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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 scientific nomenclature.Emphasized 
Key Concepts: Key statements, definitions, and equations highlighted for ease of study.Real-Life Visuals: 
Includes images and diagrams connecting concepts to real-world scenarios.Additional Information: 
Provides extra facts and insights for broader understanding.Significant Figures Focus: Offers an in-depth 
look at significant figures to enhance accuracy in measurements and calculations.Advanced Topics in 
Appendices: Contains supplementary 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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can scan the QR code provided
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lectures related to that topic.

The purpose of a skill is to apply
knowledge. Students and teachers
can scan the provided QR code to
access a worksheet that enhances
their understanding.
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Important information

Comprehensive Learning
Engage students with videos, simulations, 
and practical worksheets.
Structured Lesson Plan
Well-organized with clear objectives, PPTs, 
and a self -assessment questions.
Engaging Multimedia
Visual appeal through PPTs and interactive 
simulations.
Assessment & Tracking
Diverse question from daily life and 
progress monitoring.
Adaptable & Accessible
Scalable and accessible, suitable for all 
learners.

Salient Features 

SLO No: P: 09 - A -18
SLO statement: Use all formulas for kinetic and 
gravitational potential energy to solve the problem 
involving simple energy conversions.
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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 atoms to the global systems that 
support life and the environment.



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 mechanics, quantum 
mechanics, relativistic mechanics, nuclear physics, particle physics, electromagnetism, accoustics, 
computational physics, geo physics, climate physics.
Explain with examples how physics is a subset of physical sciences and of the natural sciences
State that the scientists who specialize in the research of physics are called physicists.
Brief with examples that science is a collaborative field that requires interdisciplinary researchers working 
together to share knowledge and critique ideas
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.
Differentiate the terms 'science', 'technology' and 'engineering' with suitable examples

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:

Exploration of matter, energy, space, and time, and 
recognize its integral role within both the Physical 
and Natural Sciences.
Identify diverse physics  sub-fields l ike 
Biophysics,  Astrophysics,  and Quantum 
M e c h a n i c s ,  a n d  c o m p r e h e n d  t h e i r 
interdisciplinary nature. They will appreciate 
collaborative efforts in science, essential for 
knowledge exchange and idea critique.
Knowing the Physicists as specialists who conduct 
research in the field of physics.
Understanding the terms 'hypothesis', 'theory', and 
'law' in physics, and grasping falsifiability as the 
criterion for scientific theories, wherein assertions 
must be testable 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.

Science is a collaborative field that involves 

interdisciplinary researchers working together.

They share knowledge and critique ideas to 

advance scientific understanding.

Students understand the terms hypothesis, theory 

and law in the context of physics research.

They can differentiate between these concepts and 

their roles in scientific inquiry.

Students comprehend 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), 

and 'engineering' (the design and construction of 

complex systems).They use suitable examples to 

clarify these distinctions.

Knowledge Skill
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Student Learning Outcome

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

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 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.

Knowledge 1.1 Exploring the Universe Through 
Physics

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? 
What is launched into the 
sky to make such beautiful 
displays?

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?

How does a mobile phone 

function without wires?

How do SMS get to our 

mobile phone?

What is 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. 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 

Quark matter is an extremely dense phase 
of matter made up of subatomic particles 
called quarks. This theoretical phase 
wou ld  occur  a t  ex t r emely  h igh 
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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Figure  1.1 applications of physics in our daily life Important information

Figure 1.2    Quark matter is an extremely 
dense phase of matter made up of 
subatomic particles
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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 things together. By exploring 
these connections, physics helps us make sense of the world and 
beyond, piecing together the intricacies of our universe in a way that 
is both fascinating and deeply informative.

Matter

General Physics

properties

can be studied in terms of its

is the study of

Energy

relationship 
with energy

properties

in the fields of

Thermal Physics Light Waves 
and Sound

Electricity and 
Magnetism

relationship 
with matter

Radioactivity

can be studied in terms of its

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 nonliving aspects of the world. 
Physics is special because it is not just a part of physical sciences; it is 
the most fundamental science. It deals with the basics like how things 
move, forces, energy, matter, heat, sound, light, and structure of 
atom.
For example, when physicists study how gravity works, this helps us 
understand 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 

PHYSICS
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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 
better.

Natural Science

Physical Science Earth and Space Life Science

Chemistry Physics
Geology, Astronomy 

Meteorology & 
Oceanography

Natural Science

Fields of Study in Physics
As we begin on this intellectual journey, it becomes evident that the 
realm of physics is not confined to a singular pathway but rather 
branches into a array of specialized fields, each with its unique focus 
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 
their effects on matter.  Students learn about the principles of heat 
transfer and the ways we can harness thermal energy in everyday life.
Optics: It focuses on the behavior of light and its interactions with 
different materials. This field explains phenomena like the formation 
of rainbows and the functioning of lenses in eyeglasses.
Classical Mechanics: This branch deals with the motion of visible 
objects and the forces that act upon them. It helps explain everyday 
occurrences, such as why a ball rolls down a hill or how a car 
accelerates.

Knowledge 1.2 Fields of Physics and 
Interdisciplinary Connections

Explain with examples that physics has 
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 
i s  s tud ied  be tween  the  fie lds : 
Biophysics, Astronomy, Astrophysics, 
Cosmology Thermal Physics, Optics, 
Classical  Mechanics,  Quantum 
Mechanics, Relativistic Mechanics, 
Nuclear Physics, Particle Physics, 
E l e c t ro m a g n e t i s m ,  A c o u s t i c s , 
Computational Physics, Geophysics, 
Climate Physics. 
Brief with examples that science is a 
collaborative field that requires 
interdisciplinary researchers working 
together to share knowledge and 
critique ideas

Student Learning Outcome

Mind map:Branches of Science 
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Figure 1.3 Field of study in classical  Physics

heat

light

sound

electricity and magnetism

mechanic

Classical Physics - 
regarding motion and 

energy



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 its components. Nuclear Physics is crucial 
for understanding nuclear energy, radiation, and applications .
Particle Physics: Particle Physics investigates the fundamental particles that make up the universe and the 
forces that govern them. It offers insights into the basic building blocks of matter and the interactions that shape 
the physical world.

Modern Physics scientific 
bel iefs  about  the basic 
structure of the material 
world

atomic, molecular and electron physics

nuclear 
physics

particle 
physics

astrophysics relativity

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 sound is utilized in 
technology.
Each of these branches is like a different tool in a toolbox, helping us 
understand the world and universe in its own unique way. Physics is 
exciting because it lets us discover new things about everything from 
tiny atoms to the vast universe.

Science as a collaborative 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 involved expertise in 
physics, engineering, and medicine.
Space Exploration: This field combines the skills of scientists, 
engineers, and mathematicians. Astronomers identify targets for 
study, engineers design spacecraft, and mathematicians calculate 
trajectories to explore the universe.
Environmental Conservation: 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.
Artificial Intelligence: AI 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: During pandemics, epidemiologists, 
virologists, statisticians, and healthcare professionals work together 
to understand disease spread and devise containment strategies.
Archaeology and History: Unraveling historical mysteries often 
involves collaboration between archaeologists, historians, 
geologists, and anthropologists. This interdisciplinary approach 
helps reconstruct the stories of ancient civilizations.

8
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1. Develop an area of 
expertise

A core grounding shapes your 
research identity and your 

contribution in 
collaborations

2. Learn 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 
reflection

3. Be open-minded
Make yourself open to 

learning, new ways of doing 
things, and to collaborations 

that include new types of 
knowledge.

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 
not necessary, or appealing, 

to everyone.

7. Push your boundaries
Make attempts big and small 
to get outside of your comfort 
zone and expose yourself to 
novel perspectives, opinions 

and ideas.

8. Collaborate widely
Interdisciplinary research 

demands the ability to work 
with others. Egos will 
impede this progress.

9. Foster interdisciplinary 
culture

Promote freedom to think and 
work across disciplinary 

borders.Lab leaders can foster 
space for interdisciplinary 

research to be discussed and 
developed.

10. Champion researchers
Great research deserves 

recognition. Lab-leaders and 
institutes can create opportunities 

and remove barriers by 
recognising excellent 

interdisciplinary 
research.

Fig 1.5. Tips for developing interdisciplinary socio-ecological researcher

Ten tips for developing interdisciplinary socio-ecological researchers

Interdisciplinary research is 
different disciplines working 
together to integrate their 
disciplinary knowledge and 
methods, to develop and 
meet shared research goals 
that achieve a true synthesis of 
approaches

The 10 tips draw on knowledge 
from experienced interdisciplinary 

practitioners from around the 
world.

Tips 1-8 focus on the 
interdisciplinary researcher level, 
whilst tips 9 and 10 focus more 

on lab leadership
and culture.

These 10 tips are framed 
under:
           Knowledge
           Attitudes
           Practice*
To highlight what 
researchers should 
know (knowledge),
perceive (attitudes) 
and do (practices) in 
relation to conducting 
interdisciplinary research.



These examples underscore the collaborative nature of science, where interdisciplinary teams share knowledge 
and critique ideas to advance our understanding of the world.

Interdisciplinary Areas of Physics
Physics also works together with other sciences to tackle complex problems that cover many topics. This vast 
network of knowledge not only shows how varied physics is but also emphasizes its key role as a fundamental 
science. It connects with many 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: 

Spheres of Influence in the Research-Implementation Space

Interdisciplinary Areas of Physics

Geophysics

Nuclear Physics
Acoustics Astrophysics

Atomic Physics

Biophysics

Fig 1.7 Interdisciplinary Areas of Physics 
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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 other 
sciences to study celestial objects and phenomena. Astronomers use 
principles from physics to understand the behavior and properties of 
stars, planets, and galaxies.
Astrophysics: Astrophysics is a branch of astronomy that 
specifically applies the laws of physics 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, making it a crucial tool 
in many areas of physics and engineering.
Geophysics: Geophysics applies physical principles to study the 
Earth and its environment. It encompasses areas such as seismology, 
magnetism, and gravitational studies to understand the Earth's 
internal structure, dynamics, and its 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.

In the vast and fascinating world of science, individuals who dedicate 
their careers to exploring, understanding, and expanding our 
knowledge of physics are known as physicists. 
Physicists are curious minds who ask big questions like "Why do 
objects fall to the ground?" or "How can we harness the energy of 
atoms?" They use experiments, mathematical models, and 
observations to find answers. Their work involves a lot of problem-
solving and creativity, as they develop theories and apply them to 
solve real-world problems. This could range from developing new 
medical imaging devices to improve healthcare, to designing more 
efficient energy sources to power our homes and cities.

Knowledge 1.3 Who are Physicists?

11

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

Student Learning Outcome



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.

1. Isaac Newton: 
First man to give 
an impression 
and empirical 
idea about the 
universe

4. Niels Bohr:
Contribution to 
QT and explained 
atomic structure

2. Albert 
Einstein: 
Originator of the 
First pillar of 
modern physics: 
General 
Relativity

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

Figure 1.8 Renowned Physcisits 

In short, physicists are scientists who specialize in the study of 
physics. They are essential for advancing our understanding of the 
universe and improving our quality of life through technological 
innovations.  Their work is a evidence to human curiosity and our 
continuous 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 materials for electronics, 
contributing to a sustainable future.
Advancing Technology: Physics is the foundation of many 
technological breakthroughs, from lasers to MRI machines. 
Physicists continually push the boundaries of technology, leading to 
improvements 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.

In the context of research in physics, the terms "hypothesis," 
"theory," and "law" have specific meanings and roles in the scientific 
process. Let us clarify each of these terms:

Hypothesis:
A tentative and testable statement or educated guess that suggests a 
possible 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.

Knowledge 1.4 Fundamental Concepts in 
Physics Research

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

12
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Theory:
In physics, theory is a well-substantiated and comprehensive 
explanat ion that  has  withstood extensive test ing 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 
range of related phenomena. A theory is not considered absolute truth 
but is the best current explanation based on available evidence.
Einstein's Theory of Relativity is a well-known example in physics. It 
explains the behavior of objects in extreme gravitational fields and at 
near-light speeds, providing a more accurate description of gravity 
than Newton's Law of Universal Gravitation.

Accept hypothesis

Ask 
question

Background 
research

Form 
hypothesis

Test with 
an experiment

/data

Analyze results/
draw conclusions

Report 
results

Project hypothesis(Falsifiability)Think Try again

Scientific Method

Figure 1.9 Scientific Method 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 
principles that have been observed to be true in a wide range of 
circumstances and experiments. They provide a basis for predicting 
and understanding physical phenomena.
Newton's Laws of Motion are classic examples of laws in physics. 
One of these laws states that the force applied to an object is equal to 
the mass of the object times its acceleration (F = ma). 
To summarize, within the realm of physics research:

A hypothesis is an initial statement or prediction that is tested 
through experimentation.
A theory is a well-established and comprehensive explanation of 
natural phenomena, based on extensive evidence and 
experimentation.

Scientific theories and methods 
change over time.
The invention of the telescope led to 
new discoveries about the planets, 
moon, and stars.
As telescope technology improved, 
new discoveries changed our under-
standing of the Universe.

Law

Theory

Hypothesis

Facts and 
Observations
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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 
terms represent different stages in the scientific process, with 
each contributing to our understanding of the physical world.

How is a theory developed in physics?
What is the relationship between a theory and a law in physics?

1.
2.

A hypothesis in physics research is: 
a.  A proven fact about a natural phenomenon 
b.  An educated guess or prediction that can be tested 
c.  A universally accepted principle that explains a large body of data 
d.  A mathematical formula used to calculate physical quantities
In physics, a theory is: 
a.  A random guess 
b.  A well-tested explanation that unifies a broad range of observations 
c.  An untested idea 
d.  A law that has been proven incorrect
A law in the context of physics research usually refers to: 
a.  A hypothesis that has been somewhat tested 
b.  A detailed report of an experiment 
c. A statement based on repeated experimental observations that 

describes some aspects of the universe 
d. A theory that is not widely accepted

1.

2.

3.

Scientific Terminology 
Students understand the terms 
'hypothesis,' 'theory,' and 'law' in the 
context of physics research.
They can differentiate between these 
concepts and their roles in scientific 
inquiry.

Falsifiability 
It is a fundamental concept in the philosophy of science, particularly 
in the context of scientific theories. This principle asserts that an idea 
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 
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 tested by measuring how fast 
objects fall. If an object were found to fall at a different rate than 
predicted, this would challenge the theory of gravity. However, 
because all tests have supported predictions of gravity, it 
remains a 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

Figure 1.10 Inductive and deductive 
research methodology

Inductive Reasoning 

Observation

Pattern

Hypothesis

Theory

Inductive Reasoning 

Observation

Confirmation 

Hypothesis

Theory
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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

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 
of your 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, which are then subject to 
falsifiability through empirical 

How can a physics theory be tested for falsifiability?
What happens if a theory in physics is not falsifiable?

1.
2.

Falsifiability in physics means a theory is scientific if it: 
a.  Can be proven true in all cases 
b.  Is based on unchangeable principles 
c.  Makes assertions that can be disproven 
d.  Is widely accepted by scientists
Which of the following is an example of falsifiability in physics? 
a.  A theory that can be tested by experiments and potentially disproven 
b.  A theory that explains all observed phenomena without exception 
c.  A theory based on metaphysical concepts 
d.  A theory that is supported by all scientists
A scientific theory in physics is not considered valid if it: 
a.  Cannot be disproven under any circumstances 
b.  Is complex and difficult to understand 
c.  Has been proven true in several experiments 
d.  Is supported by a majority of physicists

1.

2.

3.

Falsifiability in Physics 
Students comprehend 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.

Deductive reasoning

It starts with a general premise and 
deduces specific conclusions from it. 
Imagine a theory that states: "All objects 
with mass attract each other." This theory 
is derived from Newton's law of universal 
gravi ta t ion ,  which descr ibes  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 known masses, we can 
calculate the gravitational force between 
them using Newton's law. If, upon 
measurement, 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.

In our study of physics, 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 
understanding. It seeks to answer "why" and "how" questions about 
the universe.
 Physicists study the fundamental forces of nature and the behavior of 
matter and energy. For example, they explore the laws of motion and 
gravity. Biologists investigate the structures and processes of living 
organisms. For instance, they study DNA and genetics to understand 
inheritance patterns.

Knowledge 1.5 Science, Technology, and 
Engineering
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Technology: 
Technology is concerned with the practical application of scientific 
knowledge to solve specific problems or meet human needs. The 
primary goal of technology is to create useful products, processes, or 
systems that improve the quality of life or enhance efficiency. 
Smartphones are the result of technological innovation that combines 
advances in materials, electronics, and software to create versatile 
communication devices. Technologies like MRI (Magnetic 
Resonance Imaging) and CT scanners. 

Engineering:
It is the application of scientific and mathematical principles to 
design and build systems, structures, and devices. The primary goal 
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, 
and buildings. They ensure that structures are safe and meet specific 
requirements. Aerospace engineers develop aircraft and spacecraft, 
applying principles of physics and materials science to create 
vehicles for air and space travel.
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. 
These fields often work together in a collaborative manner. For 
example, scientific discoveries may lead to technological 
innovations, and engineers use both scientific knowledge and 
technology to create new systems and devices. 

Role of Physics in Our Life
The knowledge gained from studying physics is crucial in various 
other scientific fields, including astronomy, biology, chemistry, and 
geology.
Physics is closely linked to practical advancements in engineering, 
medicine, and technology. Engineers, for instance, apply physics 
concepts and theories when designing vehicles and machinery.
The study of physics is rapidly expanding, resulting in technological 
advancements that benefit humanity. Fundamental physics laws and 
theories enable tasks like launching satellites, gathering data from 
space probes, and enhancing telecommunications.
Physics research has also facilitated the use of radioactive materials 
in the diagnosis and treatment of specific diseases.
Physics plays a pivotal role in the development of advanced medical 
equipment such as magnetic resonance imaging (MRI), X-ray 
machines, and computerized tomography (CT) scanners, 
contributing significantly to medical technology.
Physics contributes to enhancing the quality of life by explaining 
how modern household appliances, like televisions and microwave 
ovens, operate based on its theories and principles.
Many everyday objects we use, as shown in Table 1.1, function and 
operate according to the principles of physics, highlighting its 
widespread relevance in our daily lives.

Modern technology can have great 
benefits, but some technologies can 
also cause harm.
The risks and benefits of different 
technologies need to be assessed 
before deciding whether or not to use 
them.

Figure 1.11 Chemical engineering 
consists of applications of mathematics, 
physics, chemistry, biology, computer 
science, and economics.

Table 1.1  Object along with scientific 
work or principle behind the scene

Bread 
toaster

Elasticity, electricity, 
electronics

Electrical energy, heat

Bicycle Mechanics, dynamics, 
kinematics

Fan
Electromagnetism, 
mechanics

Computer
Electronics, electricity, 
electromagnetism

Air 
conditioner

Thermodynamics, 
electronics, mechanics

Mobile 
phone

Waves, electronics

Video 
camera

Optics, electronics

Object

Wristwatch

Principle of physics

Econimics Biology

Computer
Science 

Chemistry 

Physics Mathematics 

Chemical
Engineering
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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 fully built in Malaysia. 
It was successfully launched on 26 September 2000 from Baikonur 
Cosmodrome, Kazakhstan.
This satellite operates at a height 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, at a location with bearings 61° 12′ N, 128° 4' W.

Figure 1.12 MEASAT-1

Figure 1.13  MEASAT-2

Can you provide an example where technology and science intersect?
What role does engineering play in applying scientific principles?

1.
2.

Which of the following is an example of technology? 
a. Formulating a theory about black holes
b. Developing a new smartphone 
c. Constructing a bridge over a river 
d. Conducting a chemical experiment
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
Which example best illustrates the practice of science? 
a.  Inventing a new type of solar panel 
b.  Discovering the laws of thermodynamics 
c.  Designing a computer network 
d. Launching a marketing campaign

1.

2.

3.

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.
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Exercise 

A Multiple Choice Questions:
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1. Optics is a branch of physics that investigates: 

        a. The behavior of animals                             b. The properties of light 

        c.   The composition of minerals                                         d. Cultural traditions

2. Physics is considered a natural science because it: 

        a. Deals with the natural world and its phenomena  b.  Focuses on artistic expressions 

        c.    Studies social interactions                d.  Analyzes historical events

3. As a physical science, physics 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 

        c. Enables combining expertise from various fields for comprehensive understanding 

        d. Discourages collaboration and sharing of ideas

7. Which of the following best describes the progression from hypothesis to theory to law in physics? 

        a. Hypothesis → Law → Theory                                    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. A theory 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 considered scientific

10. What distinguishes technology from science and engineering? 

        a. Technology focuses on theoretical understanding 

        b. Technology involves the application of scientific knowledge for practical purposes 

        c. Technology is concerned with the construction of buildings 

        d. Technology is the same as science 



Short Questions

1. How does computational physics use computational methods to solve physical problems?

2. What does particle physics study regarding the fundamental particles and the forces acting upon them?

3. How does quantum mechanics describe the behavior of matter and energy at atomic and subatomic levels?

4. Why is interdisciplinary research crucial in science?

5. What role does critique play in collaborative scientific endeavors?

6. How do different scientific disciplines work together to advance knowledge?

7. What distinguishes science from technology and engineering?

8. How does technology apply scientific knowledge?

9. In what ways does engineering differ from science?

Long questions.

1. Physics integrates matter, energy, space, and time to understand phenomena like gravity and quantum 

behavior, essential for comprehending the universe's fundamental aspects.

2. Physics underpins physical and natural sciences, with its principles enhancing understanding and 

innovations in chemistry, biology, and beyond, showcasing the interconnectedness of scientific disciplines.

3. Physicists drive scientific progress by exploring theoretical and practical aspects across diverse fields, 

contributing to advancements 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.

B

C
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11. 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 

         d. Writing a computer program



Foundations of 
Measurement in Physics

C
H

A
P

T
E

R

2

20

Precision Measurement with a Vernier Caliper
The Vernier caliper is a precise measuring tool used in physics and 
engineering to gauge the dimensions of objects with accuracy. It can 
measure the external size of an object using the top jaws, the internal 
size using the inner jaws, and the depth using the stem. This tool is 
crucial for tasks where small size differences matter, such as 
designing parts to fit together in machines or conducting scientific 
experiments where exact measurements are required.



Student Learning Outcomes

Explain with examples that physics is based on physical quantities [Including that these consist of a 

magnitude and a unit.

Differentiate between physical and non-physical quantities.

Differentiate between the base and derived physical quantities and units.

Apply the seven units of System International (SI) [along with their symbols and physical quantities 
(standard definitions of SI units are not required)]
Analyse and express numerical data using scientific notation [In measurements and calculations.]
Analyse and express numerical data using prefixes [Including use of their symbols to indicate decimal 
submultiples or multiples of both base and derived units. Specifically: pico (p), nano (n), micro (p), milli 
(m), centi (c), deci (d), kilo (k), mega (M), giga (G), tera (T). This also includes]
Interconverting the prefixes and their symbols to indicate multiple and submultiple for both base and 
derived units.]
Differentiate between scalar and Vector quantities scalar has magnitude (size) only and that a vector quantity 
has magnitude and direction. Students should be able to represent vectors graphically]
Justify that distance, speed, time, mass, energy, and temperature are scalar quantities.
Justify that displacement, force, weight, velocity, acceleration, momentum, electric field strength and 
gravitational field strength are vector quantities.
Determine, by calculation or graphically, the resultant of two vectors at right angles
Make reasonable estimates of physical quantities [Of those that are discussed in the topics of this grade 
level] Theory of Measurement:
Justify and illustrate the use of lab instruments to measure length [Including how to measure a (Common 
variety of Iengths with appropriate precision using tapes, rulers, micrometers, and
vernier calipers (including reading the scale on analogue calipers and micrometers)]
Justify and illustrate the use of measuring cylinders to measure volume [Including both measurement of 
volumes of liquids and determining the volume of a solid by displacement]
Justify and illustrate how to measure time intervals using lab instruments [Including clocks and digital 
timers.] 
Determine an average value for an empirical reading[Including small distance and for a short interval of 
time by measuring multiples (including the period of oscillation of a pendulum)] 
Round off and justify calculational estimates.Based on empirical data to an appropriate number of 
significant figures]
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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:

Physics relies on physical quantities, characterized 
by a magnitude and unit, exemplified by concepts 
like length (meters) and force (Newtons), 
distinguishing them from non-physical quantities, 
while also understanding the distinction between 
base and derived physical quantities and units.
Apply the seven SI units (meter, kilogram, second, 
ampere, kelvin, mole, and candela) with their 
respective symbols to represent physical 
quantities, while also analyzing and expressing 
numerical data using scientific notation for 
enhanced clarity and precision. 
Analyze and express numerical data using prefixes 
(e.g., pico, nano, micro, milli, kilo) and symbols, 
for both base and derived units. They will also 
make accurate estimations of relevant physical 
quantities discussed at this grade level. 
Critique and analyze experiments, identifying 
error sources and suggesting corrections, and 
determine average values for empirical readings, 
including short time intervals like measuring 
pendulum oscillations. 
Determine the least count of analog data collection 
instruments from their scales and differentiate 
between precision and accuracy effectively. 
Justify and demonstrate the utilization of common 
laboratory instruments such as tapes, rulers, 
micrometers, and vernier calipers for measuring 
lengths with appropriate precision. This includes 
understanding how to read analog calipers and 
micrometers accurately. 
Justify and demonstrate the utilization of 
measuring cylinders for measuring volume. This 
includes understanding how to measure volumes 
of liquids accurately and determining the volume 
of a solid by displacement method using a 
measuring cylinder.
Justify and illustrate the use of lab instruments 
such as clocks and digital timers for measuring 
t ime intervals accurately.  This includes 
understanding how to operate and interpret 

Skills in converting to scientific notation, 
expressing numerical data using it, and 
performing arithmetic operations with numbers 
in scientific notation.
Skill in interconverting SI prefixes and their 
symbols in the context of both base and derived 
units.
Making close approximations of physical 
quantities based on known data.
Ability to identify and correct sources of 
systematic and random errors in experimental 
measurements.
Skills in determining the least count of various 
analog measurement instruments.
Ability to accurately measure lengths using 
various instruments, and identifying potential 
sources of error.
Skills in measuring volumes of both liquids and 
solids using measuring cylinders, with an 
understanding of potential errors.
Proficiency in measuring time intervals using 
lab instruments, and taking precautions to avoid 
random errors.
Ability to determine average values for 
empirical readings, especially for small 
distances and time intervals, and apply 
averaging as a tool against random errors.
Skill in rounding off empirical data to an 
appropriate number of significant figures.

Knowledge

Skill
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readings from both analog and digital timing 
devices.
Round off and justify calculational estimates based 
on empirical data to an appropriate number of 
significant figures, ensuring accuracy and 
precision in their calculations.



Explain with examples that physics is 
based on physical quantities [Including 
that these consist of a magnitude and a 
unit] 
Differentiate between physical and 
non-physical quantities 
Differentiate between the base and 
derived physical quantities and  units. 

When we observe the universe around us, it becomes evident that 
everything, from the tiniest particle (atom) to a huge galaxy and also 
the energy, can be quantified or measured. This essence of 
measurement is the cornerstone of physics. All measurable things are 
called physical quantities and the foundation of physics is based on 
these quantities. By measuring physical quantities, we can get clear 
answers about the world around us.

Physical  Quantities
Physical quantities are measurable properties of matter and energy 
that comprise two essential components: magnitude and unit. The 
magnitude refers to the numerical value of the quantity, while the unit 
is the standard of measurement for the quantity. Together, these 
components provide a clear and precise description of the physical 
quantity, which is foundation of physics. For example, If a scientist 
wants to study the properties of light, they might measure the 
wavelength of a light wave, such as 500 nanometers. "500" is the 
magnitude, and "nanometers" is the unit.
 So physical Quantities can be defined as Those quantities that we can 
measure, and laws of physics can be expressed in terms of the 
relationship among these quantities. They help us to understand and 
describe the world around us. Some examples of physical quantities 
are mass, length, time, force, speed, velocity, etc.

Knowledge 2.1 Foundation of Physics
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Age of the Universe     ≈          4 × 1710 s
Age of the Solar 

System     1.4 × 1710 s
Age of human 
species    7.9 × 1210  s
Life span of man 
(average)    2.2 × 910 s
Revolution of Earth 
(1 year)     3.2 × 710 s
Rotation of Earth 
(1 day)     8.6 × 410 s
Travel time for light 
from Sun      5 × 210 s
Travel time for light 
from Moon      1.3 s
Period of heartbeat (hum ≈ 0.9 s

Table 2.1: Some time interval

19Radius of our galaxy                 6 × 10
8Radius of the Sun                      7 × 10
6Radius of the Earth                    6 × 10

3Height of Mount Everest          9 × 10
0Height of a typical person         2 × 10           

–4Thickness of a page                  1 × 10
–6Size of a typical virus               1 × 10
–11Radius of a hydrogen atom      5 × 10         

–15Effective radius of a proton     1 × 10         

Length in Meters

Table 2.2: Relative size of different 

objects

(a) Mass (b)  Time (c)   Temperature

Happiness Sadness

(b)
Angry

(a)

Figure 2.1: (a) examples of physical quantities (b) examples of 
non-physical quantities

There are some other quantities around us that can be observed but 
cannot be measured and, therefore cannot be classified as physical 
quantities, for example, smell, happiness, feelings, emotions, etc. 
These are named non-physical quantities

Non-Physical  Quantities

Student Learning Outcome



 Base and Derived Quantities
Physical quantities are either fundamental or derived, measured 
directly, or derived, calculated from other quantities. For instance, 
we measure distance using a ruler and time with a stopwatch, while 
average speed is calculated by dividing distance by time. This leads 
us to two categories: base and derived quantities.
Base quantities are the foundational elements in physics, like length, 
mass, and time, essential for defining other quantities. The 
International System of Units recognizes seven such base quantities, 
including thermodynamic temperature, electric current, luminous 
intensity, and amount of substance. These base quantities are 
measured directly and form the cornerstone for more complex 
measurements. So, we define base quantities are the minimum 
number of quantities that shall be measured directly without the help 
of other physical quantities. The seven base quantities in the 
International System of Units, are listed in the table 2.4.
Derived quantities, on the other hand, are formed by combining 
base quantities. For example, speed is derived from length and time. 
So, physical quantities those that are not independent and are 
measured by following a procedure of calculation in which other 
physical quantities are involved.  These quantities, such as area, 
volume, and force, help us describe and measure our world in more 
detail. They are crucial for understanding various aspects like the size 
of a surface (area) or the space an object occupies (volume).
The relationship between base and derived quantities is key to 
comprehending the physical world and its phenomena. Some derived 
Quantities are listed in the table 2.5
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Table 2.3:Masses of 
Various Objects  in kg 
(Approximate Values)

52Observable Universe              ~10
42Milky Way galaxy        ~10

30Sun                                         1.99 X 10
24Earth                                      5.98 X 10

22Moon                                     7.36 × 10
3Shark                                     ~10
2Human                                   ~10
–2Frog                                       ~10
–5Mosquito                               ~10

–15Bacterium                             ~1 X 10
–27Hydrogen atom                     1.67 × 10
–31Electron                                 9.11 × 10

Mass Objects

If physical quantities can be measured, provide an example of a 
measuring instrument for one of the physical quantities you have 
studied.
Imagine a friend says that the "Intensity of a smell" should be a 
physical quantity because some smells are stronger than others. How 
would you respond to your friend's statement?

1.

2.

What is a physical quantity? 
a)   A quantity that can only be described  
b) A quantity that can be measured and expressed with units 
c)  A feeling or emotion
d)  A type of food 
If a scientist wants to study the quality of a painting, is this a study of a 
physical or non-physical quantity? 
a)  Physical quantity, as it can be measured with units 
b)  Non-physical quantity, as it cannot be measured with units 
c)  Both physical and non-physical quantities 
d)  Neither physical nor non-physical quantities

1.

2.

Quantity

mass

length

time

electric current

thermodynamic 

temperature

amount of 

substance

luminous 

intensity

kilogram

metre

second

ampere(amp)

kelvin

mole

Candela

kg

m

s

K 

mol

 cd

A

SymbolUnit

Table 2.4: Seven base quantities 
along with their units

Test Yourself

Multiple Choice Questions
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Derived quantity

Formula

Density

Name

Area

Volume

Momentum

Acceleration

Velocity

Frequency

Pressure

Force

 ρ

Symbol

A

V

P

a

v

f

P

F

Length × Breadth

Length × Breadth × Height

Mass × Velocity

Mass × Acceleration

Displacement

Time taken

Change in velocity

Time taken

Mass

Volume

Force

Area

1

Time period

Power

Work

P

W Force × Displacement

Work

Time taken

LENGTH
SI unit: meter (m)
One meter is about the average height of a 
32-year-old person, or five steps up a 
typical staircase.

Micrometer (µm): A millionth of a 
meter is equal to the length of a 
bacterium.
Millimeter (mm): A thousandth of a 
meter is equal to the diameter of a 
pinhead.

MASS
SI unit: kilogram (kg)

One kilogram is the mass of one liter 
of water, or about  the mass of an 
average sized pineapple.

If you were to measure the space inside a box, which derived quantity 
would you be finding?
Suppose you are measuring how much light a bulb emits. Which base 
quantity are you working with?

1.

2.

Which of the following sets includes only base quantities? 
a) Time, Mass, Temperature 
b) Speed, Force, Energy 
c) Velocity, Acceleration, Power
d) Work, Momentum, Torque 
If the density is a derived quantity, what could be the base quantities 
used to express it? 
a) Mass and Length   
b) Time and Length 
c) Force and Speed   
d) Energy and Work

1.

2.
“Understand the core of physics through 
the exploration of physical quantities, 
distinguishing between base and derived 
units. Learn to differentiate physical from 
non-physical quantities, using examples 
to deepen your comprehension.”

Table 2.5 Examples of derived quantities

Do you Know?

Do you Know?

Skill 2.1

Multiple Choice Questions

Test Yourself
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Before a measurement can be made, a standard or unit must be 
chosen. The size of the quantity to be measured is then found with an 
instrument having a scale marked in the unit. In 1971, scientists from 
all over the world agreed on a set of standard units for measuring 
things. These units are called the International System of Units, or SI. 
Scientists adopted an International System of units at a General 
Conference on Weight and Measurement in 1960 and finally refined 
it in 1970. It is considered to be a complete and coherent system of 
units for all physical quantities. The SI  is a set of metric units now 
used in many countries. It is a decimal system in which units are 
divided or multiplied by 10 to give smaller or larger units

Base Units and Derived Units
The SI is based on seven units, which are the meter, kilogram, second, 
ampere, kelvin, mole, and candela. These are units of seven base 
quantities called base units. Base units, along with their symbols, are 
listed in the table 2.4.
These are the units of derived quantities. For example, a unit of force 
is newton, and that of speed is a meter per second. The units of all the 
derived physical quantities are a combination of fundamental units 
without introducing any numerical value, as presented in the table 
2.5.With derived units, any measurable quantity can be 
communicated. Some derived units have special names, and some 
are expressed simply in terms of other units.

Mastering SI Units and 
Scientific Notation

Knowledge 2.2

Apply the seven units of System 
International (SI) [along with their 
symbols and physical quantities 
(standard definitions of SI units are not 
required)]
Analyze and Express Numerical Data 
using Scientific Notation

TEMPERATURE SI unit: kelvin (K)
Just one degree rise in temperature can make you feel hot and feverish.

Temperature scales

In the USA, an everyday 
temperature scale uses degree 
Fahrenheit (°F). where the 
freezing point of water is 32°F. 
Kelvin measures all the way 
down to absolute zero where heat 
energy does not exist.

0 kelvin = absolute zero, 
when all objects and their 
particles are still. 
1 kelvin = the coldest known 
object in the universe, the 
Boomerang Nebula. 
1,000 kelvin = the 
temperature inside a charcoal 
fire.

Boiling Point of 
water

Freezing point of 
water

Average human 
body

TIME
SI unit: second (s)
One second is the duration of 
9,192,631,770 periods of the radiation 
corresponding to the transition between 
two hyperne levels of the ground state 
of the cesium-133 atom.

a minute is 60 seconds
an hour is 3,600 seconds
a day is 86,400 seconds
a week is 604,800 seconds
a year (other than leap 
years) is 31,536,000 seconds
and a (Gregorian) century 
averages 3,155,695,200 seconds

Student Learning Outcome

Do you Know?

Do you Know?



S.I unit

Fundamental units

2m x m= m

3m x m x m= m

m

s

-1= ms

Special name

-

-

Derived quantity

Name

Area

Volume

Velocity

Formula

l x w

l x w x h

d / t

-1ms

s

-2= msAcceleration -

-

v  – vf i

t

kg
3m

-3= kgm

-1 -1kg x ms =kg ms

A × s = As

J

s
–1 = Js

2 -2kg m  s

s

2 -3 = kg m s or

-2 2 -2kg ms x m= kgm s

or Nxm= Nm

1

s

-1= s

-2kg ms
2m

-1 -2 = kgm s or
N

2m
-2=Nm

-2 -2kg x ms =kg ms

-

-

coulomb, C

watt, W 

joule, J

hertz, Hz

pascal, Pa

newton, N

Density

Momentum

Electric 

charge

Power

Work

Frequency

Pressure

Force

mv

I × t

w

t

Fd

1

T

ma

m

V

F

A

Light Intensity 

SI unit: candela (cd)
One candle is the 
light intensity given 
off by a  candle Fame.

A millionth of a candela = the lowest 
light intensity perceived by human 
vision.
A thousandth of a candela = a typical 
night sky away from city lights.
1 billion candelas = the intensity of 
the sun when viewed from Earth.

A mole of sugar
molecules is 
about two small 
cups.

A tenth of a mole of iron atoms = the 
amount of iron in the human body.

1,000 moles of carbon atoms = the 
amount of carbon in the human body.

10 million trillion moles of oxygen 
molecules the amount of oxygen in 
Earth's atmosphere.

Amount Of A Substance 
SI unit: mole (mol) One mole is a set 
number of atoms, molecules, or other 
particles. Because substances all have 
different atomic structures, one mole of 
one substance may be very different to 
that of another.

A mole of gold 
atoms is about 
six gold coins.What are derived units, and can you name one example?

Why is the unit symbol for ampere capitalized?
How would you represent the unit of force in terms of base units?

1.
2.
3.

Which of the following is NOT a derived unit in the SI system?
 a) newton  b) pascal  c) ampere  d) joule 
A scientist is measuring the amount of substance in a chemical 
reaction. Which SI base unit will be appropriate for this measurement? 
a) kelvin  b) mole      c) candela       d) ampere 
Which of the following options correctly matches the SI base unit with 
its symbol?
a)  ampere - A, candela - C, mole - M 
b)  meter - m, kilogram - kg, second - s 
c)  kelvin - K, ampere - A, Second - s 
d)  Both b  and  c

1.

2.

3.
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Table 2.6: Derived units of physical quantities 

Do you Know?

Do you Know?

Test Yourself

Multiple Choice Questions
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Power of Ten
When we measure a physical quantity, it may have very small or very 
large value. To write very large or very small numerical value in a 
neat way, we write them in terms of the power of 10. The example 
below shows how it works. 

32000 = 2 × 10 ×10 × 10   = 2 × 10  
2

200 = 2 × 10 × 10          = 2 × 10  
1

20 = 2 × 10                  = 2 × 10  
02   = 2 × 1              = 2 × 10

1 −10.3 = 3/ 10 = 3/10           = 3 × 10  
2 −2

 0.03 = 3/100 =3/ 10    = 3 × 10  
3 −30.003 = 3/1000 = 3/10    = 3 × 10  

The above numbers are written in the power of ten. The power shows 
how many times the number has to be multiplied by 10 if the power is 
greater than 0 or divided by 10 if the power is less than 0. Note that 1 
is written as 100. 

Scientific Notation: This way of writing numbers is called 
scientific or standard notation, which we will discuss in the next topic 
in detail.
Scientific notation, or standard form, is a concise way of expressing 
very large or very small numbers using powers of 10. It is based on 
two rules:

n1.  A number in standard form is written as A × 10 , where:
A is a digit between 1 and 10 (integer or decimal).
n is a positive integer for numbers greater than one or a negative 
integer for numbers less than one.

2. In standard form, only one non-zero digit appears before the 
decimal point, and the value is adjusted by multiplying by an 
appropriate power of 10.
Conversion to Scientific Notation:

For large numbers, move the decimal point after the first non-zero 
digit, and the number of places shifted becomes the exponent of 

210. e.g., 300 becomes 3× 10 .
For numbers less than 1 , place a decimal after the first non-zero 
digit and count the places to determine the negative exponent of 

–310 . e.g., 0.0023 becomes 2.3 × 10 .

This shows how many places the 
decimal point has moved. The second part 

is a power of 10.

The first part is a number with only one digit in front of the decimal point. 

12 11 10 9 8 7 6 5 4 3 2 1 

1.400000000000 m = 1.4 × 10 12 m

Figure 2.2(a): Writing distance of Saturn from Sun in scientific notation

The minus sign shows the 
decimal point has been 
moved to the right.

–60.000001   m = 1.0 × 10 m

1 2 3 4 5 6 

Figure 2.2(b): Writing size of bacteria in scientific notation
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In scientific measurements and calculations, scientific notation is 
used to maintain the precision of data, ensuring the number of 
significant figures is clear. When performing operations with 
numbers in scientific notation, the laws of exponents are followed as  

Multiplication with Scientific Notation
Multiplying two numbers in scientific notation, you multiply the 
coefficients and add the exponents

3 4For example, let us multiply (2 × 10 ) and (3 × 10 ).
Multiply the coefficients: 2× 3 = 6
Add the exponents: 3 + 4 = 7

3 4 7So, (2 × 10 ) ×  (3 × 10 ) = 6 × 10 .

Division with Scientific Notation
When dividing numbers in scientific notation, you divide the 
coefficients and subtract the exponents.

8 4For example, let us divide (6 × 10 ) by (3 × 10 ).
Divide the coefficients: 6 / 3 = 2 
Subtract the exponents: 8 – 4 = 4

8 4 4So, (6 × 10 ) / (3 × 10 ) = 2 × 10 .

Addition and Subtraction with Scientific Notation
When adding or subtracting numbers in scientific notation, they must 
first be expressed with the same exponent. 

3 4
For example, to add 5.67 × 10  and 3.4 × 10 , 
Rewrite the first number to match the exponent of the second number. 

3 4So 5.67 × 10  becomes 0.567 × 10 ,
Add the Coefficient: 0.567+3.4 = 3.967

4
 So, the result is 3.967 × 10 .

Master the system international units 
(SI), and also develop skills in 
analyzing and expressing numerical 
data through the precision of scientific 
notation. Learn to simplify complex 
numbers for clearer understanding and 
effective communication in physics.

As we encounter a vast range of physical quantities in our world, 
from the immense scale of radius of earth at about 6,400 kilometers to 
the incredibly minute size of an atom at approximately 0.1 
nanometers, the need to manage and communicate these values 
effectively becomes evident. To bridge the gap between these 
extremes and handle very large or very small values, we employ 
prefixes. Additionally, the ability to make reasonable estimates of 
physical quantities, aids us in problem solving, decision making, 
experiment planning, and understanding the order of magnitude of a 
result, especially in complex and dynamic systems where exact 
measurements can be challenging or time-consuming.

Prefixes
A prefix is a letter placed at the beginning of a SI base unit. The SI 
allows other units to be created from standard or base units by using 
prefixes, which act as multipliers. The SI units, used with prefixes, 
indicate multiples or sub-multiples of a base unit. For example, 
2000 meters (meter as the base unit) written in standard form as 

SI Prefixes and EstimationKnowledge 2.3

Analyse and express numerical data 
using prefixes [Including use of their 
s y m b o l s  t o  i n d i c a t e  d e c i m a l 
submultiples or multiples of both base 
and derived units. Specifically: pico (p), 
nano (n), micro (μ), milli (m), centi (c), 
deci (d), kilo (k), mega (M), giga (G), 
t e ra  (T) .  Th is  a l so  inc ludes  ] 
Interconverting the prefixes and their 
symbols to indicate multiple and sub-
multiple for both base and derived 
units.] 
Make reasonable estimates of physical 
quantities [Of those that are discussed in 
the topics of this grade level] 

List the rules for converting large 
and small numbers to scientific 
notation.
How do you multiply two numbers 
in scientific notation?

1.

2.

Which of the following represents 
0.0009 in scientific notation?

–4 –4a) 9 × 10  b) 0.9 × 10
–3 –3c) 90 × 10  d) 9×10

3What is the value of 4.2 × 10  
2divided by 2 × 10  ?

2a) 21×10 b) 2.1×10
1c) 2.1×10 d) 2.1×10

1.

Test Yourself

Multiple Choice Questions

Skill 2.2

Student Learning Outcome

2. 



Figure 2.3: Some typical lengths in the universe

26(a) 10 m Limit 

of the observable

universe

11(b) 10 m 

Distance

to the sun

7(c) 10 m 

Daimeter 

of the earth

(d) 1m 

Human dimensions
-5(e) 10 m 

Diameter of 

a red blood cell

-10(f) 10 m 

Radius of an atom
-14(g) 10 m Radius of 

an atomic nucleus

3
2.0 × 10  meters, can also be written as 2.0 kilometers where the 
prefix kilo (k) means 1000..

Express the following measurement 
(i)  5,000,000 meters into kilometers.
(ii) 300 milligrams in grams.
(iii) 0.0045 kilometers to meters.
(iv) 1500 microseconds in milliseconds.

3(i)    5,000,000 m = 5,000 × 10  m = 5,000 km
2(ii)   300 mg = 3 × 10  mg 

–3
As in the table of Prefixes, milli = ×10

2 2 –3 2–3So, 300 mg = 3 × 10  mg = 3 × 10  × 10  g = 3× 10  

Solution

–1
3 × 10  =

3 
10

g = 0.3g

–3 
(iii)  0.0045 km = 4.5 × 10 km 

3As the prefix "kilo" is equal to  10
–3 3 –3+3So, 0.0045 km = 4.5 × 10 × 10  m = 4.5 × 10 m 

0
      = 4.5 × 10  m= 4.5 × 1= 4.5 m

–6
(iv)  (After writing in standard form, use "micro (μ)" =  10 , 

3 3 –6 3–61500 μs =1.5 × 10    μs =1.5 × 10  × 10  s = 1.5 × 10  s 
–3

       = 1.5 × 10  s = 1.5 ms.

Order of Magnitude
The term order of magnitude refers to the scale of a value expressed 
in the metric system. Each power of 10 in the metric system 

1 2 3represents a different order of magnitude. For example, 10 , 10 , 10  
are different orders of magnitude. 
Quantities that share the same specific power of 10 are considered to 
be in the same order of magnitude group. For example, both 800 

2 2(expressed as 8×10 ) and 450 (expressed as 4.5×10 ) belong to the 
same order of magnitude because they use the same power of 10.
Understanding order of magnitude, which helps quickly assess the 

-9size of values, like the tiny atom with a 10 meter diameter or the 
9massive Sun with a 10 meter diameter, leads us to explore why and 

how we estimate physical quantities in different scientific situations."

Note: Fig. 2.3 (f) is a scanning tunneling microscope image of 
atoms on a crystal surface (g) is an artist’s impression.: Fig. 2.3 

2.1

30
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“Enhance your measurement skills by 
learning to use prefixes for expressing 
numerical data in both base and derived 
units. Practice making reasonable 
estimates of physical quantities."

Critique and analyze experiments for 
sources of error [Including identifying 
sources of systematic and random error 
in measurements and suggesting steps 
to correct them] 
Determine an average value for an 
empirical reading [Including small 
distance and for a short interval of time 
by measuring multiples (including the 
period of oscillation of a pendulum)] 

Potential source of error

A power outage can lead to a lack of light 
in a laboratory setting as electrical 
lighting systems fail to operate. This 
absence of light makes it difficult to 
observe and measure experimental 
outcomes accurately, potentially affecting 
the reliability of scientific observations.

1.  TRUE VALUE:
The "true value" is the exact and ideal 
number we had get in a perfect experiment 
with no mistakes. For example, the true 
value of  gravitational acceleration (g) of 
earth at sea level is about 9.80665 m/s². In 
a physics experiment using a pendulum to 
measure g, the calculated value might 
differ slightly from this true value because 
of errors like incorrect timing or 
measurement inaccuracies. To get closer 
to the true value, students can repeat the 
experiment, use better timing methods, 
and reduce other errors. By averaging 
these improved results, they can estimate 
g more accurately.

Treat unit names like regular words, with lowercase letters unless 
they start a sentence.
Always leave a space between the number and the unit, like 
"25kg."
Break up big numbers with spaces, not commas. Like "15 739."
Only use one prefix at a time. "10 ns" is correct, not "10 m μs". 
Similarly, “5 pm” is correct not “5 μμm”.

In the scientific process, conducting experiments is essential for 
exploring physical quantities such as mass, length, and time. 
Accurate measurement of these quantities is essential for obtaining 
reliable data. Before we delve into using measurement tools like 
rulers for length and stopwatches for time, it is important to address 
potential measurement errors. Recognizing and understanding these 
errors enables us to refine our experiments and enhance the 
credibility of our findings.
Understanding the least count is vital as it allows us to estimate the 
precision of measurements obtained from the instrument, aligning 
with the goal of determining an average value for an empirical 
reading. This is particularly relevant when measuring small distances 
or short intervals of time, including the period of oscillation of a 
pendulum.

Errors
Error represents the difference between the measured value and the 
true value of a quantity. It indicates how far off the measurement is 
from the actual value.
In scientific experiments, perfect accuracy in measurements is 
unattainable; all measurements come with some degree of error. 
Historically, it was believed errors could be eliminated, but modern 
science accepts that error is an inherent part of any measurement.
There are two main sources of error in a measurement
a.  Limitation in the sensitivity of the instrument
b.  Imperfection in the technique used to make the measurement or in 
the negligence or inexperience of the person.
Using a ruler that only marks millimeters, you might not accurately 
measure a length of 5.6 mm, since it can not show the fraction of 
millimeters, demonstrating a limitation in the  sensitivity of  ruler.
Similarly, if someone uses a Vernier caliper but fails to align the scale 
properly due to inexperience, they might read 2.05 cm as 2.00 cm due 
to a parallax error, showcasing an imperfection in measurement 
technique.
Above two sources of error can lead to two types of errors that add 
uncertainty to our results. 

Analyzing and Correcting 
Measurement Errors

Knowledge 2.4

Skill 2.3

Student Learning Outcome

Do you Know?



Observational Error
A student repeatedly weights a 
beaker with solution and gets 
different measurements every 
time

Environmental Error
When getting a pressure reading, 
students were entering and 
exiting the lab, causing the 
pressure to be lower

32

0 1

1050

Figure 2.4  Zero error in the 
vernier caliper

Parallax Error (Systematic Error):
It is a measurement discrepancy that 
occurs when the apparent position of an 
object shifts due to the change in the 
observer's viewing angle, leading to 
inaccurate readings in various instruments 
like telescopes or measuring devices.

Random Error

To reduce random error, averaging 
multiple readings is effective because 
positive and negative errors cancel each 
other out, bringing the average closer to 
the true value.

Systematic error
Systematic errors occur consistently and predictably. These errors 
are often caused by faulty equipment or mistakes made by the 
individual during the measurement process. 
For example, a bent ruler may have unsymmetrical divisions i.e., 
inaccurate markings, leading to systematic error. Similarly, if an 
instrument's zero setting shifts over time, causing it not to read zero 
when it should, this "zero error" is another type of systematic error 
shown in figure 2.4.
Systematic error can be reduced by following the process

Eliminate any zero error present in the instrument
Calibrate the instrument by comparing it with a standard one,
Ensure that the eye of observer is correctly positioned in line with 
the measurement mark. 

But sometimes, we just have to accept that these errors are part of the 
experiment. When these systematic errors are small, we say that our 
measurement is accurate.

Random Error
Random error" refers to unpredictable fluctuations and 
inconsistencies that occur in all experimental results. Such an error 
may arise when a single quantity is measured multiple times, but 
different values are obtained even though conditions remain the 
same.
These errors often stem from limitations inherent in the tools and 
techniques used for measurement. Environmental changes like 
temperature or voltage variations may also cause random errors.

More precise and reliable measuring instruments can help to 
decrease random error. For example, if you are measuring the 
thickness of a book with a meter rod, you might encounter a random 
error of approximately ±1mm. However, if you use a more precise 
tool like a Vernier Caliper for the same measurement, the random 
error could reduce to around  ± 0.01mm. 
Furthermore,  to reduce random errors, taking several measurements 
of the same quantity and maintaining consistent laboratory 
conditions and then averaging these measurements allows the 
positive and negative random errors to offset each other, leading to a 
final value that more closely approximates the true value.

Figure 2.5 Random error in measurements 
of time and mass.

Important information

Do you Know?
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Averaging: A tool Against Random Error
Empirical data is information we gather directly from observations 
and measurements, not from theories. When we want to find the 
average value of this data, we add up all the measurements and then 
divide by how many measurements we took. But when we measure 
something using tools, there are tiny, unpredictable ups and downs in 
our measurements, which we call random errors. These errors can be 
positive or negative.
Now, here is the cool part: when we take lots of measurements, these 
random errors start to balance each other out. The positive ones 
cancel out the negative ones, and the result becomes more accurate. 
So, averaging our measurements helps make our data more precise 
and reliable. Here we will discuss averaging in measuring small 
distances and small time intervals
a. Measuring small distance
Imagine you are measuring the thickness of a thin piece of aluminum 
using a micrometer. You take five measurements in millimeters: 
Average = (0.35 + 0.37 + 0.36 + 0.38 + 0.37)/5 = 0.366 mm, which is 
about 0.37mm. 
By averaging like this, we reduce the impact of random errors.
b. Measuring small time intervals (The time period of simple 
Pendulum)
To discuss concept of average in measuring small time intervals, we 
take example of measuring time period of simple pendulum shown in 
figure 2.6 . When you pull the bob to one side and release it, it swings 
back and forth. Time taken to complete one swing is called time 
period. To measure the time period, you can use a stopwatch, but keep 
in mind that your reaction time when starting and stopping the 
stopwatch may affect accuracy. To minimize this effect, measure 
longer time intervals compared to your reaction time.
For instance, if the pendulum takes 2 seconds for one swing, count 
the time for multiple swings, like 30 swings taking 54.5 seconds. 
Calculate the time period by dividing the total time by the number of 
swings, for example, 1.82 seconds. To reduce random errors, repeat 
this process at least three times and calculate an average for more 
accurate results.

metal plates

string
support 
stand

perdulum 
bob

O

B
A

Figure 2.6 Oscillating simple 
pendulum

1.

2.

3.

What can cause a random error? 
a) A bent ruler    b) Estimating a measurement value
c) A scale that does not start at zero  d) Consistently slow stopwatch 
What does the least count of an instrument represent? 
a) Maximum value it can measure b) Average value it can measure 
c) Smallest value it can measure accurately 
d) Estimated value it can measure 
Which of the following is NOT a reason to measure an empirical 
reading multiple times? 
a) To make the experiment more complicated. 
b) To get a more accurate average value. 
c) To minimize the impact of random errors.  d) To ensure reliability.

1.

2.

3.

Enhance measurement proficiency by 
critically analyzing experiments to 
identify systematic and random errors, 
and suggest corrective steps to improve 
accuracy and reliability. Master the 
calculation of average values from 
empirical readings, particularly in 
measurements of small distances and 
short time intervals, to combat random 
error and refine experimental precision."

In which scenario is random error 
more likely: measuring the length of a 
table with a ruler or estimating the 
weight of a fruit by hand? 
How can taking multiple readings help 
in reducing the impact of random 
errors? 
When an instrument consistently 
provides measurements that are higher 
than the true value, which type of error 
is most likely present?

Skill 2.4

Multiple Choice Questions

Test Yourself



After learning about errors in measurements, it is important to delve 
into the concept of the least count of a measuring instrument. 
Understanding the least count is essential for achieving accurate 
measurements. It gives us insight into the precision of our 
measurements. Also minimizing systematic errors and reducing 
random errors contribute to improving measurement precision and 
accuracy. Therefore, grasping these concepts is critical for obtaining 
reliable measurements in experiments.

Least Count of Data Collection Instruments (analog) from 
its Scale
Grasping the precision of our measuring instruments is key in 
scientific studies. So, we are about to dive into the idea of the least 
count. 
The least count (L.C) of an instrument is the smallest difference in a 
reading that the instrument can measure or the smallest measurement 
that can be taken accurately with the instrument. It can be regarded as 
a resolution of the instrument. The least count helps to minimize 
errors in measurement. For example, if a ruler has markings at each 
millimeter, its least count is 1mm, indicating that you can reliably 
measure and differentiate lengths as small as 1 millimeter apart.

Understanding Measurement 
Concepts

Knowledge 2.5
Determine the least count of a data 
collection instrument (analog) from its 
scale.
Differentiate between precision and 
accuracy. 

Measuring small lengths with instruments 
having a small least count reduces 
percentage error by providing more 
precise and accurate readings. Conversely, 
for large lengths, using instruments with a 
larger least count is suitable, as the relative 
error decreases with the increase in length, 
balancing precision with practicality in 
measurements.

least count of meter ruler=
1cm

100
= 0.1cm= 1mm

Figure 2.6 A meter ruler with smallest division of 1 mm on its scale

0        1         2        3        4        5        6        7        8         9       10      11      12 

}1 millimeter
1 centimeter

Human reaction times can exceed 0.1 
seconds, affecting the precision of manual 
stopwatch measurements. Automatic 
stopwatches, triggered by events such as 
breaking a light beam, offer significantly 
greater accuracy for time measurements.

Figure 2.7 (a) Analog stopwatch 
(b) Digital stopwatch

(a)

(b)

For time measurements, the least count of a stopwatch can vary. 
Digital stopwatches commonly have a least count of 0.01 seconds, 
while analog stopwatches might have a least count of 0.1 seconds.
To measure the least count of a stopwatch, you need to look at the 
divisions on the stopwatch. If you are using a digital stopwatch, it 
might display time up to milliseconds, tenths of a second, hundredths 
of a second, etc. If it is an analog stopwatch, the divisions will be 
represented on the dial.
For an analog stopwatch, observe the smallest division or interval 
between consecutive markings on the dial of stopwatch . For a digital 
stopwatch, note the last decimal place displayed on the stopwatch 
when timing. For example, if your stopwatch displays time up to two 
decimal places, its least count will be a hundredth of a second i-e. 
0.01s.

34

Student Learning Outcome

Important information

Do you Know?
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Information about Electronic 
Instrument

A digital multimeter can 
measure voltage, current, 
and resistance.

Test leads are connected 
to circuits.

Limitations in Using Measuring Instruments
Selecting the right measuring tool is crucial for accuracy. For large 
objects like bookshelves, a meter rod that measures to the nearest 
millimeter works well. For precise measurements, like the diameter 
of a wire, use a screw gauge with a 0.01mm minimum value. Using 
the incorrect tool can result in significant measurement errors. Refer 
to the table 2.7 for the best instrument choices for different 
measurement needs and their limitations.

Table 2.7:  Limitation of Measuring Instruments

Instrument

Measurement Tape Several meters 1 cm or 1 mm

0.1 cm or 1 mm

0.01 cm or 0.1 mm

0.001 cm or 
0.01 mm

Meter rule or half- 
meter rule

Vernier Calliper

Micrometer Screw 
Gauge 

Several centimetres to 
1 meter

Several millimetres to 
centimetres

Less than 1 millimeter 
to about 2 centimeters+

Length to be measured Smallest unit 
of measurement

The least count of a measuring instrument is crucial for 
understanding its precision and accuracy. It determines the smallest 
measurement that can be taken accurately with the instrument, 
allowing scientists to assess the level of detail they can achieve in 
their measurements. A smaller least count indicates higher precision 
and the ability to make finer distinctions, contributing to more 
accurate scientific experiments and observations.

Precision and Accuracy
Precision in measuring instruments refers to their ability to provide 
highly exact and detailed measurements, allowing for discrimination 
between small differences in the quantity being measured. Instruments 
with high precision offer measurements with numerous significant 
digits, and their smallest measurement is defined by their precision, 
known as the least count. For example, a micrometer screw gauge 
(0.01 mm precision) is more precise than vernier calipers (0.1 mm 
precision). Consistency is a crucial aspect of precision, ensuring that 
repeated measurements of the same quantity under identical conditions 
yield consistent results, reflecting the instrument's reproducibility and 
reliability. This is indicated in figure 2.8(a),(b) and (c).

x x x

actual value

accurate

inaccurate
(a) Consistent 
measurements

(b)Inconsistent 
measurements

(c) accurate and 
inaccurate measurements.

Figure 2.8   Precision and Accuracy

3.  Repeatability: Repeatability in 
measurement s  means  ob ta in ing 
consistent results when an experiment is 
repeated under the same conditions with 
the same method and equipment. It is 
essential for ensuring the reliability of 
experimental results. 
Example: In a physics lab, measuring 
the period of a pendulum multiple times 
under identical conditions (same 
pendulum length, initial displacement, 
and  envi ronment )  demons t ra tes 
repeatability. If the periods recorded are 
very close (e.g., 2.00s, 2.01s, 2.00s, 
2.02s), it indicates that the measurements 
are repeatable, showing that the method 
is reliable and the results accurately 
reflect the behavior of pendulum .
4.  Reproducibility: Reproducibility in 
physics refers to the ability to achieve 
consistent results when an experiment is 
repeated under different conditions, such 
as with different equipment or by 
different researchers.
Example:Consider an experiment to 
measure the electrical resistivity of a 
semiconductor. A team measures the 
resistivity using their equipment and 
methodology. Another team in a different 
lab repeats the experiment with their own 
equipment. If both teams obtain similar 
results despite the differences in 
equipment and setting, the experiment is 
considered reproducible.

Electronic instruments are often more 
accurate than manual versions. However, 
this does not always make them the best 
choice. They are more expensive and 
easier to damage, so they should only be 
used in experiments where greater 
accuracy is necessary.

Figure 2.9
digital multimeter

Do you Know?
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Accuracy is about how close measurements are to the true value or 
accepted value of the quantity being measured, irrespective of the 
number of significant figures used in the measurement. It is affected 
by both random and systematic errors, which cause measurements to 
deviate from the true value.
By eliminating systematic and random errors, we can ensure that the 
measurements closely reflect the true value, increasing the overall 
accuracy of the results.

5. Anamoly: In physics, an "Anomaly" is a 
data point in experimental results that 
significantly deviates from the general 
pattern. These are extreme values, either 
much higher or lower than the rest.
Example: In an experiment measuring 
gravitat ional  accelerat ion  with  a 
pendulum, most values might cluster 
around 9.8 m/s². If one measurement is 
unexpectedly at 15 m/s², this is an anomaly. 
It suggests a potential measurement error 
or an unusual occurrence during the 
experiment. Anomalies are crucial for 
identifying experimental errors or, in rare 
cases, new phenomena.

Inaccurate and imprecise Precise but inaccurate

Produces values that are the same or very close to each other. To understand the 
difference, it helps to think of measurements as trying to hit a target.

The measurements are inaccurate, 
as they are not near the center of the 
target, and imprecise, as they are 
not close to each other.

These  measurements  are 
precise because they are all 
nearly the same value, but they 
are inaccurate because they are 
not close to the center.

Accurate but imprecise Accurate and precise

These are close to the center but not 
to each other, so they are accurate 
but imprecise.

These measurements are both 
accurate and precise.

The center of the target represents 
the true value being measured.

The accuracy of some instruments 
depends on how they are used. 
Balances should be set to zero with a 
container on them so you only measure 
the mass of the contents. If a balance is 
n o t  z e r o e d  p r o p e r l y,  a l l  t h e 
measurements will be incorrect by the 
same amount. This is a systematic 
error and reduces the accuracy of the 

Random errors are different for 
every reading. For example, if you 
take the temperature of water in a 
beaker, the thermometer might 
return at slightly different reading 
each time it dips into a different 
part of the water. This reduces the 
precision of your measurements.

Interesting Information

This should be 
zero when the 

beaker is empty

Validity of Experimental Design: 
The"Validity of Experimental Design" 
refers to how accurately an experiment 
tests its stated hypothesis. It involves:
Independent Variable: The factor 
manipulated by the researcher.
Dependent Variable: The outcome 
measured in response to changes in the 
independent variable.
Controlled Variables: Factors kept 
constant to ensure that changes in the 
dependent variable are solely due to the 
independent variable. A valid experiment 
is a fair test where only the independent 
and dependent variables are allowed to 
change, ensuring that the results are due to 
the manipulated variable and not other 
factors. This validity is crucial for 
credible, reliable research findings.

Do you Know?

Do you Know?
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What does a consistent 5 grams more reading on a laboratory scale tell 
you about the  precision and accuracy of  scale? 
Describe a situation where a measurement can be both precise and 
accurate.

1.

2.

Which of the following indicates a higher level of precision in 
measurements? 
a) Larger random error   b) Larger systematic error 
c) Smaller random error   d) Zero error 
What does the least count of an instrument represent? 
a) Maximum value it can measure
b) Average value it can measure 
c) Smallest value it can measure accurately 
d) Estimated value it can measure
Which of the following statements about precision and accuracy is 
FALSE? 
(a). High precision means that the measurements are consistent with 
one another. 
(b). High accuracy means that the measurements are close to the true 
value.
(c) . High precision always guarantees high accuracy. 
(d). Itis possible for a measurement to be precise but not accurate.

1.

2.

3.

Precaution

When evaluating an experimental 
procedure, assess its reliability by 
considering if  the results can be 
consistently reproduced under the same 
conditions. If inconsistencies arise, 
suggest adjustments such as increasing 
sample size, refining measurement 
t e c h n i q u e s ,  o r  s t a n d a r d i z i n g 
environmental factors to ensure reliable 
outcomes. By implementing these 
changes, you enhance the procedure's 
repeatability and bolster confidence in the 
obtained results.

Validity of an Experimental Procedure
To determine  the  val idi ty  of  an 
experimental procedure, assess whether 
the results accurately reflect the hypothesis 
being tested. If doubts arise regarding 
validity, consider adjustments such as 
controlling for confounding variables, 
ensuring proper randomization and 
blinding techniques, or refining the 
experimental design to better align with 
the intended hypothesis. These changes 
can enhance the  validity of procedure, 
ensuring that the results genuinely 
represent what they are intended to 
measure.

Develop a nuanced understanding of precision and accuracy in 
measurements, discerning their unique definitions and implications in 
scientific experiments. Gain proficiency in evaluating the least count of 
measuring instruments to enhance precision and ensure accurate data 
collection."

In the fascinating world of scientific exploration, mastering the art of 
measurement is a foundational skill. This section will guide you 
through the practical use of common laboratory instruments to 
accurately measure length, volume, and time. Alongside, we will also 
explore the method of deriving average values from the data we 
gather, ensuring a well rounded approach to understanding and 
applying these essential techniques in various scientific inquiries.

Length Measuring Instrument
(a) Tape
A measuring tape is used for measuring long distances without 
perfect accuracy shown in figure 2.10. It is commonly used in sports 
events like long jump, shot-put, and javelin. The tape is not highly 
accurate, with 1 cm or 1 mm being the smallest unit it can measure. It 
can measure a length of several meters. But it is flexible and handy for 
measuring curved or non straight distances.
Measuring the circumference of round objects, like trees in a forest, is 
another practical use of the measuring tape.

Techniques of Measuring 
Length

Knowledge 2.6

Justify and illustrate the use of 
common lab instruments to measure 
length [Including how to measure a 
variety of lengths with appropriate 
prec is ion  us ing  tapes ,  ru lers , 
micrometers, and vernier calipers 
(including reading the scale on analog 
calipers and micrometers)]

Figure 2.10 Length measuring tap

Test Yourself

Multiple Choice Questions

Skill 2.5

Important information

Student Learning Outcome
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(b)  Meter Rule
The meter rule is a tool commonly used for measuring lengths in 
laboratories, such as the length of an object or the distance between 
two points. It has a total length of one meter, which is equivalent to 
100 centimeters. Each centimeter on the rule is further divided into 
10 smaller units known as millimeters (mm). Consequently, the 
smallest unit of measurement achievable with a meter rule is one 
millimeter, which constitutes its least count as discussed in previous 
topic. A 12cm meter rule is shown in figure 2.11. In measuring length 
of the object from meter ruler, following errors may occur.
Systematic and Random Error
1.  To accurately measure an  length of object, align it along a ruler, 
not starting from the zero mark, but from a point where both ends of 
the object can be read directly. This method, as illustrated in the 
figure 2.11, helps avoid systematic errors like zero error by 
subtracting the two readings. Remember, an instrument's zero mark 
itself may not be error-free.

1 2 3 40 cm

ruler

wooden block

Figure 2.11 Method of taking Reading from meter rule to avoid zero error

2. To avoid parallax error when measuring with a meter rule, keep 
your eye directly over the measurement point. Parallax error, caused 
by viewing from an angle, can make readings seem misaligned. For 
accurate measurements, ensure your line of sight is perpendicular to 
the scale, reducing errors from incorrect angles as shown in figure 
2.12.

9080

correct worng

object

object

Figure 2.12: Wrong position of eye causes systematic error
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3.  Random error can arise during the reading of the last digit on a 
meter ruler, stemming from the ruler's limitations which is shown in 
below figure 2.13. To minimize this type of error, a more precise 
instrument, such as vernier calipers with a smaller least count, can be 
used for greater accuracy.

0        10         20 30 40 50        

Neither 25 nor 26
Random Error

Figure 2.13 End of the object is not coinciding with any mark of the meter 
ruler but lies between 25 cm and 26 cm leading to a doubt in measurement.

(c)  Vernier Calipers
Using a meter rule, measurements can be accurate up to 1mm, but for 
greater precision, instruments like Vernier Calipers are used.

Vernier Scale

Main Scale

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 
cm

Figure 2.14  A vernier calipers with open jaws

Vernier Calipers feature two jaws, as seen in figure 2.14. One jaw is 
fixed and attached to the main scale, marked in centimeters and 
millimeters. The other jaw is movable and equipped with a vernier 
scale, which has 10 divisions, each measuring measuring 0.9mm. 
The least count (L.C) of the Vernier Calipers, or the smallest 
measurement it can accurately determine, is the difference between 
one division on the main scale and one on the vernier scale, which is 
0.1mm. This allows for more precise measurements than what is 
possible with a standard meter rule. Least count of the Vernier 
Callipers can also be found as given below:

least count of Verner Caliper =
smallest division on main scale

no of divisions on vernier scale

So, L.C =           = 0.1 mm
1mm

10

Procedure To Take Reading
Read the mark on the main scale preceding the ' 0 ' mark on the 
vernier scale. The ' 0 ' mark on the vernier scale acts as a pointer for 
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0 1 3 4 6 7 8 9 10 11 12

3 cm 4 cm

1050

the ‘0’ mark on
the vernier scale

outside
jaws

3.24 cm

vernier scale

main scale

3.24 cm

tail

inside jaws

beaker

3.24 cm

4

2
1

5

3

Main scale reading

Vernier Scale 

Reading

1050

Figure 2.15 Measuring length by vernier calipers 

Caliper's reading = Main scale reading + Vernier scale reading 
= 3.2cm + 0.04cm = 3.24 cm 

0 1

1050

Find the zero error from the given figure.

Figure 2.16 shows the use of a pair of vernier 
callipers to measure the diameter of a steel 
ball. 

Solution

2.2
0 1 3 4 6 7 

steel ball

cm

0 5 10

3 4 

0 5 10

Main scale reading = 3.0cm
Vernier scale reading = 4 × 0.01 = 0.04cm
Diameter of the steel ball = 3.0cm + 0.04cm 
       = 3.04cm

Challenge

the main scale reading. The ' 0 ' mark on the vernier scale in figure 
2.15 lies between 3.2cm and 3.3cm. Therefore, the reading on the 
main scale is 3.2cm. Read the mark on the vernier scale that is exactly 
in line or coincides with any mark on the main scale. In the figure 2.18 
given below, the fourth mark on the vernier scale is exactly in line 
with a mark on the main scale. Therefore, the vernier scale reading = 
4 × 0.01cm = 0.04cm.                            

Systematic Error
Vernier calipers may exhibit zero error if the '0' mark on the main 
scale does not align with the '0' mark on the vernier scale when 
the caliper jaws are fully closed. This zero error can be positive 
(if the vernier scale's zero is on the right of the main scale's zero) 
or negative (if on the left). It affects all measurements taken with 
the caliper and can lead to incorrect readings. This is indicated in 
figure 2.17. To correct for zero error, note which vernier scale 

Figure 2.16  dieameter is 
measured by vernier callipers 
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mark aligns with the main scale and multiply it by the least 
count. This value should be subtracted from the  reading of 
caliper to get the accurate measurement.

Hence 
Corrected reading of vernier Calipers  = Callipers reading – Zero 
error

Efforts should be made to avoid parallax in vernier calipers by 
ensuring the observer's eye is at the same level as the scales

Figure 2.17 Zero error determination in vernier calipers. It may have positive or negative value

Zero errors

Positive zero error No zero error

Negative zero error

main scale

main scalemain scale
1

100

0 0 cm 1

1

1050

0

100

vernier scale vernier scale
vernier scale

The fourth mark on the vernier 
scale is in line with a mark on 
the main scale.
Zero error = 0.04 cm

The ‘0’ mark on the vernier scale 
is to the right of the ‘0’ mark on 
the main scale.

The ‘0’ mark on the main scale 
is exactly in line with the ‘0’ 
mark on the vernier scale 
when the pair of vernier 
callipers is fully closed.

The second mark from the 
‘10’ mark on the vernier 
scale is in line with a mark 
on the main scale 
Zero error = -0.02 cm

The ‘0’ mark on the vernier scale 
is on the left of the ‘0’ mark on 
the main scale.

Random Error:
Random errors in Vernier calipers are generally related to the 
variability in aligning the Vernier scale with the main scale during 
measurements.
To minimize random errors when using Vernier calipers or similar 
measuring instrument, several strategies can be employed. Firstly, 
taking multiple readings of the same quantity and averaging them 
helps reduce the impact of random variations. Secondly, maintaining 
consistent laboratory conditions, such as temperature and lighting, 
throughout the measurements is crucial to prevent environmental 
factors from introducing errors.

Determine the correct size of the object. As 
shown in figure 2.18(a) (Hint: There is a zero 
error in this vernier calipers figure 2.18(b)

Solution

2.3 0 1 3 4 6 7 

Object

cm

0 5 10

3 4 

0 5 10

Figure 2.18 (a) Vernier callipers to measure 
the size of an object.

First, determine the zero error.
Zero error = +0.02 cm
Then, find the reading from the pair of 
vernier callipers.



thimble (with thimble scale)

ratchet knob
lockspindleanvil
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20
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1 mm

20

Figure 2.19 A Micrometer screw guage
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0 1

1050

Figure 2.18 (b) Reading when the jaws
of vernier callipers are closed.

Main scale reading = 3.2 cm
Vernier scale reading = 0.04 cm
Vernier calliper reading = 3.2 +0.04 = 3.24 cm
Correct size of object = Vernier calliper 
reading – Zero error
So,
Correct size of object = 3.24 – (+0.02)
                                   = 3.24 – 0.02 = 3.22 cm

Vernier Calipers is the tool for measuring lengths or sizes of objects with an accuracy of 0.01 cm. Let us explore 
another more precise measuring instrument than vernier calipers known as the micrometer screw gauge. While 
both instruments serve similar purposes, the micrometer screw gauge offers even higher levels of precision.

Micrometer Screw gauge:
The screw gauge, also known as the micrometer screw gauge, is a tool designed for measuring small lengths with 
more precise than a Vernier Caliper. As illustrated in figure 2.19, it typically consists of a U-shaped metal frame 
with a solid metal stud on one end. On the opposite end, there is a hollow cylinder (or sleeve) marked with a 
millimeter scale along an index line parallel to its axis. This cylinder is fixed and acts as a nut. Inside the thimble, 
there's a threaded spindle. Each complete rotation of the thimble moves the spindle 1mm along the index line. 
This movement is called pitch of the screw on the spindle, which is the distance between consecutive threads, 
measuring 1mm. 
The thimble has 100 divisions around its one end. It is the circular scale of the screw gauge. As thimble completes 
one rotation, 100 divisions pass the index line and the thimble moves 1mm along the main scale. Thus, each 
division of circular scale crossing the index line moves the thimble through 1/100mm or 0.01mm on the main 
scale called least count of screw gauge which can also be found as given below:

Thus, least count of the screw gauge is 0.01mm or 0.001cm.

Least count of screw gauge    = 
pitch of the screw guage

no. of divisions on circular scale
= 

1mm

100
=  0.01mm or 0.001cm
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In conducting experiments, it is crucial to 
mitigate systematic errors by taking 
specific steps, such as verifying the 
levelness of the table used for setup, to 
ensure the integrity and accuracy of 
experimental results.

Precaution

Correct reading= Reading obtained - Zero error

No zero error

Positive zero error

Zero errors

‘0’ mark is in line
with the horizontal
referance line

th4  mark above 
‘0’ is in line with 
the horizontal 
reference line

horizontal
reference 
line

horizontal
reference 
line

Zero error = + 0.04 mm

5

Zero error = - 0.03 mm

0

5

0

45

Negative zero error

3rd mark below 
‘0’ is in line with 
the horizontal 
reference line

horizontal
reference 
line 0

45

(a)

(b) (c)

Figure 2.20 (a) Zero of circular scale coincide with index line representing no zero error (b) shows positive zero error 
of + 0.04 mm (c) indicates negative zero error of –0.03 mm

Procedure to Take Reading
To measure an object with a vernier caliper, gently secure it between 
the anvil and spindle by turning the thimble. The main scale provides 
measurements in millimeters (mm), and if the line below the index 
line is visible, add 0.5 mm to the reading. For instance, if the main 
scale reads 7.5 mm shown in figure 2.19, move to the thimble scale 
for more precision. Align the thimble scale with the main scale's 
index line, like the 26th division in the figure. Multiply this aligned 
value by the least count (0.01 mm) to get the thimble scale reading, 
i.e., 26 x 0.01 mm = 0.26 mm. Finally, add the main and thimble scale 
readings together to obtain the final measurement, e.g.
 7.5 mm + 0.26 mm = 7.76 mm.

Systematic Error
To determine zero error (systematic Error), adjust the spindle and 
stud gap of the screw gauge by rotating the ratchet clockwise. If the 
circular scale's zero aligns with the index line (as in figure 2.20 (a), 
the zero error is zero. When the circular scale's zero is below the 
index line, it results in a positive zero error. Multiply the number of 
divisions on the circular scale that have not crossed the index line by 
the  least count of screw gauge to calculate the positive zero error (as 
depicted in figure 2.20 (b). Conversely, if the circular scale's zero has 
up from the index line, it leads to a negative zero error. In this case, 
multiply the number of divisions on the circular scale that crossed the 
index line by the screw gauge's least count to find the negative zero 
error (as shown in figure 2.20 (c).
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Precaution

Make sure to use measuring tools as 
precisely as possible. This means paying 
close attention to the smallest details the 
tool can show you, like the tiny lines on a 
ru le r,  t o  ge t  the  mos t  accura te 
measurements.

Figures 2.21 (a,b) show the readings on a 
micrometer screw gauge before and after 
being used to measure the size of an object.
What is the correct size of the object?

Solution

2.4

The reading of the gauge
= 16.00 mm + 0.41 mm = 16.41 mm
Zero error = –0.02 mm
= 16.41 (–0.02) = 16.41+0.02 = 16.43 mm

Figure 2.21 Main scale and circular scale 
of screw guage

Challenge 
What are the readings on the micrometer screw gauges in the below figure?

(a) (b)

35

30

25

0 1 2

mm

0

45

40

11 12 13 14

mm

So, Correct reading of screw gauge = reading obtained – zero error  
Also, to avoid parallax, ensure the eye of observer should be at the 
same level as the thimble scale. Observers may also use 
magnification tools to enhance the visibility of scales.

Random Error
Pressure variations, caused by different users or changes in the same  
grip of user, can result in random reading fluctuations. When using 
the micrometer, the observer carefully rotates the thimble to lightly 
secure the object between the spindle and the anvil. It is crucial not to 
exert excessive pressure on the object. The ratchet knob serves as a 
guide, producing a clicking sound when appropriately applied, 
ensuring that the pressure remains consistent and does not affect the 
measurement.

(a) 

(b) 

Use of Protractor for Determining Angle

To measure ∠AOB, place the protractor zero at the angle of  vertex, 

aligning the base arm with the protractor's zero degrees line. Read the 
angle in an anticlockwise direction using the inner calibration. The 

measure of ∠AOB is found to be 60°.

Vertex

0 B

A

60°

Figure 2.23  screw gauge  in action

Figure 2.24  use of protector to measure the angle 
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Which instrument would be most appropriate for measuring the 
thickness of a thin wire? 
How can you identify a zero error on a vernier caliper? 
What is the advantage of using a tape measure over a ruler? 
Why might you choose a vernier caliper over a micrometer for a 
specific measurement? 

1.

2.
3.
4.

When measuring the length of a football field, which tool would be 
most suitable? 
a) Micrometer  b) Vernier caliper    c) Ruler  d) Tape measure 
The main advantage of using a vernier caliper is? 
a) It can measure very large objects.
b) It can measure internal and external dimensions. 
c) It is always digital. 
d) It is the most basic measuring tool. 
For which of the following would a micrometer be most suitable? 
a) Measuring the thickness of a book 
b) Measuring the diameter of a hair strand 
c) Measuring the width of a table  d) Measuring the length of a rope

1.

2.

3.

When encountering unfamiliar methods in 
an  experiment ,  leveraging  basic 
equipment creatively can lead to profound 
insights. For instance, using a simple 
pendulum to study motion offers a hands-
on approach to understanding complex 
principles, encouraging innovative 
thinking and application of foundational 
knowledge.

Volume is the quantity of space occupied by an object, and it is 
typically measured in cubic units. The SI unit of volume is the cubic 

3meter (m ), but this unit is often too large for everyday use. As a 
3

result, smaller units of cubic centimeters (cm ) and cubic decimeters 
3(dm ) are commonly used for convenience. These are indicated in 

figure 2.25 below.

Measurement of Volume of 
liquid and solid

Knowledge 2.7
Justify and illustrate the use of 
measuring cylinders to measure the 
volume [Including both measurement 
of volumes of liquids and determining 
the volume of a solid by displacement] 

Figure 2.25: understanding of different unit of volume

Liquid and solids have definite volume. Now we discuss how volume 
of liquid and solids are calculated.
(a)  Measurement of Volume of Liquid: To measure the volume of a 
liquid, a common tool used is a measuring cylinder. This cylindrical 
container has a scale marked on its side, typically in milliliters (ml) or 
cubic centimeters (cm³). When a liquid is poured into the measuring 
cylinder, the level of the liquid on the scale directly indicates its 
volume as indicated in figure 2.26

31000 cm measuring
cylinder

level on scale
gives volume
of liquid

Figure 2.26  measuring cylinder to 
measure the volume 

Important informationTest Yourself

Multiple Choice Questions

Student Learning Outcome



(b)  Measurement of Volume of Solid
(i) Regular shaped Solids 
For objects with simple (regular) shapes like rectangular blocks or 
cylinders, their volumes can be calculated using mathematical 
formulas. For example, the volume of a cube is calculated by using 

3the formula Volume = (length) . Similarly, the volume of a sphere is 
calculated by using: 

3Volume  of sphere =     π × (radius)

(ii) Irregular shaped solids:
Irregularly shaped objects cannot have their volume calculated 
directly with formulas. Instead, the volume of these solids can be 
determined through displacement methods shown in figure 2.27. One 
way is to submerge the irregular solid in a measuring cylinder 
partially filled with water. The rise in the water level indicates the 
volume of the solid that has displaced the water. If the solid floats, it 
can be weighed down with a known mass, and the total volume is 
found. The volume of the added mass is measured separately and 
then subtracted from the total volume to find the volume of the 
irregular solid.

Setting Up an Experiment

When doing experiments, it is really 
important to stay safe and get things right. 
Setting up the equipment with the help of 
the teacher is super important. It helps us 
avoid mistakes and makes sure everything 
goes smoothly. Plus, it is a great way to 
learn how to use the equipment correctly 
and understand the experiments better. So, 
always ask your teacher for help when 
setting up experiments!

Figure 2.27: measuring the volume of small irregular shaped solid

Appropriate apparatus for collecting 
data

When deciding which tools to use for 
collecting data, it is important to choose 
the right apparatus. For example, if you 
need to measure the length of an object, 
you would use a ruler or a measuring tape. 
For liquids, a graduated cylinder or a 
beaker  would  be  sui table .  When 
measuring small distances or thicknesses, 
tools like vernier calipers or micrometers 
are handy. Additionally, if you are timing 
events, a stopwatch or a timer would be the 
right choice. By selecting the appropriate 
apparatus, you ensure accurate and reliable 
data collection in your experiments.

Large size irregularly shaped solids Using Displacement 
can
For even larger irregular solids that cannot fit into a measuring 
cylinder, a displacement can is used. The displacement can is filled 
with water up to the level of the spout by overfilling and allowing the 
excess water to run out as shown in figure 2.28. The irregular solid is 
then carefully lowered into the water, displacing an amount of water 
equal to its own volume. The displaced water is collected in a beaker 
and then transferred to a measuring cylinder to determine the volume 
of the irregular solid.

Precautions in Measuring volume of solid
When taking readings of the volume of a liquid using a graduated 
cylinder, it is essential to follow certain precautions to ensure 
accuracy:

Figure 2.28: Displacement can to 
measure volume of large solids

Increase in volume 
gives volume of 
solids
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Figure 2.29 a: dotted line indicates the 
correct reading of level of liquid

Position your eye at the same level as the liquid surface (meniscus) to 
avoid parallax errors.
Identify the correct type of meniscus, whether it is concave or convex 
shown in figure 2.29.
For a concave meniscus, read the volume at the bottom of the curve 
where it
intersects with the graduated markings.
For a convex meniscus, read the volume from the top of the curve 
where it intersects with the markings.
Avoid reading the volume from any other point in the meniscus. 
These precautions are crucial to obtaining accurate measurements 
when using a graduated cylinder.

General Warning Biohazard

Toxic Material Toxic Gas

High Voltage Electrical Hazard

Explosive Hazard Harmful Irritant

Noise Sign Corosive Material 
Hazard

Laser Beam 
Hazard

Low Temperature 

Warning Symbol

Hazard Symbols

Types of Hazards 
Physical Hazards: These hazards are related to physical processes 

that could cause harm. They include conditions where there is a risk 

of injury from physical processes like radiation, pressure, noise, or 

temperature extremes. Examples: Radiation: Exposure to ultraviolet, 

infrared, or microwave radiation from laboratory equipment. 

Extreme Temperatures: Burns from hot surfaces or frostbite from 

handling liquid nitrogen. Sharp Objects: Cuts or punctures from 

needles, glass slides, or broken glassware.

Chemical Hazards: These hazards are associated with the use of 

chemicals. They can include risks of fire, explosion, poisoning, or 

health issues from chemical exposure. Examples: Toxic Chemicals: 

Inhalation or skin contact with toxic substances like mercury, 

benzene, or formaldehyde. Corrosive Substances: Burns or skin 

irritation from acids or bases like hydrochloric acid or sodium 

hydroxide. 

Flammable Materials: Fire hazards from solvents like ethanol or 

acetone.

Biological Hazards: These hazards involve exposure to biological 

materials that could cause infections, allergies, or other health issues. 

Examples: Pathogenic Microorganisms: Exposure to bacteria, 

Challenge: Use the information bellow to calculate:

a) the mass, volume, and density of the liquid
b) the mass, volume, and density of the stone.

empty liquid added stone added

100 cm

148 cm

Figure 2.29 b: Finding the volume of irregular shape of object.
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viruses, or fungi that can cause diseases. Allergens: Reactions to 

biological materials like latex, animal dander, or certain plants. 

Biomedical Waste: Risk of infection from contaminated needles or 

other sharp instruments.

Safety Hazards: These encompass a range of conditions that pose a 

risk to personal safety. This category is broad and includes anything 

that could cause trips, falls, electric shocks, or other physical injuries. 

Examples: Slippery Floors: Falls due to wet or oily surfaces. 

Electrical Hazards: Electric shocks from faulty equipment or 

improper handling of electrical devices. 

Obstructed Safety Equipment: Inaccessibility to safety showers, 

eyewash stations, or fire extinguishers due to clutter. Each of these 

hazards requires specific safety protocols and equipment to minimize 

the risk of injury or health issues in the laboratory.

When examining an experimental design, 
look for steps that could be dangerous, 
such as handling chemicals without gloves 
or using glassware on an unstable surface. 
To reduce these risks, you can wear 
appropriate safety equipment, ensure all 
equipment is securely placed, and follow 
proper handling procedures for all 
materials. Always prioritize safety to 
prevent accidents and injuries during 
experiments.

Precaution

Precaution

In assessing an experimental setup, 
identify any unsafe practices, such as 
inadequate ventilation when working with 
chemicals or improper handling of hot 
surfaces. To mitigate these hazards, ensure 
proper ventilation or use fume hoods when 
dealing with chemicals, and always wear 
appropriate protective gear, such as gloves 
and goggles, when handling hot surfaces 
or hazardous materials. Additionally, 
follow established safety protocols and 
procedures to minimize the risk of 
accidents or injuries.

Experiments which involve the handling of chemicals, pathogenic 
biological materials, risks of physical injury, high temperature, fire or 
radiations, high pressure systems or explosive materials should require 
the following  for safety measure:personal protective equipments

Lead apron

Safety 
gloves

Face shield 
and mask

Lab coat 

Closed-toe 
shoes

Respirators

Safety 
goggles

Most appropriate personal protective equipments

PERSONAL PROTECTIVE EQUIPMENTS
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Measuring time intervals is fundamental in understanding and 
quantifying the dynamics of processes, events, and phenomena in 
both our daily lives and in scientific research. It allows us to track 
progress, coordinate activities, and analyze the duration and rate of 
change within systems without delving into the specific 
methodologies used for its measurement.

Measuring Time Interval in Laboratory
In your physics course, you will learn to measure time intervals using 
stopclocks or stopwatches. These instruments have levers or buttons 
to start, stop, and reset them. Before  using them in experiments, get 
familiar with their operation.
Two common types are mechanical stopclocks (analog) and digital 
stopwatches. Mechanical stopclocks measure to the nearest one-fifth 
of a second, while digital stopwatches can measure to the nearest one 
hundredth of a second. It is crucial to understand how to use the 
controls, especially in digital stopwatches with features like the 'lap' 
function.
To use a stopclock (or stopwatch) effectively, follow these steps:

Get familiar with the  controls of timer for starting, stopping, and 
resetting before starting your experiment.
For mechanical stopclocks, ensure it is reset to zero. Digital 
stopwatches often reset automatically when you press reset.
Start the timer when your event or process begins.
Stop the timer when the event or process ends to see the elapsed 
time.
Note the time displayed for an accurate measurement.
Reset the timer to zero for the next measurement.
For better accuracy, repeat the timing process and calculate the 
average time interval.

Measurement of time IntervalKnowledge 2.8
Justify and illustrate how to measure 
time intervals using lab instruments 
[Including clocks and digital timers.

Figure 2.30 a  Analogue stopclock

Which of the following instruments provides the most precision when 
measuring short time intervals?
 a) Wall clock   b) Sundial 
c) Hourglass   d) Digital timer
If you are measuring the time it takes for a pendulum to complete 10 
oscillations, which tool would be best suited? 
a) Grandfather clock  b) Digital timer with a stopwatch feature 
c) Hourglass   d) Calendar
If a digital timer displays times in hundreds of a second (e.g., 12.34 
seconds), what does this indicate about its precision? 
a) It can measure time intervals as small as 1 second 
b) It can measure time intervals as small as 1/10th of a second 
c) It can measure time intervals as small as 1/100th of a second 
d) It can measure time intervals as small as 1/1000th of a second 

1.

2.

3.

Consider your reaction time when using a 
stopwatch it can impact accuracy. Measure 
longer time intervals for more reliable 
results. Analog stopclocks work well for 
manual timing experiments, avoiding 
precision issues due to reaction time.

Precaution

“Gain proficiency in using measuring 
instruments by learning to determine the 
least count of analog tools and effectively 
using common lab devices for precise 
measurements. Explore techniques for 
measuring lengths, volumes, and time 
intervals, including the application of 
rulers, micrometers, vernier calipers, 
measuring cylinders, and digital timers.”

Figure 2.30 b Digital stopwatch
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Why might digital  timers be 
preferred over traditional clocks in 
some laboratory settings?
What is the significance of the "zero" 
or "reset" button on a digital timer? 

1.

2.

Student Learning Outcome

Test Yourself

Skill 2.5

Multiple Choice Questions



After discussing various measuring instruments such as rulers, 
vernier calipers, screw gauges, and volume measuring cylinders, and 
use of stopwatch, it is crucial to understand how to round off and 
justify calculational estimates based on empirical data. These skills 
ensure that measurements are expressed with the appropriate number 
of significant figures, contributing to the precision and accuracy of 
scientific experiments.

Rounding Off Numbers  
Rounding off numbers is a way we simplify them, but it is important 
to do it correctly to keep our values as accurate as possible. This 
process is particularly useful when dealing with measurement results 
where some digits might not be very important. This is where the 
concept of "significant figures" comes in. But first, let us look at the 
rules for rounding off:

If the digit you are dropping is less than 5, you keep the last digit 
as it is. For example, 25.73 becomes 25.7 when rounded to one 
decimal place.
If the digit you are dropping is more than 5, add 1 to the last digit 
you are keeping. For instance, 1.87 becomes 1.9 when rounded 
to one decimal place.
When the digit you are dropping is 5, then we will proceed as
 If there is no non-zero digit after the 5 (like in 63.21500), and   

you are rounding to two decimal places, look at the last digit 
you are keeping. If it is odd (like the 1 in 63.21500), you add 1 
to it. So, 63.21500 becomes 63.22.
If the last digit you are keeping is even (like the 6 in 
53.76500), you do not add anything to it. So, 53.76500 just 
becomes 53.76.

Data Interpretation and Rounding 
Off Calculations

Knowledge 2.9

Round off and justify calculational 
estimates [Based on empirical data to 
an appropriate number of significant 
figures] 

These rules for rounding off are closely related to our next topic. 
Significant figures are the digits in a number that carry meaningful 
information about its precision. When we round off numbers, we are 
essentially choosing the number of significant figures we want to 
keep while ensuring that our number stays as close to the original 
value as possible. The topic of significant figures will help us 
understand why and how to keep certain digits while getting rid of 
others.

Significant Figures  
Measuring quantities is fundamental in scientific investigations, but 
it is important to recognize that every measurement carries some 
degree of error due to instrument limitations and human factors. 
Significant figures play a crucial role in indicating the accuracy of 
measurements.
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In decimal numbers, zeros to the right of a non-zero digit are 
significant, like in 1.320 and 3.6000.
In non-decimal numbers, zeros to the right of a non-zero digit may or 
may not be significant, depending on the least count of the measuring 
device. For instance, for the measurement of 3,000 kg:
If the  least count of scale is 1 kg, there are four significant digits 

3(3.000 × 10  kg).
If the least count is 10 kg, there are three significant digits (3.00 × 

3
10 kg).

3If it is 100 kg, there are two significant digits (3.0 × 10  kg).
3. When a measurement is recorded in scientific notation, as shown 
above, a figure other than the power of ten is a significant figure.
Significant Figures in Calculations

In addition or subtraction, the result should have no more 
decimal places than the least accurate measurement. For 
example, when adding 203.4 and 105.214, the result would be 
308.6 because the least accurate measurement 203.4 has only 
one decimal place
When measurements are multiplied or divided, the result can 
contain no more significant figures than the least precise 
measurement. For example, when multiplying 6.7 cm and 3.42 
cm, the result is rounded off to two significant figures, resulting 

2in 23 cm .

For instance, the measurement '4.5' has two significant figures: '4' and 
'5'. In contrast, '0.0385' has three significant figures, with '3' being the 
most significant and '5' being the least, as it may vary slightly. 
Significant figures can be defined as the known digits plus the first 
uncertain digit.
Consider measuring the length of a sidewalk in different units - 
meters, decimeters, and centimeters. When measured in meters, a 50-
meter sidewalk has two significant figures ('5' and '0'). Switching to 
decimeters, it becomes '500' decimeters with three significant 
figures. Finally, in centimeters, it's '5000' centimeters with four 
significant figures, indicating increased precision with smaller units. 
It means that smaller the least count of measuring instrument, larger 
the number of significant figures and higher the accuracy of the 
measurement.

Figure 2.31 significant figures in 
width measurement 

Width=6cm 
(1 significant figure)

Width=5.7cm 
(2 significant figure)

Using calculators
Sums done on calculators may give you 
more significant figures than you need. 
Suppose you calculate the resistance of a 
light bulb using the formula below. You use 
readings from a voltmeter and an ammeter 
that each show values to three significant 
figures.

R  =  
8.12V
1.04 A

The answer on a calculator is 7.8076923.
Writing your answer like this implies you 
know the resistance to 8 significant figures, 
but the measuring instruments were only 
accurate to 3 significant figures, so your 
answer should be too:

R = 7.81 W  (3 S.F.)
When multiplying or
 dividing, round your
a n s w e r  t o  t h e  s a m e 
number of significant 
fi g u r e s  a s  t h e  l e a s t 
accurate starting value. 
When adding or subtracting, round your 
answer to the same number of decimal  
places as the least accurate starting value. 

Rules for Deciding the Significant Figures
1. Non-zero Digits: All non-zero digits (1-9) are always significant. 
For instance, in the measurement 112.6 mm, there are four significant 
figures.
2. Zeros: The significance of zeros depends on their position:

Zeros between two non-zero digits are always significant. For 
example, in numbers like 402 and 7.05, the zeros are significant.
Zeros to the left of a non-zero digit are not significant, as in 
0.00387 and 08.39.
Zeros to the right of a non-zero digit may or may not be 
significant:

Recording Data
The number of significant figures in your 
measurements depends on the measuring 
tools you use. If you use a ruler with 
centimeter markings, you'll have fewer 
significant figures compared to using a 
ruler with millimeter markings. Digital 
tools usually provide more significant 
figures than older ones, but that doesn't 
always mean they are more accurate.
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Add the following lengths and write the result in appropriate significant figures.
Length A = 12.56cm 
Length B = 8.4cm
Solution
Length A+ Length B = 12.56cm + 8.4cm = 20.96cm
As the length B = 8.4cm has the least number of decimal places (only one decimal place), 
So the final answer should also be rounded to one decimal place which is 21.0cm.

2.5

Find the area of a rectangle whose length and width are 5.2m and 3.78m.
Solution

2Area of rectangle = length × width = 5.2m × 3.78m =19.6176 m
Since the value with the least number of significant figures (5.2 m) has two significant 
figures, your final answer should also have two significant figures. So, the result is 

2rounded off to 20m .

2.6

When performing the subtraction 45.678 - 12.34, to how many 
decimal places should the result be rounded off? 
a) One decimal place   
b)  Two decimal places 
c) Three decimal places   
d)  Four decimal places 
Which of the following is NOT a rule for determining significant 
figures? 
a) Any non-zero number is significant. 
b) Any zeros between two significant figures are significant. 
c) Leading zeros are significant. 
d) Trailing zeros in a decimal number are significant. 
If a measurement in an experiment is 123.456789 and the instrument 
used can measure up to three decimal places, to what value should the 
measurement be rounded? 
a). 123     b). 123.5  
c). 123.46    d). 123.458

1.

2.

3.
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What are significant figures, and why are they important in rounding off 
calculational estimates in empirical data? 
You have a measured value of 12.345 and you want to round it to three 
significant figures. What will the value be, and how do you justify this 
rounding? 

1.

2.

Test Yourself

Multiple Choice Questions



Key Points

Base physical quantities, such as length, time, and mass, are fundamental and do not depend on other 
quantities. Derived physical quantities, like speed (m/s) or volume (cubic meters), are derived from 
combinations of base quantities.
Physical quantities pertain to measurable aspects of the physical world, while non-physical quantities lack 
measurable attributes. For example, temperature (physical) vs. happiness (non-physical).
The System International (SI) units are the standard units of measurement for physical quantities. They 
include the meter (m), second (s), kilogram (kg), ampere (A), kelvin (K), mole (mol), and candela (cd), 
each with its respective symbol.
In experiments, it is essential to identify sources of systematic and random errors in measurements. 
Correcting errors and improving precision is crucial for obtaining reliable results.
Calculating the average value of empirical readings, such as distances or time intervals, involves 
measuring multiples to reduce errors. For example, determining the period of oscillation of a pendulum.
The least count of an instrument is the smallest measurement that can be read or recorded. It determines the 
precision of the instrument and is essential for accurate data collection.
Precision refers to the consistency of measurements, while accuracy refers to how close measurements are 
to the true value. Both are important for reliable results.
Lab instruments like rulers, tapes, micrometers, and vernier calipers are used to measure length with 
precision.
Measuring cylinders are used to measure the volume of liquids and solids through displacement. This 
technique is valuable for accurate volume measurements.
Lab instruments like clocks and digital timers are used to measure time intervals with precision, a critical 
aspect of experiments and data collection. 
The process of adjusting numbers to a desired level of precision by changing them to the nearest value 
based on a predetermined rounding digit. This technique simplifies numbers for ease of understanding and 
use in calculations.
The digits within a number that contribute to its measurement accuracy, including all non-zero digits, zeros 
between significant digits, and any final zeros in the decimal part. They indicate the precision of a 
measurement, with the count of significant figures reflecting the degree of accuracy.
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Exercise 

A Multiple Choice Questions

Identify the base quantity in the following: 
a)  volume  b) density    c) force   d) current 
When expressing 5000 in scientific notation, it becomes:

3 4  3  4
a) 5 × 10   b) 5× 10 c) 50×10 d) 0.5×10

6What is the prefix for 10  ?
a) milli   b) kilo              c) mega     d) giga
Which is a systematic error?
a) A misread scale    b) An unpredictable fluctuation in readings
c) Random disturbances in the lab  d) Different readings due to human reaction times
When estimating the size of a large crowd, you are working with:
a) Scientific Notation b) Precision  c) Order of Magnitude  d) SI units
To ensure accuracy in an experiment, one should:
a) Take multiple readings and find the average b) Only use digital instruments
c) Use the largest instrument available  d) Always measure at night 

1.

2.

3.

4.

5.

6.
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After performing a calculation, rounding off numbers is important for:
a) Accuracy     b) Precision  
c) Clarity in presentation   d) Making calculations harder
Which of the following numbers has three significant figures?
a) 100.5  b) 1000   c) 0.00105   d) 1050
If an error leads to unpredictable fluctuations in readings, this error can best be categorized as:
a) Human error. b) Instrumental error. c) Systematic error.  d) Random error
What is measured using a micrometer?
a) Area   b) Current   c) Length    d) Mass
A student determines the circumference of a football. Which instrument gives a reading that is the 
circumference of the football? 
a) caliper  b) micrometer   c) ruler    d) tape
A length of copper wire is labeled: length 0.50 m and diameter 0.50 mm. Which instruments are most 
suitable to measure accurately the length and the diameter of the wire?

7.

8.

9.

10.

11.

12.

Length Diameter

metre rule metre rule

metre rule

metre rule micrometer

micrometer

callipers

callipers

a)

b)

c)

d)

In an experiment, a ball is rolled down a curved track that is about 
half a metre long. 0.5 m, Which measuring device is used to 
measure the length accurately? 

13.

0.5ma) metre rule     b) micrometer   
c) stop-watch     d) tape measure

The diagrams show four balances, W, X, Y and Z.14.

15.

mark on 
cylinder 

The scales of all the balances are calibrated on the Earth to measure mass. Which balances also measure 
mass correctly when used on the Moon? 
a) W and X   b) W and Z   c) X and Y   d) Y and Z
A small cylinder is rolled along a ruler and completes two full turns as shown in the diagram.

start finish
two full turns

not to scale

0 cm 1 2 3 4 5 6 7 8 9 10 11

00.00

Pivot

Pivot
W X Y Z

Figure 2.32 A ball is rolled on a curved 
track

Figure 2.33 Different balanced Instruments

Figure 2.34 A small cylinder is rolled along a ruler.
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What is the circumference of the cylinder? 
a) 4.4cm   b) 5.1cm   c) 8.8cm   d) 10.2cm
Micrometers, metre rules, tapes and calipers are used for measuring lengths. Which row identifies the 
most suitable device for accurately measuring the stated length?

Length measuring device

0.15 mm

0.50 mm

0.15 m

0.50 m

micrometer

metre rule

tape

calipers

a)

b)

c)

d)

What is the correct unit for the quantity shown?

Quantity Unit

electromotive force (e.m.f.)

latent heat

pressure

weight

N

J

kg/m³

kg

a)

b)

c)

d)

16.

17.

18.

B Short Questions

Which base quantity are you working with? Why are base quantities considered the foundation of all other 
physical quantities?
What happens to the exponent when you divide two numbers in scientific notation?
How would you correctly write a measurement of 20 megawatts per second?
Express 5 square kilometers in square meters.

6If the diameter of a planet is on the order of 10  m, what would be the rough estimate of its diameter in 
kilometers?

9
Using orders of magnitude, estimate how many times larger the  diameter of Sun  (on the order of 10 m) is 

-9
compared to an  diameter of atom  (on the order of 10 m).
What is a parallax error, and how can it be corrected?
In which scenario is random error more likely: measuring the length of a table with a ruler or estimating the 
weight of a fruit by hand?

1.

2.
3.
4.
5.

6.

7.
8.

9.
10.

11.
12.
13.

How do you determine the least count of a micrometer screw gauge?
If a vernier caliper's main scale has a division of 1mm and there are 10 divisions on the vernier scale, what is 
the least count of the vernier calipers?
What is the advantage of using a tape measure over a ruler?
Why might you choose a vernier caliper over a micrometer for a specific measurement?
What is the reading on the Vernier scales below? The scale is in metric units.

Stop-watches are used to time the runners in a race. The 
stop-watches show the times recorded for the winner and 
another runner. 
What is the difference in time between the winner and the 
other runner? 
a) 0.4608 s  b) 6.08 s  c) 46.08 s  d) 608 s

00:50: 10

min     s     1/100s

01:03: 76

min     s     1/100s

Winner Other runner

Figure 2.35 Times recorded for winner 
and another runner by the stopwatch.
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14. Micrometer Screw Gauge
The following micrometer screw gauges have no zero errors. Determine the actual readings or each gauge:

1 3 4 5 62

1 3 4 5 62

10 3 4 5 62

17. Calculate the answers to the appropriate number of significant figures. 
a) 23.7 x 3.8 =    b) 45.76 x 0.25 =   c) 81.04 x 0.010 =   
d) 6.47 x 64.5=    e) 43.678 x 64.1 =   f) 1.678 / 0.42 =   
g) 28.367 / 3.74 =   h) 4278 / 1.006 =

15. Indicate how many significant figures there are in each of the following measured values. 
246.32    107.854   100.3    0.678 
1.008    0.00340   14.600    0.0001 
700000   350.670   1.0000    320001 
Calculate the answers to the appropriate number of significant figures. 16.

0 5 10 20

15

0 5 0

45

Actual Reading = ______ mm Actual Reading = ______ mm

a) b)

0 5 10 20

15

0 5

0

45

Actual Reading = ______ mm Actual Reading = ______ mm

c) d)

32.567
135.0

1.4567+

246.24
238.278

98.3+

658.0
23.5478

1345.29+

18. A student records the mass and volume of two irregular objects, one made of iron and the other of copper. 
The student uses the equipment shown in Figure.

a)

b)

c)

Figure 2.36 Reading on vernier scale.

Figure 2.37 Determine the actual reading by screw guage .



mass/g

iron

copper

3
volume/cm

400

350
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Describe how to determine the volume of an irregular object with the measuring cylinder.

C Long Questions

Table given below shows the results obtained.

00.00

cm3
100

90

80

70

60

50

40

30

20

10

measuring cylinder

Describe the concept of the order of magnitude. How does it differ from precise measurements? Estimate the 
order of magnitude of the distance between the Earth and the Moon.
Differentiate between systematic and random errors with examples. Why is it important to recognize and 
account for these errors in experiments?
Describe how you would accurately measure the volume of a stone of regular and irregular shape using the 
displacement method, what steps would you follow?
Differentiate between precision and accuracy using a dartboard analogy. If you were to take multiple 
readings of a pendulum's period of oscillation, how would these terms apply?
Justify the use of the ruler, micrometer, and vernier calipers in the lab. Also, discuss the importance of 
understanding the least count and limitations of each instrument. 
Describe the procedure for accurately measuring the length of an object using a meter ruler. Include the steps 
you would take from the moment you place the object alongside the ruler to when you read off the 
measurement. Additionally, discuss common sources of error when using a meter ruler for measurements 
and suggest strategies to minimize these errors, ensuring more precise results.

1.

2.

3.

4.

5.

6.

Outline the procedure for measuring the thickness or diameter of a small object using a micrometer screw 
gauge. Your explanation should cover the process of positioning the object, turning the screw, and 
accurately reading the scale, including the thimble and sleeve. Discuss the common mistakes that can lead to 
measurement errors with the micrometer screw gauge and recommend practices to avoid these mistakes, 
thereby enhancing the reliability of measurements.

7.

Figure 2.38 Recorded the mass and volume of two irregular objects.

irregular objects
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D Numerical Problems

Convert 5 kilometers to meters and 3 milligrams to grams.
Express 0.000067 in scientific notation.
During an experiment, a student measured the length of a rod five times and got the following readings: 
5.2cm, 5.3cm, 5.1cm, 5.3cm, and 5.2cm. Calculate the average length and the random error (difference 
between the highest and lowest reading).
A student uses vernier calipers and notes the main scale reading as 2.5cm and the vernier scale reading as 7 
divisions. If one division on the vernier scale is equivalent to 0.01cm, what is the total length measured?
A stone was dropped into a measuring cylinder containing 50ml of water. The water level rose to 85ml. 
Calculate the volume of the stone.
A student measures the thickness of a metal sheet using a micrometer The main scale reading is 4mm and the 
circular scale reading is 25 divisions. If one division on the circular scale represents 0.01mm, what is the 
thickness of the sheet?
If a bacteria cell has a typical length of 0.000002 meters, estimate its order of magnitude.
A student measures the time taken for a small toy car to travel 10 meters. The five trials gave readings of 5.2s, 
5.5s, 5.1s, 5.3s, and 5.4s. Calculate the average time taken.

12A star is approximately 9.461 × 10 km away from Earth. If another star is 100 times less distant than the first 
star express the distance of the second star in scientific notation.

1.
2.
3.

4.

5.

6.

7.

8.

9.

58




