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FOREWORD 

This is the era of scientific innovation and creations. Scientific knowledge is 

expanding very rapidly day by day. Today’s society is heavily based on science 

and technology to enjoy the basic facilities of life effectively, citizens need 

knowledge of science. Therefore it is the need of hour to produce the citizens with 

strong background of science. To produce such persons the trained science 

teachers are required. In this connection the B.Ed 4 Year or B.Ed 2.5 Year 

program in science education is being offered. Teaching of Physics is one of the 

course of this program. For teaching the concepts of science only content 

knowledge of science is not enough. I also matters that how do the teacher 

communicate that knowledge to the learners. This course has been designed for 

fulfilling the teaching expertise of prospectus science teachers enrolled in  B.Ed 4 

Year or B.Ed 2.5 Year in Allama Iqbal Open University. This book is very useful 

for making up the need of the advance pedagogical approaches required for the 

teachers. It will be helpful to reduce the controversy that what type of knowledge, 

skills and values Science teachers need while teaching  Physics.  Allama Iqbal 

Open University and Science Education Department has promised to maintain the 

quality and acceptability. This book is one of those series of books which will 

enable the teachers to cope with changing needs of the society and students.  

This book is not the effort of a single person rather it is result of hard work  of a 

group of experts. Dr. Tanveer Afzal, Dr. Muhammad Safder, Mr. Imran Ameen,  

Ms. Saima Kashif and Mr. Arshad Mehmood Qamer made tireless efforts for the 

completion of this course and to make this course beneficial for the future 

teachers.  Not only the prospectus teachers of this university but also the student 

teachers of other universities may use this course for enhancing their teaching 

proficiencies.  It may also be helpful for Physics teacher already teaching Physics 

to refresh and update their pedagogical knowledge. I am thankful to all those who 

have contributed in the development of this course. Without their help and 

cooperation it would not have been possible to develop this course. I wish success 

to the readers and pray that Almighty Allah enables us to serve the nation in an 

effective manner. The elements of motivation and love are also considered.  We 

welcome suggestions and comments for improvements from the readers, teachers 

and public at large for the improvement of this course.        

Prof. Dr. Nasir Mahmood 

Chairman  

Science Education Department 

Dean Faculty of Education 
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PREFACE 

 
Allama Iqbal Open University is one of the mega universities.  It always offer 

innovative and need based programs. The production of  trained teachers in 

general and science teachers in particular is one of the mission of AIOU. This 

course is being written for prospectus Physics teachers. Though there are lot of 

books available in market, but there is no book which fulfills the requirements of 

University approved outlines. Further AIOU has its specialty and beauty that it 

provides self sufficient and self explanatory material which is being developed 

according to its outlines either to provide compiled material or textbook. This 

book is one of those series for coverage of content area requirement for B.Ed 4 

Year and B.Ed 2.5 Year in the field of Physics education. 

 

This book is written as per prescribed procedure of book development. After 

approval of content from all statuary bodies, approval for starting development of 

this book was sought. Then selection of writers and reviewers was completed. 

Time and again reminders were sent to Unit writers and telephonic conversation 

were done with the writers to expedite the process of writing and review. In spite 

of very tedious work of writers and reviewers, course development coordinators 

had to look into everything i.e. format, self assessment exercises, alignment of the 

content and addition of some essential things and deletion of irreverent things.  

 

Great stress has been laid in making the course to facilitate prospectus, in service 

and pre-service teachers for content knowledge regarding Physics. The course is 

equipped with illustrations for better understanding of the reader. Each unit is 

equipped with necessary illustrations, activities and self assessment exercises. 

AIOU hope that this book will prove best for the content knowledge regarding 

Physics. 

Ms. Saima Kashif  

Course Development Coordinators 
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INTRODUCTION 

There is a need to nature a “scholarship of teaching” that is based on sound 

pedagogical and content knowledge. The present course has been designed to 

provide subject specific pedagogical knowledge and skills required to teach 

physics effectively. The first five units provide pedagogical knowledge about 

methods of teaching, instructional materials for teaching physics, role and use of 

laboratory work in physics assessment and evaluation of teaching and learning in 

physics. The remaining four units are content units however; these units will be 

focused on the teaching of secondary level physics content effectively. The units 

will include ideas, activities and methods of teaching secondary level concepts. 

Course Outcomes 

After completing this course the learners will be able to: 

1. explain scope, and importance of physics education. 

2. make informed decisions in planning, teaching, assessment and evaluation 

of their students 

3. demonstrate their pedagogical and content knowledge and  also the 

professional skills in teaching of Physics. 

4. apply methods and strategies most conducive to develop and enhance 

student’s competencies and performance in physics. 
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Introduction 
This is the age of science. Virtually every aspect of our ever day life is affected in 

some way by the scientific and technological developments. Science covers the 

broad field of human knowledge concerned with facts held together by principles 

(rules). Scientists discover and test these facts and principles by an orderly system 

of solving problems i.e. scientific method.  

In science education we are teaching students to use one form of knowing i.e. the 

experimental. Most other subjects can be learned through ordinary tools (i.e. 

paper, board, text book etc.). These are also essential for teaching and learning 

science but if these are the only tools; for teaching science becomes sciences dull 

and uninteresting. “If science is to be learned effectively it must be experienced,” 

There are many branches of natural science, i.e. Mathematics, Chemistry, 

Biology, etc. but another very important branch of physical science is “Physics”. 

Physics is that branch of physical science, which explains the properties of matter 

and energy and the relationship between them.  

Physics has succeeded in getting an important role in the service of mankind. 

Physics contributed perhaps more than any other field of science, to the economic 

growth and development of the country, and these purposes can only be fulfilled 

with the help of effective educational program in this area i.e. “Theory and 

Practice”. 

 

In this unit, the major focus is on the scope, nature and importance of physics; 

you will go what is beyond physics and also have a look on the relationship of 

physics with other subject. You can observe the curriculum document for the 

subject of physics which is built upon Standards, Benchmarks and Learning 

Outcomes for the benefit of student growth and progress. 

 

Objectives 
After studying this unit you will be able to: 

 comprehend the meaning, scope as importance of physics;  

 differentiate between physics and meta physics; 

 establish the relationship of physics with other subjects; 

 know the nature of physics and its use in everyday life;  

 understand the concepts; and need of Standards, Benchmarks and 

Learning Outcomes for the benefit of student growth and progress. 
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1.1 Meaning Scope and Importance of Physics 

Physics is the study of properties of matter and energy. It concerns both the 

macroscopic and microscopic state of matter.” In the broader sense, physics is that 

branch of physical science, which explains the property of matter and energy and 

the relationship between them. Physics has many branches because its domain has 

become so vast that it has become impossible for a man to have command of the 

subject of Physics as a whole. 

Physics is a quantitative science and in the earlier period of its genesis, it was 

studied under the heading of heat, light, sound and electricity. Because of the 

increasing researches in Physics, some other branches of Physics have emerged 

such as atomic Physics dealing with the atom and atomic structure, nuclear 

physics dealing with nucleus of an atom, solid state physics dealing with matter in 

solid state have definite properties and explanations thereof, Astrophysics, 

Geophysics and so on. It’s a very broad field because it is concerned with matter and 

energy at all levels—from the most fundamental particles of matter to the entire cosmos. 

Some people would even argue that physics is the study of everything! Important 

concepts in physics include motion, forces such as magnetism and gravity, and forms of 

energy such as light, sound, and electrical energy. 

Physics explains how energy interacts with matter. In this case, for example, 

physics explains how visible light reflects from mirror to form images. Most 

mirrors, such as bathroom mirrors, have a flat surface. Light reflected from a flat 

mirror forms an image that looks the same as the object in front of it. Funhouse 

mirrors, like the one pictured above, are different. They have a curved surface that 

reflects light at different angles. This explains why the images they form are 

distorted. 

We should not look at Physics merely as a body of facts, or some important 

physical laws and generalizations, which are to be investigated and applied to new 

situations. In fact, our notion of the subject should reflect its own time spirit. 

Many laws in physics are merely crude generalizations and deductions. For 

Boyle’s law, for example, we know that only perfect gases obey this law, 

although no gas is perfect. We also know that most of the ordinary gases do not 

obey this law perfectly still we apply it in our daily life. The reason for this is that 

for all practical purposes, the deviation for the law under ordinary laboratory 

conditions is very marginal and beyond the capacity of scientific instruments to 

detect. So we satisfy ourselves with the important, although imperfect 

generalization. Such instances could be quoted in almost all branches of Physics. 

The important thing is not the law itself but its valuable applications to new 
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situations related to daily life problem and relationship with other set of laws and 

facts. 

Physics has succeeded in getting an important place not only in science education 

but it also played a crucial role in the service of mankind. Physics contributed in 

all aspects of life perhaps more than any other field of science, to the economic 

growth and development, and regarded as the backbone of a country for its 

progress and prosperity. Amit Kumar, (1995), stated that the knowledge of 

physics is applied in various ways in our life. We can look a very large number of 

electrical and electronic devices which all utilize one or the other principle or law 

of physics. Heat engine, Electrical motor, television, radio, electronic watches, 

mixers, juicers, washing machines etc., all are made to utilize the knowledge of 

physics. Thus physics has a utilitarian value in life. He further explain that the 

discoveries of telephone, fax, telex, computer, e-mail and internet services have 

decreased the distance between nation and thus they have provided the basis for a 

corporate living, coexistence and better human relations. All these lead to 

development of social standard both in personal and professional life. In fact, 

Physics, today, is one of the most active and most important of all sciences. 

Physics teaching–learning process provides more possibilities of involving 

children in such activities as liked by the students. The importance of Physics has 

been realized in its teaching and learning processes, because the current college 

/university population explosion, the exponential growth of information and the 

usually inadequate pedagogical background of instructors emphasize the need for 

higher accuracy and precision in physics teaching and learning. Physics teaching 

provides more opportunities of carrying out practical work in comparison to 

social sciences, which are less practical in nature.  

Physics has provided us with a large number of devices such as television, radio, 

cinema, computer etc., which are a source of entertainment to all of us. These are 

also a source of knowledge and are used for spread of mass education and making 

the community aware of dangers of various ills.  

Physics contributes to the technological infrastructure and provides trained 

personnel needed to take advantage of scientific advances and 

discoveries. Physics is an important element in the education of chemists, 

engineers and computer scientists, as well as practitioners of the other physical 

and biomedical sciences.Physics extends well into our everyday life, describing 

the motion, forces and energy of ordinary experience. In actions such as walking, 

driving a car or using a phone, physics is at work. For everyday living, all the 

technologies you might take for granted exploit the rules of physics. 
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Physics is an international enterprise, which plays a key role in the future progress 

of mankind. The support of physics education and research in all countries is 

important because: 

1. Physics is an exciting intellectual adventure that inspires young people and 

expands the frontiers of our knowledge about Nature. 

2. Physics generates fundamental knowledge needed for the future 

technological advances that will continue to drive the economic engines of 

the world. 

3. Physics contributes to the technological infrastructure and provides trained 

personnel needed to take advantage of scientific advances and discoveries. 

4. Physics is an important element in the education of chemists, engineers 

and computer scientists, as well as practitioners of the other physical and 

biomedical sciences. 

5. Physics extends and enhances our understanding of other disciplines, such 

as the earth, agricultural, chemical, biological, and environmental 

sciences, plus astrophysics and cosmology - subjects of substantial 

importance to all peoples of the world. 

6. Physics improves our quality of life by providing the basic understanding 

necessary for developing new instrumentation and techniques for medical 

applications, such as computer tomography, magnetic resonance imaging, 

positron emission tomography, ultrasonic imaging, and laser surgery. 

For all these reasons, physics is an essential part of the educational system and of 

an advanced society. We, therefore, urge all governments to seek advice from 

physicists and other scientists on matters of science policy, and to be supportive 

of the science of Physics. This support can take many forms such as: 

 National programs to improve physics teaching at all levels of the 

educational system. 

 Building and maintaining strong departments in universities (and other 

academic institutions) with opportunities for grants to support research. 

 Scholarships and fellowships for both undergraduate and graduate students 

studying physics. 



7 
 

 Adequate funding for national laboratories and the formation of new ones 

as appropriate. 

 Funding and facilitating international activities and collaborations. 

(A statement adopted by IUPAP, March 1999) 

1.2 Physics and Meta Physics 

I study myself more than any other subject. That is my physics that is my meta-

physics. 

(Michel De Montaingne) 

Physics is derived from a Greek word physikḗ (epistḗmē), means 'knowledge of 

nature'. It is natural science that studies matter and its motion; behavior through 

time and space, and that studies the related entities of force and energy.  Physics 

is one of the most fundamental scientific disciplines, and its main goal is to 

understand about the nature of universe and how it behaves.  

Physics is the branch of science concerned with the nature and properties of 

matter and energy. The subject matter of physics includes mechanics, heat, light 

and other radiation, sound, electricity, magnetism, and the structure of atoms. 

On the other hand meta-physics mean; “what is beyond matter”. It concerns with 

the unmaterialistic nature of the things; what we see is the reality or this is the 

reflection of that reality which is somewhere else.  

Metaphysics is a field of philosophy that is generally focused on how reality and 

the universe began. An example of metaphysics is a study of God versus the Big 

Bang theory. 

Meta physics is the branch of philosophy which deals with the study of existence. 

Its subject matter is the nature and existence of man and universe. If we consider 

that human being is biological (materialistic) in nature, we are studying him in 

physical science but the focus of Meta physics is on the spiritual aspect of human 

(or both). Same is the case with the universe; what we see (materialistic world) is 

the reality or say the paradise is the reality which we cannot perceive through five 

senses. For more clarity we extend this discussion to the “philosophy of nature 

or natural philosophy”. 
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Natural philosophy or philosophy of nature was the philosophical study 

of nature and the physical universe that was dominant before the development 

of modern science. It is considered to be the predecessor of natural science. 

Right from Aristotle, to the 19th century, natural philosophy was the common 

term for the practice of studying nature. It was in the 19th century that the concept 

of "science" received its modern shape with new titles emerging such as "biology" 

and "biologist", "physics" and "physicist" among other technical fields.Many 

institutions and communities were founded and unprecedented applications to and 

interactions with other aspects of society and culture occurred. Isaac Newton, in 

his book (1687), whose title translates to "Mathematical Principles of Natural 

Philosophy", reflects the current use of the words "natural philosophy", akin to 

"systematic study of nature". Even in the 19th century, a treatise (essay, 

dissertation) by Lord Kelvin and Peter Guthrie , which helped define much of 

modern physics 9study of matter and energy), was titled Treatise on Natural 

Philosophy (1867). 

Germans start discussion on philosophy of naturein the 18th and 19th century as 

an attempt to achieve a speculative unity of nature and spirit. Some of the greatest 

names in German philosophy are associated with this movement, including 

Goethe, Hegel, and Schelling. The nature of philosophywas associated with 

Romanticism (idealism) and a view that regarded the natural world as a kind of 

giant organism, as opposed to the philosophical approach of figures such as John 

Locke and Isaac Newton who advocated a more mechanical view of the world, 

regarding it as being like a machine. 

The term natural philosophy paves the way of natural / physical science (i.e. 

empirical science). Empirical science historically developed out of philosophy or, 

more specifically, natural philosophy. Natural philosophy was distinguished from 

the other predecessor of modern science (like natural history), because natural 

philosophy involved quantitative reasoning and explanations about naturewhereas 

natural history was essentially qualitative and descriptive. 

Modern meanings of the terms science and scientists date only to the 19th 

century. Before that, science was a synonym for knowledge or study, in keeping 

with its Latin origin. The term gained its modern meaning when 

experimental science and the way of knowing that is scientific method became a 

specialized branch of study apart from natural philosophy. 

From the mid-19th century, when it became increasingly unusual for scientists to 

contribute to both physics and chemistry (physical sciences), "natural philosophy" 

https://en.wikipedia.org/wiki/Philosophy
https://en.wikipedia.org/wiki/Nature
https://en.wikipedia.org/wiki/Universe
https://en.wikipedia.org/wiki/Modern_science
https://en.wikipedia.org/wiki/Natural_science
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came to mean just physics, and the word is still used in that sense in degree titles 

at the University of Oxford.  In general, chairs of Natural Philosophy established 

long ago at the oldest universities are nowadays occupied mainly by physics 

professors. 

According to Plato, we can distinguish between science or body of knowledge 

that produce a physical result and those that do not. Natural philosophy has been 

categorized as a theoretical rather than a practical branch of philosophy (like 

ethics) while physics is practical in nature and produce practical results. 

The study of natural philosophy seeks to explore the cosmos by any means 

necessary to understand the universe. Some ideas presuppose that change is a 

reality. Although this may seem obvious, there have been some philosophers who 

have denied the concept of metamorphosis (transformation/transmutation), 

such as Plato's predecessor attempted to show that the reality of change cannot 

be proven. 

According to Rene Descartes, meta-physical system consists of body and mind 

that describes two kinds of substance: matter and unmaterialistic. According to 

this system, everything that is "matter" is deterministic and natural—and so 

belongs to natural philosophy—and everything that is "mind" is volitional and 

non-natural, and falls outside the domain of philosophy of nature. 

Major  branches of natural philosophy include astronomy and cosmology, the 

study of nature on the grand scale; etiology, the study of (intrinsic and sometimes 

extrinsic) causes; the study of chance, probability and randomness; the study 

of elements; the study of the infinite and the unlimited (virtual or actual); the 

study of matter; mechanics, the study of translation of motion and change; the 

study of nature or the various sources of actions; the study of natural qualities; the 

study of physical quantities; the study of relations between physical entities; and 

the philosophy of space and time. (Adler, 1993) 

 Physics is usually meant to be a study of our physical world, as far as we 

can study it by experimentation, things that can be measured, weighed 

and counted. Metaphysics (Meta= beyond) attempts to deal, with that 

which is beyond the reach of physics. It is the study of the universe from 

a mathematical perspective. It's a science; therefore its foundations have 

an empirical basis. Metaphysics is a branch of philosophy which deals 

with existential questions about space, time, the difference between life 

& non-life, being & not-being etc. 

 Meta physics is the branch of philosophy that deals with first principles 

https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Cosmology
https://en.wikipedia.org/wiki/Etiology
https://en.wikipedia.org/wiki/Cause
https://en.wikipedia.org/wiki/Chance_(philosophy)
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Infinity
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Mechanics
https://en.wikipedia.org/wiki/Philosophy_of_motion
https://en.wikipedia.org/wiki/Nature
https://en.wikipedia.org/wiki/Quality_(philosophy)
https://en.wikipedia.org/wiki/Quantity
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
https://www.ancienthistorylists.com/greek-history/top-10-contributions-of-aristotle/
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and seeks to explain the nature of being or reality (ontology) and of the 

origin and structure of the universe (cosmology): it is also closely 

associated with the study of the nature of knowledge (epistemology).It 

exploring the fundamental questions, including the nature of concepts 

like; being, existence and reality. Therefore metaphysics is not physics; 

it is philosophy, not science. 

 

Self -Assessment Questions  1.1 

 How can you say that physics contribution to the service of mankind is 

more than any other basic science? Give reasons. 

 Elaborate the importance of physics in daily life. 

 What do you understand by the quotation given by Michel De 

Montaingne; “I study myself more than any other subject? That is my 

physics that is my meta-physics.” 
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1.3 Relationship of Physics with Other Subjects 

In fact, physics is the present-day equivalent of what used to be called natural 

philosophy, from which most of our modern sciences arose. Students of many 

fields find themselves studying physics because of the basic role it plays in all 

phenomena. 

Physics is so important branch of science that without the knowledge of physics, 

other branches of science cannot make any progress. This can be seen from the 

following: 

 Relationship of Mathematics with Physics 

Thetheoriesand concepts of physics lead to the development of various 

mathematical tools like differential equations, equations of motion etc. 

 Physics in Relation to Chemistry: 

The concept of interaction between various particles leads to understand the 

bonding in the chemical structure of a substance. The concept of X-ray diffraction 

and radioactivity has helped to distinguish between the various solids and to 

modify the periodic table. 

 Physics in Relation to Biology: 

Theconceptofpressure and its measurement has helped us to know the blood 

pressure of a human being, which in turn is helpful to know the working of heart. 

The discovery of X-rays and Ultrasound has made it possible to diagnose the 

various diseases in the body and fracture in bones. The optical and electron 

microscopes are helpful in the studies of various organisms. Skin disease and 

cancer can be cured with the help of high energy radiation (high frequency rays) 

like X-rays, Ultraviolet rays. 

 Physics in Relation to Geology: 

The internal structure of various rocks can be known with the study of crystal 

structure. Age of rocks and fossils can be known easily with the help of 

radioactivity, i.e., with the help of carbon dating. 

 Physics in Relation to Astronomy: 

Optical telescope has made it possible to study the motion of various planets and 

satellites in our solar system. Radio telescope has helped to study the structure of 
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our galaxy and to discover pulsars and quasars (heavenly bodies having star like 

structure). Pulsars are rapidly rotating neutron stars. Doppler Effect predicted the 

expansion of universe. Kepler’s laws are responsible to understand the nature of 

management of the planets around the sun. 

 Physics in Relation to Meteorology: 

Thevariationof pressure with temperature leads to forecast the weather. 

 Physics in Relation to Seismology:  

The movement of earth’s crust and the types of waves produced help us in 

studying the earthquake and its effect. 

 Physics and Technology: 

Some areas of technology that requires knowledge of physics are: 

In medicine X-rays, lasers, scanners which are applications of physics are used in 

diagnosis and treatment of diseases. 

Communication: Satellite communication, internet, fiber optics are applications 

of internet which requires strong foundation in physics. 

Industrial Applications:  

In the area of defense, physics has many applications e.g. war planes, laser-guided 

bombs which have high level accuracy. 

 

 

 Physics and Mathematics: 

Many concepts in physics like laws, effects, principles etc. are expressed 

mathematically.Mathematical skills are therefore very instrumental in the leaning 

of physics. 

 Physics and Geography:   

Accurate use of weather instruments like thermometer, wind vane, rain gauges 

etc. requirephysicsknowledge.  Concepts like heat transfer by convection which 

explain the formation of convectional rainfall and pressure variation can be best 

explained in physics. 
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 Physics and History:  

Historians use carbon dating to establish ages of fossils and therefore past patterns 

of earlierlife.  This concept of carbon dating is explained better in atomic physics. 
 

 Physics and Home Science: 

Physics knowledge is used in designing and manufacture of kitchen equipment 

e.g. electric cookers, microwave ovens, refrigerators, exhaust hoods, 

Homogenizer, juicer machine, pressure cooker and cooking utensils, toaster, 

hotpots, and many more. 

1.4 Standards, Benchmarks, and Outcomes Of Physics 

This curriculum document is built upon Standards, Benchmarks, and Learning 

Outcomes for the benefit of student growth and progress. 

Standards are what students should know and be able to do. Standards are broad 

descriptions of the knowledge and skills students should acquire ina subject area. 

The knowledge includes the important and enduring ideas, concepts ,issues, and 

information. The skills include the ways of thinking; working, communication, 

reasoning, and investigating that characterize a subject area. 

Standards may emphasize interdisciplinary themes as well as concepts in the 

coreacademic subjects. 

Standards are Based on: 

 Higher Order Thinking: instruction involves students in manipulating 

information and ideas by synthesizing, generalizing, explaining or arriving 

at conclusions that produce new meaning and understanding for them. 

 Deep Knowledge: instruction addresses central ideas of a topic or 

discipline with enough thoroughness to explore connections and 

relationships and to produce relatively complex understanding. 

 Substantive Conversation: Students engage in extended conversational 

exchanges with the teacher and / or peers about subject matter in a way 

that builds an improved and shared understanding of ideas or topics. 

 Connections to the World beyond the Classroom: Students make 

connections between substantive knowledge and either public problems or 

personal experiences. 
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Benchmarks indicate what students should know and be able to do atvarious 

developmental levels. Our benchmarks are split into 5 developmental levels: 

 Kachi to Grade 3 

 Grade 4 to Grade 5 

 Grade 6 to Grade 8 

 Grade 9 to Grade 10 

 Grade 11 to Grade 12 

Learning Outcomes indicate what students should know and be able to do for 

each topic in any subject area at the appropriate developmental level. The 

Learning Outcomes sum up the total expectations from the student. Within this 

document the Learning Outcomes are presented under three subheadings: 

 Understanding 

 Skills including laboratory work 

 Science, Technology and Society connections 

The Standards and the accompanying Benchmarks will assist in the development 

of comprehensive curriculum, foster diversity in establishing high quality 

Learning Outcomes, and provide an accountability tool to individuals involved in 

the education market place. These provide a common denominator to determine 

how well students are performing and will assure that all students are measured 

on the same knowledge and skills using the same method of assessment. 

Physics Standards and Benchmarks for Grades Ix-Xii 

The content standards provide descriptions of what students should know, 

understand and be able to do in a specific content area. In addition, benchmarks in 

each content area are drafted to further clarify the content standards. They define 

our expectations for students’ knowledge, skills and abilities along a development 

continuum in each content area. They are meant to define a common denominator 

(characteristic, average standard) to determine how well students are performing. 

A. Constructing New Scientific Knowledge 

Scientifically literate students are learners as well as user of knowledge. They ask 

question about the world that can be answered by using scientific knowledge and 

techniques. They can also develop solutions to problems that they encounter or 

questions they ask. They can remember key points and use sources of information 

tore construct previously learnt knowledge, rather than try to remember every 

detail of what they learnt. 
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Standard 1 

Students will be able to display a sense of curiosity and wonder about the natural 

world and demonstrate an increasing awareness that this has led to new 

developments in science and technology. 

B. Reflecting on scientific knowledge 

Scientifically literate students can show an appreciation for scientific knowledge 

and the patterns that reveal in the world; this often involves seeing connections 

among different areas of knowledge. They may be able to take a historical and 

cultural perspective on concepts and theories or to discuss relationships among 

science, technology and society. 

Standard 2 

Students will be able to demonstrate an understanding of the impact of science 

and technology on society and use science and technology to identify problems 

and creatively address them in their personal, social and professional lives. 

C.  Using scientific knowledge 

Scientifically literate students can use their knowledge to understand the world 

around them and to guide their actions. Important type of activities that use 

scientific knowledge include description and explanation of real world objects, 

systems or events; prediction of future events or observations; and the design of 

systems or courses of action that enable people to adopt to and modify the world 

around them. 

Standard 3 

Student will be able to understand the processes of scientific investigation. They 

will be able to identify a problem, design and conduct experiments and 

communicate their findings using a variety of conventional and technological 

tools. 

Standard 4 

Students will be able to describe and explain common properties, forms and 

interactions of energy and matter, their transformations and applications in 

physical systems. 

1.5 Nature of Teaching Physics 
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Physics is a natural science deals with the description, prediction, and 

understanding of the phenomena of nature, based on empirical evidence as a 

result of observation and experimentation. The teaching of physics is not merely 

the rote memorization of facts nor theoretical in nature but meaningful and 

practical in all respects. 

In Physics teaching we are not only providing the theoretical knowledge to the 

students but also use another form of knowing i.e. the experimental skills. 

Teaching of physics / basic science is a creative intellectual activity leading to 

unifying concepts of man’s natural environment and the application of these 

concepts to the control of the environment for man’s benefit.” He further goes on 

to say that “it is a human enterprise, which requires man’s best efforts to sustain it 

at an optimum level of productivity.” 

The nature of teaching physics in secondary schools is to enable students to grasp 

systematically the basic knowledge of physical sciences needed for further study 

of modern science and technology and to understand its applications. It should 

help them to acquire experimental skills, develop the ability to think and to use 

mathematics/statistics to solve the physical problems. In teaching and learning 

science at school level, the students face many problems in understanding 

scientific concepts, theories, and laws in the science classroom and laboratory. In 

the opinion of Wood (1991), “the nature of teaching physics should be more about 

the learning of scientific processes than the learning of scientific facts.”  

Physics teaching provides more possibilities of involving children in such 

activities as liked by the students. The importance of Physics has been realized in 

its teaching and learning processes, because the current college /university 

population explosion, the exponential growth of information and the usually 

inadequate pedagogical background of instructors highlight the need for higher 

accuracy and precision in the physics teaching and learning. 

As we know that physics is not only a body of knowledge but a way of knowing 

called scientific method. Physics is more than merely a body of knowledge. It is 

also ways of investigating. If we do not teach our students about science inquiry, 

then we must create a classroom environment that encourages and guides them to 

use scientific processes every day. Here are presented some guides to involve 

children in “Doing Physics”. 

a. Involve students in science-based process activities. 

Include activities such as observing, measuring, experimenting, communicating, 

inducting, deducting, forming hypotheses, analyzing and synthesizing, evaluating, 
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estimating, speculating, extrapolating, creating theories. Students must engage in 

scientists’ work at their own maturation level. 

b.  Teacher must acquire knowledge of Physics / science and the ways 

science and society are interdependent. 

To assist students in understanding how people impact upon each other and their 

environment, and help them to understand the attitude and values of society, so 

they can make informed decisions. 

c.  Engage students in activities involving seeking answers to problems in 

our scientific and technological society.    

d.  Students must learn by doing and then reflecting. 

Actively involve students in scientific activities so they investigate and discover 

scientific concepts, theories, and processes; help them learn how to think what 

they have done.   

e.  Utilize as many different approaches to science teaching/learning as 

teacher can. 

 Expose the students to science through telling, showing, guiding, listening, 

reading, drawing, handling, and visiting.  

f.  Actively involve your students in inquiry or guided discovery approach to 

teaching or learning.  (Carin and Sund. 1989) 

An understanding level of teaching and learning seeks to acquaint a learner with 

relationships between principles and facts. Herbart in Kumar (1995), states that 

the science teacher should follow these steps when teaching physics particularly. 

1. Preparation 

A teacher should begin with experiences that pupils already have had. This will 

help to prepare students to receive new information. This step involves: 

 Reviewing previous knowledge of students; 

 Providing enough opportunity to motivate students; and 

 Introducing the new information.       

2. Presentation   
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A teacher should announce the topic to be dealt with before dealing with the 

related contents. Teaching methods, which can be used, are lecturing with 

examples, demonstrations, discussions and teacher’s explanations in relation to 

facts, concepts and principles. A teacher should try to involve students as regards 

their participation. A questioning technique should be employed for this purpose. 

Teaching aids must be used for developing conceptual understanding.  

3. Comparison and Abstraction 

This step comprises finding out the similarities and differences among the old and 

the new ideas and then welding them together. 

4. Generalization 

This step deals with the identification of some common elements of the two sets 

of facts as a principle or generalization. 

5. Application 

This step deals with the use of the newly acquired principle to explain further 

facts. 

6. Recapitulation  

An understanding of contents is tested through questions. Test items of different 

types are used for the purpose. 

 Laboratory Teaching (of physics) 

Laboratory is a spacious room where the students in groups carry out their 

experimental work. It provides many opportunities for students to talk and write 

about science. With a little thought and planning on the part of the students, its 

activities can be the basis for building communication and problem solving skills. 

Zaman (1996), citing the views of Kempa (1986) “the process of practical work 

has stages which are widely known as forming a valid and satisfactory framework 

within which practical skills are to be developed and assessed. 

(1)  Recognition and formulation of the problem. 

(2) Planning and designing of an investigation in which the student predicts 

the results. Formulate hypotheses and designs procedures. 

(3) Carrying out the experiments in which the student makes decisions about 

investigative techniques and manipulates materials and equipment. 



19 
 

(4) Observational and measuring skills. 

(5) Analysis, application and explanation in which the student processes data, 

discusses results, explores relationships, and formulates new questions and 

problems. 

Teacher may use any teaching method to make the lab work more meaningful 

Thus irrespective of the method adopted by the teacher for teaching of physics; 

practical work in the laboratory must be attempted. Practical activities in a 

controlled environment (laboratory) have been traditionally an important feature 

of physics. 

Self -Assessment Questions 1.2 

 Physics teaching is theoretical or practical in nature or combination of 

both. Explain with the help of example. 

 Is the teaching of physics is lecturing / presentation? Or it is beyond this. 

Give reasons. 

 In the history of Pakistan, physics curriculum of 2006 is considered as 

standard base curriculum; do you agree? 

 Established the relationship of chemistry, computer science and biology 

with physics by giving examples. 

When we are teaching physics to our students we teach both aspects; theory and 

practical.  How certain is scientific knowledge? Is it tentative or permanent and 

absolute? How can the relation between scientific models and nature be 

described? What does a research process look like? What is the role of 

experiments? Is the research process objective and rational, or are there also 

subjective and creative elements? How can the relation between science and the 

surrounding society be described? Are there limits for science, or will science in 

the future be able to answer all types of questions?  

These questions and many more, all deal with 'nature of science' (NOS). Thus we 

use the concept of NOS in a broader sense including also socio-cultural aspects. 

Suggested Answers 

Self-Assessment Questions 1 and 2 
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 To find the answer of these questions, consult the relevant part of the unit-

1. 
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Introduction 

This is the age of science and technology. Almost, every aspect of our educational 

process is affected in some way by the scientific and technological developments. 

Instructional Technology or Materials, also known as Teaching/Learning 

Materials (TLM), are any collection of materials including animated (plant, 

animals) and inanimate objects (models, charts) and human and non-human 

resources that a teacher may use in teaching and learning situations to help to 

achieve the desired learning objectives. These are the tools used in instructional 

activities, which include active learning and assessment. 

Instructional materials can also add important structure to lesson planning and the 

delivery of instruction. Particularly in lower grades, specifically in the teaching of 

science, instructional materials act as a guide for both the teacher and student. 

They can provide a valuable routine. Instructional materials can be classified on 

their types, which include prints, audio, visuals, audiovisuals and Electronic 

Interactive. 

These instructional materials bring life to learning by stimulating students to 

learn. They provide both physics students and physics teachers with relevance and 

meaningful source of information.  Instructional materials stimulate the students 

desire to learn, it assist learning process by making assimilation and memorization 

of materials  easy. Also it helps to hold attention of the student. 

Hence, in this unit, our major focus is on the effective use of some of the above 

mentioned instructional technology to make the teaching of physics more 

meaningful. 

Instructional  materials  refer  to  those  alternative  channels  of  communication,  

which  a  classroom  teacher  can  use  to  concretize a  concept during teaching  

and learning process.  Traditionally, classroom  teachers have  relied  heavily on  

the  'talk-chalk' method during their teaching. But  recently, instructional materials 

help  to  provide variations in  the  ways  in  which messages are sent  across. In 

using instructional materials teachers and students do not  only extend the range 

of  sense organs  we  use  but  also  extend  the  range  of  materials used for 

convening the  same  message  through  the  same  organ.  For  instance,  in  

teaching  a  topic a  teacher  can  manipulate  real  objects or  use  their  

stimulators.  Instructional  materials  therefore  constitute  the  media  of  

exchange  through  which  a  message  transaction  is  facilitated  between  a  

source and a receiver. In addition to extending the range of materials that can be 

used to convey the same instructional message to  learners  instructional  
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materials  also  facilitate  the  'process'  nature  of  communication.  In  this  

passage,  the  process nature of communication implies that  both the  source and 

the  receiver of a  message are  actively involved in  a communication encounter. 

Infarct, it means that both the  receiver and the source share and exchange ideas, 

feelings in any communication (Tyler, 1987, Dike 1989)..  

Instructional  materials  refer  to  those  alternative  channels  of  communication,  

which  a  classroom  teacher  can  use  to concretize a  concept during teaching  

and learning process.  Traditionally, classroom  teachers have  relied  heavily on  

the 'talk-chalk' method during their teaching. But  recently, instructional materials 

help  to  provide variations in  the  ways  in which messages are sent  across. In 

using instructional materials teachers and students do not  only extend the range 

of sense organs  we  use  but  also  extend  the  range  of  materials used for 

convening the  same  message  through  the  same organ.  For  instance,  in  

teaching  a  topic a  teacher  can  manipulate  real  objects or  use  their  

stimulators.  Instructional materials  therefore  constitute  the  media  of  exchange  

through  which  a  message  transaction  is  facilitated  between  a source and a 

receiver. In addition to extending the range of materials that can be used to 

convey the same instructional message to  learners  instructional  materials  also  

facilitate  the  'process'  nature  of  communication.  In  this  passage,  the process 

nature of communication implies that  both the  source and the  receiver of a  

message are  actively involved in  a communication encounter. Infarct, it means 

that both the  receiver and the source share and exchange ideas, feelings in any 

communication (Tyler, 1987, Dike 1 

Objectives 

After studying this unit, you will be able to: 

 know the meaning and need of instructional material;  

 enlist different types of instructional material used in the teaching of 

Physics; 

 apply the instructional material in physics classroom and laboratory to 

improve and promote learning; 

 develop and use effectively the low cost / no cost material in the physics 

classroom and lab. 
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2.1 Importance and Need of Instructional Material In Teaching 

of Physics 

For many years, educators have presented theories about how the human brain 

and the memory perform function during the communication process. There is 

general agreement about certain theoretical factors that are important for 

understanding the use of instructional Aids.  

According to Oxford Dictionary ‘communication’ means the activity or process of 

expressing ideas and feeling or of giving people information. It is a method of 

sending information, especially telephones, radio, computers, etc. or roads and 

railways. Actually communication refers to the process by which information are 

exchanged within organization. The human beings send and receive messages in 

such a way that a close approximation is achieved between the sender and the 

receiver. 

Teaching-learning process is basically a communication process that is how 

knowledge/information is presented in the learning situation and how it is 

understood by the learner. The information processing view divides learning into 

three phases: (i) attending to new information (ii) acquiring and retaining 

information, and (iii) retrieving information from memory and transferring it to 

new situation. The way that information is processed in learning has been 

summarized in the model presented by Johnstone, A.H. (1993). It represents the 

flow of the information through the memory system and the processing of such 

information. Such a model makes predictions about how input information is dealt 

within the human mind so that meaningful learning can take place.  
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Figure 2.1   Information Processing Model  

 

 

Source: Johnstone, A. H. (1993, p.702) 

This model is very useful in the teaching and learning of science. There are three 

part of this model that is: perception, working/short term memory and long term 

memory. 

Human mind is not a dustbin that we put each and everything in it. During the 

communication process (teaching-learning) all the information enter into the short 

term/working memory after passing through the perception filter.  

Perception is an active process which uses previous knowledge to interpret the 

sensory information. The environmental inputs, such as events, observation and 

instructions first come through the perception. Perception is proposed as sensory 

register which received the input information in a relatively un-interpreted form 

for a very short period of time about one to five millisecond and it is lost at the 

end of this time. The information selected through the perception filter is then 

transferred to the working memory.  Working memory is that part of the brain 

where we hold information, work upon it, organize it, and shape or reshape it 

before storing it in the long term memory.  

Feedback loop 



28 
 

Long term memory is the memory where the information is stored. It is most 

important from retrieval point of view. The long term memory has its link with 

perception filter and working memory. It is a large store where facts are kept and 

concepts develop.  

During the communication process, the sensory register/perception filter of the 

memory acts as a filter. As stimuli are received, the individual's sensory register 

works to sort out the important bits of information from the routine or less 

significant bits. Within seconds, the perceived information is passed to the 

working or short-term memory where it is processed for possible storage in the 

long-term memory. This complex process is enhanced by the use of appropriate 

instructional Aids that highlight and emphasize the main points or concepts.  

The functions of working or short-term memory are limited by both time and 

capacity. Therefore, it is essential that the information be arranged in useful bits. 

The effectiveness of the instructional aid is critical for this process. Carefully 

selected charts, graphs, pictures, or other well-organized visual aids are examples 

of items that help the student understand, as well as retain, essential information.  

Ideally, instructional Aids should be designed to cover the key points and 

concepts. In addition, the coverage should be straightforward and factual so it is 

easy for students to remember and recall. Generally, instructional Aids that are 

relatively simple are best suited for this purpose.  

In addition to helping students remember important information, Instructional 

Aids have other advantages. When properly used, these can help in gaining and 

holding the attention of students. Audio or visual aids can be very useful in 

supporting a topic, and the combination of both audio and visual stimuli are 

particularly effective since the two most important senses are involved. 

Instructors should keep in mind that they often are salesmen of ideas, and many of 

the best sales techniques that attract the attention of potential clients are well 

worth considering. One caution-the instructional aid should keep student attention 

on the subject; it should not be a distracting device.  

Clearly, a major goal of all instruction is for the student to be able to retain with 

understanding, as much knowledge of the subject (say physics) as possible, 

especially the key points. Numerous studies have attempted to determine how 

well instructional Aids serve this purpose. Indications from the studies vary 

greatly-from modest results, which show a 10 to 15 percent increase in retention, 

to more optimistic results in which retention is increased by as much as 80 

percent. 
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Good Instructional Aids also can help solve certain language barrier problems. 

Consider the continued expansion of technical terminology in everyday usage. 

This is coupled with culturally diverse backgrounds of today's students, makes it 

necessary for instructors to be precise in their choice of terminology. Words or 

terms used in an instructional aid should be carefully selected to convey the same 

meaning for the student as they do for the instructor. They should provide an 

accurate visual image and make learning easier for the student.  

Another use for instructional Aids is to clarify the relationships between material 

objects and concepts. When relationships are presented visually, these often are 

much easier to understand. For example, the subsystems within a physical unit are 

relatively easy to relate to each other through the use of schematics or diagrams. 

Symbols, graphs, and diagrams can also show relationships of location, size, time, 

frequency, and value. By symbolizing the factors involved, it is even possible to 

visualize abstract relationships.  

Instructors are frequently asked to teach more and more in a smaller time frame. 

Instructional Aids can help them do this. For example, instead of using many 

words to describe a sound, object, or function, the instructor plays a recording of 

the sound, shows a picture of the object, or presents a diagram of the function. 

Consequently, the student learns faster and more accurately, and the instructor 

saves time in the process. 

Effective communication is the outcome of careful selection of appropriate 

medium or combination of media available by an effective teacher. Hence, 

theinstructional instruments/devices or gadgets for accelerating the pace of 

students’ transformation, to shake–off inertia in learners, achieve mobilization 

and direct their productive forces in improving their conceptual understanding in 

the subject of physics. This shows the impact of the teacher in influencing the 

future development and growth of a learner. The success of using teaching aids to 

meet the teaching objectives demands effective use and communication skills of 

the teacher to satisfy instructional delivery. 

Instructional material is important in the teaching of physics because it improves 

students’ knowledge, abilities, and skills, to monitor their assimilation of 

information, and to contribute to their overall development and upbringing. 

According to their nature, instructional aids serve different purposes in the 

teaching of physics: 

 Provide clear images for better understanding of physics concepts; 

 Best motivation towards learning physics; 
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 Variety of inspiration for the physics students to hypothesize and then 

accept or reject them after experimentation; 

 Better Retention by using multi senses; 

  Opportunity to handle and manipulate; 

 Vicarious experience to make the learning more meaningful; 

 capture attention that the students ready to learn; 

  Realism (theory and practice both work independently); 

  Meeting individual differences; 

  Positive transfer of learning; 

 Reinforcement to learner. 

Self-Assessment Questions 2.1 

 What is the importance of instructional material in the teaching of 

physics? 

 Which one of the instructional aid do you think is better in the teaching of 

physics at secondary level in Pakistan? 

 Enlist number of instructional aids used in the physics laboratory and 

classroom. 

 Enlist the purposes of using instructional materials in the teaching of 

physics. 
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2.2 Effective Use of Instructional Material in Teaching 

of Physics 

The use of any instructional Aids must be planned, based on its ability to support 

a specific point in a lesson of physics. A simple process can be used to determine 

if and where instructional-aids are necessary.  

 Clearly establish the lesson objective (keeping in view the Bloom’s 

Taxonomy of Educational Objectives). Be certain of what is to be 

communicated at what level of Cognitive, Affective and Psychomotor 

domain.  

 Gather the necessary data by researching for support material.  

 Organize the material into an outline or a lesson plan. The plan should 

include all key points that need to be covered. This may include important 

safety considerations, connection between science, technology and 

society. 

 Select the ideas to be supported with instructional Aids.  

 The aids should be concentrated on the key points.  

 Aids are often appropriate when long segments of technical description are 

necessary, when a point is complex and difficult to put into words, when 

instructors find themselves forming visual images, or when students are 

puzzled by an explanation or description.  

Aids should be simple and compatible with the learning outcomes to be achieved. 

Obviously, the use of complex equipment may require detailed representation but 

less complex equipment may lend itself to only basic shapes or figures. Since, 

aids are normally used in conjunction with a verbal presentation; words on the aid 

should be kept to a minimum. In many cases, visual symbols and slogans can 

replace extended use of verbiage (use of too many words, or more difficult words 

to express an idea). The instructor should avoid unnecessary use of aids. The 

tendency of using unnecessarily distracting artwork also should be avoided.  

Instructional Aids should appeal to the student and be based on sound principles 

of instructional design. The teachers must encourage student’s participation. 

Instructional aids should be meaningful to the student, lead to the desired 

behavioral or learning outcomes, and provide appropriate reinforcement. Aids that 

involve learning a physical skill should guide students toward mastery of the skill 

or task specified in the lesson objective.  
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The usefulness of aids can be improved by proper sequencing to build on previous 

learning. Frequently, good organization and natural patterns of logic dictate the 

sequence. However, use of standardized materials, including a syllabus, is 

recommended. Sequencing also can be enhanced simply by using overlays on 

transparencies, stripping techniques on charts and chalk or marker boards, and by 

imaginative use of magnetic boards. Sequencing can be emphasized and made 

clearer by the use of contrasting colors.  

The effectiveness of aids and the ease of their preparation can be increased by 

initially planning these in rough draft form. Revisions and alterations are easier to 

make at that time than after its completion. The rough draft should be carefully 

checked for technical accuracy, proper terminology, grammar, spelling, basic 

balance, clarity, and simplicity. Instructional Aids should also be reviewed to 

determine whether their use is feasible in the training environment and whether 

these are appropriate for the students.  

In practice, the choice of instructional Aids depends on several factors. 

Availability, feasibility, or cost may impose realistic limitations. The number of 

students in a class and the existing facilities are other considerations. In some 

school situations, the designers of the curriculum determine the use of 

instructional Aids. In this case, the instructor may have little control over their 

use. On the other hand, an independent instructor may have considerable latitude, 

but limited resources. Often, instructors must manage and adapt to the existing 

circumstances in order to incorporate quality instructional Aids.  

Before going to move ahead, we should have a look on the classifications of 

Instructional-aids: 

1. Projected(OHP, Multimedia) vs. Non-Projected aids (Models, Charts) 

2. Software vs. Hardware (The program recorded on the CD/ Cassette/ 

Hard disk, or the words printed on the books/charts etc. are the software. 

But the CD itself / hard disk / book /charts etc., are the hardware.) 

3. Broad general classification 

 Audio aids; 

 Visual aids; 

 Audio-visual aids; 

 Activities aids; 

 Electronic interactive 

Examples of various types of teaching aids generally used to make teaching of 

physics more effective are given below: 
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 Audio Aids 

In this type of aids, the instructional aids like radio, tape recorder, etc. are 

included. This type of aids helps the process of learning as they help the learner to 

acquire knowledge through his auditory sense. 

 Visual Aids  

This type of aids is very common for example, chart, models, flip charts, film 

strips, etc.  Keeping in view the dictum, seeing is believing, these aids help the 

learners to acquire the learning experiences through his visual senses. 

(1) Audio-visual Aids 

These are sensory aids which help to make teaching concrete, effective and 

interesting. Examples of this type of aids are television, motion picture, video 

films, living subjects, etc. By use of these aids the teachers provide the learners an 

opportunity to utilize both auditory and visual senses for gaining the desired 

learning experiences. 

(2) Activity Aids    

In this type of instructional aids we include all those aids in which the learner is 

required to be engaged in some useful activities (following the philosophy of I see 

and I remember and, “I do and I understand”). These aids include: 

 Realia;(real objects, places..) 

 Excursions and educational visits; 

 Science Exhibitions and science fairs; 

 Experimentation in the physical science laboratory; 

 Science Museum, Workshops; etc. 

The process of teaching – learning in physics classroom and laboratory depends 

upon the different type of equipment available in the classroom and lab. There are 

many aids available these days like, audio aids, visual aids, audio-visual aids, 

activity and electric interactive aids. They have very much importance in 

Teaching Learning Process (TLP).An instructional aid is a tool used by 

teachers to help learners improve basic skills (reading, writing, arithmetic) and 

other skills (like communication), illustrate or reinforce a skill, fact, or idea, and 

relieve anxiety/fears in students at the time of learning.  

Teaching aids are tools that classroom teachers use to help their students learn 

quickly and thoroughly. A teaching aid can be as simple as a chalkboard or as 
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complex as a computer program. Because every individual learns in a different 

way, teachers rely on these tools to explain concepts to students with a wide 

variety of learning needs. Teaching aids are crucial for educators as they are keys 

in differentiating instruction for all types of learners. 

Instructional aids include those objects that are commercially acquired or 

prepared by the teacher/expert in the field of education to make conceptual 

abstraction more concrete and practical to the learner. Hencethe relevant materials 

utilized by the teacher during an instructional process for the purpose of making 

the contents of the instructions more practical and less vague is called 

instructional aids. Actually, Audio video aids are those sensory objects or images 

which stimulate or initiate and reinforce learning. Instructional-aids are universal 

and have been defined in different ways by different educationists/psychologists, 

e.g. 

Carter V. Good: - “Instructional-aids are those aids which help in completing the 

triangular process of learning i.e.; motivation, classification and stimulation.” 

Edger Dale: - “Audio – visual aids are those devices by the use of which 

communication of ideas between persons and groups in various teaching and 

training situations is helped. These are also termed as multisensory materials.” 

Mcknown and Roberts:- “ Audio – visual aids are supplementary devices by 

which the teacher, through the utilization of more than one sensory channels 

keeps to clarify, establish and correlate concepts, interpretations and 

appreciations.” 

Ema & Ajayi (2004)opined that instructional material creates change and 

progress only when the teacher is knowledgeable and knows how to make use of 

it at proper time during the instructional process. The professional attributes of the 

teacher, his general knowledge or his creativity in selecting, developing and using 

instructional materials play a vital role in improving the instructional process in 

the teaching of physics.  

 It is not possible for the writer to give description of all the instructional 

aids used in the teaching of physics but some of these and there effective use is 

being described in the next section. 

2.2.1 Real Objects / Realia 

Realia are objects from real life used in classroom instruction by educators to 

improve students' understanding of other cultures and real life situations.  
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The term 'Realia' refers to any real objects we use in the science classroom or 

laboratory to bring the class to life. Realia is incorporating real life 

representations such as objects into the classroom and learning environment to 

enhance the student's knowledge about the topic and/or concept. These real and 

concrete objects help the student to motivate and explore the lesson theme as well 

as make connections with prior knowledge to make the learning meaningful. 

These instructional aids increase the retention rate of the students as well as 

develop the aesthetic sense based on the psychological principles as presented by 

Alavi, Maryam (1994);explained the theory of learning as; 

“Tell me and I will surely forget. 

Show me and I might remember. 

But make me do it, and I will certainly understand.” 

There are many factors, which influence learning in one way or another. These 

are: (1) Motivation (2) Interests and attitudes, and (3) Poor communication.  

Poor communication in the instructional process can be overcome by the use of 

real objects to bridge the gap between the teacher and the taught. Realia materials 

offer a reality of experience, which are not easily obtained through other 

instructional aids / materials and contribute to the efficiency, depth and variety of 

learning, which stimulate self-activity on the part of pupils (Ibe-Bassey, 2000). 

There are so many real objects which a physics teacher can use to enhance the 

understanding of his students like, thermometer, barometer, stop watch, different 

types of mirrors (plane, convex, concave), Vernier calipers, screw gauge, 

ammeter, volt meter, etc.  Real objects are self-explanatory and increase the 

interest of the students for learning. For example, the physics teacher teaching the 

concepts of current electricity, electric energy, hydro power station, etc. he should 

visit his students to the real situation (Mangla power station, Tarbala power 

station), definitely the students learning will be enhanced by the use of this 

instructional material that is real object. They not only enjoy but learn more 

through concrete experience. 

Many research studies conclude that instructional materials used in teaching the 

concepts of physics not only motivate but also enhanced the attitude of students 

towards Physics and physics learning.  

2.2.2 Models, Charts (Non-Projected) 
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A model is a three dimensional representation of a real object which may be 

complete in every detail or considerably more simplified than the original. Realia 

and models possess three-dimensional surfaces which are subject to great 

manipulation through observation, hearing, touching and experimentation. Realia 

and models generally portray the cultural heritage of the people. The technology 

evolved by the people in the solution of their day-to-day problems originates from 

the use of such cultural resources like realia and models in the teaching/learning 

processes. 

Instructional charts are graphical and pictorial representations of concepts, 

phenomena, or materials meant for instructional purposes. It was found out that 

charts help focus the minds of the students on what is taught apart from being an 

aid to memory. 

Students learn better and faster when they are taught with adequate visual aids 

like models, charts, pictures or posters than when they are left to wallow in 

abstract imaginations. Teaching objectives can better be achieved through the use 

of science models, specifically working models.  

Charts if properly manipulated and utilized create a situation or atmosphere in 

which curiosity is aroused, imagination stimulated, interest generated and view 

changed. Generally, instructional materials make teaching easy and productive 

because learners participate actively in the lesson and this participation develops 

the learner interest, attention, and positive attitudes and finally motivates them. 

Teaching and learning of physics through the use of instructional materials like 

charts, models, realia facilitates, stimulates and aids student to take active interest 

in the topic introduced by the teacher. An instructional material has emotional 

impact on physics student and affects their attitude towards what is presented as 

the topic to study by the teacher. It provides both physics students and physics 

teachers with relevance and meaningful source of information. 

Kay (2008), Instructional materials stimulate the students desire to learn, it assists 

learning process by making assimilation and memorization of materials easy. 

Also it helps to hold attention of the student. Finally instructional materials makes 

learning available to a wider audience, control the pace of learning, promote 

better understanding of physics concepts and helps to overcome difficulties in 

presenting physics lesson. 

2.2.3 Overhead Projector (OHP) Transparencies  
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An overhead projector is an output device that projects an image onto a large 

surface, such as a white screen or wall. It may be used an alternative to a monitor 

or television when showing video or images to a large group of 

people.An overhead projector (OHP), like a film or slide projector, uses light to 

project an enlarged image on a screen. In the overhead projector, the source of the 

image is a page-sized sheet of transparent plastic film (also known as 'foils') with 

the image to be projected either printed or hand-written/drawn. 

The most common type of projector used today is called a video projector. 

Video projectors are digital replacements for earlier types of projectors such as 

slide projectors and overhead projectors. 

An overhead projector (OHP), like a film or slide projector, uses light to project 

an enlarged image on a screen. In the overhead projector, the source of the image 

is a page-sized sheet of transparent plastic film (also known as 'foils') with the 

image to be projected either printed or hand-written/drawn. These are placed on 

the glass surface of the projector, which has a light source below it and a 

projecting mirror and lens assembly above it (hence, 'overhead'). They were 

widely used in education and business before the advent of computer-based 

projection. 

 A most commonly used projector is shown in the figure 2.1 below. 
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Figure 2.2 

 

The OHP also allows the teacher to make a text or picture instantly available to 

the whole class. Finally, it offers variety and can be used to change the pace at 

any point in the lesson, aiding concentration and providing a useful role in 

discussions, role-plays and many other pair, group or whole class activities. 

Projectors release teachers from being bound to chalk and dry-erase boards to 

present information to their students. With the use of projectors, teachers can now 

use films, slides, and images to teach students about a variety of subjects. 

 Writing on transparencies and using an overhead projector to share them 

with the class helps facilitate group discussion easily. Groups in the class can also 

quickly record their work and conversations to share with the rest of the class. 

Such strategies particularly benefit students who respond to visual learning cues. 
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Teachers trying to use more modern ways to communicate information and 

develop understanding might not consider overhead projectors as their first 

choice. When overused, they bore students and lose their efficacy. However, they 

can still prove extremely beneficial when used appropriately in the teaching of 

science subjects especially. 

2.2.4  Computer (CAI) 

Computer cannot replace the teacher but only assist him in the instructional 

process and make the learning more meaningful. Physics learning is not an easy 

task. The computer is one of the most brilliant gifts of science having 

characteristics of speed, accuracy, reliability and integrity. It can execute over a 

million instructions per second without any mistake. It can carry our calculation 

in just a few minutes that would require month If carried out manually. In the 

present instructional process, computers are being used for enhancing physics 

learning also. They can be used to analyze and visualize data, communicate 

results, run experiment and monitor equipment.  

Computing can play an important and varied role in advancing physics learning. 

We point out role of computational techniques namely Simulations, Multimedia, 

Virtual Reality, Telematics and computer based labs which may deal with those 

difficulties and increase the learning process. Some good computer programs for 

learning physics exist. Emergent computational tools and new development in 

learning theories have contributed to change in education. Computer can also use 

in science labs for demonstrating the practical work. Computers are cheaper, and 

have patience. Students can see and hear any lesson or activity so many times 

until they understand.   

Tutorials are one of the most common types of computer-assisted instruction. 

Tutorials are “page-turners” similar to textbooks, interspersed with predetermined 

questions and responses. The one-to-one tutoring and feedback provided by a 

tutorial can make it an excellent tool for improving student knowledge in any 

subject. 

Drill-and-practice programs work well in increasing student knowledge through 

repetition, usually through cues. Students can take as much time as they need or 

repeat sections, helping to individualize instruction. Drill-and-practice programs 

provide automatic feedback to learners. Computer allows students to direct their 

own learning. The student learns facts, concepts, and procedures through the 

process of discovery, or guided discovery.  
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 ‘Knowing computers is considered as 4
th

 basic skill. Computer is 

revolutionizing the way we think, work, and play. It enables teachers to provide 

multiple representations of content (images, graphs, diagrams, tables) and 

multiple options for expression (multimedia, power point). Computer technology 

changes traditional classroom instructional techniques. Computers enable students 

to process the information via multiple intelligences. Computer technology 

integration helps to achieve 21st Century Skills in students that is, planning, 

critical thinking , reasoning, creativity and communication skills , both for 

interpersonal and presentation needs. 

 You know that computer cannot teach but only the teacher. Computer only 

facilitates and enhances the teaching- learning process. Computer-assisted 

instruction (CAI) is an interactive instructional technique whereby a computer is 

used to present the instructional material and monitor the learning that takes 

place. It uses a combination of text, graphics, sound and video in the learning 

process. It is especially useful in distance learning situations. The computer has 

many purposes in the classroom, and it can be utilized to help a student in all 

areas of the curriculum. CAI refers to the use of the computer as a tool to 

facilitate and improve instruction. CAI programs use tutorials, drill and practice, 

simulation, and problem solving approaches to present topics, and they test the 

student's understanding. These programs let students progress at their own pace, 

assisting them in learning the material. The subject matter taught through CAI can 

range from basic math facts to more complex concepts in math, history, science, 

social studies and language arts (Sharp, 1996). 

Computers can revolutionize not only the way we teach physics but also what 

physics we teach. 

 

Use of Internet as an Instructional Learning Aid 

On internet many websites are available freely/on payment which may be utilized 

by teachers and students for understanding different concepts, improving 

vocabulary, developing Reasoning & Thinking, etc. computer can help in 

preparing students for SAT, GRE, TOEFL, etc.  

The Internet consists of a vast collection of independent computers linked by 

national and international telecommunication networks. Each Internet site 

contains information (text, images, audio, video, links etc.) which are accessible 

to the individual working from their home computer. Internet provides 

information in text, graphics, audio and video. New programming allows a greater 
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degree of interactivity through real time audiovisual transfers and chat. Colored 

and animated graphics are of much greater educational value than photocopied 

images. 

A computer simulation attempts to reproduce real-life situations Simulations 

feature a combination of text and graphics, using dialogue and inquiry to guide 

the student through a situation. Simulations also can bring about higher-order 

synthesis and analysis skills. 

Use of Inter- Net for Different Instructional and Learning Experiences 

1. On - line lecturing allowing faculty to interact with students;  

2. On - line counseling helps students in decision- making;  

3. On - line libraries and resource center providing text, documents, articles for 

reference; 

4. E-mail enables students and faculty to communicate with each other and with 

people all over the world.  

5. Students send questions to the instructor and instructor can transmit the 

answer instantaneously to all students;  

6. Faculty can hold “electronic office hours” so that students can ask questions 

and receive answers almost immediately. Faculty can create “electronic 

suggestion boxes” where students can post their comments about the course;  

7. we can enhance pedagogical practices, and promote active and autonomous 

learning in students;  

8. Provide students with competencies and technological skills that allow them 

to search for, organize, and analyze information, and communicate their ideas 

in a variety of media forms; 

9. We can also engage students in collaborative, project-based learning in which 

students work with classmates on complex, real-world problems or projects; 

10.  Provide students with individualized or differentiated instruction  to meet the 

needs of students with different achievement levels, interests, or learning 

styles 

2.2.5 Multimedia (Video and Sound) 

 We can define multimedia as: “the field concerned with the computer-

controlled integration of text, graphics, drawings, still and moving images 

(Video), animation, audio, and any other media where every type of information 

can be represented, stored, transmitted and processed digitally.” 

Multimedia is more than one concurrent presentation medium. Multimedia is 

typically used to mean the combination of text, sound, and/or motion video. 
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The purpose of multimedia is to combine all of these so that the benefits of each 

can be used in the learning environment (may be a physics classroom or lab). 

Hypermedia: is software that allows the user to interactively manipulate 

information in a variety of formats - text, images, animation, graphics, sounds, 

digitized voice, and video. 

Multimedia can be effectively used to achieve the following objectives of 

teaching physics:  

 To create authentic learning experiences in the physics classroom and lab; 

 To build valuable connections around the world; 

 To create a multidisciplinary learning environment; 

 To enhance students’ participation; 

 To motivate students to learn; 

 To provide active feedback to the students; 

 To develop the interest for learning the physics concepts which cannot be 

learnt effectively otherwise (three dimension figures, revolving of electron 

around the nucleus, etc.). 

I hear and I forget; but I see and I remember. So by using both the senses, 

definitely, the retention rate and the learning enhance. Hence multimedia are the 

tools which not only provide the conceptual clarity but make the classroom alive 

during the teaching-learning process. 

The concept of multimedia is based on cognitive theory of learning and is 

completely learner-centered. As a teacher of physics of 21
st
 century, it is our duty 

to prepare the science students that are creative, inventers and problem solvers. 

Surely, the integration of multimedia and technology guaranty our science 

learners to grasp today’s emerging global market. 

 

2.2.6 Interactive Whiteboards 

Interactive whiteboards are large white screens that connect to computers and 

projectors, allowing teachers and students to write or draw on the display. Even 

though they offer visual learning opportunities and interactive capabilities, these 

tools have disadvantages. Interactive whiteboards can be difficult to operate for 

teachers without strong technology skills or whiteboard training, and some 

classroom conditions make it difficult for students to see and use whiteboards 

effectively. 
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Interactive whiteboards help teachers explain concepts in ways that capture 

students' attention, but the lessons require time to design and prepare. Unlike 

ready-to-go textbooks, teachers must research, evaluate, interpret, install and 

maneuver software programs that aid in the use of these whiteboards. Once 

teachers make an initial time investment in whiteboard lesson plans, they can use 

them year after year and make simple lesson adjustments along the way; however, 

some teachers prefer to use standard textbooks, chalkboards and handouts rather 

than whiteboards, especially when technology isn't their strong suit. 

Self-Assessment Questions  2.2 

 Explain the role of ICTs in teaching-learning process. 

 How computer helps the science teacher in the classroom and laboratory? 

 What might you keep in mind while using internet in the classroom?  
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2.3 Preparation of No-Cost/Low Cost Material for the 

Teaching of Physics 

Low cost or no cost materials which are used in the teaching of physics are those 

which are locally available at very cheap price or develop by the science teacher 

or students and expedite the teaching-learning process in the classroom and 

physics lab. These materials are developed from the waste or naturally and locally 

found in a specific place or area rather than coming to it from somewhere else. 

Naturally, some areas are less God Gifted than others, so low cost materials vary 

depending on the geographic features and location and climatic condition of a 

region. These materials in result become a large influence on the students’ 

lifestyle and culture of the school overtime with the scientific skills and attitude. 

Low-cost instructional aids can be used at all levels but explicitly at secondary 

level in the teaching of basic sciences (like physics, biology and chemistry). 

These aids can also be used for supplementary and illustrative education in the 

science classroom and lab. 

From a large variety of plants in our local environment, we can make meter 

rod.We can also resource many different kinds of natural fibers,like cotton, jute. 

These fibers when spun into threads and woven together create very fine clothing. 

 We can use plastic bottles of cold drinks as beaker, rack, etc. in the 

laboratory. Other indigenous materials in the Pakistan that are commonly known 

and used creatively in crafts and decoration are pearls, and seashells naturally 

abundant in beaches and marine resources. Straws, disposable syringe can also be 

used for putting /taking a small amount of liquid (chemicals) from one pot to 

another. 

Suggested Answers 

Self-Assessment Questions 1 and 2 

 To find the answer of these questions, consult the relevant part of the unit-

2 
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Introduction 

Science teaching is a dynamic and well planned process. Its major objective is to 

acquire maximum learning experiences. In order to achieve this objective, various 

teaching strategies, methods and techniques based on psychological researches are 

used. The concepts of teaching method and teaching strategy will give us a useful 

look at the various issues which are discussed in this unit. In essence, strategies 

are the ways of achieving goals. 

Instructional strategies can be classified as autocratic strategies (teacher centered)  

and permissive/democratic strategies (student centered). Autocratic styles 

involves the following strategies; lecturing, lesson demonstration, tutorials, and 

programmed instruction while permissive strategies involves discussion, project, 

problem solving, role playing, assignment, discovery, inquiry, independent study, 

Bruner’s and Ausubel’s teaching strategies, etc. Good strategy provides guide 

lines in allocating the effective and efficient use of time, choosing appropriate 

methods of instruction and building a productive learning environment. 

Whatever method/strategy to teaching you use; students will learn more when 

they are motivated. This means that teaching and learning processes will be more 

effective when teachers make it interesting, enjoyable and challenging for the 

learners. Each of the sub section of this unit will show you how to do this in 

different ways. 

 Effective teachers employ a range of teaching strategies/methods to promote 

learning. In promoting learning, there is no single strategy/way to provide 

effective teaching, though there are so many characteristics of effective teaching. 

This unit sets out some of the key principles for effective teaching and some 

teaching methods which are frequently used in the teaching of Physics to make 

the teaching-learning process more effective in the classroom and laboratory.   
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Objectives  

After studying this unit, you will be able to: 

 enlist different Instructional strategies and teaching methods used in the 

teaching of Physics. 

 know how the traditional method can be effectively used in the teaching of 

Physics. 

 use the teaching principles to make your teaching effective. 

 describe different teaching methods with the help of examples. 

 differentiate between group and individualized teaching strategies. 

 apply different group and individualized teaching strategies in the real 

situation (Physics classroom, laboratory etc.). 
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3.1 Various Methods and Instructional Strategies of 

Teaching Physics 

Teaching strategies are simply different ways of helping students to learn and to 

achieve the desired learning outcomes. There are many teaching strategies 

ranging from teacher-centered where the students are passive recipient of the 

content, to totally independent learning, or to learner-centered where student plays 

an active role in the teaching-learning process. Teaching Strategies may be 

classified as small-group, large-group and individualized teaching strategies.  

Most of the teaching strategies and teaching methods described in this unit, stress 

that at secondary level specifically, knowledge in Physics (science) is constructed 

rather than discovered, and that teaching/learning happens when learners think 

about and try to make sense of the world. 

Strategies provide guide lines for teaching in the classroom and outside the 

classroom, and help in answering the questions:  

(1) Why to teach? (Teaching Objectives):The answer is that we have some 

predetermined teaching objectives and we want to achieve these objectives 

through teaching-learning process.       

(2) What to teach? (Curriculum):  The answer is curriculum/content that is to 

achieve the predetermined objectives we teach the students a specific content to 

achieve that objectives. For example, if our objective is to produce good citizen, 

we should teach social studies, sociology, etc.  Similarly, the content about life 

sciences should be taught at secondary level if we want someone to become a 

doctor.  

(3) How to teach? (Methodology):  Teaching strategy guide us in selecting 

suitable teaching methods to achieve the teaching objectives at the optimum. 

Teaching method is a style of presenting the content in the class. Different 

teaching methods are used for the teaching of different subjects. Method is a 

systematic way of doing something having orderly basis. It is well accepted 

procedure over time. It has a definite structure. It has any psychological theory in 

its support. 

Some teaching methods are student-centered and some are teacher-centered. In 

sciences, mostly, those teaching methods are used in which students are active 

and the teacher’s role is as a guide/mentor.      



52 
 

 (4) To whom we teach (pupils/ inexperienced persons)? To answer this 

question we see the developmental level of the students. Piaget says that learning 

is the function of development. That is, learning depends on the mental 

development of learner. Therefore, it is the responsibility of the teacher to teach 

his students according to their developmental level.  

No one teaching strategy/method is better than others in all circumstances, so the 

physics teacher shoul be able to use a variety of teaching strategies / methods and 

make rational decisions about when each one is likely to be most effective.  This 

decision will be influenced very strongly by the outcomes you want learners to 

achieve. After all this is the purpose of instruction. 

There are number of teaching methods and strategies frequently used in the 

teaching of physics but here in this unit we will discuss only eight.  

3.1.1 Lecture Cum Demonstration/Lecture Cum 

Discussion 

Lecturing some time called presentation teaching and generally described as 

teacher-centered teaching strategy involving one way procedure. Lecturing is a 

formal discourse between an experienced person and comparatively inexperienced 

persons. Some of the characteristics of experienced person are depth of 

knowledge in a subject, ability to expose and explain the concepts in a coherent 

manner, use of apt language, wit and humour, skill of drawing the attention of the 

students/audience, etc. These characteristics are necessary for the success of 

lecturing. However, all lectures are not effective and interesting. There are 

number of drawbacks of lecturing as pointed by educators.  

Lecturing by teachers comprise one-sixth to one-fourth of all classroom time but 

in Pakistan this time is almost more than three-fourth. The amount of time 

devoted to presenting and explaining information increases at the higher grade 

levels of elementary school. Some educators have argued that teacher devotes too 

much time to talking and there is a need to decrease the amount of teacher talk 

and making instruction more student-centered. Nonetheless, lecturing remains a 

popular teaching strategy. 

 The popularity of presenting and explaining is not surprising, since the 

most widely held objectives for education at the present time are those associated 

with the acquisition and retention of knowledge/information. Specifically in 

Pakistan, curricula in school are structured around bodies of information 

organized as science, mathematics, English, Islamic studies, and social studies. 
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Consequently, curriculum standards, textbooks, and assessment techniques 

routinely used by teachers are similarly organized. Further, direct questions are 

asked even in basic sciences in the many exams that students are required to take. 

   

Psychological Principles of Lecturing  

 Like other teaching strategies, lecturing is also based on some 

psychological principles and the teacher must know in order to plan his lesson.  

 The lecturing in its pure form is one way communication and if learning 

has to take place, it ought to be an active. The learners should 

meaningfully react to the stimuli of the teacher’s teaching so that learning 

takes place. 

 The teacher should be aware of the need of the students and the variety of 

the techniques and tactics he can adopt to suit to Physics subjects and 

students’ need. 

 The teacher’s concern should be the learning physics rather than teaching. 

 In lecturing the information is given through auditory medium. This 

information is converted into schemas (mental images) in the students’ 

mind. The teacher should, therefore, give pause to build these mental 

images.  

 The language and the terminology used by the Physics teacher should be 

according to the cognitive level of the students.  The use of language 

depends on factors such as difficulty level of vocabulary, suitable 

examples, fluency, pronunciation, rate of speaking, etc. 

 Physics Teacher must present the summary of the lecture (lesson) on the 

board. 

 If the lecture is linger on it begins to be boring, so the teacher should keep 

up the interest by providing some humorous comments. 

 The Physics /science teacher should have a realistic idea of his own 

teaching ability and the learning capacity of his students under the existing 

condition. So an unbiased formative assessment of his learning outcomes 

is essential for growth and progress in the lecturing process. 

When using this strategy, the teacher strives to structure the learning environment 

tightly. Except in the final phase of the model, the teacher is an active presenter 

and expects students to be active listener. This strategy requires a physical 

learning environment that is conducive to presentation and listening, including 

appropriate facilities for the use of instructional technology (computer, 

multimedia/ A. V. aids etc.).  
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Teaching physics, only through lecturing is ineffective, the physics teacher can 

make it fruitful by making a combination of lecturing with demonstration and 

discussion.   

 

A. Lecture-Demonstration Method  

This method of teaching is sometimes referred as Lecture-cum-Demonstration 

Method and superior to simple lecturing. Lecture-demonstration method is used 

by effective teachers to enhance the understanding as well as the retention power 

of the learners. When we use only hearing sense, the retention of material after 24 

hours is 5%, and when we use hearing with seeing, the retention becomes 20%. 

This method is based on the principle: truth is that which works. 

I hear, and I forget I see, and I rememberI do, and I understand 

In this method, the teacher performs experiments before the class and 

simultaneously explains what is being presenting. He also asks relevant questions 

to the class and students are compelled to observe carefully because they have to 

describe each and every step of the experiment accurately and draw inferences. 

After questioning the inferences drawn by the students are discussed in the class. 

In this way students remain active participants in the process of teaching. The 

teacher also relates the outcomes of his experiment to the content of the on-going 

lesson. 

Requirements for a Good Demonstration  

 For successful demonstration, it should be rehearsed by the teacher 

beforehand. 

 The apparatus used for demonstration should be of such size that can be 

seen by the whole class. 

 All the pieces of apparatus should be placed in order before starting the 

demonstration. The apparatus likely to be used should be placed left hand 

side of the table and it should be arrange in the order to be used. After an 

apparatus is used, it should be shifted to the right hand side. Only things 

relevant to the lesson be placed on demonstration table. 

 The purpose of lecture-demonstration should be clear to the students, and 

it also leads to active participation of the students in the process of 

learning. This can be achieved by putting well-structured questions. 

  Teacher should use the board for writing a summary or draw any diagram, 

etc.  
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B. Illustrated-Lecture 

To make the lecture more effective, the teacher may introduce visual 

presentations (illustrations) close to direct experience by using projected and non-

projected aids depending on the availability and relevance to the topic of lecture 

(e.g. blackboard writings and diagrams, overhead projector transparencies, 

pictures and maps, projected and non-projected pictures, etc.)    

The lecturer not only has to select carefully the appropriate illustrations for his 

topic but also decide on the time mode of display. Projected illustrations normally 

get the attention of the students.  

C. Lecture-cum-Buzz Session 

These modified lecture forms reinforce the lecture through observation, 

discussion and questions. Buzz sessions can be combined with lecture. About ten 

to fifteen minutes before the lecture is over, the class can be divided into small 

groups of five to ten students. In each group, a buzz session may be organized for 

a few minutes on a particular aspect of the lecture/problem. The leader of the 

groups can then report back to the whole group about their findings/solution. 

Because of the intensive involvement of the students, the content of the lecture 

become meaningful to the students. This method has been found successful with a 

maximum of 100 students in a class. 

 Lecture Cum Discussion  

This method is found quit suitable for those topics in science which cannot be 

easily explained by other teaching method. The discussion may be about a model, 

chart, specimen, process, scientific issues/theories or social issues related to 

physical science, etc.  

In this method the topic for discussion is announced to the students well in 

advance. The teacher gives a brief introduction about the contents of the topic and 

then suggests to his students various references, like textbooks, other books, 

websites, scientific researches, research articles on the relevant topic. Students are 

then go through the relevant pages of these books and come prepared from a 

discussion of the topic on a specified day. During actual discussion period teacher 

poses a few questions/problems and thus provides the necessary motivation. The 

students are then asked to answer the questions one by one and whenever thinks 

fit advises some students not to go beyond the scope of a particular question or 

topic under consideration. This check is essential otherwise the immature students 

may go out of the scope of the topic.  
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Discussion may be organized in three ways: (1) in groups with teacher; (2) in 

groups without teacher; (3) one-to-one teaching. 

In groups with teacher there is step by step discussion and this discussion is 

controlled by the teacher. In free group discussion or in groups without teacher, 

the role of the teacher is non-directive. In one-to-one teaching this approach may 

take the following forms; individual tutorials, student counseling, and student-to-

student counseling. 

Techniques of Leading Discussion 

 The teacher must relate the discussion with the objective. 

 Teacher may also pause during his small lecture and invite questions on 

some important topics. 

 He may also use questioning technique (what is your opinion about the 

issue/problem? What do you think about this reason? ) 

 Pose questions about the missing links. 

 Throw the question to the students and inviting their opinion. 

Drawbacks of Discussion 

 Students often distract from the main issue of discussion.  

 Topic may not be interested by the students. 

 Low motivational level of the participant. 

 There may be some angry remarks by some students. 

 There may be low participation or over participation or complete 

withdrawal of the students from the discussion. 

 If the teacher has no command or have little knowledge about the 

issue/problem, misconception may occur.  

In the process of discussion, the teacher starts first, identifies fair and foul, sets 

the time for discussion, delimits the boundaries for discussion, when students 

deviate, the teacher takes them on the right path and provides feedback where 

necessary.    

3.1.2  Problem Solving Method 

Problem solving is not simply a matter of applying learned rules but a process that 

yield new learning. The learners are placed in a problematic situation. They recall 

previously acquired rules in the attempt to find not only the solution of the 

problem but also learn something new. Solution to problems is not an easy or 

sudden process. Students may encounter difficulties in achieving a solution to 
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problems. Problem-solving behavour involves a process of overcoming 

difficulties that appear for the solution of the problem. 

In school and college students learn concepts, rules, principles and laws. These 

learning rules and principles help them to learn higher order rules and principles 

in future. Learning rules and principles help in solving problems (e.g. principle of 

lever help us to solve the problem of lifting heavy load with the minimum effort, 

similarly, Archimedes principle solve the problems of how ships float on the 

surface of water, Flaming right hand rule / left hand rule help in finding the 

direction the current etc., in the circuit). Problem solving may be viewed as a 

process by which the learner discovers a combination of previously learned 

repulse (to make somebody feel strong dislike) which can be applied to achieve a 

solution for a novel situation (Gagne, 1976) 

Steps in Problem Solving 

As you know that this method is used by the scientists to solve the problems 

related to any field of study. There are many view point regarding the steps of 

problem solving. But the major steps are:  

 A felt need; the problem solver must feel the difficulty and speculate the 

probable solution.  

 Locating /recognizing/defining the problem; after the difficulty is felt, 

the next step is to locate or understand the nature of the problem. The 

more clearly an individual can state the nature of the problem, the more 

likely he is to solve it. In locating the problem, the teacher may help 

students save time.  

 Data collection; gathering data to solve a problem is not an easy job. The 

teacher must instill in students a respect for factual knowledge. The pupils 

must find out what others have done with the same or similar problems. 

The students must be encouraged to make a brief record of sources of 

information.  

 Formulation of hypothesis; a hypothesis is simply a theory or a 

tentative/possible solution. The worth of the possible solutions depends on 

the originality and intelligence of the problem solver. 

 Testing of hypothesis; after some tentative solutions are accepted, the 

pupils can be asked to try or test the possible solutions and their 

consequences. Thus, this is the step of judging and predicting. The pupils 

may test the possible solutions either in an actual situation or in the 

laboratory or through group discussions. This testing whether theoretical, 

situational or experimental, gives additional information or data about the 
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problem. The new information may result in an alteration of the 

hypothesis.  

 Making a generalization; testing the hypothesis is often the final step in 

the solution of the problem. However, higher form of reasoning demand 

stills another step-making a generalization. The final step is an attempt to 

consolidate the conclusion in order to conserve the meaning. It is a verbal 

description of the salient information that has been obtained. The teacher 

must take the responsibility for impression upon students the value of 

making sound generalizations. Making a generalization will help the 

students in solving other problems in future. 

However, these steps are not too difficult for children at the beginning of their 

school experience. Elementary level students may not find out correct solution to 

problems. But they can feel the problem. They can gather data. They can make 

partially correct solution. They can evaluate the solutions and their knowledge. It 

is, therefore, requested to the physics teacher to remember that the correct 

solution is not important than the process and the interest involved. 

Whatever may be the purpose of teaching problem-solving, the teacher must 

know the following points in providing instruction for problem solving: 

1. The teacher must describe what the problem is, and what constitute the 

solution. The teacher will not tell the students how to solve the problem 

but guide them towards the solution. 

2. While presenting a problem the teacher must assess the pre knowledge of 

the students that will be required in solution of the problem. 

3. The teacher should help the students to recall the relevant concepts, 

principles and also help them to apply these concepts, principles in the 

solution of the problem. By providing advance organizers (demonstration, 

question etc.) the teacher can help students apply the relevant information 

in the problem situation. 

4. After trying and solving the problem the students should be required to 

give a full demonstration of the problem solution. In order to test their real 

understanding of problem solving the teacher should use their problems of 

the same kind and verify their learning and understanding.  

 

Activity 3.1 
 

 Make a list of the essential characteristics of the best lectures in physics 
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you have ever heard. 

 Make a plan for a fruitful discussion on effects of thermal power stations 

on the lives of living creature. 

 

 

Self -Assessment Questions 3.1 

 Name various methods of teaching physical sciences. Which is the best 

one in your opinion? Give reasons. 

 What points must be kept in mind for the success of a lecture cum 

demonstration in the teaching of physics at secondary level? 

 Do you think that lecture-cum-demonstration is the best method for the 

teaching of physics at secondary level in Pakistan? 

 How we make lecturing more effective in the teaching of Physics? 

 Write the evolution of lecture in to student centered teaching method.  

 

3.1.3  Concept Mapping 

A concept map is a visual representation of a major concept subsuming one or 

more subsidiary concepts. For example, a “mixture-major concept” may be either 

“homogeneous-subsidiary” or “heterogeneous-subsidiary,” following a hierarchy 

of knowledge construction. 

A concepts map is thus a semantic network showing the relationships among 

concepts in a hierarchical fashion. Concepts or ideas are linked with phrases that 

illustrate the relationships among them. Concept maps can represent ideas about 

any topic. They are representations of interrelated concepts and provide a visual 

image of how the brain connects ideas. 

In the last few years, much work has focused on the use of concept mapping as 

valuable tools for teachers to help organize and plan science teaching and 

learning. Teachers consider this strategy successful contribution to developing 

effective and meaningful teaching and learning, exploring children’s conceptions, 
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developing common knowledge through laboratory work, and assessing 

children’s conceptions. Concept mapping help teachers and students to construct 

new and more meanings of science concepts and principles.  

In the opinion of Nowak (1991), “concept maps serve to clarify links between 

new and old knowledge and force the learner to externalize those links. Concept 

maps are useful tools to help students learn about their knowledge structure and 

the process of knowledge construction (meta- knowledge). In this way, concept 

maps also help the student learn, how to learn (meta-learning). Concept mapping 

requires the learner to operate at all six levels of Bloom’s educational objectives.” 

Since concept maps are visual images therefore they tend to be more easily 

remembered than text. Lambiotte and Dansereau (1991), state, “the students who 

viewed or made concept maps would have a broader knowledge base and 

therefore be more able to solve problems compared to those students who learned 

by rote memorization. They also found that the students with low prior knowledge 

learned better with concept mapping than the other two linear presentations.”  

Science teacher can use concept maps to determine the nature of students’ 

existing ideas, and make evident the key concepts to be learned and suggest 

linkages between the new information to be learned and what the student already 

knows.  

“Cognitive structure and concept mapping are highly personal as each 

individual’s knowledge is unique. Hence, concept maps are idiosyncratic. There is 

no one “correct” concept map. However, this does not mean that all concept maps 

are correct: it is possible to identify errors, such as the absence of essential 

concepts or inappropriate relationship between concepts.” 

If teachers learn how to construct concept maps and use them for planning and 

assessing lessons, they will be able to teach students better how to make concept 

maps to organize their thoughts and ideas. Concept mapping is probably done 

better first in groups so that pre-service teachers can interact with each other. 

Group members can then compare and debate the construction of their concept 

maps and subsequently compare their maps with those of other groups. Finally, 

individuals should construct and present their own concepts map for a science 

lesson. 

Figure 2.1  A simple concept map on static electricity  
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Static 
Electricity

Electric 
Charges

Objects

Positive
Like 

Charges

Attract 
Each Other

Repel 
Each Other

Negative
Unlike 

Charges

Consists of Causes

That Can be With

to to

 

Source: Ebenezer& Connor, 1998.p.49 

 

Ebenezer and Connor (1998), produced a list to construct a concept map 

1. Choose a passage from a science textbook.  

2. Circle or underline the main concepts in this passage.  

3. List all the concepts on paper.  

4. Write or print the concepts on small cards or stickers so that the concepts 

can be moved around. If you prefer to use a computer-based semantic 

network, use SemNet, Learning Tool, Text Vision, CMap, or Inspiration 

software (Jonassen, 1996).  

5. Place the most general or all-inclusive concept on the top of the paper.  

6. Arrange the concepts from top to bottom (from most general at the top to 

most specific at the bottom) so that a hierarchy is indicated. In 

constructing this hierarchy, place concepts next to each other horizontally 

if they are considered to have equal importance or value.  

7. Relate concepts by positioning linking verbs and connecting words on 

directional arrows. Support the concepts with examples.  

8. Have members of a cooperative group critically analyze the concept map 

to improve on and further extend your ideas.  

Concept Mapping for Students 
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Concept maps can help student’s related concepts they bring to the classroom or 

have learned from instruction. Students may know isolated concepts but not how 

they relate to each other. Students may write paragraphs about concepts but still 

not show that they understand how the concepts are interrelated. Concept 

mapping is a powerful strategy used across the curriculum that can help teach 

children the structure and meanings underlying a topic. 

Ebenezer and Connor (1998), state that concept maps can be constructed in the 

classroom using three different approaches:  

 Students construct the maps using concept words supplied by the teacher. 

 Students construct the maps identifying the concepts from an information 

source.  

 Students construct the maps from their own personal knowledge. 

A concept map of unit 18, titled “electrical conductivity” physics textbook 

published by Punjab textbook Board Lahore,2003 is given below. 

 

 

Electrical Conductivity  
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Figure 3.2 Activity: Develop concept maps on the following topics (a) Motion & Types. 

(b) Lever and its types 
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3.1.4  Cooperative / Collaborative Method 

There are number of teaching strategies used to achieve the desired instructional 

objectives. Some strategies are for large group (e.g. lecturing, direct instruction, 

demonstration) and some are for small group (e.g. discussion, cooperative and 

collaborative learning, small-group work, role playing). 

Collaborative learning is a method of teaching and learning in which students’ 

team together to explore a significant question or create a meaningful project. 

In cooperative learning, students work together in small groups on a structured 

activity. This method is mostly used in laboratory teaching where students work 

in groups; cooperate with one another to achieve the learning objectives. 

Lesson organized around the large group is generally characterized by task 

structures by which teacher work mainly with the whole class or the students 

work individually to master academic content. These goal and reward structures 

are mostly based on individual competition and effort. In contrast, in small group 

strategies, the major focus is on the social aspect instead of individual tasks. 

The cooperative and collaborative method is characterized by cooperative task, 

goal, and reward structures. Students are encouraged to complete the task with 

their cooperation and coordination with one another. The cooperative learning 

environment sets the stage for students to learn very valuable collaborative, social 

and scientific skills that they will use throughout their lives.  

The learning outcomes/the instructional goals of cooperative and collaborative 

learning are: 

1. Academic achievement; 

2. Tolerance and acceptance of diversity; and 

3. Development of social skills. 

In Cooperative learning lessons, students work in teams to master learning goals. 

Groups are made up of mixed learning abilities (high, average, and low 

achievers), gender mix (boys and girls), or of different races, religions and 

cultures. Reward systems are oriented to the group as well as the individual.  

Cooperative learning is equally affected both low and high-achieving students 

who work together on academic tasks. Higher achievers work as tutor for low 

achievers, thus providing special help from peers who share youth-oriented 

interests and language. In this process, higher achievers gain academically 

because serving as a tutor requires thinking more deeply about the relationships of 

ideas within a particular subject. Another important effect of cooperative learning 
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is wider tolerance and acceptance of people who are different by virtue of their 

race, culture, social class, or ability.  

Although these two methods looks similar but there is a slight difference between 

them. Collaboration is working together to create something new in support of a 

shared vision while Cooperation is important in networks where individuals 

exchange relevant information and resources in support of each other's goals, 

rather than a shared goal. 

(In collaboration method you work together to achieve a shared learning goal 

while you support and help one other by sharing your knowledge, skills, and 

attitude etc. to achieve the individual learning goal.) 

This strategy / method can be implemented at all instructional levels and in all 

subjects (basic as well as social sciences). 

Collaborative learning is a method of teaching and learning in which students 

team together to explore a significant question or create a meaningful project. A 

group of students discussing a lecture or students from different schools working 

together over the Internet on a shared assignment are both examples of 

collaborative learning. 

Cooperative learning, which will be the primary focus of this workshop, is a 

specific kind of collaborative learning. In cooperative learning, students work 

together in small groups on a structured activity. They are individually 

accountable for their work, and the work of the group as a whole is also assessed. 

Cooperative groups work face-to-face and learn to work as a team. 

In small groups, students can share strengths and also develop their weaker skills. 

They develop their interpersonal skills. They learn to deal with conflict. When 

cooperative groups are guided by clear objectives, students engage in numerous 

activities that improve their understanding of subjects explored. 

In order to create an environment in which cooperative learning can take place, 

three things are necessary. First, students need to feel safe, but also challenged. 

Second, groups need to be small enough that everyone can contribute. Third, the 

task students work together on must be clearly defined. The cooperative and 

collaborative learning techniques presented here should help make this possible 

for teachers. 

In order to create an environment in which cooperative learning can take place, 

three things are necessary.  
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First, students need to feel safe, but also challenged.  

Second, groups need to be small enough that everyone can contribute.  

Third, the task students’ work together on must be clearly defined.  

Also, in cooperative learning small groups provide a place where: 

 learners actively participate; 

 teachers become learners at times, and learners sometimes teach; 

 respect is given to every member; 

 projects and questions interest and challenge students; 

 diversity is celebrated, and all contributions are valued; 

 students learn skills for resolving conflicts when they arise; 

 members draw upon their past experience and knowledge; 

 goals are clearly identified and used as a guide; 

 research tools such as Internet access are made available; 

 Students are invested in their own learning. 

Cooperative and collaborative learning differ from traditional teaching approaches 

because students work together rather than compete with each other individually. 

Collaborative learning can take place any time students’ work together -- for 

example, when they help each other with homework. Cooperative learning takes 

place when students work together in the same place on a structured project in a 

small group. Mixed-skill groups can be especially helpful to students in 

developing their social abilities. 

Research suggests that cooperative and collaborative learning bring positive 

results such as deeper understanding of content, increased overall achievement in 

grades, improved self-esteem, and higher motivation to remain on task. 

Cooperative learning helps students become actively and constructively involved 

in content, to take ownership of their own learning, and to resolve group conflicts 

and improve teamwork skills. 

3.1.4 Ausubel’s Teaching Strategy of   Meaningful 

Learning 

Ausubel’s cognitive learning theory has been found to be useful guide for learning 

events. The key concepts involved in the theory are a guide for teachers to 

improve teaching and learning. According to Ausubel (1967), “Meaningful 

learning occurs when the learner’s appropriate existing knowledge interacts with 

the new learning.” He says that the most important factor influencing learning is 

the quantum, clarity and the logical organization of a learner’s present knowledge. 

This present knowledge which is available to the learner at any time is referred to 
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as his cognitive structure”. (A cognitive structure consists of stable organization 

of concepts, facts, rules, theories and the raw perceptual data, arranged 

hierarchically, with the most generic concept at the apex and increasingly specific 

concepts toward the base. 

Ausubel (1968) stated that if I had to reduce all of educational psychology to just 

one principle; “I would say this: the most important single factor influencing 

learning is what the learner already knows”. Ascertain this and teach him 

accordingly. He further goes on to say that a primary process is learning 

subsumption in which new material is related to relevant ideas in the existing 

cognitive structure on a substantive, non-verbatim basis. Cognitive structures 

represent the residue of all learning experiences; forgetting occurs because certain 

details get integrate and lose their individual identity. Ausubel’s theory is 

applicable and more powerful for teaching science.  

 According to Ausubel, prior knowledge is the most important factor in learning. 

This means that learning primarily depends on what the learner already knows. 

He describes meaningful learning (as distinct from rote learning) as; non-

arbitrary, substantive, non-verbatim incorporation of new knowledge into a 

cognitive structure. He claims that meaningful learning occurs when the learner’s 

appropriate existing knowledge interacts with the new learning. On the other 

hand, rote learning of new knowledge occurs when no such interaction take place. 

To learn meaningfully, individuals must relate new knowledge to relevant 

concepts and proposition they already know.  

Ausubel’s says that (Ausubel assimilation theory,1968) knowledge is organized 

and structured in a hierarchical way, and there are three major components in this 

theory: (1) Hierarchical organization (2) Progressive differentiation and (3) 

Integrative reconciliation. He further goes on to say that people’s knowledge 

structures are from general concepts to more specific concepts, and prior 

knowledge is very important in learning about new concepts. Learning is 

enhanced when there are new relationships being set up between related concepts 

hierarchically. Knowledge is organized and structured around a general term or 

concept, so knowledge structures are like networks of associated concepts. Each 

concept is connected to the other concepts in the network. One activates a concept 

when trying to search and learn the meaning of certain concept, and therefore 

activates the surrounding concepts. 

Ausubel believes that “learning should progress deductively – from the general to 

the specific, and not inductively, as Bruner recommended (from specific to 
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general).He supports the use of direct instructional methods (lecture), and argues 

that large bodies of knowledge are best obtained through this type of learning.” 

Ausubel (1960), proposed his expository teaching model to encourage meaningful 

learning rather than rote reception learning. In his approach to learning, teacher 

presents material in the carefully organized sequenced and finished form. 

Students receive the most usable material in the most efficient way. It is most 

appropriate when we want to teach about the relationships among several 

concepts. Another consideration is the age of the students. This approach requires 

students to manipulate abstract ideas; this means expository teaching is more 

developmentally appropriate for students of elementary and secondary stages. 

In Ausubel’s (1960) view, “to learn meaningfully, students must relate new 

knowledge (concepts, proposition, rule, principles) to what they already know.” 

He proposed a pedagogical strategy of using advance organizer, a way to help 

students link their ideas with new material or concepts. Advance organizers can 

be verbal phrases, a graphic, a model, or a question. In any case, the advance 

organizer is designed to provide, what cognitive psychologists called “mental 

scaffolding” to learn new information. Advance organizers serve three purposes: 

(1) They direct attention to what is important in the coming material; (2) They 

highlight relationships among ideas that will be presented; (3) They remind the 

students of relevant information already in memory. 

After presenting advance organizers in the first phase, the next phase is to 

presents the material in terms of basic similarities and differences by using 

examples and non-examples, and engages the students in meaningful learning 

activities. In the third phase, teacher strengthens the cognitive structure by 

relating the new information to advance organizers and promote active reception 

learning. A lecture has three parts: the introduction, the body, and the conclusion. 

It is during the introduction that Ausubel’s theory is most useful. 

3.1.6  Concept Teaching (Instructional Strategy) 

Concept Teaching is an Instructional Strategy that involves the learning of 

specific concepts, the nature of concepts, and the development of logical 

reasoning & critical thinking. 

To teach a concept, teacher may be deductive in his / her approach (general to 

specific/example) that is “action and reaction are equal but opposite in direction” 

is the generalization but flying of helicopter, walking of man are the examples) 
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similarly inductive in approach we reverse the deductive process that is (move 

from example to rule /generalization) 

When teacher uses concept teaching as instructional strategy, she must 

proceeds through Four primary phases: 

1. Clarify goals & conditions 

2. .Illustrate examples & non-examples 

3. Students provide examples & non-examples to demonstrate attainment of 

concept 

4. Guide students to think about their own thinking (examine their decisions, 

consequences of choices, how concept fits in with bigger picture) 

What is a Concept? 

Concepts are defined as abstract ideas or general notions that occur in the mind, in 

speech, or in thought. They are understood to be the fundamental building blocks 

of thought and beliefs. They play an important role in all aspects of cognition. As 

such, concepts are studied by several disciplines, such as linguistics, psychology, 

and philosophy, and these disciplines are interested in the logical and 

psychological structure of concepts, and how they are put together to form 

thoughts and sentences. The study of concepts has served as an important flagship 

of an emerging interdisciplinary approach called cognitive science. 

We can say that a concept is a way to classify the world in your mind. The 

hierarchical model of concept classification includes three levels of concept: the 

most general is the superordinate concept, followed by the basic concept, and the 

most specific is the sub-ordinate concept. 

Another classification is the concrete vs abstract concepts 

Concrete Concepts are known by their physical characteristics which can be 

determined empirically (by using your five senses). Examples: Rhombus, 

Triangle, Green, House Abstract Concepts are defined using their attributes and 

are understood based on a definition. 
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Figure 3.3 
 

3.1.7  Direct Instruction 

The terms direct instruction or explicit instruction usually refer to whole-class 

expository teaching techniques (sometimes less flatteringly called “chalk and 

talk”). Common forms of direct instruction include lectures and demonstrations. 

They are teacher-centered approaches in which the teacher delivers academic 

content in a highly structured format, directing the activities of learners and 

maintaining a focus on academic achievement. When used effectively, direct 

instruction has the following important features: 

1. The learning outcomes are clear to students. 

2. The teacher controls the time for various instructional activities.  

3. The teacher organizes and controls the sequencing of lesson activities.  

4. There is an emphasis on academic achievement.  

5. The teacher carefully monitors students. 

https://www.csus.edu/indiv/r/rodriguezm/373bspring06/concept_teaching_instru_model.htm
https://www.csus.edu/indiv/r/rodriguezm/373bspring06/concept_teaching_instru_model.htm
https://www.csus.edu/indiv/r/rodriguezm/373bspring06/concept_teaching_instru_model.htm
https://www.csus.edu/indiv/r/rodriguezm/373bspring06/concept_teaching_instru_model.htm
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6. Feedback to students is academically oriented. 

 

Lectures and demonstrations have been very popular approaches to teaching for 

many years. Even though student-centered approaches to teaching have become 

more popular in recent years, there are two main reasons why many teachers still 

used direct instruction.  

1. Because it gives them maximum control over what, when and how 

students learn. That is why this approach is intuitively attractive to many 

teachers. 

2. Because it has strong research support:  If you read some of this research 

you will find that much of the research support for direct instruction 

comes from studies of student achievement on standardized tests, and in 

skills-based subjects such as Reading and Mathematics.  

3. Because in some circumstances, it is simply the most appropriate strategy 

to use. For example, when students are being introduced to a new area of 

study it may be useful to develop their basic knowledge and skills through 

direct instruction techniques before giving them a more active role in 

knowledge-seeking through strategies such as problem solving or 

experimentation.  

4.  Sometimes it is better for teachers to explain and demonstrate things 

directly rather than leaving learners to discover knowledge of their own. 

This does not mean that direct instruction excludes the use of 

constructivist approaches to teaching; it simply emphasises that sometimes 

students need careful guidance in their learning.  

5. Because direct instruction is used so often (particularly in the form of 

lectures), it has a reputation of being a dull and boring technique used by 

teachers who are stern, authoritarian, dominant or lazy. This does not have 

to be the case. The control and structure that characterize direct instruction 

can be achieved in interesting, warm, concerned and flexible ways so that 

a positive classroom climate is maintained and students enjoy learning. 

Like all other teaching strategies, its success depends primarily on the 

teacher’s efforts.  

Direct instruction teaching model aimed at helping students learn basic skills and 

knowledge that can be taught in a step-by-step manner. This model does not have 

the same name. Sometimes it is referred as active teaching. The rationale and 

procedure underlying this model was probably used by adults to teach to drive a 

car, brush your teeth, write a research paper, or solve algebraic equations. The 

direct instruction model is straightforward and can be relatively short time.  
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Briefly, direct instruction was designed to promote mastery of skills (procedural 

knowledge) and factual knowledge that can be taught in step-by-step fashion. This 

model is not intended to accomplish social learning outcomes or higher level 

thinking. 

Direct instruction is a teacher-centered strategy that has five steps. 

 (1) Establishing set, (2) explanation and/or demonstration (3) guided practice, (4) 

feedback, and (5) extended practice. A direct instruction lesson requires careful 

orchestration by the teacher and a learning environment that is task oriented. The 

direct instruction learning environment focuses mainly on academic tasks and 

aims at keeping students actively engaged. 

There are three theoretical traditions that provide the rationale for contemporary 

use of direct instruction: behaviorism, social learning theory, and teacher 

effectiveness research. 

1. Behavioral theories (behaviourism) maintain that humans learn to act in 

certain ways in response to positive and negative consequences. 

Behaviourists are interested in studying observable human behaviour 

rather than things that cannot be observed, such as intension (thought), 

cognition. B. F. Skinner’s work is of great importance for teachers that 

how a particular behaviour is encouraged through reinforcement.    

2. Social learning theory suggests that much of what humans learn comes 

through the observation of others. Bandura (1977), argued that classical 

behaviorism provide a limited view of learning and study observable 

human behaviour, while social learning theory helps to study the 

unobservable aspects of human learning, such as intention(thinking) and 

cognition. This theory makes distinctions between learning (the way 

knowledge is acquired) and performance (the behaviour that can be 

observed). He further goes onto say that most human learning is done by 

selectively observing and placing into memory the behaviour of others. 

 According to Bandura (1986), observational learning is three-step process: 

(1) the learner has to pay attention to critical aspects of what is to be learned; (2) 

the learner has to retain or remember the behaviour, and; (3) the learner must be 

able to reproduce or perform the behaviour. Practice and rehearsals used in direct 

instruction are processes that help learner retain and produce observed 

behaviours. The principles of social learning translate into the following teaching 

behaviour: 

 Use strategies to gain students’ attention. 
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 Ensure that the observation is not too complex. 

 Link new skills to students’ prior knowledge. 

 Use practice to ensure long-term retention. 

 Ensure a positive attitude toward the new skill so students will be 

motivated to reproduce or use the new behaviour. 

 

3. Teacher effectiveness research is an approach to studying teaching that 

looks at the relationship between teachers’ observable behaviour and 

students’ achievement.  

The empirical evidence for direct instruction model comes from many studies 

conducted during 1975-1990. All most all the researches produce the same results 

that the teachers who had well organized classrooms, structured learning 

experiences, and higher student time-on-task, higher students achievement  than 

teachers who used traditional and less teacher directed approach.    

Conducting Direct Instruction Lesson 

Experienced teachers learn to adjust their use of direct instruction to fit various 

situations; most direct instruction lessons have five essential phases or steps. The 

lesson begins with the rationale for the lesson, establishing set, and getting 

students to learn. This motivational phase is then followed by presentation of the 

subject matter and demonstration of a particular skill. The lesson then provides 

opportunities for guided students practice and feedback on students’ progress. In 

the practice-feedback session, teacher must provide opportunities for students to 

transfer the knowledge/skills learned to real life situation. In the last phase of this 

model, lesson concludes with extended practice and the transfer of skill. The five 

phases of this strategy is shown below in table 3.2. 

Table 5.2 Phases of Direct Instruction Model 

Phases Activities/teacher behavior 

Phase-I: Clarify goals and establish 

set.  

Teacher gets students ready to learn by 

going over goals for the lesson, giving 

background information, and explaining 

why the lesson is important. 

Phase-II: Demonstrate knowledge or 

skill. 

Teacher demonstrates the skill correctly 

or presents step-by-step information. 

Phase-III: Provide guided practice. Teacher structure initial practice. 



74 
 

Phase-IV: Check for understanding 

and feedback. 

Teacher checks to see if students are 

performing correctly and provides 

feedback. 

Phase-V: Provide extended practice 

and transfer. 

Teacher sets conditions for extended 

practice with attention to transfer of the 

skill to more complex situations. 

 

When should direct instruction be used a teaching strategy? 

 In general, academic learning is influenced by the amount of time that 

students spend engaged in appropriate academic activities.  

 Learning is easier for students when their teachers carefully structure new 

information. Teachers should help students to relate new information to 

what they already know.  

 Teachers should monitor student feedback and provide corrective 

feedback. All of these things are possible through direct instruction, and 

often it is the most appropriate way to achieve them.  

 Direct instruction can be used to help students achieve many types of 

learning outcomes, particularly those that are based on knowledge and 

attitudes / values. Direct instruction can also be used to demonstrate skills, 

but skill development requires practice by the learners. Some of the 

advantages of direct instruction and some of the situations in which it is 

likely to be an appropriate choice of teaching strategy are: 

 Direct instruction can be an efficient way to introduce students to a new 

area of study by giving them a broad overview that defines key concepts 

and shows how they are interrelated. This helps students to develop the 

foundational knowledge that they need for later learning (possibly using 

student-centered strategies). This is particularly useful if important 

information (including relevant examples and results of recent research) is 

not otherwise readily available to students. 

 Direct instruction allows the teacher to highlight important points or 

possible difficulties for students so that their exposure to these things is 

not left to chance. 

 Direct instruction can be equally effective with small and large groups and 

with students from most cultures.   

 

Generally, direct instruction allows teachers to create a non-threatening 

environment for students. Those who are shy, not confident, or not knowledgeable 

are not forced to participate and become embarrassed. But after getting feedback, 

teacher can take measures to modify the behaviours of such type of students 

through different motivational techniques.   
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Direct instructional methods are much more than lecture. It can involve 

worksheets, textbooks, web sites as well as teaching with questioning. The key 

thing is that the instruction is directed by the teacher. This theory can help 

teachers as; 

(1) We need to remember that inputs to learning are important. 

(2) Learning materials should be well organized. 

(3) New ideas and concepts must be potentially meaningful to the learner. 

(4) Anchoring new concepts into the learner’s already existing cognitive 

structure will make the new concepts recallable. 

3.1.8  Bruner’s Theory of Instruction 

Bruner is well known for his essay on “discovery learning” and believed that 

science should not be taught factually but as a “tool” subject. He does not suggest 

a recipe for teaching but the way the children learn “how to learn”. 

Johnson (1979), states that Bruner influenced educational practice in four ways: 

through his emphasis on the process of learning, through his notion on the 

formation of learning structure, through the importance he places on intuition, and 

through his emphasis intrinsic motivation. 

According to Bruner (1996), what is important is not the memorization of facts, 

but the process of acquiring knowledge. He further goes on to say that learning is 

a matter of rearranging or transforming evidence. It is a type of thinking in which 

the student goes beyond the information given to gain new insights and 

generalizations. The teacher does not tell students the principle, generalization, or 

rule they are supposed to learn; rather, he or she involves students in a process of 

induction to discover it. 

According to Shah (2004), similar to inquiry, the discovery approach is inductive 

but differs with respect to the outcome of the instruction and to the procedure 

followed. In inquiry, the outcome is known to both the teacher and the learner, 

whereas, in the discovery learning the teacher guides learners towards discovering 

a desired outcome.  

Bruner (1967) states that it is not necessary that students are to discover every bit 

of information by themselves but they are to discover the inter-relatedness 

between their post-knowledge and pre-knowledge. It is the duty of the teacher to 

encourage the students and develop self-confidence, and the ability to learn “how 

to learn”.  
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Bruner (1966) suggested that “learning is an active process in which learner 

construct new ideas and concepts based on their current and / or past knowledge. 

The learner selects and transforms information, constructs hypotheses and makes 

decisions, relying on their cognitive structures. Cognitive structure (schema, 

mental modals) provides meaning and organization to experiences and allows the 

individual to go beyond the information given.” 

Bruner was very much impressed by Piaget’s work and there are similarities 

between Bruner’s approach and that of Piaget. Both believe that the students can 

construct knowledge if they are presented with appropriate opportunities to learn. 

The constructivist perspective is developed from such approaches. However, the 

constructivist approach has tended to focus on the problem arising from 

misconstructions rather than on the process by which knowledge and 

understandings are constructed.  

Bruner (1971) contended that “students, starting at early primary school stages, 

should learn the structure of a body of knowledge instead of items of information 

which require much memorization.” He also asserts that “students should be 

taught and encouraged to discover information by themselves.”The inductive 

process of learning mastered by students as they participate in discovery learning 

situations are aimed at the formation of learning structures, which consist of 

concepts and coding systems. 

Bruner (1966), lists four advantages of emphasizing structure in teaching: 

(1). Understanding the fundamental structure of a subject makes it more 

comprehensible-we understand material better if is logically organized. (2) A 

structure permits the students to narrow the gap between elementary and 

advanced knowledge-if given the appropriate learning experiences, even very 

young children can understand some of the basic concepts in a subject area. (3) 

Unless detail is organized into a structured pattern, it is rapidly forgotten-we 

remember material better, can actually remember more material and are better 

able to retrieve material from our memory when it is logically organized. (4) An 

understanding of fundamental principles and ideas facilitates adequate transfer.  

Bruner assumes that a student’s interaction with the world always involves 

categorization or conceptualization. By categorizing, the student reduces the 

complexity of the environment and by conceptualizing; he or she organizes the 

concepts into coding system. (A coding system is a structure of concepts that 

ranges from the very specific to the generic. Generic concepts include more 

specific concepts). 
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Bruner (1960), stresses the importance of intuition in learning: He says that 

memorization of verbal or mathematical information is not an appropriate goal for 

education. Educational goal should emphasize intuitive understanding of an area, 

which allows the student to use the ideas in ways that reveal a deep grasp of the 

area.  

An intrinsic motive is one whose reward lies in the activity itself or in the 

successful termination of the activity. Bruner (1960), states that there are four 

major intrinsic motives. The teacher can encourage: (1) the will to learn, (2) the 

inherent drive to cooperate with others, (3) curiosity and the search for clarity, 

and (4) the drive for competence. 

According to Bruner (1967), “any domain of knowledge (Physics, Chemistry, 

Biology) or any problem or concept within that domain (atomic structure, law of 

gravitation, viscosity) can be represented in three ways: (1) by a set of actions, (2) 

by a set of images or graphics that stand for the concept, and (3) by a set of 

symbolic or logical statements.” 

Bruner’s theory refers to the structure of knowledge, he explained that “any idea 

or problem or body of knowledge can be presented in a form simple enough so 

that any particular learner can understand it in a recognizable form.” 

Figure 3.4 Three stages of mental growth as visualized by Bruner 
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Enactive

Representation:

Used primarily to 

represent motor skill

Iconic

Representation:

information is represented

in visual images

Symbolic
Representation:

ideas are represented

through languages &

other methods

First Stage

Second Stage

Third Stage

 

Source:  Vadidya, (1996, p. 171) 

Stages of Mental Growth 

Like Piaget, Bruner put forth three kinds of internal representatives, which form a 

sequence in the growing child. This sequence comprises: (1) Enactive 

representation, (2) Iconic representation, (3) and, Symbolic representation.  

Figure 3.5  Bruner’s Modes of Representation 
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Source: Vadidya, (1996, p. 175) 

Bruner believes that discovery learning allows students to move through these 

three stages as they encounter new information: the enactive, iconic and, 

symbolic. This can be thought of as knowing what action to perform, knowing 

how to represent through internal visual imagery, knowing how to represent by 

means of a symbol system as in mathematics and language. For an individual to 

make progress a concept should pass through each mode in turn, using all three 

modes together then increased Knowledge and understanding. 

Action--------------->Imagery------------>Symbol. 

 

Discovery learning encourages students’ actively to use their intuition, 

imagination, and creativity. Because this approach starts with the specific and 

moves to the general, the teacher presents examples and the students work with 

examples until they discover inter-relationships. Bruner believes, “classroom 

learning should take place through inductive reasoning, that is, by using specific 

examples to formulate a general principle.” 
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How to Apply Bruner’s Model in the Classroom 

 Present examples and non-examples of the concept you are teaching. For 

example in teaching about mammals, include people, kangaroo, whales, cats 

as examples and hen, parrot as non-examples. 

 Help students see connections among concepts, e.g. Use diagram or matching 

test items to point out the connection. 

 Pose questions and let students try to find the answer, (They start thinking to 

solve the problem.) 

 Encourage students to make intuitive guesses. 

To implement this strategy (i.e. discovery learning) the teacher uses a cooperative 

goal structure, utilizes conflict for a focal point, skillfully questions students, 

gives students the freedom to inquire, observes, provides a responsive 

environment for learning, and extends students’ thinking and level of analysis. 

Self-Assessment Questions  3.2 

1. Do you think that in Pakistan, much teaching is based on memorization of 

facts or teacher-centered, lecture presentations to students where the role 

of the learners is the recording of what the teacher says and its accurate 

memorization. If yes, then how we can shift it from rote learning to 

meaningful learning? 

2. What is problem solving approach? Write the steps involved in problem 

solving strategy. 

3. Differentiate between inquiry and problem solving strategies with the help 

of an example.  

4. What is direct instruction? Describe its five phases along with teacher’s 

activities. 

5. When should direct instruction be used as teaching strategy? 

6. Write the techniques to lead discussion fruitfully. 

7. Write four advantages and four drawbacks of discussion as teaching 

strategy. 

8. What are the three major goals of cooperative learning? 

9. Write six phases of cooperative learning. 

 

3.2 Introduction to Lesson Planning 

(Why Planning? Principles to Lesson Planning) 
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Lesson planning is a process of teacher’s actions and a road map of what 

instructor desires / what students’ need to learn effectively and efficiently and 

how it will be done during a specified time. 

Actually it is the decision in advance by the teacher to achieve the specific 

objectives / students learning outcomes either inside the classroom, playground, 

or laboratory, etc. 

In lesson planning we have to answer the following questions: 

What to do? 

Why to do?  

How to do? 

When to do? 

Who is to do it?  

What extent we have achieved the students learning outcomes? 

A physics teacher must know in advance the subject matter and the mode of 

delivery. It gives an idea to Physics teacher, how to introduce the topic, how to 

develop the various key concepts and how to relate the concepts with daily life.   

To evaluate his own and students/ performance / achievement he must know the 

learning objectives, and these should be reflected in the lesson plan. 

A successful lesson plan addresses and integrates three key components: 

1. Learning objectives; 

2. Learning activities; 

3. Formative and summative assessment to check for students’ 

understanding. 

Actually, lesson plan provides the teacher, an outline of instructional goals 

(general and specific), learning objectives and means to accomplish them. 

Lesson planning is a difficult task and requires hard work and practice. With the 

passage of time teacher becomes expert and can save the resources (time, 

material, human and financial). 
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Figure 3.6 

Advantages of Lesson Planning 

 It makes work regular, organized and systematic; 

 It provides confidence to the teacher; 

 It provides the teacher an opportunity to develop the desired attitude 

among the students; 

 It save time, provide right direction to achieve the instructional objectives; 

 Provide the relationship between the concepts with the environment; 

 It estimate the teachers to ask the striking questions; 

 It provide more freedom to the teacher in teaching; 
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A good lesson plan must contain the following steps: 

1. Introduction (how to start the lesson, testing of pre- knowledge/ provision 

of advance organizers…); 

2. Presentation (of the material / content); 

3. Association (with daily life, with other concepts…); 

4. Generalization;  

5. Application ; 

6. Recapitulation; 

7. Home assignments.  

But there is no hard and fast rule to apply all these steps in all lesson plan, there 

may be lesser or include many more as per requirements of the topic. 

Principles of lesson planning  

A lesson plan is a plan of action. It gives an outline of the lesson to be taught. It 

indicates all the objectives to be realized by teaching a lesson, the learning 

experiences to be provided and the evaluation procedure to be adopted. 

The lesson begins with sound footing of comprehensible input, builds up 

onstudents’ background knowledge, offers multiple opportunities for interaction, 

and provides a communicative goal and appropriate scaffolding to prepare the 

students for meaningful interaction. The careful design of the activities also 

creates opportunities for the teacher to conduct ongoing assessment and thus to 

adjust, add or remove activities as the lesson is being delivered. Thus, the every 

lesson presented in any setting must follows these principles: 

Principle 1: The lesson is guided by clearly specified objectives. 

Principle 2: Activities in the lesson follow a logical sequence. 

Principle 3: Comprehensible input is provided to the learners to make the learning 

more meaningful. 

Principle 4: There should be multiple opportunities for communicative practice. 

Principle 5: Scaffolding and strategies are provided to enable students to perform 

at a higher level. 

Principle 6: Ongoing assessment informs lesson design and implementation. That 

is, at the end of teaching-learning process, to what extent the teacher achieved the 

specific objectives. 
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In the view of the writer, a good lesson plan must reflect the following things: 

1. The specific objectives have linkage with the general, and must be realistic 

not idealistic; 

2. It should contain theoretical as well as on hand activities. These activities 

have variety and arrange in sequential order (easy to difficult, known to 

unknown, concrete to abstract,… Contain a wide selection of materials) 

3.  It should be flexible in terms of teaching methods, teaching techniques, 

and tactics; 

4. The content and activities should as per cognitive level of the students; 

5. There must be a linkage between all the stages of the lesson plan; 

6. A variety of assessment techniques should be used to assess the 

effectiveness and efficiency of the plan and process. 

3.3 Model Lesson Plans in Physics 

1. Model Lesson Plan (Traditional Teaching Method) 

Subject: Physics 

Topic:  Force and Acceleration  

Objective: After study this lesson the students will be able to: 

 Define Newton 3
rd

 law of motion  

 Give example of Newton ‘s 3
rd

 law of motion  

Teacher: How many of you can define Newton’s 1
st
 and 2

nd
 laws of motion.  

Teacher: Mr. Waqas please define 1
st
 law.  

Waqas: “ Every object continues its state of rest, or of uniform motion in a 

straight line, unless it is acted upon by an external force.  

Teacher: Thank you Mr. Waqas. 

  Now define Newton’s 2
nd

 Law of Motion Mr. Usman. 

Usman : “ When a force acts on an object it produces an acceleration in its 

own direction which is directly proportional to the magnitude of 

the force and inversely proportional to the mass of the object.” 

Teacher: What is the relationship between ‘ a ‘ and  ‘ F’ (Mathematically)? 

Teacher: Mr. Muneeb Write it on the blackboard.  

Mr. Muneeb: a F (for a constant mass) 

Teacher: Good Muneeb. OK, student, today we will study Newton 3
rd

 law of 

motion.  

Mr. Usman read aloud Newton’s 3
rd

 law of Motion. 

Usman: “ For every action there is an equal and opposite reaction.   
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Teacher: Learn it by heart within five minute. And think of the example of 

this law.  

Now look at the example on the page 81. You can see a book on the table. The 

weight of book is acting in the downward direction. It is a reaction while the table 

applies the same force in the upward direction. This is reaction Hence action and 

reaction are equal but opposite in direction.  

Similarly, the motion of the rocket and firing a bullet from a gun are the examples 

of the Newton’s third law of motion.  

Teacher: Write the answer of the Question No. 3 in your notebook (state 

Newton’s third law of motion, give three examples from everyday life). 

2. Model Lesson Plan (Ausubelian Teaching Method) 

Topic: Pressure and atmospheric pressure   Class X  

Time: 1 hour 10 min. 

Concepts: matter and its properties, stress, force, area, , Newton’s third law of 

motion. 

General objectives: To develop the sense of reasoning and logical thinking and 

scientific attitude among the students. 

Specific Objectives: After the end of this session, the students will be able to: 

 Define matter and name some of its properties. 

 Define the concepts of force, area, and pressure. 

 Find the relationship between force and pressure. 

 Find the relationship between area and pressure. 

 Find the relationship between temperature and pressure. 

 Apply the concept of pressure in daily life. 

Dear students I hope you all will be fine. 

O.K. like previous lessons we will study this lesson too in the same manner. In the 

beginning I will ask you some questions about the concepts, of which you are 

already familiar just to refresh your previous knowledge and to develop the 

linkage between the learnt material and the material to be learnt.  

 Teacher: This is your home assignment. 
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 (Keeping in view the concept of pressure) Why is it easy to peal the 

potatoes with a sharp knife than a blunt one although the applied force is 

same?  

 

Lesson Plan (Phases of Ausubelian Teaching Method) 

Phase One 

Advance Organizer 

Phase Two 

Presentation of 

Learning 

Task or Material 

Phase Three 

Strengthening 

Cognitive 

Organization  

 Define matter. 

 Name and recall 

some properties of 

matter; weight, 

volume, force, area 

etc. 

 Air and all other 

material things exert 

pressure, and have 

weight. 

 What is force?  

 Weight is a force. 

 Unit of force. 

 Area and its units. 

 Volume  

 

 Pressure 

 P= F/A 

 Pressure depends 

upon Force and Area  

 Unit of Pressure 

(N/m
2  

or Pascal)  

Examples (Blunt nail vs. 

sharp nail, Flat Shoes 

/ Sandal with heel.  

 Difference between 

stress and pressure. 

A B

 

 Which Triangle has 

greater pressure A or 

B?  

 Keeping in view of 

concept of pressure 

justify how horse is 

faster than camel. 

 Why athletes use 

spikes? 

 How you             

differentiate between 

stress and pressure? 

Are these scalars or 

vector quantities? 
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FIRST PHASE 

In the first phase the teacher clarifies the concepts of force, area, weight, volume 

and the like with the help of a question, a diagram, or an activity, before the start 

of actual topic. 

 Force is an agent, which changes or tends to change, stop or tends to stop the 

moving objects.  

 Weight is a force with which the Earth attracts the bodies towards its center. 

  Volume is the space occupied by an object. (3 dimension: 

length*width*height) 

 Area is the extent or measurement of surface (2 dimension) 

 The unit of force and weight is N, area is sq. m. and volume is cubic meter. 

 

 

 

 

  r
2
   length * width  side * side 

 

SECOND PHASE 

Pressure  

Pressure is defined as force per unit area. 

Mathematically  P = F/A 

The standard unit for pressure is Pascal (Pa), which is a Newton per square meter 

(N/m
2
). This special name for the unit was added in 1971; before that, pressure in 

SI was expressed simply as N/m
2
. 
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It is a scaler quantity. Let us look at a static gas; one that does not appear to move 

or flow. The gas as a whole does not appear to move, the individual molecules of 

the gas, which we cannot see, are in constant random motion. Because we are 

dealing with a nearly infinite number of molecules and because the motion of the 

individual molecules is random in every direction, we do not detect any motion. If 

we enclose the gas within a container, we detect a pressure in the gas from the 

molecules colliding with the walls of our container. We can put the walls of our 

container anywhere inside the gas, and the force per unit area (the pressure) is the 

same. We can shrink the size of our "container" down to an infinitely small point, 

and the pressure has a single value at that point. Therefore, pressure is a scalar 

quantity, not a vector quantity. It has a magnitude but no direction associated with 

it. Pressure acts in all directions at a point inside a gas. At the surface of a gas, the 

pressure force acts perpendicular to the surface.  

For an object sitting on a surface, the force pressing on the surface is the weight 

of the object, but in different orientations it might have a different area in contact 

with the surface and therefore exert a different pressure. 

 

Figure 3.4  Different Area in Contact Exert Different Pressure 

 

It is clear from the above equation that pressure depends upon force and area.  

Teacher:  Who will tell, what is the relationship between pressure and force, 

Pressure and area?  

Many student raise hands 

Ali: Pressure and Force are directly related to each other while Pressure 

and area have indirect relation. 

Teacher: Thank you Ali. Now look at the figure on the blackboard and tell 

me which block has greater Pressure? The block in flat position or 

the block in erected position?  

Haroon: Both have same pressure.  
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Teacher: Class do you agree with Haroon?  

Awis: Sir, The block in erected position has greater pressure due to lesser 

area. 

Teacher: Thank you very much. 

 

THIRD PHASE 

There are many physical situations where pressure is the most important variable. 

If you are peeling an apple, making your shave, then pressure is the key variable: 

if the knife and the razor is sharp, then the area of contact is small and you can 

peel or shave with less force exerted on the blade.  

If you must get an injection, then pressure is the most important variable in 

getting the needle through your skin: it is better to have a sharp needle than a dull 

one since the smaller area of contact implies that less force is required to push the 

needle through the skin. 

Teacher: (This is your home assignment) Explain why athletes use 

spikes? 

Activities:  

1. Develop lesion plan based on concept learning and the following topics. 

 (a) Rest and Motion 

 (b) Coulombs Law  

 (c) Conduction and Insulators.   

 

Suggested Answers 

 

Self-Assessment Questions 1 and 2 

 To find the answer of the self-assessment exercises, consult the relevant 

part of the unit-2. 
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Introduction 

Science teaching is a dynamic and well planned process. Its major objective is to 

acquire maximum learning experiences (cognitive, affective and conative). In 

order to achieve this great objective in the teaching of Physics, practical work is 

also very important along with theoretical knowledge. We test and verify many 

physical theories, laws and principles in the physics laboratory.  

Cognitive knowledge of skill-based subjects like physics needs to be supported by 

practical activities. Subjects like physics, chemistry, computer science, etc. are 

skill based. In these subjects practical work is as important as theoretical work. 

The importance of practical work in the laboratory is unmatched. Only theoretical 

knowledge has no worth until the students can apply it for practical purposes.   

Science students are more eager in practical work. Physics Practical assignments 

are often carried out in the laboratory in single or groups. Group work helps to 

inculcate scientific knowledge along with social values like sharing, cooperation, 

team spirit, compassion etc. Practical work makes students independent and 

increases their self-confidence. 

Practical work has clear benefits, helping students acquire the essential skills that 

not only give a fluid transition to higher-study, but open the doors to science as a 

profession. Practical work engages students to follow science further, on 

academic or technical routes. It gives them practical skills and attitudes that will 

be valuable in their future careers. 

This unit will provide the science students and teachers a useful look at various 

aspects of practical work to make the teaching-learning more meaningful in the 

science classroom and laboratory.  
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Objectives  

After studying this unit, you will be able to: 

 know the objectives of practical work in physics; 

 use the science lab effectively; 

 make the laboratory teaching more effective in the teaching of physics; 

 organize the practical work in the lab in better way;  

 apply pre-lab activities in the physical science laboratory to make the lab-

work more meaningful; 

 find out the effectiveness of pre-lab work by the use of post-lab activities; 

 learn the concept and use of paper-labs 

 know the role of teacher in conducting the experiments in the physics lab 

 use teaching-learning device  (V diagram) to make the learning more 

meaningful in the Physics lab. 
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4.1 Objectives of Practical Work In Physics Work 

 No course in science can be considered as complete without including some 

practical work in it. The practical work is to be carried out by individuals in a 

physical science laboratory. At school stage practical work is more important 

because of the fact that we “Learn by doing” scientific principles, and 

applications are thus rendered more meaningful. It is well-known fact that an 

object handled impresses itself more firmly on the mind than an object merely 

seen from a distance.  

There is a Chinese proverb; 

I hear and I forget, 

I see and I remember, 

I do and I understand. 

Practical work forms a prominent feature in any science course. Class room 

experiments help in broadening pupil’s experience and develop initiative, 

resourcefulness and cooperation.  Gupta, (1995), pointed out the main objectives 

of laboratory work, these are: 

a. Create interest in science; 

b. Verify facts taught in theory classes; 

c. Develop the habit of doing independent work among students; 

d. Prepare students for higher studies and science careers; 

e. Develop skills in handling specific science apparatus and equipment. 

f. Improve observation and critical thinking; 

g. Develop the habit of reasoning; 

h. Have a clear understanding of science concepts; 

i. Develop the habit of doing systematic work: and  

j. Create interest for research. 

In the light of another research study, the following are the major goals of 

practical work: 

1.  To verify facts and principles already taught or to determine cause and 

effect 

2.  To make physical phenomenon more real through actual experience 

3.  To encourage accurate observation and careful recording 

4.  To arouse and maintain interest in the subject 

5.  To promote the understanding of scientific methods or techniques 

(Ghebremariam, 2000) 
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4.2 Laboratory Teaching 

The role of the laboratory is central in high school physics courses since students 

must construct their own understanding of physics ideas. This knowledge cannot 

simply be transmitted by the teacher, but must be developed by students in 

interactions with nature and the teacher. Meaningful learning will occur where 

laboratory activities are a well-integrated part of a learning sequence. The 

separation of laboratory activities from lecture is artificial, and not desirable in 

high school physics.     

In science education we are teaching students to use one form of knowing i.e. the 

experimental. Most other subjects can be learned through ordinary tools (i.e. 

paper, board, text book etc). These are also essential for teaching and learning 

science but if these are the only tools; science becomes a dull and uninteresting. 

“If science is to be learned effectively it must be experienced,” (UNESCO 1973). 

 Science education is a creative intellectual activity leading to unifying 

concepts/theories/laws of man’s natural environment and the application of these 

concepts / theories/ laws to control of the environment for the benefit of the 

human being.  

Science education is designed to enable the students to identify and solve 

scientific problems and to do research in new areas of knowledge.” He further 

goes on to say that science education serves as fulcrum of charge and reform in 

the education system. 

In science education the children develop of their own accord a scientific way of 

observing and thinking, and carry out experiments. An effective science education 

programme should directly link with the establishment of well-equipped 

laboratories. 

Laboratory is a spacious room where the students in groups carry out their 

experimental work. It provides many opportunities for students to talk and write 

about science. With a little thought and planning on the part of the students, its 

activities can be the basis for building communication and problem solving skills. 

Tanvir-uz-Zman, (1996), citing the views of Kempa (1986) that the process of 

practical work has five stages which are widely known as forming a valid and 

satisfactory framework within which practical skills are to be developed and 

assessed; 

(a)  Recognition and formulation of the problem.  

(b Planning and designing of an investigation in which the student predicts 

the  results; Formulates hypotheses and designs procedures.  
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(c)  Carrying out the experiments in which the students makes decisions about            

investigative techniques and manipulates materials and equipment.  

(d)  Observational and measuring skills.  

(e)  Analysis, application and explanation in which the student processes data, 

discusses results, explores relationships, and formulates new questions and 

problems. 

The Heuristic method is preeminently a laboratory method. However, from this it 

should not be concluded that Practical work in laboratory is impossible if the 

teacher use any other teaching method. Thus irrespective of the method adopted 

by the teacher for teaching of physical science, practical work in the laboratory 

must be attempted. Practical activities in a controlled environment (laboratory) 

have been traditionally an important feature of science. 

4.3 Organization of Practical Work 

The following guide lines will be helpful to organize the practical work more 

effectively in the science labs.  

(i) If teacher following the demonstration method to teach theory, he should 

remember the most important principle that practical work should go hand 

in hand with the theoretical work. 

(ii) To arrange the practical work in such a way that each student is able to do 

his practical individually. Thus, for practical work individual working be 

preferred in comparison to working in groups. 

(iii) In case of a large class, it is convenient to divide that class in a suitable 

number of smaller groups, for practical work. 

(iv) To save time on delivering a lecture about do’s and don’ts in laboratory, 

card system be used. This card contains certain amount of guidance 

printed on it is given to each pupil. Student can complete his practical 

work according to instructions given in the card. 

(v) The apparatus provided should be good so that students get an accurate 

result. 

(vi) A true faithful record of each and every experiment be kept by pupils. 

(vii) Teacher should see that students enter all their observations directly in 

their practical note–book. 
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(viii) While working with large class and with limited apparatus teacher may 

allow students to work in groups. 

(ix) During a practical, class teacher would observe all children in such a way 

that his power of control over the class should be such that students 

continue their work satisfactorily. 

Activity 4.1 
 

 iscuss with your two science teachers about the objectives of laboratory 

work, and then enlist any 10 which you think the most important. 

 

 Conduct an interview with a senior science teacher about how we can 

make the laboratory teaching more effective and efficient. 

 

 Discuss with your peers how physics / mathematics skills such as 

graphing, observing and measuring may be developed using scientific 

activities. 

 

Self -Assessment Questions 4.1 

 Compare the shift of laboratory teaching paradigm of nineteenth and 

twentieth centuries. 

 

 After studying the above article 4.1 and 4.3, analyze the laboratory 

teaching in our institutions (schools and colleges). Where we are now?   

 

 Discuss; is there any positive relationship between the objectives of 

laboratory work and what is actually happening in the physics laboratories 

in our education system.  

 

 “If science is to be learned effectively it must be experienced,” discuss. 
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4.4 Types of Laboratory Activities 

 

Safdar (2003) quotes Gupta, (1995), that following are the various laboratory 

activities which can be grouped as follows: 

a. Verification Activities  

These activities are used to verify major concepts. Students are provided 

opportunities to witness events that have previously been discussed or described 

in reading assignments. 

b. Exploratory Activities. 

Students are encouraged to probe and investigate new information through open-

ended problems. Exploratory activities help students to develop interest in 

science. They are motivated to study the subject in depth. The information 

gathered through exploratory activities is utilized to process new information and 

to find scientific relationships. 

c. Inductive Activities. 

Questions are posed to students and they are guided to discover a relationship or a 

concept on their own. Students are required to organize facts through inductive 

activities and to derive meaningful generalizations and principles. 

d. Deductive Activities. 

These activities are based upon the maxim-from the general to the specific. 

Students are encouraged to apply the previously learned principles in explaining, 

predicting or describing an event. These activities contribute to reinforce major 

concepts. 

e. Psycho-Motor Skill Development Activities. 

Students are provided opportunities to practice relevant psycho–motor skills. The 

acquisition of these skills is required to conduct experimental work. 

f. Problem-Solving Activities. 

Students are required to solve scientific problems and formulate answers. 

Assistance must be provided in the designed problematic situations with the aim 

to impart training in science processes or problem-solving skills. 

Theory and practice are inseparable. Theory attempts to explain observable 

phenomena, whilst experimental work is design to sustain his conclusions from 



102 
 

his experimental results and function of the teacher is to exercise quiet vigilance 

in the background and to be available if the pupil gets into difficulties. 

4.5 Pre-Laboratory Activities 

Expecting students to engage in laboratory activities without some form of prior 

consideration may leave them feeling insecure, and result in a rather poor 

understanding of what is happening. It is therefore useful to engage them in some 

form of pre-lab activity highlighting the essential ideas of the work. Bond, David 

Jeffery, et.al.,(1986), describe that pre-lab activity may be conducted in the first 

portion of the laboratory time, or carried out prior to the scheduled laboratory 

period. It provides laboratory students to reflect on what has happened, and to 

check up on any aspects of information that they are unsure about. Another 

approach, which has been used for many years in one of the author’s courses on 

analytical chemistry, is in the form of written assignment. The students involved 

in the practical are to require questions on the activity to be answered by them in a 

written assignment before they enter the laboratory. The purpose of the questions 

is: 

(i) To ensure that the students know, in general terms, what will happen in 

the next laboratory session?  

(ii) To assist students to understand the steps involved in the analytical 

procedure by focusing attention on the chemical / physical processes 

involved.  

(iii) To direct student’s attention to key aspects of the procedure.  

Some of the answers to the questions can be derived from information provided in 

the manual but the use of textbooks / notebooks are also required. Students are 

expected to arrive at the laboratory session with written answers, which are 

inspected and checked by staff. Those who arrive with no pre-laboratory write-up 

are not allowed to carry out the activity. Students respond very well to the idea of 

preparedness for laboratory work and once the system has been established for a 

week or two it runs very smoothly. 

Another method discussed by Bond, (1986), for the exposure of students to 

laboratory activities both prior to and during the laboratory session is through the 

use of media such as videotapes and tape-slide programme. These are popular 

because the products are cheap to prepare and can be easily changed or edited to 

suit any particular teacher or class. The uses of media have several advantages: (a) 

Material can be placed in libraries or other readily accessible places. (b) All 

students receive the same information. (c) The material can also be placed in the 

laboratory, during the session for re-view by students who need reinforcement. (d) 
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Specific procedures or techniques can be displayed in a manner not readily 

available in other formats. i.e. close ups of small-scale techniques which may be 

difficult to demonstrate to large groups of students in the laboratory. 

Computer assisted learning (CAL) is increasingly used in a pre-laboratory role, as 

a means of guiding the student through the theory associated with an experiment, 

and examining the experimental design. A good example of the use of CAL in the 

pre-laboratory mode has been provided by Bond, Jeffery and Elizabeth, (1986), 

whose physics laboratory students complete a CAL activity prior to the actual 

experiment. The programme provided a general description of the experiment; the 

student then selected the independent variable and assigned values to them. The 

simulation provided data on the dependent variables just as would be provided in 

the laboratory. All of these different experiences can give the student mental or 

physical practice for the coming experiment, and maximize the efficient use of 

laboratory time. 

One of the criticisms of laboratory work is that the emphasis is usually on the 

methodological aspects of the exercise. Thus even if the exercise is well designed, 

and the student produces a set of results or observations, these are not readily 

related back in a meaningful way to the conceptual framework that underpins the 

experimental work. The experimental results are isolated from theory, and the 

experiments can appear to be trivial and out of a scientific context. 

Ausubel (1968) stated “if I had to reduce all of the educational psychology to just 

one principle, I would say this; the important single factor influencing learning is 

what the learner already knows.” The pre-lab used to help students learn about 

their knowledge construction, that is the linkage between the guest and the host 

ideas/concepts.  

PRE-LAB: (Specimen) 

“THE SIMPLE PENDULUM” 

Subject: Physics       Class: IX/X 

Date: ------------      Duration of period: 1 

hr. 

Note: All the students are informed that they must do the preparatory work before 

entering into the Lab.  

Instructional Material  
a. Board, Duster, Chalk, etc. 

b. Iron Stand, Cork, Thread, Bobs of Different Masses, Vernier Callipers, 

Stop Watch. 
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Aims of Pre-Lab (General Aims) 

1. To develop the scientific attitude among the students.  

2. To develop the power of observation and sense of enquiry amongst the 

students. 

3. To develop the reflective thinking in the students. 

Specific Objectives 

At the end of this session, the students will be able to perform the experiment “the 

simple pendulum” independently and measure the effects of different masses and 

lengths on its time- period. 

Figure 4.1   Concept map of “motion” 
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Mega Concept

Motion

Translatory

Motion

Random

Motion

Vibratory

Motion

Circulatory

Motion

Motion of a body

attached to spring

Simple Harmonic Motion

Motion of

simple

pendulumSecond Pendulum

Amplitude

Time Period

Frequency

 

 

 

 

What will I measure? 

You will measure: 

1. The diameter of the bob with the help of vernier callipers. 

2. The total length of the simple pendulum. 

3. The total time for thirty vibrations. 



106 
 

4. The time- period of the simple pendulum. 

5. Average length of the pendulum. 

6. Average time-period of the pendulum. 

What should I know before I begin? 

1. How to measure the diameter of the bob? (See the enclosed page) 

2. How to calculate the total length of simple pendulum? 

3. How to find the total time for thirty vibrations? 

4. How to calculate time-period? 

5. The relationship between length (1) and time- period (T).  

 (See the enclosed page and consult your practical notebook) 

 

Figure 4.2    Vernier Callipers 

 

I.  Vernier Callipers are used to measure accurately small length of the order 

of 10
-1

 mm. It consists of a sliding scale V called the vernier scale and a 

fixed graduated scale S called the main scale. Two jaws A and D are fixed 

at right angles to the main scale. 

The other two jaws B and C, fixed perpendicular to the vernier scale, can 

slide with it along the main scale. The large pair of jaws measure, the 

depth and diameter of a cylinder / sphere. The smaller pair of jaws is used 

to measure the internal diameter of tube etc. 

II.  There are two scales on the vernier callipers. 

1. Main scale  2. Vernier scale 
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The smaller division on the main scale is in millimeter. The length of the vernier 

scale is 9 mm, which is divided into ten equal division of vernier scale (i.e.0.9 

mm=1division of vernier scale) 

Smallest division of main scale = 1mm 

Smallest division of the vernier scale = 0.9mm 

Least count (L.C.) or Vernier Constant (V.C.) 

Least count = smallest division of main scale – smallest division of vernier scale 

  = 1 mm – 0.9 mm 

  = 0.1 mm or 0.01 cm 

Least count can also be calculated from the formula given below 

L.C or V.C = smallest division on main scale / total no. of divisions on the vernier 

scale 

  = 1mm / 10  

  = 0.1 mm = 0.01 cm 

III.  Now bring the jaws D and C in contact with each other. If the vernier zero 

exactly coincides with the main scale zero, there is no instrumental or zero 

error. (See fig. a) But if it is otherwise, there is error. 

 

                                                    Figure 4.3 

Note the position of the vernier zero while the jaws are in contact. If the zero of 

the vernier scale lies on the right of the main scale zero, the error is positive but 

the correction would come out to be negative, which means that it is to be 

subtracted from all subsequent readings of the instrument. 

 

 

                                                      Figure 4.4 

At the position of contact, if vernier zero is to the left of main scale zero, the error 

is negative and the correction is positive. In order to find the positive error, look 

at the vernier scale from left to right and note the number of the particular 
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division, which coincides with any main scale division. Multiply this number with 

vernier constant. The product would give the positive error. For example in Fig. 

(b) The 7
th

 division of the vernier scale coincides with some main scale division. 

Therefore the positive error is: 

7 x 0.1 mm = 0.7 mm or 7 x 0.01 cm = 0.07 cm. 

 

 

                                                         Figure 4.5 

To determine the negative error, look at the vernier scale from left to right and 

note the number of the particular division, which coincides with any main scale 

division. Subtract this number from 10. Multiply the remainder with least count to 

obtain the negative error. For example in Fig (c), the 6
th

 division of vernier scale 

coincides with some main scale division. Therefore the negative error is (10 – 6) x 

0.1mm = 0.4mm or 0.04cm. 

How to measure the radius of the bob? 

Determine the zero error of the vernier callipers if any and then get the zero 

correction. Open the jaws and put given bob in them in such a way that the jaws 

touch the ends of the bob. Read the main scale reading to the left of the zero line 

of vernier scale, this gives the complete main scale division in centimeters. 

Note the number of particular division, which joins with any of the main scale 

division. Multiply this number with vernier constant this gives the complete 

vernier scale division in centimeter. Add the main scale reading in vernier scale, 

this gives the observed diameter of the bob. Take three observations at three 

different points and apply zero correction to get correct value of diameter. 

Calculate the mean diameter and then calculate the radius ‘r’ by dividing the 

diameter by 2 (r = d/2) 

Find the zero error in this figure? 
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Figure 4.6 

What is the reading in this figure? 

 

Figure 4.7 

Procedure: 

Take a fine thread about 100 to 150 cm long and rub it with cobbler’s wax to 

avoid rotatory motion of the bob due to the twists of the thread. Tie one end of the 

thread to the hook of the bob and other end between the spaces of the spilt cork 

and tie it firmly to an iron stand. Place the iron stand on the table in such a way 

that the bob is just a few centimeters (2 – 4) above the floor. Mark two points A 

and B at a distance of nearly 5cm as shown in the figure f. Take the bob to one of 

the points A or B and release it very gently. It will start vibrating. 

 

 

 

 

 

Figure 3.3 Simple Pendulum  
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Take a Stop Watch. Study its scales. Hold it in your hand. 

How to count vibrations? 

Watch the motion of the bob. When it just passes from the mark O, start the Stop 

Watch. When the bob crosses point O again in the same direction, one vibration 

has been completed. In the same manner, count 30 vibrations. Stop the watch just 

when the 30
th

 vibration has been completed. Note the time taken by the bob to 

complete 30 vibrations. Repeat it again without changing its length. Find the 

mean time for 30 vibrations. Calculate time- period T that is the time for one 

vibration. 

Measure the length of the pendulum (l = l1 + r). 

After noting T and l in the table, study the relation between them. 

Repeat experiment with different length and find l/T
2
 in each case. 

Check that l α T
2
 or l / T 

2
= Constant 

4.6 Post-Laboratory Activities 

Post-laboratory work is usually interpreted at the secondary / college science level 

as the preparation and submission of a written report. This is handed in marked by 

someone associated with the laboratory (science teacher, demonstrator etc.) and 

then returned to the student with a grade and some written comment. According to 

Bond, David Jeffery and Elizabeth, (1986), post – lab work gives the students an 

opportunity to demonstrate various skills of calculation, communication and 

application. Other form of post-laboratory activity, particularly interviews and 

discussions, can enhance student learning. Tamir (1977), in Bond (1986), 

reporting on a survey of one university and found that no post-laboratory 

discussions occurred between staff and students, which fact prompted the 

following statement: 
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The complete neglect of post-lab discussion is especially disturbing since this 

phase may serve as one of the best occasions for developing and practicing 

intellectual skills as well as for conceptualization and deeper understanding. The 

post-lab is essential for problem solving investigative labs. 

Tamir’s perception of the importance of post-lab discussions appears to be 

supported by evidence from laboratory courses in physics where the laboratory 

demonstrator at the end of the experiment interviewed by students at Bristol 

University. As one student said: 

……………. A quite penetrating discussion, the demonstrator usually manages to 

find something we are not clear on and quiz us about it……… so that by the end 

of the interrogation, we do end up getting a little bit more understanding about it. 

Bondet.al. (1986), states that post-lab interview is a valuable feedback device, as 

well as a means of developing students oral communication skills. Although 

interviews are valuable in these respects but they are also expensive to conduct in 

term of staff time. For this reason opportunities for post-laboratory interviews 

should be carefully selected and the interviews well planned. 

Zaman, (1996), Safdar (2010) and many other researchers have used post-lab 

work to develop the communication, calculation, manipulation, and problem 

solving skills in the students. 

There are two purposes of giving post-lab; the first purpose of introducing this 

post-lab is to relate the theory with the practical work (i.e. to verify laws, 

principles.) and to interlink the pre-lab knowledge with the post-lab knowledge. 

And the second purpose is to find the effects of pre-lab on the learning of the 

students. Post-lab problems should be chosen from the physics Text Book for 

secondary classes and from everyday life. According to Johnstone (1998), “the 

major purpose is to develop students’ interest in physics, to engage them more 

and relate the subject to their own experiences. This can help them to develop a 

better understanding of the subject (experiment).”  
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Post-lab developed for the experiment, “the simple pendulum” is presented 

below as a specimen. 

Name: _____________________  Roll No. ______________________ 

School: ___________________  Marks Obtained: _______________  

Max. Marks: 10.    Time: 30 Minutes. 

 

POST-LAB “THE SIMPLE PENDULUM” 

 

The following questions will help you to consolidate the work you did and help us 

to improve the teaching – learning process in the lab. 

(Part A)    (6x1 = 6) 

Read the statements carefully and tick (     ) the correct answer.    

1. The time- period of second pendulum is: 

 (a) 0.02 sec.   (b) 0.2 sec. 

 (c) 2.0 sec.   (d) 2.2 sec. 

2. A simple pendulum is made of plastic ball (as a bob) filled with water and 

have a hole in it. During the oscillation, due to the flow of water, its mass 

decreases. What will be the effect on the time- period of the pendulum? 

(Law of mass of simple pendulum) 

 (a) It will increase   (b) It will decrease 

 (c) It will remain same  (d) none of the, a, b, c. 

3. If the bob of the pendulum of given length is replaced by another bob of 

different material what will be the effect on the time -period of the 

pendulum? 

 (a) It will increase   (b) It will decrease 

 (c) It will remain same  (d) none of the, a, b, c. 
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4. If the oscillation of a simple pendulum of a given length became small. 

What will be the effect of smaller oscillations on the time- period of the 

pendulum? (Law of isochronisms) 

 (a) It will increase   (b) It will decrease 

 (c) It will remain same  (d) none of the, a, b, c. 

5. If we decrease the length of the simple pendulum. What will be the effect 

of length on the time- period of the pendulum? (Law of length) 

 (a) It will increase   (b) It will decrease 

 (c) It will remain the same (d) none of the, a, b, c. 

6. Second pendulum is one whose time-period is two seconds. What is its 

frequency? 

 (a) 0.5 Hertz   (b) 1.0 Hertz 

 (c) 1.5 Hertz   (d) 2.0 Hertz 

(Part B)         (2x1 = 2) 

Write the short answers (on the space given below) of the following questions.  

1. Will a pendulum of a clock that keeps correct time at Karachi, be accurate 

at the mountain K2. 

 ____________________________________________________________ 

 ____________________________________________________________ 

2. Give two examples of motion’s that are simple harmonic.  

 ____________________________________________________________ 

 ____________________________________________________________ 

(Part C)    (2) 

By using formula T = 2π   l/g. Find the value of g by taking the mean length (l) 

and the time-period (T) from your experiment you have just done. Is it 9.8 m/s
2
 

(approximately)?   
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Activity 4.2 

 Conduct an interview with a senior science teacher about the advantages 

of pre-lab activities. 

 

 Discuss with your peers as well as your  science teacher that why post-lab 

work is important? 

Self -Assessment Questions  4.2 

 Enlist different types of laboratory activities you know. How you can 

effectively organize in your physics lab? 

 

 There are different types of pre-lab activities, ranging from written 

assignment to Computer Assisted Learning (CAL) activity. Which one you 

would like to use in your own lab and why? 

 

 Post-labs are also of different kinds that are written report, post-lab 

discussions, post-lab interview etc. Which one you would like to use in 

your own lab for the improvement of practical work and why? 
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4.7 Paper Labs 

In many countries one of the features  of Science Education that sets it apart  from 

most other school  subjects is that it involves practical work or activities in which 

the students  manipulated observe real objects and materials. In countries with a 

tradition of practical work in School Science (Such as the UK) practical work is 

often seen by Teachers and others (Particularly Scientists) on central to the appeal 

and effectiveness of Science Education.  

We can understand the concept of paper lab in comparison with wet lab. 

Paper labs are those labs where chemicals are not used while making practical 

work or experiments. It can also be defined as  “ set of instructions (model)  on a 

paper  which facilitates the students  to perform the  practical and clarify  their  

concepts and ideas  about Science  contents. 

On the other handWet laboratories are those where chemicals, or other materials 

or Biological matter are handled in liquid solutions or volatile phases, requiring 

specialized direct ventilation, and  piped utilities (typically water and various 

gases).  

In chemistry, Biology, genetics the terms wet labs or wet laboratory distinguish 

classical bench top experiments handling Biological material from computer 

analysis or other theoretical work.  

Aims of Paper Labs 

In the context of achievements of learning outcomes /objectives, the laboratory 

work requires specific facilities/demands. Usually it is observed that mostly 

laboratories or wet labs are not equipped with required facilities therefore it is 

possible that some outcomes can be achieved through paper labs (paper based 

exercises). 

Hence, it is assumed that paper labs are not actual labs. The term “Paper 

laboratory” is used to describe the written instructions/ laboratory exercises. It is 

written laboratory exercises on paper which is not like the “Wet laboratories.” It is 

a type of medium to be used in High School /Secondary levels. 

The aim of the paper laboratory is to give alternative of wet laboratories. There is 

a need to train the School science Teachers and it is important to set clear goals. 

In Pakistan, there is very limited time for course teaching and wet lab 

experiments. Also majority of the Schools have no infrastructure for science 
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teaching and no trained science teachers are available, so paper labs may be 

introduced as alternative of the wet labs. Paper labs are not the actual labs but it 

can take into account and fulfill the needs of the students as they enter at 

Secondary level teaching. 

For Secondary School Chemistry lab work, paper lab may or may not be similar 

to the wet laboratories work. These aims can be   grouped in to the following 

themes (stated  by  Shah, 2004) 

1  To see something  of the way Science operates 

2 To think about practical problem solving. 

3 To understand theoretical Models and  their applications. 

4 To illustrate Chemical ideas. 

5 To understand the Procedure of experimental work. 

6 To find out the applications of scientific knowledge. 

7 Development of Paper Laboratories. 

4.8 Teacher’s Role in Conducting Practical Work/Lab 

Activities   

Science means, “Knowledge”, the knowledge gained through observation and 

experimentation. It is not only knowledge but a way of knowing called scientific 

method.  

The Holy Quran says that the role of the teacher is as a guide and the activity is 

always on the part of the learner. Learner will perform the practical and role of the 

teacher is as a guide. Look at the effectiveness of the teaching-learning process 

where Allah is the teacher and Abraham is the learner.  

See the translation of the verse number 260 of Surah Al Baqarah; and draw the 

conclusion about the role of the teacher in the practical work.     

And [mention] when Abraham said, "My Lord, show me how You give life to the 

dead." [Allah] said, "Have you not believed?" He said, "Yes, but [I ask] only that 

my heart may be satisfied." [Allah] said, "Take four birds and commit them to 

yourself. Then [after slaughtering them] put on each hill a portion of them; then 

call them - they will come [flying] to you in haste. And know that Allah is Exalted 

in Might and Wise." (2:260) 

Physics teacher require deep conceptual, procedural, and meta-cognitive 

knowledge of Physics not only to lead laboratory experiences that are designed 
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but also to lead a full range of laboratory experiences reflecting the range 

activities of scientists. 

 Physics teachers must possesses deep expertise to help students learn to 

use laboratory tools and procedures and to make observations and collect data. 

 It is necessary for the science teacher to play the role of the leader in 

designing the activities and the students follow the instruction to verify the 

laboratory activities. 

Suggested Answers 

Self-assessment Questions 1 and 2 

 To find the answer of the questions of self-assessment 1 & 2, consult the 

relevant part of the unit-4. 
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Introduction 

Assessment is an integral part of all learning. Ideally, it should inform the learner 

and the teacher both that to what extent they have achieved the desired learning / 

instructional objectives. It can direct and support future learning also. As a part of 

assessment, teacher provides feedback that helps the students to improve learning. 

Recent decades have witnessed significant developments in the field of 

educational assessment. New approaches to the assessment of student 

achievement have been complemented by the increasing prominence of 

educational assessment as a policy issue. In particular, there has been a growth of 

interest in modes of assessment in science particularly that promote, as well as 

measure, standards and quality. These have profound implications for individual 

learners, institutions and the educational system itself. 

It is an ongoing process of gathering, analyzing, interpreting, and reflecting on 

evidence to make informed and consistent judgments to improve future learning. 

Evaluation, in our schools is concerned with two major approaches to making 

judgment: 

1. PRODUCT EVALUATION: evaluation of students’ performance in a 

specific learning context (how well the students have achieved their 

learning objectives) 

2. PROCESS EVALUATION: making judgment about the process by which 

students acquire learning (T-L /instructional). It is used in making 

judgment about school effectiveness, classroom interaction (teacher-

students), the curriculum (of school), instructional method etc. 

In this unit the major focus is to provide you the opportunity to learn about why 

and how we assess the performance of the individuals in the physics classroom 

and laboratory. In the last section of this unit the focus is on how to develop a 

valid and reliable teacher made test to make the assessment more valuable. 
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Objectives 

After studying this unit, you will be able to: 

 define the terms: assessment, measurement and evaluation.  

 know the purposes of assessment. (Why we assess students’ learning in 

school?)  

 explain different modes of assessment. 

 apply different (assessment) procedures to assess the performance of the 

students in physics classroom and laboratory. 

 define and give examples of performance based assessment. 

 know about the qualities of a good test. 

 develop the test specification. 

 design different assessment procedures (teacher made test, post-lab 

activities).  
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5.1 Measurement, Assessment and Evaluation(A Brief 

Introduction) 

Measurement 

It is a process of obtaining a numerical description of the degree to which an 

individual possess a particular characteristic; answer the question “how much”.  

(Norman. E. G.) 

A process that attempts to obtain a quantified representation of the degree to 

which a pupil reflects a trait (Ahmann and Glock) 

Although measurement is a process that strives persistently to describe the degree 

to which a trait is possessed by a pupil in terms of number rather than words. But 

the measurement process is fundamentally descriptive. A teacher characterizes a 

forth class student as ‘tall’ ‘gifted’ and ‘overweight’. These are word descriptions 

of traits that are continuous. Measuring instrument can change tall to 190 cm. 

gifted to Stanford Binet IQ 140 and overweight to 65 kg. 

Measurement is the process of quantifying the degree to which someone or 

something possesses a given trait (quality, characteristic).It permits more 

objective description concerning traits and facilitates comparison. 

Definitely, the advantage of representing numbers rather than adjective is 

obvious. Because the things, personality traits, …  can only be compared 

numerically.  

What does the student’s score 12/20 mean? By itself, very little and requires 

interpretation to make it meaningful. It may mean that the student perform poorly 

as the average score is 15/20 or perhaps well because mean score is 08/20. Thus, 

12/20 that is quantification has little meaning and requires interpretation by the 

use of assessment. 

Assessment 

Assessment is the process by which information collected through testing, 

observation, measurement, and many other sources are analysed and interpreted to 

see the extent to which the students have achieved the set objectives. In other 

words it is a process of gathering information using a variety of tools and 

techniques that reflect how well a student is achieving Curriculum Objectives 

(SLOs etc.).It is a process of judging /deciding about the quality of some 

person… 
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Assessment is an integral part of all learning. Ideally, it should enhance learning. 

It should inform the learner and teacher. It can also direct and support future 

learning also. As a part of assessment, teacher provides feedback that helps the 

students to improve learning. 

Educational assessment is the process of gathering accurate and reliable 

information on the knowledge, understandings, attitudes and beliefs, skills of 

learners, and how well they can apply their understandings in everyday life.  

It is the form of educational research because it is concerned with obtaining valid 

reliable and verifiable information on the learning outcomes of those being 

assessed. 

It is an ongoing process of gathering, analyzing, interpreting, and reflecting on 

evidence to make informed and consistent judgments to improve future learning.  

“Assessment” is usually used in personality testing. 

Evaluation  

The systematic procedure of collecting, analyzing, and interpreting information to 

determine the extent to which pupils are achieving the instructional objectives: 

Answer the question “how good”.  (Norman. E. G) 

Evaluation is more comprehensive and inclusive term than measurement. 

Evaluation includes qualitative description (Her work was neat); and value 

judgment (He is making good progress in Arithmetic).Evaluation contains both 

measurement (testing) and non-measurement (observation) 

Evaluation=measurement & non-measurement + value judgment 

Evaluation, in our schools is concerned with two major approaches to making 

judgment: (1) Product Evaluation: evaluation of students’ performance in a 

specific learning context (how well the students have achieved their learning 

objectives) (2) Process Evaluation: making judgment about the process by which 

students acquire learning. 

Evaluation is used in making judgment about school effectiveness, classroom 

interaction (teacher-students), the curriculum (of school), instructional method 

etc. 

5.2 Purposes of Assessment  
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Before going to discuss the purposes of assessment, we have a look on different 

types of assessment; placement, diagnostic, interim, formative and summative. 

1. Placement Evaluation/Assessment 

It determines students’ performance at the beginning of the instruction; i.e. before 

instruction. It is concerned with the following question: 

Do the students possess the required knowledge and skills needed to begin the 

planned instruction? 

To what extent the student already mastered the objectives of the planned 

instruction? To what extent do the pupil’s interests, work habits, and personality 

traits indicate that one mode of instruction might be better than another (e.g. 

group study verses independent study? The objective of this evaluation is to 

match students’ with different programs (i.e. to place them in programs 

appropriate to their interests and abilities. 

2. Formative Evaluation/Assessment 
It is design to monitor the learning progress during the instructional process.  This 

type of evaluation provides us continuous information that can be used to modify 

the program (say B.Ed.) or process (teaching-learning process) and to improve its 

effectiveness and efficiency.  (More often teacher-made tests) 

3. Summative Evaluation/Assessment 
It is design to evaluate achievement of the students at the end of instruction. It is 

used to determine how well learning objectives were met(e.g. term tests, at the 

end of semesterand final examinations). Summative assessment isused to collect 

the information about the whole program and determine the effectiveness of the 

whole program.  

4. Diagnostic Evaluation/Assessment 
It is used to evaluate the learning difficulties, weaknesses or strengths of the 

individuals that are left unresolved by the formative evaluation in order to 

improve performance. Usually, standardized and teacher made tests are used to 

assess the learning difficulties. 

5. Interim Evaluation/Assessment 
Unlike summative assessments, which measure student achievement at the end of 

a course of study, interim or benchmark assessment are administered at intervals 

throughout a course of study. Interim assessments allow for predictions of how 

well students will perform on subsequent assessments, including summative 
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assessments. Like diagnostic and formative assessments, these tests can help 

teachers tailor instruction to students’ needs, and like summative assessments, 

these tests can demonstrate how well students have mastered the content from a 

sub-unit of study.  

The purpose of assessment is to gather relevant information about student 

performance or progress, or to determine student interests to make judgments 

about their learning process. It also encourages the understanding of teaching as a 

formative process that evolves over time with feedback and input from students. 

The purposes of assessment are directly related to its types; learn the purposes 

given below and relate it to the type of assessment you studied above.  

• Selection of subjects 

• Decision making 

• Feedback 

• Guidance and counseling 

• Use in administration(POSDCORB) 

• Promotion / demotion 

• Motivation / encouragement 

• Progress reporting 

• Program evaluation (appraisal) 

• Pass / fail 

• Grading ,Certification, Ranking, 

• what extent teacher has achieved the SLOs (CRT) 

• Placement within the group (NRT) 

• Curriculum evaluation, 

Assessments come in many forms in part because they serve many purposes, and 

those purposes often vary by the stakeholders they support. Students, parents, 

teachers, and school, district and state leaders may all be end users of the 

information provided by various assessments. For example, assessments can 

support the needs of students and parents, teachers and school administration, 

district and state, and curriculum developers and policy makers. 

• Teachers: can use and share information to communicate with parents and 

administration. 

• Students: can use results for making educational decisions. How well are 

they doing? 

• Parents: can use results for making educational decisions. 

• School administration: can use information to review and revise 

programs of studies. How well is the school doing? 

• Policy makers: can use information to future decisions. 
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• Curriculum developers:  can use information to evaluate and review 

curriculum. 

 

In the above discussion we reach on the conclusion that Assessment can be used 

in the following ways (or serve the following main purposes): 

1. for giving some feedback on teaching and learning; 

2. Can inform us how well our students are doing; 

3.  to award a grade on a course, certificate,  or degree; 

4. May be needed by administration;  

5. Above all, the prime purpose of classroom assessment is to improve the 

teaching-learning process. 

5.3 Classroom Assessment Techniques (Cats) 

Classroom assessment is an as activity or experience that provides information 

about student learning. Teachers learn about student progress not only through 

formal tests, examinations, and projects, but also through moment-by-moment 

observation of students in action. 

It is a systematic approach to formative evaluation, used by instructors to 

determine how much and how well students are learning. CATs and other 

informal assessment tools provide key information during the semester regarding 

teaching and learning so that changes can be made as necessary. "The central 

purpose of Classroom Assessment is to empower both teachers and their students 

to improve the quality of learning in the classroom" through an approach that is 

"learner-centered, teacher-directed, mutually beneficial, formative, context-

specific, and firmly rooted in good practice" (Angelo & Cross, 1993, p. 4). 

Angelo & Cross, (1993), in their book, Classroom Assessment Techniques, 

describe 50 Classroom Assessment Techniques (CATs)-simple tools (instruments, 

forms, strategies, activities) for collecting information on student learning in order 

to improve it. CATs are easy to design, administer and analyze, and have the 

added benefit of involving students in their own learning. They are typically non-

graded, anonymous in-class activities that are embedded in the regular work of 

the class. The 50 CATS are divided into three broad categories: 

 Techniques for assessing course-related knowledge and skills (that is 

assessing cognitive and psychomotor domain) 

 Techniques for assessing learner attitudes, values and self-awareness 

(assessment of affective domain) 
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 Techniques for assessing learner reactions to instruction 

Examples of Easy-To-Use Classroom Assessment Techniques (Cats) 

 The best known and easiest CATs are used to assess course-related 

knowledge in the physics classroom. (the factual knowledge, conceptual 

knowledge, procedural knowledge and meta cognitive knowledge) e.g. 

Define, energy, force, pressure, Newton’s third law of motion; 

differentiate between heat and temperature; write all steps of this 

experiment;    

 One-Sentence Summaries challenge students to answer the questions 

"Who does what to whom, when, where, how, and why?" about a particular topic, 

and then to synthesize those answers into a single, informative, grammatical, and 

long summary sentence. It allows you to find out how concisely, completely, and 

creatively students can summarize a large amount of information on a given topic.   

The format allows the teacher to scan and compare responses quickly and easily. 

This CAT gives students practice in using a technique for "chunking" 

information-condensing it into smaller, interrelated bits that are more easily 

processed and recalled-and makes it is easier for them to recall the information. 

To use: 

 Select an important topic (a ball is thrown upward and it come back; 

sum up its motion regarding change of energy) that your students have 

recently studied in your class and that you expect them to learn to 

summarize. 

 Students should be told to answer the questions, "Who Did/Does What to 

Whom, When, Where, How, and Why?" in relation to the topic. Providing 

a matrix with the questions ("Who?" "Does What?" etc.) listed down the 

left side of the page makes it easier for students to create the sentence. 

Some topics don't fit into this format described and the teacher may need 

to create a different pattern, such as, "How Does Who Do what and Why?" 

Teacher can evaluate their responses by marking each component (Who, 

What, How, etc.) with a zero, check, or plus. You can then make a matrix 

to represent the whole class's responses. This will tell you if students are 

having a more difficult time, for example, answering the "how" and "why" 

questions than the "who" and "what" questions. 

Who invented the diesel engine? 

Why athletes used spike? (Keeping in view the concept of Pressure) 

What is a scalar /vector quantity? 

How can we get resultant of three vectors zero? ………. 
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 Course-Related Self-Confidence Surveys are used to assess your students' 

levels of confidence in their ability to learn the skills and content of your 

course. This is especially important to know in some specific contexts: 

students' mathematical skills, their ability to speak in public, their athletic 

ability, etc. When you know the confidence levels of the students, and 

what affects their confidence, you can build assignments that build 

confidence. To use: 

1. Focus on skills or abilities that are important to success in the course. 

2. Make up questions to assess students' self-confidence in relation to these 

skills or abilities. 

3. Create a simple survey to gather the data. For example: (For each, 

indicate) How confident do you feel by the end of this physics course? 

Very confident Some what Not at all confident 

 Similarly we can assess the scientific attitude or attitude towards physics 

of the students by using 5 point Likert scale. 

S.A (Strongly agree);   A (agree);  UD (Undecided);  D.A (Dis Agree); SDA 

(Strongly Disagree)  

Statements SA A UD DA SDA 

The editor of well-known journal should 

not accept for publishing studies of 

beginners. 

     

One should be willing to change his idea 

if enough evidence shows that one’s idea 

is poor. 

     

Knowledge is promoted if every new idea 

is accepted immediately after it is 

reported. 

     

One should not criticize the work of 

others. 

     

It is better to accept the traditional beliefs, 

when there is a conflict between 

traditional beliefs and scientific 
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discoveries. 

To develop the habit of reasoning in the 

students is wastage of time. 
     

 Reading Rating Sheets and Assignment Assessments are used to assess 

learner reactions to instruction. Reading Rating Sheets are short, simple 

assessment forms that students fill out in response to their assigned course 

reading. The purpose is to provide teacher with feedback on students' 

evaluation of course readings. Teacher can use this CAT to find out how 

motivating, interesting, clear, and useful the readings are to your students. 

Assignment Assessments ask students to consider the value of 

assignments to them as learners. Teacher can use this technique to see 

assignments from the students' perspective; get feedback on difficulty 

level, learning value, and interest level of the project/assignment; and also 

motivate students to complete assignments because they know they will 

have an opportunity to assess the assignments. To use: 

1. Determine why you want students to rate the course readings or to assess 

an assignment and then write a few questions that will elicit the 

information you desire. 

Reading Rating Sheets 

 How much time did you spend reading this assignment? 

 How useful was this reading assignment in helping you understand 

the topic/concept? 

 How interesting (or clear, etc.) was the reading? Why? 

 Assignment Assessment: (about in-class example problems) 

 What do you like about the example problems? 

 Who do you not like about the example problems? 

 What specific changes would you suggest to improve the example 

problems? 

2. Make up a simple assessment form and give it to the students to complete 

in class or as homework. 

3. Use their feedback to improve the assignments you use. However, don't 

ask for feedback on assignments/readings that you are unwilling to 

change. 
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An Example of A More Complex Cat 

 Concept Maps are drawings or diagrams showing the mental connections 

that students make between a major concept stressed in class and other 

concepts they have learned. This technique provides an observable and 

assessable record of the students' conceptual schemata (the patterns of 

associations they make in relation to a given focal concept). Concept maps 

allow you to discover the web of relationships that your students bring to 

the task at hand-their starting points-and compare their understanding of 

relevant conceptual relations to your own. By literally drawing the 

connections they make among concepts, students gain more control over 

their connection making. They can scrutinize their conceptual networks, 

compare their maps to those of peers and experts, and make explicit 

changes. This CAT prompts students to consider how their own ideas and 

concepts are related and to realize that those associations are changeable. 

Some students will find this activity challenging and even frustrating. 

(Note: There are many resources on this topic on the web with sample 

concept maps). To use: 

1. Select a concept that is both important to understanding the course and 

relatively rich in conceptual connections to use as the stimulus or starting 

point for the Concept Map. 

2. Before class, create your own concept map to determine if the topic lends 

itself to the mapping process. 

Proceed to have your students draw their own maps, either individually or in 

groups. Give them the directions and show a simple example of a concept map. 

 Begin the process by brainstorming for a few minutes, writing down terms 

and short phrases closely related to the stimulus. 

 Draw a concept map based on your brainstorming, placing the stimulus in 

the center and drawing lines to other concepts. It can look roughly like a 

wheel with spokes, or it might take other forms such as a geographical 

map, a hierarchical chart, a flowchart, etc. 

 After sketching in the primary associations, move on to add secondary and 

even tertiary levels of association, if appropriate. 

 Determine the ways in which the various concepts are related to each other 

and write those types of relations on the lines connecting the concepts. 
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You can compare the students' maps to your own, being aware that they might 

come up with different elements and relationships. 
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Work Power and Energy 

Figure 5.1 

https://www.edu.gov.mb.ca/k12/cur/science/found/physics40s/section3.pdf
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5.4 Lab Assessment Techniques 

Different kinds of assessment are used to serve different purposes such as: 

 Portfolio assessments may include reflective journals, collections of 

laboratory reports or reviews of student investigations. These assessments 

may help illustrate student progress during an instructional unit or over a 

longer period of time.  

 Performance-based assessments are considered to be more appropriate 

for use with inquiry-based scientific learning than are paper and pencil 

tests (Doran et al.). These assessments require the student to approach 

problems as a scientist while handling equipment and materials. 

Performance assessments require that students construct, rather than 

select, responses. Performance items allow teachers to observe student 

behavior on tasks. Scoring can reveal patterns in student learning and 

thinking. Whether used as a pre-assessment, formative or summative 

assessment, performance-based assessment can measure students’ 

scientific inquiry skills and content knowledge.  

 Time series assessments help teachers track the development of student 

understanding throughout the duration of a lesson or unit. Students are 

asked the same question, individually or as a group, several times 

throughout a lesson. This design assists both students and teachers in 

identifying misconceptions and incomplete understandings. An advantage 

of this approach is that the teacher has several opportunities to analyze 

student learning, offering avenues for lesson modification and remediation 

prior to completion of the lesson or unit. This type of assessment offers 

data for evaluating both student learning and teaching effectiveness. This 

approach also fosters self-assessment, as students consider changes in their 

conceptions over time.  

 Predict-and-explain assessments ask students to apply scientific 

principles and evidence. Students are given information, asked to predict 

potential outcomes and evaluate their predictions. The evaluative process 

may include student-designed experiments. This assessment provides 

opportunities for students to practice being scientists by analyzing and 

solving real-world problems. Predict-and-explain assessments often 
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require students to repeat investigations to test hypotheses that were 

modified after initial experimentation (Liew & Treagust, 1998). 

 Concept mapping is an illustrated representation of a student’s cognitive 

understanding, with labeled nodes indicating concepts and labeled lines 

between nodes indicating relationships among concepts. Concept maps are 

particularly useful as assessments because they can measure both factual 

knowledge and conceptual understanding (Novak & Gowin, 1984). 

Concept mapping can be used as a pre-assessment, formative or 

summative assessment. 

 Concept map of the experiment “the simple pendulum; effect of mass and length 

of pendulum on the time period” is given below. 
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Mega Concept

Motion

Translatory

Motion

Random

Motion

Vibratory

Motion

Circulatory

Motion

Motion of a body

attached to spring

Simple Harmonic Motion

Motion of

simple

pendulumSecond Pendulum

Amplitude

Time Period

Frequency

 

Figure 5.2 

Self -Assessment Questions 5.1 

 Differentiate between assessment and evaluation with the help of suitable 

examples. 

 What are the main purposes of formative and summative assessment? 

 What kind of assessment techniques a teacher can use in the physics 
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classroom and laboratory?  

 Elaborate the post-lab and viva voce as assessment techniques  in the 

physics lab. 
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5.5  Effective Use of Different Tools and Methods in Assessing 

Students’ Performance in Physics 

Physics is the study of properties of matter and energy. It concerns both the 

macroscopic and microscopic state of matter.” In the broader sense, physics is that 

branch of physical science, which explains the property of matter and energy and 

the relationship between them.Physics has many branches because its domain has 

become so vast that it has become impossible for a man to have command of the 

subject of Physics as a whole. 

There are number of tools used in assessing the performance / achievement of the 

students. Here we will discuss those which are frequently used in teaching and 

learning of Physics. 

5.5.1 Oral Tests (Viva Voce)    

Dear students, you have ever appeared in the viva-voce/oral assessment in your 

science practical examination conducted by Educational Board or University. This 

is one way of measuring the performance of the students. And you also know that 

the important role for assessment is to help students understand how they learn so 

they may improve their own learning and thinking skills. 

Oral assessment might take the form of a presentation of the work you have done 

in the laboratory or viva voce examination at the end of experimental work. Some 

students find oral assessment an easier way of demonstrating learning outcomes 

than written assessment. However, oral assessment may present significant 

difficulties for students who are shy or not good orator/some speech impairment. 

Oral assessments are tasks designed to provide students with opportunities to 

develop and demonstrate their command of spoken presentation content 

(Heywood, 2000 p. 316) 

Why Oral Assessment? 

Oral communication skills are now a key part of what any school program aims to 

develop in its students.Particularly, in science subjects where teacher wants to 

verify that the students have actually done the practical work and understood the 

concepts involved in this process. “Effective communication” is therefore one of 

attributes of science students and research scholars. In most of the universities, the 

research scholars present their research work orally and answer the questions 

asked by the viva voce committee.     As well as being essential in many personal 

and professional contexts, the capacity to express, justify and defend ideas and 

opinions, to engage in discussion with peers and to learn from the ideas of others 
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are some of the most significant aspects of the university experience. However, 

unless oral communication skills are explicitly addressed through course and 

program assessment there is a strong possibility that their development will be 

assumed rather than systematically addressed. As assessment is generally believed 

to define the curriculum for students, when oral communication skills are omitted 

from the formal assessment program it is unlikely that students will invest time or 

effort in their acquisition. 

Benefits of Oral Assessment 

 allowing students to research, prepare and present findings in a context 

similar to that of their future work  

 Lending itself readily to group presentations, thereby making it well suited 

to those group-base assessment tasks that reflect ‘real life’ teamwork.  

 providing an assessment experience that is more personal, more 

challenging, and more engaging than other forms of assessment  

 Allowing academics to probe understanding through follow-up questions 

which encourages deep approaches to learning.  

 Balancing and developing student strengths. Some students will perform 

better in oral than in written formats. For other students, oral assessment 

provides an opportunity to develop important oral skills.  

 Countering plagiarism. The questioning component of oral assessment 

discourages plagiarism and allows a quick check on who has contributed 

appropriately to group work or individual work; while a short oral 

component attached to written work can confirm student authorship.  

 Perceive a greater need to understand the material they are studying when 

preparing for oral rather than written forms of assessment when they 

expect their understanding to be probed through questioning either by 

peers or other assessors  

 are less inclined to present ideas they do not understand  

 report oral assessment as a more personal experience which makes them 

feel more ownership of the material presented and more accountable to the 

assessor.  

 Orals also have great feedback potential and marking can be fast. 

 

Effective oral assessment, like all other modes of assessment must adhere to the 

criterion-referenced approach: In particular: 

 Assessment tasks must be congruent with course learning objectives  

 Two different forms of assessment must be used  
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 Students must be provided in advance with the criteria and standards to be 

used as the basis of assessment judgments  

Feedback must be provided on all pieces of assessment; feedback must be timely 

and offer students constructive advice on how to work towards intended course 

learning outcomes. 

The process of practical work has five stages which are widely known as forming 

a valid and satisfactory framework within which practical skills are to be 

developed and assessed. (a) “Recognition and formulation of the problem. (b) 

Planning and designing of an investigation in which the student predicts the 

results; Formulates hypotheses and designs procedures. (c) Carrying out the 

experiments in which the students makes decisions about investigative techniques 

and manipulates materials and equipment. (d) Observational and measuring skills. 

(e) Analysis, application and explanation in which the student processes data, 

discusses results, explores relationships, and formulates new questions and 

problems. 

5.5.2 Written Tests (Objective Vs Subjective)    

Written tests are widely used in assessing the achievement / performance of the 

individuals at all levels and grades all over the world. These types of assessment 

tools have the ability to measure the performance / achievement from lower level 

thinking skills (knowledge, comprehension, application) to higher order thinking 

skills (analysis, synthesis, evaluation). These tests are administered on paper or on 

a computer (as an e-Exam). A test taker who takes a written test could respond to 

specific items in specific time by writing or typing within a given space of 

the test or on a separate answer sheet. 

A written test or examination (formal / informal / non-formal) is a measurement 

tool intended to measure candidate’s knowledge, attitude or skill. A test 

administered to the candidates individually or to a class or to a large group 

(educational Boards exam) verbally, on paper, or in a predetermined area that 

requires a test taker to demonstrate or perform a set of skills. A test may be 

administered formally or informally.  

An example of an informal test would be a reading test administered by a parent 

to a child. A formal test might be a summative test / end of a semester / 

competitive exam, etc. administered by a teacher in a classroom or an authority or 

I.Q. test administered by a psychologist. Formal testing often results in a marks 

achieved by the examinee/ grade/ GPA. A test score may be interpreted with 

regards to a Norm (NRT) / Criterion (CRT) or occasionally both.  
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We can classify the written tests in a number of ways but will discuss only the 

first type.  

1. Objective vs subjective 

2. Teacher-made vs standardized tests   

3. Criterion reference test (CRT) vs Norm reference test (NRT) 

Objective Type Test is one in which the biased of the examiner not entered at 

the time of marking / assessment while in subjective type test the biased of the 

examiner entered at the time of marking / assessment. 

In objective type test the students have to select the answer but in subjective type 

the students have to produce the answer. That is why the biasedness intervenes at 

the time of assessment which is uncontrollable. 

Objective assessment / test is a form of questioning which has a single correct 

answer while Subjective assessment / test is a form of questioning which may 

have more than one correct answer (or more than one way of expressing the 

correct answer). 

Objective type tests are difficult to develop but easy to evaluate while subjective 

type tests are easy to construct but difficult to evaluate. 

Objective tests ensure perfect objectivity in scoring, can be scored objectively 

and easily and take less time to answer than an essay test. Subjective items are 

generally easier and less time consuming to construct than are most objective test 

items. Different readers can rate identical responses differently; the same reader 

can rate the same paper differently over time. 

The objective tests evaluate the technical skills and aptitude; subjective tests 

assess the conceptual understanding of the subjects. 

Objective tests are of True-False, Matching or a multiple-choice format where 

each question comes with four unique answers to choose from, while subjective 

tests involve a detailed description of the concept asked in the questions. 

The major advantages of subjective tests include: 

1. Evaluates candidate’s understanding of the subject and its concepts 

2. Understand the thinking and problem-solving ability of the candidate 

3. Evaluate how each candidate approach the same question and select the 

one with the best approach 

4. Evaluates the writing and communicating ability of the candidate 

The major disadvantages of subjective tests include: 

https://en.m.wikipedia.org/wiki/Test_(assessment)
https://en.m.wikipedia.org/wiki/Test_(assessment)
https://en.m.wikipedia.org/wiki/Test_(assessment)
https://en.m.wikipedia.org/wiki/Test_(assessment)
https://en.m.wikipedia.org/wiki/Test_(assessment)
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1. Consumes a lot of time since candidates should be given sufficient time to 

attempt 

2. Designing subjective tests requires a lot of efforts since the subject matter 

experts have to come with the right type of questions 

3. Subjective tests may have to be conducted offline, in the traditional way, 

since online tests can be hard  to prepare 

4. In the case of coding questions, the students can trick the coding tool or 

software used by the company to come to the right answer without 

actually being aware of how to solve it 

5. Only a few candidates can take subjective tests at a time to keep the entire 

session foolproof. 

6.  

The major advantages of Objective tests include: 

1. Can be conducted online or offline easily 

2. Easy to set a time limit, and also give ample time to attempt 

3. Can include a large number of questions which test for multiple concepts 

of a subject 

4. Easy to evaluate and present scores 

5. A large number of students can be accommodated to attempt the test at 

one time 

6. It is completely unbiased 

7.  

The major disadvantages of an objective test include: 

1. It cannot check in-depth knowledge of a candidate 

2. The tests do not evaluate the candidate’s language or writing skills 

3. Scope of guesswork leads to average candidates getting shortlisted for the 

interview round. 

 

5.5.3 Self-Assessment / Peer-Assessment  

Self-Assessment 

In social psychology, self-assessment is the process of looking at oneself 

(introspection; look into yourself) in order to assess aspects that are important to 

one's identity. It is one of the motives that drive self-evaluation, along with self-

verification and self-enhancement. (Wikipedia)  

Student self-assessment involves students in evaluating their own work and 

learning progress. Self-assessment is a valuable learning tool as well as part of 

an assessment process. Through self-assessment, students can: identify their own 

skill gaps, where their knowledge is weak. 
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In UK, self-assessment is essential to scientific literacy as stated by the National 

Research Council Committee on Conceptual Framework for the New K-12 

Science Education Standards and has since been incorporated into the Next 

Generation Science Standards. However, little empirical evidence documents 

which instructional tools are beneficial in improving students’ self-assessment in 

science learning.  

Here are few tips that will help improve this skill: 
1. Ask questions to yourself. An important aspect of self-assessment is the 

ability to ask questions.  

2. Write down clear-cut objectives. Although the self-assessment is the 

hardest thing of the entire process yet it can be made valid when you 

become unbiased and objective. 

3. Develop a personal grading system and try to fit yourself in it; where am I 

standing. 

Peer Assessment  

In peer assessment, a collaborative learning technique is used in which students 

evaluate their peers' work and have their work evaluated by peers. This 

assessment technique is often used as a learning tool to improve the instructional 

process. In contrast with self-assessment where focus is on improvement of self-

learning, peer assessment gives students feedback on the quality of their work, 

often with ideas and strategies for improvement. 

Peer assessment is an educational activity in which students judge the 

performance of their peers either in the physical science laboratory or classroom. 

Peer assessment can take different forms depending on the characteristics of its 

implementation, the learners and the learning context (physics lab, science 

classroom, real situation like thermal, hydroelectric power plants, etc.). 

The basic point in peer assessment is that the teacher and the participants (both 

students and colleagues) understand the purpose of peer assessment and what is 

expected of them. They must be clear about the objectives behind this assessment. 

Peer assessment involves students taking responsibility for assessing the work of 

their peers against set assessment criteria. 

Peer assessment is an important tool in enabling students to develop as 

independent learners. Independent learners are able to self-assess effectively and 

to use met cognitive skills to regulate their own learning. To be successful, you 

need to consider the conditions that impact on self-assessment or peer-assessment. 
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We can concluded from the above discussion that both the tools that is 

peer and self-assessment, can encourage students to take greater responsibility for 

their learning, for example, by encouraging engagement with assessment criteria 

and reflection of their own performance and that of their peers. 

5.5.4 Post Lab Activities 

Post-laboratory work is usually interpreted at the secondary / college science level 

as the preparation and submission of a written report. This is handed in marked by 

someone associated with the laboratory (science teacher, demonstrator etc.) and 

then returned to the student with a grade and some written comment. Post – lab 

work gives the students an opportunity to demonstrate various skills of 

calculation, manipulation, communication and application. Other form of post-

laboratory activity, particularly interviews / viva-voce and discussions, can 

enhance student learning. 

Post-lab interview is a valuable feedback device, as well as a means of developing 

students’ oral communication skills. Although interviews are valuable in these 

respects but they are also expensive to conduct in term of staff time. For this 

reason opportunities for post-laboratory interviews should be carefully selected 

and the interviews well planned. 

The first purpose of introducing the post-lab is to relate the theory with the 

practical work (i.e. to verify laws, principles.) and to interlink the pre-lab 

knowledge with the post-lab knowledge. The second purpose is to develop 

students’ interest in physics, to engage them more and relate the subject to their 

own experiences. This can help them to develop a better understanding of the 

subject (experiment).” 

5.5.5 Teacher Made Test       (Planning Preparation Tryout Administration)  

Tests play a central role in the assessment of students’ learning. They provide 

relevant measures of many important learning outcomes and indirect evidence 

concerning others. The validity of the information they provide, however, 

depends on the care goes into the planning and preparation of the tests.  

Developing a good test requires a lot of expertise. Developing valid, reliable and 

useful tests is greatly enhanced if a series of steps is followed: 

1. Determining the purposes of testing 

2. Developing the test specifications 

3. Selecting the appropriate item types 
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4. Preparing relevant test items 

5. Assembling the test 

6. Administering the test 

7. Appraising the test 

8. Using the test scores 

 

GOAL: Improved learning and instruction 

In the view of Safdar (2010) Teacher made test should pass through the following   

four phases: (1) Planning Phase (2) Preparation Phase (3) Try-out Phase, and (4) 

Administration/evaluation Phase. (PPTA) 

Planning Phase                         

The tests, in this phase, are planned keeping in view the concepts of validity, 

reliability and usability by answering the questions: 

What objectives are to be measured?  

What and how much content area (theoretical and practical) is covered?  

How much weight age in the test is given to each objective of the Blooms 

Taxonomy?  

How many types of test-items/problems/questions are to be included?   

How long my test will be?  

To answer these questions a two way chart /table of specification should be 

prepared. While planning the test, all the cognitive aspects (levels) of the 

educational objectives (Bloom’s 1956) should be taken into consideration. 

Preparation Phase 

At this stage, write the objectives at the top of the two-way chart (table of 

specification) while the contents on the left column of the two way chart. Keeping 

in view the weightage given in the specification table, develop the test-

items/problems/questions (objective & subjective). Try to take the items/problems 

from the content of the course and from everyday life. While writing the test 

items, keep in mind the level of the students, subject and the language used. The 

language of the items/problems should be clear, unbiased and unambiguous.  The 

language should be soclear that there should not be any difference in the 

understanding of the examiner, the teacher, and the examinee. 

After the preparation of each test item, discussed with the experts in the field of 

science education to know their opinion about the validity of the test, format, 

language and their distracters. On the basis of their opinion and suggestions, 

improve the test items. 
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Try-out Phase      

After the discussion with the experts, the tests should be pilot tested on the very 

small group. After getting feedback, the tests should be improved through the 

selection, substitution and revision of test items/problems and by using the item 

analysis procedure.  

Administration Phase   

After the improvement of the test, now it is ready for administration. After the 

completion of administration, the test is ready for evaluation as per criteria 

mentioned in marking scheme. After the completion of marking (of answer 

sheets), the marks achieved by the students should be kept in the record file of 

each student for reporting/further (statistical) procedures. 

In the development and use of classroom assessment tools, certain issues must be 

addressed in relation to the following important criteria.  

A. Purpose and Impact:  How will the assessment be used and how will it 

impact instruction and the selection of curriculum? 

B.  Validity and Fairness: Does it measure what it intends to 

measure? Does it allow students to demonstrate both what they know and 

are able to do? 

C.  Reliability: Is the data that is collected reliable across applications 

within the classroom, school, and district? 

D.  Significance: Does it address content and skills that are valued by 

and reflect current thinking in the field? 

E.  Efficiency: Is the method of assessment consistent with the time 

available in the classroom setting?  

There is a wide range of assessments that are available for use in restructuring 

science assessment in the classroom. These types of assessments include 

strategies that are both traditional and alternative. The various types of alternative 

assessments can be used with a range of science content and process skills, 

including the following general targets.  

Declarative Knowledge— the "what" knowledge  

Conditional Knowledge— the "why" knowledge  

Procedural Knowledge— the "how" knowledge  
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Application Knowledge— the use of knowledge in both similar settings and in 

different contexts  

Problem Solving— a process of using knowledge or skills to resolve an issue or 

problem  

Critical Thinking— evaluation of concepts associated with inquiry  

Documentation— a process of communicating understanding  

Understanding— synthesis by the learner of concepts, processes, and skills  

Assessment can be divided into three stages: baseline assessment, formative 

assessment, and summative assessment. Baseline assessment establishes the 

"starting point" of the student's understanding. Formative assessment provides 

information to help guide the instruction throughout the unit, and summative 

assessment informs both the student and the teacher about the level of conceptual 

understanding and performance capabilities that the student has achieved. The 

wide range of targets and skills that can be addressed in classroom assessment 

requires the use of a variety of assessment formats. Some formats, and the stages 

of assessment in which they most likely would occur, are shown in the table 5.1.  

TABLE 5.1 

ASSESSMENT FORMATS 

Format Nature/Purpose Stage 

Baseline 

Assessments 

Oral and written responses based on individual 

experience 

 

Assess prior knowledge 

Baseline 

Paper and Pencil 

Tests 

Multiple choice, short answer, essay, 

constructed response, written reports 

 

Assess students acquisition of knowledge and 

concepts 

Formative 

Embedded 

Assessments 

Assess an aspect of student learning in the 

context of the learning experience 
Formative 

Oral Reports Require communication by the student that Formative 
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demonstrates scientific understanding 

Interviews 
Assess individual and group performance 

before, during, and after a science experience 
Formative 

Performance 

Tasks 

Require students to create or take an action 

related to a problem, issue, or scientific 

concept 

Formative and 

Summative 

Checklists Monitor and record anecdotal information 
Formative and 

Summative 

Investigative 

Projects 

Require students to explore a problem or 

concern stated either by the teacher or the 

students 

Summative 

Extended or 

Unit Projects 

Require the application of knowledge and 

skills in an open-ended setting 
Summative 

Portfolios 

Assist students in the process of developing 

and reflecting on a purposeful collection of 

student-generated data 

Formative and 

Summative 

It is clear that different kinds of information must be gathered about students by 

using different types of assessments. The types of assessments that are used will 

measure a variety of aspects of student learning, conceptual development, and 

skill acquisition and application. The use of a diverse set of data-collection 

formats will yield a deeper and more meaningful understanding of what children 

know and are able to do, which is, after all, the primary purpose of assessment. 

 Self -Assessment Question 5.2 

 How a physics teacher can effectively use different assessment methods to 

assess students’ performance? 

 Write the merits and demerits of objective and subjective type assessment. 

 Differentiate between self-assessment and peer assessment. 

 Elaborate all the phases of teacher made test. 
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Suggested Answers 

Self-Assessment Questions 1 and 2 

 To find the answer of the questions presented in self-assessment 1 & 2, 

consult the relevant part of the unit-5. 
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Introduction 

Dear students, in the first five units we have discussed about the nature of physics, 

its scope and importance in the teaching and learning. You are also equipped with 

different teaching methods and techniques to implement the lesson plan in the 

physics classroom and laboratory. In the next coming units you will learn how to 

teach the physics content effectively and efficiently. Most of the lessons will be 

presented by the use of Meaningful learning model of David Ausubel (some time 

called expository teaching). Other teaching models/methods are also used to 

clarify the concepts because there is not a single best method ever developed.  

The secondary school education is terminal stage because most of the students 

after completing the secondary level left their further study due to certain reasons 

and join in different departments as working force.  

After passing this level, 25% students take up physics, as a discipline, with a 

purpose of pursuing their future careers in basic sciences or pre-professional 

courses like medicine, engineering and technology at the higher level. Hence, 

there is a need to provide the learners with sufficient conceptual background of 

physics which would eventually make them competent to meet the challenges of 

academic and pre-professional courses after the secondary level. 

In this unit, you will learn the basic concepts of physics and how to deliver these 

concepts in the physics classroom. The discussion about these topics is presented 

in the light of different teaching strategies used by the educationist and 

psychologists to make the teaching more effective. 
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Objectives 

After studying this unit, you will be able to: 

 comprehend the meaning and application of scalars and vectors in solving 

everyday life problems;  

 differentiate between the terms and concepts speed and velocity; mass and 

weight; rest and motion. 

 define “g’ and “G”. 

 describe the concept of force by giving examples from daily life;  

 describe using examples how objects can be at rest and in motion 

simultaneously. 

 identify different types of motion i.e. translatory, (linear, random, and 

circular); rotatory and vibratory motions and distinguish among them. 

 explain the effect of friction on the motion of a vehicle in the context of 

tyre surface, road conditions including skidding, braking force. 

 demonstrate that rolling friction is much lesser than sliding friction. 

 list various methods to reduce friction. 

 describe the concepts; torque, work, equilibrium, states and condition of 

equilibrium; and their use in daily life. 
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6 Background of Meaningful Learning Model / Expository 

Teaching     

“To learn meaningfully, students must relate new knowledge (concepts, 

proposition, rule, principles) to what they already know.”  David Ausubel 

proposed a pedagogical strategy of using advance organizer, a way to help 

students link their ideas with new material or concepts. Advance organizers can 

be verbal phrases, a graphic, a model, or a question. In any case, the advance 

organizer is designed to provide, what cognitive psychologists called “mental 

scaffolding” to learn new information. 

The major idea of Ausubel presented in his teaching method (meaningful learning 

model / expository teaching) is that the most important factor influencing learning 

is the quantity, clarity and logical organization of a learner’s present knowledge. 

This present knowledge is referred to as his cognitive structure. Ausubel (1968) 

stated that if I had to reduce all of educational psychology to just one principle; “I 

would say this: the most important single factor influencing learning is what the 

learner already knows”, ascertain this and teach him accordingly. Novak (1980) 

agreed that the theory of Ausubel is applicable and more powerful for teaching 

science education than the developmental psychology of Piaget. 

 The major instructional mechanism proposed by Ausubel is the use of advance 

organizers: “These organizers are introduced in advance of learning itself.” 

Organizers may be of different kind but the researcher used this concept in the 

form of a question /a diagram/a model/ structure of a discipline. Ausubel (1968) 

stated, “In any case the advance organizers are designed to provide the “mental 

scaffolding” to learn new knowledge (information).      Ausuble’s theory consists 

of three phases (i) presentation of an advance organizer (ii) presentation of 

learning task or material and (iii) strengthening the cognitive organization through 

integration and differentiation (by the use of examples and non-examples).”  

In the light of Ausubel’s teaching model the content of some physics concepts are 

being developed and presented below to make the learning more meaningful. His 

model consists of three phases. 
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Table 6.1  Phases of Ausubel’s Teaching model 

Phase One: 
Presentation of Advance 

Organizer 

Phase Two: 

 Presentation of Learning 

Task or Material 

Phase three: 

Strengthening Cognitive 

Organization 

 

Clarify aim of the lesson 

Concept mapping 

Present the organizer 

Relate organizer to 

students’ knowledge 

 

Make the Organization of 

the new material explicit.  

Make logical order of 

learning material explicit. 

Present material and 

engage students in 

meaningful learning 

activities.  

 

Relate new information 

to advance organizer 

 

Promote active reception 

learning. 

 

6.1 Scalars and Vectors 

Learning Objectives  

You will be able to: 

 To differentiate between Scalars and Vectors quantities. 

Phase One: 
Presentation of Advance 

Organizer 

Phase Two: 

Presentation of Learning 

Task or Material 

Phase three: 

Strengthening 

Cognitive 

Organization 
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 Students mind it that 

‘Vectors’ is not the 

branch of physics but of 

mathematics. In physics 

we use it as a tool. 

 Most of the concepts we 

discuss in this chapter 

have a mathematical 

basis.  

 Although our emphasis 

will often be upon the 

conceptual nature of 

physics, we will give 

substantial and 

persistent attention to its 

mathematical aspect. 

 Class tell me:  

we measure mass in ---------

--- 

Petrol in liters-------------- 

Distance in------------------ 

The sun rises in the --------- 

All things fall in the---------

--direction (upward or 

downward)  

In 100 meter race, the 

athletes run towards the 

finishing line. 

 

Students, today we will learn 

about two concepts; 

scalars and vectors. 

 Scalars are those 

quantities that are fully 

described by a magnitude 

(numerical value) along 

with suitable unit. e.g. 

Mass of sugar = 5 kg 

Volume of gas= 3.5 L 

In the above example, 5 and 

3.5 is magnitude; kg and 

L are suitable units to 

describe the physical 

quantities. 

 

 Vectors are those 

quantities that are fully 

described by both a 

magnitude and a direction 

along with suitable unit. 

e.g. 

Velocity of the car = 80 

kmh
-1

    northward. 

Weight of the free falling 

body =5 N in down ward 

direction. 

In the above example, 80 and 

5 is magnitude; kg and L are 

suitable units and downward, 

Northwardare the directions 

to describe the physical 

quantities. 

Which are true 

statements and 

which are not? 

1. A vector is a 

large quantity 

and a scalar is a 

small quantity. 

2. A scalar 

quantity has a 

magnitude and 

a vector 

quantity does 

not. 

3. A vector 

quantity is 

described with 

a direction and 

a scalar is not. 

4. Scalar 

quantities are 

path dependent 

quantities and 

vector 

quantities are 

not. 

5. Scale on 

thermometer is 

a vector 

quantity. 

 Name at least 

five scalars and 

five vector 

quantities. Also 

write their 

symbols. 
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6.2 Speed and Velocity 

Learning objectives:   

You will be able to: 

 To differentiate between Speed and Velocity 

 Define average speed and velocity 

Phase One: 
Presentation of Advance 

Organizer 

Phase Two: 

Presentation of Learning 

Task or Material 

Phase Three: 

Strengthening 

Cognitive 

Organization 

 Students, yesterday 

we studied about 

scalar and vectors.  

 Distance is the space 

or length between two 

points. It is a scalar 

quantity that refers to 

"how much ground an 

object has covered" 

during its motion. 

 Displacement is the 

shortest distance 

between two points. It 

is a vector 

quantity that refers to 

"how far out of place 

an object is"; it is the 

object's overall 

change in position. 

 In 100 meter race, the 

athletes run towards 

the finishing line. Is 

this a distance or 

displacement? 

 Students look at the 

wall clock. What is 

the smallest unit of 

time it shows? 

Students, today we will 

learn about two more 

concepts; speed and 

velocity. 

Speed is the distance 

travelled by a body in one 

second / unit time. 

 

It is scalar quantity. 

 

It tells us that how fast an 

object is moving. 

It is also defined as rate of 

change of position (with 

same direction) 

 
Speed can be thought of as 

the rate at which an object 

covers distance. 

 

The unit of speed is m/s. 

 

Velocity is the distance 

travelled by a body in one 

second in a particular 

direction. 

 

It is also defined as “ rate of 

A person walks 4m 

towards East and 

completes its journey 

in 4 s, 2m South in 2s, 

4m West in 4s and 2m 

towards North in 2s. 

 

1. What is the 

average speed of the 

person?  

2. Is his velocity 

zero? If not then 

why? If yes, then 

how? 

 

http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
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 Sir, second; yes 

thanks. 

 And tell me that the 

unit of length is—

kilometer 

 If we measure the 

small length then we 

use mm, cm, m.   

 

change of displacement” 

 

It is a vector quantity 

 

The unit of velocity is also 

m/s or km/h. 

 

 Students, think that 

when you come to school, 

you often undergo changes 

in speed. During journey to 

school, you walk slowly, 

some time you become fast 

to reach in time. Some time 

you may stay on the shop to 

buy a notebook. Hence we 

calculate average speed and 

velocity.  

 The average speed 

during the motion is often 

computed using the 

following formula: 

 

 
In contrast, the average 

velocity is often computed 

using this formula 

 
Q.   On long week end, 

Safdar traveled from 

Islamabad to Lahore by 

motor way and traveled a 

total distance of 350 km. He 

took 3.5 hours. What was her 

average speed? 

 Sol:   To compute her 

average speed, we simply 

divide the total distance of 
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travel by the time of travel. 

v = d/t 

v = 350/3.5 km/h 

v = 100 km/h 
 

6.3 Mass and Weight 

Learning objectives:  You will be able to: 

 To differentiate between Speed and Velocity 

 To find the relation between mass and weight 

  Phase One: 

Presentation of Advance 

Organizer 

Phase Two: 

 Presentation of Learning 

Task or Material 

Phase three: 

Strengthening 

Cognitive 

Organization 

 In the last session, we 

study about scalars and 

vectors; 

Q. Is mass a scalar 

quantity? 

Q.  What about Force and 

weight? 

 Ok. Mass is a scalar 

quantity but force is a 

vector. 

 Definitely weight is a 

force so it is also a 

vector. 

 Although our emphasis 

will often be upon the 

conceptual nature of 

physics, we will give 

substantial and 

persistent attention to 

its mathematical aspect. 

 

Students, today we will learn 

about two concepts in which 

you are very much familiar;  

Mass and Weight. 

The mass of an object refers 

to the amount of matter that 

is contained by the object; 

while the weight of an object 

is the force of gravity acting 

upon that object. 

 

 Mass is related to how 

much material is there and 

weight is related to the pull 

of the Earth (or any other 

planet) upon that material. 

 

 The mass of an object 

 Write 5 

differences 

between mass 

and weight. 

 

 Is value of mass 

different at the 

center of earth 

and on the 

poles? 

 

 Is value of mass 

different at the 

center of earth 

and on the 

poles? 

 

 Do all the 5 

numerical 

problems given 

in the textbook 

on your 
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(measured in kg) will be the 

same no matter where in the 

universe either on mountain 

or at sea level. 

 Mass is never altered by 

location, the pull of gravity, 

speed or even the existence 

of other forces. For example, 

a person’s mass is 70-kg 

whether it is located on 

Earth, the moon, or Jupiter; 

its mass will be 70 kg 

whether it is moving or not 

(at least for purposes of our 

study); and its mass will be 

70 kg whether it is being 

pushed upon or not. 

The weight of an object is 

measured in Newton because 

it is a force. 

It will vary according to its 

position in the universe. 

Weight depends upon which 

planet is exerting the force 

and the distance the object is 

from the planet.  

Weight, being equivalent to 

the force of gravity, is 

dependent upon the value 

of “g”- the gravitational field 

strength. On earth's 

surface g is 9.8 N/kg (often 

approximated as 10 N/kg). 

On the moon's surface, g is 

1.7 N/kg.  

notebook. We 

will discuss 

these in the class 

tomorrow. 

 Allah Hafiz.   
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The relationship between 

mass and weight is w = mg 

 Weight is calculated 

by using the formula: 

w = mg 

 Mass is calculated 

by the formula: 

F = ma 

m = F/a 
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6.4 Rest and Motion 

You will be able to: 

 To differentiate between Rest and Motion. 

  Phase One: 
Presentation of Advance 

Organizer 

Phase Two: 

Presentation of Learning 

Task or Material 

Phase Three: 

Strengthening 

Cognitive 

Organization 

 Students;how are you? 

Hope fine. 

 Class tell me:  

 Do you find every day 

your school building, 

your class room on the 

same place?  

 Are school building 

changes its position 

every day? 

 No, sir.  

 But why? 

 Sir, building is at rest. 

 Do you think that the 

earth is revolving 

around the sun? 

 Yes sir, true. 

 Building is part of 

earth. If earth is moving 

then how it possible is 

that school building will 

be at rest. 

 Think, and write your 

answer on your note 

book. (You have 5 

minutes). 

 Our today’s topic is rest 

and motion. 

 Teachers listens 

students’ concept about 

Students, today we will learn 

about two concepts; rest 

and motion. 

 A body is said to be 

at rest if it doesn't change 

its position with respect 

to its surroundings. 

 A book on the table is at 

rest until and unless it is 

displaced by a person (by 

the application of force). 

 The electricity pole fixed 

in the ground is at rest 

because the pole doesn’t 

change it position with 

respect to other things 

around it. 

 The other examples 

ofrest include: sleeping, 

sitting, standing, staring, 

lying, a fixed clock, a 

stopped car. 

 

  While a body is said to 

be in motion if it 

continuously changes its 

position with respect to 

its surroundings. 

 A moving train is in 

motion because it 

changes its position with 

 Can a body be 

in the state of 

absolute rest are 

absolute 

motion? Explain 

with the help of 

an example. 

 

Rest and motion 

are always relative. 

A body cannot 

exist at a state of 

absolute rest or 

absolute motion. 

For example, two 

persons sitting in a 

moving bus are at 

rest with respect to 

each other but are 

in motion with 

respect to a person 

standing on the 

roadside. Further, 

trees, buildings, 

etc.on the surface 

of the Earth appear 

to be at rest but 

infact they are in 

motion as the Earth 

revolves around the 

Sun. Thus, there is 
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rest. And start 

instructional process. 

respect to its surrounding. 

 Class gives me at least 

two examples of rest and 

motion. 

 The examples of motion 

include: running, cycling, 

jumping, swimming, 

eating, drinking, playing, 

writing, typing, moving 

cars, throwing ball. 

no object which 

can be considered 

to be at absolute 

rest. Hence, rest 

and motion are 

relative terms not 

absolute. 

 

Self-Assessment Questions  6.1 

Answer the Questions and Solve the Problems 
1.     Differentiate between scalars and vectors by giving two examples of each. 

2.    Difference between speed and velocity; Also write their mathematical 

formulas.  

3.     Generally, the mass and weight are considered the same terms; is it? If not 

then how?  

4.    Is there any absolute rest or motion?  

5.     Are the mass and weight of a body remain the same on moon as on earth?  

6.     Write 5 scalars and 5 vectors quantities along with their units. 

7.      Write 5 differences between mass and weight. 

8.    A person walks at an average speed of 6 km/h, how many km he can walk 

in 2hrs. 

9.     A car travels along a straight road to the east for 100 meters in 4 

seconds,then go to west for 50 meters in 1 second. Determine average 

speed and average velocity. 

10.    What is the weight of mass of 1 kg on the earth? 
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6.5 Gravitational Acceleration ‘g’ and Gravitation Constant ‘G’  

You will be able to: 

 To differentiate between ‘g’ and ‘G’. 

  Phase One: 
Presentation of 

Advance Organizer 

Phase Two: 

 Presentation of Learning 

Task or Material 

Phase three: 

Strengthening Cognitive 

Organization 

 Students; how are 

you? Hope fine. 

 Class just food for 

thought 

 What is velocity? 

 Is it scalar or 

vector quantity? 

 How velocity and 

speed differ? 

 Students tell me if 

an object is at rest 

what will be its 

velocity? 

 zero 

 And in the 

absence of an 

unbalanced force 

it will remain with 

a zero velocity.  

 Yes sir; true. 

 A body at rest has 

zero velocity; it 

means that there 

is no change in 

velocity. But on 

journey to school 

when you are on 

bicycle your 

velocity is 

changing. 

 Acceleration is 

a vector quantity that is 

defined as the rate at which 

an object changes 

its velocity. 

Acceleration is concerned 

with 

velocity. If 

an object is 

not 

changing 

its velocity, 

then the 

object is 

not 

accelerating. The data at the 

right are representative of a 

northward-moving 

accelerating object. The 

velocity is changing over the 

course of time. In fact, the 

velocity is changing by a 

constant amount of 10 m/s in 

each second of time. 

Anytime an object's velocity 

is changing, the object is said 

to be accelerating; it has 

acceleration. 

 A free falling object 

is an object that is falling 

 

 Can a body be in 

acceleration when it 

is moving with 

constant velocity? 

Describe. 

 

 Write just one 

difference between g 

and G. 

 

 If a body is thrown 

vertically upward 

then what will be the 

value of ‘g’? 

 See the free fall 

motion of a body as 

shown in the figure 

below. Describe what 

you understand for a 

free falling object. 

 

http://www.physicsclassroom.com/Class/1DKin/U1L1b.cfm
http://www.physicsclassroom.com/Class/1DKin/U1L1d.cfm
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 Do you agree? 

Yes sir, 

 Ok class you will 

learn some new 

concepts today.  

under the sole influence of 

gravity. Any object that is 

being acted upon only by the 

force of gravity is said to be 

in a state of free fall. There 

are two important motion 

characteristics that are true of 

free-falling objects: 

1. Free-falling objects 

do not encounter air 

resistance. 

2. All free-falling 

objects on Earth downwards 

at a rate of 9.8 m/s
2
 often 

approximated as 10 m/s
2
.  

If we watch the motion of 

stone under gravity its 

acceleration increases after 

every say 1 s.  

The fact that the distance that 

the object travels every 

interval of time is increasing 

is a sure sign that the ball is 

speeding up as it falls 

downward. (see figure 

below) 
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Acceleration of gravity 

“g”; 
This numerical value for the 

acceleration of a free-falling 

object is such an important 

value that it is given a special 

name. It is known as 

the acceleration of gravity - 

the acceleration for any 

object moving under the sole 

influence of gravity. A 

matter of fact, this quantity 

known as the acceleration of 

gravity is such an important 

quantity that physicists have 

a special symbol to denote it 

- the symbol g.  

GRAVITATIONAL 

CONSTANT: 

Newton's law of universal 

gravitation states that every 

particle attracts every other 

particle in the universe with 

a force which is directly 

proportional to the product of 
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their masses and inversely 

proportional to the square of 

the distance between their 

centers. 

The gravitational constant, 

symbolized G: 

It is a physical constant that 

appears in the equation 

for Newton's law of 

gravitation.  

 The value of ‘ G’  in this 

equation is approximately 

6.67 x 10 
-11

 newton meters 

squared per kilogram 

squared (N m 
2
 kg 

-2
). 
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6.6 Force  
You will be able to: 

 Know the Meaning and definition of Force 

 Enlists types of forces 

What is Force? 

A force is a push or pull upon an object resulting from the 

object's interaction with another object. Whenever there is an interaction between 

two objects, there is a force upon each of the objects. When 

the interaction ceases, the two objects no longer experience the force. 

Forces only exist as a result of an interaction. 

We can define force as; it is an agent which produces or tends to produce 

acceleration in the body; stop or tends to stop the moving body. 

Unit of force:   Force is a vector quantity. Its SI unit is N (newton). 

All forces (interactions) between objects can be placed into two broad categories: 

 contact forces, and 

 forces resulting from action-at-a-distance 

Contact forces are those types of forces that result when the two interacting 

objects are perceived to be physically contacting each other. Examples of contact 

forces include frictional forces (which we will discuss tomorrow), tensional 

forces, normal forces, air resistance forces, and applied forces.  

Action-at-a-distance forces are those types of forces that result even when the 

two interacting objects are not in physical contact with each other, yet are able to 

exert a push or pull despite their physical separation. For example gravitational 

forces (the sun and planets exert a gravitational pull on each other despite their 

large spatial separation; Even when your feet leave the earth and you are no 

longer in physical contact with the earth, there is a gravitational pull between you 

and the Earth).  

Electric forces are action-at-a-distance forces. For example, the protons in the 

nucleus of an atom and the electrons outside the nucleus experience an electrical 

pull towards each other despite their small spatial separation.  

And magnetic forces: For example, two magnets can exert a magnetic pull or push 

on each other even when separated by a distance of a few centimeters.(push when 

same poles are in front of each other and pull when opposite poles) 

http://www.physicsclassroom.com/Class/circles/u6l3c.cfm
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Examples of contact and action-at-distance forces are listed in the table below. 

 

Contact Forces Action-at-a-Distance Forces 

Frictional Force 
Gravitational Force 

 

Tension Force 
Electrical Force 

 

Normal Force 
Magnetic Force 

 

Air Resistance Force 
 

 

Applied Force 
 

 

Spring Force 

 
 

 

 

6.7 Friction or Frictional Force  
You will be able to: 

 Know the Meaning and definition of Frictional Force. 

 Learn the formula and use this formula to solve daily life problems. 

Dear students, it is your common observation and experience that it is easy to 

drive on metaled road than a rough one. Why this happen? Think and reply. 

Actually, the friction force is the force exerted by a surface as an object moves 

across it or makes an effort to move across it. There are at least two types of 

friction force 1. Sliding friction and, 

 

 2.  Static friction.  

The friction force often opposes the motion of an object. For example, if a book 

slides across the surface of a desk, then the desk exerts a friction force in the 

opposite direction of its motion. Friction results from the two surfaces being in 

contact(pressed together closely), causing intermolecular attractive forces 

between molecules of different surfaces. As such, friction depends upon the 

nature of the two surfaces and upon the degree to which they are pressed together. 

The maximum amount of friction force that a surface can exert upon an object can 

be calculated using the formula below: 

Ffrict = µ • Fnorm 

Sliding friction results when an object slides across a surface. As an example, 

consider pushing a box across a floor. The floor surface offers resistance to the 
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movement of the box. We often say that the floor exerts a friction force upon the 

box. This is an example of a sliding friction force since it results from the sliding 

motion of the box. Sliding friction forces can be calculated from knowledge of the 

coefficient of friction and the normal force exerted upon the object by the surface 

it is sliding across. The formula is: 

Ffrict-sliding = μfrict-sliding • Fnorm 

 Static friction results when the surfaces of two objects are at rest relative to one 

another and a force exists on one of the objects. Suppose you were to push with 5-

Newton of force on a large box to move it across the floor. The box might remain 

in place. A static friction force exists between the surfaces of the floor and the box 

to prevent the box from being set into motion. The static friction force balances 

the force that you exert on the box such that the stationary box remains at rest. 

When exerting 5 Newton of applied force on the box, the static friction force has a 

magnitude of 5 Newton. Suppose that you increased the applied force from 5N 

to10N, 15N, 20N, to 25 Newton of force on the large box and the box were to still 

at rest. Static friction now has increased and has a magnitude of 25 Newton. Then 

suppose that you were to increase the force to 26 Newton and the box 

finally moved from its resting position and started itsmotion across the floor. The 

box-floor surfaces were able to provide up to 25 Newton of static friction force to 

match your applied force. Yet the two surfaces were not able to provide 26 

Newton of static friction force. The amount of static friction resulting from the 

adhesion of any two surfaces has an upper limit. In this case, the static friction 

force spans the range from 0 Newton (if there is no force upon the box) to 25 

Newton.  This relationship is often expressed as follows: 

Ffrict-static ≤ μfrict-static• Fnorm 

Home assignment: 

1. Dear students, you have learnt about friction, keeping in view the concept 

of static and sliding friction, write down at least five disadvantages of 

friction.  

2. How does friction affect acceleration? 

3. How can friction be helpful? 
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6.8 Equilibrium 

You will be able to: 

 Describe Equilibrium and its two conditions or types; 

 Solving problem regarding equilibrium.  

What is Equilibrium? 

When all the forces that act upon an object are balanced, then the object is said to 

be in a state of equilibrium. The forces are considered to be balanced if the 

rightward forces are balanced by the leftward forces and the upward forces are 

balanced by the downward forces. This however does not necessarily mean that 

all the forces are equal to each other. Consider the two objects pictured in the 

force diagram shown below. Note that the two objects are at equilibrium because 

the forces that act upon them are balanced; however, the individual forces are not 

equal to each other. The 50 N force is not equal to the 30 N force. 

 

If an object is at equilibrium, then the forces are balanced. Balanced is the key 

word that is used to describe equilibrium situations. Thus, the net force is zero and 

the acceleration is 0 m/s/s. Objects at equilibrium must have an acceleration of 0 

m/s/s. This extends from Newton's first law of motion. But having an acceleration 

of 0 m/s/s does not mean the object is at rest.  

An object at equilibrium is either / conditions of equilibrium  

 At rest and staying at rest, (static equilibrium) or 

 In motion and continuing in motion with the same speed and direction 

(dynamic equilibrium). 

http://www.physicsclassroom.com/Class/newtlaws/u2l1a.cfm
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Analyzing a Static Equilibrium Situation 

If an object is at rest and is in a state of equilibrium, then we would say that the 

object is at "static equilibrium." "Static" means stationary or at rest. A common 

physics lab is to hang an object by two or more strings and to measure the forces 

that are exerted at angles upon the object to support its weight. The state of the 

object is analyzed in terms of the forces acting upon the object. The object is 

a point on a string upon which three forces were acting. See diagram at right. If 

the object is at equilibrium, then the net force acting upon the object should be 0 

Newton. Thus, if all the forces are added together as vectors, then 

the resultant force (the vector sum) should be 0 Newton. (Recall that the net force 

is "the vector sum of all the forces" or the resultant of adding all the individual 

forces head-to-tail.) Thus, an accurately drawn vector addition diagram can be 

constructed to determine the resultant. Sample data for such a lab are shown 

below. 

  

 

  Force A Force B Force C 

Magnitude 3.4 N 9.2 N 9.8 N 

Direction 161
O
 70

O
 270

O
 

  

For most students, the resultant was 0 Newton (or at least very close to 0 N). This 

is what we expected - since the object was at equilibrium, the net force (vector 

sum of all the forces) should be 0 N. 

 
 

http://www.physicsclassroom.com/Class/vectors/u3l1c.cfm
http://www.physicsclassroom.com/Class/newtlaws/u2l1a.cfm
http://www.physicsclassroom.com/Class/newtlaws/u2l1a.cfm
http://www.physicsclassroom.com/Class/vectors/U3L3c.cfm#Equilibrium
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Another way of determining the net force (vector sum of all the forces) 

involves using the trigonometric functions to resolve each force into its horizontal 

and vertical components. Once the components are known, they can be compared 

to see if the vertical forces are balanced and if the horizontal forces are balanced. 

The diagram below shows vectors A, B, C and their respective components. For 

vectors A and B, the vertical components can be determined using the sine of the 

angle and the horizontal components can be analyzed using the cosine of the 

angle. The magnitude and direction of each component for the sample data are 

shown in the table below the diagram.  

 

 

The data in the table above show that the forces nearly balance. An analysis of the 

horizontal components shows that the leftward component of A nearly balances 

the rightward component of B. An analysis of the vertical components shows that 

the sum of the upward components of A + B nearly balance the downward 

component of C. The vector sum of all the forces is (nearly) equal to 0 Newton. 

But what about the 0.1 N difference between rightward and leftward forces and 

the 0.2 N difference between the upward and downward forces? Why do the 

http://www.physicsclassroom.com/Class/vectors/u3l1e.cfm#trig
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components of force only nearly balance? The sample data used in this analysis 

are the result of measured data from an actual experimental setup. The difference 

between the actual results and the expected results is due to the error incurred 

when measuring force A and force B. We would have to conclude that this low 

margin of experimental error reflects an experiment with excellent results. 

Analysis of Dynamic Equilibrium 

When a paratrooper jump from the air craft, he first fall freely and his acceleration 

due to gravity increases after each interval of time (say every 0.1 s) but when he 

opens the parachute, the air resistance in the upward direction and the weight of 

the body in downward direction balance each other and the paratrooper moves 

with uniform velocity in the downward direction. Because there is zero 

acceleration (no change in velocity) and the net force is also zero. Although the 

body is in uniform motionbut the net force is zero and body is in dynamic 

equilibrium. 

Self-Assessment Questions 6.2 

Answer the Questions and Solve the Problems 
1.     Define force and also write its units in SI, British Engineering System and CGS. 

2.     Why does force of friction oppose motion? 

3.    Define coefficient of friction.  

4.     Can a moving body be in equilibrium? Justify. 

5.     Differentiate between gravitational acceleration ‘g’ and gravitational constant 

‘G’.  

6.     Write 5 advantages and 5 disadvantages of friction. 

7.    How much torque is produced by opening a jar of pickles if the lid on the 

jar has a radius of 3.8 centimeters and the force exerted tangentially to the 

lid is 150 N? 
 

8.   Study the diagram below and determine the acceleration of the box and its 

velocity after being pulled by the applied force for 2.0 seconds.

 
9.   The following picture is hanging on a wall. Use trigonometric functions to 

determine the weight of the picture. 
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 10.    What is the value of ‘G’ and its unit in SI? 
 

6.9 Torque 

You will be able to: 

 Define Torque 

 Describe its mathematical formula 

 Solving problem regarding Torque.  

Before going to start this topic, I would like to introduce the J. S. Bruner theory of 

inductive teaching. According to Bruner (1967), “any domain of knowledge 

(Physics, Chemistry, Biology) or any problem or concept within that domain 

(atomic structure, law of gravitation, viscosity) can be represented in three ways: 

(1) by a set of actions, (2) by a set of images or graphics that stand for the 

concept, and (3) by a set of symbolic or logical statements.” 

Bruner’s theory refers to the structure of knowledge, he explained that “any idea 

or problem or body of knowledge can be presented in a form simple enough so 

that any particular learner can understand it in a recognizable form.”Bruner ran 

his own experimental school for investigating the cognitive growth of children. 

He believes that even abstract concepts can be taught to young children. That is 

each and every concept can be taught at each and every level but it is fault of the 

teacher that he/she cannot simplify the concept at that particular level.   

Three stages of mental growth as visualized by Bruner 
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Enactive

Representation:

Used primarily to 

represent motor skill

Iconic

Representation:

information is represented

in visual images

Symbolic
Representation:

ideas are represented

through languages &

other methods

First Stage

Second Stage

Third Stage

 

 

Source:  Vadidya, (1996, p. 171) 

Stages of Mental Growth 

Like Piaget, Bruner put forth three kinds of internal representatives, which form a 

sequence in the growing child. This sequence comprises: (1) Enactive 

representation, (2) Iconic representation, (3) and, Symbolic representation.  
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   Bruner’s Modes of Representation 

 

Dear students you are familiar with see saw, and you all played with it when you 

were children. Remind, happen to you if your partner applied a force on the other 

end of see-saw. Definitely, you are pushed up. Keeping in view this notion we 

define a term ‘torque’.     

Torque (Moment of Force) 

The object which can rotate about an axis will start rotating under the influence of 

a suitable force; the turning effect of a force is called “Torque or Moment of 

force”. Torque may rotate an object in clockwise or anticlockwise direction. 

 The torque or the moment of a force about a point is the product of force and 

perpendicular distance of its line of action from the fixed point. 

 Torque is represented by " " (Tau) and it is the product of force (F) and moment 

arm (d). 

Torque (  )= Force x Perpendicular Distance     
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Factors on which Torque (  ) depends: 

The torque depends upon the following two factors: 

1. The magnitude of the applied force (F). 
2. The moment arm (d). (The perpendicular distance between the axis of 

rotation of the body and line of action of the force is called the “moment arm”.) 

 

6.10 Work 

You will be able to: 

 Define Work 

 Describe its mathematical formula 

 Solving problem regarding work. 

Dear students, in the first part of this unit we utilized Newton's laws to analyze 

the motion of objects. Force and mass information were used to determine the 

acceleration of an object. Acceleration information was subsequently used to 

determine information about the velocity or displacement of an object after a 

given period of time. In this manner, Newton's laws serve as a useful model for 

analyzing motion and making predictions about the final state of an object's 

motion.  

In the last part of this unit, an entirely different model will be used to analyze the 

motion of objects. Motion will be approached from the perspective of work and 

energy.  

When a force acts upon a body to cause a displacement, it is said that work was 

done upon the object. There are three key ingredients to work - force, 

displacement, and cause. In order for a force to qualify as having done work on an 

object, there must be a displacement and the force must cause the displacement. 

There are several good examples of work that can be observed in everyday life - a 

horse pulling a cart through the field, a potter lifting a bag full of books upon her 

shoulder, a weightlifter lifting a barbell above his head, an Olympian launching 

the shot-put, etc. In each case described here there is a force exerted upon an 

object to cause that object to be displaced. 
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In short, work is done, if a force acting on a body and takes it to some distance in the 

direction of force.  

Mathematically,  

W = F. d = F d Cos θ (θ is the angle between force and displacement) 

Yet force and displacement are vector quantities but work is a scalar.  (If we multiply two 

vectors and there product is scalar then it is called dot product of two vectors). 

When work is done, there may be three cases: 

1. A force acts rightward upon an object as it is displaced rightward (both are 

in the same direction). In such an instance, the force vector and the 

displacement vector are in the same direction. Thus, the angle between F 

and d is 0 degrees and the work done is F d Cos0 =F x d x1 = Fd 

2. A force acts leftward upon an object that is displaced rightward. In such an 

instance, the force vector and the displacement vector are in the opposite 

direction. Thus, the angle between F and d is 180 degrees. 

 

Work done is F d Cos180
o
 =F x d x-1 = -- Fd 

3. A force acts upward on an object as it is displaced rightward. In such an 

instance, the force vector and the displacement vector are at right angles to 

each other. Thus, the angle between F and d is 90 degrees. 

Work done is F d Cos90
o
 =F x d x 0 = 0 

     

The unit of work (and also energy), the standard metric unit is 

the Joule (abbreviated J). One Joule is equivalent to one Newton of force causing 

a displacement of one meter. In other words; 

1 joule = 1 newton x 1 meter  

1 J = 1 N m 
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When the force acts in the direction opposite the objects motion in order to slow it 

down, the work will be negative. The force doesn't cause the displacement but 

rather hinders it. The negative work refers to the numerical value that results 

when values of F, d and theta are substituted into the work equation. Since the 

force vector is directly opposite the displacement vector, theta is 180 degrees. The 

cosine (180 degrees) is -1 and so a negative value results for the amount of work 

done upon the object. Negative work will become important (and more 

meaningful) as we begin to discuss the relationship between work and energy. 

Students mind it; to do work the force must cause displacement. 

6.11 Efficiency 

You will be able to: 

 Define efficiency 

 Describe its mathematical formula 

 Solving problem regarding efficiency 

Dear students, this is the last topic of this unit, and tomorrow we will review this 

unit in a quick glance just in one hour. So you should revise the whole unit at 

home. 

Students, two words ‘effectiveness’ ‘efficiency’ are often in use. Do you 

understand the meaning of these?  

Mind it effectiveness is related to the objectives of a person, an organization, etc. 

and efficiency is related to the ratio of an output and input of a person, machine, 

etc.  

Efficiency is a measure of how much work or energy is conserved in a process. In 

many processes, work or energy is lost, for example as waste heat or vibration. 

The efficiency is the energy output, divided by the energy input, and expressed as 

a percentage. A perfect process would have an efficiency of 100%. An ideal 

machine is one whose efficiency is 100% but this machine has not been made as 

yet. 

It is not possible to have an efficiency of greater than 1 or 

an efficiency percentage greater than 100%. ... Mechanical devices can be made 

more efficient through lubrication to reduce the friction between moving parts of 

a machine and increase the amount of useful energy transferred. Similarly the 

efficiency of the personnel is increased by providing training, good salaries, 

facilities, etc. 
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Efficiency is a measure of how much work or energy is conserved in a process. In 

many processes, work or energy is lost, for example as waste heat or vibration. 

The efficiency is the energy output, divided by the energy input, and expressed as 

a percentage. A perfect process would have an efficiency of 100%. 

 

 

η = efficiency (Greek letter "eta") 

Wout = work out put = the work or energy produced by a process. Units are Joules 

(J). 

Win = work input = the work or energy put in to a process. Units are Joules (J). 

Actually, work done on the machine is input and work done by the machine is 

output, and the ratio of output over input is efficiency. 
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Self-Assessment Questions  6.3 

Answer the Questions and Solve the Problems 
1.     What is torque? Write its formula. Is torque vector or scalar? 

2.    Define work and its unit in SI. Also write its mathematical formula. 

3.      Define efficiency. Have the scientists invented any machine which efficiency is 

100%?   

4.    Mr. Universe in body building applies a force on a truck to prevent it from 

moving down a hill. This is an example of work being done. 

5.   An upward force is applied to a bucket as it is carried 20 m across the 

yard. This is an example of work being done. 
 

6.    Is the work done be negative? If yes, how?  

7.  A force of 50 N acts on the block at the angle shown in the diagram. The 

block moves a horizontal distance of 3.0 m. How much work is done by 

the applied force? 

 
8.    A force of 10 N is applied perpendicularly at the end of a spanner to open 

a nut bolt. The length of the spanner is 1 m. Find the torque produced by 

the force.   

9.    A construction worker puts 20 J of energy in to one strike of his hammer 

on the head of a nail. The energy transferred to driving the nail in to the 

wood is 8.0 J. What is the efficiency of the construction worker's 

hammering? 

10. How much work is done by an applied force to lift a 15-Newton block 3.0 

meters vertically at a constant speed? 
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Suggested Answers / Solutions:  Unit-6 
 

Self-Assessment Questions  6.1 
 For questions 1 to 7; see the relevant parts of the unit-6. 

Solution problem 8-10: 
8.     Distance = (average speed) x (time) = 6 km/h x 2 h = 12 km 

9.    Distance = 100 m + 50 m = 150 m 

Displacement = 100 m – 50 m = 50 m towardsEast. 

Time elapsed = 4 s + 1 s = 5 s 

Average speed = Distance / time elapsed = 150 meters / 5 seconds = 30 

m/s 

Average velocity = Displacement / time elapsed = 50 meters / 5 seconds = 

10 m/s 

10.   On Earth, a 1 kg object weighs 9.8 N 

  w = mg 

  w = 1x9.8 

  w = 9.8 

Self-assessment Questions 6.2 
 For questions 1 to 6; also see the relevant parts of the unit-6. 

2. Friction exists between the surfaces in contact. No real surface is perfectly 

smooth. Every surface has small pits and bumps. When two rough 

surfaces come in contact with each other they form sort of cold welds. 

These cold welds resist the surfaces to slide over each other. Hence, these 

cold welds generate the force of friction. 

7. First, convert the given length into meters: 

 

Then use the formula for torque, 

 

Where F is the force exerted, r is the distance from the center of rotation to the 

point where the force is exerted, and ‘θ’ is the angle between the two vectors. The 

angle here is 90 degrees because the force is exerted tangentially to the lid: 

Therefore, 

https://physics.gurumuda.net/distance-and-displacement-problems-and-solutions.htm
https://physics.gurumuda.net/average-velocity-problems-and-solutions.htm
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8. The Fgravor weight can be calculated from the mass of the object. 

Fgrav = m • g = (20 kg) • (9.8 m/s/s) = 196 N 

The vertical component of the applied force can be calculated using a 

trigonometric function. 

Fy = (50 N) • sine (45 degrees) = 35.4 N 

In order for the vertical forces to balance, Fnorm + Fy = Fgrav. Algebraic 

rearrangement leads to: 

Fnorm = Fgrav - Fy = 196 N - 35.4 N = 160.6 N 

The horizontal component of the applied force can be calculated using a 

trigonometric function: 

Fx = (50 N) • cosine (45 degrees) = 35.4 N 

The Fnet is 35.4 N, right since the only force which is not balanced is Fx. 

The acceleration is: 

a = Fnet / m = (35.4 N) / (20 kg) = 1.77 m/s/s 

The velocity after 2.0 seconds can be calculated using a kinematic equation: 

vf = vi + a • t = 0 m/s + (1.77 m/s/s) • (2.0 s) 
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vf = 3.54 m/s 

9. The tension is 30.0 N and the angle is 45 degrees. Thus, 

Sine 45
0
 = (Fy) / (30.0 N). 

The proper use of algebra leads to the equation: 

Fy = (30.0 N) x sine 45
0
 = 21.2 N 

Each cable pulls upward with 21.2 N of force. Thus, the sign must weigh twice 

this is equal to 2 x 21.2 = 42.4 N. 

10. The value of G = 6.67 x 10 
-11

Nm
2
 kg-2 

Self-Assessment Questions 6.3 
 For answers ofquestions 1 to 6; see the relevant parts of the unit-6. 
7. 

W = F x dCos θ 

W = (50 N) x (3 m) Cos 30
0
 

W= 129.9 Joules 

8.                      We know that 

   Torque (  )= Force x Perpendicular Distance 

 = F x d Sin 90
0
 

  =   10x 01 x 01= 10 Nm 

 

9.      The efficiency can be found using the formula: 

 

 
η = 0.40 x 100% 

η = 40% 

The efficiency of the hammer strike was 40%. Vibrations and heating of the nail 

are two possible reasons for the energy loss. 

10. To lift a 15-Newton block at constant speed, 15-N of force must be 

applied to it (Newton's laws). Thus, 

W = (15 N) x (3 m) x Cos0
o
 = 45 J  
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Introduction 

Physics has succeeded in getting an important role in the service of mankind. 

Physics contributed perhaps more than any other field of science, to the economic 

growth and development of the country, and these purposes can only be fulfilled 

with the help of effective educational program in this area i.e. “Theory and 

Practice”. 

In this unit, the focus is on the concepts regarding property of matters like 

pressure, density, up thrust, elasticity, and stress and strain. You can also observe 

the curriculum document for the subject of physics which is built upon Standards, 

Benchmarks, and Students Learning Outcomes for the benefit of student growth 

and progress. 

The content knowledge and the way how it delivered in the classroom is the main 

focus of this unit. The discussion about these topics is presented in the light of 

different educationist and psychologist methodology to make the teaching 

meaningful. Being a science teacher, the writer also shares his own experiences in 

the teaching of these topics.   

Objectives 

After studying this unit, you will be able to: 

 define the terms; pressure, atmospheric pressure, density, up thrust, 

elasticity, and stress and strain, Young’s Modulus. 

 explain that a force may produce a change in size and shape of a body. 

 state Pascal’s law. 

 apply and demonstrate the use with examples of Pascal’s law. 

 differentiate between stress and strain, liquid pressure and air pressure, 

kinetic molecular theory regarding solid, liquid and gas. 

 describe briefly the fourth state of matter i.e. “Plasma”. 

 apply these concepts to solve everyday life problems. 

 understand these concepts as base line for higher study in physics. 
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7.1 Topic:  “Kinetic Molecular Model of Matter”  

PHASE ONE (presentation of advance organizers) 

Dear students, today we will start Unit No. 7, (The Property of Matters); and 

today our focus is on the very important topic (Kinetic Molecular Model of 

Matter).  

Class tell me  about the properties of matter?  

Enlist as many as you can; and I write on the white board. 

1…2. …3….. now we compare your list with the table 7.1. 

Sir, density is missing. Thanks class. Ok. “Density” is missing in the table 7.1. we 

will discuss it tomarrow in the next session. 

Table 7.1     Comparism of some properties of matters.  

 

Activity 7.1  

Now we perform an activity. The whole class will participate and fill the table 

given below by putting √ or x. 
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PHASE SECOND (presentation of material) 

The kinetic molecular theory of matter states that: 

 Matter is made up of particles that are constantly moving. 

 All particles have energy, but the energy varies depending on the 

temperature the sample of matter is in. This in turn determines whether the 

substance exists in the solid, liquid, or gaseous state. Molecules in the 

solid phase have the least amount of energy, while gas particles have the 

greatest amount of energy. 

 The temperature of a substance is a measure of the average kinetic energy 

of the particles. 

 A change in phase may occur when the energy of the particles is changed. 

 There are spaces between particles of matter. The average amount of 

empty space between molecules gets progressively larger as a sample of 

matter moves from the solid to the liquid and gas phases. 

 There are attractive forces between atoms/molecules, and these become 

stronger as the particles move closer together. These attractive forces are 

called intermolecular forces. 
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2. liquid 

 A liquid is a material which has no fixed shape but has fixed volume. 

 Its particles are held by comparatively loose forces of attraction but cannot 

leave the surface of the liquid. 

 The particles move in random motion (Brownie movement) in all direction 

and exert pressure on the wall of the container in which it is placed. 

 Examples are: 

 Water, bromine, blood 
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Table 7.2: Energy of particles.  
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PHASE THIRD (Strengthing Cognitive Organization) 

Q.1   What are the main points of kinetic molecular theory? 

There are three main components to kinetic theory:  

1. No energy is gained or lost when molecules collide. (total energy of the 

system remains constant) 

2. The molecules in a gas take up a negligible (able to be ignored) amount of 

space in relation to the container they occupy.  

3. The molecules are in constant motion. 

Q.2   How do we use the Kinetic Molecular Theory? 

The kinetic molecular theory can be used to explain each of the experimentally 

determined gas laws (The Boyle’s and Charles’ laws). 

 The pressure of a gas results from collisions between the gas particles and the 

walls of the container. Each time a gas particle hits the wall, it exerts a force on 

the wall. 
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Q.3   How K.E. and temperature are related? 

Kinetic energy is the energy that an object has because of its motion. 

As a substance absorbs heat the particles move faster and faster, so the 

average kinetic energy and therefore the temperature increases. Temperature is a 

measurement of the average kinetic energy of the molecules in an object or a 

system. Hence, the K.E. and temperature are correlated with each other. 

Q.4   Write the name of the processes involved in the conversion of solid to 

liquid; liquid to gas; and gas to solid and vice versa. 

 

7.2 Topic:  “Density” 

PHASE ONE (presentation of advance organizers) 

Dear students, yesterday we have discussed about the properties of matter that is 

of Solid, Liquid and Gas. Just food for thought, we remind these. 

Who give a glance on properties of solid?  Safdar would you like?  

Sir, the properties of solids are that they have definite shape, rigid, molecules are 

closely intact and having fixed volume and cannot be squashed …… 
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Thanks you. Any other property would you like to add, Siama? 

Sir, solid have greater mass and hard. 

 Ok. Thank you very much. Before going to start look at this activity (two 

students come on the stage). 

Hold up the Tennis ball and the cricket ball and ask the class to guess which ball 

would be lighter. Turn on the scale and show the class that it sets to zero when 

turned on and empty. Place the Tennis ball on the scale and tell a child to read the 

numbers on the scale loudly. Similarly, asked the students to note down the mass 

of the cricket ball by using scale. 

Which ball is lighter and why? Think and guess. Write your answer on your note 

book, I will ask you latter.  

PHASE SECOND (presentation of material) 

Today we will discuss the “density” another property of matter. 

We can say that density is how tightly pack the particles (molecules) are in an 

object or material.  
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So if you put an object in water and it floats, it is less dense than the water. If you 

put an object in the water and it sinks, it is denser than the water. 

On mixing liquids with different density the denser will settle beneath the lighter 

one. (Putting the Honey in water; See which settle underneath) 

It is our common observation that ice floats on the surface of water. Is it less 

dense or more than water?  

Every object has some physical properties like mass, volume and density. Density 

is the ratio of the mass to volume of that object. Hence two different objects 

occupying the same volume have different density as mass is an intrinsic property 

which varies from one object to another. 

An object will sink or float in liquid according to its density. If it is denser than 

the liquid then it will sink and if it is lighter than the liquid then it will float freely.  

Mathematically; density = mass / unit volume 

ρ= 
V

m
 

ACTIVITY 

 

Try to mix the corn syrup, vegetable oil and water. Put the beaker on the table to 

settle the liquids. Guess which one is the densest and which one the least. 

Compare your answer with the above figure.  
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PHASE THIRD (strengthing cognitive organization) 

Answer the question. 

1. Explain why most solids sink and some not?  

2. Why apple floats on water?  Give reason. ( apple contain 25% of air that is 

why it floats) 

3. Perform an activity at home and draw the conclusion by rejecting or 

accepting the hypothesis.children will need to predict or hypothesize 

whether each of the apple parts will sink or float. They can do that by 

circling the word sink or float beside each apple part. 

7.3      Topic: Pressure     

Time: 1 hour  

Concepts: matter and its properties, stress, force, area, Newton’s third law of 

motion. 

General objectives: To develop the sense of reasoning, logical thinking and 

scientific attitude among the students. 

Specific Objective: After the end of this session, the students will be able to: 

 Define matter and name some of its properties. 

 Define the concepts of force, area, and pressure. 

 Find the relationship between force and pressure. 

 Find the relationship between area and pressure. 

 Find the relationship between temperature and pressure. 

 Apply the concept of pressure in daily life. 

Dear students I hope you all will be fine. 

O.K. like previous lessons we will study this lesson too in the same manner. In the 

beginning I will ask you some questions about the concepts, of which you are 

already familiar just to refresh your previous knowledge and to develop the 

linkage between the learnt material and the material to be learnt.  

 Teacher: (just food for thought)  
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 Students do you ever think why athletes / player use spikes? 

 Why is it easy to cut or peel potato with a sharp knife than a blunt one 

although the applied force is same? (students start thinking) 

Table 7.2:  Lesson Plan (Phases of Ausubelian Teaching Method) 

Phase One 

 

Presentation of 

Advance Organizers 

Phase Two 

 

Presentation of 

LearningTask or 

Material 

Phase Three 

 

Strengthening 

CognitiveOrganizatio

n  

 Define matter. 

 Name and recall some 

properties of matter; 

weight, volume, force, 

area, density, etc. 

 Air and all other 

material things exert 

pressure, and have 

weight. 

 What is force?  

 Weight is a force. 

 Unit of force. 

 Area and its units. 

 Volume  

 

 Pressure 

 P= F/A 

 Pressure depends 

upon Force and Area  

 Unit of Pressure 

(N/m
2  

or Pascal)  

 Examples (Blunt nail 

is difficult to fix on 

the wall instead of 

sharp one,) 

 Flat Shoes vs Sandal 

with heel. (which 

exert more pressure 

and why) 

 Difference between 

stress and pressure. 

A B

 
 Which Triangle has 

greater pressure A or 

B?  

 Keeping in view of 

concept of pressure 

justify why horse is 

faster than camel on 

metal road. 

 Why athletes use 

spikes? (Keep in mind 

the concept of pressure) 

 How you             

differentiate between 

stress and pressure? 

Are these scalars or 

vector quantities? 
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In the first phase the teacher clarifies the concepts of force, area, weight, volume, 

density  and the like with the help of a question, a diagram, or an activity, before 

the start of actual topic. 

 Force is an agent, which changes or tends to change, stop or tends to stop the 

moving objects.  

 Weight is a force with which the Earth attracts the bodies towards its center. 

  Volume is the space occupied by an object. (3 dimension: 

length*width*height) 

 Area is the extent or measurement of surface (2 dimension) 

 What is density? Three bottles of one litter volume filled with sand, honey and 

water; which one is heavier and why? 

 The unit of force and weight is N, area is sq. m. and volume is cubic meter. 

 

 

  r
2
   length * width   side * side 

 

Caption: Formulas to find the eras of different shapes.  

SECOND PHASE 

In this phase, the teacher present the material explicitly (by giving examples and 

non- examples)  

Pressure  

Pressure is defined as force per unit area. 

Mathematically  P = F/A 

The standard unit for pressure is Pascal (Pa), which is a Newton per square meter 

(N/m
2
). This special name for the unit was added in 1971; before that, pressure in 

SI was expressed simply as N/m
2
. 

Do you know other units of pressure?  



204 

Have you ever go to the filling station to fill your car tank; yes, sir.  

Ok. Then definitely your father / mother ask to the salesman, what is the pressure 

now? He may said; 180. 

What is the unit? Anyone, who remember,   sir, “bar”. 

Yes. Thank you. The other units of pressure are; “bar” and “torr” 

For your information 

Look at the conversion 

101.325 kPa = 1 atm 

1 atm= 760 torr and 

100 kPa = 1 bar = 750 torr. 

 

It is a scalar quantity.Let us look at a static gas; one that does not appear to move 

or flow. The gas as a whole does not appear to move, the individual molecules of 

the gas, which we cannot see, are in constant random motion. Because we are 

dealing with a nearly infinite number of molecules and because the motion of the 

individual molecules is random in every direction, we do not detect any motion. If 

we enclose the gas within a container, we detect a pressure in the gas from the 

molecules colliding with the walls of our container. We can put the walls of our 

container anywhere inside the gas, and the force per unit area (the pressure) is the 

same. We can shrink the size of our "container" down to an infinitely small point, 

and the pressure has a single value at that point. Therefore, pressure is a scalar 

quantity, not a vector quantity. It has a magnitude but no direction associated with 

it. Pressure acts in all directions at a point inside a gas. At the surface of a gas, the 

pressure force acts perpendicular to the surface.  

For an object sitting on a surface, the force pressing on the surface is the weight 

of the object, but in different orientations it might have a different area in contact 

with the surface and therefore exert a different pressure. 

Figure 3.4: Different Area in Contact Exert Different Pressure 
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It is clear from the above equation that pressure depends upon force and area.  

Teacher:  Who will tell, what is the relationship between pressure and force, 

Pressure and area?  

Many student raise hands 

Ali: Pressure and Force are directly related to each other while Pressure 

and area have indirect relation. 

Teacher: Thank you Ali. Now look at the figure on the blackboard and tell 

me which block has greater Pressure? The block in flat position or 

the block in erected position?  

Haroon: Both have same pressure.  

Teacher: Class do you agree with Haroon?  

Awis:  Sir, The block in erected position has greater pressure due to lesser 

area. 

Teacher: Thank you very much. 

There are many physical situations where pressure is the most important variable. 

If you are peeling an apple, making your shave, then pressure is the key variable: 

if the knife and the razor is sharp, then the area of contact is small and you can 

peel or shave with less force exerted on the blade (Which make your work easier).  

If you must get an injection, then pressure is the most important variable in 

getting the needle through your skin: it is better to have a sharp needle than a dull 

one since the smaller area of contact implies that less force is required to push the 

needle through the skin. 
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THIRD PHASE 

In the third phase the teacher strengthens students’ cognitive structure / 

organization by asking for some more work (may home assignment, group 

activity, lab work, etc.).  

In phase three, the teacher asks the following questions to strengthen the cognitive 

organization. These questions are given in table 7.2 third phase. 

Self-Assessment Exercise 7.1 

Answer the Questions and Solve the Problems 

1.     Define the following terms: pressure, density and kinetic molecular theory 

of matter. 

2.     Elaborate the properties of solid, liquid and gas on the basis of kinetic 

molecular model of matter.  

3.     How you differentiate between stress and pressure?  

4.     A solid ball has a mass of 50 grams and a volume of 20 cm
3
. What is the 

density?  

5.     What is the density of a cube of sugar weighing 11.2 grams measuring 2 

cm on a side? 

 

7.4    Topic: “Atmospheric Pressure” 

Learning Objectives:  you will be able to: 

 define 'atmospheric pressure' 

 describe the relationship between atmospheric pressure and altitude and 

temperature 

 develop the  pressure formula   

Dear students, in the previous session we have discussed the term “pressure” our 

next topic is “Atmospheric pressure”   

PHASE ONE (presentation advance organizers) 

Before going to start we just remind; 
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 Define pressure and its unit?   

(Force per unit area) (Units of pressure: Pa; N/m
2; 

Bar; Torr; psi; pound per square 

inch… ) 

 What do you know about atmosphere? (An atmosphere is a layer or a 

set of layers of gases surrounding a planet (The Earth) or other material body that 

is held in place by the gravity of that body. 

 Name the layer of the atmosphere? Any one please. 

No one answer. Ok. See the picture of the Earth and call their name. 

 

Caption: Lagos of atmosphere.  

PHASE TWO (presentation of content) 

Atmospheric pressure is the pressure exerted at the surface of a body by a column 

of air in an atmosphere.  Standard is an average atmospheric pressure at sea level, 

and is defined as 1 atmosphere on Earth, equal to 760 millimeters of mercury (760 

Torr) and 101,325 Pascal. 

Thinking in terms of air molecules, if the number of air molecules above a surface 

increases, there are more molecules to exert a force on that surface and 

consequently, the pressure increases. The opposite is also true, where a reduction 

in the number of air molecules above a surface will result in a decrease in 

pressure. Atmospheric pressure is measured with an instrument called a 

"barometer", which is why atmospheric pressure is also referred to as barometric 

pressure. 
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Air is a gas, but for purposes of calculating atmospheric pressure, you could 

regard it as a fluid, and calculate the pressure at sea level using the expression for 

fluid pressure. This expression is P = ∂gh, where ∂ is the density of air, g is the 

acceleration of gravity, and h is the height of the atmosphere. It is 76 cm of Hg or 

760 mm of Hg or 760 Torr at sea level. 

 

  

Caption: Air pressure inside the balloon is equal to atmospheric pressure.  

Pressure in Liquids: 

Consider a surface of area a in liquid at a depth h. the length of cylinder of liquid 

over this surfac2 will be h. The furce acting on this surface will be the weight ‘w’ 

of the liquid above this surface. If ρ  is the density of the liquid and m is mass of 

liquid above the surface, then  

 

Air 
pressure

Atmospheric

pressure

H
P

A

https://sciencing.com/calculate-atmospheric-pressure-2644.html
https://sciencing.com/calculate-atmospheric-pressure-2644.html
https://sciencing.com/calculate-atmospheric-pressure-2644.html
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Density: = 
volume

Mass
 

Mass = Volume x density 

M= (A x h) x ρ 

Force acting on area A is F = w = mg 

So F = (a x h) ρ g 

As P = 
A

gAh

A

F 
  

P = ρgh 

This gives the pressure of liquid at depth h. having density ρ. It shows that 

pressure is directly proportional to depth h. 

 

THIRD PHASE (strengthening of cognitive organization) 

As a follow up to this lesson and to provide a check for understanding, I use a 

thinking routine to prompt students to share their ideas on air pressure.  

All students write the answers to the following questions. One page, one answer. 

 What I understand about air pressure. 

 What I still don't understand about air pressure. 

 What I am wondering about atmospheric pressure. 

Thank you. 

7.5  Lesson Plan “Pressure of Liquids” 

 

 

Student achievements 

Regarding the pressure of the liquids; 

1.  It refers to the factors that the liquid's pressure is 

connected to. (Effective factors are tried to gain.) 

2.  The liquids discover that the press conveys the 

same size in every direction. 

3.  Explain the importance of daily life in the press, 

and give examples of its practices in technology. 

4.  Learn the incompressibility of liquids. 

 •  Tries to use scientific methods to reach scientific 
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Achievements Related 

to Nature of Science 

information. 

•  Know the difference between observation and 

deduction 

 

 

 

Scientific Process Skills 

•  Observes objects and events using sensory organs.  

•  Compares one or more features based on 

observations.  

•  makes explanations based on observations about 

the causes of events.  

•  Identifies a given event or one or more variables 

that are most relevant to it.  

 

Attitudes and values 

 

 Listens with self-giving. 

•  Produces ideas on its own. 

•  Follows surrounding events / events. 

Concepts and symbols  Liquid pressure, density, height, Pascal principle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Engage 

The teacher informs the students about the subject they 

will process and informs the target. (The topics to be 

addressed to these students are: What is the effect of 

liquid pressure, the ability of the fluids to be 

compressed or not and the Pascal Principle). 

It directs students to ask questions about their prior 

learning. In some settlements, the water given to the 

houses is usually transferred from a water reservoir 

made of a high volume, but the water in the ground 

floors is later cut off from the water in the higher floors, 

What is the reason for this? ") 

 

 

 

 Explore 

 

To provide meaningful learning for students and to 

make learning effective ; 

• Fluid Pressure Depends on What? 

• Balloon Experiment 

• Injector Experiment 

Experiments are carried out together with students. 

Observations made by the students are tried to 

determine the dependent, independent and control 
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Teaching-

Learning 

Activities 

 

variables. As a result, it is aimed to be found in the 

inferences, so that the knowledge itself is reachable. 

 

 Explain 

The information about the fluid pressure depends on 

where it is, the incompressibility of the fluids and the 

transmission of fluid pressure. 

Factors Affecting Fluid Pressure 

• The effect of gravity is mentioned. However, it is 

stated that it is neglected. 

1) Height 

 

 2h 

 h 

 

P1                                             P2 

It is emphasized that the same materials are in the cups, 

so their density is equal. 

What is different between the two forms is asked to the 

students, and as the height increases, it is repeated that 

the pressure increases, that is, it is directly proportional. 

                    P2 > P1 

2)Density 

 

 

 

 

 

 h h 

 

 

    Water 

 

     Water 

 

 

d 

 

 

   2d 
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It is emphasized that the liquids in the shapes have the 

same height but have different concentrations of liquids. 

 As we know from the experiment, it is said that as the 

density increases, the liquid pressure increases linearly. 

P2 > P1 

Factors NOT Influencing Fluid Pressure 

The volume of the container and the volume of the 

liquid 

Liquids cannot be compressed 

As we have seen in our experiment, there is no visible 

change in the volumes of liquids due to the influence of 

the press. This is why liquids are considered 

incompressible. Because the gap between the molecules 

of liquids is small. 

Pascal Principle 
The pressure applied at any point to a liquid in the 

closed vessel is transmitted equally to every point that is 

in contact with the liquid. 

 

 

 

 

 

 Elaborate 

In this step, papers are distributed to the students on 

behalf of the reinforcement of the information and to 

write with examples about whether the liquid pressure 

is connected to what. After discussion in the classroom, 

students identify that; 

 The pressure of the liquids explains that they 

convey the same size in every direction. 

 Learns the incompressibility of liquids. 

 The press explains the importance of everyday life 

and gives examples of its applications in 

technology. 

Next 

Course 

Preparation 

Students are asked to read gas pressure 
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Teaching & Learning Activities 

Activity 1 

 Observe the height 

Preparation: A 1 liter pet bottle is taken and the 

upper part is cut. Three holes are opened to the pet 

bottle with equal spacing and equal size. These 

holes are covered with tape and the bottle is filled 

with water until the mouth. Then the band is pulled 

quickly and the height is observed with the distance 

reached by the water. 

As the height of the experiment is increased, it is 

observed that the water travels to the farther 

distances and it is ensured that the pressure depends on the height and the pressure 

increases when the height increases. Students are asked to determine that the 

control variable is water, the height of the independent variable, and the 

dependent variable is the pressure. 

Activity 2 

 Compress the Water! 

By taking an injector, the needle is taken out and 

the air is taken in and the hole is closed with the 

finger and the piston is tried to be pushed. Then 

the injector is filled with water and the hole is 

again covered with the finger and the piston is 

tried to be pushed. 

When the air is full, the injector moves, but when 

it is filled with water it is observed that there is no 

visible change in the volume of the liquid due to 

the effect of the applied pressure, and 

consequently the liquids are assumed to be 

incompressible. 

7.6 Topic: Upthrust  

Learning objectives:  

1. What is meant by upthrust? 
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2. Why objects sink or float on the liquid surface? 

3. What are the principles of floatation? 

Phase One 

Dear students, you are familiar with most of the terms used in this chapter like 

density, pressure, atmospheric pressure, etc. 

Class look at this activity; and answer the questions with in five minutes. 

1. How can we explain the behaviour of a bottle  putting in a water tank 

when it is empty, partially filled or completely filled with water? 

 

 

2. Why the balloon filled with hydrogen gas rise high? 

 

 

Phase Two 
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Dear students, many of you may have an experience that when you jump into the 

swimming pool or river, you feel that your weight became less in water. And 

definitly you feel the force in the upward direction. This force is called upthrust. 

Up thrust is the force that pushes an object up and makes it seem to lose weight 

in a fluid. (Remember, a fluid means a liquid or a gas). The up thrust, or 

buoyancy, keeps ships afloat. The up thrust, or buoyancy, keeps swimmers on top 

of the water. 

Archimedes, the Ancient Greek scientist first stated the principle of floatation. 

According to him, all the objects placed in a liquid experience an upward force 

which allows the body to float if it displaces water with the weight equal to the 

weight of the body. This upward force is known as buoyant force and the law is 

known as the law of buoyancy.  

Mainly, floatation depends upon the density. If an object has a density less than 

the density of water, it floats. Like, leaf of a plant floats on the water because the 

density of leaf is less than the density of water. A stone thrown in water sinks 

because the density of stone is more than the density of water. 

Principle of Archimedes: 

When a body is immersed partly or wholly in a liquid, there is an apparent loss in 

the weight of the body which is equal to the weight of liquid displaced by the 

body. 

Laws of Flotation: 

A body floats in a liquid if (1) Density of the material of the body is less than or 

equal to the density of the liquid. (2) If density of material of body is equal to 

density of liquid, the body floats fully submerged in liquid in neutral equilibrium. 

(3) When body floats in neutral equilibrium, the weight of the body is equal to the 

weight of displaced liquid. 

Calculation of up thrust / buoyant force 

Take a cylinderical shape can and dip in the water tank as shown in the figure 7.3. 

the force acting on the upper area of the cylinder and lower area of the cylinder is 

shown in the figure. So we can calculate the up thrust. 
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Figure 7.3 

Archimedes Princple 

Archimedes princple is tates as:  

“when an object is totally or partially immersed in a liquid, an up thrust acts on it 

equal to the weight of the liquid it displaces”  

 

Consider a solid cylinder of cross sectional area A and height h immerged in a 

liquid as show in fig. 7.3. Let in and h2 be the depths of the top and bottom faces 

of the cylinder respectively from the surface of the liquid. 

The h2-h1 = h 

It p1 and p2 are the liquid pressure at depth h1 and h2 respectively and ρ is the 

density of liquid, then 

P1=ρgh, and p2= ρgh2 let the force F1 is exerted at the top of cylinder by a liquid 

due to pressure p1 and F2 is exerted at bottom due to p2. Then 

h

A
F2

F1
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F1=P1 A = ρgh1 A and F2=P21A= ρgh2A so the netforce F on a cylinder, which is 

known as opthrust of liquid, is given as:  

Upthmust of luqid = ρgh2A-ρgh1A 

=ρgA(h2=h1) 

=ρgAh 

Upthrust of liquid = ρgv 

As ρ= 
V

m
gV 

Up thrust of liquid = mg = w 

This shows that an up thrust acts on the body immersed in a liquid is equal to the 

weight of liquid displaced, which is Archimedes principal.  

Density of a Object: 

Archimedes principle is also helpful to determine the density of tan object. The 

ratio of in the weight of t a body with an equal volume of liquid is the same as in 

their densities.  

D= 
 21

1

WW

W
 

Where D = Density of the a Object 

Ρ = Density of the liquid 

W1=weight of the object 

W2=Weight of the solid in liquid. 
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Theory of swimming and flight 

 

 

 

Phase Three (strengthing cognitive structure) 

1. Why does an egg float in salty water but sink in pure water? 

2. An iron ball of diameter 2 cm is placed in a water tank. The density of ball 

is 7800 kgm
-3

.  The density of water is 1000 kgm
-3

. 

 Calculate the mass, the weight and the volume of the ball. 

 Calculate the mass, the weight and the volume of the water 

displaced 

 Calculate the net force on the ball. 
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Self-Assessment Quuestions 7.2 

Answer the following questions / find solution of the problems 

1. What is meant by upthrust? 

2. Why objects sink or float on the liquid surface? 

3. What are the principles of floatation? 

4. Why a small stone sink in the sea while the huge ship float? 

5. Define 'atmospheric pressure’ 

6. Describe the relationship between atmospheric pressure and altitude and 

temperature. 

7. Derive the  pressure formula. 

8. In a hydraulic system, a piston with cross-sectional area of 21 cm
2
 pushes 

the liquid with a force of 38 N. The far end of the hydraulic pipe connects 

to a second piston with a cross-sectionalarea of 100 cm
2
. What is the force 

on the second piston? 

7.8 Topic:  Elasticity,  

Dear students, these are the last two topics of this unit and are connected with 

each other so it will take two periods and we will complete within the stipulated 

time. 

Activity: look what will happen if I press a can of cold drink and a piece of 

foam and then released the applied force? 

1. The foam restores its original position when the external force is released. 

Is it not? 

2. What about tin can? Is it restoring its original shape? If not. Then why? 

Think for 3 minutes.Write down your answer on your notebooks. 

 Teacher Will Start Discussion for 5 Minuets 

 Elasticity is the ability of an object or material to resume its normal shape 

after being stretched or compressed is called elasticity.  
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Think and Answer. 

"Aging can decrease the elasticity of your skin"    (a natural process) 

How can you say it is true? 

When a person sit on the charpoy (applied load to it), the load causes the material 

to deform. Elasticity is the ability of a material to return to its original shape after 

the load is removed. 

 

Theoretically, the elastic limit of the material is the limit to which material can be 

loaded and still recover its original shape after the load is removed. 

 Students; mind it that the body or material is more elastic if more force is 

required to deform it. 

Formative assessment: Class tells which one is more elastic? 

a) Air  b) Water  c) Rubber   d) Steel   

7.9  Stress, Strain, Hook’s Law, Young’s Modules 

Learning objectives:   

You will be able to: 

 Differentiate between  Stress, longitudinal and volumetric strain, Hook’s 

law, 

 Apply these concepts to solve daily life problems. 

When an elastic material is deformed due to an external force, it experiences 

internal forces that oppose the deformation and restore it to its original state if the 

external force is removed.  



221 

There are various elastic moduli, such as Young's modulus, the Shear modulus, 

and the Bulk modulus, all of which are measures of the inherent stiffness of a 

material as a resistance to deformation under an applied load. The various moduli 

apply to different kinds of deformation. These elastic moduli are: 

1. Young's modulus 2. Shear modulus, and 3. Bulk modulus. 

The elasticity of materials is described by a stress-strain curve, which shows the 

relation between stress (the average restorative internal force per unit area) and 

strain (the relative deformation).  

An elastic modulus is a quantity that measures an object or substance's resistance 

to being deformed elastically (i.e., non-permanently) when a stress is applied. The 

elastic modulus of an object is defined as the slope of its stress–strain curve in the 

elastic deformation region: A stiffer material will have a higher elastic modulus. 

 Stressis a measure of the internal forces acting within a deformable body.  

Quantitatively, stress is a measure of the average force per unit area of a surface 

within the body on which internal forces act. These internal forces arise as a 

reaction to external forces applied to the body 

A

F

area

force
strees  . 

What is strain?  

It is the ratio of change in length, volume to the original length and volume when 

a force is applied (stress) within the elastic limit. There are three types of strain: 

1. Longitudinal strain: it is the ratio of change in length to the original 

length. 

2. Volumetric strain: it is the ratio of change in volume to the original 

volume. 

3. Shearing strain:  is the ratio of change in angle to which it is turned to its 

distance from fixed layer. 

Dear students, before we move ahead; we define a very important Law called 

Hook’s Law. 

According to Hooke’s Law, the strain of the material is proportional to the 

applied stress within the elastic limit of that material. (When a force is applied 

Stress is proportional to Strain) 
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Hooke’s Law applies at low to moderate strains, and a solid body is said to 

behave elastically, i.e. it will return to original form when stress removed. 

 At high strains: the elastic limit is exceeded and a body deforms in a plastic or 

ductile manner: it is unable to return to its original shape, being permanently 

strained, or damaged.  

At very high strains: a solid will fracture, e.g. in earthquake faulting.  

Constant of proportionality is called the modulus, and is ratio of stress to strain, 

e.g. Young’s modulus, Bulk’s modulus. 

Now we explain and derive formulas for both moduli. 

 

The bulk modulus (B or K) of a substance is a measure of how resistant to 

compression that substance is. It is defined as the ratio of the infinitesimal 

pressure increase to the resulting relative decrease of the volume.  

For a fluid, only the bulk modulus is meaningful. 
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In the last two sessions we have discussed four concepts. Understand these and 

answer the question. This is your home assignment. 

 You must have noticed that there are certain objects that you can stretch 

easily. Let’s say a rubber band. However, can you stretch an iron rod? If not 

why? And also tell which one is more elastic? 

  

Self-Assessment Questions 7.3 

Answer the following questions / find solution of the problems 

1. What do you meant by stress?  

2. Differentiate between longitudenial and volumetric strain. 

3. Define Hook’s law and also write its formula. 

4. What is elastic limit? If a body cross its elastic limits when a load is 

applied; what will happen to it? 

5. Define a perfect elastic body. Give at least one example. 

6. A and B are two steel wires and the radius of A is twice that of B, if we 

stretch them by the same load, then what will be the stress on B. 

7. What is the magnitude of the force required to stretch a 20 cm-long spring, 

with a spring constant of 100 N/m, to a length of 21 cm? 

Suggested Answers / Solutions:  Unit-7 

Self-assessment Question  7.1 

 For answers of questions 1 to 3; see the relevant parts of the unit-7. 

Q.4 mass = 50 g 

 Volume = 20cm
3
 

Density = mass/volume 

Density = 50 g/ 20 cm
3
 = 2.5 g/cm

3
 

Q.5   Step 1: first we find the mass and volume of the sugar cube. 

Mass = 11.2 grams 

Volume = cube with 2 cm sides. 
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Volume of a cube = (length of side)
 3

 

Volume = (2 cm)
 3

 

Volume = 8 cm
3
 

Now we find the density by using the formula 

Density = mass/volume 

density = 11.2 grams/8 cm
3
 

density = 1.4 grams/cm
3
 

Self-Assessment Questions 7.2 

 For answers ofquestions 1 to 3 and 5 to 7; see the relevant parts of the 

unit-7. 

Q. 4. A stone is denser than water. That is, if you compare the mass of a stone to 

the mass of the same volume of water, the stone’s mass will be greater. Therefore 

its weight will also be greater, so Wstone – Wwater will be positive, and there will be 

a downward net force. Therefore the stone will move downward through the 

water until it rests on the bottom. 

Ship, on the other hand, is less dense than water. If the ship is pushed under water 

Wwood – Wwater will be negative. There will be an upward force on the ship and it 

will rise.  

Ans. Q. 8.   

Pascal’s principle gives 

 

In this case, you know that:  F1 = 38 N,  A1 = 21cm
2
,   A2 = 100 cm

2
 

Solve the equation for and insert the given values to find the force on the 

second piston: 
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Self-Assessment Exercise 7.3 

 For answers of questions 1 to 4; see the relevant parts of the unit-7. 

Q.5:  Quartz and phosphor bronze are the examples of nearly perfectly elastic 

bodies. 

Q.6 Since stress is inversely proportional to the area, and the area is proportional 

to the square of the radius, then we can write:[Stress on B]/[Stress on A] = 

[Radius of A]
2
/[Radius of B]

2
. Since the radius of A is = 2 times the radius of 

B, the ratio in the above equation will be equal to 4. 

Q.7 The spring changes from a length of 20 cm to 21 cm, hence it stretches by 

1 cm or | Δx | = 1 cm = 0.01 m. 

| F | = k | Δx | = 100 N / m × 0.01 m = 1 N 
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Introduction 

In this unit, the focus is on the concepts regarding simple harmonic motion, waves 

and their properties. You can also observe the curriculum document for the 

subject of physics which is built upon Standards, Benchmarks, and Students 

Learning Outcomes for the benefit of student growth and progress. 

The content knowledge and the way how it delivered it in the classroom is the 

main focus of this unit. The discussion about these topics is presented in the light 

of different educationist and psychologist methodology to make the teaching more 

effective. 

Objectives 

After studying this unit you will be able to: 

 state the conditions necessary for an object to oscillate with SHM. 

 explain SHM with simple pendulum, ball and bowl examples.  

 draw forces acting on a displaced pendulum. 

 explain SHM with body attached to a spring. 

 solve problems by using the formula T = 2π √l /g for simple pendulum. 

 describe wave motion as illustrated by vibrations in rope and by 

experiments with water waves.  

 describe that waves are means of energy transfer without transfer of 

matter. 

 distinguish between mechanical and electromagnetic waves. 

 identify transverse and longitudinal waves in mechanical media, slinky 

and springs. 

 explain how sound is produced by vibrating sources and that sound waves 

require a material medium for their propagation. 

 describe the longitudinal nature of sound waves (as a series of 

compressions and rarefactions). 

 define the terms pitch, loudness and quality of sound. 
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8.1   Topic: Simple Harmonic Motion (SHM) 

Dear students, I hope you all are fine and also you enjoyed your long week end. 

Remember, last week we finished the unit-7. If you have any question, or feel 

uncomfortable with any topic related to unit-7, tell me and we revise it. 

Otherwise, we will start today unit-8, and learn some basic concepts and a mega 

concept “the simple harmonic motion”.  

Phase One  

(presentation of advance organizers)  

In this phase we will revise some topics and concepts which you have already 

learnt but just to relate these concepts to the new concepts, we remind as food for 

thought. 

We are familiar with the concept of ‘force’, already studied in unit-3. Force is 

push or pull on an object. We can also define force as; it is an agent which 

produces or tends to produce acceleration in the body; stop or tends to stop the 

moving body. 

Similarly, the teacher asks questions about the previous concepts which are 

already learnt or explain these concepts by himself or by using verbal phrases, a 

graphic, a model. 

This is a way to help students link their ideas with new material or concepts. The 

advance organizers are designed to provide mental scaffolding to learn new 

information. 

Before going to start this topic, the following topic should be discussed in the first 

10 minutes; area, force and acceleration, motion and its types, vibratory motion,  
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Figure8.1 
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Phase Second (presentation of material) 

What is Simple Harmonic Motion? 

Simple harmonic motion is a special type of periodic motion or oscillation where 

the restoring force (F) is directly proportional to the displacement (x) and acts in 

the direction opposite to that of displacement.  

The general equation for simple harmonic motion along the x-axis results from a 

straight forward application of Newton's second law to a particle of mass m acted 

on by a force:     F = -kx, 

Where x is the displacement from equilibrium and k is called the spring constant. 

It depends upon the stiffens of a spring.  
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8.2     SHM and Motion of a Mass Attached to a Spring  

Simple harmonic motion is any motion where a restoring force is applied that is 

proportional to the displacement and in the opposite direction of that 

displacement. Or in other words, the more you pull it one way, the more it wants 

to return to the middle. The classic example of this is a mass on a spring, because 

the more the mass stretches it, the more it feels a tug back towards the middle. A 

mass on a spring can be vertical, in which case gravity is involved, or horizontal 

on a smooth tabletop. 

If you imagine pulling a mass on a spring and then letting go, it will bounce back 

and forth around an equilibrium position in the middle. Like with all simple 

harmonic motion, the velocity will be greatest in the middle, whereas the restoring 

force (and therefore acceleration) will be greatest at the outside edges (at the 

maximum displacement). Another example of simple harmonic motion is a 

pendulum, though only if it swings at small angles. 

Formative assessment: What are the characteristics of SHM? 

Equations to describe SHM 

There are many equations to describe simple harmonic motion. The first we're 

going to look at, below, tells us that the time period of an oscillating spring, T, 

measured in seconds, is equal to 2pi times the square-root of m over k, where m is 

the mass of the object connected to the spring measured in kilograms, and k is the 

spring constant (a measure of elasticity) of the spring. The time period is the time 

it takes for an object to complete one full cycle of its periodic motion, such as the 

time it takes a pendulum to make one full back-and-forth swing. 

Time period can be calculated by the formula given below: 

T = 2π 
K

m
 

All simple harmonic motion is sinusoidal. A mass on a spring undergoing simple 

harmonic motion slows down at the very top and bottom, before gradually 

increasing speed again as it approaches the center. It spends more time at the top 

and bottom than it does in the middle. Mathematically, any motion that has a 

restoring force proportional to the displacement from the equilibrium position will 

vary in this way. 
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Because of that, the main equation shown below is shaped like a sine curve. It 

says that the displacement is equal to the amplitude of the variation, A, otherwise 

known as the maximum displacement, multiplied by sine omega-t, where omega 

is the angular frequency of the variation, and t is the time. This displacement can 

be in the x-direction or the y-direction, depending on the situation. A vertical mass 

on a spring varies in the y-direction sinusoidally. A horizontal mass on a spring 

varies in the x-direction sinusoidally. A pendulum has such a variation in both 

directions. The Main Equation for Harmonicω Motion is given below. 

x = A sin ω t 

x is displacement in meters; A is amplitude in meters; ω is angular frequency in 

radian per second, and t is time in seconds. 

This equation has a sine in it, and a sine graph starts at zero. Using this equation is 

like starting your mathematical stopwatch in the middle of a pendulum swing: t = 

0 is in the center of the oscillation. If, on the other hand, you replace sine with a 

cosine, then the equation is still correct; you're just starting to measure time at the 

maximum displacement instead. 

But we also need to define angular frequency. Angular frequency is the number 

of radians of the oscillation that are completed each second. A full 360 degrees is 

2pi radians, and that represents one complete oscillation: from the middle, to a 

fully stretched spring, back to the middle, to a fully compressed spring and then 

back to the middle again. You can convert angular frequency to regular frequency 

by dividing it by 2pi. Regular frequency, f, just tells you the number of full cycles 

per second, measured in hertz. 

It's also worth noting that time period, T, such as was used in the first equation, is 

equal to 1 divided by the frequency, f. So, because of that connection, you can get 

a question that crosses over between all three of these equations. 

 After the completion of theoretical lesson regarding SHM and mass 

attached to a spring, the students should be in the lab within next three days to 

connect the pre knowledge (theoretical) with the post (or for practical proof) to 

make the learning meaningful. 

Lab Experiment 

 Students will be able to: 

1. Describe the measurable properties of waves (velocity, frequency, 

wavelength, amplitude, and period) in terms of simple harmonic motion. 
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2. Describe how an applied force changes the elongation and periodic motion 

of a spring. 

3. Graphically determine and compare the spring constant (k) using both 

Hooke's Law and simple harmonic motion. 

 Prior Knowledge: What prior knowledge should students have for this 

lesson? 

o Elastic potential energy is stored in a compressed or stretched spring 

o A spring constant is a parameter that expresses how resistant a spring is to 

being compressed or stretched 

o Gravitational potential energy is the energy associated with an object due to 

its position relative to the Earth 

o Knowledge of Newton's Laws of motion, conservation of energy, basic 

algebra skills, understanding of how to sketch graphs and interpret slope and 

intercept 

 Guiding Questions: What are the guiding questions for this lesson? 

1. What conditions are necessary for SHM to occur? 

2. What do you know about the relationship between Hooke's Law and 

Newton's 2
nd

 Law of Motion? What are the units of the spring constant k 

in SI units? 

3. According to Hooke's Law, describe a graph of force versus displacement 

for an elastic spring. 

4. What does the slope of the graph is question 3 represent? 

5. What does the area under the curve in the graph in question 3 represent? 

6. Consider a mass-spring system moving in simple harmonic motion. When 

is the mass's acceleration the greatest? When is it the least? Why? 

7. What is periodic motion? 

8. What is the period of a system in simple harmonic motion? 

9. What is the relationship between the potential energy and the displacement 

of an elastic spring? 

Introduction: How will the teacher introduce the lesson to the students? 

It is assumed that this lab follows a chapter lesson on simple harmonic motion. 

The lab will be introduced with a class discussion of the guided questions. 
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Investigate: What question(s) will students be investigating? What process 

will students follow to collect information that can be used to answer the 

question(s)? 

Students will graphically determine the spring constant k using two different 

methods and compare them by finding the percent difference: 

1.  Measure how much the elongation of a spring changes relative to the 

elongation of a spring in equilibrium (i.e. no force applied) by applying 

various known forces. Record the value of elongation and Plot data in a 

graph of Fs vs. x. then determine the spring constant from the slope. 

2.  Observe a set number of oscillations (25) per time. Measure the time with 

a stopwatch. Record the data. Calculate period of the oscillations. Plot the 

graph of T
2
 vs. mass. Determine the spring constant from the inverse of 

the slope using  

3.  Calculate the percent difference. 

 (See lab procedure attachment) 

Analyze: How will students organize and interpret the data collected during 

the investigation? 

Students will record data collected in a table and plot specific quantities in an x-y 

scatter plot. Students will calculate the slope from the best fit line and determine 

the spring constant. 

Closure: What will the teacher do to bring the lesson to a close? How will the 

students make sense of the investigation? 

Students will observe phenomena discussed theoretically in class and verify 

Hooke's Law experimentally using Newton's Laws of Motion and simple 

harmonic motion.  

In closure, the class will discuss observations and compare data with other groups. 

Students will also discuss errors in their data and explain possible reasons for 

experimental error. 

 

 

Summative Assessment 
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o Purpose is to determine if students understand the properties associated with 

simple harmonic motion, how force is related to the spring constant and 

elongation of a spring, and how to plot data and interpret results. 

o Lab write-up/independent questions (see attachments) 

o Chapter Test 

Formative Assessment 

During the introduction of the Inquiry Lab, the class will participate in a 

discussion of the answers to guided questions, making predictions about what 

they expect to observe in the lab based on their knowledge of Hooke's Law, 

Newton's Laws of Motion, Conservation of Energy, Simple Harmonic Motion 

(SHM), and the properties of waves. In addition, observations will be made 

throughout the activity and probing questioning will be used to assist students in 

clearing up any misconceptions they may have. 

Feedback to Students 

Students will start the lesson with a discussion using their knowledge of Hooke's 

Law, Newton's Laws of Motion, Conservation of Energy, simple harmonic 

motion, and the properties of waves to make educated predictions of the results 

they will obtain through experimentation. The teacher should guide the discussion 

but should not clear up any misconceptions at this point. Once the students have 

begun the lab, the teacher should circulate the room and observe, helping to clear 

up any misconceptions that may arise by asking questions rather than giving 

answers. The first summative assessment will be the lab write-up; students will 

also receive feedback on this prior to the chapter test. 

8.3     SHM and Motion of a Simple Pendulum 

What is simple pendulum? 

A pendulum is a weight suspended from a pivot so that it can swing freely. When 

a pendulum is displaced sideways from its resting, equilibrium position, it is 

subject to a restoring force due to gravity that will accelerate it back toward the 

equilibrium position. 

It is assumed that there is no friction and air resistance. When the bob is at the 

extreme position its velocity is zero and the acceleration is maximum. At 

equilibrium position the acceleration is zero but the velocity is maximum. Look at 

the motion of the bob from left extreme to right extreme. From maximum height 

at extreme v=0 but when it moves, its velocity increases towards mean position, 
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during this journey, the acceleration is positive and the direction of acceleration 

and the bob is same that is towards the mean position. Now look at the motion of 

the bob from mean position towards extreme. Its velocity decreases, hence the 

acceleration is negative, that is its direction is towards the mean position. 

Due to inertia, the bob continue it’s to and fro motion between two extremes. 

Hence we reache on the conclusion that the acceleration of the bob is directly 

proportion to the displacement and its direction is always towards the mean 

position, and this is the characteristic of SHM. 

 

Fig. Simple Pendulum 

From the first scientific investigations of the pendulum around 1602 by Galileo 

Galilei, the regular motion of pendulums was used for timekeeping, and was the 

world's most accurate timekeeping technology until the 1930s.
 

 The pendulum clock invented by Christian Huygens in 1658 became the world's 

standard timekeeper, used in homes and offices for 270 years, and achieved 

accuracy of about one second per year before it was superseded as a time standard 

by the quartz clock in the 1930s. Pendulums are also used in scientific 

instruments such as accelerometers and seismometers. Historically they were used 

as gravimeters to measure the acceleration of gravity in geophysical surveys, and 

https://en.wikipedia.org/wiki/Galileo_Galilei
https://en.wikipedia.org/wiki/Galileo_Galilei
https://en.wikipedia.org/wiki/Pendulum_clock
https://en.wikipedia.org/wiki/Christian_Huygens
https://en.wikipedia.org/wiki/Quartz_clock
https://en.wikipedia.org/wiki/Scientific_instrument
https://en.wikipedia.org/wiki/Scientific_instrument
https://en.wikipedia.org/wiki/Accelerometer
https://en.wikipedia.org/wiki/Seismometer
https://en.wikipedia.org/wiki/Gravimeter
https://en.wikipedia.org/wiki/Gravity_of_Earth
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even as a standard of length. The word "pendulum" is new Latin, from the 

Latin pendulus, meaning 'hanging'.  

How to analyze a pendulum in swing 

1. Determine the length of the pendulum. (length of thread + radius of bob) 

2. Decide what is the acceleration of gravity (i.e. 10ms
-2

) 

3. Calculate the period of oscillations according to the formula above: T = 2π 

√(L/g). 

4. Find the frequency as the reciprocal of the period: f = 1/T 

Formative Assessment: What is the frequency of second pendulum? 

A pendulum with time period 2 s is called second pendulum. 

f = 1/T 

f = 1/2 = 0.5 Hz 

Students, now we define some terms and find a very important relation between 

these concepts: 

Time period (T):   Time to complete one vibration / oscillation.  

Frequency (f): Number of waves passing through a point in one second or number 

of vibration per second. It unit is Hz. 

Amplitude (x): The maximum distance from the mean position of the bob or the 

mass attached to a spring. 

Velocity (v):  The distance travelled in one second. 

Wave length (λ): The distance between two consecutive crest and trough or 

between two compressions and rarefactions. 

Relationship between Velocity, frequency and wavelength of a wave 

 The distance travelled by a wave in a medium in one second is called the velocity 

of propagation of the wave in that medium. If ‘v ‘ or ‘f’ represents the velocity of 

propagation of the wave, it is given by 

Velocity = Distance travelled / Time taken 

https://en.wikipedia.org/wiki/New_Latin
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v = λ/T = f λ 

The velocity of a wave (v) is given by the product of the frequency and 

wavelength. 

Lab Experiment (Simple Pendulum) 

Note: All the students are informed that they must do the preparatory work before 

entering into the Lab.  

Aims of pre-lab:  

1. To develop the scientific attitude among the students.  

2. To develop the power of observation and sense of enquiry amongst the 

students. 

Specific Objectives 

At the end of this session, the students will be able to perform the experiment “the 

simple pendulum” independently and measure the effects of different masses and 

lengths on its time- period. And also find the value of ‘g’. 

Previous Knowledge of the Students 

The researcher will identify in advance the ways to relate the new knowledge to 

some broad concepts already familiar to the students by the use of advance 

organizers.  

What will I measure? 

You will measure: 

1. The diameter of the bob with the help of vernier callipers. 

2. The total length of the simple pendulum. 

3. The total time for thirty vibrations. 

4. The time- period of the simple pendulum. 

5. Average length of the pendulum. 

6. Average time-period of the pendulum. 

What should I know before I begin? 

1. How to measure the diameter of the bob? (See the enclosed page) 

2. How to calculate the total length of simple pendulum? 

3. How to find the total time for thirty vibrations? 

4. How to calculate time-period? 
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5. The relationship between length (1) and time- period (T).  

(For further detail, also consult your practical manual / notebook) 

Procedure: 

Take a fine thread about 100 to 150 cm long and rub it with cobbler’s wax to 

avoid rotatory motion of the bob due to the twists of the thread. Tie one end of the 

thread to the hook of the bob and other end between the spaces of the spilt cork 

and tie it firmly to an iron stand. Place the iron stand on the table in such a way 

that the bob is just a few centimeters (2 – 4) above the floor. Mark two points A 

and B at a distance of nearly 5cm as shown in the figure f. Take the bob to one of 

the points A or B and release it very gently. It will start vibrating. 

Figure 8.2    Simple Pendulum  

 

Take a Stop Watch. Study its scales. Hold it in your hand. 

How to count vibrations? 

Watch the motion of the bob. When it just passes from the mark O, start the Stop 

Watch. When the bob crosses point O again in the same direction, one vibration 

has been completed. In the same manner, count 30 vibrations. Stop the watch just 

when the 30
th

 vibration has been completed. Note the time taken by the bob to 

complete 30 vibrations. Repeat it again without changing its length. Find the 

mean time for 30 vibrations. Calculate time- period T that is the time for one 

vibration. 

Measure the length of the pendulum (l = l1 + r). 

After noting T and l in the table, study the relation between them. 
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Repeat experiment with different length and find l/T
2
 in each case. 

Check that lα T
2
 or l / T 

2
= Constant 

Because T = 2π 
g

l
 

Phase Three (Strengthening Cognitive Organization) 

 A simple pendulum is made of plastic ball (as a bob) filled with water and 

have a hole in it. During the oscillation, due to the flow of water, its mass 

decreases. What will be the effect on the time- period of the pendulum? 

(Law of mass of simple pendulum) 

By using the formula T
2
 = 4ᴨ

2
 l/g Find the value of g by taking the mean length 

(l) and the time-period (T) from your experiment. Is it 9.8 m/s
2
 (approximately)? 

Self-Assessment Questions 8.1 

Answer the Questions and Solve the Problems 

1.     What type of motion is called SHM also writes its properties. 

2.    How you can say that the motion of a mass attached to a spring is SHM? 

3.    How you can say that the motion of a simple pendulum is SHM? 

4.    What is a second pendulum?  

5.    A mass on a spring completes one oscillation / vibration, of total length 2 

meters, in 5 seconds. What is the frequency of oscillation? 

6.     The maximum compression of an oscillating mass on a spring is 1 m, and 

during one full oscillation the spring travels at an average velocity of 4 

m/s. What is the period of the oscillation? 

Choose the best answer. 

I. The time- period of second pendulum is: 

 (a) 2.0 sec.   (b) 0.02 sec. 

 (c) 0.2 sec.   (d) 2.2 sec. 

II.  If the bob of the pendulum of given length is replaced by another bob of   

different material what will be the effect on the time -period of the 

pendulum? 
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 (a) It will increase   (b) It will decrease 

 (c) It will remain same  (d) none of the, a, b, c. 

III. If the oscillation of a simple pendulum of a given length became small. 

What will be the effect of smaller oscillations on the time- period of the 

pendulum? (Law of isochronisms) 

 (a) It will increase   (b) It will decrease 

 (c) It will remain same  (d) none of the, a, b, c. 

IV. If we decrease the length of the simple pendulum. What will be the effect 

of length on the time- period of the pendulum? (Law of length) 

 (a) It will increase   (b) It will decrease 

 (c) It will remain the same (d) none of the, a, b, c. 

V. Second pendulum is one whose time-period is two seconds. What is its 

frequency? 

 (a) 2.0 Hertz   (b) 1.0 Hertz 

 (c) 1.5 Hertz   (d) 0.5 Hertz 

 

8.4 Waves: their nature and Types 

At the end of the session most of the students will be able to: 

1. Define wave 

2. Describe wave motion 

3. Explain how the waves are produces 

4. Explain the characteristics of waves 

5. Differentiate between mechanical and electromagnetic waves 

6.  Differentiate between transvers and longitudinal waves  
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Phase One 

Dear students,  

Tell me, if there was all dark can we see things (objects) or why are we able to 

see? 

Answer:  Because there is light. 

And:  What is light? 

Answer:  Light is a wave. 

So…what is a wave? Today we will learn about the nature and types and 

properties of waves. This lesson consists of two sessions; one today and one 

tomorrow. 

Phase Two 

 A wave is a disturbance in the medium due to some source. This 

disturbance carries energy from place to place without the movement of 

matter. Waves transfer energy, momentum, and information, but not mass. 

If we throw a stone or fire from a gun, the energy transfers from one place 

to another along with the matter (i.e. the stone and the explosive matter) 

 A wave is a disturbance that propagates (transmission of a disturbance 

from one location to another.) through a medium and transfers the 

disturbance but not the matter. (class you see the difference;  yes sir) 

Class, Does matter travel along with the waves or not? 

One student; sir, A wave is a disturbance that carries energy from one place to 

another. Matter is NOT carried with the wave only disturbance travel. 

Thank you. Correct.  

Listen again. Waves (including sound and seismic waves, waves on water, and 

light waves) have energy and transfer energy when they interact with matter. 

Waves are a repeating pattern of motion that transfers energy from place to place 

without overall displacement of matter. All types of waves have some features in 

common. When waves interact, they superimpose upon or interfere with each 

other resulting in changes to the amplitude. Major modern technologies are based 

on waves and their interactions with matter. 
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 (By their nature) There are three major types of waves; transverse and 

longitudinal and Surface Waves or Complex Waves 

1. Transverse waves are those waves where the displacement of the 

particles in the medium is perpendicular to the direction of the propagation 

of the waves. In this type:  

 The disturbance is perpendicular to the direction of propagation. 

 All electromagnetic waves are transverse. This includes light, micro 

waves, X-ray 

 A crest is a point of maximal change in the positive direction. (the highest 

point of the wave) 

 A trough is a point of maximal change in the negative direction.( the 

lowest point of the wave) 

Figure 8.3 

 

Class, be attentive; To observe the phenomenon of water waves. 

 we start with this activity; 

Observe the phenomenon and write what you conclude from it. We will discuss 

after 15 minutes. 

Activity 1: Drop a pebble into a tank of still water (or any large and fairly deep 

vessel). What happens? 

The surface of the water gets disturbed and it travels outward from the point of 

disturbance. This is a wave. Do the particles at the point of disturbance move 

outward too? 

Activity 2: Put some cork pieces on the disturbed surface. 

Observe that the cork pieces move up and down but do not move away from the 

center of the disturbance. 
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Conclusion:  

1. A disturbance travels from one point to another point away from the 

source, but there is no transport of material or medium itself. 

2. When pebble is dropped at a point, the disturbance (waves) travels 

outward from the point of disturbance. 

3. The cork move up and down at the same position. It means the particles of 

the medium (water) move perpendicular to the direction of waves. 

 Match the conclusions you draw from these activities to the above. Rectify 

if there is any difficulty. (Also consult your seat fellow).  

 

2. Longitudinal waves are waves where the displacement of the particles in 

the medium is along (same) the direction of the propagation of the waves. 

In this type: 

 The disturbance is parallel to the direction of propagation. 

 Sound waves are the longitudinal wave. 

 A compression or condensation is a region where the medium is 

under compression. (where the particles are close together) 

 A rarefaction or dilation is a region where the medium is under 

tension.( where the particles are spread apart) 

Figure 8.4 
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Mechanical waves are also called elastic waves as their propagation depends on 

the elastic properties of the medium through which the waves pass. 

Electromagnetic waves are caused because of the varying magnetic and electric 

fields. While mechanical waves are caused by wave amplitude and not by 

frequency, electromagnetic waves are produced by the vibration of the charged 

particles. When comparing the speed of mechanical and electromagnetic waves, 

the former travels at low speed. 

3. Surface Waves or Complex Waves 

 A combination of transverse-longitudinal wave that forms near the surface 

of some media. Deep water waves are surface waves. 

 In surface waves, both transverse and longitudinal waves mix in a single 

medium. 

A wave is a disturbance (change from equilibrium) of one or more fields such that 

the field values oscillate repeatedly about a stable equilibrium value. If the 

relative amplitude of oscillation at different points in the field remains constant, 

the wave is said to be a standing wave.  

If the relative amplitude at different points in the field changes, the wave is 

called traveling wave. Waves can only exist in fields when there is a force that 

https://en.wikipedia.org/wiki/Field_(physics)
https://en.wikipedia.org/wiki/Equilibrium
https://en.wikipedia.org/wiki/Standing_wave
https://en.wikipedia.org/wiki/Traveling_wave
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tends to restore the field to equilibrium. 

Students, if I asked you to walk on the column of air, do you? 

Not possible but with wings we can……OK. It means you need a hard surface / 

medium to walk, even not to walk on water. 

Similarly, some waves travel on the medium and some not. 

 Students now we see another classification of wave; let’s see  

 Electromagnetic waves are waves that have no medium to travel 

whereas mechanical waves need a medium for its transmission.  

 Electromagnetic waves travel in a vacuum whereas mechanical 

waves do not.  

 While an electromagnetic wave is called just a disturbance, a mechanical 

wave is considered a periodic disturbance. 

Formative assessment: Give examples of each type of the above 

classification.  

8.5 Describing Waves / Properties of Waves 

Wave properties depend on what (type of energy) makes the wave. For example, 

you are splashing in the ocean or earth quakes creating a tsunami. Descriptive 

wave properties include: 

Amplitude (A) is the maximum displacement of a particle in a wave from its 

equilibrium position. It is measured in meters (m).The more energy a wave 

carries, the larger its amplitude. 

Figure 8.5 

 

Frequency (f) is the number of complete waves passing through a point in one 

second. It is measured in hertz (Hz). 
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 If 10 waves go past in 1 second, it is 10 Hz 

 If 1,000 waves go past in 1 second, it is 1,000Hz 

Wavelength (λ) is the distance between two identical points on a wave (i.e. one 

full wave). The units are that of distance that is meters (m). Mostly this distance is 

so small so commonly Å (1 Angstrom is 10
-10 

meters) is used. 

Figure 8.6 

 

 

 

4. Wave speed (v) is the speed with which wave travels in a medium. It is 

measured in meters per second (ms
-1

).Itdepends on the medium in which 

the wave is traveling. It varies in solids, liquids and gases. A mathematical 

way to calculate wave speed is: wave speed = wavelength (in m) x 

frequency (in Hz). Or, v = f x λ.  

Formative Assessment: 

So, if a wave has a wavelength of 2 m and a frequency of 500 Hz, what is 

its speed? (Answer: wave speed = 2 m x 500Hz = 1000 m/s). 
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5. The energy of a wave can be expressed by the equation E = CA
2
, where E 

is energy, C is a constant dependent upon the medium, and A is the 

amplitude. 

6. Time Period (T): The time required for one complete oscillation of a 

particle is the time period. It is the reciprocal of frequency. 

7. Phase of Oscillation: Two particles are said to be in the same phase of 

oscillation when they are equally displaced from the original position and 

are moving in the same direction. The units are that of angle. 

Phase 

Points on a wave which are always travelling in the same direction, rising and 

falling together, are in phase with each other. 

Anti-Phase 

Points on a wave which are always traveling in opposite directions to each other, 

one is rising while the other is falling, are in anti-phase with each other. 

Path Difference 

If we measure the distance travelled by two waves and then compare those 

distances, any difference in the distances travelled is called the path difference. 

Path difference is measured in meters (m). 

Third phase (home assignment)  

Read and Comments:  is it or isn’t it?  

The velocity of the wave is a function of the medium alone. The wavelength and 

frequency are functions of the source. Hence, by changing the frequency of a 

wave, its wavelength will be changed, but its speed cannot be altered if the 

medium is kept the same. 

Solve the Problem 

The wavelength of waves produced on the surface of water is 20cm. If the wave 

velocity is 24m/s then calculate: (1) No. of waves produced in 1 second (2) time 

in which 1 wave is produced 

Closure:  (5 minutes; summary of what taught) I think that I have made all 

concepts clear and I hope you understand.   Be blessed. See you tomorrow.  
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8.6 Sound Waves 

Learning Objectives 

After this lesson, students will be able to: 

 Identify various properties of sound waves. 

 Differentiate between sound and other types of waves. 

 Describe how sound wave properties affect how sound is perceived. 

Length: 50 minutes 

Scientific Literacy: 

Determine the meaning of symbols, key terms, and other domain-specific words 

and phrases as they are used in a specific scientific or technical context relevant to 

grades 9-10 texts and topics. 

Phase One 

In the previous session we have discussed mechanical waves, which require 

medium for their propagation. These are of two types. 

Any one, please name them. ….., transverse and longitudinal. OK.   

Sound waves are longitudinal wave in which the particles of the medium travels 

along the direction of propagation of waves  

Sound waves are the simplest form of waves (called linear waves). Most sound 

waves behave as linear waves since they produce pressure fluctuations in air that 

are very small compared to the atmospheric pressure. Actually, a linear wave is 

a disturbance which travels through a medium such as air or water. 

We have discussed the properties of sound waves that is, time period, wave 

length, frequency, amplitude, etc. now we will discuss some other. See the slides 

and we will discuss one by one.  

Figure 8.7 
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In costructive interference of sound waves the compression and rarefaction  of 

two or more waves meet at one point and louad sound is produced but  and 

destructive interference of sound waves where the compression of one wave meet 

the rarefaction of second wave, no sound will be produced.  

Uses of Sound: 

1.  Acoustics – the study of sound. Soft materials dampen sound; hard 

materials reflect it (echoes and reverberations) 

2.  SONAR – Sound Navigation and ranging (echolocation). 

3.  Ultrasound imaging. Kidney stones & gallstones. 

(Summary of today is presented by an efficient student of the class or by the 

teacher) 

We will cover the last article “qualities / properties of musical sound” that is 

intensity, loudness, frequency and pitch. Thanks. See you tomorrow. 
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Self-Assessment Questions 8.2 

Answer the Questions and Solve the Problems 

1.     Differentiate between mechanical and electromagnetic waves. 

2.     Differentiate between transverse and longitudinal waves with the help of 

activities for each. 

3.     Describes the properties of waves. 

4.     Why the sound of girls is shrill than of boys? 

5.    How sound is produced? 

6.    What is the audible frequency for human year? 

7.     What is the difference between infrasonic and ultrasonic waves? 

8. The speed (v) at which sound travels through air is dependent upon the 

temperature of the air and seems to follow the equation v = 331 m/s + 0.6 

m/s/°C * T where T is the Celsius temperature of the air. Determine the 

speed of sound: 

a. … on a cold day when the outdoor temperature is 4°C. 

b. … inside the school where the temperature is 24°C. 

c. … on a warm day when the outdoor temperature is 38°C. 

Vocabulary/Definitions 

Amplitude: How far the medium (crests and troughs, or compressions and 

rarefactions) moves from rest position (the place the medium is when not 

moving). 

Compression: When the particles of a longitudinal wave are close together. 

Compressional (longitudinal) wave: A wave in which the medium moves back 

and forth in the same direction as the wave. 

Crest: The highest point on a transverse wave. 

Diffraction: The bending of waves around an object. 

Electromagnetic wave: A wave that does not require a medium to travel, for 

example, it can travel through a vacuum. Also called an EM wave. 

Energy: The capacity to do work. 

Frequency: number of waves goes past a point in one second. It is measured in 

hertz (Hz). 

Mechanical wave: A wave that requires a medium to travel. 

https://en.wikipedia.org/wiki/Special:Search?search=amplitude
https://en.wikipedia.org/wiki/Special:Search?search=compression
https://en.wikipedia.org/wiki/Special:Search?search=compressional+(longitudinal)+wave
https://en.wikipedia.org/wiki/Special:Search?search=crest
https://en.wikipedia.org/wiki/Special:Search?search=diffraction
https://en.wikipedia.org/wiki/Special:Search?search=electromagnetic+wave
https://en.wikipedia.org/wiki/Special:Search?search=energy
https://en.wikipedia.org/wiki/Special:Search?search=frequency
https://en.wikipedia.org/wiki/Special:Search?search=mechanical+wave
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Rarefaction: When the particles of a longitudinal wave are far apart. 

Reflection: When a wave bounces off a surface. 

Refraction: When a wave bends. 

Transverse wave: A wave in which the medium moves at right angles to the 

direction of the wave. 

Trough: The lowest point on a transverse wave. 

Wave: A disturbance that carries energy from one place to another.Waves are a 

repeating pattern of motion that transfers energy from place to place without 

overall displacement of matter. 

Wavelength: Distance between one point on a wave and the exact same place on 

the next wave. 

The Doppler Effect: (the change in pitch due to a moving wave source). 

1) Objects moving toward you cause a higher pitched sound. 

2) Objects moving away cause sound of lower pitch. 

3) Used in radar by police and meteorologists and in astronomy. 

Suggested Answers / Solutions:  Unit-8 

Self-assessment Questions 8.1 

Solution 1-4. For answers of questions 1 to 4; see the relevant parts of the unit-8. 

 

Solution-5: The only piece of information we need here is the total time of one 

oscillation. 5 seconds is simply our period. Thus: 

ν =  = 1/5 = 0.2 Hz 

Solution-6:   Since we are given average velocity, and we want to find the time 

of travel of one revolution, we must find the total distance traveled 

during the revolution. Let's start our oscillation when the spring is 

fully compressed. It travels 1 meter to its equilibrium point, then 

an additional meter to its maximum extension point. Then it 

https://en.wikipedia.org/wiki/Special:Search?search=rarefaction+
https://en.wikipedia.org/wiki/Special:Search?search=reflection
https://en.wikipedia.org/wiki/Special:Search?search=refraction
https://en.wikipedia.org/wiki/Special:Search?search=transverse+wave
https://en.wikipedia.org/wiki/Special:Search?search=trough
https://en.wikipedia.org/wiki/Special:Search?search=wave
https://en.wikipedia.org/wiki/Special:Search?search=wavelength
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returns to its initial state of maximum compression. Thus the total 

distance traveled by the mass is 4 meters.  

Since T = x/v we can calculate that T = x/v = 4 m/4 m/s = 1 second. The period of 

oscillation is one second. 

Solution-7:    Choose the best. 

I. a 

II. c 

III. c 

IV. b 

V. d 

Self-assessment Questions 8.2 

Solution 1-5.For answers of questions 1 to 5; see the relevant parts of the unit-8. 

Ans.Q-6.      The audible frequency of human year is 20 Hz to 20,000Hz. 

Ans.Q-7. Ultrasonic waves are acoustic waves that are so high in frequency that 

humans can't hear them; however, infrasonic waves are sound 

waves that are lower in frequency than what humans can hear. A 

subsonic wave is a wave that is traveling slower than the speed of 

sound and a supersonic wave travels faster. OR 

 The sounds of frequency less than 20Hz are called infrasonic waves. 

The infrasonic sounds have below the lower limit of human hearing. The 

sound of frequency more than 20,000Hz are called ultrasonic 

waves. Ultrasonic sounds have a frequency above the upper limit of 

human hearing. 

Ans.Q-7 

a. We just multiply 0.6 by 4 and then add to 331 to get the required speed at 

4
0
C.  

Speed of sound at 4
0
C = 331+ 0.6x4 = 331+2.4 = 333.4 m/s. 

We can  calculate the remaining by using the above formula. 
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Introduction 

This is the age of science. Virtually every aspect of our ever day life is affected in 

some way by the scientific and technological developments. Physics is the broad 

field of human knowledge concerned with facts held together by principles 

(rules). Scientists discover and test these facts and principles by an orderly system 

of solving problems i.e. scientific method.  

In this unit, the major focus is on the delivery of some selected topics from the 

secondary school physics curriculum. The content knowledge and the way how it 

delivered in the classroom is the main focus of this unit. The discussion about 

these topics is presented by keeping in views of the educationist and psychologist 

to make the teaching meaningful. Being a science teacher, the writer also shares 

his own experiences in the teaching of these topics.  You should also observe the 

curriculum document for the subject of physics which is built upon Standards, 

Benchmarks, and Learning Outcomes for the benefit of student growth and 

progress. 

Objectives 

After studying this unit, you will be able to: 

 Define electric field and electric field intensity.  

 Sketch the electric field lines for an isolated positive and negative point 

charges 

 Describe the concept of electric potential. 

 Define electric potential and the unit “volt”. 

 Describe the magnetic forces and electromagnet 

 State the conditions for total internal reflection. 

 Describe the passage of light through a glass prism. 

 Describe how total internal reflection is used in light propagation through 

optical fibers. 

 Define isotopes and their use in medicine, agriculture and industry 

 Describe that the three types of radiation are α, β & γ. 

 State natural, artificial radio activity and chain reaction. 

 Know about semiconductors, their types and uses. 
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9.1   Electric Potential 

Learning Objective 

Students will gain a deeper understanding of the relationship between work and 

electric potential energies. 

Phase one (presentation of advance organizers) 

Students, you have the idea of transfer of energy as we discussed in the previous 

unit. Today's preparation is focused on energy transfer not though involving 

charges. But I want students to be comfortable with the transfer of energy from 

one object to another, and with the ways in which we use the word "work" before 

re-introducing the more abstract notion of electrical charges and electric potential 

energy. The ideas of energy being transferred and being conserved are central to 

this unit. 

 Let me tell how many types of charges? 

Ans.   2 sir; positive and negative 

 Write the mathematical form of work on your note book.  Is it W = F.d? 

 Do you know that like charges-------------each other and unlike------------- 

Second phase (Presentation of the Material) 

Electric Potential and Electric Potential Energy 

We learned that in work power energy chapter, objects have potential energy 

because of their positions. In this case charge in an electric field has also potential 

energy because of its positions. Since there is a force on the charge and it does 

work against to this force we can say that it must have energy for doing work. In 

other words, we can say that Energy required increasing the distance between two 

charges to infinity or vice versa. Electric potential energy is a scalar quantity and 

Joule is the unit of it. We use following formula to find the magnitude of EP 

(Electric Potential):  
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Be careful! 

 In this formula if the charges have opposite sign then, electric potential 

(EP) becomes negative; if they are same type of charge then, EP becomes 

positive. 

 If EP is positive then, electric potential energy is inversely proportional to 

the distance d. 

 

 If EP is negative then, electric potential energy is directly proportional to 

the distance d. 

In Figure 1 and Figure 2, charges repel each other, thus external forces does work 

for decreasing the distance between them. On the contrary, in Figure3, charges 

attract each other, distance between them is decreased by electric forces, and there 

is no need for other external forces. 

Example: System given below is composed of the charges, 10c, 8c and -5q. Find 

the total electric potential energy of the system. 
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Electric Potential 

Electric potential is the electric potential energy per unit charge. It is known as 

voltage in general, represented by V and has unit volt (joule/C). 

  

  

  

  

  

 

1C charge is brought to the point A from infinity. Work done here is called 

potential of q at A. Electric potential is found by the given formula; 

d

Kq
V   

V is a scalar quantity. If q is negative then V becomes negative, or if q is positive 

then V becomes positive.  

Potential Difference between Two Points 

Work done against to the electric field to move unit charge from one point to 

another is called potential difference between these two points. This difference is 
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found by differences of potential of last point from initial point. If we take the 

point charge from A to B, then potential difference is found by the formula; 

   

  

  

  

  

  

Example:  

Find the potential difference between points A and B, VAB in terms of k. q/r? 
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9.2   Electric Field 

Learning Objective: 

1. Students will be able to identify and explore the qualitative and quantitative 

properties of electric fields. 

2. Find the strength of electric field  

Context:   

Students already have a working knowledge of fundamental charges and 

Coulomb’s Law, so today's lesson focuses on the properties of electric fields. The 

goal of the lesson is to give students an overview of how charged particles interact 

with each other and the force fields they create. 

Electric Field 

 A region or space around a charged particle or object within which a force 

would be exerted on other charged particles or objects is called electric field. 

This phenomenon is the result of a property of matter called electric charge. 

Electric charges produce electric fields: regions of space around electrically 

charged particles or objects in which other electrically charged particles or objects 

would feel force. 

An electric field is a vector quantity and can be visualized as arrows going toward 

or away from charges. The lines are defined as pointing radially outward, away 

from a positive charge, or radially inward, toward a negative charge. 

Electric Charge Definition / Description 

An electric charge, which can be either positive or negative, is a property of 

matter that causes two objects to attract or repel. If the objects are oppositely 

charged (positive-negative), they will attract; if they are similarly charged 

(positive-positive or negative-negative), they will repel. 

The unit of electric charge is the coulomb, which is defined as the amount of 

electricity that is conveyed by an electrical current of 1 ampere in 1 second. 

Many objects are electrically neutral and have a total net charge of zero. If there is 

an excess of either electrons or protons, thus yielding a net charge that is not zero, 

the objects are considered charged (ions). 

One way to quantify electrical charge is by using the constant e = 1.602 x10
-

19
 coulombs. An electron, which is the smallest quantity of negative electrical 

https://www.thoughtco.com/electrical-current-2698954
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charge, has a charge of -1.602x10
-19

 coulombs. A proton, which is the smallest 

quantity of positive electrical charge, has a charge of +1.602 x 10
-19

 coulombs. 

Thus, 10 electrons would have a charge of -10 e, and 10 protons would have a 

charge of +10 e. 

Coulomb's Law 

Electric charges attract or repel each other because they exert forces on each 

other. The force between two electric point chargesis described by Coulomb’s 

law.  

Coulomb's law states that the strength, or magnitude, of the force between two 

point charges is proportional to the magnitudes of the charges and inversely 

proportional to the distance between the two charges. 

Mathematically, this is given as: Fc = (k.q1q2)/r
2
 

Where q1 is the charge of the first point charge, q2 is the charge of the second 

point charge, k = 9 * 10
9
 Nm

2
/C

2
 is Coulomb’s constant, and r is the distance 

between two point charges. 

Although there are technically no real point charges, electrons, protons, and other 

particles are so small that they can be approximated by a point charge. 

. 

The number of lines per unit area through a surface perpendicular to the lines is 

proportion to the strength of the electric field in a given region. 

What is Electric Dipole? 

 

An electric dipole deals with the separation of the positive and negative charges 

found in any electromagnetic system. A simple example of this system is a pair 

of electric charges of equal magnitude but opposite sign separated by some 

typically small distance. (A permanent electric dipole is called an electret.) 

https://www.thoughtco.com/force-2698978
https://www.thoughtco.com/definition-of-coulombs-law-604963
https://www.thoughtco.com/definition-of-coulombs-law-604963
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 Electric dipole consists of two equal but opposite charge. 

 The high density of lines between charges indicates the strong electric field 

in this region. 

 If these two opposite charges are placed close to each other, the 

positive charge moves in the direction of electric lines of force and enters 

into electric field of negative charge. ... Hence, both the charges will 

experience a repulsive force from each other. 

 The field lines around the single point charge are straight but why do the 

lines curved when two charges of +1µC apart at 20 cm. 

Properties of Electric Lines of Force 

1) The electric lines of force start from a positive charge and ends on a negative 

charge. 

2) The electric lines of force always enter or leave the charged surface normally. 

3) Electric lines of force can never intersect each other.  

4) The electric lines of force cannot pass through a conductor. 

5) When two opposite charges are placed close to each other, the electric lines of 

force present between them will become shorten in length. 

6) When two like charges are placed closer to each other, the electric lines of 

force present between them will become enlarged in length. 

We know that, when a unit charge or point charge is placed in the electric field of 

another charged particle, it will experience a force. 

The direction of this force can be represented by the imaginary lines. These 

imaginary lines are called electric lines of force. Electric lines of force are also 

called as electric field lines. The concept of electric lines of forces was introduced 

by Michael Faraday in 1837. 

The direction of electric lines of force for positive and negative charge is shown 

in the below figure. For positive charge, the electric lines of force move away 

from the center of the charge. But in case of negative charge, the electric lines of 

force move towards the center of the charge. 

 



266 

 

What is electric field intensity? 

Electric intensity is the strength of electric field at a point. Electric intensity at a 

point is defined as the force experienced per unit positive charge at a point placed 

in the electric field. It may also be defined as the electrostatic force per unit 

charge. 

Students before going to find the electric field strength / intensity, we should 

remind Coulumb’s law. Anyone helpsus. Write in mathematical form. 

Thank you. Correct.    

Coulomb’s Law:  

291 2
22

8.99 10
k q q NmF k

Cr
    

  The direction of the force is along a line connecting the two charges 

  If there are more than two charges, the net force on a charge is the vector sum 

of all the forces on the charge 

The Electric Field Strength (electric intensity) 

The electric field intensity is defined as: 
0

F
E

q


r
r

 where q0 is a small test charge  

  The force on a charge in an electric field is given by: F qE
r r
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  The electric field from a point charge is given by: 
2

k q
E

r


  
 

E
r

 Points away from a positive charge 

E
r

 Points toward a negative charge 

Electric field strength is greater near the charges and less away from them.  

It is the number of lines of force per square inch, so greater the number of line per 

square inch the greater will be tha strength. Definitly it is near the charge. 

 

9.3   Magnetic Forces and Electro Magnet 

Learning Objectives: 

1. About what is magnet and its uses/ 

2. Magnetic force its description, its direction and use 

3. What are electro magnet and their use in everyday life?  

What is a Magnet? 

Students look at these objects; are you familiar with them?   Yes, it is a magnet. 

Do you know it attracts piece of iron? Yes sir. 

Name any other metal. Do you know? Not any.  

OK. See this figure and name the other metals which are attracted by magnet. 
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How many poles a magnet has? ……..Two,    North Pole and South Pole 

Like poles---------------each other and unlike------------------each other. 

 

 

You are familiar with electric field; the region around a charge body.  



269 

Now we will define the magnetic field. A magnet is a material or object that 

produces a magnetic field. This magnetic field is invisible but is responsible for 

the most notable property of a magnet: a force that pulls on other ferromagnetic 

materials, such as iron, nickel and attracts or repels other magnets.  

Magnetic force is the attraction or repulsion that arises between electrically 

charged particles because of their motion.  The magnetic force between two 

moving charges may be described as the effect exerted upon either charge by 

a magnetic field created by the other. 

 Examples of magnetic force are a compass, a motor, and the magnets that hold 

stuff on the refrigerator, train tracks, and new roller coasters. All moving charges 

give rise to a magnetic field and the charges that move through its regions, 

experience a force. 

See the figure below. 

The magnetic field at some point in space can be defined in terms of the magnetic 

force, FB. The magnetic force will be exerted on a charged particle moving with a 

velocity, v 

Practical activity:  dear students we will be in the laboratory in the next session 

for practical activity; to draw magnetic field around a bar magnet. It should be 

like the picture given below. 
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What is an Electromagnet?  

Electromagnetic phenomena are defined in terms of the electromagnetic force, 

sometimes called the Lorentz force, which includes both  electricity  and  

magnetism  as different manifestations of the same phenomenon. The 

electromagnetic force plays a major role in determining the internal properties of 

most objects encountered in daily life. The electromagnetic attraction 

between atomic nuclei and their orbital electrons holds atoms together. 

Electromagnetic forces are responsible for the chemical bonds between atoms 

which create molecules, and intermolecular forces. The electromagnetic force 

governs all chemical processes, which arise from interactions between 

the electrons of neighboring atoms. 

 

 

https://en.wikipedia.org/wiki/Lorentz_force
https://en.wikipedia.org/wiki/Electricity
https://en.wikipedia.org/wiki/Magnetism
https://en.wikipedia.org/wiki/Atomic_nuclei
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Chemical_bond
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Intermolecular_force
https://en.wikipedia.org/wiki/Molecular_orbital
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Self-Assessment Questions  9.1 

Answer the Questions and Solve the Problems 

1.     Define the following terms: current, potential difference, electric field and 

magnetic, field.  

2.     What is electromagnetism? What are the uses of electromagnets in our 

daily life?  

3.    Define and elaborate Coulomb’s law  

4.    Find the electric field strength of an electric field. 

5.    What are the electric lines of force? Write their properties. 

6.    Differentiate between electric potential and electric potential energy. 

7.   An electron is accelerated from rest through a potential difference 12 V. 

What is the change in electric potential energy of the electron? 

 

 

 

  

https://physics.gurumuda.net/electric-potential-energy-problems-and-solutions.htm
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9.4   Total Internal Reflection  

Objectives: 

1. To describe how the relative intensity of a reflected ray and refracted ray at a 

boundary is dependent upon the angle of incidence. 

2. To define total internal reflection and to state the conditions those are required 

in order for a light ray to undergo total internal reflection. 

3. To define the critical angle, to derive an equation for the critical angle from 

Snell's law equation, and to use the equation to calculate the critical angle for the 

boundary between two media. 

Phase One 

In the last week we have discussed the boundary behavior of light waves was 

discussed. It was mentioned that a light wave doesn't just stop when it reaches the 

end of the medium. Rather, the light wave undergoes certain behaviors when it 

encounters the end of the medium - such behaviors include reflection, 

transmission/refraction, and diffraction. In the previous session the primary focus 

was the reflective behavior of light waves at the boundary. In this unit, our 

primary interest has been the refractive behavior of light waves at the boundary. 

In Lesson 3, we will investigate the connection between light reflection and light 

refraction. 

A light wave, like any wave, is an energy-transport phenomenon. A light wave 

transports energy from one location to another. When a light wave strikes a 

boundary between two distinct media, a portion of the energy will be transmitted 

into the new medium and a portion of the energy will be reflected off the 

boundary and stay within the original medium.  

We know thatReflection of a light wave involves the bouncing of a light wave 

off the boundary, while refraction of a light wave involves the bending of the 

path of a light wave upon crossing a boundary and entering a new medium. Both 

reflection and refraction involve a change in direction of a wave, but only 

refraction involves a change in medium. 
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The above diagram shows several wave-fronts approaching a boundary between 

two media. These wave-fronts are referred to as the incident waves and the ray 

that points in the direction that they are traveling is referred to as the incident 

ray. The incident ray is drawn in blue on the diagram at the right. Notice on the 

diagram that the incident ray leads into two other rays at the point of incidence 

with the boundary. The reflected waves are the waves that bounce off the 

boundary and head back upwards and the reflected ray is the ray that points in 

the direction that the reflected waves are traveling. The reflected ray is drawn in 

green on the diagram at the right. The refracted waves are the waves that are 

transmitted across the boundary and continue moving downwards, only at a 

different angle than before. The refracted ray is the ray that points in the direction 

that the refracted waves are traveling. The refracted ray is drawn in red on the 

diagram at the right. At the point of incidence (the point where the incident ray 

strikes the boundary), a normal line is drawn. The normal line is always drawn 

perpendicular to the surface at the point of incidence. The normal line creates a 

variety of angles with the light rays; these angles are important and are given 

special names. The angle between the incident ray and the normal is the angle of 

incidence. The angle between the reflected ray and the normal is the angle of 

reflection. And the angle between the refracted ray and the normal is the angle of 

refraction. 

The fundamental law that governs the reflection of light is called the law of 

reflection. Whether the light is reflecting off a rough surface or a smooth surface, 

a curved surface or a planar surface, the light ray follows the law of reflection.  

The law of reflection states thatwhen a light ray reflects off a surface, the angle of 

incidence is equal to the angle of reflection. 

http://www.physicsclassroom.com/Class/refln/u13l1c.cfm


274 

The fundamental law that governs the refraction of light is Snell's Law. Snell's 

Law states thatwhen a light ray is transmitted into a new medium, the relationship 

between the angle of incidence and the angle of refraction is given by the 

following equation below. The ni and nr values represent the indices of refraction 

of the incident and the refractive medium respectively. 

ni • sine(θi) = nr • sine(θr) 

  As we proceed through this Lesson, we will see that there is a connection 

between the reflection and the refraction of light. Each of these two behaviors 

usually occurs together. But as we will see, there are two conditions, which when 

both met, will cause the light waves to undergo reflection without any 

accompanying refraction. 

Second Phase 

Total internal Reflection  

Lab Practical 

Before going to start this topic, it is necessary for the teacher to give a 

demonstration in the physics lab about to find the value of critical angle by using 

prism. In this experiment, teacher can easily explain the concept of TOTAL 

INTERNAL REFLECTION that is why light reflect instead of refract when 

enter from one medium to another.   

A common Physics lab is to sight through the long side of an isosceles triangle at 

a pin or other object held behind the opposite face. When done so, an unusual 

observation - a discrepant event - is observed. The diagram on the left below 

depicts the physical situation. A ray of light entered the face of the triangular 

block at a right angle to the boundary. This ray of light passes across the boundary 

without refraction since it was incident along the normal. The ray of light then 

travels in a straight line through the glass until it reaches the second boundary. 

Now instead of transmitting across this boundary, all of the light seems to reflect 

off the boundary and transmit out the opposite face of the isosceles triangle. This 

discrepant event bothers many as they spend several minutes looking for the light 

to refract through the second boundary. Then finally, to their amazement, they 

looked through the third face of the block and clearly see the ray. What 

happened? Why did light not refract through the second face? 

http://www.physicsclassroom.com/Class/refrn/u14l2b.cfm
http://www.physicsclassroom.com/Class/refrn/u14l2b.cfm
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The phenomenon observed in this part of the lab is known as total internal 

reflection. Total internal reflection, or TIR as it is intimately called, is the 

reflection of the total amount of incident light at the boundary between two 

media.  

To understand total internal reflection, we will begin with a thought experiment. 

Suppose that a laser beam is submerged in a tank of water (don't do this at home) 

and pointed upwards towards water-air boundary. Then suppose that the angle at 

which the beam is directed upwards is slowly altered, beginning with small angles 

of incidence and proceeding towards larger and larger angles of incidence. What 

would be observed in such an experiment? If we understand the principles of 

boundary behavior, we would expect that we would observe both reflection and 

refraction. And indeed, that is what is observed (mostly). But that's not the only 

observation that we could make. We would also observe that the intensity of the 

reflected and refracted rays do not remain constant. At angle of incidence close to 

0 degrees, most of the light energy is transmitted across the boundary and very 

little of it is reflected. As the angle is increased to greater and greater angles, we 

would begin to observe less refraction and more reflection. That is, as the angle of 

incidence is increased, the brightness of the refracted ray decreases and the 

brightness of the reflected ray increases. Finally, we would observe that the angles 

of the reflection and refraction are not equal. Since the light waves would refract 

away from the normal, the angle of refraction would be greater than the angle of 

incidence. And if this were the case, the angle of refraction would also be greater 

than the angle of reflection (since the angles of reflection and incidence are the 

same). As the angle of incidence is increased, the angle of refraction would 

eventually reach a 90-degree angle. These principles are depicted in the diagram 

below. 
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The maximum possible angle of refraction is 90-degrees. If you think about it (a 

practice that always helps), you recognize that if the angle of refraction were 

greater than 90 degrees, then the refracted ray would lie on the incident side of the 

medium - that's just not possible. So in the case of the laser beam in the water, 

there is some specific value for the angle of incidence (we'll call it the critical 

angle) that yields an angle of refraction of 90-degrees. This particular value for 

the angle of incidence could be calculated usingSnell's Law (ni = 1.33, nr = 

1.000,  = 90 degrees,  =?) and would be found to be 48.6 degrees. Any angle 

of incidence that is greater than 48.6 degrees would not result in refraction. 

Instead, when the angles of incidence is greater than 48.6 degrees (the critical 

angle), all of the energy (the total energy) carried by the incident wave to the 

boundary stays within the water (internal to the original medium) and 

undergoes reflection off the boundary. When this happens, total internal 

reflection occurs. 

Conditions for Total Internal Reflection 

Total internal reflection (TIR) is the phenomenon that involves the reflection of 

allthe incident light of the boundary. TIR only takes place when both of the 

following two conditions are met: 

 The light enters from the more-dense (denser) medium and approaching 

the less dense medium (rare). 

 The angle of incidence is greater than the critical angle. 

Total internal reflection will not take place unless the incident light is traveling 

within the more optically dense medium towards the less optically 

http://www.physicsclassroom.com/Class/refrn/u14l2b.cfm
http://www.physicsclassroom.com/Class/refrn/u14l1d.cfm
http://www.physicsclassroom.com/Class/refrn/u14l1d.cfm
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dense medium. TIR will happen for light traveling from water towards air, but it 

will not happen for light traveling from air towards water. TIR would happen for 

light traveling from water towards air, but it will not happen for light traveling 

from water (n=1.333) towards crown glass (n=1.52). TIR occurs because the 

angle of refraction reaches a 90-degree angle before the angle of incidence 

reaches a 90-degree angle. The only way for the angle of refraction to be greater 

than the angle of incidence is for light to bend away from the normal. Since light 

only bends away from the normal when passing from a more dense medium into a 

less dense medium, then this would be a necessary condition for total internal 

reflection. 

 

 

 Application of TIR  

Light Piping and Optical Fibers 

Total internal reflection is often demonstrated in a Physics 

class through a variety of demonstrations. In one such 

demonstration, a beam of laser light is directed into a coiled 

plastic thing-a-ma jig. The plastic served as a light pipe, 

directing the light through the coils until it finally exits out the 

opposite end. Once the light entered the plastic, it was in the 

more-dense medium. Every time the light approached the 

plastic-air boundary, it is approaching at angles greater than 

the critical angle. The two conditions necessary for TIR are 

met, and all of the incident light at the plastic-air boundary 

stays internal to the plastic and undergoes reflection. And with 

the room lights off, every student becomes quickly aware of the ancient truth that 

Physics is better than drugs. 
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This demonstration helps to illustrate the principle by which optical fibers work. 

The use of a long strand of plastic (or other material such as glass) to pipe light 

from one end of the medium to the other is the basis for modern day use of optical 

fibers. Optical fibers are used in communication systems and micro-surgeries. 

Since total internal reflection takes place within the fibers, no incident energy is 

ever lost due to the transmission of light across the boundary. The intensity of the 

signal remains constant. 

Another common Physics demonstration involves 

the use of a large jug filled with water and a laser 

beam. The jug has a pea-sized hole drilled in its 

side such that when the cork is removed from the 

top of the jug, water begins to stream out the jug's 

side. The beam of laser light is then directed into 

the jug from the opposite side of the hole, through 

the water and into the falling stream. The laser 

light exits the jug through the hole but is still in 

the water. As the stream of water begins to fall as 

a projectile along a parabolic path to the ground, 

the laser light becomes trapped within the water 

due to total internal reflection. Being in the denser medium (water) and heading 

towards a boundary with a less dense medium (air), and being at angles of 

incidence greater than the critical angle, the light never leaves the stream of water. 

In fact, the stream of water acts as a light pipe to pipe the laser beam along its 

trajectory. Once more, students viewing the demonstration are convinced of the 

fact that Physics is better than drugs. 

 Third Phase 

I think you got the phenomenon of TIR.  

Q.1 During your journey, you would have often observed that there was water on 

the road; but when you go ahead, there was no water on the road.  Why this 

happen? Also name it. 

Q.2.Some optical instruments, such as periscopes and binoculars use trigonal 

prisms instead of mirrors to reflect light around corners. Light typically enters 

perpendicular to the face of the prism, undergoes TIR off the opposite face and 

then exits out the third face. Why do you suppose the manufacturer prefers the use 

of prisms instead of mirrors? 

(ANSWER; A prism will allow light to undergo total internal reflection whereas a 

mirror allows light to both reflect and refract. So for a prism, 100 percent of the 
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light is reflected. But for a mirror, only about 95 percent of the light is reflected. 

For these reasons, a prism will produce a brighter image due to the greater percent 

of light being reflected.) 

9.5    Dispersion of Light 

Visible light, also known as white light, consists of a collection of component 

colors. These colors are often observed as light passes through a triangular prism. 

Upon passage through the prism, the white light is separated into its component 

colors - red, orange, yellow, green, blue, indigo and violet. The separation of 

visible light into its different colors is known as dispersion of light. 

You have studied in class-VIII that each color is characteristic of a distinct wave 

frequency; and different frequencies of light waves will bend varying amounts 

upon passage through a prism. today, we will investigate the dispersion of light in 

more detail, pondering the reasons why different frequencies of light bend or 

refract different amounts when passing through the prism. 

Before moving ahead, we should learn another concept ‘optical density’. The 

optical density is simply a measure of the tendency of a material to slow down 

light as it travels through it. Different materials are distinguished from each other 

by their different optical densities.As mentioned earlier, a light wave traveling 

through a transparent material interacts with the atoms of that material. When a 

light wave impinges upon an atom of the material, it is absorbed by that atom. 

The absorbed energy causes the electrons in the atom to vibrate. If the frequency 

of the light wave does not match the resonance frequency of the vibrating 

electrons, then the light will be re-emitted by the atom at the same frequency at 

which it impinged upon it. The light wave then travels through the interatomic 

vacuum towards the next atom of the material. Once it impinges upon the next 

atom, the process of absorption and re-emission is repeated. 

The optical density of a material is the result of the tendency of the atoms of a 

material to maintain the absorbed energy of the light wave in the form of vibrating 

electrons before reemitting it as a new electromagnetic disturbance. Thus, while a 

light wave travels through a vacuum at a speed of c (3.00 x 10
8
 m/s), it travels 

through a transparent material at speeds less than c. Materials with higher index of 

refraction values have a tendency to hold onto the absorbed light energy for 

greater lengths of time before reemitting it to the interatomic void. The more 

closely the frequency of the light wave matches the resonant frequency of the 

electrons of the atoms of a material, the greater the optical density and the greater 

the index of refraction. Ultimately, a light wave would be slowed down to a 

greater extent when passing through such a material 
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The table below lists index of refraction values for a variety of medium. The 

materials listed at the top of the table are those through which light travels fastest; 

these are the least optically dense materials. The materials listed at the bottom of 

the table are those through which light travels slowest; these are the most 

optically dense materials. So as the index of refraction value increases, the optical 

density increases, and the speed of light in that material decreases. 

Students, note that the index of refraction values are dependent upon the 

frequency of light. For visible light, the n value (refractive index) does not show a 

large variation with frequency, but nonetheless it shows a variation. For instance 

for some types of glass, the n value for frequencies of violet light is 1.53; and 

the n value for frequencies of red light is 1.51. The absorption and re-emission 

process causes the higher frequency (lower wavelength) violet light to travel 

slower through crown glass than the lower frequency (higher wavelength) red 

light. It is this difference in n value for the varying frequencies (and wavelengths) 

that causes the dispersion of light by a triangular prism. Violet light, being slowed 

down to a greater extent by the absorption and re-emission process, refracts more 

than red light. Upon entry of white light at the first boundary of a triangular 

prism, there will be a slight separation of the white light into the component 

colors of the spectrum. Upon exiting the triangular prism at the second boundary, 

the separation becomes even greater and ROYGBIV is observed in its splendor. 

Dear students, we now learn a very important concept “angle of dispersion (D)”. 

The Angle of Deviation 

Material Index of Refraction   

Vacuum 1.0000 <--lowest optical density 

Air 1.0003   

Ice 1.31   

Water 1.333   

Ethyl Alcohol 1.36   

Plexiglas 1.51   

Crown Glass 1.52   

Light Flint Glass 1.58   

Dense Flint Glass 1.66   

Zircon 1.923   

Diamond 2.417   

Rutile 2.907   

Gallium phosphide 3.50 <--highest optical density 
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The amount of overall refraction caused by the passage of a light ray through a 

prism is often expressed in terms of the angle of deviation (D). The angle of 

deviation is the angle made between the incident ray of light entering the first 

face of the prism and the refracted ray that emerges from the second face of the 

prism. Because of the different indices of refraction for the different wavelengths 

of visible light, the angle of deviation varies with wavelength. Colors of the 

visible light spectrum that have shorter wavelengths (BIV) will deviated more 

from their original path than the colors with longer wavelengths (ROY). The 

emergence of different colors of light from a triangular prism at different angles 

leads an observer to see the component colors of visible light separated from each 

other. 

 

 

Self-Assessment Questions 9.2 

Answer the Questions and Solve the Problems 

1.    Explain the phenomenon of Rainbow. 

2.    Why doesn't a square or rectangular prism cause the dispersion of a narrow 

beam of white light? 

3.    Describe how the relative intensity of a reflected ray and refracted ray at a 

boundary is dependent upon the angle of incidence. 

4.    Define total internal reflection and state the conditions those are required in 

order for a light ray to undergo total internal reflection. 

5.   Define the critical angle, and derive an equation for the critical angle from 

Snell's law equation. 

6.    Give at least two application of total internal reflection. 
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9.6    Isotopes 

At the completion of this lesson, students will be able to: 

 Define isotopes 

 Describe how isotopes are formed 

 Identify an unknown isotope 

Phase One 

Instruction     

In the first phase teacher ask a number of questions / just to remind, what they 

have already familiar with the concepts. 

1. Name the particles which make up an atom?  

2. What is atomic number and how it is determined? 

3. What is mass number and how it is determined? 

4. How can you determine the number of neutron? 

Dear students, you have learnt in chemistry that the elements on the periodic table 

sometimes undergo changes that turn them into different chemicals (ions). One 

example of this is when an element becomes an isotope. 

Phase Second 

We are familiar with the terms, mass number and atomic number. Now we define 

another concept related to these two called isotope. 

What is an isotope? 

Atoms of same element having different mass number but same atomic number 

are called an isotope. 

As we know that the protons remain same in the atoms, so there is only the 

difference of neutrons. Hence we can say that the different number of neutrons in 

the atoms of same element is also called isotopes. For example hydrogen has three 

isotopes; Hydrogen or Protium, Deuterium, and Tritium. Uranium has also three 

isotopes having mass number, 234,235,238.   
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Fig: Isotopes of Hydrogen 

 

Fig: Isotopes of Uranium  

Formative assessment: 

 What number is the same in every isotope of an element? 

 How many isotopes are there of chlorine and oxygen? 

 Write their symbols. 

Types of isotopes  

There are two main types, (1) unstable or radioactive isotopes (2) stable isotopes. 

Stable isotopes have a stable combination of protons and neutrons, so they have 

stable nuclei and do not undergo decay while unstable nuclei undergo decay and 

change into other nuclei. The table below is showing the comparison of both 

types. 

 

Table : Differentiate between stable suitable model. 
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Radioactive isotopes have many useful applications which are given in the table 

given below. 

 
Table: Radio isotope and their applications in medium 
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Table: Industrial Applications of radioactive isotopes. 

 
Table: Applications of radioactive isotopic in field of research 

 
 



287 

 
Phase Third 

To strengthen the cognitive structure the following questions are helpful. 

o What number is the same in every isotope of an element? 

o How many isotopes are there of hydrogen? 

o How can the number of neutrons be determined? 

o How many isotopes are there of carbon? 

o Which of the carbon isotopes is the most common and abundant? 

o What are stable isotopes? 

o What are some examples of stable isotopes? 

o What are some of the uses of radioactive isotopes? 

o What are long-lived radioactive isotopes? 

9.7    Radio Activity 

By the end of this lesson, students will be able to: 

 Define radioactivity and half -life. 

 Identify the symbols for each type of radioactive decay. 

 Explain the three types of radioactive decay. 
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Lesson Instructions 

It would be beneficial if students already have general background knowledge on 

radioactive elements before teaching this lesson. 

Phase One 

Students have the knowledge about isotopes, stable and unstable nuclei. If not, 

teacher must provide the concepts of isotopes, stable and unstable nuclei. 

Phase Two 

What is Radioactivity?  

Henri Becquerel in 1896 discovered that some elements that have atomic 

number greater than 82 emit new types of radiations which affect the 

photographic plates. He called these elements radioactive and the phenomena 

is called radioactivity. 

Radioactivity is the spontaneous emission of radiation in the form of particles or 

high energy photons resulting from a nuclear reaction. It is also known as 

radioactive decay, nuclear decay, nuclear disintegration, or radioactive 

disintegration. While there are many forms of electromagnetic radiation, they are 

not always produced by radioactivity. For example, a light bulb may emit 

radiation in the forms of heat and light, yet it is not radioactive.  

Radioactive decay is a random or stochastic process that occurs at the level of 

individual atom. While it is impossible to predict exactly when a single unstable 

nucleus will decay, the rate of decay of a group of atoms may be predicted based 

on decay constants or half-lives. A half-life is the time required for half of the 

sample of matter to undergo radioactive decay. 

Formative assessment:Students do you know the unit of radioactivity? 

No Sir. OK.  Listen and note down. 

The International System of Units (SI) uses the becquerel (Bq) as the 

standard unit of radioactivity. The unit is named in honor of the discoverer of 

radioactivity, French scientists Henri Becquerel. One becquerel is defined to be 

one decay or disintegration per second. 

The curie (Ci) is another common unit of radioactivity. It is defined as 3.7 x 

10
10

 disintegrations per second. One curie equals 3.7 x 10
10

 bequerels. 

Types of Radioactive Decay 

https://www.thoughtco.com/definition-of-radiation-and-examples-605579
https://www.thoughtco.com/definition-of-photon-605908
https://www.thoughtco.com/definition-of-electromagnetic-radiation-605069
https://www.thoughtco.com/definition-of-half-life-604523
https://www.thoughtco.com/definition-of-unit-in-chemistry-605934
https://www.thoughtco.com/corium-radioactive-waste-4046372
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The first three types of radioactive decay to be discovered were alpha, beta, and 

gamma decay. These modes of decay were named by their ability to penetrate 

matter. Alpha decay penetrates the shortest distance, while gamma 

decay penetrates the greatest distance. Eventually, the processes involved in 

alpha, beta, and gamma decay were better understood and additional types of 

decay were discovered. 

Decay modes include (A is the mass number, Z is atomic number): 

 Alpha decay: An alpha particle (A =4, Z=2) is emitted from the nucleus, 

resulting in a daughter nucleus (A -4, Z - 2). 

 Proton emission: The parent nucleus emits a proton, resulting in a 

daughter nucleus (A -1, Z - 1). 

 Neutron emission: The parent nucleus ejects a neutron, resulting in a 

daughter nucleus (A - 1, Z). 

 Spontaneous fission: An unstable nucleus disintegrates into two or more 

small nuclei. 

 Beta minus (β
−) 

decay: A nucleus emits an electron and electron 

antineutrino to yield a daughter with A, Z + 1. 

 Beta plus (β
+
) decay: A nucleus emits a positron and electron neutrino to 

yield a daughter with A, Z - 1. 

 Isomeric transition (IT): An excited nucleus releases a gamma ray 

resulting in a daughter with the same atomic mass and atomic number (A, 

Z), 

 

 

https://www.thoughtco.com/beta-decay-definition-608733
https://www.thoughtco.com/definition-of-alpha-decay-604768
https://www.thoughtco.com/definition-of-gamma-radiation-604476
https://www.thoughtco.com/definition-of-gamma-radiation-604476
https://www.thoughtco.com/atomic-mass-and-atomic-mass-number-606079
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Phase third 

Do all the numerical problems at the end of textbook. See you tomorrow. 

For example: cobalt =- 60 is a radioactive element with half-life of 5.25 years. 

What fraction of the original sample will be left other 26 years? 

Half –life Co-60 = 5.26 years. 

Date: Time = t, = 26 years 

Remaining fraction = N = ? 

Formula:
t

NoN
2

1
  

Solution: 
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Half life period = t= 
lifehalf

time
 

595.4
25.5

6.2

lifehalf

21 t  

t
NoN

2

1
  

32

1

25

1


No

N
 

.
32

1
NoN

th
  

The fraction for original radioactive isotope remaining after 5-half lives will be 

th32

1
. 

9.8   Semiconductors   

Learning objectives 

You will be able to: 

 Know the difference between conductor and semiconductor and non-

conductor; 

 Describe N-Type and P-type semi-conductors 

 Understand the diode principle 

Introduction 

Students, you have studied in your previous classes about conductors and 

insulators. 

Help me in setting induction. Who knows the difference?  

Students reply and teacher correct (by guided discovery approach) if any 

discrepancy any teacher   

Conductor 

Materials that allow electricity to pass through them are known as conductors. 

Such materials have free electrons as charge carrier, so they offer very low 

resistance to the flow of electric current (of the order of 10
-10

 ohms/cm).  Silver, 

aluminum, gold, iron, are examples. 
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A neutral copper atom has only one electron in its outer orbit. Since the single 

electron can be easily dislodged from its atom, it is called a free electron. 

Non-conductors / insulators 

Materials that do not allow electricity to pass through them are known as non-

conductors. Such materials have almost no free electrons as charge carrier, so they 

offer very high resistance to the flow of electric current (of the order of 10
12

 

ohms/cm).  Rubber, wood, glass are the examples. 

Semiconductor 

Semi-conductors are neither good conductors nor good insulators. Only a few free 

electrons are available in the semi-conductors to make the current flow when a 

field is applied. They have intermediate value of resistance (of the order of 10
2
 

ohms/cm). Germanium and silicon are the examples of semi-conductors. 

Silicon is the most widely used semiconductor material. The number of electrons 

in the valence orbit is the key to conductivity. Conductors have one or two or 

three valence electrons, semiconductors have four valence electrons, and 

insulators have eight valence electrons. 

Semi-conductors are of two types: intrinsic and extrinsic semiconductors. 

1. Intrinsic Semiconductor 

An intrinsic semiconductor is a pure semiconductor which is free from all types of 

impurities.Pure germanium and silicon are the examples. These elements are 

located in the 4
th

 group of the periodic table and having four valence electrons. 

These materials have crystalline structure like similar to that of carbon (being 

built of unit cube). Thus, each atom of the crystal makes four covalent bonds with 

each one of the neighboring atoms. Intrinsic silicon or Germanium acts as 

insulator at room temperature. 

2. Extrinsic semi-conductors 

If a small amount of impurity (of the third or fifth group element of periodic 

table) is added to the crystalline structure of intrinsic semi-conductors say silicon 

then there will be access or deficiency of electron in the crystal. The resulting 

semi-conductor is called extrinsic semi-conductor.  This process is called Doping 

of semi-conductors. Doping increases the conductivity of a semiconductor. There 

are two important cases or two types of flow. 

 Case-1 (Flow of free electrons);    
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 Case-2 (Flow of holes);   

Doping a semiconductor 

N-type semi-conductors 

When an intrinsic semiconductor is doped with pentvalent (donor) atoms (i.e. 

Arsenic atoms donates one free electron to the crystal), the four of the five 

electrons of the impurity atom are bonded covalently, leaving behind the fifth 

(one) electron. Consequently, the conductivity of the material increases. This type 

of the semi-conductor is called N-type semi-conductors. In this type of semi-

conductors, current flow due to free electrons.  

P-type semi-conductors 

When an intrinsic semiconductor is doped with trivalent (acceptor) atoms (i.e. 

Boron or aluminum atoms in the crystal will create a hole which is capable of 

accepting an electron), the three outer electrons of the impurity atoms are 

covalently bonded and left one hole. This crystal has more holes than free 

electrons. 

Hence, in this crystal, the current flows not due to the flow of electrons but due to 

the holes.  
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p-type and n-type semi-conductors 

Diode: if we combine P-type and N-type Semi-conductors, it becomes diode. 

Unbiased Diode 

An unbiased diode has a depletion layer at the PN-junction. The ions in this 

depletion layer produce a potentialbarrier. At room temperature, this barrier 

potential is approximately 0.7V for a silicon diode. 

 
Fig. Unbiased diode 

Biased Diode 

When an external voltage opposes the barrier potential, the diode is forward-

biased. If the applied voltage is greater than the barrier potential, the current is 

large. In other words, current flows easily in a forward-biased diode. 

When an external voltage aids the barrier potential, the diode is reverse biased. 

The width of the depletion layer increases when the reverse voltage increases. The 

current is approximately zero. The reverse biased diode acts like an open switch. 

Self-Assessment Exercise 9.2 

Answer the Questions and Solve the Problems 

1. Define isotopes 

2. Describe how isotopes are formed 

3. Define the following terms: atomic number, mass number. 
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4. What is radioactivity? Enlist the type of radiations emitted from this 

phenomenon. 

5. Write at least 5 properties of each alpha, beta and gamma radiations. 

6. What are the uses of radioactive isotopes in medicine, agriculture and 

industry? 

7. Differentiate between conductors and semiconductors. 

8. What is doping?  

9. How can we made p-type and n-type semiconductors? 

10. What will happen when a beta particle emitted from a radioactive 

element? 

Suggested Answers / Solutions:  Unit-9 

Self-Assessment Questions 9.1 

 For answers of questions 1 to 6; see the relevant parts of the unit-9. 

Q.7 The charge on an electron (e) = -1.60 x 10
-19

 Coulomb 

Electric potential = voltage (V) = 12 Volt 

Wanted: The change in electric potential energy of the electron (ΔPE) 

Solution: 

ΔPE = q V = (-1.60 x 10
-19

 C)(12 V) = -19.2 x 10
-19

 Joule 

The minus sign indicates that the potential energy decreases. 

Self-Assessment Questions 9.2 

 For answers of questions 1 and 3 to 6; see the relevant parts of the unit-9. 

Q.2 Suppose that a flashlight could be covered with black paper with a slit 

across it so as to create a beam of white light. And suppose that the beam 

of white light with its component colors (un-separated) were directed at an 

angle towards the surface of a rectangular glass prism. As would be 

expected, the light would refract towards the normal upon entering the 

glass and away from the normal upon exiting the glass. But since the 

violet light has a shorter wavelength, it would refract more than the longer 

wavelength red light. The refraction of light at the entry location into the 

rectangular glass prism would cause a little separation of the white light. 

However, upon exiting the glass prism, the refraction takes place in the 

opposite direction. The light refracts away from the normal, with the violet 

light bending a bit more than the red light. Unlike the passage through the 

triangular prism with non-parallel sides, there is no overall angle of 

deviation for the various colors of white light. Both the red and the violet 

https://physics.gurumuda.net/types-of-electric-charges.htm
https://physics.gurumuda.net/electric-potential.htm
https://physics.gurumuda.net/electric-voltage-problems-and-solutions.htm
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components of light are traveling in the same direction as they were 

traveling before entry into the prism. There is however a thin red fringe 

present on one end of the beam and thin violet fringe present on the 

opposite side of the beam. This fringe is evidence of dispersion. Because 

there is a different angle of deviation of the various components of white 

light after transmission across the first boundary, the violet is separated 

ever so slightly from the red. Upon transmission across the second 

boundary, the direction of refraction is reversed; yet because the violet 

light has traveled further downward when passing through the rectangle it 

is the primary color present in the lower edge of the beam. The same can 

be said for red light on the upper edge of the beam. 

 

Self-assessment Questions 9.3 

 For answers of questions 1 to 9; see the relevant parts of the unit-9. 

Q.10 A beta particle forms when a neutron changes into a proton and a high-

energy electron. The proton stays in the nucleus but the electron leaves the 

atom as a beta particle. When a nucleus emits a beta particle, these 

changes happen and the atomic number increases by 1. 
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