least
cell "= switch .
-7 Lclosed) resistance and by-pass the
' bulb.
wire X
(bypass) i
I-V graphs

1 F

Ohmic non-Ohmic

e Resistance of filament bulb increases as current (temp) increase

(gradient of V-I graph should increase)

e Fordiode, the current is taken to be zero or very close to zero when

connected with negative polarity.
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Key Concepts/ Ideas

Factors affecting Resistance

Table 2 Factors That Affect Resistance
Factor Less resistance Greater resistance
L,

Cross-sectional

HE L

area ——
Az
Material —
(Resistivity) Copper Iron
Temperature ;| — l —_—
TI TZ

D.C. Circuits

Current and voltage relationshi

|

in series and parallel circuits

Is Ra

—

vs+() l Ra l Re l 0 vs O

| S|
i _
W1 *
V2 Rz
R3 -
= 1

Parallel Circuit

IS =0+ +15
= Vg/Ry + Vg/Rz + Vg/R;

Connecting light bulbs in series or parallel

Isy R R

normal brightness less bright

|4
(] I—E . IS—E

<

14
- ==

| S|
T oWy

Series Circuit

V5=V1+V2+V3

= ISRL + Ing + Ing

normal brightness

2V
° I = —
ST R

_Is _

v
° I — -
P— 2 7R
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Potential divider using fixed resistors

Vi V.;-; = I(R + R;]
+

Vri| | R4

Vee| [R2 Vot = Vin = | Vout is a fixed voltage

ov @ —I_

|

e Vcan be increased by V can be varied by changing
increasing resistance of variable position of sliding contact C of
resistor Rz to increase the ratio the potentiometer to change
of Rz to (R1 + Rz2) or vice versa the ratio of Rcs to Ras.

e R2 can be replaced with

thermistor or LDR (resistance \\
of thermistor decreases when \ - @
temperature increases and \_,/

resistance of LDR decreases o - DR
when light intensity increases) thermistor

Practical
Electricity

Dangers of Electricity

* Two major dangers when using electricity are
* risk of fire
+ overheating of cable due to excess heat (note: thin cables have
higher resistance and will produce more heat)
* damage insulation
* risk of an electric shock caused by
* touching a faulty appliances or exposed live wire due to damage
insulation
* touching wet electrical appliances
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Simple household wiring

N

=10 Al N

° No—1

Plug wiring -
Longer earth pin:
- * Provides a return path for current before the live

o [/ N o - pin engages.

s Ny T « Helps in opening the safety shutters in wall socket,
N W e making possible the insertion of other two pins.
—“]—I—"ﬁ—‘ Thicker earth pin:

e | * Thicker earth pin has a lower resistance. If there is
* [lcavle ario any leakage current, it provide a lower resistant
path for the current to ground rather than through
the person, preventing an electric shock.

Earth Leakage Circuit Breakers
The ELCB detects small current leakages from the live wire to the earth wire. When

this happens, the current in the live wire will be greater than the neutral wire,
causing the ELCB to ‘trip’.
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Fuse and Earth wire
Fuse and ffrj{/libair’e_ work ‘kﬁd"}t{tf’i

' e o dectian! foult ( lite wite foaches metol casi )
. &b dis inctanaz, as the short cireuld curent whith o
. oxceods e Fuse rating Pows o the around via the Farfh Wie,

. dhe fuse will melt and break the citAdt
* Cumtent will be cut off o the applionce,
- henee fﬂk@ﬁ Hhe aﬁw'fance and user:

A Hhis i &, the shorf cewt

wrjmff &i%:ez{r +he fuse ratin . The casin will nt
the fuse will welt-anl break he cireuit- ) become. 'Ljfe' as

We i€ Touches,,  currend s cort

7 o = to the appliance !
‘ O

with

E_____ oV metol cas:'nj

Remember to mention appliance will remain live if fuse or earth wire is
connected incorrectly and a fault occurs.

Double insulation

Some appliances, such as hair-dryer, fan and vacuum cleaners, do not have
an earth wire. In addition to the PVC insulation on the wires, they have
plastic casings, or they have been designed so that

the live wire can not touch the casing.

These appliances have double insulation and carry a symbol. @

5 {?e_rac 2™ ler of intdpion

inculdHron gﬁu{f/
[ @\o\ﬁ' (}(p s Mﬂdg UP
~ Wit@ wslatin

AIPPJ’MCQ ;‘Sﬂ ’;zﬁ[

| evan.toh =




Topics

Magnetism

Key Concepts/ Ideas
Magnetic materials : Steel, Iron, Cobalt and Nickle
Induced Magnetism

o + o Yo N | S

-+ LS Il
b = 3 A"\ Permjanent magnet

Induced magnet M

7/
~o -

In magnetic induction, an opposite pole is always induced (ie. 2 unlike poles
facing each other is observed during magnetic.

Magnetising (Single stroke and Double stroke

‘i Magnet I

T

e

S Steel Bar | Steel Bar

(a) Using one Magnet (b) Using two Magnets

The pole induced at the end of the magnetized steel bar after stroking is of
opposite polarity to that of the stroking pole

Magnetising (Electrical method using direct current
£ A I

T
| cardboard
roll

A

|
| I6-12Vvd.c. supply

1. Place a steel bar inside a coil of wire (a solenoid).

2. Pass adirect current through the solenoid for a few seconds.
A strong magnetic field is produced on the solenoid and magnetises the
steel rod.

Determining the Poles of a Magnet
1. Right hand Grip Rule

Field ( North}

NI YRS

Current
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Key Concepts/ Ideas

2. Direction of the current at the ends of the solenoid

Y —~

\ \ \ \ \
—~ \ | | \ \
@ S"" S T | T /A
) \ \ > > > »\> >»|> >N il G
h ) | 1 1 T v L) \/
_/ * \\ ﬁ K

\
A % > ¥

!
cardboard

} } roll
J 6-12 V d.c. supply

Demagnetising (Electrical method using an alternating current

7 withdraw
magnet

-
r

12 Va.c.
O~O0O

1. Place magnet in a solenoid and pass an alternating current through
the solenoid.

2. Withdraw the magnet slowly in an east-west direction further and
further away until it becomes demagnetised.

Magnetic Field Pattern

o) b)

.

-

wor
L - |
\AAAL

i
||
»

<) d)

w
I TN
I
w
|
i W
L
|
w
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Horseshoe Magnet

2

Magnetic field is
stronger at A than at B

a uniform
magnetic field

N\

Magnetic field

Field lines are drawn closer to represent
stronger fields and vice versa.

Magnetic Shielding

—— . —————

-—— e = . e S— ——— —

—— e — o —

Field lines tend to pass through a magnetic substance rather than
through non-magnetic substances like the air.

Electromagnetism

Magnetic field around a currnet carrving conductor

magnetic field

direction of
current

direction of
magnetic field

=l
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Magentic field around a single coil

the flat coil _-current

\l ll —— agnetic
magnetic field pattern field
generated by a flat coll

Magnetic Field around a solenoid

.y

. 8
3= -:i
-— —
- R
/s T
I
"“--...__\_\_-____,_,-'—-"'J — o
Solenoid Magnet

* Magnetic field pattern similar to bar magnet.
* Magnetic field can be increased by increasing the current, the
number of turns of solenoid and placing a soft iron within the

solenoid.
Current carrying wire in a magnetic field produces a Force

smaller current larger current
t 4 t
e
L CVf
T/----'// larger force

produces a
bigger swing

.L\\,

|
K G

Flemings Left Hand Rule

current direction -

~a of force

direction
of current
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Origin of the Electromagnetic Force

~ FORCE
N, % \
RN Y
\1\". \
_-\-—-. N
HAGNETIC
\>. FLUS
N\
CURRENT
Magnetic field of Magnetic field of Resultant field of two
permanent magnet current-carrying conductor interacting fields
(a) (b) (c) upwaro force
: ~
N S N "\ //4‘_ S
v
- L. <]
— oy current direction — e L

Uniform magnetic field lines Magnetic field lines in the form of | A catapult field is produced.
from the north pole to the concentric circles, in an The distortion of the magnetic field
south pole. anticlockwise direction based on lines causes the wire to move from the
the right-hand grip rule. stronger magnetic field to the weaker
field.

The interaction of the magnetic field due to the permanent magnet and
the magnetic field due to the current carrying wire gives rise to a
magnetic force from a region of stronger magnetic field to weaker field.

Force of Two current carrying wire

Current in the same direction Current in opposite direction

I |

Catapult field produced by 2 straight curretn carrying conductors

wires attract wires repel
each other each other
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DC Motor
pivot
magnet - magnet
pole — pola
brush
brush Nas L

current & split-ring

commutator

(e

e Carbon brush ensures there is contact always between the commutator
and the rotating coil.

e Split-ring commutator ensures the current direction reverses every
half a turn and hence the forces also reverse direction to keep the
coil(motor) rotating in the same continous direction

Graph of Moment acting on coil against time.

moment

\ \ l
J }‘
| ) |
I l j
(A (4 ® t)'f -
:CJ ) 9Q“ LY gd
e Moment is a maximum everytime coil is horizontal

(greatest perpendicular distance)
e Moment is zero everytime coil is vertical (zero perndicular distance)
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Charged particle is a magnetic field - use FLH Rule

XOMOMIM XM
4
@ il :’5-":'6 ks Remember to reserve
o AKX RN current direction for
B e A electron when using
L R 4 FLR
O3 OMIK MK
e . A 4

. | NOT INCLUDED FOR 2021 GCE O LEVEL PHYSICS EXAMINATION (CLT
Electromagnetic
Induction Electromagnetic Induction

solenoid (a cylindrical coil of wire)

galvanometer

* Asthe magnet moves towards and away from the solenoid, the
magnetic flux (or magnetic lines of force) linking the coils have
changed.

* By Faraday’s Law, this will cause an induced emf and hence an
induced current to flow.

* By Lenz’s Law, when the N pole of the magnet moves towards the
solenoid, a N pole is form at that end of the solenoid. The current
when view from that end will flow in an anti-clockwise direction.

*  When the N pole of the magnet moves away from the solenoid, a S
pole is form at that end of the solenoid. The current when view from
that end will flow in a clockwise direction.

* Magnitude of induced e.m.f. (i.e current) could be increased by
increasing the number of turns in the solenoid, strength of the
magnet or speed at which the magnet moved with respect to the
solenoid.
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AC Generator

Rotation of coil clockwise
Armature coil

(F) 8 c
Motion
up

Field magnet —

(F)

Y

1 Ca I'bon v
< brusrlas

'
Shaft < H Ii

As the coil rotates in the magnetic field, the change in magnetic flux in
the coil induced an alternating e.m.f. between the two ends of the coil.

The slip rings, in contact with the
carbon brushes, ensure that when
the coil rotates, the same end magnetic field
of the coil is constantly in contact (forefinger)
with the same carbon brushes.

force (thumb)

induced current

The direction of induced current
(second finger)

flowing to the electrical load _
changes every half revolution. Fleming's Right Hand Rule
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Graphical representation of induced emf

N T N 7N 0N
D C | C_ D CIJ_;’i D C
T 1 008 SO
— — 1

S

5%

* Time/s

VilE: |
Em.f./N i ) , &
0 5 f
5 T Ur |
. 2 ' . ]

r'IIB

-g; '

E.m.f./V E.m.f./V
A 4

final output voltage final output voltage

2€
T T ] >Time/s O Y7 > Time/s
| ) T
-2, J.'l -2, /

initial output voltage initial output voltage
output voltage increased output voltage and frequency
by doubling the number of turns doubled by doubling the
of the coil frequency of rotation
Transformer

]a]ninath ....................
soft iron core e ne s e e

6  primary |
S coil of Ny

: secondary Vs |:| o

Ve > coil of Ng

magnetic
field lines

The transformer transfers electrical energy supplied from the primary coil
to the secondary coil by electromagnetic induction between the two coils.

* The alternating voltage sets up a continually changing magnetic field in
the laminated soft iron core.

* The laminated soft iron core that links the magnetic fields produced by
the primary coil to the secondary coil.

* The magnetic flux in secondary coil changes, inducing an e.m.f. Vs in the
secondary coil and an induced current flows through the load.
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Transmission of electrical ener:

Power plant  Step-up Step-down
transformer transmission line transformer transformer
(substation)

Key Concepts/ Ideas ‘

N

High-voltage Step-down

High-voltage cables have significant resistance , especially when they are
hundred of kilometers long. Due to the resistance in the cables, some of
the energy is lost in the form of heat.

P = I2R (power loss in cable)

To reduce power loss, power is transmitted at a high voltage and low
current by using a step-up transformer.
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* Y-gain control - amplifies height of electron beam (volts per
division)

* Time base control - controls speed at which electron beam sweeps
across the screen (second per division)

* Y-shift or Y-offset - shifts entire trace vertically up or down

» X-shift - shifts entire trace horizontally left or right




