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Exam Layout

There are 5 topics on the Physics Course:
• Light & Sound (L & S)
• Electricity
• Modern Physics [Including Option 1: Particle
Physics]
• Heat
• Mechanics
The Physics Paper
The paper is of 3 hours duration.
Date: June 2022
Time: 9.30 am - 12.30 pm (3 hours)
Total marks: 304 marks.

6. Mixture: Ans. 8 out of 12 parts (7 marks each)
This question is mainly definitions and simple
problems. Do this question after Section A. On a
page write out parts (a) to (l) with spaces in
between each question. Do this question
throughout the exam by going back to it over and
over again.
7. Mechanics
8. L & S/Electricity/Heat

It is broken into 2 sections:
Section A (80 marks):
Experimental Section
Answer 2 out of 5 questions (40 marks each)
1. Experiment
2. Experiment
3. Experiment
4. Experiment
5. Experiment

9. L & S/Electricity/Heat
10. L & S/Electricity/Heat
11. Modern Physics
12. Option: Answer either (a) or (b)
12. (a) Particle Physics
12. (b) Applied Electricity

There are 20 mandatory experiments that are
regularly asked. What you need to know to do
Section A:
[A] A labelled diagram of the experiment
[B] A knowledge of how it is carried out. They
will not ask you to describe the experiment
but they may ask you something about it.
Examples:
In S2 (Sonometer) you could be asked to
describe how you measured the frequency of
the wire.
In H3 (Fusion of ice) you may be asked to
describe how you measured the mass of ice.
[C] Draw a suitable graph or carry out a
calculation.
[D] Experimental Details: Errors and precautions.
Timing: Spend a maximum time of the first hour
on Section A, no more than 30 minutes per
experiment.
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Section B (224 marks)
Answer 4 out of 9 questions (56 marks each)
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13. STS
(STS = Science, Technology and Society)
The question contains 8 parts (7 marks each)
STS notes are supplied for each topic. Just read
through the STS sections a number of times so
you have a general knowledge of what is
described. On the paper you will be given a
paragraph and asked questions on it. Read the
paragraph carefully as many of the answers can
be worked out from the context of the
information provided.
14. Mixture: Answer any 2 of 4 parts (28 marks
each)
(a) Mechanics
(b) L & S/Electricity/Heat/Mod. Phy./Mechanics
(c) L & S/Electricity/Heat/Mod. Phy./Mechanics
(d) Mod. Phy
Timing: Spend a maximum of 25 minutes on each
question in Section B.
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Using the Notes
Section A: Experiments

The Physics Experiment book shown on the right is the bible
of these experiments. This will be given to students who sign
up for the Physics classes. This book acts as a workbook and
will be used in our Physics classes as a method of studying
for Section A.
There is no reason why students who have prepared well
for Section A cannot achieve a H1 grade for this part of the
paper.
Experimental Analysis: On pages 2-4 of the Physics
Experiment Book a detailed analysis is given on exam
technique for Section A.

Section B: Theoretical Section
Definitions
Definition: The critical angle, C, is that angle of incidence for which the angle of
refraction is 90o.
Definitions occur throughout the notes as shown above. They form a substantial percentage of the
marks awarded.
•

You need to learn your definitions off by heart.

•

If you forget a definition or are not sure of it, then write down its equivalent formula if it exists.
If you write down the formula, make sure you write down the quantity that each letter in the
formula represents.

•

If you are unsure of the definition write down both the definition and the formula.

•

The formulae are in the Formulae and Tables Book. There is an alphabetical listing on page 65
telling you what each letter in the formula represents.
Example: Define Electric Field Intensity
Definition: Electric Field Intensity is the force per unit charge at a point in the field.
F
E=
q

E: Electric Field Intensity (N C-1)
F: Force (N)
q: Quantity of charge (C)

•

You can state many definitions by turning the formula into words in many cases, as in the
definition above for Electric Field Intensity.

•

Units: Definitions of units can be derived from the formulae.
Example: Define the Newton.
Use formula F = ma. (1 N  1 kg 1 m s 2 )
Definition: One Newton is that force which causes a body of mass 1 kg to undergo an acceleration
of 1 m s-2.
© The Academy
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Formulae
n=

sin i
sin r

Formulae and Tables Book:
Page 60 (Geometrical optics)

All the formulae are in the notes as shown above. If the formula appear in the Formula and Tables
Book the page number on which it appears is given.
Demonstrations
Demonstration of the interference of sound waves
Connect two identical loudspeakers to a signal generator. A person walking along the
line XY will hear the loudness of the sound increasing and decreasing corresponding to
an interference pattern. If one of the speakers is disconnected the effect disappears.
X
Signal Generator

Y

You can be asked to demonstrate experiments in Section B. These are not the mandatory experiments
that are examined in Section A.
Demonstrations are shown in the notes as above. Draw a labelled diagram of the experiment and a
short explanation.
Proofs
Proof of formula: n  d sin 
Consider the rays which emerge in a direction making an angle θ with the normal to the
grating. If the path differences between these
waves are whole number of wavelengths then
they will arrive in phase.

C
d

θ
θ

B

A

This occurs if CB  n. It can be seen that
CB
 sin   CB  CA sin   d sin 
CA
where d is the distance between the slits.
Therefore the necessary condition for a bright
fringe is: n  d sin 
Proofs or derivations appear in the notes as shown above.
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List of Proofs:
1. Light and Sound: Diffraction Grating formula (nl = dsinq)
2. Electricity: Resistors in series
3. Electricity: Resistors in parallel
4. Electricity: F = Bqv
5. Mechanics: Equations of linear motion [v  u  at , s  ut  12 at 2 , v 2  u 2  2as ]
6. Mechanics: F = ma
7. Mechanics: v = rw
GM
8. Mechanics: g = 2
d
d3
9. Mechanics: T = 2π
GM
STS
Soap Bubbles and Petrol Films - Colours
produced by Interference
The colours seen in soap bubbles or on a film of
petrol on water are due to interference of light
waves. When light falls on these surfaces, some
of the light is reflected from the film and some
from the surface of the water.
When light from each surface meets, interference
occurs. Different wavelengths are refracted at
different angles in the petrol. Depending on the
thickness of the film or the angle at which you
view it, different wavelengths interfere
constructively and hence that particular colour is
seen.

Petrol
Water

Science, Technology and Society (STS) is a part of the course that links theory to real-life, everyday
applications in Physics. STS notes are shown in the notes as above.
The STS boxes appear extensively in the notes. However, you just need to read through them and give
yourself a general knowledge of how your Physics course relates to everyday events.

Solutions

You will be provided with full solutions to every question in each section:
• Solutions to the Worked Examples in the Notes
• Solutions to the Numerical Problems at the end of each Chapter
• Solutions to Leaving Cert Questions

© The Academy
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General Guidelines
• Key Phrases: Certain words and phrases like no parallax or percentage error are
needed to answer questions. These words and phrases should form part of and be
included in a proper sentence. Students should express their understanding of physics
concepts in language that is clear, concise and correct.
• Parts of a Question: The Physics paper has no numbered parts to its questions. As
a result, it is easy to omit a part to a question. Read through the question carefully
making sure you have answered every part.
• Examples vs. Applications: Do not mix up an example of something with giving an
application to something.
Give an example of the Doppler Effect: The red shift in wavelength as a star moves
away from you.
Give an application of the Doppler Effect: Speed gun
• How much should you write? Look at the marks awarded for a part to the question.
The marks are normally awarded in multiples of 3. Each correct part to the question
will be awarded 3 marks.
• Units: The final answer to a numerical problem should contain the units of your
answer if appropriate.
• Do not be too brief: Students should elaborate more in their answers. Examiners
have noted a tendency on the part of some candidates to give a minimum of detail in
their answers.
• Marking Scheme:
Penalties of three types are applied to candidates’ work as follows:
Slips - numerical slips S(-1)
Blunders - mathematical errors B(-3)
Misreading - if not serious M(-1)
Serious blunders or omissions or misreadings which oversimplifies the question will
be awarded the attempt mark only.
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Sample Leaving Cert Question 2003 (Question 4)
In an experiment to verify Joule’s law, a heating coil was placed in a fixed mass of water. The temperature rise ∆θ produced for different values of the current I passed through the coil was recorded. In
each case the current was allowed to flow for a fixed length of time.
The table shows the recorded data.
I/A

1.5

2.0

2.5

3.0

3.5

4.0

4.5

∆θ / oC

3.5

7.0

10.8

15.0

21.2

27.5

33.0

Describe, with the aid of a labelled diagram, how the apparatus was arranged in this experiment. (12)
Using the given data, draw a suitable graph on graph paper and explain how your graph verifies
(18)
Joule’s law.
Explain why the current was allowed to flow for a fixed length of time in each case.

(5)

Apart from using insulation, give one other way of reducing heat losses in the experiment.
Solution

(5)

Essentials: Know how to draw a simple labelled diagram of every experiment.
Diagram

Description
Rheostat

D.C.
Ammeter

A
Stirrer

An ammeter (3) connected in series
measures the current.

Digital
Thermometer

Lid
Calorimeter
Lagging
Heating Coil

Graph

The apparatus consists of a D.C
power source connected to a heating coil (3).

The heating coil is placed in water
in a calorimeter. A thermometer
in the water measures the temperature. (3)
A rheostat allows you to vary the
current. (3)

Essentials: Know the suitable graph that needs to be drawn for each
experiment. You need to know the quantities and units that go on to each axis
and the shape of the graph.

© The Academy
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In the Joule’s Law experiment the suitable graph is of I 2 against ∆θ. Copy the table of results putting in
an extra row for I 2. The graph is a straight line passing through the origin.
I/A

1.5

2.0

2.5

3.0

3.5

4.0

4.5

∆θ / oC

3.5

7.0

10.8

15.0

21.2

27.5

33.0

I 2 / A2

2.25

4.0

6.25

9.0

12.25

16.0

20.25

∆θ / oC

Graph
Label axes (3),

40
35

Mark in at least 6 correct
points (3),

30

Straight line graph (3),

25

Line of best fit (3).

20
15
10
5
5

10

15

20

25

30

35

I 2 / A2

The graph is a straight line that passes through the origin. (3)
This means that ∆θ is directly proportional to I 2 which is a statement of Joule’s Law (3)
The rise in temperature also depends on another variable, t, the time for which the current flows. All
other variables should be fixed so you can measure the effect of current on the rise in temperature. (5)
Errors and Precautions
Essentials: Know a numbers of experimental details including errors and
precautions for each experiment.
Heat loss can be reduced by:
polishing the calorimeter (reduces radiation losses) or
placing a cover on top of calorimeter (reduces convection losses) or
allow the current to flow for shorter time intervals or
start with cold water or
change the water for each run of the experiment. (5)

© The Academy
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Syllabus Checklist
Section
Light & Sound
Chapter 1. Waves
Chapter 2. Reflection
Chapter 3. Refraction
Chapter 4. Wave Nature of Light
Chapter 5. Wave Nature of Sound

Experiments

Tick when Completed

[Exp. L1]
[Exp. L2, 3, 4]
[Exp. L5]
[Exp. S1, 2, 3]

Electricity
Chapter 1. Charges
Chapter 2. Electric Fields
Chapter 3. Capacitance
Chapter 4. Electric Current
Chapter 5. Electromagnetism

[Exp. E1, 2, 3, 4, 5]

Modern Physics
Chapter 1. The Electron
Chapter 2. The Nucleus
Chapter 3. Particle Physics
Heat
Chapter 1. Measuring Temperature
Chapter 2. Quantity of Heat
Chapter 3. Transmission of Heat

[Exp. H1]
[Exp. H2, 3, 4]

Mechanics
Chapter 1. Horizontal Linear Motion
Chapter 2. Motion under Gravity
Chapter 3. Scalars and Vectors
Chapter 4. Momentum/Newton’s Laws
Chapter 5. Work, Energy & Power
Chapter 6. Circular Motion
Chapter 7. Moments
Chapter 8. Fluids at Rest
Chapter 9. Gravity
Chapter 10. Gravitational Circular Motion
Chapter 11. Simple Harmonic Motion

© The Academy

[Exp. M1, 2]
[Exp. M5]
[Exp. M3, M4]

[Exp. M7]
[Exp. M6]

[Exp. M8]
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List of Experiments
Mechanics

*M1.
*M2.
M3.
M4.
M5.
M6.
M7.
M8.

Experiment to measure velocity
Experiment to measure acceleration
Experiment to verify Newton’s second law of motion
Experiment to verify the principle of conservation of momentum
Experiment to measure the acceleration due to gravity g by free fall
Experiment to verify Boyle’s law
Experiment to investigate the laws of equilibrium for a set of coplanar forces
Experiment to investigate the relationship between the period and length for a simple pendulum
and hence the calculation of g

Heat

*H1.
*H2.
H3.
H4.

Experiment to calibrate a thermometer using a mercury thermometer as standard
Experiment to measure the specific heat capacity of a solid and a liquid
Experiment to find the specific latent heat of fusion of ice
Experiment to find the specific latent heat of vaporisation of water

Sound

S1.
S2.
S3.

Experiment to measure the velocity of sound in air
Experiment to investigate the variation of the fundamental frequency of a stretched string with
length
Experiment to investigate the variation of the fundamental frequency of a stretched string with
tension

Light

L1. Experiment to measure the focal length of a concave mirror
L2. Experiment to verify Snell’s law of refraction and measure the refractive index of glass
*L3. Experiment to measure the refractive index of glass and a liquid by the method of real and
apparent depth
L4. Experiment to measure the focal length of a convex lens
L5. Experiment to measure the wavelength of light using a diffraction grating and a spectrometer

Electricity

E1.
E2.
E3.

E4.
E5.
		
		
		
		

Experiment to verify Joule’s heating law
Experiment to measure the resistivity of the material of a wire
Experiment to demonstrate the variation of the resistance of a metallic conductor with
temperature
Experiment to demonstrate the variation of the resistance of a thermistor with temperature
Experiment to investigate the variation of current I with potential difference V for
[A] a metallic conductor
[B] a filament bulb
[C] copper sulfate solution with copper electrodes
[D] a semiconductor diode

* These experiments are unlikely to be asked on the Higher Level Paper.

© The Academy
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Light and Sound Summary
Definitions
Formulae
Demonstration experiments
Proofs
Science, Technology and Society (STS)
Other topics
Ray diagrams in mirrors and lenses
Spectrometer
Frequently Asked Questions (FAQ)
Experiments [L1-L5, S1-S3]

© The Academy
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Definitions
Periodic Time

The periodic time T is the time a vibrating object takes to make one
complete oscillation.

Frequency

The frequency f is the number of complete oscillations (cycles, waves)
made in one second.

Amplitude

The amplitude is the maximum displacement of a particle from its mean
position.

Wavelength

The wavelength l is the distance between 2 successive crests in a wave.

Velocity of a Wave

The velocity v of a wave is the speed at which it propagates through a
medium or vacuum

Transverse Wave

Transverse waves are ones in which the displacement of the particles is
at right angles to the direction of travel of the wave motion.

Longitudinal Wave

Longitudinal waves are ones in which the displacement of the particles
is in line with or parallel to the direction of travel of the wave motion.

Reflection
Laws of Reflection

Refraction
Laws of Refraction

The bouncing of waves off of an obstacle in their path is called reflection
of waves.
1.
2.

The angle of incidence equals the angle of reflection (∠i = ∠r).
The incident wave, the reflected wave and the normal at the point
of incidence all lie in the same plane.

The changing of direction of a wave when it enters a region where its speed
changes is called refraction.
1.

Snell’s Law: The ratio of the sine of the angle of incidence to the
sine of the angle of refraction is a constant for a given pair of
sin i
= Constant
media
sin r

2.

The incident wave, the refracted wave and the normal at the point
of incidence all lie in the same plane.

Interference

Interference is what results when waves from 2 or more coherent
sources overlap and then combine.

Constructive
Interference

When waves from two sources meet and the amplitude of the resulting
wave is greater than the amplitudes of each of the individual waves, the
waves are said to undergo constructive interference.

Destructive
Interference

When waves from two sources meet and the amplitude of the resulting wave
is less than the amplitudes of each of the individual waves, the waves are
said to undergo destructive interference.

© The Academy
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Real Image
Virtual Image
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Coherent Sources give rise to waves of the same frequency and
amplitude which are emitted in phase (step).
Diffraction is the spreading of waves around corners or through gaps.
A wave is polarised when it vibrates in a single plane after passing
through a polariser. Unpolarised waves vibrate in all planes.
When two periodic travelling waves of the same frequency and amplitude
moving in opposite directions meet, they interfere with each other producing
places of maximum amplitude (antinodes) and places of zero amplitude
(nodes). The resulting wave formed is called a stationary wave or a
standing wave.
The Doppler effect is the apparent change in frequency due to the
movement of the source emitting the waves or the observer or both.
A real image is one in which the rays of light do actually meet and can
be produced on a screen.
A virtual image is one in which the rays of light only appear to meet. It
cannot be produced on a screen.

Critical Angle

The critical angle c is that angle of incidence for which the angle of
refraction is 90o.

Total internal
reflection

Total internal reflection is the complete reflection of a light ray
reaching a boundary with a less dense medium when the angle of
incidence exceeds the critical angle.

Short-Sightedness

A short-sighted person can see near objects clearly but cannot bring
distant objects into focus.

Long-Sightedness

A long-sighted person can see distant objects clearly but cannot bring
nearby objects into focus.

Deviation
Dispersion

Deviation is the change in the direction of a ray of light as it goes from
one medium to another.
Dispersion is the breaking up of light into its colours.

Primary Colours

The primary colours of light are those which cannot be made by adding
(or mixing) any other colours of light together.

Secondary
Colours

The secondary colours of light are made by adding two primary colours
together.

Complementary
Colours

© The Academy

Complementary colours of light are a primary colour and a secondary
colour which when mixed together make white light.
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Resonance occurs when a body is set vibrating at one of its natural
frequencies by another body already vibrating at that frequency.
The sound intensity at a point is the rate at which energy is crossing
a unit area perpendicular to the direction in which the sound is
travelling.

Formulae
Frequency and
Periodic time
Formulae Book: Page 54

Velocity of a Wave
Formulae Book: Page 59

1
T
f : Frequency (Hz)
T : Periodic Time (s)
f =

Bob

B

A

Water Molecules

v f
v: Velocity of the wave (m s–1)
f : Frequency (Hz)
l: Wavelength (m)
Oscillator

A

Crest

Velocity, v

Trough

λ
Laws of Reflection

i  r

Reflected Ray

Incident Ray

i = angle of incidence
r = angle of reflection

Normal
ir
Back of Mirror

Mirror and Len
Formula

1 1 1
 
u v f

O

u
c

v h
m= = I
u hO
Formulae Book: Page 60

© The Academy

F
I

Object distance |OP| = u
Image distance |IP| = v
Focal length |FP| = f
Magnification = m
Height of Image = hI
Height of Object = hO

Page 14

v

f

P

u
f
2F

F

2F

F
v
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Formulae Book: Page 60

Real and Apparent
Depth
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sin i
1
=
sin r sin C

=
n

Air
Incident Ray

Reflected Ray
i

n = Refractive Index
i = Angle of incidence
r = Angle of reflection
C = Critical Angle
n=

r
Refracted Ray
Water

Real Depth (R)
Apparent Depth (A)
Air
Water

Apparent
Depth
I

Real
Depth
O

Real and Apparent
Depth

n

R3  R1
R3  R2

R3
Real
Depth

Apparent
Depth

R2
R1

Power of a Lens
Formulae Book: Page 60

Two Thin Lenses in
Contact
Formulae Book: Page 60

Diffraction Grating

P=

1
f

f : Focal length (m)
P: Power of the lens (m–1)
P  P1  P2

1

2

f1

f2

1 1 1
 
f
f1 f 2
f

n  d sin 

Screen
n=2

n=1

Diffraction
Grating
Laser

Formulae Book: Page 59

© The Academy

n:
l:
d:
q:

θ

n=0

Order of the fringe
Wavelength of light
Slit separation of the diffraction grating
Angle at the which the order of fringe is formed.
Page 15
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f

fc
cu
S vs

O

f: Actual frequency of the waves from the source (Hz)
c: Velocity of the wave (m s–1)
u: Velocity of the source (m s–1)
f ’: Apparent frequency as S approaches O or recedes from O (Hz)
Note: Use − when approaching; use + when receding.
Fundamental
Frequency of a
Stretched String
Formulae Book: Page 59

Sound Intensity

© The Academy

f 

1 T
2l 

f: Fundamental frequency (Hz)
l: Length of the wire (m)
T: Tension in the wire (N)
m: Mass per unit length (kg m–1)
Sound Intensity =

Power
Area

Page 16

Power (Watts W)
Area (metres squared m2)
Sound Intensity (W m-2)
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Demonstrations
Reflection

Laser

Reflected Ray

Incident Ray
ir

Point a laser at a mirror. The reflected ray bounces back at the same
angle to the normal as the incident ray. Use chalk dust from a duster to
see the laser beam.
Refraction
Laser

Point a laser at a prism. The refracted ray bends as it passes through
the prism. Use chalk dust from a duster to see the laser beam.
Total Internal
Reflection

Point a laser at a 90o prism. The
refracted ray is totally internally
reflected at each face and emerges
back in the opposite direction. Use
chalk dust from a duster to see the
laser beam.

Light is a wave
motion
(Young’s Experiment)

Laser

S

S1

S2
Young's Slits

S

or

Interference Pattern

Young’s Experiment is proof that light is a wave motion. A source of
monochromatic light is passed through two slits which act as coherent
sources. Waves spread out from each slit (diffraction) and merge with
each other (interference). Bright (constructive interference) and dark
(destructive interference) fringes are formed on a screen.

© The Academy
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Light is a Transverse
wave

Light gets through

Light gets blocked

Light can be polarised by a substance called polaroid. Polaroid is a
crystal structure with the molecules aligned parallel to one another.
If two pieces of polaroid are rotated with respect to each other the
light transmitted through the overlapping section goes from maximum
brightness to darkness.
Only transverse waves can be polarised. The fact that light can
be polarised shows it is a transverse wave.
Reflection of sound

Sound from a loudspeaker travels down a tube and is reflected from a
screen. The loudest sound is heard when a second tube is at the same
angle to the normal as the first tube. Therefore like light waves the
angle of incidence equals the angle of reflection.
Sound wave

Hollow tube
ir
Reflecting screen

Sound is a Wave
Motion I

Connect two identical loudspeakers to a signal generator. A person
walking along the line XY will hear the loudness of the sound
increasing and decreasing corresponding to an interference pattern. If
one of the speakers is disconnected the effect disappears.
X
Signal Generator

Y

Sound is a Wave
Motion II

© The Academy

Strike a tuning fork and rotate it near your ear. The loudness increases
and decreases in a regular way.
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An electric bell in a bell jar is
ringing. As the air is gradually
removed from the bell jar the sound
fades.

Pump

Electric Bell

Vacuum

Resonance using two
tuning forks

Set a tuning fork vibrating. Put a non-vibrating tuning fork of the same
frequency close by. Eventually the second fork starts vibrating due to
resonance.
f = 20 Hz

f = 20 Hz

Doppler Effect

The Doppler effect can be demonstrated
by swinging a whistle (the source S)
above your head. An observer O will
S
notice the pitch of the whistle changes.
As the whistle approaches O the pitch
appears higher and as it recedes from O it
appears lower.

S

O

Proofs
Proof of formula: nl = d sinq
Consider the rays which emerge in a direction
making an angle q with the normal to the
grating. If the path differences between these
waves are whole number of wavelengths then
they will arrive in phase.

C
d

θ
θ

B

A

This occurs if CB  n. It can be seen that
CB
 sin   CB  CA sin   d sin 
CA
where d is the distance between the slits.
Therefore the necessary condition for a bright
fringe is: nl = d sinq

© The Academy
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Science, Technology and Society (STS)
1. Waves
Waves are all around us and are an important part of Physics. We are familiar with water waves.
Little ripples have short wavelengths and travel slowly while giant waves called tsunamis or tidal
waves have extremely long wavelengths and travel very fast.
Radio waves can carry signals around the world. Their very long waves make them ideal for
moving over high mountains. They can be bounced off the ionosphere - a band of charged
particles high up in the atmosphere.
After an earthquake, shock waves travel through the earth and can be felt thousands of miles
away. These shock waves are called seismic waves. They are caused by the sudden release of
built up stress along cracks and faults in the earth’s surface.
2. Doppler Effect
• Red Shift of Stars
When a light source approaches, there is an increase in its measured frequency, and when it recedes
there is a decrease in its frequency. An increase in light frequency is called a blue shift as the increase
is towards the high frequency or blue end of the spectrum of colours. A decrease in frequency is
called a red shift, referring to the lower frequency or red end of the spectrum.
A rapidly spinning star shows a red shift on the side turning away from us and a relative blue shift
on the side turning towards us, which enables a calculation of the star’s spin rate.
Stars in general show a red shift indicating that the universe is expanding.
• Speed Traps
Microwaves encountering a moving object are reflected from it, and the frequency of the
reflected signal is changed (Doppler shifted) relative to the emitted signal as there is relative
motion between the source (reflecting object) and the observer (i.e. the receiver). This is the
principle used in speed traps.

3. Uses of Mirrors

Concave Mirrors
Concave mirrors are used as reflectors in car head lamps, floodlights
and projectors. A light source placed at the focus will produce a parallel
beam of light.
They are also used as shaving or make-up mirrors. Your face must
be inside the focus to obtain the desired image which is an upright,
magnified image. For similar reasons, concave mirrors are used by
dentists viewing your teeth.

F

Wide angle of view

Convex Mirrors
These are used as rear-view mirrors in cars, in
supermarkets, on the upper deck in buses and at dangerous
bends on roads. Their main advantages are that they always
give an upright image and they have a wide field of view
(right).
However the image produced by convex mirrors is diminished
which gives a false sense of distance. This may be dangerous when
convex mirrors are used in cars and on roads.
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4. Real & Apparent Depth
When you look into water objects like fish appear to be shallower that their actual depth.
5. Applications of Refraction
[A] Totally Reflecting Prisms
A right-angled isosceles prism can be used as a reflector causing light to
undergo a 180 reverse of direction. Prisms are often used in optical
instruments as reflectors because they give almost 100% reflection (due to
total internal reflection), no double images and do not deteriorate. Normal
silvered mirrors reflect only about 70% of the light.
The safety reflector on a bicycle operates by total internal reflection. The
plastic material contained in relectors is shaped into many right-angled
prisms. When light shines onto the reflector it is reflected by total internal
reflection in each prism and back in the direction from where it came.
Some reflective road signs are based on the same principle.
o

[B] Optical Fibres
Optical fibres enable information to be carried using light. The optical fibre acts as a conductor
for light. Optical fibres can be thinner than human hairs. They work by total internal reflection,
so no light escapes. Optical fibres are much thinner than wires yet they can carry much more
information than radio waves or electrical signals, so they can provide many more telephone
lines and TV channels than conventional cables.
Light can be confined within a bent glass
rod by total internal reflection and so
‘piped’ along a twisted path.
Some leakage may occur but this can be
reduced by coating the fibre with glass
of a lower refractive index than its own.

Material of lower refractive index

Glass

Uses
Telecommunications: Transmission of information, e.g. telephone lines. Sound is converted into
pulses of light which travel along the fibre.
Medicine: To view and illuminate inaccessible spots in medicine. The Endoscope is an
instrument used in hospitals to examine the internal organs of patients.
[C] Mirages
Sometimes on a hot day a pool of water is imagined to be seen on a road in the distance. This is
called a mirage and is due to refraction. The denser the air is, the more light is refracted.
A tar or concrete road absorbs energy from the sun and becomes much hotter than the
atmosphere. On a hot day the air near the road heats up and expands. The air higher up is cooler
and so more dense. Light coming from the blue sky is moving through progressively less dense
air and so gets bent up eventually towards an observer. The light is being continuously refracted
away from the normal. The observer sees an image of the blue sky and imagines it to be a pool of
water on the road.
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A mirage is the result of successive refractions
until the angle of incidence exceeds the critical
angle and total internal reflection takes place.

Eye
Blue Sky
Cooler Air

Hotter Air
Image of sky

6. Lenses
Lenses are used in optical instruments like telescopes and microscopes, over head projectors and
in the human eye.
7. Vision Defects
Spectacles are used to correct vision defects. Concave lenses are used to correct shortsightedness and convex lenses are used to correct long-sightedness.
8. Diffraction and Interference
Soap Bubbles and Petrol Films - Colours
produced by Interference
The colours seen in soap bubbles or on a film of
petrol on water are due to interference of light
waves. When light falls on these surfaces, some
of the light is reflected from the film and some
from the surface of the water.
When light from each surface meets, interference
occurs. Different wavelengths are refracted at
different angles in the petrol. Depending on
the thickness of the film or the angle at which
you view it, different wavelengths interfere
constructively and hence that particular colour is
seen.

Petrol
Water

9. Polarisation
Polarisation by Reflection: Light reflected from a glass or water surface is found to be partially
plane polarised. This reflected light is a nuisance causing a glare. By viewing through a piece
of polaroid this glare or shine can be considerably reduced. Polaroid sunglasses achieve this.
Polaroid filters can also be used on cameras.
Stress Polarisation: A piece of perspex is put between 2 polaroid materials which are at right
angles to each other. If the perspex is bent putting it under strain, colours can be seen indicating
where the stress occurs. This phenomenon is called photoelasticity and is used by engineers to
analyse stresses in components.
10. Dispersion
Rainbows: When white light enters a raindrop it is both refracted and internally reflected. The
refraction causes the different wavelengths to be dispersed and the rainbow is seen.
Diamonds: The sparkle of a diamond is due to its high refractive index. Most of the light
entering the diamond is reflected due to total internal reflection at the cut faces.
Compact Disc (CD): The colours seen on a CD when white light falls on it are due to the disc
behaving as a reflection diffraction grating.
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11. Colours
Creating light of a given colour by mixing the primary colours together is done with stage
lighting and colour television.
12. Electromagnetic Spectrum
Infra-red (I-R) radiation
This is radiation beyond the red end of the visible spectrum (radiation having longer wavelengths
than visible light). Like light, it is emitted by hot bodies. However, those bodies emitting mainly
I-R radiation are generally at lower temperatures than those emitting light. They produce a more
noticeable heating effect than light and can be detected using a sensitive galvanometer.
Infra-Red Camera: IR radiation effects photographic plates and can be used to take photographs
in the dark. Most bodies give off IR radiation. This radiation can pass through fog and mist.
Thermal Imaging: In medicine, body heat emitted by the skin can be photographed and thermal
images of the body produced. This can be used to diagnose abnormalities in the body.
Greenhouse Effect: The sun heats up the earth. The earth re-radiates this heat at a slightly longer
wavelength - in the IR range. Gases in the atmosphere, particularly carbon dioxide, trap this radiation
and keep the earth warm. Over the last number of years, carbon dioxide emissions have greatly
increased due to the burning of fossil fuels. This has lead to an increased warming of the earth called
the greenhouse effect. This may cause the polar caps to melt raising the level of seawater around
the globe leading to increased flooding in years to come.
Ultra-violet (U-V) radiation
This is radiation beyond the violet end of the visible spectrum (radiation having shorter wavelengths
than visible light). It is emitted by hot bodies. The temperatures are generally higher than those
which emit mainly visible light. U-V radiation causes certain substances like vaseline to fluoresce.
The substance absorbs the U-V radiation and re-emits it as visible light. This property can be used
to detect U-V radiation.
Ozone Layer: UV radiation causes sun tanning. Too much exposure to UV light can cause skin
cancer. The ozone layer in the atmosphere absorbs much of the UV light reaching the earth’s surface.
However, in recent years holes have started to appear in the ozone layer, probably caused by the
overuse of chemicals used in aerosols called CFC’s (chlorinated fluorocarbons).
13. Acoustics
The science of designing theatres and concert halls with the correct balance of reflection and
absorption of sound is known as acoustics.
Noise Reduction by Destructive Interference
Large background noises can be reduced by destructive interference. Examples include the noise
from exhaust systems in cars and air conditioning systems in buildings. A sample of this noise is
taken electronically and inverted. It is fed into a microphone where the noise occurs where the
two sounds destructively interfere.
14. Characteristics of Notes
Dog Whistles: Dogs can hear frequencies higher than 20 kHz. A dog whistle produces sounds
with a higher frequency than 20 kHz allowing dogs to hear it but leaving humans in peace.
15. Resonance
Vocal Cords: Sound produced by your vocal chords resonate in your larynx, throat, mouth and
nose producing a louder sound.
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16. Vibrations in Strings and Pipes
String section and woodwind section in orchestras: An orchestra produces a variety of
standing waves from both their string instruments and wind instruments.
The flute, tin whistle and the recorder are all examples of musical instruments in which a
column of air resonates in a pipe open at both ends.
17. Sound Level Meters and Ear Protection
Humans can hear sounds between 20 - 20 kHz of frequency. Frequencies greater than 20 kHz are
known as ultrasonic sound. Dogs and bats are capable of hearing frequencies up to 35 kHz. Dog
whistles transmit frequencies which humans cannot hear but dogs can hear.
Even though the ear can hear quite a large range of frequencies, it is most sensitive to frequencies
between 2 kHz and 4 kHz. Loud sounds outside these frequencies are not as damaging to the ear.
A sound level meter measures intensity level in decibels (dB). It has a frequency weighted scale
where it suppresses those frequencies to which the ear is not sensitive. It is said to have a decibel
adapted (dBA) scale.
Long term exposure to excessive noise levels will be damaging to the ear. Ear protection is worn
in the workplace where such noise levels exist.
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Other Topics
Images Formed in a Concave Mirror
1. Object outside the centre of curvature
Position of the image I: Between c and F
Nature of I
 Real
 Diminished
 Inverted
2. Object at the centre of curvature
Position of the image I: At c
Nature of I
 Real
 Same size
 Inverted

3. Object between the centre of curvature and the focus
Position of the image I: Outside c
Nature of I
 Real
 Magnified
 Inverted

4. Object at the Focus
Position of the image I: At infinity
Nature of I
I is at infinity and so is a blur.

5. Object inside the Focus
Position of the image I: Behind the mirror
Nature of I
 Virtual
 Magnified
 Upright
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Image Formed in a Convex Mirror
Position of the image I: Behind the mirror
Nature of I
 Virtual
 Diminished
 Upright

Note: This is the only type of image formed in a
convex mirror.

Images Formed in a Convex Lens
1. Object outside 2F
Position of the image I: Between 2F and F
Nature of I
 Real
 Diminished
 Inverted

O
2F

F
2F

F
I

2. Object at 2F
Position of the image I: At 2F
Nature of I
 Real
 Same size
 Inverted

O
F
2F

2F

F
I

3. Object between 2F and F
Position of the image I: Outside 2F
Nature of I
 Real
 Magnified
 Inverted

O
F
2F

2F

F

I
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4. Object at F
Position of the image I: Infinity
Nature of I
I is at infinity and so is a blur.

O
F
F

5. Object inside F
I
Position of the image I: Same side of lens
Nature of I
 Virtual
 Magnified
 Upright

O
F
F

This is how a magnifying glass operates.

Image Formed in a Concave Lens
Position of the image I: Same side of lens
Nature of I
 Virtual
 Diminished
 Upright

© The Academy

O

F

Page 27

I

F

Kieran Mills & Tony Kelly

THE DUBLIN
ACADEMY OF
EDUCATION

Physics Summary

The Spectrometer
Levelling Screw
n=2
n=1

Diffraction
grating

n=0

Collimator

Telescope

n=1
n=2

Turntable

Parts of a Spectrometer
The spectrometer is an instrument used for the production and study of optical spectra. It can be used to measure the angles at which bright images are formed from a
diffraction grating.
It consists of three main parts:
[A] Collimator: A tube with an achromatic lens at one end and an adjustable aperture
at the other end. It provides a parallel beam of light.
[B] Turntable: This can resolve about a vertical axis. It has three levelling screws
A, B, C and a vernier scale.
[C] Telescope: This has 2 lenses - the objective and the eyepiece. The eyepiece is
fitted with cross-wires and is adjustable. It focuses light and measures the deviation of the displaced rays.
A diffraction grating is placed on the turntable.
Adjustments
Before the spectrometer can be used for measurement certain adjustments need to be carried out.
1. Cross-wires: Adjust the eyepiece until the cross-wires are seen distinctly.
2. Telescope: Direct the telescope towards a distant object and adjust it until there is no parallax
between the cross-wires and a distant object.
3. Collimator: Place a source of light behind the slit. Line up the telescope so that the image of
the slit is at the centre of the cross-wires. Adjust the collimator so that the slit image is seen
distinctly in the telescope. Do not adjust the telescope.
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Frequently Asked Questions on Light and Sound
1. Which wave phenomenon can be used to distinguish between transverse waves and
longitudinal waves?
Polarisation.
2. Sound intensity level can be measured in decibels (dB) or decibels adapted (dBA). What is
the difference between the 2 scales?
The dBA is adjusted to be most sensitive to the frequencies detected by the human ear.
3. What is the condition necessary for destructive interference to take place when waves
from 2 coherent sources meet?
They must be completely out of phase when they meet, i.e. Path difference =
4. How does the eye bring objects at different distances into focus?
Accomodation is the ability of the eye to change the focal length of the lens.
5. Why does a dentist use a concave mirror rather than a plane mirror to view teeth?
A concave mirror magnifies the image when the object is placed inside the focus.
6. Why can we easily hear around corners but not see around corners?
The amount of diffraction depends on the wavelength. The wavelength of sound is much
larger than light and therefore spreads out more around corners.
7. What happen to the speed and wavelength of (a) light, (b) sound, as it moves from air to
water?
(a) slows down, (b) speeds up.
Frequently Asked Questions on Light and Sound Experiments
L1: Experiment to measure the focal length of a concave mirror.
L2: Experiment to verify Snell’s Law and measure the refractive index of glass.
L3: Experiment to measure the refractive index of glass and a liquid by the method of real and
apparent depth.
L4: Experiment to measure the focal length of a convex mirror.
L5: Experiment to measure the wavelength of light using a diffraction grating and a
spectrometer.
S1: Experiment to measure the velocity of sound in air by detecting nodes in standing waves.
S2: Experiment to investigate the variation of the frequency of a stretched string with [A]
length and [B] tension.
1.

How does the student find an approximate value for the focal length of a concave mirror
or convex lens?
Focus a distant object onto a screen using the mirror or lens. The distance from the lens/mirror
to the screen is the focal length.

2.

Give two sources of error in measuring the image distance and state how one of these
errors can be reduced.
Locating the exact position of the image and measuring distance accurately. Eliminate parallax
error.
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3.

The smallest angle of incidence chosen was 20o. Why would smaller values lead to a less
accurate result?
Small angles mean a bigger percentage error which leads to a less accurate result.

4.

Explain why placing the block of glass on its edge would have given a less accurate
result.
With a thinner glass there is a small lateral displacement which makes it harder to judge the line
of the pins using the method of no parallax.

5.

If you were carrying out an experiment to measure the wavelength of monochromatic light
using a spectrometer what steps would you take in the following cases?
(a) If the images seen in the telescope were very faint.
(b) If the cross wires were very unclear.
(c) If the images on one side were above the centre of the eyepiece.
(a) Open slit in collimator to let in more light.
(b) Adjust the eyepiece of the telescope to bring the cross wires into focus.
(c) Level the turntable using the levelling screws.

6.

Explain how using a diffraction grating with less lines per mm leads to a less accurate
result.
A larger value of d leads to smaller angles of diffraction. This means a bigger percentage error
which leads to a less accurate result.

7.

The values for the angles on the left of the central image are smaller than the
corresponding ones on the right. Suggest a possible reason for this.
Level the turntable using the levelling screws.

8.

Why was the length kept constant during an experiment to find out out the frequency
varies with tension?
Because the frequency also depends on the length, l.

9.

How did the student know that the string was vibrating at its fundamental frequency?
A paper rider sits at the centre of the wire surrounded by the magnet. Starting at 0 Hz on the
signal generator, the frequency is gradually increased until the wire resonates and the paper
rider jumps off.

10. How was the natural frequency of the wire determined?
A paper rider sits at the centre of the wire surrounded by the magnet. The frequency of the
signal generator is gradually increased until the wire resonates and the paper rider jumps off.
11. How was the tension changed and measured?
It is changed using a winder and measured using a spring balance.
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L1: Experiment to measure the focal length of a concave mirror
Concave Mirror
Screen
I

Light source
O

P

Optical Bench
u
v

Object Distance Image Distance
u (cm)
v (cm)

1
(cm -1 )
u

1
(cm -1 )
v

Calculation
The x and y intercepts equal
Average value: = _____.
∴ f = _____ cm.

.

Sources of Error and Precautions
1. Errors exist in reading the positions of the pole of the mirror, object and image. To reduce
this error u and v can be interchanged doubling the number of results.
2. An error exists in judging the position of sharpest focus. Cross-wires or a grid placed over
the hole of the ray-box assists in judging the position of sharpest focus.
3. The object must not be placed inside the focus.
L2: Exp. to verify Snell’s Law and measure the refractive index of glass

i

r

sin i

sin r

Calculation

Sources of Error and Precautions
1. The main source of error is drawing accurate normals and measuring angles accurately
with the protractor.
2. Using a thick block will lead to a more accurate result. A thick block means a big lateral
displacement so construction lines are longer and angles are therefore easier to measure
more accurately.
3. Using a thicker block makes it much easier to judge no parallax.
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L3: Exp. to measure the refractive index of glass and a liquid by the method of real
and apparent depth

Glass

R1

R2

R3

Calculation

Glass
Water
Water

Sources of Error and Precautions
1. A travelling microscope is a very accurate instrument especially since it has a vernier scale.
The main error is judement of focussing positions. Every reading should be taken three or
four times and the average taken.
L4: Experiment to measure the focal length of a convex lens

Object Distance Image Distance
u (cm)
v (cm)

1
(cm -1 )
u

1
(cm -1 )
v

Calculation
The x and y intercepts equal
Average value: = _____.
∴ f = _____ cm.

.

Sources of Error and Precautions
1. Errors exist in reading the positions of the centre of the lens, object and image. To reduce
this error u and v can be interchanged doubling the number of results.
2. An error exists in judging the position of sharpest focus. Cross-wires or a grid placed over
the hole of the ray-box assists in judging the position of sharpest focus.
3. The object must not be placed inside the focus.
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L5: Experiment to measure the wavelength of light using a diffraction grating and a
spectrometer.

Monochromatic
light source

Diffraction
Grating Turn-table

A
θ1
θ1

Slit
B

D

n = 1:
n = 2:

n=1

C

Collimator

Calculation

n=2

n=0

E

Telescope

Average wavelength

n=1
n=2

Colour of light
source

Order n

Telescope Reading
Left
Right

2q

q

n=1
n=1
n=2
n=2

Sources of Error
1. The grating should be handled at the edges (just like a CD or DVD).
2. Ensure the incident light is normal to the grating and the cross hairs are in the centre of the
diffracted line.

Sound 1: Experiment to measure the speed of sound in air using a resonance tube.
Clamp

Tuning fork
Top of tube

f (Hz)

l (m)

d (m)

Air column
l
Resonance tube
Top of water
Retort stand
Graduated cylinder
Water

Calculation
v  4 f (l  0  3d )

Experimental details including sources of error and precautions
1. Don’t forget to include the end correction.
2. Judging the position of the antinode, i.e. the position of resonance, can be difficult and
is a source of error.
3. Avoid the error of parallax when measuring distances l and d.
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S2/S3: Experiment to investigate the variation of the frequency of a stretched string
with [A] length and [B] tension.

Frequency
f (Hz)

Length
l (m)

Frequency
f (Hz)

Tension
T (N)

f (Hz)

1 -1
(m )
l

f (Hz)

Sources of error and precautions
1. The frequency control on the signal generator should be gradually increased from zero till
resonance occurs. This ensures that we obtain the fundamental frequency instead of one of
the overtones.
2. The wire should not become too warm. To prevent this the amplitude from the signal should
be reduced or a resistor should be connected in series with it.
3. The main error is the location of the resonant frequency. The magnet and paper rider should
be put at the centre of the wire to enable us to locate it as accurately as possible.
4. Always check that the signal generator’s dial is giving the correct frequency. This can be
checked with a frequency meter.
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Electricity Summary
Definitions
Formulae
Demonstration experiments
Proofs
Science, Technology and Society (STS)
Other topics
1. Conduction in materials
2. Domestic Electricity
Experiments [E1-E5]
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Definitions
Ion
Conductor/Insulator

Ions are atoms with an overall charge.
Conductors allow charge to flow; insulators do not.

Coulomb’s Law

Coulomb’s Law states that the force between 2 point charges is proportional to the product of the charges and inversely proportional to the
square of the distance between them.

Electric Field

An electric field is a region in which electric charges at rest experience
a force.

Electric Field Line

An electric field line represents the direction a positive charge would
move if free to do so.

Electric Field
Strength

The electric field strength or intensity at a point is defined as the force
per unit positive charge at that point.

Potential Difference

The potential difference between 2 points is the work done in bringing
a unit charge from one point to the other.

Volt

The potential difference between 2 points is 1 volt if 1 joule of work is
done when 1 coulomb is brought from one point to the other.

Absolute Potential

The absolute potential at a point is defined as the work done in bringing
a positive charge from infinity to that point.

Capacitance
Farad
Electromotive Force

Capacitance is the ratio of charge to potential.
The capacitance of a body is 1 Farad (F) if the addition of a charge
of 1C raises its potential by 1V.
The electromotive force (EMF) is the amount of electrical energy
in Joules that the battery gives to each Coulomb of charge passing
through it.

Coulomb

The Coulomb is the quantity of charge transferred when a current of
1A flows for 1s.

Resistor

A resistor is a conductor which has a resistance which limits the flow
of current.

Ohm’s Law

Ohm’s Law states that the current flowing through a conductor is
proportional to the potential difference between its ends if the temperature remains constant.

Semiconductor

A semiconductor may be defined as a material whose conductivity lies
between that of a good conductor and a good insulator.
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Diode

A semiconductor junction diode allows current to flow through it in one
direction only.

Resistivity

The resistivity of a material is numerically the resistance of a sample
of unit length and unit cross-section area, at a certain temperature.

Joules Law

Joules Law states that the amount of electrical energy converted to
internal energy in a resistor is directly proportional to the square of
the current flowing through the resistor.

Power

The power of a device is the rate at which it converts energy from
one form into another.

Watt

1 Watt equals an energy conversion rate of 1 Joule per second.

Kilowatt-hour

One kilowatt-hour is the amount of electrical energy used when a
1 kW appliance is on for one hour.

Magnetic Field

The space around a magnet is a store of magnetic energy that we
call the magnetic field.

Magnetic Field Line

The direction of a magnetic field at any point is taken to be the
direction of the force on a N-pole placed at that point.

Ampere

The Ampere is that constant current which, if maintained in two
straight parallel conductors of infinite length, of negligible circular
cross-section, and placed 1 m apart in a vacuum, causes each to
exert a force of 2 × 10−7 N per metre length on the other.

Magnetic Flux

The magnetic flux F is the number of magnetic field lines passing
through a certain area, A, whose surface is perpendicular to the
field lines.

Magnetic Field
Strength

The magnetic field strength, B, is the number of flux lines per
unit cross-sectional area.

Electromagnetic
Induction

Electromagnetic induction is the production of an EMF in a circuit when the magnetic flux linking the circuit changes.

Faraday’s Law

Faraday’s Law of electromagnetic induction states that the size
of the EMF, |e|, induced in a circuit is directly proportional to the
rate of change of magnetic flux linking the circuit.

Lenz’s Law

Lenz’s Law states that the EMF induced in a circuit acts in such a
direction as to oppose the change producing it.

Root Mean Square
Current

The root mean square (r.m.s.) current is the value of steady direct
current which would dissipate the same heat at the same rate as
alternating current in a given resistance.
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Any arrangement of two coils such that a current is induced in one
when the current is changed in the other is said to possess mutual
inductance.
Self induction is the production of a back EMF in a coil whenever the
current in that coil changes.

Formulae
Coulomb’s Law
Formulae Book: Page 61

Electric Field
Intensity
Formulae Book: Page 61

F

Formulae Book: Page 61

Capacitance
Formulae Book: Page 62

Parallel-Plated
Capacitor
Formulae Book: Page 62

q1

q2
d

F: Force between charges (N)
q: Quantity of Charge (C)
d: Distance between charges (m)
e: Permittivity of the medium (F m−1)
E=

F
q

F

F: Force (N)
q: Charge (C)
E: Electric field intensity (N C−1)
E

Potential (Voltage)

1 q1q2
4 d 2

d

q

Q

1 Q
4 d 2

W
V=
q

V: potential difference between 2 points (Volts, V)
W: work done in moving the charge between the points (J)
q: the charge being moved (C)

Q
C=
V

Q: Quantity of charge stored (C)
V: Potential (voltage) (V)
C: Capacitance (Farads (F))
d

A
C
d
C: Capacitance (F)
e: Permittivity of the dielectric (F m−1)
A: Common area of overlap of the plates (m2)
d: Distance between the plates (m)












Dielectric

Energy stored in a
Capacitor
Formulae Book: Page 62
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+

W = 12 CV 2
A

W: Energy stored in a capacitor (J)
C: Capacitance (F)
V: Potential Difference or voltage (V)
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Resistance

Formulae Book: Page 61

Physics Summary

Q
t
I: Current (A)
Q: Quantity of charge (C)
t: Time (s)
I=

A

Ammeter

+
I
V

V
R=
I

Rheostat

V

I

R: Resistance (Ω)
I: Current (A)
V: Voltage or potential difference (V)

A

R

V
Resistivity
Formulae Book: Page 61

Resistors in Series

R

l
A

l

R: Resistance (W)
l: Length (m)
A: Area (m2)
r: Resistivity (W m)

d

R  R1  R2  R3

I

V

Formulae Book: Page 61

Resistors in Parallel

R1

R2

R3

V1

V2

V3

I

1 1
1
1
 

R R1 R2 R3

V

R1

Formulae Book: Page 61
I1

R2
I2

I3
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R1 R3
=
R2 R4

B
R1

R2

Formulae Book: Page 61
I1

I1
A

C

G
I2

I2
R4

R3

I

I

D

V

Metre Bridge

R1 l1
=
R2 l2
A

R1

Work done by an
electrical current

l2

l1

W = I 2 Rt

B

G

R2

D.C.

W: Work done (J)
I: Current (A)
R: Resistance (Ω)
t: Time (s)

A
Thermometer
Calorimeter
Heating Coil

Electrical Power
Formulae Book: Page 62

Force on a current
carrying conductor in
a magnetic field
Formulae Book: Page 62
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P = IV
P: Power (W)
I : Current (A)
V: Voltage (V)
F = BIl
F: Force on the wire (N)
B : Magnetic field intensity
of the magnet (Tesla, T)
I : Current (A)
l : Length of wire in the
magnetic field (m)
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charge in a magnetic
field
Formulae Book: Page 52

Magnetic Flux
Formulae Book: Page 62

Faraday’s Law of
Electromagnetic
Induction

Physics Summary

F = Bqv

l

F: Force on the charge (N)
B: Magnetic field intensity of the magnet (T)
q: Quantity of the charge (C)
v: Velocity of the charge (m s−1)

v

  BA
F: Magnetic Flux (Weber, Wb)
B: Magnetic Field Strength
or Magnetic Flux Density (T)
A: Area (m2)

 N

d
dt
v

G

e:
N:
dF:
dt:

EMF or Voltage induced in the coil (V)
Number of turn in the coil
Change in the magnetic flux linking the circuit (Wb)
Time over which this change takes place (s)

BAN

t

Root Mean Square
Current
Formulae Book: Page 62
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I RMS =

e: EMF or Voltage induced (V)
B: Magnetic Flux Density (T)
A: Area (m2)
N: Number of turns
t: Time (s)

I0
2

Alternating current (AC)
Current (A)

Io: Peak value of the current (A)
IRMS: Root mean square value of
the current (A)
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VP N P
=
VS N S

VP: Primary Voltage (V)
VS: Secondary Voltage (V)
NP: No. of turns in the primary
NS: No. of turns in the secondary

Primary Coil

Secondary Coil

VP

VS
Iron Core

VP: Primary Voltage (V)
VS: Secondary Voltage (V)
IP: Primary Current (A)
IS: Secondary Current (A)

VP  I P  VS  I S

Demonstrations

Force between charges

The apparatus is set up as shown with one piece of polythene
suspended by a nylon thread. Each piece of polythene is charged by
rubbing with a cloth. A is repelled by B showing the force between
charges. The experiment was repeated with:
Perspex (+) and perspex (+): Repulsion
Polythene (−) and perspex (+): Attraction
Nylon thread
Repulsion
Polythene Rod
-- --- --- --- ------ --- --- -- -- Polythene Rod

A

B

Charging by Induction
B
+
+
+
+

The positive charge on the perspex rod
induces a negative charge on face A of
A
+
the metal sphere by attracting electrons
++
Perspex Rod in the metal towards it. This leaves a net
positive charge on face B.

The metal sphere is earthed so that
electrons move to neutralise the
positive charge on B.

© The Academy

Page 42

B
+
+
+
+

A
+++
Perspex Rod

Kieran Mills & Tony Kelly

THE DUBLIN
ACADEMY OF
EDUCATION

Physics Summary

B

A
+++
Perspex Rod

The earth wire is then removed with the
perspex rod still held in place.

The rod is now removed. The negative
charge spreads out all over the surface.
Total charge
resides on the
outside of a metal
object

1. A metal cylinder is charged by
contact with the metal sphere of
the Van de Graff generator.

+
+
+
+

+
+
+
+

+

2. A proof plane touches the
+
inside surface of the cylinder
+
and then placed in contact with
+
the cap of an uncharged GLE.
No divergence of the leaves
takes place showing that there
is no charge inside the cylinder.

Proof plane

+

+

+
+
+

GLE

3. If the proof plane comes in contact with the outside surface of the
GLE and then in contact with the cap of an uncharged GLE, the
leaves do diverge showing that charge resides on the outside of a
metal object.
Charges tend to
accumulate at
points

Point Discharge

© The Academy

1. Two pear-shaped conductors are
charged by induction and then
separated.
2. A proof plane is placed at the pointed
end of A and then placed in contact
with the cap of an uncharged GLE.
There is a large divergence of the
leaves showing a high density of
charge at the pointed end.
3. Another proof plane is placed at
the non-pointed end of B and then
placed in contact with the cap of an
uncharged GLE. There is a small
divergence of the leaves showing a
low density of charge in this region.

++
++
++
+

+

+

+

A
+

+

+
+
+

+

+

B

+
+

+

+

++
++

++
+

This can be demonstrated by putting a metal spike in the dome of the
Van de Graff generator. If a candle is held near the point of the spike, the
flame is blown by the electric wind.
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Two electrodes of any required shape are connected to a high voltage
supply. They are placed in a container of castor oil on the surface
on which is spread some semolina (tiny particles of an insulating
substance). When the supply is turned on the particles of semolina line
up along the field lines and the various field patterns can be observed.
Petri Dish

+

Castor oil

+
5 kV DC Supply

Factors affecting
capacitance of a
parallel-plate
capacitor

A positive charge Q is put on one of the plates. Its potential is measured
using a GLE. The divergence of the leaf is a measure of this potential.
The capacitance C is affected by 3 factors:
d



 












Dielectric

1. The common area A of the plates: C ∝ A
If the plates are moved so that their common area of overlap is reduced
the leaf divergence increases, i.e. the potential increases and so the
capacitance is reduced.
1
2. The distance d that the plates are apart: C ∝
d
If the plates are moved further apart the potential rises and so the
capacitance falls.
3. The permittivity of the material e in between the plates: C ∝ e
A dielectric causes the leaf divergence to fall indicating an increase in
capacitance
A Capacitor stores
charge

© The Academy

A capacitor is a device for storing charge. This
can be demonstrated as follows:
When switch A is closed the capacitor charges
up. Open switch A and then close switch B. The
bulb flashes as the capacitor discharges through
it.
Page 44
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In a direct current (DC) circuit no
current flows once the capacitor is
fully charged. In the Alternating
Current (AC) circuit the capacitor
first of all charges in one direction
and then the other. As a result current
constantly flows. Therefore the bulb
lights.

D.C.

C

Off

A.C.

C

Current flow across a
diode

If a battery is connected to a diode the right way (forward bias) the
bulb lights. If it is connected the wrong way (reverse bias), no current
flows and the bulb is off.
+

Using LDRs and
thermistors in Circuits

On

+

On

Off

Forward Bias

Reverse Bias

When the thermistor is cold its resistance is very high and the bulb
does not light. As the thermistor is heated the bulb gradually comes
on. If the LDR is covered so that it is in darkness its resistance is
very high and the bulb does not light. If it is exposed to light the bulb
comes on.

LDR
Thermistor

Using a potentiometer

A potential divider is connected to a 12 V battery. As the probe
taps off a voltage from 0 V to 12 V the bulb turns on and gradually
becomes fully bright.

12 V

Probe
12 V bulb

V
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Heating Effect of an
electric Current

Physics Summary

1. Showing how the heating effect depends on time
Allow a constant current to flow, measure the temperature rise,
∆q, after various times, t. A graph of ∆q vs. t yields a straight
line. This proves that ∆q ∝ t.
∴W∝t
2. Showing how the heating effect depends on the resistance of
the coil
Allow a constant current to flow through coils of different
resistances for a constant time. A graph of ∆q vs. R yields a
straight line.
∴W∝R
D.C.

A
Thermometer
Calorimeter
Heating Coil

3. Showing how the heating effect depends on the current flowing
Allow different currents to pass through a coil of a certain
resistance for a set time. In this case we have to plot a graph of
Dq vs. I 2 in order to obtain a straight line graph.
∴ W ∝ I2
Magnetic Effect of an
electric Current

When S is closed, the compass needle deflects showing the presence
of a nearby magnetic field. When S is opened the compass returns to
its normal orientation of pointing to magnetic north, i.e. the nearby
magnetic field has disappeared.
Explanation: An electric current is simply a flow of electric charges.
Once the charges are in motion a magnetic field exists. The above
effect is called the Oersted effect.
Compass

S

Chemical Effect of an
electric Current

© The Academy

Sodium chloride dissolves in water into
positive and negative ions. The positive
ions are attracted by the cathode and
the negative ions by the anode. This
constitutes a flow of current which is
registered on the ammeter. In distilled
water there is an absence of ions and so
no current flows.
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Physics Summary

Fields can be examined using Iron filings or a plotting compass. The
magnetic field lines form closed loops leaving the N-pole and entering
the S-pole where they are directed through the magnet and out from
the N-pole again.

This is the field pattern between
two bar magnets of opposite poles.
Magnet Field due to a
Current

1. Field due to a current in a straight wire
A straight wire carrying current is
passed through a piece of cardboard
and the field is examined using
iron-filings or a compass. The pattern
of the filings on the card shows that
the field lines are circles centred
about the wire.

2. Field due to a short circular coil or loop
The field is similar to that produced by a short bar magnet and the coil
acts as if it has a N-pole on one face and a S-pole on the other, i.e. it
behaves as a magnetic dipole.

3. Field due to a solenoid
A solenoid is a long coil
made up of a number of turns
of wire. The field is similar
to a long bar magnet. The
magnetic field can be made
much stronger by inserting a
piece of Iron in the centre of
the solenoid. This is the basis
of the electromagnet.

© The Academy
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c.c.c. in a magnetic
field

Physics Summary

A wire carrying current (c.c.c.) is passed at right angles to the magnetic
field of a horse shoe magnet. The c.c.c. experiences a force pulling it
down or pushing it up depending on the direction of the current. If the
current is increased using the rheostat the force on the wire increases.

N

S
S

Defining the Ampere

Set up the apparatus shown with a
battery connected to two parallel
strips of aluminium.
A rheostat controls the current
through the circuit. A wooden block
keeps each half of the alumimum
foil separated.

Rheostat

Aluminium strip

I

When the circuit is turned on, the
aluminium foils repel each other.

F

This is the principle on which the
definition of the Ampere is based.
Faraday’s Law

I
F

Wooden block

Set up the circuit with a solenoid attached to a galvanometer. The
galvanometer measures the induced current and hence the EMF in the
circuit. A magnet is moved into the solenoid.

v

G

The faster the magnet is moved into the solenoid the larger the
deflection on the galvanometer showing that the induced EMF is
directly proportional to the rate of change of magnetic flux linking the
circuit.
If the number of turns of wire are increased the galvanometer
deflection increases for a magnet moving at the same speed.

© The Academy
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Using an Oscilloscope
to show AC

Physics Summary

Set up the circuit with a solenoid
attached to a galvanometer. As
the magnet is moved into the
solenoid you feel a force repelling
its movement. As the magnet is
withdrawn you feel a force attracting
the magnet. An EMF is induced in a
circuit which acts in such a direction
as to oppose the change producing it.

N

S

N

S

N

S

S

N

A signal generator produces AC. If it is connected to a Cathode Ray
Oscilloscope (CRO) a picture of the AC wave is seen. By adjusting
the frequency control more waves per second will be produced. By
adjusting the amplitude control the height of the waves changes.
CRO
Signal Generator
Amplitude
Control
Frequency
Control

Mutual Induction

Set up the circuit. As the switch is opened and closed in the primary
circuit, the galvanometer needle deflects back and forth about the
zero position.
Coil A

Coil B

G
S
Primary Coil

Self Induction

Secondary Coil

The high EMF of self-induction can be demonstrated by connecting a
Neon discharge lamp across the terminals of an electromagnet.
A Neon lamp requires at least 180 V to cause it to glow, yet it flashes
every time the current in the coil is switched off.
S

© The Academy
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Proofs
Proof: Resistors in series formula
V  V1  V2  V3
From Ohm’s Law V = IR, where R denotes the
total resistance and I the current which is the
same at all points in the circuit.
The voltages across each of the resistors are as
follows:
=
V1 IR
=
IR2 , V3 = IR3
1 , V2

I

 IR  IR1  IR2  IR3

V

R1

R2

R3

V1

V2

V3

R  R1  R2  R3

Proof: Resistors in parallel formula
I  I1  I 2  I 3

I

V
From Ohm’s Law I = .
R

V

R1

As the voltage across each resistor is V then:
V
V
V
=
I1 =
, I2
, I3 =
R1
R2
R3

I1

R2
I2

V V V V
  

R R1 R2 R3

I3

R3

1 1
1
1
 

R R1 R2 R3

Proof: Force on a Moving Charge in a Magnetic Field
Consider a length, l, of conductor containing n charged
particles each of charge q and average drift velocity
v. Each particle will take the same time t to travel the
distance l.
Q
l 
F  BIl  B   l  Bnq    nBqv
t 
t 
For a single charge, n = 1  F  Bqv
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Science, Technology and Society (STS)
1.

Static Electricity in the home and industry

Dust on TV screens
Electrons hit the screen to produce a picture. As a result the screen becomes charged attracting
dust to it.
Static on clothes
Synthetic materials become charged when rubbed. As a result sparks jump causing a crackling
sound. Clothes tend to cling because of the attraction between charges.
Flour mills
Static electricity producing sparks can be dangerous near the fine dust produced in flour mills.
Explosions of dust can occur.
Fuelling aircraft
Aircraft flying through the air can build up lots of static charge which could cause explosions on
landing. The charge is conducted harmlessly to ground through conducting rubber in the tyres.
2. Lightning
Large amounts of static charges build up on clouds. Lightning occurs when this static discharges
between clouds or from cloud to ground. This can cause damage to buildings.
Lightning Conductor: As a result of lightning many high buildings have a large metal
conductor connected to a large metal plate connected in the ground. A cloud with a large voltage
passing overhead induces charges on the lightning rod. This causes point discharge to occur
which reduces the voltage between cloud and rod thus lessening the chance of a strike. If a strike
does occur the charge flows harmlessly to earth protecting the building.
3. Uses of electroscope
An electroscope can do the following:
•

Detect charge

•

Indicate the approximate size of a charge

•

Test whether a charge is + or −

•

Test if an object is a conductor or insulator

•

Indicate the size of a potential difference

4.

Electric Fields

[A] Precipitators: This is a device that removes dust and other small particles from dirty air. It
charges the particles and then attracts them to metal plates of the opposite charge. Air purifiers
and smoke removers in bars work on this principle.
[B] Xerography (The photocopier): A drum is charged electrostatically. An image of the
document to be copied is focused on the drum.
[C] Effect of electric fields on integrated circuits
Technicians working on integrated circuits (IC’s) must make sure they are earthed so that any
static on their body does not flow through the delicate IC’s causing damage. They are usually
connected to a wire connected to their wrist with a wrist band.

© The Academy
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5.

Common uses of capacitors

•

Tuning radios: A variable capacitor is used to change to a particular station on a radio.

•

Flash guns: In cameras a capacitor is charged slowly from a battery and discharged quickly
through a bulb producing a flash.

•

Smoothing: Capacitors smooth out variations in direct current.

•

Filtering: Capacitors allow certain frequencies of alternating current to pass and block
others. This is called filtering.

6.

Sources of EMF

•

Mains: Electricity to your home is called mains electricity.

•

Cells: An electric cell is a source of EMF. It consists of two metals called electrodes
immersed in a liquid called an electrolyte. A typical example is a copper and zinc plate
dipped in dilute sulphuric acid. This is a primary cell as it cannot be recharged. Almost
all primary cells have electrolytes that are pastes rather than liquids. Such cells are called dry
batteries.

•

Lead-acid accumulator: Some cells can be recharged. These are called secondary cells or
accumulators. A car battery is a lead-acid accumulator which consists of 6 lead acid cells in
a battery.

•

Thermocouple: Two wires made of different metals maintained at different temperatures
provide a source of EMF. Such a device can be calibrated to act as a thermometer.

7. Neon lamps, street lamps
Sodium vapour street lamps (yellow/orange) and neon lamps are examples of gas discharge tubes
where conduction takes place in a gas.
8. Semiconductors
[A] Light Emitting Diodes (LEDs)
Uses:
(a) ON/OFF indicator lamps: e.g. calculators, stereos etc.. When a calculator is switched on the
voltage of the battery is applied to the LED which emits red light. The LED is
protected by a resistor.
(b) Digital displays as in clocks or calculators: The seven segments are LEDs. Any of the ten
numerical digits can be visually displayed by activating the correct LEDs.
(c) Optical fibre transmitters.
[B] Integrated Circuits (ICs)
An integrated circuit (IC) is a circuit containing electronic components like transistors, diodes,
resistors and capacitors on one small chip of Silicon.
9. Rectification of AC
Alternating current is current that flows both ways reversing direction many times per second. If
a diode is put into a circuit then current is only allowed to flow one way (direct current DC). A
diode rectifies AC (changes AC to DC).
10. Practical uses of the Wheatstone Bridge
[A] Temperature Control: A Wheatstone Bridge is balanced. If one of the reistors changes then
current flows through the galvanometer. A change of temperature can change the resistance. If it
© The Academy
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gets hotter the resistance will go up causing current to flow in a particular direction through
the galvanometer. If it gets colder its resistance goes down causing current to flow the other
way through the galvanometer. This current can be used to control a heater/cooler to restore
temperature to its original value.
[B] Fail-Safe Device: A gas flame boiler has a pilot flame that should be continuously lighting.
If the pilot flame goes out, the fuel supply should get shut off. This can be achieved by having a
thermistor near the pilot flame. The thermistor is one of the resistors in a Wheatstone bridge. If
the pilot flame goes out, the thermistor’s resistance changes causing the Wheatstone Bridge to be
unbalanced. The unbalanced current can be used to switch off the fuel.
11. Potentiometer
A variable potential divider is called a potentiometer. It is used to divide a given voltage so that
you can tap off any voltage between 0V and the maximum voltage.
12. Effects of an Electric Current
•

Everyday examples of the heating effect: Electric heaters, cookers, hairdryers, kettles...

•

Advantage of EHT in transmission of electrical energy: Transformers can be used to step
up the voltage to extra high tension (EHT) while also reducing the current. According to
P = VI they continue to transmit the same power. The advantage of reducing the current is
that the energy losses due to heating (P = I 2R) are greatly reduced.

•

Everyday examples of the chemical effect: Electroplating, extracting metals from ores,
purifying metals.

13. Electromagnets and their uses
Used in scrap-yards to lift metal scrap, electric motors and electromagnetic relays.
14. Earth’s magnetic field
The earth is surrounded by a giant magnetic field with a magnetic north and south. The true
magnetic north about which the earth spins is not quite in the same place as the magnetic north.
The angle between them is called the angle of declination. Using a magnetic compass and having
knowledge of the magnetic declination allow mariners to navigate around the world.
15. Electromagnetism
A current carrying conductor in a magnetic field experiences a force. This is the principle behind
the operation of the motor, electromagnetic relay and the loudspeaker.
16. Electromagnetic Induction
Electromagnetic Induction is the principle on which the electrical generator is based. Generators
are used in power stations, alternators in cars and dynamos on bicycles.
17. National Grid and Alternating Current (AC)
AC is produced by generators and power stations and using transformers it is fed into the national grid at high voltages (EHT) to reduce energy losses.
18.
•
•
•

Uses of inductors
Dimmer switches in stage lighting
Tuning circuits in radios
Smoothing slight variations in DC from power units
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19. Uses of Transformers
• Generating stations generate electricity between 20 kV and 30 kV. This is stepped up to
220 kV or 400 kV for distribution on the national grid. It is then stepped down to 230 V at
substations for home comsumption. All of this is achieved by transformers.
• Computers, TVs and radios all contain transformers for supplying the correct voltages to
their electronic parts.

Other Topics
1. Conduction in Materials
Consider conduction through the following materials:
[A] Metals: Metallic conductor and filament bulb.
[B] Ionic Solutions: Using active and inactive electrodes.
[C] Gases
[D] Vacuum
[E] Semiconductors
In each case, the I-V characteristic (the graph of current against voltage) will be
examined and the types of charge carriers used will be explained.

Material: Metallic Conductor
[Temperature remains constant]

Material: Filament Bulb
[Temperature changes]

I-V Graph (Characteristic)

I-V Graph (Characteristic)
I (A)

I (A)

V (V)

V (V)

Obeys Ohm’s Law.
Charge carriers: Electrons (negative)

Does not obey Ohm’s Law.
Charge carriers: Electrons (negative)

Material: Ionic Solution
[Using active electrodes]

Material: Ionic Solution
[Using inactive electrodes]

I-V Graph (Characteristic)

I-V Graph (Characteristic)

I (A)

I (A)
es

s

d

tro

ee

A

iv
ct

a

In

V (V)

Obeys Ohm’s Law.
Charge carriers: Positive and
negative ions
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V (V)

Does not obey Ohm’s Law.
Charge carriers: Positive and
negative ions
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Material: Semiconductor
I-V Graph (Characteristic)
I (A)

V (V)

Does not obey Ohm’s Law.
Charge carriers: Electrons
and holes
2. Domestic Electricity
Electricity is supplied to all homes at 220 V A.C. (Alternating Current) which is at a frequency of
50 Hz. It is supplied via 2 cables called the live and neutral wires.
Live Wire (Colour code: Brown): The potential of this wire goes alternately negative and
positive, making the current flow backwards and forward through the circuit. The potential varies
from
+311 V to −311 V relative to earth. This variation takes place 50 times per second. The effective
voltage or root mean square value is 240 V.
Neutral Wire (Colour code: Blue): The Electricity Board earths the neutral wire by connecting it
to a metal plate.
Earth Wire (Colour Code: Yellow and green stripes): This is a safety wire which connects the
metal body of a kettle to earth and prevents it becoming live if a fault develops. If the live wire
were to touch the body of the kettle, a current would flow to earth and blow the fuse. If there
were no earth wire, the body of the kettle would remain live and be a source of danger.
3-Pin Plugs
Plugs provide a convenient and safe method of connecting different appliances into a mains
circuit. Fused plugs are normally fitted with either 3 A or 13 A fuses, though others are available.
The fuse value must be greater than the current that normally flows through the appliance, but as
close as possible to this value so that the fuse will blow before an overheating cable can cause a
fire.
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Distribution (Fuse) Box

L
6A

30A

16A

N
Live wire
Neutral wire
Earth wire

E
To cooker

L

N

RING MAIN CIRCUIT

L

N
E

N

L
E

Miniature Circuit Breakers (MCBs): Usually used instead of fuses in the distribution box.
MCBs contain a bimetallic strip and an electromagnet. The bimetallic strip causes the switch to
trip for small currents and the electromagnet does it for large currents. They operate faster than a
fuse and can be reset by flicking a switch.
Residual Current Devices (RCDs): They protect against electrocution when a fuse or MCB
acts too slow. An RCD detects a difference in the current between the live and neutral which may
arise if someone touched the live so that current flowed through them to earth. The effect of this
difference is to cause the RCD to trip which disconnects the live from the circuit.
Bonding: All metal pipes, taps etc.. must be connected or bonded to earth to prevent people
getting electrocuted.
Radial Circuit: Appliances that take a large current like electric cookers have a separate live and
neutral wire coming from the distribution (fuse) box. This is called a radial circuit and it has its
own fuse.
Ring Circuit: The live terminals of each socket are connected together in a ring so that current
can flow both ways to the socket reducing the current in the wires.
Light Circuits: Lights are connected in parallel so that if one light blows the other lights stay on.
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Electricity 1: Experiment to verify Joule’s heating law.
Rheostat

D.C.

Current I (A)

I 2 (A2)

q (oC)

Ammeter

A
Stirrer

Digital
Thermometer

Lid
Calorimeter
Lagging
Heating Coil

A graph of q against I 2 should yield a
straight line which verifies Joule’s law.

θ ( o C)

Calculation
I 2 Rt  mc

I 2 (A 2 )
Experimental details including sources of error and precautions
Errors are made in measuring time, current and temperature.
1. Heat loss should be reduced by insulating the calorimeter. This can be done by:
(a) placing the calorimeter in a lagging jacket (reduces conduction losses),
(b) polishing the calorimeter (reduces radiation losses),
(c) placing a cover on top of calorimeter (reduces convection losses).
2. Keep the current constant throughout by adjusting the rheostat if necessary.
3. Stir regularly.
4. Large temperature rises reduce percentage errors in temperature readings.
5. The heating coil must be completely covered by the water.
6. The same volume of cold water must be used each time. Consider the formula
 Rt  2
 
I .
 mc 
Since q depends on five quantities, four must be kept constant: R (resistance of the coil),
time t, mass m of the liquid (by using the same volume of liquid each time), specific heat
capacity c of liquid.
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Electricity 2: Experiment to measure the resistivity of the
material of a wire.

Resistance wire

A

B

C
Clamp

Calculation
Resistivity



Clamp

RA
l

Resistance R is measured with an ohmmeter
Length l is measured with a metre-stick
Area

D

l

A  r 2 

0

20
15
10
5

d 2
4

Diameter d is measured with a micrometer screw.

Experimental details including sources of error and precautions
1. When measuring the length of wire:
(a) Ensure the wire is straight and has no kinks. Otherwise, there will be an error in the
length l.
(b) Don’t use too short a length of wire. Otherwise, there is a large percentage error in
l.
(c) Measure l between the contact points of the crocodile clips.
(d) Avoid the error of parallax when measuring the length of the wire on the metre
stick.
2. When measuring the diameter of the wire:
(a) Close the jaws of the micrometer fully and read off any zero error.
(b) Open the micrometer and place the wire between the jaws. Close and tighten the
micrometer fully so that the wire does not slip out.
(c) Read the diameter in millimetres off the vernier scale.
(d) Take a number of measurements of diameter along the length of the wire. This is
because it may not be of uniform cross-sectional area along its length. Read off the
diameter from the vernier scale to three significant figures (mm).
(e) Add or subtract the zero error from each reading. Calculate the average diameter in
metres.
3. Always find the zero error of the ohmmeter or zero it.
4. Repeating the experiment for different lengths reduces the error in the value of resistivity.
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Electricity 3: Experiment to demonstrate the variation of the
resistance of a metallic conductor with temperature.
14.2 

o

20 C
Digital thermometer

Ohmmeter

Metallic conductor

Boiling test tube

Beaker

Glycerol
Hot plate

Temperature q (oC)
Resistance R (W)
Temperature q (oC)
Resistance R (W)
R (W)

θ ( o C)
Experimental details including sources of error and precautions
1. The coil of wire in the test tube should be immersed in glycerol to give good thermal
contact between the hot water, the wire and the thermometer.
2. Errors in the temperature readings will always be bigger that the errors in the
resistance. Use a sensitive digital thermometer with a low specific heat capacity.
3. Stir continuously to distribute the heat uniformly in the test tube.
4. Don’t forget the zero error resistance of the ohmmeter.
5. Heat slowly using the water bath (water has a high specific heat capacity) so that
the glycerol and water are in thermal equilibrium throughout. It also allows the
thermometer to take a reading at each 5 oC rise because the temperatures are not
changing too rapidly.
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Electricity 4: Experiment to demonstrate the variation of the
resistance of a thermistor with temperature.
520 

20 oC

Ohmmeter

Digital thermometer

Beaker
Thermistor

Boiling test tube
Glycerol
Hot plate

Temperature q (oC)
Resistance R (W)
Temperature q (oC)
Resistance R (W)
R (W)

θ ( o C)
Experimental details including sources of error and precautions
1. The thermistor in the test tube should be immersed in glycerol to give good thermal
contact between the hot water, the thermistor and the thermometer.
2. The errors in the temperature readings will always be bigger than the errors in the
resistance. Use a sensitive digital thermometer with a low specific heat capacity.
3. Do not subject the thermistor to too high a temperature as it will behave erratically.
4. Stir continuously to distribute heat uniformly in the test tube.
5. Don’t forget the zero error resistance of the ohmmeter.
6. Heat slowly using the water bath (water has a high specific heat capacity) so that the
glycerol and water are in thermal equilibrium. It also allows the thermometer to take a
reading at each 5 oC rise because the temperatures are not changing too rapidly.
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Electricity 5: Experiment to investigate the variation of
current with potential difference for [a] a metallic conductor
[b] a filament bulb [c] an electrolyte [d] a diode.
[a] a metallic conductor
Potentiometer
Low voltage
power supply 6 V

A
Voltmeter

Voltage V (V)

Current I (A)

Ammeter
Nichrome Wire

V

I (A)

V (V)

Ohm’s law states that at constant temperature the current through pure metals and alloys is
directly proportional to the potential difference across them.
1
V  IR  I    V
R
1
For a constant resistance R: Slope   
R
Experimental details including sources of error and precautions

1. Make sure the resistance of the wire is constant by keeping its temperature constant.
2. Don’t use very high currents as high currents will change the temperature and the
length of the wire during the experiment. These factors will change the resistance
of the wire. Hence, the resistance of the wire will not be constant throughout the
experiment.
3. Use a sensitive ammeter and voltmeter.
4. The charge carriers are electrons.
5. Use a high resistance voltmeter.
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[B] A Filament Bulb
Potentiometer
Low voltage
power supply 6 V

Milliammeter

mA
Bulb
Voltmeter

Voltage V (V)

V

Current I (mA)
I (mA)

V (V)

Experimental details including sources of error and precautions
1. Use a sensitive ammeter and voltmeter.
2. The charge carriers are electrons.
3. Use a high resistance voltmeter.
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[C] Copper Sulfate solution with copper electrodes
Potentiometer
Ammeter

Low voltage
power supply 6 V

A
Voltmeter

V

Copper
Plates
Copper
Sulfate

Voltage V (V)

Current I (A)

I (A)

V (V)

Theory
A straight line graph through the origin should be obtained showing that the current I is directly proportional to the potential difference V for copper sulfate solution. Ohm’s law is obeyed.
Experimental details including sources of error and precautions

1. Use a sensitive ammeter and voltmeter.

2. The charge carriers are positive and negative ions.
3. Use a high resistance voltmeter.
4. If inactive electrodes like platinum are used the graph
will no longer obey Ohm’s law as the electrodes set up
a voltage between each other that needs to be overcome
before any current flows. The graph opposite shows the
I-V characteristic when inactive electrodes are used.
5. Increasing the concentration of the solution increases the
number of positive and negative ions and so the current
will increase.

I (A)

V (V)

6. Keep the electrodes the same distance apart throughout
the experiment.
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[D] Semiconductor Diode

Potentiometer
Milliammeter

Low voltage
power supply 6 V

mA
Voltmeter

Voltage V (V)

Current I (mA)

Diode

V

I (mA)

0.6

V (V)

Experimental details including sources of error and precautions

1. Use a sensitive milliammeter and voltmeter.
2. The charge carriers are electrons and holes.
3. Use a high resistance voltmeter.
4. A resistor is often connected in series with the diode in forward bias to protect it from
excessive currents which would burn it out. A diode has a maximum current
recommended by the manufacturer.
5. Reverse Bias: (a) If the connections to
the diode are reversed, it is now connected
in reverse bias. A higher d.c voltage
supply (0 - 40 V) is used.
(b) The resistance of the diode is now
very high with only a tiny current of the
order of microamps flowing. Therefore,
the milliammeter is replaced by the
microammeter.
(c) Its I-V characteristic is shown. Ohm’s
law is not obeyed.
(d) The reverse (leakage) current is due
to electrons moving from the p-type to
n-type material and holes from the n-type
to p-type material.
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Modern Physics Summary
Definitions
Formulae
Demonstration experiments
Science, Technology and Society (STS)
Other topics
1. Cathode Ray Tube
2. X-rays
3. Rutherford’s experiment to determine the size of the nucleus
4. Properties of the 3 radiations
5. Detectors: Geiger-Muller Tube
6. Nuclear reactor

Particle Physics
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Thermionic Emission

Thermionic emission is the escape of electrons from a metal when it
is heated.

Electrovolt

The electronvolt (eV) is the amount of energy gained or lost by an
electron when it moves through a potential difference of one volt.

Photoelectric
Emission

Photoelectric emission is the escape of electrons from metals when
light is shone onto the metal.

Work Function

The work function of a metal is the minimum energy required to remove an electron from the surface of the metal.

Emission Spectrum

The emission spectrum of an element are all those frequencies emitted by atoms of the element when the atoms are excited.

Atomic Number

The atomic number Z is the number of protons in the nucleus.

Mass Number

The mass number A tells us the number of nucleons in the atom.

Isotopes

Isotopes are atoms having the same atomic number but different
mass numbers.

Natural
Radioactivity

Natural radioactivity is the spontaneous disintegration (decay) of
the nuclei of certain naturally occurring elements by the emission of
an α-particle or a β-particle and/or γ-radiation.

Activity

The Activity, A, is defined as the number of decays occurring in unit
time at a given instant.

Law of Radioactive
Decay

The Law of Radioactive Decay states that the number of disintegrations
per second is proportional to the number of nuclei present.

Becquerel

The activity is 1 Becquerel (Bq) if on average one decay occurs per
second.

Decay Constant

The decay constant is the fraction of the atoms on average that decay
in unit time.

Half-life

The half-life is the time taken on average for half of the atoms of a
radioactive material to decay.

Nuclear Fission

Nuclear fission is the splitting up of a single heavy nucleus into 2
or more medium mass nuclei (of roughly equal masses) by neutron
bombardment and the consequent release of a large amount of energy.

Nuclear Fusion

Nuclear fusion is the joining together of 2 or more light nuclei into
a single heavier nucleus by making them collide at high speeds and
the consequent release of a large amount of energy.
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Force on a moving
charge in a magnetic
field
Formulae Book: Page 59

Work done by electric
field on an electron

Work done by electric
field on electron
equals kinetic energy
gained by electron

Energy in a photon
Formulae Book: Page 59

Work Function of a
metal
Formulae Book: Page 59

Einstein’s
Photoelectric
Equation
Formulae Book: Page 59

Physics Summary

F = Bqv
F: Force on the electrons (N)
B: Magnetic Flux Density (T)
q: Quantity of charge on the electron (C)
v: Velocity of the electron (m s−1)
W = eV
W: Work done by the electric field on the electron (J)
e: Charge on the electron (C)
V: Voltage of potential difference across the plates (V)
eV = 12 mv 2
e: Charge on the electron (C)
V: Voltage or potential difference across the plates (V)
m: Mass of the electron (kg)
v: Velocity of the electron (m s−1)
E = hf
E: Energy in a photon of light (J)
h: Planck’s constant (J s)
f: Frequency of the photon (Hz)
Φ = hf

o

Φ: Work Function (J)
h: Planck’s constant (J s)
fo: Threshold frequency (Hz)
( 12 mv 2 ) Max.  hf  
OR
( 12 mv 2 ) Max.  h( f  f o )
m: Mass of the electron (kg)
v: Velocity of electron (m s−1)
Φ: Work Function (J)
h: Planck’s constant (J s)
fo: Threshold frequency (Hz)
f: Frequency of incoming photon (Hz)
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Activity of a sample

Formulae Book: Page 59

Fraction of sample
left after n half-lives

A = λN
A: Activity (Bq)
λ: Decay constant (s−1)
N: Number of undecayed radioactive nuclei
1
left after n half-lives
2n

Half-life and decay
constant

t1 
2

Formulae Book: Page 63

Mass-energy formula
Formulae Book: Page 63

0  693


t 1 : Half-life (s)
2

λ: Decay constant (s−1)
E = mc 2
E: Energy (J)
m: Mass (kg)
c: Speed of light (m s−1)

Demonstrations
The Photoelectric
Effect

Shine ultra-violet (UV) light onto a zinc plate connected to a
negatively charged electroscope. The leaves collapse indicating the
loss of electrons from the zinc plate. If the zinc plate is covered by
glass no effect is noticed as UV light cannot pass through glass.
Zinc Plate


 




 

 



UV light





Shine visible light onto the zinc plate. The leaves do not collapse as
visible light does not have enough energy to cause the ejection of
electrons.
Charge the electroscope positively and shine UV light onto the zinc
plate. No effect is noticed. Any electrons which escape are attracted
back by the positive charge on the plate.

© The Academy

Page 68

Kieran Mills & Tony Kelly

THE DUBLIN
ACADEMY OF
EDUCATION

Penetration powers by
the radiations

Physics Summary

A radioactive source emitting the three types of radiation is placed
as shown. A Geiger counter which detects radiation measures the
number of particles being emitted per second. The count rate is
noted with no absorbers present.
A thin piece of paper is used as the first absorber. The count rate
falls appreciably. The α-particles are being absorbed. The addition
of more pieces of paper does not greatly affect the count rate.

Geiger-Muller tube

Counter
Absorbers
Source

A thin sheet of Aluminium is now included as an absorber. The
count rate falls appreciably.
The b-particles are being absorbed by the Aluminium. The addition
of further sheets of Aluminium does not greatly decrease the count
rate any further.
A block of Lead is finally included as an absorber. The count rate
now almost drops to zero. The γ-particles are being absorbed by the
Lead.
Ionising effect of the
radiations

Bring a radioactive source near to the cap of a charged gold-leaf
electroscope.
The leaves of the gold-leaf electroscope collapse.
Source

Gold-leaf electroscope

Conclusion: The radioactive source ionises the air. The electroscope
is neutralised by the ionised air.
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Science Technology and Society (STS)
1. History of the electron
The word electron was first used by the Irish physicist GJ Stoney who used it as the fundamental
charge in electrolysis. The value for the charge on the electron was first measured by Robert
Millikan in 1911 in his famous oil drop experiment.
2. Cathode Ray Oscilloscope (CRO)
One of the most common applications of the CRO is in televisions or computer monitors. In
medicine the CRO is used in an ECG (electrocardiogram) to display electric signals of the
heart. A CRO is also used in medicine in an EEG (electroencephalogram) which displays the
electrical signals coming from the brain.
3. Photoelectric sensing devices
When light falls on a photelectric cell a small current flows. If this light is interrupted the current
will stop flowing. This can be used to trigger other circuits to perform a certain function.
Examples:
• Burglar alarms
• Automatic doors
• Counting items on a conveyor belt
• Monitoring and controlling the flame in a central heating burner
4. X-rays
Uses of X-rays
1. X-radiography is used in medicine.
2. ‘Hard’ X-rays used in X-ray therapy for cancer.
3. X-radiography used in industry to check welds and to detect cracks.
4. X-ray diffraction is used to determine the structure of crystals.
Hazards of X-rays
As X-rays are ionising radiation they can damage healthy tissue. Exposure to X-rays should be
kept to a minimum. Protective clothing consisting of lead shielding is worn by professionals who
use X-rays.
5. Spectroscopy as a Tool in Science
Every element has a unique fingerprint or spectrum. If a substance is vaporised its components
can be identified by their emission spectra in a process called spectroscopic analysis.
6. Lasers
In a laser incoming photons of the same frequency stimulate atoms to produce lots of photons
together producing an intense beam of coherent light. This is called Light Amplification by
Stimulated Emission of Radiation (Laser).
Lasers are used in:
• Telecommunications: lasers send light along fibre optics
• Medicine: remove birthmarks, attach detached retinas in eyes, burn away cancer cells.
• Industry: cutting and welding
• CD players
• Supermarket checkouts to read bar codes
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7. Uses of radioisotopes
There are about 1500 artificial radioisotopes manufactured by bombarding stable elements with
neutrons in a nuclear reactor.
1. Medicine:
• Used as a tracer - a mildly radioactive isotope is injected into the bloodstream. The blood
passes into every part of the body and as it so does the radiation being emitted can be
detected. A scan (picture) of a part of the body can be seen on a monitor.
• Treatment of cancer - γ-rays from Cobalt-60 kills cancerous cells.
• Sterilisation - γ-rays kill bacteria and can sterilise equipment.
2. Industry: Tracers can detect leaks in underground pipelines and measure flow rates in
machinery.
14
3. Radiocarbon dating: Radioactive 146 C is present in all living matter. The amount of 6 C left in a
piece of dead material can be used to find its age when it died.
8. Environmental impact of fission reactors
• Mining Uranium ore: Mining releases radon gas which can cause lung cancer.
• Containment of radioactive materials within the reactor: Accidents have occurred when
cooling systems have failed releasing radioactive materials.
Example: Chernobyl in 1986
• The removal and treatment of spent fuel rods (nuclear reprocessing)
• Radioactive waste: Needs to be stored safely for a long time.
9. Fusion
Nuclear fusion has many advantages over fission. There is far less radioactive waste and the
fuel required to produce it (deuterium found in heavy water) is abundant. As yet we have not
achieved a method for producing a controlled sustained fusion reaction. This may be achieved
in the near future. The sun obtains its energy from fusion reactions where hydrogen nuclei react.
The hydrogen bomb is an uncontrolled fusion reaction.
10. Health Hazards
We are exposed all the time to some radiation called background radiation which comes from
the following:
• Outer space: Cosmic rays
• Rocks in the Earth: Granite rock releases radon gas which can accumulate in well-insulated
houses. High levels increase the risk of lung cancer. Radon gas emits α-particles which can
be inhaled into the lungs. The α-particles emitted bombard the soft tissue of the lungs and
can cause cancer. There are approximately 150 deaths in Ireland each year due to exposure to
Radon gas.
Radon gas can be minimised in homes using the following measures:
1. Use a sealed Radon resisting membrane in the floors and walls of a house.
2. Use underfloor ventilation.
11. Radiation Protection
1. Radioactive materials should never be handled directly. Always use tongs or tweezers.
2. Always return the source to its lead container after use.
3. They should be stored in a special, secure place, shielded as necessary.
4. Never eat or drink in their vicinity.
5. Limit the time of exposure to these materials.
6. Wear protective clothing.
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1. Cathode Ray Tube (CRT)
Structure and Operation
• It consists of a glass tube from which most of the air has been removed.
• A small current passes through the filament which heats up. It heats the cathode placed in
front of it. By thermionic emission the cathode releases electrons.
• A high voltage is put across the anode (+) and cathode (-). The anode has a hole at its centre.
The electrons are repelled by the cathode and accelerate at high speeds towards the anode.
Most of the electrons that reach the anode pass through the hole and travel along to the end
of the tube.
• The end of the tube acts as a screen. It is coated with a layer of fluorescent material. When an
electron strikes the screen a bright spot called a scintillation is produced.
• Two sets of parallel plates can control the position where the beam of electrons strike the
screen.
Fluorescent Screen

Heated Filament
Cathode Anode

Y-plates

Low
Voltage
X-plates
0
+
High Voltage

The streams of high speed electrons moving from the cathode are called cathode rays.
2. X-rays
X-rays, so named because their nature was at first unknown, were discovered in 1895 by
Roentgen. They are produced whenever electrons are brought to rest by matter.
Electrons are obtained from a filament by thermionic emission and accelerated towards the anode
by a very high voltage. On striking the anode, which is made of a metal like tungsten with a high
melting point, they produce the high energy radiation called X-rays. The tube has a lead shield
with a small window to allow the passage of the X-ray beam. The anode heats up as a result of
electron bombardment and is cooled by circulating cooling liquids through it or by using cooling
fins.
50 kV

+
Focusing cylinder
Cathode filament

Anode Target
Oil coolant

6V
Electrons
Lead Shielding
X-rays
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3. Rutherford’s Experiment to determine the size of the nucleus
Rutherford directed a narrow beam of αparticles (positively charged particles which
Gold-foil
-source
will be explained shortly) onto a thin gold foil
and found that although most of the α-particles
passed straight through about 1 in 8000 were
reflected back towards the source.

Microscope

Lead Block

Conclusion
The entire positive charge and nearly all the
mass of the atom is concentrated in a tiny core
at the centre of the atom called the nucleus.
Measurements from the experiment estimates
the radius of the nucleus to be of the order of
10−15 m.




+

Gold Nucleus



4. Properties of the 3 radiations
α-particles
• They are deflected in electric and magnetic fields.
• The direction of deflection shows them to be positively charged.
• They were later shown to be Helium nuclei (a group of 2 protons and 2 neutrons).
• They have high ionising ability. Therefore they lose their energy quickly. As a result their
penetration power is low. Their range is about 6 cm in air.
• They are all emitted from a given source with the same speed. This speed is of the order of
107 m s-1.
β-particles
• They are deflected in electric and magnetic fields.
• The direction of deflection shows them to be negatively charged.
• Experiments have shown them to be high speed electrons.
• They have a lower ionising ability than alpha particles. Therefore they are more penetrating.
Their range is about 500 cm in air.
• They are emitted from a source with a whole range of speeds up to some maximum value
that is a characteristic of that source. Speeds can be as high as 2·7 × 107 m s-1.
γ-radiation
• They are not deflected in electric and magnetic fields.
• Therefore they are uncharged.
• Experiment has shown them to be electromagnetic radiation of very short wavelength
(10-11 → 10-14 m). They have a large energy.
• They travel at the speed of light (3 × 108 m s-1).
Nature of the 3 radiations
• Alpha particles are Helium nuclei ( 24 He) which originate in the nuclei of certain radioactive
isotopes.
• Beta particles are high speed electrons ( −10 e) which originate in the nuclei of certain radioactive
isotopes.
• Gamma rays are electromagnetic waves of very short wavelength which result in energy
changes in the nuclei of certain radioactive isotopes.
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5. Detectors: Geiger-Muller tube
A device for detecting radiation is the Geiger-Muller tube. It is connected to a counter which
measures the number of counts.
Thin
window

Metal cylinder (cathode)
Counter
Thin wire (anode)

Radiation

400V

Structure: This consists of a central thin wire, the anode A, insulated from a surrounding
cylinder, the cathode C. There is a thin window through which the radiation enters. The anode is
at a potential of +400 V relative to C which may be earthed. The cylinder contains an inert gas
(e.g. Argon) and a halogen.
Operation: When the ionising radiation (e.g. an α-particle) enters the Geiger-Muller tube a few
electrons and ions are produced in the gas. Because the anode is at a high positive potential the
electrons are attracted towards it. Positive ions move towards the cathode.
A Geiger-Muller tube is good for detecting α and β-particles but not for γ-rays.
6. Nuclear Reactor
The reactor operates by means of a controlled chain reaction in which on average one neutron
will produce fission that will give rise to one more neutron. The fuel used is either natural
Uranium (and moderator) or Plutonium.
The fuel is cast in the form of rods which are inserted in the moderator which is a block of
graphite. The fission neutrons emitted in the reaction pass from the fuel rods into the moderator
where they are slowed down. They re-enter the Uranium fuel rods where they produce further
fission in U-235.
Shielding

Control rods

Heat exchanger
Steam to
turbine
Pump
Cold
water

Fuel Rods
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To maintain a safe, controlled chain reaction excessive neutrons must be removed. This is
achieved by inserting neutron absorbers (control rods) into the reactor. Increasing the length of
rods reduces the number of neutrons.
The fission fragments collide with the surrounding atoms and transfer the kinetic energy to it.
The core thus heats up. The heat is removed by circulating a coolant (e.g. Carbon dioxide)
through the system. The gas carries the heat to a heat exchange unit where it boils water. The
steam produced can be used to drive turbines and produce electrical power.
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Particle Physics (Option 1)
Conservation laws

In all nuclear reactions
[A]
mass-energy is conserved [E = mc2]
[B]
momentum is conserved [Total momentum before TMB = Total momentum after TMA]
[C]
electric charge is conserved

The Neutrino
1
0

n  11 p  01 e

In nuclear processes where a β particle is emitted there appeared to be a problem with the
conservation of energy and momentum. These laws were violated. An Austrian physicist,
Wolfgang Pauli, proposed the existence of a third massless particle called a neutrino, ν, to carry
away the missing energy and momentum.
1
0

n  11 p  01 e  00 ν

Walton’s experiment to split the nucleus

Cockcroft and Walton built the first particle accelerator, a machine that accelerated protons to
high speeds by subjecting them to potential differences of hundreds of thousands of Volts. These
artificially accelerated missiles smashed into a Lithium target causing Lithium nuclei to split
apart.
The Lithium nuclei split into two alpha-particles which moved in opposite direction to conserve
momentum.
The alpha-particles smashed into zinc sulfide screen which scintillated as viewed by
microscopes.
7
3

Li  11 H  42 He  42 He
Accelerated protons

Fluorescent screen
Microscope
's

's
Lithium target
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Converting energy to mass

If a high energy γ photon interacts with a nucleus, two particles are created from the energy. This
is called pair production.
One of the particles created is the electron. As electric charge has to be conserved the other
particle has the same mass as the electron but an opposite charge. This is called the positron and
was discovered by Carl Anderson in 1932. He observed cosmic rays interacting with matter in a
bubble chamber. When a magnetic field was applied he observed tracks similar to those produced
by electrons moving in the direction of a positively charged particle.
The incoming photon has its energy converted into an electron and positron: γ → e+ + e−
Any energy left over appears as the kinetic energy EK of the particles.
hf = 2mc2 + (EK of e−) + (EK of e+)
The positron is the antiparticle of the electron. If they meet each other they annihilate each
other producing γ photons. Matter disappears and energy is produced. Two γ photons are
produced in order to conserve momentum.
Every particle has its antiparticle. These antiparticles are called antimatter. Antiparticles are
always oppositely charged, but have the same mass as their equivalent particle. They are denoted
as follows:
Antiproton: p
Antineutron: n
Antineutrino: ν
If a particle meets its antiparticle they will annihilate producing energy: e+ + e− → γ + γ
If the electron comes to rest before interacting with the positron, the energy equation for pair
annihilation is as follows: 2mc2 = hf + hf
Pair production: γ → e+ + e−
Pair annihilation: e+ + e− → γ + γ

Particle Accelerators

Cockcroft and Walton produced the first particle accelerator to split the nucleus. A particle
accelerator accelerates charged particles to high energies. If these particles collide then this extra
energy gets converted into new particles. Energy is converted into matter according to Einstein's
equation E = mc2. The original accelerators were linear accelerators (LINACs). However, these
had distance limitations and so circular particle accelerators called cyclotrons were developed.
One of the largest cyclotrons is in CERN in Switzerland.
Particles are accelerated by electric fields in two opposite directions and then collide at huge
speeds producing an array of new particles from the energy. The beams of particles are controlled
by magnetic fields.
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The Fundamental Forces of Nature
All particles in nature are subject to one or more of the four fundamental forces of nature.
The four forces are:
[A] Gravitational Force
[B] Electromagnetic Force
[C] Strong Nuclear Force
[D] Weak Nuclear Force
[A] Gravitational Force: This is a force of attraction between bodies with mass. It is a very
weak force and only becomes apparent when the masses are large. The force of gravity is
given by the formula:
MM
Fg = G 1 2 2
d
It is an inverse square law as the force is inversely proportional to the square of the
distance. It acts over an infinite range and is reponsible for holding the universe together.
It acts on all particles.
[B] Electromagnetic Force: Any particle with a charge exhibits this force. It is many times
stronger, 1040, than the gravitational force. It can either be attractive or repulsive depending
on the charges involved.
Like charges repel; unlike charges attract.
It acts over an infinite distance and like the gravitational force its strength is inversely
proportional to the distance squared. It is responsible for holding electrons and protons
together in atoms and molecules.
It acts on all charged particles.
[C] Strong Nuclear Force: This is the strongest force and is responsible for holding the
nucleus together. Even though it is very powerful it acts over a very short range, 10−15 m.
It acts on hadrons (see later).
[D] Weak Nuclear Force: This is another nuclear force that is weaker than the strong force
and acts over an even smaller range. It is even weaker than the electromagnetic force. It is
responsible for reactions involving β-decay.
It acts on all particles.
Increasing order of strength of the four forces
Gravitional force
Weak nuclear force
Electromagnetic force
Strong nuclear force
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The Particle Zoo
Particle accelerators produced hundreds of new particles like pions (π) and kaons (K). There were
so many it was called the particle zoo.
Eventually all these particles were classified into some kind of order.
First Division
Every particle is either a lepton or hadron. Hadrons feel the strong nuclear force, leptons do not.
At present, six leptons have been discovered:
Electron e−
Electron neutrino νe
Muon µ−
Muon neutrino νµ
Tau τ−
Tau neutrino ντ
They are truly elementary particles as they have no internal structure.
Second Division
Hadrons, particles that feel the strong force, are divided into baryons and mesons.
Baryons: The word baryon means heavy. These are particles equal to the mass of a proton or
heavier.
Examples: Proton p, Neutron n, Lambda Λ0, Sigma Σ+
Mesons: These are particle with masses between the electron and proton.
Examples: Pion π+ , Kaon K+
Hadrons have an internal structure. They are made up of quarks and antiquarks. There are six
different types of quarks [Formulae and Tables Book, page 49]. There are also six antiquarks.
Their charges are either ± 13 e or ± 23 e.
Six quarks:
Name

Six anti-quarks:
Symbol

Charge

Up

u

+ 23 e

Down

d

Strange

Name

Symbol

Charge

Anti-up

u

− 23 e

− 13 e

Anti-down

d

+ 13 e

s

− 13 e

Anti-strange

s

+ 13 e

Charmed

c

+ 23 e

Anti-charmed

c

− 23 e

Top

t

+ 23 e

Anti-top

t

− 23 e

Bottom

b

− 13 e

Anti-bottom

b

+ 13 e

Mesons are made up of any one quark and any one anti-quark.
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1. Pion
  ud (up and anti-down quarks)
Charge:  23  13  1

Physics Summary

2. Kaon
K   us (up and anti-strange quarks)
Charge:  23  13  1

Baryons are made up of any three quarks and antibaryons
are made up of any three antiquarks.
Examples
1. Proton
p = uud
Charge:  23  23  13  1
2. Neutron
n = udd
Charge:  23  13  13  0

3. Antiproton
p = uud
Charge:  23  23  13  1
4. Antineutron
n = udd
Charge:  23  13  13  0

Quarks are elementary particles that make up baryons and mesons. They were proposed by
American Physicist Murray Gell-Mann. He got the name from a quotation in James Joyce's
Finnegan's Wake: 'Three quarks for Muster Mark!'.
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Heat Summary
Definitions
Formulae
Demonstration experiments
Science, Technology and Society (STS)
Frequently Asked Questions (FAQ)
Experiments [H1−H4]
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Definitions
Temperature
Thermometric
Property
Specific Heat
Capacity
Latent Heat

The temperature of a substance is a number which expresses its degree of hotness on some chosen scale.
A thermometric property is a physical property of a substance whose
value varies continuously with the degree of hotness of the body.
The specific heat capacity of a substance is the amount of heat required to change the temperature of one kilogram of the substance by
one degree.
The heat energy which changes the state of a substance is called its
latent heat.

Specific Latent
Heat of Fusion

The specific latent heat of fusion of a substance is the amount of
heat energy required to change 1kg of the substance from a solid to a
liquid without any change in its temperature.

Specific Latent
Heat of
Vaporisation

The specific latent heat of vaporisation of a substance is the
amount of heat energy required to change 1kg of the substance from a
liquid to a gas without any change in its temperature.

Conduction

U-value

Convection
Radiation
Solar Constant

© The Academy

Conduction is the way in which heat travels through a substance from
one molecule to another without the movement of the molecules to
another part of the substance.
The U-value of a material is the rate that heat energy is conducted
through a square metre of the substance when there is a temperature
difference of 1oC between its sides.
Convection is the way in which heat is carried through a liquid or gas
by the movement of particles.
Radiation is the transfer of energy between two points by means of
electromagnetic waves.
The amount of energy falling per second on a unit area of the earth’s
atmosphere when the earth is at its mean distance from the sun is called
the Solar constant.
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Formulae
Kelvins

Formulae Book: Page 58

Specific Heat
Capacity

Formulae Book: Page 58

Heat Capacity

Formulae Book: Page 58

q (oC) = q (K) - 273·15
E = mc∆q
E: Heat energy (J)
m: Mass (kg)
c: Specific heat capacity (J kg−1 oC−1)
∆q: Change in temperature (oC)
E = C∆q
E: Heat energy (J)
C: Heat capacity (J oC−1)
∆q: Change in temperature (oC)

Specific Latent
Heat

Formulae Book: Page 58

Latent Heat

Formulae Book: Page 58

Demonstrations
Conduction

E = ml
E: Heat energy (J)
m: Mass (kg)
l: Specific latent heat (J kg−1)
E=L
E: Heat energy (J)
L: Latent heat (J)

To show the rates of conduction in different materials.
Two metals are heated from each end using a bunsen burner. Steel balls
are attached by wax to the other ends. The ball which falls off first is
attached to the better conductor of heat.
Iron

Copper
Steel ball

[B] To show water is a poor conductor of heat.
The water is boiling at the top while the ice remains unmelted at the
bottom of the test-tube.
Liquids and gases are in general poor conductors.
Gauze
Ice
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Convection currents in a liquid can be clearly seen if
a piece of potassium permangate is put at the bottom
of the above container. The potassium permangate
colours the water as it passes through it and so the
convection currents are made visible.
Convection currents also occur in a gas. This can
be demonstrated as follows: A smouldering rope
is held over a glass chimney. The candle heats
the air above it which expands and rises. The
smoke from the other chimney is carried down
by the air which moves into the partial vacuum
left behind. The smoke makes these convection
currents visible.

Smouldering rope

Candle

Science, Technology and Society (STS)
1. Practical Thermometers: Clinical thermometers are used to measure body temperature. It
has a narrow constriction so that when it is removed from a patient it remains at the original body
temperature. Cookers, ovens, boilers and car engines all have thermometers.
2. Storage Heaters
Storage heaters use bricks that have a very high specific heat capacity. These bricks are heated up
at night when the cost of electricity is very cheap. During the day they slowly re-radiate this heat.
3. Heat Pump
A heat pump is a device which removes heat energy from a cold body and transfers it to a
warmer body. This reverses the natural process.
A heat pump in a refrigerator makes use of this principle where energy is transferred from
the inside (cold) to the room (warm). The heat pump uses a liquid like freon which has a high
specific latent heat and a low boiling point (-30 C).
o

In a refrigerator freon is
pumped through a closed
system. The compressor
increases the pressure on the
freon gas in the pipes outside
the refrigerator. This liquefies
the gas. Its latent heat is
released. When the liquid
passes through the valve the
pressure on it is far less. It
vaporises to a gas absorbing
the necessary latent heat from
the inside of the refrigerator
thereby cooling it.
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Outside refrigerator
(warm body)

Inside refrigerator
(cold body)

Compressor

Liquid
vaporising

Vapour
liquefying

Valve
Vapour
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4. U-Values
Conduction of heat can take place in a body only when different parts of the body are at different
temperatures, and the direction of heat flow is always from points of higher to points of lower
temperature. This idea is important when designing houses to ensure they are well insulated.
Building materials have U-values which tell a builder how good these materials are at insulating
a house.
5. Domestic Hot Water Tank: The element in a kettle is near the bottom. The hot water near
the element rises to the top moving the colder water down where it gets heated. This causes an
automatic stirring of the water.
In an immersion heater there is a separate heating element for the sink and the bath. The
element for the sink is high up in the tank causing the water above it only to be heated. The
element for a bath is at the bottom of the tank causing all the water to be heated.
In houses, the back boiler in a fire heats up water which moves up to radiators upstairs causing
cooler water to flow down. The hot water circulates around the house.

6. Solar Heating
The simplest form of a solar heater is to have water flowing through thin pipes attached to Copper panels. The panels have a black matt finish to maximise their ability to absorb radiated heat.
The pipes pass into a heat exchanger. Solar panels are usually covered with glass which improves
their efficiency. Glass will only transmit a certain range of wavelengths in the electromagnetic
spectrum.
The radiation emitted by the sun is in the visible and infra-red region mainly. This is transmitted
through glass to heat the solar panel. The solar panel will re-radiate this heat but at a longer
wavelength as it is not very hot. Glass absorbs this radiation as the glass is opaque to these
wavelengths. Thus the heat is trapped. This is known as the greenhouse effect.
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Frequently Asked Questions on Heat
1. What is the difference between heat and temperature?
The temperature is the degree of hotness of a body whereas heat is the overall amount of internal
energy a body contains. For example, the temperature of a bucket full of warm water is lower
than that of a hot electric lamp filament, but the water contains a much larger quantity of internal
energy than the filament.
2. How is a thermometer calibrated?
Step 1. Select a thermometric property.
Step 2. Select two fixed points.
Step 3. Divide the interval between the fixed points (called the fundamental interval) into equal
subintervals.
Step 4. On graph paper plot the fixed points and draw a straight line through these points.
Step 5. The thermometer is put into contact with a substance whose temperature T we wish to
measure. Using the graph we can find out the temperature based of the height.
3. Why is it necessary to have a standard thermometer?
Thermometers based on different properties give different values for the same temperature, except
at the fixed points where they must agree by definition. The non-linearity in expansion rates of
different substances gives rise to discrepancies.
One type of thermometer based on one scale of temperature would have to be chosen as a standard.
The standard thermometer chosen can be any thermometer on which we all agree. For example, we
use a commercial laboratory mercury-in-glass thermometer as a school standard.
4. Name 3 types of thermometer and state the thermometric property on which they are based.
[A] Thermocouple: When the two junctions are kept at different temperatures, an EMF is
generated in the circuit and a current flows.
[B] Platinum Resistance Thermometer: Resistance changes with temperature.
[C] Constant-volume gas thermometer: If the volume of a fixed mass of gas is kept constant, its
pressure changes appreciably when the temperature changes.
5. Give the equation that defines temperature on the Celcius scale.
q (oC) = q (K) - 273·15
6. Suggest a reason why an ordinary laboratory mercury thermometer would not be suitable
for measuring a patient’s temperature in a hospital.
A clinical thermometer contains a constriction that prevents the height of mercury falling
when the thermometer is removed from the patient - an ordinary thermometer does not have a
constriction.
7. Name the 3 methods by which heat is transferred.
Convection, conduction and radiation.
8. Explain why the U-value of a material is reduced by adding insulation to it.
The U-value is a measure of the energy per second passing through a square metre of the
material when there is a 1 oC temperature difference between each side of the material. If
insulation is added to the material the rate of energy loss is reduced.
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9. Why is the human body cooled by perspiring?
Water on your skin absorbs energy cooling your body. This provides the latent heat needed for
the water to evaporate from your skin.
Frequently Asked Questions on Heat Experiments
H1: Experiment to calibrate a thermometer (thermocouple)
H2: Experiment to measure the specific heat capacity of a solid and a liquid
H3: Experiment to find the specific latent heat of fusion of ice
H4: Experiment to find the specific latent heat of vaporisation of steam
1. How is the mass of ice and the mass of steam found in H3/H4?
The ice/steam is added to the water in a calorimeter. After carrying out the experiment, the
mass of the water in the calorimeter is measured. By subtraction the mass of ice/steam can be
calculated.
2. In H3 what was the advantage of having a room temperature approximately halfway
between the initial temperature of the water and the final temperature of the water?
There will be approximately the same amount of heat entering and leaving the water from the
surroundings during the experiment. These effects will cancel each other.
3. In H3, explain why warm water was used.
Using warm water means that a large mass of ice can be melted causing a large change in
temperature. This reduces the percentage error of the resulting calculation.
4. In H4, explain why cold water was used.
Using cold water means that a large mass of steam can be condensed causing a large change in
temperature. This reduces the percentage error of the resulting calculation.
5. In H3, why was the ice dried? How is ice dried?
Melted ice has already lost its slh to the surroundings but our calculations assume that only ice
(not water) was added to the calorimeter.
Put the ice on filter paper before putting it into the water.
6. In H4, why was the steam dried? How is steam dried?
Condensed steam has already lost its slh to the surroundings but our calculations assume that
only steam (not water) was added to the calorimeter.
Use a water trap.
7. In H2 explain why using a larger mass of the liquid while supplying the same amount of
energy might have produced a less accurate result.
The rise in temperature would be less increasing the percentage error.
8. In H4/H3/H2 a thermometer with a low shc was used to ensure accuracy. Explain why.
A thermometer with a low shc absorbs little or no heat from the water. Our calculations assumed
that no energy is transferred to the thermometer.
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H1: Experiment to calibrate a thermocouple

312

Digital Multimeter
Thermometer

Hot water
Lid

Ice
Thermocouple

Lagging
Beaker A

Beaker B

o

Temperature q ( C)
Voltage V (mV)

A thermocouple consists of 2 different metal
wires joined at each end. When the junctions are
V (mV)
at different temperatures a thermoelectric EMF is
generated whose magnitude is determined by the
temperature difference. A thermocouple can thus be
used to measure temperature. One junction is kept
at 0oC and the other at a point whose temperature is
to be measured. A graph of galvanometer reading
against the temperature difference is the calibration
graph. It may be used to give the temperature of
the hot junction when the galvanometer reading
produced by it has been noted.

θ (o C)

Experimental Detail including sources of error and precautions
1. Stir the water in beaker B continuously to ensure uniform heating of the water so that
the mercury thermometer and the junction are at the same temperature throughout.
2. Heat slowly so that the hot junction and mercury thermometer are at the same
temperature at all times and the mercury thermometer readings are not changing rapidly.
3. A calibration curve can be drawn for any other thermometer (resistance, thermistor,
alcohol) using a mercury thermometer as the standard.
4. To measure the temperature of another body, place junction B in contact with the body
whose temperature is to be found. Measure the voltage V. Find the corresponding
temperature q from the calibration curve.
5. If the multimeter does not read zero when both junctions are in melting ice then there is
a zero error which should be subtracted from subsequent readings.
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H2: Experiment to measure the specific heat capacity of [a] a solid and [b] a liquid.
[A]

The specific heat capacity of the metal is calculated from the formula:
H = V × I × t = m × c × θ , where c denotes the specific heat capacity.
[B]

The specific heat capacity of liquid c is calculated from the formula:
=
H VIt
= (mcθ )l + (mcθ )cal .
l

Experimental Detail including sources of error and precautions
1. The main source of error is heat loss from the block or liquid. This can be reduced by:
(a) placing the calorimeter or block in a lagging jacket (reduces conduction losses),
(b) polishing the calorimeter or block (reduces radiation losses),
(c) placing a cover on top of calorimeter or block (reduces convection losses).
2. Keep the current constant throughout the experiment.
3. Stir regularly and take the final steady temperature in the case of the liquid. With the solid
put some oil in the hole used by the thermometer. This improves the thermal contact.
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H3: Experiment to find the specific latent heat of fusion of ice.

Calculate the specific latent heat of fusion of ice l from the formula:
(mcθ ) w + (mcθ )cal= (mice × l ) + (mice × cw × θ 2 )
The units of l are J kg-1.
Experimental Detail including sources of error and precautions
1. Heat losses should be reduced by insulating the calorimeter. This can be reduced by:
(a) placing the calorimeter or block in a lagging jacket (reduces conduction losses),
(b) polishing the calorimeter or block (reduces radiation losses),
(c) placing a cover on top of calorimeter or block (reduces convection losses).
2. Use warm water to melt the ice. This speeds up the entire process and also reduces heat
loss from the calorimeter when it is above room temperature which approximately equals
the heat gained by the calorimeter when its temperature goes below room temperature.
3. Enough ice must be used to ensure a large fall in temperature, ~ 10 oC. Bigger temperature
differences give smaller percentage errors.
4. An accurate thermometer should be used (e.g. a digital thermometer to an accuracy of
0.1 oC).
5. The ice must be dry. This is to ensure that the total mass of ice which is found at the end
has all been melted by the hot water.
6. The ice should be crushed. This ensures that all of the ice is at oC.
7. The assumption that the ice is at 0 oC may be wrong if there are impurities in it.
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H4: Experiment to find the specific latent heat of vaporisation of steam.

Water trap (Steam trap)
Safety tube
Delivery tube
Digital
Thermometer

Condensed water
Stirrer

Flask
Lagging
Warm water
Calorimeter

Hot Plate

Calculate the specific latent heat of vaporisation of water l from the formula:
(mcθ ) w + (mcθ )=
(mSteam × l ) + (mSteam × cw × (100 - θ 2 ))
cal
The units of l are J kg-1.
Experimental Detail including sources of error and precautions
1. Heat losses should be reduced by insulating the calorimeter. This can be reduced by:
(a) placing the calorimeter or block in a lagging jacket (reduces conduction losses),
(b) polishing the calorimeter or block (reduces radiation losses),
(c) placing a cover on top of calorimeter or block (reduces convection losses).
2. The water trap ensures that any water formed by condensation in the tubes does not
enter the calorimeter, i.e. all the heat gained in the calorimeter comes from steam
condensing and cooling in it.
3. The temperature of the steam is assumed to be 100 oC and so a thermometer should
be placed in the flask to ensure this.
4. The water trap ensures that any water formed by condensation in the glass tubes does
not enter the calorimeter, i.e. all the heat gained by the water and calorimeter comes
from pure (dry) steam condensing and cooling in the water in the calorimeter. The
calculation assumes this.
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Demonstration experiments
Proofs
Science, Technology and Society (STS)
Experiments [M3-M8]
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The displacement of a body is the distance a body is in a certain direction from a fixed point.

Velocity

The velocity is the rate of change of displacement.

Acceleration

The acceleration is the rate of change of velocity.

Scalar

A scalar is a physical quantity that is specified by size only.

Vector

A vector is a physical quantity that requires size and direction with
appropriate units for its complete specification.

Momentum

The momentum of a body is the mass multiplied by the velocity.

Force

A force is anything that has the potential to change the acceleration of a
body.

Newton’s 1st. Law

Newton’s first law of motion states that a body will remain at rest or
continue to move at a steady speed in a straight line unless acted on by a
force.

Newton’s 2nd. Law

Newton’s second law of motion states that the rate of change in momentum of a body is directly proportional to the size of the force acting
on it and is in the same direction as the force.

Newton

One Newton is that force which produces in a body of mass 1 kg an
acceleration of 1 metre per second squared.

Newton’s 3rd. Law

Newton’s third law of motion states that when bodies interact they exert equal but opposite forces on each other, i.e action is equal but opposite to reaction.

Weight

The weight of a body is the force which pulls a body towards the centre
of another massive body, e.g. the earth.

Conservation of
Momentum

The Principle of Conservation of Momentum states that in any closed
system the total momentum of the system is conserved in any direction
in which no external forces act.

Work
Energy
Kinetic Energy
Gravitational
Potential Energy
© The Academy

Work is the force multiplied by the distance moved by the point of
application of the force.
The Energy of a body is its capacity to do work.
The Kinetic Energy is the work done on a body in bringing it to rest.
The Gravitational Potential Energy is the work done on a body in
moving it from one level to a higher level in a gravitational field.
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Newton’s Law of
Gravitation

Angular Velocity
Centripetal
Acceleration
Centripetal Force
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Power is the rate at which work is done or the rate at which energy is
converted from one form into another.
Newton’s Universal Law of Gravitation states that the force of attraction between any two masses is directly proportional to the product
of the masses and inversely proportional to the square of their distance
apart.
Angular velocity is the rate of change of angular displacement.
For a body moving in a circle the centripetal acceleration is that acceleration acting at right angles to the velocity and towards the centre of
the circle.
Centripetal force is the force acting at right angles to the velocity of
the particle and towards the centre of a circle reponsible for keeping it
moving in a circle.

Periodic Time

Periodic Time is the time to complete one full revolution (orbit).

Frequency

Frequency is the number of revolutions traced out in one second.

Moment of a Force

Lever
Couple
Moment of a
Couple
Density
Pressure

The moment of a force about a point is the size of the force multiplied
by the perpendicular distance from the point to the line of action of the
force.
A lever is a rigid body which uses a point (fulcrum) to transfer the work
done by one force (effort) at one point to a load at another point.
A couple of forces consists of two equal but opposite forces which are
not in the same straight line.
The moment of a couple is obtained when one of the forces is multiplied by the perpendicular distance between the lines of action of the
two forces.
The density of a substance is its mass per unit volume.
The pressure is the force per unit area.

Archimedes
Principle

Archimedes Principle states that when a body is partly or wholly
immersed in a fluid, the upthrust (buoyant force) is equal to the weight
of the fluid displaced and acts up through the centre of gravity of the
displaced fluid.

Law of Flotation

The Law of Flotation states that a floating object displaces a weight of
fluid equal to its own weight.
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Boyle’s Law states that for a given mass of gas at constant temperature the
pressure is inversely proportional to the volume.
Hooke’s Law states that for an elastic string or spring the restoring force
is directly proportional to the displacement.
Simple Harmonic Motion is motion in a path in which the acceleration is
proportional to the displacement of the mass from the equilibrium position
and is in the opposite direction.

Formulae
Equations of Motion
Formulae Book: Page 50

v  u  at
s  12 (u  v)t
s  ut  12 at 2
v 2  u 2  2as

Momentum
Formulae Book: Page 51

Newton’s Second Law
Formulae Book: Page 50

Weight

Formulae Book: Page 56

Work

Formulae Book: Page 55

Kinetic Energy

Formulae Book: Page 55

Potential Energy

Formulae Book: Page 55

Power

Formulae Book: Page 55
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p = mv

F = ma

u = initial velocity (m s–1)
v = final velocity (m s–1)
a = acceleration/deceleration (m s–2)
t = time (s)
s = displacement (m)

p: Momentum (kg m s–1)
m: Mass (kg)
v: Velocity (m s–1)
F: Force (N)
m: Mass (kg)
a: Acceleration (m s–2)

W  mg  m  9  8 (on earth)

W: Work (Joule J)
F: Force (N)
s: Distance (m)

W = Fs

EK = 12 mv 2

EP = mgh

P=

W
t

W: Weight (N)
m: Mass (kg)
g: Acceleration due to gravity (m s–2)

EK: Kinetic Energy (J)
m: Mass (kg)
v: Velocity (m s–1)
EP: Potential Energy (J)
m: Mass (kg)
g: Acceleration due to gravity (m s–2)
h: Height (m)

W: Work done or energy
converted (J)
t: Time (s)
P: Power (J s–1 = Watt (W))
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F =G

M 1M 2
d2

F: Force (N)
M1, M2: Masses (kg)
d: Distance between the bodies (m)
G: Universal Constant of Gravitation (N m2 kg-2)
M2
M1
d
F

Acceleration due to
Gravity at a distance r
Formulae Book: Page 56

F

g: Acceleration due to gravity (m s-2)
M: Mass (kg)
d: Distance (m)
G: Universal Constant of Gravitation (N m2 kg-2)

GM
g= 2
d

F
M

g

m

d

R

Density of the Earth

Relationship between
linear and angular
velocity

Formulae Book: Page 51

Centripetal
Acceleration
Formulae Book: Page 51

Centripetal Force
Formulae Book: Page 51

Periodic Time

Formulae Book: Page 54
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3M
D
4 R 3
v  r

D: Density (kg m-3)
M: Mass of the body (kg)
R: Radius of the sphere (m)

v: Velocity (m s-1)
r: Radius (m)
w: Angular velocity (rad s-1)

v2
a   r 2
r

a: Centripetal acceleration (m s-1)
v: Velocity (m s-1)
r: Radius (m)
w: Angular velocity (rad s-1)

mv 2
F  ma 
 mr 2
r

2 r 2
T


v

F: Centripetal force (N)
v: Velocity (m s-1)
r: Radius (m)
w: Angular velocity (rad s-1)
m: Mass (kg)

P: Periodic Time (s)
v: Velocity (m s-1)
r: Radius (m)
w: Angular velocity (rad s-1)
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=
v

=
T

GM
=
d

gR 2
d

2π d
d3
d3
= 2π
= 2π
v
GM
gR 2

v: Velocity of the orbiting body (m s–1)
G: Universal Constant of Gravitation (N m2 kg–2)
M: Mass of the central body (kg)
d: Distance between the two bodies (m)
R: Radius of the central body (m)
g: Acceleration due to gravity on surface of body (m s–2)
T: Periodic Time (s)
Moment of a Force

Formulae Book: Page 54

Density

Formulae Book: Page 57

Pressure

Formulae Book: Page 57

M  F d



m
V

F
P=
A

r: Density (kg m–3)
m: Mass (kg)
V: Volume (m3)
P: Pressure (N m–3 or Pascal Pa)
F: Force (N)
A: Area (m2)

P   gh

Gas Laws

Simple Harmonic
Motion

PV
1 1 = PV
2 2

a   2 s

Formulae Book: Page 54

Periodic Time

Formulae Book: Page 54
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T=

M: Moment of force (N m)
F: Force (N)
d: Perpendicular distance to the line of action of the force

1 2π
=
f
w

P: Pressure (Pa)
r: Density (kg m–3)
g: Acceleration due to gravity (m s–2)
h: Depth (m)
P1: Pressure of the gas in situation 1
V1: Volume of the gas in situation 1
P2: Pressure of the gas in situation 2
V2: Volume of the gas in situation 2
a: Acceleration (m s–2)
s: Displacement (m)
w: Constant
P: Periodic Time (s)
f: Frequency (Hz)
w: Angular velocity (rad s–1)
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Demonstrations
Centripetal Force

Archimedes
Principle

Law of Flotation

Atmospheric
Pressure

© The Academy

If a weight (brick, rubber bung) is
whirled around on the end of a piece
of string the centripetal force is felt
as the tension in the string which
keeps it moving in a circle. If the
string is released, the brick would fly
off at a tangent.

v
T

Brick

1. Weigh the glass block.
2. Weigh the beaker.
3. Immerse the block in water. Read off the weight of block in
water on the spring balance.
4. Find the weight of displaced water.
Difference in the weight of the block = Weight of water

1. Weigh a wooden block which floats.
2. It displaces a certain volume of water. Weigh the
displaced water.
Weight of block = Weight of displaced water
Put some water in a can and heat to boiling. When steam is gushing
out for a few minutes turn off the heat and screw the cap firmly back
on. After a few seconds the can collapses due to the pressure of the
atmosphere.
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Proofs
1. Equations of Motion
a

Change in velocity v  u

 v  u  at
t
Time

Average velocity =

v  u  at

s (u  v)

 s  12 (u  v)t
t
2

s  12 (u  v)t

Substituting 1 into 2 gives:
(u  u  at )t 2ut  at 2
s

 ut  12 at 2
2
2

s  ut  12 at 2

Squaring 1 gives:
v 2  u 2  2uat  a 2t 2  v 2  u 2  2a (ut  12 at 2 )  u 2  2as

v 2  u 2  2as

2. Newton’s Second Law
The rate of change in momentum of a body is directly proportional to the size of the force
acting on it and is in the same direction as the force.
mv  mu
km(v  u )
⇒F 
 kma
t
t
In this system of units F = 1 when a = 1 and m = 1 leading to: F = ma
F∝

3. Relationship between Linear Velocity and Angular Velocity
If the particle goes from c to d in time t:
s
 
s  r   r    v  r
t
t
v  r
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D

v: Velocity (m s-1)
r: Radius (m)
w: Angular velocity (rad s-1)

s

r

θθ
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4. Variation of g with height
GMm
d2
The body m falls with acceleration g and so by
Newton’s second Law of Motion F = mg.
By Newton’s Law of Gravitation F =

F 

F

g

m

d

M

R

GMm
GM
 mg ⇒ g  2
2
d
d

5. Periodic Time of a Satellite
1. The force of attraction between two bodies of mass m
and M is given by: F =

GMm
d2

m

2. By Newton’s second law of motion: =
F ma
=

mv 2
d

GMm mv 2
GM

⇒v
2
d
d
d
T 

v

d
M

F

R

2π d
d
d3
 2π d
 2π
v
GM
GM
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Science, Technology and Society (STS)
1. Athletics
The v-t profile of a 100 m sprinter is
interesting. Ideally she should accelerate out of the
blocks at her maximum acceleration up to her
maximum speed and then maintain this all the
way to the tape.
2. Stopping distance (d)
(i) The stopping distance, d, for a vehicle after the brakes of a car have been applied

u2 
depends on the initial speed of the car and the deceleration  d 
 . It also depends on
2a 

		

the condition of the road and of the car.

(ii) The actual distance depends on the reaction time of the driver (0∙2 s – 0∙6 s) and the
rate at which the brakes are applied by him.
3. g’s of force
During take-off in an aeroplane you experience the back of your seat exerting a force of
0.2 g (1.96 N) on you. The reaction force is the same force you exert against the seat. So you
experience a force of being pushed back against the seat.
A jet pilot diving in a circle pulls so many ‘g’s of force’ equal to the centripetal acceleration.
At about 10 g’s a pilot would blackout because the force causes a lack of blood flow to the
brain.
On a roller-coaster you would experience less than 3.5 g’s. Otherwise, you would get really
frightened.
4. Air resistance
All dead objects fall at the same acceleration in the absence of air resistance. For a falling
object air resistance opposes the acceleration due to gravity but increases with velocity.
So when an object falls in air it
(i) initially accelerates due to gravity,
(ii) the air resistance increases as the velocity of the body increases,
(iii) at a certain stage therefore the resistance forces become equal to the weight and the
velocity achieved at this point is maintained - it has reached its terminal velocity.
Parachutists use air resistance in a big way. The large area presented by the parachute can
result in a terminal velocity of 5 m s−1 to 10 m s−1 (50 m s−1 if it doesn’t open - splat).
5. Friction
[A] Walking, driving, writing, picking up, cleaning. We often want to increase friction to
prevent slipping - sand on icy roads to increase traction.
[B] Braking: Jamming on brakes can make the tyres lock - they slide, not roll - less
friction....
[C] Reducing friction (lubricating): Machine parts are lubricated (oil and grease) to allow
them to move more freely, lessens wear, reduces maintenance and expenditure.
Examples: Ice hockey, car engines, wheels, ball bearings, rollers.
Skidmark forensics: From the length of skidmarks following a car crash, the speed of the
car before braking can be estimated.
© The Academy
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Change in momentum m(v  u )

F
t
t
 Change in momentum  F  t  Force  Time

[A] Maximising change in momentum: A big change in momentum means a big force and
a big contact time.
Follow through: Hitting (golf) or kicking a ball using “follow through”. This gives a bigger
contact time with the ball increasing the change in momentum and so the ball travels faster
and further.
[B] Minimising force
Change in momentum
F=
Time
Minimising force means maximising contact time over which the change in momentum takes
place.
Examples
1. Catching a ball in cricket by moving your hand with the ball. Increase the contact time
over which the momentum goes to zero. The force is therefore reduced.
2. Bend your knees on landing on the ground when jumping off a wall.
3. Using soft sand in the long jump increases the time a jumper comes to rest.
7. Car safety
When a car collides it stops instantaneously. By Newton I the driver continues to move into
the steering wheel and column and the passenger through the windshield.
[A] Seat belts: The restraining force increases as it stretches. Seatbelts absorb energy by
stretching and spread the force over a wide area to reduce pressure.
[B] Air bags: If the car is moving too fast on collision there may be too much energy for the
belts to absorb. The air bag inflates automatically increasing the contact time and so reducing
the impact force. A large bag means the force is spread over a greater area of the body.
[C] Car design
(a) Shock absorbing bumpers.
(b) Front and back crumple zones which collapse slowly on collision absorbing kinetic
energy.
(c) Safety cage - strong so that its inertia makes it stop more slowly than the crumple zones.
(d) Side impact bars.
[D] Head restraints: If you are hit from behind your head tends to stay in the same place
while your body tends to move forward causing severe damage to the top of the spine. Head
restraints can prevent this by pushing your head forwards so that your whole body moves
forwards as one.
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8. Explosions
[A] Skateboards: If you jump off your skateboard this is an explosion as you go one way,
the skateboard flies off the other way (PCM).
[B] Jet Propulsion: An inflated balloon with the neck open is driven around in a zig-zag
fashion by the escaping air. The balloon exerts a force on the air and so by NIII the air exerts
an equal but opposite reaction force on balloon.
Examples. Squid, octopus, jet, rocket gun.
[C] Rifle recoil: The bullet receives a momentum mv and the gun receives the opposite
momentum by PCM - recoil.
[D] Rocket propulsion: The thrust is caused by continuously expelling the gas at high
pressure from burning fuel at the rear of the rocket. By NIII there is an equal but
opposite force continuously on the rocket and by PCM its momentum continuously
increases - it accelerates.
As the mass of the rocket decreases, by NII, it accelerates. A rocket carries its own
supply of oxygen (liquid) and fuel (liquid hydrogen).
[E] Jet engine: A jet engine uses the surrounding air for its oxygen supply. The compressor
draws in air at the front, compresses it, fuel (paraffin) is injected and the mixture burns to
produce hot exhaust gases which escape at high speed from the rear. These cause forward
propulsion and drive the turbine which in turn rotates the compressor.
9. Energy
(a) Lifts/Escalators use electrical energy to change the potential energy of the passengers.
(b) Sources of Energy (Power)
[A] Renewable sources: Sources of energy which don’t run out
		 Examples: Solar energy, hydroelectric power, wind power, wave power, biofuels, tidal
and geothermal energy.
[B] Non-renewable sources: Sources of energy which eventually run out.
		 Examples: Fossil fuels (coal, oil, natural gas), nuclear fuels (Uranium).
(c) Efficient use of energy in the Home
[A] Attic Insulation: Up to one-third of heat loss from the home is through the roof. Use
insulation material.
[B] Hot water cylinder (tank): Insulate pipe and tank using lagging jacket.
[C] Low energy lighting: Compact fluorescent lights (CFL) use 80% less energy than
ordinary bulbs (last 8 times longer).
[D] Water heating: Have showers rather than baths. Use economy programmes and cool
washes in washing machines.
[E] Energy efficient appliances: Jet spray machines use less water and so less electricity to
heat.
[F] Heating Systems and Heaters: Thermostats turn heat on and off. Storage heaters use
hight rate electricity.
[G] Draught-proofing: Use draught excluders on doors and windows.
[H] Double Glazing of windows: Reduces heat loss, condensation and noise.
[I] Curtains: Reduces heat loss through windows.
[J] Energy-efficient cooking: Boil water in the kettle instead of on the hob. Use a toaster
instead of the grill. Use microwaves for thawing and reheating.
[K] General: Switch off appliances and lights when not in use. Reduce central heating
settings in Summer. Use dimmer switches on lights.
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(d) Power of Devices
Most electrical devices have a power rating (e.g. 60 W bulb) which is the rate at which
electrical energy is converted into other forms of energy when connected to a 240 V
voltage supply. Appliances are tagged with their power ratings as voltage and power
(60 W, 240 V) or voltage and current (240 V, 300 mA, P = IV).
Bulbs: In incandescent bulbs 5% of electrical energy is converted into visible light. The
rest is heat and infra-red radiation.
Motor: 70-95% of electrical energy is converted into mechanical energy. The rest is
heat. For a gas combustion engine the efficiency is less that 15%.
(e) Sun
Nuclear fusion is the source of energy for stars including the Sun. Hydrogen (H) is fused
into Helium (He) in a process known as Proton-Proton cycle. In the central 10% of the Sun’s
mass 657 million tons of H are converted into 653 million tons of He per second. The lost 4
million tons per second is converted into radiant gamma rays by E = mc2. The gamma rays
lose energy on their way to the surface and are mainly emitted as visible light.
10. Solar System
The force of gravity keeps the planets of the solar system orbiting the sun.
11. Weightlessness and artificial gravity
A freely falling body is weightless. The conditions for weightlessness can be created
artificially in a plane the flies to a certain height and then starts falling. This is used in the
training of astronauts.
12. Presence of the atmosphere
The force of gravity keeps the atmosphere attached to the Earth. The force of gravity is too
weak on the moon to hold onto an atmosphere.
13. Satellites and Communications
It takes 24 hours for the Earth to rotate about its axis. If a satellite in orbit above the Earth
has the same periodic time (24 hours), it will remain constantly at the same point above the
Earth. It is in a geostationary orbit. Most communication satellites are geostationary allowing
a particular region to obtain uninterrupted TV coverage.
14. Levers
Opening a door
A door is a lever rotating about the hinges. It is easier to close a door by applying the force at
the furthest point from the hinges.
Taps, handle-bars on Bicycles
Two equal but opposite forces are applied to taps and the handle-bars (a couple) to produce
pure rotational motion.
Moving coil meters, motors
In electrical meters and motors there is a magnetic couple on a current carrying coil which
rotates.
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15. Equilibrium
Dynamic Equilibrium
A body moving at a constant linear and/or angular speed is in dynamic equilibrium. An example
of a body in dynamic equilibrium is an object rolling without slipping on a level surface with
the centre of mass having a constant velocity.
Static Equilibrium
A body in static equilibrium is completely at rest.
16. Hydrometer
This is a device based on the Law of Flotation for measuring the densities of liquids. The
hydrometer floats in the liquid whose density it is measuring. The more dense the liquid the
smaller the volume displaced and the more the stem is above the surface of the liquid. The
density can be read off the scale at the level of the liquid surface.
Uses:
[A] To check the density of the acid in a car battery.
[B] To measure the density of milk in dairies - the density is lower as the percentage of fat
increases.
17. Pressure
Atmospheric pressure and Weather
Falling pressure indicates that the weather is likely to become cloudier and wetter while rising
pressure indicates the arrival of finer and drier weather.
The “bends” in diving
The bends is a painful, crippling and sometimes fatal affliction of divers. Because of increased
pressure underwater the nitogen in their air tanks goes into solution in the blood. As the diver
returns to the surface the nitrogen comes out of the blood as bubbles which can clog veins
18. Everyday examples of Simple Harmonic Motion
A pendulum consists of a point mass (the bob) suspended by a light string. It oscillates in a
vertical plane under the force of gravity.
An oscillating spring.
The prongs of a vibrating tuning fork.
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Mechanics 3: Experiment to verify Newton’s second law of
motion.
Data Logger

Motion Sensor

Car

Light thread

Pulley

Linear Track
Stopper
Weights on holder

F (N)
a (m s-2)
F (N)

a (m s -2 )
Experimental details including sources of error and precautions
1. Ensure the linear air track is horizontal to eliminate the effect of gravity using the levelling
screws and spirit level.
2. The air cushion reduces the effect of friction.
3. Avoid the error of parallax when measuring the length l of the card and the distance s
between the phototiming gates using the metre stick.
4. Make sure the thread is horizontal.
5. Ensure the rider starts from rest.
6. Repeat each run a few times to get an average value for the acceleration a for each force F.
7. Use a frictionless pulley.
8. Use an opaque card.
9. Ensure the mass of the weights and holder are much smaller than the mass of the rider.
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Mechanics 4: Experiment to verify the principle of conservation
of momentum.
Data Logger

Motion Sensor
Car A

Car B

Linear Track
Stopper

Results
Mass of car A: m1 =

kg

Mass of car B: m2 =

kg

1st. Push

2nd. Push

3rd. Push

4th. Push

u (m s-1)
v (m s-1)
Calculation
1st. Push

2nd. Push

3rd. Push

4th. Push

Mass Before m1 (kg)
Velocity Before u (m s-1)
Momentum Before m1u (kg m s -1 )
Mass After (m1 + m2) (kg)
Velocity After v (m s-1)
Momentum After (m1  m2 )v (kg m s 1 )
Experimental details including sources of error and precautions
1. Ensure the linear air track is horizontal to eliminate the effect of gravity using the levelling
screws and spirit level.
2. The air cushion reduces the effect of friction.
3. Avoid the error of parallax when measuring the length of the card using the metre-stick.
4. Use an opaque card.
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Mechanics 5: Experiment to measure the acceleration due to
gravity g by free fall.
Steel Ball

Switch K
Electromagnetic Solenoid

Plumbline

0 5 1 3

s
Start

Timer
Stop

Impact Plate

Distance s (m)
Time t (s)
t2 (s2)
The slope of the graph is
t2 2
2
 g
.
s g
Slope

t2 (s2)

s (m)
Experimental details including sources of error and precautions
1. Repeat the experiment several times for one height. Always choose the lowest time rather
than the average time.
2. A plumbline should be used so that the impact plate is centred under the steel ball.
3. Measure the distance from the bottom of the ball to the impact plate. Avoid the error of
parallax when measuring the distance using a metre stick.
4. Larger distances of fall are better than smaller distances as the percentage error in the time
of the fall is reduced as the times are longer.
5. Use a millisecond timer for maximum accuracy.
6. Ensure there are no external forces like draughts during release.
7. There is an error in timing when switching off the electromagnet. Two problems may exist:
(i) the ball moves a small distance before the timer is activated,
(ii) the ball may not start from rest as there may be a slight deceleration due to residual
magnetism.
Placing a piece of paper between the ball and the electromagnet helps overcome these
problems.
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Mechanics 6: Experiment to verify Boyle’s law.

Volume V

P (Pa)

Volume scale
3
graduated in cm

Pressure gauge (Bourdon gauge)
Valve A
To pump
Reservoir of oil

1
(cm -3 )
V

Pressure P (Pa)
Volume V (cm3 )
1
cm -3
V
Experimental details including sources of error and precautions
1. Wait a short time before taking a reading in order for the pressure and temperature
to become uniform in the gas volume and the temperature to come back to room
temperature, i.e. constant temperature.
2. Do not increase the pressure so that the density of the gas increases to too high a value.
This is because at high values of pressure the gas departs from ideal gas behaviour.
Boyle’s law only holds for ideal gases or real gases at low pressure.
3. Ensure that the temperature of the surroundings does not change appreciably.
4. Be careful when reading the volume of the enclosed gas. Make sure your eye is level
with the horizontal which passes through the top of the oil meniscus.
5. Avoid the error of parallax in reading from the pressure scale and the volume scale.
6. Release the gas pressure slowly.
7. Ensure that the pressure gauge reads an atmospheric pressure of 1 × 105 Pa when valve
A is fully opened. If the gauge reads zero then you must add the atmospheric pressure
of 1 × 105 Pa to each result on the gauge.
8. Do not exceed the safety limit on the pressure gauge.
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Mechanics 7: Experiment to investigate the laws of equilibrium
for a set of coplanar forces.
Retort stand

Spring
balance
A
Metre stick

Spring
balance
B
c

Weight 1

Weight 3

Weight 2

Weight 4

Weight of stick

Calculation
1. To show the resultant force on the stick is zero:
Add the upward forces and the downward forces. Show upward force = downward force.
2. The moment of a force is the force multiplied by the distance from the fulcrum. By choosing
a certain point o calculate the sum of the clockwise moments and the sum of the anticlockwise moments about this point. Show that the sum of the clockwise moments equals the
sum of the anticlockwise moments or the sum of all the moments is zero.
Moments [Clockwise moments are negative and anti-clockwise moments are positive.]
Force × Distance from o = Moment of Force
Experimental details including sources of error and precautions
1. Spring balances should be vertical to give correct readings for the upward force. If they are
not vertical you get frictional and other forces coming into play. If any force is not
perpendicular to the metre stick, the perpendicular distance used to calculate the moment
about a point cannot be read off the metre stick directly and it is the vertical component of
the force that must be multiplied by the distance to the point.
2. The metre stick should be horizontal for the same reasons.
3. Find the centre of gravity of the metre stick. Do not assume it is at the 50 cm mark. Calculate
the centre of gravity as follows: The metre stick is placed on a straight edged pivot P and
moved until it is exactly horizontal. The point of contact of the stick with the pivot is marked
c. This is the centre of gravity.
c

4. You can take moments about any point.

Pivot P

5. Avoid the error of parallax when measuring distances along the metre stick.
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Mechanics 8: Experiment to investigate the relationship
between the period and length for a simple pendulum and hence
the calculation of g.
The slope of the graph is given by

Cork
Clamp

Thread

:

Retort stand

Slope 

T 2 4 2
4 2

g
l
g
Slope

T 2 (s 2 )
l
C

B

Bob

l (m)
Length l (m)
Time T (s)
T2 (s2)
Experimental details including sources of error and precautions
1. Measure the length l of the pendulum from the point of suspension at the bottom of the cork
to the centre of the bob. A definite point of suspension can be achieved by passing the thread
through a slot in a piece of cork and making sure the slot is vertical.
2. Set the pendulum swinging through a small arc (not more than 10o). This is because the
pendulum formula is an approximation which holds only for small angles of less than 10o.
3. Errors occur in timing especially due to reaction times at the start and finish of timing. Taking
many oscillations reduces these errors. When measuring the periodic time count the time for
say 30 oscillations and hence, find the time for one oscillation. When counting the
oscillations remember to say zero when the stop-watch is started, for if you start at ‘one’ and
stop at ‘30’, only 29 oscillations will have been timed.
4. Vary the length of the pendulum between 1 m and 0.3 m but do not go beyond these limits.
Lengths exceeding 1 m are difficult to measure accurately. If lengths are shorter than 0.3 m
the percentage errors in measuring length become significant.
5. Use a light thread and a dense pendulum bob to reduce the
effects of air resistance.
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6. Avoid the error of parallax when measuring the length of the
string using a metre stick.
7. Length of the pendulum l = s + r.
Measure s with a metre stick and r with vernier callipers.

s
l

r

Bob
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