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Preface

This Grade 9th Physics textbook, crafted in accordance with the National Curriculum Council's
guidelines, is a comprehensive educational tool. Its key features include:International Standards
Compliance: Incorporates the International System of Units (SI) and sc e t1ﬁ i lature. Emphasized
Key Concepts: Key statements, definitions, and equations highli ase-of study.Real-Life Visuals:
Includes images and diagrams connecting ("& fé\E\{/tscenarlos Additional Information:
Provides extra facts and insights fo ‘ Significant Figures Focus: Offers an in-depth
look at significant figures to Eg@y in measurements and calculations.Advanced Topics in
Appendices: Contain é)ry advanced material for extended learning opportunities.Chapter
Summaries: Each chapter concludes with a summary for quick revision.Bibliography for Further Study: A
comprehensive list of references for deeper exploration.Mathematics-Physics Bridge: An appendix
dedicated to mathematical foundations in physics.Quick Reference Tools: Features a glossary and an index
for easy navigation.Designed to elevate science and technology education in Pakistan, this textbook aims to
align with global educational standards. It invites feedback from educators, students, and experts to
facilitate continuous improvement. Gratitude is extended to Almighty Allah and the educational community
for their support in this endeavor.
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Greetihouse Effect
Climate change is mostly happening because we are putting too

many greenhouse gases, like CO, from buming oil and coal, and
methane from farms, into the air. These gases act like a blanket,

trapping heat from the Earth and warming up the air around us. It is
like how the glass of a greenhouse keeps plants warm by holding in
the heat.
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Knowledge is information about a specific
topic that helps clarify concepts. Students
and teachers can scan the QR code provided
with the SLO Tab to access lectures related
to that topic.
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Exploring the Universe Through
Physics

Physics, derived from the Greek words "phusikos" (meaning natural)
and "physis" (meaning nature), is fundamentally the study of nature.
Getting into physics is like starting an exciting adventure that helps

’Knowledge 1.1

us understand the world and everything in it. It connects what we see I Student Learning Outcome

and do every day with the big questions about the universe. Ready to
explore how and why things work? Let us set off on this journey
together, discovering the amazing rules that explain everything in the
universe.

‘Why study physics?

The goal of physics is to gain a better understanding of the world in
which we live. Observe the things around you. Have you ever
considered why and how things around you work?

The laws of physics help us to answer questions like those given
below.

-

How do fireworks work? 4
‘What is launched into the
sky to make such beautiful
displays?

How does a mobile phone
function without wires?

How do SMS get to our
mobile phone?

‘Whatis Physics

Physics is &
exists, fror@ 3
At its hea
(matter)

ings are made

2y). pen (space), and
pillars are closely linked, showing us how
Matter, the sut of all physical objects,
a‘%é through energy, the catalyst that initiates change and
movement. These interactions occur within space, the vast expanse
that hosts everything from particles to planets. Time measures the
progression of events, allowing us to understand the sequence and
duration of changes in the universe. The integration of matter, energy,
space, and time forms the core of physics, providing a
comprehensive framework to reveal the natural complexity of the
world. So, physics is defined as “the branch of science that studies
matter, energy, space, and time, along with how they interact and
connect with each other™. It, often regarded as the most fundamental

O

» Describe physics as the study of matter,
energy, space, time and their mutual
connections and interactions

> Explain with examples how Physics is a
subset of the Physical Sciences and of
the natural sciences

How does email from your
desktop get to a friend halfway
around the world?

How does a telescope function?
How can we see star;

Quark matter is an extremely dense phase
of matter made up of subatomic particles
called quarks. This theoretical phase
would occur at extremely high
temperatures and densities. It may exist
at the heart of neutron stars. It can also be
created for brief moments in particle
colliders on Earth, such as CERN's Large
Hadron Collider.
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CHAPTER

Physics in the Natural Interconnectedness

The image suggests a visual metaphor for the interconnectedness of
physical laws in nature. The spheres linked by lines could represent
atomic or molecular structures, symbolizing the fundamental forces
that hold matter together. The Earth adorned with foliage implies the
growth and life that physics enables through processes like
photosynthesis, which converts sunlight into chemical energy. The
clear sky and floating paper planes may allude to the principles of
aerodynamics and atmospheric physics. Overall, the image
creatively captures how physics underpins the natural world, from
the microscopic interactions within ato @me global systems that

supporthfe and the envi ‘



Student Learning Outcomes

Describe physics as the study of matter, energy, space, time and their mutual connection and interaction
Explain with examples that physics have many sub-fields and in today's world involves interdisciplinary fields.
students should be able to distinguish in terms of the broad subject matter that is studied between the fields:

Biophyics, Astronomy, Astrophysics, Cosmology, Thermal physics, optics, classical mecganics, quantum

Explain with examples how physics is a subset of physi “w ;
i called physicists.
t requires interdisciplinary researchers working
together to share knowledge
heory and 'law' in the context of research in the physics

mechanics, relativistic mechanics, nuclear physics, particle physics,—elect , accoustics,
computational physics, geo physics, climate physics. a @
talsciences
State that the scientists who spemahze inthete
Brief with examples that s¢ighce is-a
Understand the terms; th the
Explain, Wﬁysms falsifiability as the idea that a theory is scientific only if it makes assertions
thatcan be oven.
Differentiate the terms 'science', 'technology' and 'engineering' with suitable examples

@

~

(7]

@

All the above mentioned SLOs are classified into knowledge and skills for the better understanding of
students.
After studying this Unit, the students will be able to understand:

Knowledge Skill

Exploration of matter, energy, space, and time, and ¥ Science is a collaborative field that involves
recognize its integral role within both the Physical interdisciplinary researchers working together.
and Natural Sciences. & They share knowledge and critique ideas to
Identify diverse physics sub-fields like advance scientific understanding.

Biophysics, Astrophysics, and Quantum

Mechanics, and comprehend their

interdisciplinary nature. They will appreciate

collaborative efforts in science, essential for

knowledge exchange and idea critique.

Knowing the Physicists as spemahstw Y‘L{t
and

7 Students understand the terms hypothesis, theory
and law in the context of physr;:s tesearch.
) (] They can\drfferanhate’be\twéen these concepts and
O\ ﬂie(rrol\é lri SQlé,ntiﬁc inquiry. \/
ol C} \\Sﬁ’/ St\gﬁents ¢omprehend the concept of falsifiability,
~~  which states that a theory is scientific only if it
makes assertions that can be disproven. Examples
in physics are used to illustrate this idea.
¥ Students distinguish between science (the study of
natural phenomena), technology (the application @
of scientific knowledge for practical purposes), ¢/

research in the field of physics:2, |
Understanding the terms 'h pothesm

'law' in physi ‘ngﬁdﬁﬁﬂlg fa151ﬁab111ty as the
criterion fo\r\é L C theories, wherein assertions
must be testab le and potentially disproven through
experimentation or observation.

Understanding the distinction between science,
technology, and engineering: science explores
natural phenomena, technology applies scientific
knowledge for practical purposes, and engineering
designs solutions to real-world problems.

and 'engineering' (the design and construction of FHA%



Exploring the Universe Through

Knowledge 1.1
’ 8 Physics

Physics, derived from the Greek words "phusikos" (meaning natural)
and "physis" (meaning nature), is fundamentally the study of nature.
Getting into physics is like starting an exciting adventure that helps
us understand the world and everything in it. It connects what we see
and do every day with the big questions about the um‘@rséﬂﬁ to
explore how and why things work? %@’&\ us ﬁ o n\ lﬂﬂ, m\
together, discovering the amazing rulesth\%‘t é)@g a\rrﬂév tfng in the
universe. l\J\‘ o\ /\\/\

Why study physics? N@
The goal of physics is to gain a better understanding of the world in
which we live. Observe the things around you. Have you ever
considered why and how things around you work?

The laws of physics help us to answer questions like those given
below.

How do fireworks work?
What is launched into the
sky to make such beautiful
displays?

How do
iobile ph S

Figure 1.1 applications of physics in our daily life
Whatis Physics?
Physics is an exciting journey into understanding everything that
exists, from the smallest particles to the vast stretches of the cosmos.
At its heart, physics is about discovering how things are made
(matter), what drives them (energy), where they happen (space), and
when (time). These four pillars are closely linked, showing us how
the universe operates. Matter, the substance of all physical objects,
interacts through energy, the catalyst that initiates change and
movement. These interactions occur within space, the vast expanse

that hosts everything from particles to planets. Ilm@m ﬂsmé{s\\t@

progression of events, allowing us to qndg;sj;ag W\e; ﬁémz %frfd
duration of changes in the universe. Th@m\w:g}atlohﬁf atter energy,

space, and time forms hg W\Q}@a\ \tj ?hys1cs providing a
comprehensive framew ‘&)J}eveal the natural complexity of the
world. So, physics is defined as “the branch of science that studies
matter, energy, space, and time, along with how they interact and
connect with each other”. It, often regarded as the most fundamental

_®

ing Outcome

‘)¥ Descrlbe physics as the study of matter,
energy, space, time and their mutual
connections and interactions

» Explain with examples how Physics is a
subset of the Physical Sciences and of
the natural sciences

How does email from your
desktop get to a friend halfway
around the world?

‘ How does a telescope function?
How can we see stars and
galaxies, which are far beyond
our vision?

Important information'?'

F igure 1 2 matter is an extremely

R \matter made up of
5 gatb‘rmc partlcles

Quark matter is an extremely dense phase
of matter made up of subatomic particles
called quarks. This theoretical phase
would occur at extremely high
temperatures and densities. It may exist
at the heart of neutron stars. It can also be
created for brief moments in particle
colliders on Earth, such as CERN's Large
Hadron Collider.



of the natural sciences, serves as the backbone of our understanding
of the universe Imagine throwing a ball, using a flashlight, or
watching the stars at night. Each of these activities involves physics
in action, revealing the invisible rules that govern how objects move,
how light travels, and how gravity pulls thmgs together. By exploring
these connections, phy51cs helps us-n : m the world and

beyond, plecmg tog niverse in a way that
1s both fascina

Ox
VIR

is the ?tudy of

can be studiegl in terms of its can be studiecll 1n terms of its
( ] 1 ]
properties relationship relationshi properties
with energy with matter

in the fields of_J

General Physics Thermal Physics Light Waves Electricity and
and Sound Magnetism

A

Physics as subset of Physical and Natural Sciences

Science, once called natural philosophy, covers the study of living
things and nonliving things, split into life sciences and physical
sciences. Life sciences, like biology, zoology, and botany, study
living creatures. Physical sciences, including geology, astronomy,
chemistry, and physics, explore nonhvmg aspects of the world.

Physics is special because it is not %a@ﬁ al sciences; itis
the most fundarefnt E!m e basics like how things

move, forces t, sound, light, and structure of

¢, when physicists study how gravity works, this helps us

WN}\U tnderstand why things fall down instead of up. This is physics in
action, and it is connected to other sciences too. Like, when we look

at chemistry, we might explore how atoms bond together, which also

_®




involves physics because it is about energy and forces, which are
physics topics. And in earth science, when we learn about how
mountains form or what causes earthquakes, physics is there too,
explaining the forces and energy behind these events. So, you can
see, physics is a key part of learning about everything in nature,

working together with other sciences to help us understand the world W@ @@m
WY &

better. @@
i

Physical Science Earth and Space Life Science
Geology, Astronomy
Chemistry Physics Meteorology & Natural Science
Oceanography

Mind map (&ncheﬁ?‘ @@m
’Knowledge 1.2 ‘ Flel%%&%%%
Inter nnections

I Student Learning Outcome

Fields of Study-itr Physics » Explain with examples that physics has
As we begin on this intellectual journey, it becomes evident that the many sub-fields, and in today's world
realm of physics is not confined to a singular pathway but rather involves interdisciplinary fields.
branches into a array of specialized fields, each with its unique focus (Students should be able to distinguish

in terms of the broad subject matter that
is studied between the fields:
Biophysics, Astronomy, Astrophysics,
Cosmology Thermal Physics, Optics,
Classical Mechanics, Quantum
Mechanics, Relativistic Mechanics,

and methodologies. These sub-disciplines, ranging from the study of
the grand scale of universe in cosmology to the minute workings of
subatomic particles in quantum mechanics, illustrate the vast scope
of physics. Each field focuses on a specific area of study. Here are
some of the major branches

Thermal Physics: This branch explores heat and temperature and Nuclear Physics, Particle Physics,
their effects on matter. Students learn about the principles of heat Electromagnetism, Acoustics,
transfer and the ways we can harness thermal energy in everyday life. Computation mcs, Geophysics,
Optics: It focuses on the behavior of light and its interactions wit !

different materials. This field explains pheno al@et “ fih”examples that science is a
ofrainbows and the functlomngg sesine collaborative field that requires
Classical Mechanics: This bra ﬂ ion of visible interdisciplinary tesearchers working
objects and the forces helps explain everyday mg?thq to share knowledge and
occurrences, S y-a all rolls down a hill or how a car crHlguetien

accelerates.

_®



electricity and magnetism

heat

sound

mechanic

Figure 1.3 Field of study in classical Physics
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Quantum Mechanics: It is a field which delves into the physics of the very small, such as atoms and subatomic
particles. It introduces students to a world where traditional rules may not apply, revealing the peculiar behavior
of matter at the smallest scales.

Relativistic Mechanics: Stemming from Einstein's theories, Relativistic Mechanics explores the relationship
between time and space, especially at high speeds. It helps students understand phenomena like time dilation in

fast-moving objects.
Nuclear Physics: This branch focuses on the nucleus of the atom and i v @E@r Physics is crucial
)

for understanding nuclear energy, radiation, and application
Particle Physics: Particle Physics inyestigat ¢ rticles that make up the universe and the

tiga
forces that govern them. It offers insi %ﬁb@% ilding blocks of matter and the interactions that shape

the physical world. WW &

atomic, molecular and electron physics

nuclear
physics

N\

Modern Physics scientific

particle beliefs about the basic
physics ~ structure of the material
world

au
astrophysics celati @W@O
! e !

Figure 1.4 Modern Physics
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Electromagnetism: In this field we study electric and magnetic
fields and their interplay. It explains how magnets work and the
principles behind the flow of electricity in circuits.

Acoustics: It is the science of sound, including its production,
transmission, and reception. It covers topics like why some sounds

are louder or higher-pitched than others and how soun tilized in
technology.

Each of these branches is hke diﬁ oS ¥ olbox helping us
understand the world ag nique way. Physics is
exciting because it lets 0§ ew things about everything from
tiny atoms to the v erse.

Science as a borative field of Research

Having explored physics and its branches, let us now consider how
science advances. Science is a collaborative effort that flourishes
when researchers from different disciplines join forces to exchange
knowledge and evaluate ideas. Here is a brief explanation with
examples:

Climate Change: Addressing climate change requires the combined
efforts of climatologists, ecologists, engineers, and policy experts.
They work together to understand its causes, effects, and potential
solutions.

Medical Breakthroughs: Advances in medicine result from the
collaboration of doctors, biologists, chemists, and engineers. For
example, the development of MRI technology involv cﬁ@perﬂse in
physics, engineering, and medicine. @

Space Exploration: Thls ﬁ d ©on
engineers, and mathe
study, engineers desi
trajectories to e
Environmen nservation: Efforts to conserve the environment
involve biologists, ecologists, sociologists, and policymakers. They
collaborate to study ecosystems, human impacts, and develop
strategies for biodiversity preservation.

Energy Innovation: Developing sustainable energy solutions
requires the collaboration of physicists, chemists, engineers, and
environmental scientists. Together, they work on renewable energy
technologies like solar panels and wind turbines.

Aurtificial Intelligence: AIl research is an interdisciplinary field
involving computer scientists, cognitive psychologists, and
linguists. They collaborate to create algorithms and models that
simulate human intelligence.

Infectious Disease Control: Durlng pande 1010gists
virologists, statisticians, and hea ﬁ work together

ent strategies.

mﬁ 111s of scientists,
cnomers identify targets for

Archaeology and Hi , eling historical mysteries often
involves collabo 1 ctween archaeologists, historians,
geologists, dpologists. This interdisciplinary approach

helps reconstruct the stories of ancient civilizations.



Ten tips for developing interdisciplinary socio-ecological researchers

&

Interdisciplinary research is 0
different disciplines working

together to integrate their 1. Develop an area of @ m
disciplinary knowledge and expertise
methods, to develop and A core grounding sha yO

researc dentlty :

meet shared research goals
that achieve a true synthesis of %

approaches WWRIJ\\U

3. Be open-minded
Make yourself open to
learning, new ways of doing
things, and to collaborations
that include new types of

earn new languages
Express your science in ways
that are understandable to
others outside of your
expertise.

4. Be patient
Establishing interdisciplinary
collaborations takes time.
Allocate time for iterative
stages of learning and

e knowledge. - reflection
L d

. "
. an

5. Embrace complexity
Interdisciplinary research
should include input and insight
from all team members.
Every researcher can
make a contribution.

6. Consider if (and how) you
will engage in
interdisciplinary research .
Interdisciplinary careers are The 10 tips draw on knowledge

not necessary, or appealing, {Tom expenenced interdisciplinary
to everyone. pract rom around the
@ rld
@ ips 1- 8 focus on the
‘ interdisciplinary researcher level,
whilst tips 9 and 10 focus more
on lab leadership
and culture.

9ourse1f to
el\pefspectives, opinions
and ideas.

8. Collaborate widely
Interdisciplinary research
demands the ability to work
with others. Egos will
impede this progress.

These 10 tips are framed r&‘ J
- |

under: ,,—’* ,
O Knowledge g
O Attitudes 9. Foster interdisciplinary p
O Practice* culture -
To highlight what Promote freedom to think and 115, Ghampion Feseandhu

work across disciplinas
researchers should borders.Lab leaders I():an fg};ter
know (knowledge), space for interdisciplinary
perceive (attitudes) research to be discussed and
and do (practices) in developed.
relation to conducting

interdisciplinary research.

Great research deserves
recognition. Lab-leaders and
institutes can create opportunities
and remove barriers by

ON



Spheres of Influence in the Research-Implementation Space

R'"""""'“F"Mem
|

yranstation from data to 4,

problem fﬂmln' & ey,

INFLUENCES

KNOWLEDGE
CO-PRODUCTION

-~

~ “Results

Fig: 1.6 Spheres of influence in the research-implementation space
These examples underscore the collaborative nature of science, where 1nter S61p w@@ share knowledge
and critique ideas to advance our understanding of the worli g @
Interdisciplinary Areas of Phys Q&
Physics also works together with ﬂt tackle complex problems that cover many topics. This vast

network of knowledge wshow Varled physics is but also emphasizes its key role as a fundamental
science. It connects w any other fields, expanding what we know and how we apply this understanding to the
world around us.

This blending of physics with other disciplines gives rise to new areas of physics. Let us look at what each of

these interdisciplinary areas:
Interdisciplinary Areas of Physics

[ Geophysics ] [ Biophysics J
@m

o
[N uclear Physws] Atomic Physncsj

F ig 1.7 Interdisciplinary Areas of Physics




Biophysics: This field combines physics with biology to understand
how physical principles govern living systems. Biophysicists study
the structure and function of biological molecules, cells, and
organisms using concepts from mechanics, thermodynamics, and
quantum physics.

Astronomy: While traditionally considered a pure science, modern

astronomy has become interdisciplinary, blending physics with othe @ @@m
sciences to study celestial objects and phenomena. Astros g * ©
principles from physics to understang e be é)‘; S

stars, planets, and galaxies.

Astrophysics: Astroph si of astronomy that

specifically applies t 0 phys1cs to explain the physical

properties of celestial bodies and phenomena. It encompasses the

study of the life cycles of stars, the structure of galaxies, and the

physics of the universe.

Cosmology: Cosmology is an interdisciplinary field that combines

elements of physics and astronomy to study the origin, evolution, and

large-scale structure of the universe. It involves theories from general

relativity and quantum mechanics to understand the history of

universe and its future.

Computational Physics: This area uses computational methods and

algorithms to solve complex physical problems. Computational

physicists develop simulations and models to study phenomena that

are difficult or impossible to observe directly, maklng ita crucial tool @@
in many areas of physics and engineering. @ @
Geophysics: Geophysics applies physical pr

Earth and its environment. It encom@ mology,

magnetism, and grav1tat10nal erstand the Earth's

internal structure, dyn interactions with the atmosphere

and space.

Climate Physics: Climate physics, or atmospheric physics, focuses

on the physical processes that govern the Earth's climate system. It

combines principles from physics, meteorology, and oceanography

to study weather patterns, climate change, and the interactions

between the atmosphere and oceans.

’Knowledge 1.3 | Who are Physicists?

I Student Learning Outcome

» State that scientists who specialize in
the research of physics are called

In the vast and fascinating world of science, individuals who dedicate .
Physicists

their careers to exploring, understanding, and expanding our
knowledge of physics are known as physicists.
Physicists are curious minds who ask big questions like
objects fall to the ground?" or "How can we haj e

atoms?" They use experimentsQ tica dels, and
observations to find answers. Thei \%ﬁ &s a lot of problem-
solving and creativiWW& p theories and apply them to
solve real-world problenis. This could range from developing new

medical imaging devices to improve healthcare, to designing more
efficient energy sources to power our homes and cities.

@




1. Isaac Newton:

First man to give
an impression
and empirical
idea about the
universe

2. Albert
Einstein:
Originator of the
First pillar of
mo

Ge

Relativity

3. Max Planck:
Originator of the
Second pillar of
modern physics:
Quantum Theory

4. Niels Bohr:
Contribution to

Q

O

QT and explained

atomic structure

I Student Learning Outcome

» Understand the terms 'hypothesis’,
'theory' and 'law' in the context of
research in the physics

» Explain, with examples in Physics,
falsifiability as the idea that a theory is

scientific only if it makes assertions that

can be disproven

W@ﬁm

O
\
Figure 1.8 Renowned W@&W
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Being a physicist requires a strong foundation in mathematics and
science, as these tools are essential for analyzing data and creating
theoretical models. Physicists must also be proficient in critical
thinking and have the ability to communicate complex ideas clearly
and effectively. This is because sharing findings with the scientific
community and the public is a crucial part of their job.

In short, physicists are

. g@@@gze in the. study of
physics~Th or advancing our understanding of the
Lverse %[ our quality of life through technological
o s Their work is a evidence to human curiosity and our
ontinuous search of knowledge.
Here are a few examples of the work of physicists:
Exploring the Subatomic World: Physicists investigate tiny
particles like electrons and quarks to understand the building blocks
of matter. They use particle accelerators to simulate conditions from
the early universe and unravel the mysteries of the subatomic world.
Studying the Cosmos: Many physicists focus on astronomy and
astrophysics, exploring stars, galaxies, and the universe's evolution.
They aim to uncover the origins and fate of celestial bodies and the
cosmos as a whole.
Developing Energy Solutions: Physicists play a crucial role in
creating new energy sources and technologies. They work on nuclear
power, renewable energy, and innovative mials for electronics,
contributing to a sustainable f mﬁa @@
AdvangjngJlec “‘f Sies 1s the foundation of many
ech hroughs, from lasers to MRI machines.
inually push the boundaries of technology, leading to
rovements in various fields.
The journey of a physicist is a continuous quest for knowledge. They
build on the discoveries of past scientists, and each new finding leads
to more questions and further exploration. This cycle of discovery
and inquiry is what drives the progress of physics and its impact on
our world.

Fundamental Concepts in

’Knowledge 1.4
Physics Research

In the context of research in physics, the terms "hypothesis,"
"theory," and "law" have specific meanings and roles in the scientific

rocess. Letus clarify each of theseter
p e
o (Y01
k Itestable statement or educated guess that suggests a
explanation for a specific phenomenon or observation is
known as hypothesis. They are proposed at the beginning of a
scientific investigation and serve as a starting point for research and

experimentation. Scientists use hypotheses to make predictions
about what might happen under certain conditions.

@




Theory:

In physics, theory is a well-substantiated and comprehensive Law
explanation that has withstood extensive testing and
experimentation. It represents a higher level of understanding
compared to a hypothesis.

Theories are developed after extensive research, data collection, and
experimentation. They provide a framework for explaining a wide eory

range of related phenomena. A theory is not considered absolute truth @ @@
butis the best current explanation based on available gyi m °
ys10s-l

£

Einstein's Theory of Relativity is a well-known e

explains the behavior of objects in ex ¢lds and at .
near-light speeds, providin a description of gravity Hypothesis
than Newton's Law of avitation.
Scientific Method O Facts and
Accept hypothesis Observations

I

00600

Ask Background Form Test with Analyze results/  Report
question research hypothesis  an experiment draw conclusions —results

/data l
O A W@ o@@m
Think Try again %% lsiﬁability)
O

Figure 1.9 ethod to develop a theory

Law:

On the other hand, a law in physics is a concise and descriptive

statement that summarizes a consistent and universal relationship

observed in nature. Laws describe "what" happens but do not

necessarily explain "why" it happens. Laws are fundamental I Key Facts

principles that have been observed to be true in a wide range of e Scientific theories and methods

circumstances and experiments. They provide a basis for predicting change over time.
and understanding physical phenomena. ® The invention of the telescope led to
Newton's Laws of Motion are classic examples of laws in physics. new discoveries about the planets,
One of these laws states that the force applied to an object is equal to froon, 4 dm

A S echnology improved,

the mass of the object times its acceleration (F =ma). O\ o ,
: i . . O new discoveries changed our under-
To summarize, within the realm of physics research: . .
.. .. h standing of the Universe.
@ A hypothesis is an initial state ested

through experimentation.
@ Atheoryisa WGII-W& omprehensive explanation of
natural phenomena; based on extensive evidence and

experimentation.

O



| skill 1.1%)

A law is a concise and universally applicable statement that
summarizes observed relationships in nature.

As scientific understanding evolves, hypotheses can lead to the
development of theories, and laws can be derived from theories
when certain relationships are consistently observed. These

Scientific Terminology terms represent different stages i (® ehtific process, with
° cﬂ@ g of the physical world.

Students understand the terms each contributin \
'hypothesis,' 'theory," and 'law' in the Tes Q ! @m
context of physics research. O mﬁ ' )
They can differentiate between thes x@ eory developed in physics?
concepts and their roles j ;ﬁ ~What is the relationship between a theory and a law in physics?

inquiry.

Multiple Choice Questions

1. Ahypothesis in physics research is:
a. Aproven factabout a natural phenomenon
b. Aneducated guess or prediction that can be tested
c. Auniversally accepted principle that explains a large body of data
d. Amathematical formula used to calculate physical quantities
2. Inphysics, atheory is:
a. Arandom guess
b. Awell-tested explanation that unifies a broad range of observations
c. Anuntestedidea
d. Alaw thathas been proven incorrect
3. Alaw in the context of physics research usually refers to:
a. Ahypothesis that has been somewhat teste
b. Adetailed report of an expe m

oot (0]
Inductive Reasoning c. A statement N peated experimental observations that
i S the universe

not widely accepted
o alsifiability
Pattern It is a fundamental concept in the philosophy of science, particularly
in the context of scientific theories. This principle asserts that an idea
Hypothesis or theory can only be considered scientific if it can be disproven

through testing or observation. In the realm of physics, this translates
to the notion that all scientific theories must be capable of making
testable predictions. If the results of these tests contradict the
predictions of theory, then there is reason to suspect the theory may
Inductive Reasoning be flawed.

Let us explore the concept of falsifiability in physics with some

examples:

@ The theory of gravity predicts that objects will fall towards the

Earth at a specific rate. This can be test easuring how fast
objects fall. If an objectwgrgfou a different rate than

(o) "
0%

[gnge'the theory of gravity. However,
o“
.

gstS~have supported predictions of gravity, it
strong scientific theory.

Another example is Einstein's theory of relativity, which made
predictions about how light bends around massive objects like
the sun. This was tested during a solar eclipse and the

\J\J

Figure 1.10 Inductive and deductive
research methodology



observations matched predictions of Einstein, supporting his
theory. If the light had not bent as predicted, Einstein's theory
would have been proven false.
Thus, falsifiability is important because it allows scientists to test and
challenge theories, helping to ensure that only the most accurate and
reliable theories are considered true in physics

\ p/\

I Test Yourself 0 /,r\ /6\ \ \')\\\\\ \ ‘
\
1. Howcanaphysmstheorybetested@brfm blmyi{ \\\/‘/

2. Whathappens if a theory in phy\rcs 1§mcﬁ\fq giﬁajoleV

Multiple Choice Q%MA\J\

1. Falsifiability in physics means a theory is scientific if it:
a. Canbeproventrue in all cases
b. Isbased onunchangeable principles
c. Makes assertions that can be disproven
d. Iswidely accepted by scientists
2. Which of'the following is an example of falsifiability in physics?
a. Atheory that can be tested by experiments and potentially disproven
b. Atheory that explains all observed phenomena without exception
c. Atheory based on metaphysical concepts
d. Atheory thatis supported by all scientists
3. Ascientific theory in physics is not considered valid if it:
a. Cannot be disproven under any circumstances
b. Is complex and difficult to understand
c. Hasbeen proven true in several experiments
d. Issupported by amajority of physicists

e\ \\
O

Science; e;:hnoleg?“ ahd :
En,gméermg o

In our study of physws we have learned about 'hypothesis,' 'theory,’
and 'law," as well as the significance of falsifiability, which dictates
that a theory must be capable of being proven incorrect to be
considered scientific. These concepts are essential for understanding
the evolution of science, technology, and engineering."

Science, technology, and engineering are distinct but interconnected
fields, each with its own focus and purpose. Let us differentiate these
terms with suitable examples:

Science:

Science is primarily concerned with understanding the natural world,
uncovering fundamental principles, and explaining natural
phenomena. The primary goal of science is knowledge and

’Knowledge 1.5

understanding. It seeks to answer "why" and "how" %Jest@ns abot;t W¢Wu$m
\

\\\\\\

S

the universe. {

Physicists study the fundamental fo@és\oﬁns(tme\m@%b vior of
matter and energy. For example \Pltey pr\ldrﬂ  faws of motion and
gravity. Biologists 1 1nve§ tfrttcﬁlres and processes of living
organisms. For 1nstan\&B\41 tudy DNA and genetics to understand
inheritance patterns.

O

| skill12%)

Falsifiability in Physics
© Students comprehend the concept of
falsifiability, which states that a theory
1s sc1ent1 oggty?f it makes assertions
roven.
xan1ples in physics are used to
J illustrate this idea.

Important information'g'

It involves making generalizations based
on specific observations or experiments. It
starts with specific instances and
extrapolates to broader conclusions.
Observation: Suppose you observe that
the sun has risen in the east every morning
ofyour life.

Induction: Based on these observations,
you generalize that the sun always rises in
the east.

This is an example of inductive reasoning
because you are making a general
conclusion based on specific instances.
This example illustrates how inductive
reasoning leads to the formulation of
hypotheses, thch -are then subject to

farlﬁfﬁﬁblllf?tﬁmugh empirical

\, lll
\\I'/U \C
\. B

\\, —

IJStudent Learning Outcome

» Differentiate the terms 'science’,
'technology' and 'engineering' with
suitable examples.

Deductive reasoning 9

It starts with a general premise and
deduces specific conclusions fromit.
Imagine a theory that states: "All objects
with mass attract each other." This theory
is derived from Newton's law of universal
gravitation, which describes the
gravitational attraction between two
masses. Through deductive reasoning, we
can predict specific outcomes based on
this theory. For instance, if we have two
objects with kfrl/O)MU masses, we can
cajcuia(e the@a\ﬂgtpnal force between
ewton's law. If, upon
¢a§uf€ment the observed gravitational
" force does not match the predicted value,
it would contradict the theory and
demonstrate its falsifiability.
This showcases how deductive reasoning
helps to test theories against specific
predictions derived from established
principles.



Technology:
I Key Facts Technology is concerned with the practical application of scientific
® Modern technology can have great  knowledge to solve specific problems or meet human needs. The
benefits, but some technologies can  primary goal of technology is to create useful products, processes, or
also cause harm. . systems thatimprove the quality of life or enhance efficiency.
® i ke and ekl BE i Smartphones are the result of technological innovation that combines

technologies need to be assessed . . . .
e advances in materials, electronics, and software to create versatile
before deciding whether or not to use

them. communication devices. Technolme MRI (Magnetic

Resonance Imaging) anm@%
= v a@f scientific and mathematical principles to
KX ign‘and build systems, structures, and devices. The primary goal
Econimics Biow ©" of engineering is to bring practical solutions to real-world problems
by designing, constructing, and optimizing products and processes.
Civil engineers design and build infrastructure like bridges, roads,

Computer Chemical | (oo and buildings. They ensure that structures are safe and meet specific
Helies Engincering requirements. Aerospace engineers develop aircraft and spacecratft,
" \ " applying principles of physics and materials science to create

A vehicles for air and space travel.

Mathematics Physics .
Therefore, science seeks to understand the natural world, technology

applies scientific knowledge to create useful tools, and engineering

. . . uses science and technology to design and build practical solutions.
Figure 1.11 Chemical engineering : .

consists of applications of mathematics, These fields (?fteg worlf togethq in a collaborative manner. .For

physics, chemistry, biology, computer example, scientific discoveries may lead to technological

science, and economics. innovations, and engineers fic knowledge and

technology te créatenew s

ole ‘ 7 @ '
wiledge gained from studying physics is crucial in various
r

@)
Table 1.1 Object along WCXX scientific fields, including astronomy, biology, chemistry, and
€

work or principle behin geology.
Object Principle of physics Physics is closely linked to practical advancements in engineering,
Wristwatch | Elasticity, electricity, medicine, and technology. Engineers, for instance, apply physics
electronics concepts and theories when designing vehicles and machinery.
Bread _ The study of physics is rapidly expanding, resulting in technological
—— Electrical energy, heat advancements that benefit humanity. Fundamental physics laws and

) ; theories enable tasks like launching satellites, gathering data from
Mechanics, dynamics,

Bicycle Kinematics space probes, and enhancing telecommunications.
: Physics research has also facilitated the use of radioactive materials
Faii Electromagnetism, in the diagnosis and treatment of specific diseases.
mechanics

Physics plays a pivotal role in the development of advanced medical

Computer Electronics, cleatricity, equipment such as magneti ’ ging (MRI), X-ray
electromagnetism . i o
maChlneS,@f@g&@?ﬁ fomography (CT) scanners,
U

Air Thermodynamics, ontributi dical technology.
conditioner | electronics, mechanics 2 es to enhancing the quality of life by explaining
Mobile Waves. electron DKX modern household appliances, like televisions and microwave
phone ’ ovens, operate based on its theories and principles.
Video _ _ Many everyday objects we use, as shown in Table 1.1, function and
Optics, electronics : e . . . . .
camera operate according to the principles of physics, highlighting its

widespread relevance in our daily lives.



Malaysia's first satellites, MEASAT 1 and MEASAT 2, were built by
Hughes Space and Communications International, Inc. of California.
MEASAT 1 was launched on 12 January 1996 from Kourou, French
Guiana, and MEASAT 2 was launched on

13 November 1996.

These two satellites serve as a communication network for
telephone, television, and data transmission for trade, education, and
other telecommunications services; with a coverage stretching from
India to Hawaii and from Japan to Eastern Australia.

TiungSAT-1 is a micro satellite designed and fu i @@&@
It was successfully launched on 26 Se%% m Baikonur
Cosmodrome, Kazakhstan. M o

This satellite operates ata h of 1000 km from the Earth's surface
and serves as a communication satellite with applications in
telecommunications, education, fisheries, forestry, and pollution
control. It contains scientific apparatus, cameras, and other
equipment for relaying voice and data, signals from remote sensors
and global positioning systems (GPS) for purposes of surveying,
weather forecasting, detection of forest fires and oil spills.

Photograph of the Earth taken from the TiungSAT-1 at a height of 653
km, atalocation with bearings 61° 12'N, 128°4'W.

I Test Yourself

Figure 1.13 MEASAT-2

1. Canyouprovide an example where technology and science intersec @O@@ 3 S
2. Whatrole does engineering play in applying scientific i@

Multiple Choice Questions jlxm
1. Which of the following iw echnology?
a. Formulating a theory a black holes
b. Developing a new smartphone
c. Constructing a bridge over ariver
d. Conducting a chemical experiment
2. Engineering is best described as:
a. The study of historical events
b. The use of scientific principles to design and build machines and
structures
c. The exploration of space
d. The development of mathematical theories
3. Which example best illustrates the practice of science?
a. Inventing anew type of solar panel

Skill 1.3 7}

® Students distinguish between 'science’

(the study of natural phenomena),
'technology' (the application of
scientific knowledge for practical
purposes), and 'engineering' (the
design and construction of complex
systems).

» They use suitable examples to clarify

these distinctions.

b. Discovering the laws of thermodynamics @@@@W@O

c. Designinga computer network
d. Launching a marketing campaign “%m
O



Exercise

A) Multiple Choice Questions:

1. Optics is a branch of physics that investigates:
a. The behavior of animals b. The propertles 0
c. The composition of minerals @@W
2. Physics is considered a natural science @@\ § \ i § ;
a. Deals with the natura Q @ ocuses on artistic expressions

c. Studies social inte d. Analyzes historical events
3.Asa physmWﬁcs primarily involves:

a. Understanding societal norms b. Researching biological organisms

c. Studying matter and energy d. Examining economic principles

4. An example of physics intersecting with other physical sciences is:

a. The study of Earth's geological layers

b. Analysis of historical civilizations

c. Investigation into political theories

d. Research in cultural anthropology
5. Which term correctly identifies professionals dedicated to the study and research of physics?

a. Mathematicians b. Biologists c. Physicists d. Geographers
6. Interdisciplinary research in science is vital because it:

a. Focuses on individual achievement

b. Leads to isolated discoveries in one field @ @@m
c. Enables combining expertise fro @M ive understandmg
d. Discourages collaborati %
7. Which of the following b s rogression from hypothesis to theory to law in physics?
a. Hypotw eory b. Theory — Hypothesis — Law
c. Hypothesis — Theory — Law d. Law — Theory — Hypothesis

8. What differentiates a theory from a law in physics?
a. A theory is less reliable than a law
b. A law explains why a phenomenon occurs, while a theory describes how it occurs
c. Atheory is a well-tested explanation, while a law is a concise statement that is universally accepted
d. There is no difference; they are interchangeable terms
9. Which statement best aligns with the concept of falsifiability in physics?
a. Theories must be based on historical beliefs
b. Theories should make predictions that can be tested and potentially falsified
c. Theories are valid if they are old and established

d. Theories need to be universally accepted to be cons1dered sci %& @©m
10. What distinguishes technology from smenc g @W

a. Technology focuses on theoretlca ‘.

b. Technology involves %

c. Technology i W 1 e construction of buildings

d. Techn&@gm%e as science
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1. An example of engineering is:
a. Investigating the behavior of subatomic particles
b. Developing an efficient electric car
c. Creating a vaccine for a new virus

2™
d. Writing a computer program ? @@@W
) st T
3 .
Short Questions o“

How do tional physics use computational methods to solve physical problems?

What does particle physics study regarding the fundamental particles and the forces acting upon them?
How does quantum mechanics describe the behavior of matter and energy atatomic and subatomic levels?
Why is interdisciplinary research crucial in science?

What role does critique play in collaborative scientific endeavors?

How do different scientific disciplines work together to advance knowledge?

What distinguishes science from technology and engineering?

How does technology apply scientific knowledge?

In what ways does engineering differ from science?

C) Long questions.

1. Physics integrates matter, energy, space, and time to understand p m@@viw and quantum
behavior, essential for comprehending the ula’bver s fundar %&o

2. Physics underpins physical and na ts—principles enhancing understanding and
innovations in chemist m ond, shewcasing the interconnectedness of scientific disciplines.

3. Physicists drive scienfifi gress by exploring theoretical and practical aspects across diverse fields,
contributi éments from fundamental physics to applied technologies, highlighted by the
achievements of notable individuals.

4. Collaboration in physics fosters significant scientific breakthroughs, demonstrating the importance of

interdisciplinary efforts in solving complex problems and advancing our understanding of the universe,
supported by examples of collaborative achievements.



