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PREFACE

| am truly grateful to my Creator, who has given me some wonderful mentors at certain
Islamic schools, thus enabling me to achieve feats such as this. | am also thankful to those
of my students, whose feedback helped me improve these notes.

You will find these notes pretty mark-oriented. These notes can be a replacement for a
textbook if you have a teacher.

My advice to students is that once you have covered some topics in class, then adopt
this workflow:

e use these notes to revise
e practice related past paper questions
e discuss difficulties with your teacher

Abdul Ahad
Teacher

|

4! ¢ A
scHoLAsTIC Ta ughtWare

v Ibne Umar campus
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EXCLUDED TOPICS

Physics syllabus is revised by CAIE from time to time. Therefore, you may come across
guestions related to certain topics in past-papers that are no longer relevant. Here is a
list of topics that have been excluded:

Use of vernier scale

(However, students still need to know other details related to vernier calipers, e.g.,
their ability to measure accurately to one-tenth of a millimeter, their ability to
measure internal diameter, etc.)

Transmission of pressure in hydraulic systems

Use of manometer

Principles of thermometry

Practical thermometers

Specific latent heat

(However, latent heat has not been excluded.)

Experiments related to refraction of sound waves

Internal structure of a cathode-ray oscilloscope (CRO)

(However, use of CRO has not been excluded.)

Capacitors

Applications of electrostatic charging

Wiring a mains plug

Methods of magnetization and demagnetization

Magnetic screening

Truth tables, transistors, logic gates, bistable and astable circuits
Thermionic emission

Power rating of resistors and other components

Colour coding of fixed resistors

Use of the formula: E = mc?

TaughtWare Academy Page 6 ¥ Call 0300 1000979



UNIT 1: MEASUREMENT

e Physical quantities are either scalars or vectors.
e Scalars don't have a direction, e.g., distance, speed or time.
e Vectors have a direction, e.g., displacement, velocity or force.
e Sl base units include:
om
o kg
o s
o A
o K
e Derived units are based on base units, e.g.,
o Speed: m/s
o Density: kg/m3
e Prefixes can be used if a unit is too big or too small for a purpose:
o mega (M) means 1,000,000
o kilo (k) means 1,000

. 1
o centi(c) means —
100

o 1
o milli (m) means —
1000

o micro (4) means

1000000
e Measurement of Length:

NAME LEAST COUNT SUITABILITY RANGE
Ruler 1 mmor0.1cm 1m
Measuring tape 1 mmor0.1cm can measure curved 10m
distance
Vernier calipers 0.1 mmor0.01cm can also measure internal 15cm
diameter
Micrometer 0.01 mm or 0.001 cm most accurate 2cm

e Measurement using micrometer screwgauge:
Length = FixedScaleReading + RotatingScaleReading x LeastCount + ZeroError

e Zero error is the non-zero measurement (when vernier calipers or micrometer is)
closed.
o Zero error needs to be added or subtracted from the measurement for
correction.
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e Measurement of time:

‘ NAME LEAST COUNT
Watch / Clock 1s
Stopwatch 0.01s
Ticker-tape timer 1 s or 1 s
50 60

e Measurement of temperature

REMARK

It has a vibrating arm which puts
dots on a paper strip. Each gap
(not dot) represents an interval.

100 BOILING 373
POINT
OF WATER
0 MELTING 273
POINT
OF WATER
-273 0
Celsius Kelvin
Scale Scale

e Conversion between Kelvin temperature (T) and Celsius temperature (0):

T=6+273

e Temperature of a substance depends on average speed of its molecules.
e Absolute zero temperature: It is the lowest possible temperature of 0 K or
-273 °C, because molecules have least speed (or kinetic energy).
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UNIT 2: MOTION

e Displacement: It is distance in a particular direction.
Speed: It is distance covered per unit time.

S=7 Use this formula
. . . . . f I .t t
Velocity: It is displacement covered per unit time. orvelocity too

Acceleration: It is change in velocity per unit time.

V—u
a =
t
e Acceleration happens when
o speed changes
o or direction changes
e d-t graph
o Gradient represents speed
o Example:
A - Constant speed
B — Speed decreases (non-uniform speed)
- B C C — Speed zero (object at rest)
D — Speeding back home (negative speed)
o o
t >
e s-t graph
o Gradient represents acceleration
o Area under graph represents distance
o Example:
A A - Constant acceleration
B — Acceleration decreases (non-uniform
acceleration)
B C — Acceleration zero (terminal velocity)
“ C D — Decelerating (or negative acceleration
9 or accelerating in opposite direction)
ky/
t >
TaughtWare Academy Page 9
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e Uniform acceleration: It is when there are equal increases in velocity per unit time.

¢ Non-uniform acceleration: It is when there are unequal increases in velocity per unit
time.
¢ Uniform deceleration: It is when there are equal decreases in velocity per unit time.

¢ Non-uniform deceleration: It is when there are unequal decreases in velocity per unit
time.

e Uniform speed: It is when equal distances are covered per unit time.

¢ Non-uniform speed: It is when unequal distances are covered per unit time.

e While driving,

stopping distance = thinking distance + braking distance

o Thinking distance is affected by tiredness and alcohol
o Braking distance is affected by load, tyre surface, etc.
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UNIT 3: FORCES

e Force: It is a push or pull.
o Unit: N
e These are also forces: weight; tension; friction; magnetic force; electric force; air
resistance; thrust; upthrust;

e Addition of vectors
+ /

o Law of Parallelogram:

o Head-to-tail Rule:

OR

e Laws of Motion
o First Law: An object either remains at rest, or continues to move in a straight
line at constant speed unless acted on by a resultant force.
o Second Law: Acceleration of a mass is directly proportional to the resultant

force.
F <a
F=ma

= Acceleration has the same direction as the resultant force.
= For an object going in a circle at constant speed, the resultant force (and
hence acceleration) is towards the center of the circle.
o Third Law: When object A exerts a force on object B, then object B exerts an
equal and opposite force on object A.

e When forces are balanced
o resultant force is zero
o acceleration is zero
o velocity is uniform
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e With forces are unbalanced
o resultant force is non-zero
o acceleration is not zero
o velocity is not uniform
e Friction: It is a force that opposes motion.
o It produces heat.
e Free-fall
o Without air
= Constant acceleration (like that on moon).
= Objects of different weights fall together.
o With air
» Acceleration decreases (from initial 9.8 m/s? on Earth).
= Resultant force is weight minus air-resistance.
= When the resultant force becomes zero, there is no acceleration and the
body is said to be falling with terminal velocity.
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UNIT 4: DEFORMATION

e Force produces extension (or compression).

Extension: It is the difference between new length and original length.

Hooke’s Law: Force is directly proportional to extension up to limit of proportionality.
F «<x
F =kx

o where k is spring’s constant
Spring’s constant: It is force per unit extension.
o Unit: N/m
o spring’s constant k reflects stiffness of a spring

Two possible graphs:

N\ 7\

x/cm I/em

> >

F/N F/N

o Point Pis called limit of proportionality.
o Beyond limit of proportionality, spring becomes easier to extend.
®* This means that same increase in force will now produce a greater
extension than before.
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UNIT 5: MASS, WEIGHT AND DENSITY

e Mass: It is the amount of matter (substance) in a body.
e Weight: It is force on a mass in a gravitational field.
o Itis equal to product of mass and gravitational field strength.
W =mg
e Comparison:

WEIGHT MASS

It is a force It is amount of matter
Unit is newton Unit is kilogram

Vector Scalar

Different on earth and moon Same on earth and moon

Measured using newton meter  Measured using balance

¢ Inertia: The inertia of an object is its resistance to changes in motion.
o Mass is a measure of an object’s inertia.
o For example, a truck has more mass and hence more inertia than a car. So a
truck is harder to move and harder to stop.
e Gravitational field strength of Earth is 9.8 N/kg.
e Acceleration due to gravity on Earth is 9.8 m/s2.
e Measuring instruments:
o Newton-meter: More the weight, more the spring stretches.
= Using the formula W=mg, it can have a scale for mass too. The value of 'g'
is assumed in such a case.
o Beam balance: Measures mass by comparing the weight of an unknown mass
with the weight of known mass (e.g., disc).
e Density: It is the mass per unit volume.

_m
Py
o Unit: %
e Measurement of volume: Volume can be found by
o Displacing a liquid
o For regular shaped objects a formula may be used, for example:
» Block:V =1 XwXh
= Cylinder:V =mr? x 1
e Less dense liquids and gases rise above more dense liquids and gases respectively.
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UNIT 6: TURNING EFFECT OF FORCES

e Moment of a force: It is product of force and perpendicular distance (between pivot
and line of force).

Moment of force=F X d
o Moments can be clockwise or anticlockwise.
e The Principle of Moments: For a body in equilibrium, the sum of clockwise moments
is equal to the sum of anticlockwise moments.
o Example:

F.

sum of anticlockwise moments = sum of clockwise moments

(Fi X dy) + (Fp X dp) + -+ = (Fg X dg) + (Fp X dp) + -

H

e Centre of mass: It is the point through which the whole weight of an object seems to
act for any orientation of the object.
o Centre of mass of an object (such as ring) can lie outside the object.
e Experiment to determine centre of mass of a plane lamina:
o set lamina swinging (to ensure minimal friction at pivot)
allow to come to rest
use of plumb line from hole
mark line along plumb line (on lamina)
hang from another hole and repeat
hang from 3rd hole and repeat
o point of intersection of lines is centre of mass

© O O O O

e Stability: It is the ability of an object to regain its original position after it has been
tilted slightly.
e Stable objects have
o low centre of mass
o broad base
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UNIT 7: WORK, ENERGY AND POWER
e Energy: It is the ability to do work.
E=W
e Work: It is the product of force and the distance moved parallel to the direction of
force.

W=FXs

o Unit:J 7] Joule actually means Nm

e Forms of energy:
o nuclear

radiant (e.g., light, X-rays, etc.)

electrical

thermal

chemical (potential) energy

Elastic (potential) energy: It is the energy due to condition of being stretched

or compressed.

o Gravitational potential energy: It is the energy due to position (in a
gravitational field).

© O O O O

E=Wh
E = (mg)h
o Kinetic energy: It is the energy due to motion of a mass.

E = ~mv?
—va

e Principle of conservation of energy: Energy can be converted from one form to
another but the total amount remains constant.

e Power: It is work done per unit time.

o Unit: W Watt actually means joules
(converted) per second

e A relationship:
input energy = useful output energy + wasted energy

o Efficiency
useful output ener i
ef ficiency = f. P 97 Multiply by
input energy 100 to get a
. useful power output percentage
ef ficiency =

power input
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Renewable energy: Energy source that will not run out.

o Examples: solar, wind, hydroelectric, geothermal, etc.
e Nonrenewable energy: Energy source that will run out.
o Examples: coal, oil, natural gas, nuclear,etc.
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UNIT 8: PRESSURE

e Pressure: It is the force per unit area.

Pascal actually
o Unit: Pa means N/m?
]

o Examples
= Swords exert high pressure because they concentrate the force on a small

area.
= Skis exert low pressure on the snow because the weight is spread over a
large area.
e Pressure of gases
o Pressure of gases is due to molecular collisions.
o Pressure of a gas can be increased by
= decreasing volume
+*» molecules closer = more frequent collisions
® jncreasing mass
**» molecules closer 2 more frequent collisions
® increasing temperature
**» molecules faster 2 more forceful and more frequent collisions
o Atmospheric pressure
= Atsealevelitis:
1 atmosphere = 1.0 X 10° Pa = 76cmof Hg = 760mmof Hg

= On a mountain top it is less.
* In a deep mine it is more. h is height of liquid above

e Pressure of liquids /

p = pgh
o Pressure of a liquid is due to weight of the liquid.
o Total pressure beneath the surface of a liquid is the sum of atmospheric
pressure and the liquid's pressure.
o When something is immersed in a liquid, the liquid pushes it up. This upthrust
is because the pressure near the top of the object is less and the pressure near

the bottom of the object is more.
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e Simple Mercury Barometer

TNy

vacuum

mercury

o Purpose: To measure atmospheric pressure.
o Working: Pressure of atmosphere is equal to the pressure of liquid marked h.
Pa = D1
Pa = pgh
e Boyle's Law:

1
p X %
p1Vi = p.V;
o This formula assumes that
= temperature remains same

® mass remains same
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UNIT 9: SIMPLE KINETIC THEORY OF MATTER

e Kinetic theory of matter: According to this theory, molecules of solids, liquids and
gases are in continuous motion. This helps us understand and explain a range of

phenomenon including:

o diffusion
evaporation and other changes of state
pressure of a gas
why solids have a fixed shape
expansion

o O O O

e Comparison of states of matter:

| SOLID LIQUID

Fixed shape No fixed shape

Fixed volume Fixed volume

Most dense Intermediately dense

Incompressible Incompressible

Molecules vibrate about Molecules vibrate inside

fixed positions clusters, and can change
position

Strong intermolecular Fairly strong

forces intermolecular forces

Least speed (or kinetic Intermediate speed (or

energy) kinetic energy)

Least average separation Intermediate average

between molecules separation between
molecules

e Evidence of molecular motion
o Diffusion

GAS
No fixed shape
Fills all of available space
Least dense
Compressible
Molecules move freely

Weak intermolecular
forces

Most speed (or kinetic
energy)

Most average separation
between molecules

o Reflections from smoke particles in a glass cell are observed using a
microscope. The smoke particles show random motion because of the air

molecules hitting them.
o Observing pollen on the surface of water

TaughtWare Academy Page 20

i Call 0300 1000979



UNIT 10: MOMENTUM

e Momentum: It is product of mass and velocity.

p=mv
o Itis avector quantity.
.k
o Unit: %

e Impulse: It is the change in momentum when force F acts on an object for time t.
impulse = F Xt
FXt=p,—py

e Resultant force: It is change in momentum per unit time.

F= P2 —P1
t

e Principle of conservation of momentum: In absence of external forces, total
momentum before collision equals total momentum after collision.
m1u1 + mzuz - mlvl + mzvz

When substituting values for
velocities, signs are important.
Therefore, assume one direction to be
positive, and the opposite direction to

be negative.
o Example:
u1=5m/s U=-3m/s
m=3kg > < m=1kg

BEFORE COLLISION

v=2m/s vz=6m/s

m=1kg >

AFTER COLLISION
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UNIT 11: HEAT CAPACITY

e Heat capacity: It is the amount of heat energy required to change temperature of a

substance by 1 °C.

C_E
AT

o AT represents the difference in temperature T, — T;.
o Unit:J/Korl/°C
e Specific heat capacity: It is the amount of heat energy required to change

temperature of 1 kg of a substance by 1 °C.
E

€= mar
o Unit: J/(kg K) or J/(kg °C)

e Experiment to determine the specific heat capacity of a material:

thermometer
7= O
(A

stopwatch X X

X X

X 'I' heater {x

X X

X X

X material X

X X

X X

XXXXXXXXXXX

lagging

E
o Use the formulac = v Therefore,

= Measure m using balance.

= Calculate the electrical energy E that changes into heat using E = Pt or
P=1V

= To find difference in temperature, note the initial temperature Ti, and
final temperature T,.

o Precautions

= Use lagging for heat insulation.

= After switching off the heater, allow mercury thread to rise and consider
the maximum value to be T».
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e Each material has a particular specific heat capacity:

MATERIAL SPECIFIC HEAT CAPACITY /)
kgt K
Copper 400
Paraffin (wax) 2100
Water (ice) 2100
Water (liquid) 4200

o So, 1 kg of copper needs far less energy than 1 kg of water for a temperature
rise of 1 K.

TaughtWare Academy Page 23 i Call 0300 1000979



UNIT 12: CHANGES OF STATE

e As heatis released or absorbed, either temperature changes or state changes, but not
both.
e Changes of state:
o Melting: It is the change of state from solid to liquid without a change in

temperature.

o Freezing: It is the change of state from liquid to solid without a change in
temperature.

o Boiling: It is the change of state from liquid to gas without a change in
temperature.

o Condensation: It is the change of state from gas to liquid.
o Evaporation: It is the change of state from liquid to gas at any temperature.
= Evaporation happens when molecules escape from surface of a liquid.

e Fixed temperatures:
o Melting point: It is the fixed temperature at which a solid changes into a liquid.
o Boiling point: It is the fixed temperature at which a liquid changes into a gas.

e Latent heat of fusion: It is the heat energy required to change a solid to liquid or vice
versa without change in temperature.
o Unit:J
¢ Latent heat of vaporization: It is the heat energy required to change a liquid to vapour
or vice versa without change in temperature.
o Unit:J
e Comparison between boiling and evaporation:

BOILING EVAPORATION \
happens at fixed temperature. happens at any temperature
happens near heat source happens at the surface
fast process slow process
Bubbles no bubbles

e Evaporation causes cooling because

o higher energy molecules escape from the surface

o and so, the average kinetic energy of the molecules left in the liquid decreases.
e When we sweat, heat from our body is used as latent heat to evaporate sweat.
e Factors that increase the rate of evaporation are:

o higher temperature (as molecules move faster)

o more surface area (as more molecules can escape at a time)

o movement of air (as liquid molecules leaving surface are removed by collisions

with air molecules)
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UNIT 13: TRANSFER OF THERMAL ENERGY

Heat is transfer of energy between bodies due to difference in temperature.
Three methods of heat transfer are

o Conduction

o Convection

o Radiation

e Conduction: It is the method of heat transfer due to molecular collisions.
o molecules vibrate (in case of solids)
o molecules collide
o kinetic energy is transferred
o from molecule to molecule
e Conduction happens faster in metals because free electrons from hot end hit distant
molecules, and transfer kinetic energy to them.
e Solids are better conductors than liquids and gases because the molecules (or atoms)
are packed more closely together.
e Feathers, fur, woolen clothes, expanded polystyrene, etc. trap air.
o Airis aninsulator.
e Convection: It is the method of heat transfer in fluids due to difference in density.
o heated / cooled liquid / gas
o expands / contracts
o becomes less / more dense
o rises / falls
o convection currents set up (or circulation established)
e Radiation: It is the method of heat transfer by means of emission of infra-red waves
from surface.
o All bodies also absorb infrared radiation. This causes a rise in temperature.
o Black is the best absorber and best emitter of radiation.
o White is the worst absorber and worst emitter of radiation.
= White is the worst absorber because it reflects radiation.
o Infra-red can travel through space (or vacuum).
e Factors that increase the rate of emission of radiation are:
o Higher temperature
o Greater surface area
o Darker colour (e.g., black)
o Duller surface
= Some teapots are shiny so that they radiate at lesser rate.
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e Conduction and convection require a material medium.

e Vacuum flask (or thermos flask)
o the vacuum between double glass wall prevents conduction and convection
o the glass is silvered to reflect radiations back into liquid
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UNIT 14: GENERAL WAVE PROPERTIES

e Wave motion: It is the transfer of energy without (net) transfer of material medium.
e Types of waves:
o Transverse wave: It is a wave in which the direction of vibration (of source) is
perpendicular to the direction of the energy transfer (or wave motion).

C C

C: Crest
T: Trough

T T

= Examples: Rope waves, all kinds of electromagnetic radiations, water
waves, seismic S-waves, etc.
o Longitudinal wave: It is a wave in which the direction of vibration (of source)
is parallel to the direction of the energy transfer (or wave motion).

C: Compression
R: Rarefaction

= Examples: Sound waves, compressions and rarefactions in a slinky spring,
seismic P-waves, etc.
e Some terminologies related to the study of wave-motion are:
o Crest: Highest point of a transverse wave.

Trough: Lowest point of a transverse wave.
Compression: Region of highest pressure (or density) of a longitudinal wave.
Rarefaction: Region of lowest pressure (or density) of a longitudinal wave.
Amplitude (A): It is the maximum displacement from mean position.
Wavelength (A): It is the displacement between two neighbouring crests (or
two neighbouring compressions).
o Frequency (f): It is the number of waves that pass a point per second.

. |
* Unit: Hz Hertz means
o Period (T): It is the time taken for one complete wave. per second

O O O O O
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o Wavefront: It is imaginary line on a wave that joins all the crests.

= Wavefronts can be
o A plane
+* circular wavefronts
wavefront
+¢ plane wavefronts
| wavelength |
e Formulae / Relationships
v=fA
f 1
T
e Ripple tank: A ripple tank is used to study waves.
® lamp
dipper
tank with water
SCreen

o Reflection (wave bounces from a barrier)
= frequency remains same
= speed remains same
= wavelength remains same

B
incident
wavefronts

reflected
wavefronts
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o Refraction (wave changes direction due to change in speed as depth changes)
= Frequency remains same
= Remember "SSS": Shallower (means) Slower (speed) Shorter

(wavelength).
1\

(8“3%?;2‘-5
sl
—
incident
wavefronts
in deep

o Diffraction: It is the spreading of wave as it passes a slit or edge.
= Diffraction is most effective when slit size is equal to wavelength.

~1
~T
T
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UNIT 15: ELECTROMAGNETIC SPECTRUM

e All electromagnetic radiations are transverse waves.

e They travel at 3.0 x 108 m/s in vacuum or air. They slow down in other mediums.

e Excessive exposure causes heating of soft tissues and burns.
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UNIT 16: REFLECTION AND REFRACTION OF LIGHT

@)
@)
@)
@)
@)

O

Shadows: It is a dark region that is formed when light is blocked.

We can see clock, walls, etc. when they reflect light from a source.

Smooth, shiny and polished surfaces (e.g., mirror) give a regular reflection.
Rough, dull and unpolished surfaces (e.g., paper) give an irregular reflection.
Law of Reflection: The angle of incidence is equal to the angle of reflection.

I=r

Characteristics of image in a plane mirror

Same size as the object

Same distance behind the mirror as the object in front of the mirror
Upright

Virtual

Laterally inverted ( i.e., left appears right and vice versa)

Real Image: It is an image that can be formed on a screen because rays converge on
image.

Examples: Projector / Photocopier / Camera

Virtual Image: It is an image that cannot be formed on a screen because rays only

appear to come from image.

O

Examples: Magnifying glass / Reflection in a mirror

Refraction: It is the bending of light due to a change in speed as it enters or exits a

medium.
Air
normal T
e
o When light slows down it bends towards the normal.

O

When light speeds up it bends away from the normal.

e Law of Refraction

sin i

constant = —
sinr

o Refractive index (of a medium): It is the ratio of the sine of the angle of incidence in
vacuum (or air) to the sine of angle of refraction in the medium.

sini B
n=-— With the condition that

sinr S
light is going from vacuum

(or air) to that medium
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o You use the formula

sini ] _ .
"n= g when light goes from vacuum (or air) to medium
1 sini

n =

n sinr
o Values of n:

= Value of n is always greater than 1.
= Greater the value of n, greater is ability of medium to refract (bend) light.

when light goes from medium to vacuum (or air)

e Critical angle: It is the angle of incidence in the optically denser medium for which the
angle of refraction in the optically less dense medium is 90°.

1
n=—-
Such an angle SIn ¢
of incidence is
called critical
angle. r=90p -
refracted Tay

e Total internal reflection: All the ray reflects back into the optically denser medium
when the angle of incidence in the optically denser medium is greater than critical
angle.

There is a
reflection but
no refraction.

i>c

le
ooy
- aC) 13
Ao 1%

normal

o Application in fibre optics for telecommunication:
» |Information is passed in the form of (visible) light (or infrared) using total
internal reflection.
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e Dispersion of white light by a prism

O
O

= QOptical fibres have following advantages over copper wires:
¢ more data per second
¢ more secure
*¢ boosters are further apart Red refracts the

¢ less interference (e.g., cross-talk) least. Violet refracts
the most.

< wmQ<ow

Each colour in white light slows down by different amount
and refracts (bends) by different amount (according to its refractive index of
the medium)

e In experiments related to refraction in prism or block:

@)
@)

O O O O O O

Draw boundary of prism / block

Align two pins on the incident ray and two pins on the emergent ray while
viewing through the prism / block.

Mark positions of pins using crosses.

Draw the incident and emergent rays to prism / block through crosses.

Then draw refracted ray by connecting the incident ray to the emergent ray.
Measure angles using protractor

Calculate...

Repeat with other angles of incidence
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UNIT 17: CONVERGING AND DIVERGING LENSES

e Converging lens: It is a lens that is thicker at the center.

e Diverging lens: It is a lens that is thinner at the center.

e Principal focus (or focal point): It is the point where all rays (close to and) parallel to
the principal axis converge after refraction from a converging lens.

e Focal length: It is the distance between optical center and principal focus.

e Important rays for converging lens:

Case 1: Image is real and inverted,
ﬂ as in case of eye, camera or
projector.

Case 2: Image
is virtual and
upright, as in
case of
magnifying

glass. y =
-
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e Important rays for diverging lens:

Diverging lens always
makes a virtual, upright

and diminished image. ! !

e The human eye can change the curvature of lens (and hence the principal focus) to
view objects that are far or near.

e Short-sightedness: It is the case in which an eye can focus light from near objects but
not from objects that are far.

o Itis corrected like this:

e Long-sightedness: It is the case in which an eye can focus light from far objects but
not from those that are near.

o Itis corrected like this.
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Image height
Object height
o Linear magnification of 1 means image is same size as the object.

e Linear Magnification =

e Properties of an image

o inverted / upright

o real / virtual

o magnified / diminished / same size

o greater /same / less distance from lens compared to the object
e Virtual images are always upright and real images are always inverted.
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UNIT 18: SOUND

e Sound: It is a longitudinal wave that
o is produced by a vibrating source
o and requires a material medium

Speed of sound
o Inairitis approximately 330 to 350 m/s.
o Inliquids, it is faster than in gases.
o Insolids, it is faster than in liquids.
Audibility
o The human ear can detect sounds having a frequency between 20 Hz and 20
kHz.
o The human ear cannot detect infra-sounds (below 20 Hz) and ultra-sounds
(above 20 kHz).
Applications of sound and ultrasound
o Ultrasonic cleaning of machine parts
o Prenatal and other medical scans
o Sonar uses echoes to find depth, or to detect mines or shoals of fish

Echo: It is reflection of sound.

Characteristics of sound

o Loudness
= |t depends upon amplitude. Sounds can be soft or loud.

o Pitch
= |t depends upon frequency. Sounds can be low or high.

o Timbre (or quality)
= Different instruments playing the same note (same loudness and pitch)

sound different because of a characteristic called timbre.

e Points related to production and transmission of sound:
o cone vibrates
o molecules of air vibrate
o compressions and rarefactions produced
o longitudinal wave
o vibration / energy is passed on by molecules
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e Experiments

o Measure speed of sound in air
= Two persons with stopwatch and pistol stand 0.5km apart.
= Uses = %

o Law of reflection of sound
= Use two pipes next to a wall.
= Place source (e.g., buzzer) and detector (e.g., mic connected to CRO)
= Sound detected is loudest when angle of incidence equals angle of

reflection, thatis, i = r

o Sound cannot travel through vacuum
= Hang ringing alarm clock in a bell jar
= Remove air from jar using pump until no sound is heard
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UNIT 19: STATIC ELECTRICITY

e When two materials are rubbed,
o the material that gains electrons becomes negatively charged.
o the material that loses electrons becomes positively charged.
NOTE: Charging of solids by friction involves only a transfer of negative charge
(electrons).
e Unlike charges attract, and like charges repel each other.
e An atom with unequal number of electrons and protons is called an ion.
e Charge (Q) is measured in coulombs (C), e.g., Q = 5C.

ELECTRICAL INSULATORS ELECTRICAL CONDUCTORS

Charges cannot flow easily. Charges can flow.

The valence electrons of an atom The valence electrons of an atom

are firmly bound to the nucleus are loosely bound to the nucleus

of that atom. of that atom. These are 'free
electrons'.

After rubbing, the charge Afterrubbing, the charges do not

remains localized on the surface. remain confined to the surface.

e Neutralizing / discharging
o Insulators discharge due to moisture in air or heating them
o Conductors can be discharged by earthing them.
e Earth (as a verb): It means to connect an object to zero potential.
e Earth (as a noun): Any conductor (e.g., human body or ground) that can take or give
electrons without being noticeably charged itself.
e Electrostatic induction: It is the process in which an object becomes charged when a
charged object is brought close to it.

o Example: If a negatively charged glass rod is brought close to a piece of paper
then the near-side of the paper becomes positively charged and the far-side of
the paper becomes negatively charged.

NOTE: Attraction between unlike charges is greater than the repulsion between
like charges because of lesser distance.

o Examination tip: When students are asked to draw distribution of charges,

= the examiner may be interested in seeing equal number of positive and
negative charges.
= the examiner may also be interested in the symmetry of charges.
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e Electric field: It is a region of space where an electric charge experiences an electric
force.
o Electric field lines are drawn in the direction of force on a positive charge.
o Examples:
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UNIT 20: CURRENT ELECTRICITY

e Current: It is the flow of charge per unit time.

Q Although ampere is not a derived
I = ? unit, you can think of it as one
o Unit: A coulomb (of charge) flowing per

o Current is measured using an ammeter. | second:
o Direct current (DC): It is current that flows in only one direction.
= Example: current from a cell
o Alternating current (AC): It is current that changes direction.
= Example: current from mains electricity
e By convention, direction of current is taken to be opposite to electron flow.
e A short-circuit happens when load (resistance) is bypassed and excess current flows
due to lack of resistance.
o A short-circuit causes heating and may start a fire.
e Electromotive force (e.m.f.): It is the energy converted by a source from non-electrical

form to electrical form in driving a unit charge round a complete circuit.

E
emf = —

Q

e Potential difference between two points: It is the energy converted from electrical to

other forms when a unit charge passes between the two points.

p=E
- Q

e A comparison between e.m.f. and potential difference:
o Similarities
= Both involve energy and charge
= Both are measured in volts.
= Both are measured by voltmeter.
o Differences
= |n e.m.f. the energy change is from non-electrical to electrical. In p.d. the
energy change is from electrical to non-electrical.
= e.m.f. is property of source. p.d. is property of part of circuit.
e Volt: It is the potential difference when one joule of energy is converted in driving a
unit charge between two points.
e A voltmeter has very high resistance. It is connected in parallel.
e An ammeter has very low resistance. It is connected in series.
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e Resistance: It is the ratio of potential difference across a material to the current
flowing in it.
4
k=7
o Unit: Q
e Resistors are used in circuits to limit the flow of current. Their types are:
o Fixed resistors
o Variable resistors (rheostats)
e Ohm's Law: It states that current is directly proportional to potential difference
provided that temperature does not change.
Vol
o Limitations: Ohm's Law is applicable to
= pure metals
= at constant temperature
e Current-voltage graphs:
o Fixed resistor

A

Fixed resistors obey Ohm’s law.

You can use the formula R=V/I.

Pl

>

\%

o Filament lamp

N\

Vincreases = | increases = T increases - R increases

So at higher temperature, | is not directly proportional

I
to V, and hence you cannot apply the formula R=V/I.
\%
o Diode
A Diode allows current to
flow in one direction only.
I
\%
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e Resistance is affected by
o Temperature

o Length R«
o Cross-sectional area (thickness) R oc%

e Circuit symbols:

cell 4{ I— switch
battery of cells 4| | ‘ | | |_ lamp
motor
or
4{ |-__‘||— earth or ground
power supply

d.c. power supply

a.c. power supply

—0 O—
+ p—
—0 oO—
— 0 ~ O0——

junction of conductors

fixed resistor —l:l— generator
variable resistor m ammeter

thermistor "?— voltmeter
light-dependent \}‘ diode

resistor

potential divider

—|__
—
—|___
—1111-
e

light-emitting diode

heater fuse
transformer relay coil
magnetising coil oscilloscope

6+ [ h %908 + - 0o\
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UNIT 21: DC CIRCUITS
SERIES CIRCUIT PARALLEL CIRCUIT

DIAGRAM

[
P
(WN]
o
oc
-]
o

RESISTANCE

POTENTIAL
DIFFERENCE

e When resistors are connected in series, each resistor gets a share of the input voltage
according its share of the total resistance.

_ x

R+ R, 4+

e |f the same resistors are connected in series and then in parallel, overall resistance (R)
is always greater in series.

Vs XV

e When cells are connected in series to make a battery, the e.m.f. of battery is equal to
sum of e.m.f.s of individual cells.
e When identical cells are connected in parallel to make a battery, e.m.f. of battery is
equal to e.m.f. of one of the cells.
o Such a battery lasts longer
o If one of the cells malfunctions, the circuit continues to work.
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UNIT 22: PRACTICAL ELECTRICITY

e Some common household devices
o Nichrome wire heats up when current passes through it. It is used in electric
irons, heaters, etc.
o A current carrying conductor in a magnetic field experiences a force. This
phenomenon is used in fans, motors, etc.
o Lamps
= A filament lamp has a filament made of tungsten which heats
up and glows when current passes. j

—
4

= A fluorescent lamp produces light and ultraviolet when current passes. A
fluorescent coating absorbs ultraviolet and releases more visible light.

NOTE: Fluorescent lamps are more efficient than filament lamps.

All household appliances are connected in parallel because each appliance needs (full)
220V to work normally. If these were connected in series, 220V would be shared.
Three wires:
o Live wire (brown) has dangerously high potential
o Neutral wire (blue) has zero potential. Live and neutral wires are enough to run
an appliance because they provide a potential difference.
o Earth wire (green / yellow) also has zero potential. It is there for safety. It

connects to metal casings of appliances.

If you get stuck
e Some formulas: - with these, try
For memorisation: P=1V } substituting  from

“Poison lvy” P =I?R R=V/I

e Calculating cost of electrical energy
o Use the formula To get answer in kWh, put power
E = Pt in kilowatts and time in hours.

o Since joule is a small unit, another unit kilowatt hour is used in practice.
o Multiply the number of kWh obtained by the unit cost given in the question.

Kilowatt hour: It is the amount of electrical energy consumed when a 1000W device
is run for one hour.
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e Dangers of electricity

o Damaged insulation

= Touching the exposed live wire (with dangerously high potential) can
result in electric shock.

o Overheating of cables can cause fire.
= Qverheating can happen due to short-circuit or overloading.

o Damp conditions
= When hands are wet the resistance of the skin is reduced greatly.

e Fuses and circuit breakers are used for safety to limit the amount of current.

e Fuses, circuit breakers and switches are always fitted on the live wire so that
appliances are isolated from live (dangerous) potential when circuit is disconnected.
Otherwise, for example, a person repairing an electrical appliance can receive a shock.

e Fuses with a rating slightly higher than the expected current should be used so that it
does not melt during normal operation of appliance.

e Earthing

o If the casing is earthed:
= When live wire touches the casing, high current will flow through the
earth wire.
= The fuse will melt.
= Appliance will be disconnected.
= User will be safe.
o If casing is not earthed:
= When live wire touches the casing, the casing becomes live.
= Upon touching, user will get an electric shock.

e Appliances without earth wire are usually “double-insulated” using a casing made of
plastic.

o Plastic is an insulator.
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UNIT 23: MAGNETISM

e Poles are ends of a magnet where the magnetic field is strongest.
e Unlike poles attract each other.
e Like poles repel each other.
e Some magnetic materials are iron and steel.

o lron is easier to magnetize and demagnetize than steel, so

= jron makes a strong but temporary magnet.
o Steelis harder to magnetize and demagnetize than iron, so
= steel makes a weaker but permanent magnet.
e Repulsion is the only sure way to find out if an object is a magnet or not.
e Magnetic Induction: It is the phenomenon in which an unmagnetized material
becomes magnetized when it is brought close to a magnet.
¢ Magnetic field: It is the region of space where a magnetic pole experiences a magnetic
force.
o Magnetic field lines are drawn in the direction of force on (an imaginary) N
pole.

e Current passing through a wire causes a magnetic field.
e An electromagnet consists of insulated copper wire wound on a core of iron.
e The strength of magnetic field of a solenoid (coil) can be increased by:

o increasing number of turns

o increasing current

O usingiron core
e Two variations of right-hand rule:

/ current

\
maghnetic
field
/ @ -

—
S

1 |+

nEAMA AN
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|
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e
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/
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e Magnetic field of a solenoid is like this:

O

S -

magnetic

1 |
field lines
current
direction

Reversing direction of current reverses direction of magnetic field.

e Experiment to plot magnetic field lines on paper.

o O

o O O

O

Place compass next to N of magnet and mark next to N of compass.

Move compass such that S of compass points to the previous mark and again
mark next to N of compass.

Repeat along one line

Join the dots

Repeat all of the above with different start points (to draw more lines)

Mark direction from N to S of magnet.

e Relative strength of a magnetic field is represented by the spacing of the magnetic
field lines (as can be seen in some of the diagrams above.)

e Some uses of permanent magnets and electromagnets

O
O
©)
O

Electric door bell

Trip switches (circuit breakers)
Relay

Audio / video recording on tape
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UNIT 24: FORCE ON CONDUCTOR IN MAGNETIC FIELD

e When two different magnetic fields (for example from a solenoid and a permanent
magnet) interact with one another, a force is experienced from a region of stronger
magnetic field to a region of weaker magnetic field.

e We can find a direction using left hand rule because directions of current, magnetic
field and force are all perpendicular to each other.

L magnetic
| force [~ i
field

current (or
flow of
positive
charge)

e Two parallel wires with current in opposite directions are repelled from each other,
because force is experienced by each wire from a region of stronger magnetic field to
a region of weaker magnetic field.

e Two parallel wires with current in same direction are attracted to each other, because
force is experienced by each wire from a region of stronger magnetic field to a region
of weaker magnetic field.
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e D.C. Motor

N
N

split-ring commutator
carbon brush

......................................

.....................................

force \

o Working

O

= When current flows through coil, it becomes a magnet.

= Current in magnetic field produces force in accordance with left-hand
rule.

= To keep the coil rotating, the forces need to be reversed after every half
turn.

= Split-ring commutator reverses the direction of current (and hence force)
after every half turn.

Turning effect can be increased by

" increasing current

= increasing magnetic field

® increasing number of turns on coil

e Working of loudspeaker

O

O
O
O

The coil vibrates because

AC current in coil produces magnetic field

Poles of coil are reversed when the current changes direction

The coil experiences attraction and repulsion from the N (or S)-pole of
permanent magnet.

Cone produces compressions and rarefactions in the air because it is connected
to the vibrating coil.
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UNIT 25: ELECTROMAGNETIC EFFECTS

e Electromagnetic induction: It is the phenomenon of inducing an e.m.f. in a circuit due
to a changing magnetic field.

e Faraday's law: The magnitude of induced e.m.f. is proportional to the rate of change
of magnetic flux linking the circuit.

e Lenz’s Law: The direction of induced e.m.f. (and hence current) is to oppose the
change producing it.

e A.C. Generator

o Types
= A magnet can be rotated next to a coil. OR

= A coil can be rotated next to a magnet.
slip rings
carbon brush

(induced)
output voltage

handle] Explanation

of the word
“alternating”

o Working
= There is a magnetic field around permanent magnet.
= As coil rotates, the coil cuts flux of the permanent magnet.
= Therefore, e.m.f. is induced.
= When N-pole approaches, the e.m.f. (or current) is in one direction.
= When N-pole leaves, the e.m.f. (or current) is in the opposite direction}
o Inthe diagram above,
= No e.m.f. is induced when coil cuts flux while vertical.
= Maximum e.m.f. is induced when coil cuts flux while horizontal.
= Doubling the number of turns on coil doubles the peak voltage.
= Doubling the frequency (speed) of rotation doubles the peak voltage.
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o You can increase the peak voltage of an a.c. generator by

® increasing turns on coil
» increasing frequency of rotation

= increasing the strength of magnetic field by

+¢ using soft iron core
¢ using stronger magnet

+* bringing coil and magnet closer

e Transformer: It is a device that changes a high alternating voltage at low current to a
low alternating voltage at high current or vice-versa.

o Types

= A transformer that steps up voltage.
= A transformer that steps down voltage.

o Construction of a step-up transformer

iron core

primary 9
coil 9

=l
alalalalaNalaEalalnl

FUUUUUTUUUUUTUUUUUN

D

JUUTUOU

D secondary
D coil

output ©
Vg

o]

lnananannn’

o Equation for an ideal transformer (where N is number of turns):

|4

Vs

b _

Ny _Is
N, I,

e Transmission of electrical power over long distances
o The challenge: To reduce loss of electrical energy in the form of heat on the

power lines.
o Power loss represents number of joules of heat lost per second. It is given by:
P =]
Solution 1: We can Solution ‘2: We can use
very thick cables to
use a transformer to )
reduce resistance of
reduce current by o
. cables but this increases
stepping up voltage.
the cost of cables and
supporting structures.
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UNIT 26: INTRODUCTORY ELECTRONICS

e Cathode-Ray Oscﬂloscope

e ——— ~

POWER

L]

e
{

I

i
a— VERTICAL SE— amm—HORIZONTAL mummm—
VERT.VAR. 4 POSITION POSITION Hﬁ(
v 4) ,
(E&); -
NS W
VOL’W!EIi = S ,
; Ve Sl 8
5 7 1,3 E {

- INPUT

j \ A
q INPUT
4 o
fl

o The component to be tested (e.g., a resistor or a mic or a power supply) is
connected across “Y-inputs”.
o Controls

= “Y-position” control moves the trace up or down

= “X-position” control moves the trace left or right

= “Gain” controls y-axis scale (volts per division)

= “Timebase” controls x-axis scale (milliseconds per division)
NOTE: When timebase is turned off, trace can only become a dot or a
vertical line.
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e Circuit components (Symbols are given in unit “Current Electricity”)
o Fixed resistor
= |ts purpose is to limit the flow of current.
Iil
o Thermistor
= |ts resistance decreases as the temperature increases.
® |tis used as an input sensor.
o Light-dependent resistor (L.D.R.)
= |ts resistance decreases as brightness of light increases.
= |tis used as an input sensor.
o Diode / Light emitting diode (L.E.D.)
= |t allows current to flow in only one direction.
= Soits symbol needs to be drawn carefully.
o Relay
= Arelay can be used if

+* the current is too high for a dashboard switch
+» a switch is dangerous to reach

Y T
| |
| | o
T | \ dangerous voltage
|
| , ?
master !_ _____________ | slave
circuit circuit
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UNIT 27: RADIOACTIVITY AND THE NUCLEAR ATOM

e Characteristics of nuclear radiations:

ALPHA (a) BETA (B) GAMMA (y) \
Helium nucleus High speed High frequency
(2 protons + 2 electron electromagnetic wave
neutrons)
_ ngh Medium Low
Medium High
(blocked by paper (blocked by 0.5 (mostly blocked by 2
or few cm of air)  cm of aluminum) cm of lead)
_ Towards negative = Towards positive No
Yes No
(use Ieft hand (use left hand
rule) rule)

e Radioactive decay: It is break down of unstable nuclei. In the process a, B or vy
radiations are emitted.
o Types:
= Alpha-decay: 4X — 423Y + 3He + energy
= Beta-decay: 4X — ,,1Y + _Je + energy
* Gamma-decay: (4X)* — 42X + gamma rays
NOTE: Asterisk (*) indicates that the nucleus is excited. Gamma rays are
usually emitted at the same moment as either an alpha or beta particle.
o Radioactive decay is spontaneous and random. You can’t predict. Direction of
emission is also random.
Methods of detecting radioactivity
o Photographic plates are fogged.
o Spark counters produce sparks due to ionization of air by alpha particles.
o Diffusion cloud chamber produces tracks using alcohol vapour and dry ice.
= Alpha leaves tracks that are short, straight and dense
= Beta leaves tracks that are thin and wavy
= Gamma (usually) leaves no tracks
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GM-tube connected to a ratemeter. (Ratemeter can be replaced by counter if
stopwatch is used.)

Background radiation: It is the radiation in our surroundings due to:

rocks and buildings
cosmic rays

radon gas (in the air)
food and drink

Hazards of radiations

cell death
mutations
cancer

Precautions

Keeping distance (for example by using forceps)
Shielding (for example wear lead lined suits)
Limiting exposure time

Conclusions from (Geiger Marsden) alpha scattering experiment

A very small nucleus is surrounded by mostly empty space
= because most alpha particles passed straight through.
A (dense) nucleus where positive charge is concentrated
= because some alpha particles were deflected by large angles.

o Half-life: It is the time taken for half of the unstable nuclei to decay.
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e Isotopes of an element: These are atoms which have the same number of protons
(same element) but different number of neutrons.
o Forexample, *2C and ¢C are two isotopes of carbon.
= Carbon-14is unstable and undergoes radioactive decay.
o Uses of radioactive isotopes
= smoke alarms
= jrradiating food to kill bacteria
= sterilization of equipment using gamma rays
= measuring and controlling thicknesses of materials
= diagnosis and treatment of cancer using gamma rays
e Carbon dating
o Carbon-14 has a half life of 5700 years.
o When a living thing dies, radioactive carbon trapped in its body undergoes
radioactive decay.
o Depending on the amount of radioactive carbon now left, age of a fossil or
wooden artifact is calculated.
¢ Nuclear fission: It is the process in which a nucleus (such as uranium-235) absorbs a
neutron and breaks up to release energy.
o Nuclear fission is energy source for atomic bombs and nuclear power plants.
e Nuclear power plant

nuclear
> coolant 9 boiler > turbine 9 enerator
reactor g

o Inanuclear reactor, the following reaction happens:

235U + gn - ElBa + 32Kr + 3in + energy

= |f the 3 neutrons are made to collide with other Uranium-235 atoms, a
chain-reaction starts.
L

e 2

¢ To speed up the reaction, a moderator (for example water) is used
which slows down the neutrons.

**To slow down the reaction, control rods are used which absorb
neutrons.
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= A coolant (for example carbon dioxide) uses convection to deliver heat
from reactor to boiler.
e Nuclear fusion: It is the process in which smaller nuclei combine to form a larger
nucleus to release energy.
o Nuclear fusion is energy source for stars.
2H +3H - JHe + in + energy
e Nucleon number (mass number) (A): It is the sum of the number of protons and the
number of neutrons in an atomic nucleus.
e Proton number (atomic number) (Z): It is the number of protons in an atomic nucleus.
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UNIT 28: SOLAR SYSTEM

o Light-year: It is the distance travelled in a vacuum by light in one year.
e Star: It is a large body that gives out light and heat due to fusion.
e Sun: It is a star of medium size, consisting mostly of hydrogen and helium.
o Sunis our nearest star.
o It radiates most of its energy in the infrared, visible and ultraviolet regions of
the electromagnetic spectrum.
e Planet: It is a large body that revolves around a star.
e Satellite: It is a body that revolves around a planet.
e Moon: It is a large natural satellite.
e Asteroid: It is a rocky body (smaller than moon) that orbits Sun between orbits of Mars
and Jupiter.
e Comet: It is a body of ice and dirt that orbits Sun.

o Milky Way: It is one of many billions of galaxies making up the Universe.
o Our solar system is part of Milky Way galaxy.
o Diameter of Milky Way is about 100,000 light years.
o Each galaxy is made up of many billions of stars.
e Our solar system consists of
o Sun
o Eight planets (in order from Sun)
= Mercury
= Venus
= Earth
= Mars
= Jupiter
= Saturn
= Uranus
= Neptune
o Dwarf planets such as Pluto
o Asteroids in asteroid belt
o Moons
o Comets
e Day: It is time taken by a planet to complete a rotation.
e Year: It is time taken by a planet to complete an orbit.
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TIME TAKEN (APPROXIMATE) EVENT ‘

24 hours Rotational period of Earth (day)
365 days Orbital period of Earth

One month Orbital period of Moon

One month Rotational period of Moon

500 seconds Light from Sun reaches Earth

e Orbits of planets around the Sun are like an ellipse.
e Earth orbits Sun with a tilted axis. (This causes seasons to change.)

e Orbital speed is given by Speed is distance covered per unit
2nr time. Distance of 2mr is covered in
T

v= one orbital period (year).

e Greater the mass of a planet, greater is the gravitation field strength.
e Less the distance from a planet, greater is the gravitation field strength.

e Circular motion ?
The formula F' = ——helps

us remember these points.

Describe, qualitatively, motion in a circular path due to a force perpendicular to the motion as:,
(a) speed increases if force increases, with mass and radius constant
(b) radius decreases if force increases, with mass and speed constant
(c) an increased mass requires an increased force to keep speed and radius constant

__________________________________________________________________________

e Planets with less orbital radius move faster.
e Seasons (IGCSE only)
o Seasons change because
= Earth revolves around the Sun
= with an axis tilted by 23.5°.
o At any time, countries in northern hemisphere have season “opposite” to
countries in southern hemisphere.

e Autumn in Pakistan .
NEOT in September nee

Winter in Pakistan Spring in Pakistan Summer in Pakistan
in December as in March in June as
northern hemisphere northern hemisphere
gets less sunlight gets more sunlight
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e Phases of moon (IGCSE only)
o Phases change because
= Moon revolves around the Earth (once in about 28 days), and
= more / less of the lit part of moon is visible from Earth.

y,
First /
Quarter /
Waxing Waxing /

Gibbous O ‘ OCrescent /
Q d

Full New |
Moon Moon [

|
O @ -
|

Waning Waning

Gibbous Last Crescent \.\
Quarter \.\
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UNIT 29: UNIVERSE

e Redshift: It is an increase in the observed wavelength of electromagnetic radiation
emitted from receding stars and galaxies.
o The further away a galaxy, the greater the observed redshift, and hence faster
its speed.
o The galaxies are accelerating away.

Wavefronts of light In reality, a star or galaxy
emitted from glowing recedes from Earth.
hydrogen if a star or
galaxy were stationary.

See Quran Chapter 21 Verse 30

e Big Bang Theory: It is the idea that about 14 billion years ago, the universe began as
just a single point, then expanded and continues to expand.

o Redshift provides evidence for Big Bang theory because if all galaxies and Earth
are receding from one another, then wind the whole thing back and they must
have all been at the same place in the past.

e Cosmic Microwave Background Radiation (IGCSE only): It is the microwave radiation
of a specific frequency that is observed at all points in space around us.

o CMBR was produced shortly after the Universe was formed and that this
radiation has been expanded into the microwave region of the electromagnetic
spectrum as the Universe expanded.

o CMBR provides further evidence for Big Bang Theory.

e Hubble Constant (IGCSE only): It is the ratio of the speed at which the galaxy is moving

away from the Earth to its distance from the Earth.

1%
HOZE

o The speed at which a galaxy is moving away from the Earth can be found from
the change in wavelength of the galaxy’s starlight (glowing hydrogen) due to
redshift.

o The distance of a far galaxy can be determined using the brightness of a
supernova in that galaxy.

o Value of Hubble Constant (Ho) is 2.2 x 1078 per second.
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O Hi represents an amount of time equal to age of Universe since Big Bang (which
0

is about 14 billion years).
e Lifecycle of a star

Less Massive Star

G0,
Y

; Red
- More Massive Star Supergiant

Protostars ™

4

- 9

Red Giant
Nebula

l-,m}f : Neutro Star
ﬁ"’.";,. . Supernova

Planetary Nebula

White Dwarf Black Hole

e Stars are formed in cloud of gas and dust called nebula.

e When a cloud collapses because of its internal gravitational attraction, temperature
rises. This is a protostar.

e A staris born when fusion of hydrogen produces helium.

e Astable staris one in which gravitational collapse is balanced by outward force due to
high temperature in the core.

A planetary nebula has nothing to

e When a star runs short of hydrogen, .
do with planets.

o A less massive star expands to form red giant.
= Red giant forms a planetary nebula with a white dwarf at its center.
o A more massive star (that is more than eight times mass of our sun) expands
to form red supergiant.

= Red supergiant explodes as a supernova.
= Supernova forms a nebula (containing hydrogen and new heavier
elements), leaving behind a neutron star or a black hole at its centre.
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PAPER 4 (ATP) — IMPORTANT POINTS

e General

O

©)
O
O

o O

O

Repeat and average

Measure N lengths / intervals together and then divide by N

To put objects together, put them in a groove or between two rulers

Parallax error described (e.g., line of sight should be perpendicular to scale /
thread)

Keep together to observe / handle simultaneously (or get a friend to help)
Measure to the same point...

Scale should be close (or brought close) to object being measured (a set-square
may help if the distance is more)

Large variation in data (hence less significant figures)

e Graphs

O

Calculate gradient using more than half the line drawn

e Relationships (examples and explanations)

O

O
O
O

X increases as Y increases
X increases at a decreasing rate as Y increases
Linear
Directly proportional: x «< y
= line that touches origin
* doubling x doubles y

. 1
Inversely proportional: x « "

* Doubling x halves y
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e Check horizontal / vertical
o describe use of spirit-level or
o plumb-line and / or
o set-square
e Measuring instruments
o Range
Sensitivity
Range versus sensitivity
Check for zero-error
Check for dead-space
Measuring tape should be taut when measuring length.
o Tape / ruler touching one end and used repeatedly to measure long distances
e Experimental
o A fair comparison / experiment
o Experimental value close (e.g., + - 10%) to theoretical value so within
experimental error or relationship holds (or vice versa)

0O O O O ©O

e Newton spring balance
o Pull slowly (to note max. reading or to avoid accelerating force)
o Pull horizontally if dealing with friction
e Round objects
o When measuring thickness or diameter of round object(s) put it (or them)
between two blocks and put a ruler above.
o Diameter of marble measured more than once in different directions and then
average
e Human reaction time / error
o Human reaction time a small / large fraction of the total time
e Measuring volume
o View level with bottom of meniscus
o Putit on a horizontal surface
o Immerse object completely

o Use darkened room

o Use longer lines when measuring angles

o Use sharp pencil

o Pins should be far apart

o View bottom of pins

o Measure distance from optical center (not surface of lens)
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e Temperature

O
O
@)
©)

Thermometer’s bulb should not touch bottom / sides

Half the thermometer (including part of stem) immersed

Stir for uniform distribution of heat

Let thread rise / fall completely before reading thermometer.

e Magnetism

o
o

Suspend magnet using string stirrup
Use small compass for more dots and hence smoother lines

e Electricity

O

© O 0O O O O

Connect red (+ve) terminal of ammeter or voltmeter to positive terminal of cell
and the black terminal to the negative terminal of cell, otherwise deflection will
be in the wrong direction.

Check for zero-error in ammeter / voltmeter

Keep current low

Tight connections (e.g., use crocodile clips or wrap wire and then tape)
Reverse connections

Clean wire with sand paper

Cells / batteries can run down
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SIGNIFICANT FIGURES

e We need to understand the concept of "significant figures" because measurements
need to be recorded in a proper way.

Significant figures are the number of digits from the “first
nonzero” to the “last position”.

The “last position” is the last number’s position if the
measurement has a decimal point. Otherwise, the “last
position” is the last non-zero’s position.

Note: In case of large integers, e.g. 54000, with zeroes at the end, the trailing zeroes may
or may not be significant. That is why it is better to use scientific notation (standard
form).

e HOW TO USE SIGNIFICANT FIGURES IN CALCULATIONS
o When multiplication or division happens between two numbers:

= Rule: See which of the two numbers has the least number of significant
figures. The answer should have the same number of significant figures.

= Example 1: Multiply 28.2 with 1.2366
The calculator will show 34.87212 but you will round off and write the
value as 34.9.

= Example 2: Divide 99 by 3.14
The calculator will show 31.52866242038217 but you will round off and
write the value as 32.

o When addition or subtraction happens between two numbers:

= Rule: See which of the two numbers has the least number of digits to the
right of the decimal point. The answer should have the same number of
digits to the right of the decimal point.

= Example 1: Add 89.321to 1.1
The calculator will show 90.421 but you will round off and write the value
as 90.4.

= Example 2: Subtract 36.5325 from 191.13
The calculator will show 154.5975 but you will round off and write the
value as 154.60.
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FORMULA LISTING WITH COMMENTARY

UNIT 1: MEASUREMENT

Length = FixedScaleReading

+ZeroError

+ RotatingScaleReading X LeastCount

For micrometer

T=0+273

‘@’ is temperature in °C.
‘T’ is temperature in K.

UNIT 2: MOTION

¢ = g Use this formula for velocity too.
t To find average speed, divide overall
distance by overall time.
a= v—u Use this formula for decerlation too.
t Negative value of ‘a’ means deceleration.

Unit of ‘a’ is ms™.

stopping distance
= thinking distance
+ braking distance

UNIT 3: FORCES

F xa ‘F’ is resultant force. ‘F’ and ‘@’ have the
same direction.
F=ma ‘F"is resultant force, so it may be replaced

by weight minus air resistance, or driving
force minus friction.

UNIT 4: DEFORMATION

Hooke’s Law is true as long as limit of
proportionality is not exceeded.

‘X" is extension, which is the difference
between new length and original length.

‘k’ is spring constant, which reflects the
stiffness of a spring.

UNIT 5: MASS, WEIGHT AND DENSITY

W =mg ‘g’ is gravitational field strength. Don’t call
it gravity.
p= m ‘p’ is density.
V
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UNIT 6: TURNING EFFECT OF FORCES

Moment of force=F X d

(Fl Xdl) + (FZ Xdz) +"'
= (FgaXxdy) + (Fpxdp) + -

Force ‘F’ and distance ‘d’ must
be perpendicular to each other.

Principle of moments is true for
a body in equilibrium.

UNIT 7: WORK, ENERGY AND POWER

E=W
W=FXs
E=Wh
E =(mg)h
E = > mv?
=3 mv
Total energy before = Total energy after
W
ot
_E
ot

input energy
= useful output energy

+ wasted energy
useful output energy

input energy
useful power output

efficiency =

efficiency = power input

Both have the same unit: joule.

Force ‘F and distance ‘s’ must be
parallel to each other.

‘E’ is gravitational potential energy.

‘E’ is kinetic energy.

Principle of conservation of energy
Unit of power is watt (‘W’), which
means joule / second.

Efficiency has no unit.
Multiply by 100 to get a percentage.
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UNIT 8: PRESSURE

_F Unit of pressure is pascal (‘Pa’), which
P=7 means newton / meter.
p = pgh Formula applies to liquids.
‘h’ is usually the difference between
levels.
ocl This formula assumes that temperature
p vV and mass of gas remains same.
piV1 =p2V;

UNIT 10: MOMENTUM
p=mv ‘p’ is momentum.
impulse=F Xt
impulse = p, — p,

FXt= p, — py

F = P2 ~P1 Formula that defines resultant force
t
miu; + myu, = myv, + myv, Momentum is conserved before and after
collision.

When substituting values for velocities,
signs are important. Therefore, assume
one direction to be positive, and the
opposite direction to be negative.

UNIT 11: HEAT CAPACITY
‘C’ is heat capacity.
‘E’ is the amount of heat energy given or

taken.
‘AT’ is difference in temperature: T,-Ts.
c— L ‘c’ is specific heat capacity.
mAT ‘E’ is may be substituted from
E =Pt
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UNIT 14: GENERAL WAVE PROPERTIES

v=fAa ‘v' is speed of the wave.
‘" is frequency of wave in Hz.
‘N’ is wavelength.

f= 1 ‘T" is time period for one wave or
T vibration.
UNIT 16: REFLECTION AND REFRACTION OF LIGHT
i=r Law of reflection
_ sini ‘n’ is refractive index.
sinr Use n = % when light goes from
vacuum (or air) to medium.
Use == 1 when light goes from
n sinr
medium to vacuum (or air).
Value of ‘n’ cannot be less than 1.
1 ‘c’ is critical angle.
sinc

UNIT 17: CONVERGING AND DIVERGING LENSES

Image height Linear magnification of 1 means
Object height image is same size as the object.

Linear Magnification =

UNIT 20: CURRENT ELECTRICITY

_ Q 'I'is current having unit ampere (A).
T 'Q' is charge having unit coulomb (C).
‘V’" is potential difference.
Both emf and potential difference have
E the unit volt (V), which means joule per
6 coulomb.
I Coulomb’s Law holds true for pure metals
at constant temperature.
Defining formula for resistance

‘A’ is cross-sectional area (thickness).
Resistance is also affected by
temperature.

vV
I
l ‘I"is length.
1
A
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UNIT 21: DC CIRCUITS

I=1,=1,

R=R, +R,
V=V,+V,

V, = Ry XV
. R1+R2+ °
I=11+12

1_1 .1

R R, R,

P=1v
P =I*R
E =Pt

For series circuit

For parallel circuit

To get energy in kWh, put power in
kilowatts and time in hours.

To get energy in joules, put power in watts
and time in seconds.

UNIT 25: ELECTROMAGNETIC EFFECTS

This equation is for an ideal transformer
(which does not produce heat), so power
input equals power output.

‘N’ is the number of turns.

Subscripts ‘p” and ‘s’ are used to represent
primary and secondary coils respectively.

UNIT 27: RADIOACTIVITY AND THE NUCLEAR ATOM

zX — 4- 2Y + 3He + energy

X - 7.4 + % + energy

(2X)* - 4X + gamma rays

235U + dn > 131Ba + 2Kr + 3}n
+ energy

2H + 3H > jHe + {n + energy

Alpha-decay
Beta-decay
Gamma-decay
Example of fission

Example of fusion
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UNIT 28: SOLAR SYSTEM

It applies to circular motion.

‘v’ is orbital speed.

‘r’ is orbital radius.

‘T’ is time for one complete orbit.

This formula is useful for certain
descriptions; no numerical questions are
expected to require use of this formula.

UNIT 29: UNIVERSE

‘Hy’ is Hubble Constant which equals 2.2 x
10718 per second.

‘v’ is speed of receding galaxy.

‘d’ is distance from receding galaxy.

1 :
——represents age of universe.
0
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