VALUES, WISDOM & KNOWLEDGE —
THE ULTIMATE AIM OF EDUCATION

|

INTRODUCTION

What is the ultimate aim of ‘Education’ or studying any subject? It is generally thought that
education means acquiring a Certificate or Degree after passing an examination. You think
that even if you forget everything after the exam, but you have got the certificate or degree,
you are educated. This is a wrong notion. After earning a certificate or a degree, you are only
a qualified person, not an educated person.

Some others think that education means acquiring knowledge, which is generally equated to
getting information about a subject, which is needed to pass an exam with good marks. This
is also a wrong notion. ‘Knowledge’ is not just ‘Information’. It is much more than that.
Information may be limited to our immediate purpose, which is in our context passing an
exam and so limited to the syllabus or even limited to the important or expected questions in
the exam.

Knowledge, in fact, is not, and cannot be the end of all education. Knowledge without
understanding, without application in real life situations, is useless. Ultimately, the aim
of education is to acquire wisdom. Wisdom is also closely related to what is called
‘World View’, which means a holistic understanding of our world, our universe, and
our environment. World View comes by correlating the knowledge from all subjects.

Do you know that there is a close relationship between values, wisdom, and knowledge?
Wisdom includes values and knowledge. Wisdom cannot be visualized without values. One
cannot be called wise if he/she does not adhere to human values. And of course, knowledge
that does not lead to wisdom is valueless.

Values can be defined as a set of norms of behavior that guide the people to do things in such
a way that there will be joy, satisfaction, peace of mind, and harmony among individuals and
in society.

Derived from a Latin word ‘valere’, values can be conceptualized as preferences, enduring
beliefs, or standards of behavior which guide behaviour and attitude of an individual towards
what is right or acceptable.

1.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to:

e Flucidate the ultimate aim of education
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Appreciate and explain the relationship between Values, Wisdom and Knowledge
List and appreciate Universal and Eternal Values

Explain the Hindu concept of ‘Vasudhaiva Kutumbakam’ as a basic Hindu value
Explain ‘True Secularism’

Discuss in detail Satyam, Shivam and Sundaram

List Universal ‘Vices’ that need to be avoided as sins

List Universal Virtues enumerated in the ‘Gita’ as ‘Daivi Sampath’ or Divine Virtues

Discuss Linguistic Connotations and sources of Knowledge and wisdom in Ancient
Bharat

Explain the terms: Gyan, Pragya, Darshan, Vidya and Kala

Discuss the Meaning of Knowledge and Disciplines of Knowledge

1.2 UNIVERSAL AND ETERNAL VALUES

There are three eternal universal human values: Satyam, Shivam Sundaram (or Truth,
Beauty and Goodness/Godliness). All human beings are in search of these three values,
though what they mean can vary from place to place as well as time to time. The main
branches of Philosophy are based on these three values. Satyam, Shivam, Sundaram has its
roots in Indian philosophy and also Western philosophy where it is known as Truth, Beauty
and Goodness/Godliness. The main branches of Philosophy are:

(i) Metaphysics/Ontology (Study of Reality)

(ii) Epistemology (Theory of Knowledge/Methods of Knowledge)
(iii) Logic (The most important method of Knowledge)

(iv) Ethics/Axiology (Study of Good and Bad, Right and Wrong)
(v) Aesthetics (Study of Beauty)

Evidently, the first three, i.e., Metaphysics/Ontology, Epistemology and Logic search for
Satyam or Truth; the fourth, i.e., Ethics explores Shivam or Goodness; and the fifth, i.e.
Aesthetics studies the concept of Sundaram or Beauty. These three values — Satyam, Shivam
and Sundaram are very closely linked to our lives.

All truth—material, philosophic, or spiritual—is both beautiful and good. All real beauty—
material, art or spiritual symmetry—is both true and good. All genuine goodness—personal
morality, social equity & justice, or divine spirituality—is equally true and beautiful. Health,
sanity, and happiness are integrations of truth, beauty, and goodness as they are blended in
human experience. Such levels of efficient living come about through the unification of
energy systems, idea systems, spiritual systems and value systems.

Satyam, Shivam, Sundaram also teach us to strengthen loving attitude towards everyone.

1.2.1 Vasudhaiva Kutumbakam: Key to Secularism

Another related wonderful concept given by Indian philosophy is ‘Vasudhaiva
Kutumbakam’, meaning that the whole world, all human beings are one family.
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‘Vasudhaiva’ means the Mother Earth or the World, implying all human beings, possibly all
living beings on Earth. ‘Kutumbakam’ means family. Since all human beings are members of
one family, we should have a loving attitude towards everyone, irrespective of religious,
geographical, social or economic background. Under this philosophy, all religions are
considered to be different paths leading to a common end or goal. There is one Supreme
Power that is called ‘Brahm’. The Supreme Power is also called as God, Ishwar, Allah, etc. in
various religions. Thus, Hindu religion, which is also called Sanatan Dharma (and includes
Jainism, Buddhism and Sikhism as a part of the same ethos) is secular by virtue of its
philosophy and its very nature. Even if there is a Hindu Country (or Rashtra), it will be
secular naturally and all citizens will be able to live in harmony and peace. The Hindus never
harm anyone of any other religion, unless someone tries to harm them. True Secularism
means that:

e There is no discrimination in the name of religion;

e All religions are equal and so there is a common law or civil code for everyone (there is
no scope for law based on religion);

e There is religious freedom and everyone is allowed to practice his/her religion;

e No one should interfere with the religion of others and so no one should try to convert
others forcibly or by false propaganda

e There is no scope for partisan fundamentalist education, propagating fundamentalism or
hatred towards other religions

Now, let us discuss the three Universal Eternal Values in detail, one by one.

1.2.2 Satyam/Truth

All of us are in search of truth — at every level. We are all seeking knowledge, which is
closely linked to truth. Truth works at least at three levels — facts, reality and ultimate truth.

Facts can be comprehended through our five senses — seeing, hearing, smelling, touching and
tasting. All sciences (physical & natural and social) try to establish facts. For instance,
Physics studies the physical world; Chemistry studies facts of chemical reactions; and
Biology studies the world of flora and fauna, i.e. living world.

Metaphysics goes beyond the physical world and attempts to study (and find) reality, which
is beyond the five senses. Epistemology gives us the methods of finding knowledge, i.e.
reality. Logic is the most important of these methods. In Indian Thought, there is the concept
of ‘Para Vidya’ and ‘Apara Vidya’. ‘Para’ literally means beyond, and so Para Vidya refers
to knowledge of the beyond or Metaphysics, whereas Apara Vidya is knowledge of the
Empirical World, which can be acquired through our 5 senses or physical perception.
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Even in everyday life, we like truth to prevail. Those who tell lies are not appreciated or liked
in society. Can you identify any religion or faith which says that speaking truth is wrong?

We are also looking for truth about questions like:
e Whoam I?

e What is the purpose of life?

e What is death? Is there life after death?

e What is God? Does He/She/It really exist?

e s there a soul? Is it eternal?

All religions try to answer these questions. These are elements of what we may call the
ultimate truth.

CHECK YOUR PROGRESS 1.1

(1) What is the ultimate aim of ‘Education’?

(i) What is the meaning of the word ‘Values’?

(iii)) What is the relationship between Values, Wisdom and Knowledge.
(iv) Which are the 3 Universal and Eternal Values?

(v) Name the 5 Branches of Philosophy? Also, mention the Universal and Eternal Value
that it corresponds to.

(vi) What do you understand by the term ‘Vasudhaiva Kutumbakam’?

(vil) What are the different names given to the Supreme Power in different religions?
(viii) Explain how Hinduism, Hindus and Hindu Rashtra are naturally secular.

(ix) What is true secularism?

(x) Distinguish between ‘Para Vidya’ and ‘Apara Vidya'.

(xi) Satyam, Shivam, Sundaram has its r00ts in .......................
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1.2.3 Shivam/Goodness/Godliness

Just as we are in search of truth, we are also in search of Goodness/Godliness. Right from
childhood, one wants to be a good child; we want to be called good persons all our lives.

Even a criminal would try to justify his/her actions and try to prove that he/she is good, not
bad.

Ethics provides the moral code, or philosophy, that guides a person’s choices and behaviors
throughout their life. The idea of a moral philosophy extends beyond the individual to include
what is right (and what is wrong) for the community and society at large. Ethics is concerned
with rights, responsibilities, use of ethically appropriate language, what it means to live an
ethical life and how people make moral decisions.

Morality can be subjective; people may have strong and stubborn beliefs about what's right
and wrong that can be in direct contrast to the moral beliefs of others. Yet even though
morals can vary from person to person, religion to religion, and culture to culture, there are
some universal moral values that stem from basic human emotions. For instance, non-
violence and not harming human beings, irrespective of their religious background, is
and should be considered as a universal virtue. If someone Kills or harms other human
beings, even those who follow another religion, he/she cannot be called virtuous. Any
claims that religion teaches killing other human beings are false claims. True religion
cannot teach killing other humans, even those humans who follow other religions.

Those who are considered morally good are said to be virtuous, holding themselves to high
ethical standards, while those viewed as morally bad are thought to be wicked, sinful,
orcriminal.

There are some vices considered to be deadly vices by most religions. These are:

Kaam (Lust))

Krodh (Anger/Wrath)
Lobh (Greed)
Ahankar (Ego/Vanity)
Irshya (Jealousy)

Hinduism also includes Moh (Attachment to worldly objects and pleasures); and Christianity
also includes Gluttony (habitual greed or excess in eating) and Sloth (reluctance to work or
laziness).

According to Gandhiji, the following are signs of vice or immorality:

e Wealth without Work
e Pleasure without Conscience
e Science without Humanity
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Knowledge without Character
Politics without Principle
Commerce without Morality
Worship without (Self) Sacrifice

1.2.3.2 Virtues

The Gita enumerates many virtues as Daivi-Sampat or divine qualities:

Fearlessness

Purity of heart

Steadfastness and wisdom

Vivek (ability to discriminate between right and wrong)
Nishkam Karma (desireless action or doing one’s duty without caring for the result)
Charity

Self-restraint

Sacrifice

Study of the scriptures

Austerity or simplicity

Straightforwardness

Harmlessness (tendency of not harming anyone)

Truth

Absence of anger

Renunciation

Peacefulness

Absence of crookedness

Compassion to all living beings

Non-covetousness (not having, or showing, a desire to possess something belonging to
someone else)

Mildness (soft-heartedness and sensitivity towards others)

Modesty or humility

Absence of fickleness (changeability, especially with regard to one's loyalties or
affections)

Vigour

Forgiveness

Purity

Absence of jealousy, vanity and arrogance.

These virtues are manifestations of the four fundamental virtues: Non-violence, Truth, Purity,
and Self-control. In fact, all the religions in the world speak of virtues. Right actions bring us
happiness, peace and well-being. So, it is not surprising that all the major religions talk of
virtues. For instance, in Christianity, there are seven virtues: Faith, Hope, Charity, Fortitude,
Justice, Prudence, and Temperance. Every religion speaks of virtues, because every religion
is a living entity and believes in the happiness and well being of all.
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1.2.4 Sundaram/Beauty

Sundaram/Beauty is the third universal and eternal value. Similar to truth and goodness, we
are in search of beauty, too, in our lives. What is beauty? The concept of beauty may change
from person to person. In that sense, this is the most subjective among these three values,
because where one looks for beauty may also change. Thus, some people look for beauty in
nature (flora, fauna); some look for it in Arts (Painting, Sculpture, etc.); some search for
beauty in literature (poetry, prose, drama); some look for beauty in people; some may find
beauty in philosophical or spiritual or religious pursuits; and so on and so forth. Some look
for beauty outside and others within. Some like people who are physically beautiful; others
may like people who have inner beauty, those who are virtuous or accomplished people. In
fact, you will be surprised to know how many different things people can find beauty in —
things, people, places, ideas.

The famous Romanticist poet John Keats wrote, “Beauty is truth, truth beauty. That is all ye
know on earth, and all ye need to know”. In another poem, he wrote, “A4 thing of beauty is a
joy forever”.

Beauty is an emotional element, a pleasure of ours, which nevertheless we regard as a quality
of things. The idea of beauty is found in almost every culture and at almost every time in
human history, with many similarities. Beauty was, and still is, a term of great esteem linking
human beings and nature with artistic practices and works since the early civilizations. From
the early cultures, beauty, goodness and truth are customarily related. Beauty carries a double
meaning. It is inclusive and exclusive. In the inclusive sense, beauty pertains to anything
worthy of approbation, to human virtues and characters, to nobility and goodness, to hidden
things and truth, to the natural and divine worlds. In the exclusive, restricted sense, it pertains
to how things appear, their manifestations, and to the joys human beings experience when
presented with beautiful things, human bodies, artefacts, natural creatures and things. The
nature of beauty and its role in philosophy and aesthetics was explained right from the early
periods.

CHECK YOUR PROGRESS 1.2

(1) What do you understand by the term ‘Shivam’?
(i) List the Universal Vices.
(ii1) List the signs of vice or immorality as given by Gandhiji.

(iv) List the Universal Virtues enumerated in the ‘Gita’ as ‘Daivi-Sampat’ or Divine
Qualities of a person.

(v) Name the 4 fundamental virtues.

(vi) What do you understand by the term ‘Sundaram’?
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1.3 LINGUISTIC CONNOTATIONS AND SOURCES OF
KNOWLEDGE AND WISDOM IN ANCIENT BHARAT

From ancient times, India has given a great importance to acquisition of knowledge and it has
a vast fund of this knowledge in the form of intellectual texts - the world’s largest collection
of manuscripts, scriptures and thinkers and schools in so many domains of knowledge. Shree
Krishna in Bhagwad Gita tells Arjun that knowledge is the greatest purifier and liberator of
the self.

Various terms are closely related to pursuit of knowledge like Gyan, Pragya, Shiksha, Vidya,
Kala and Darshan. The root of the great reverence for all knowledge that is Gyan, wisdom
that is Pragya, discipline that is Vidya, education that is Shiksha, craft that is Kala and
philosophy that is Darshan is attached to the Guru in the Indian tradition as he/she is
considered as the ultimate authority and source of all knowledge.

e Gyan or Jnana (Knowledge): In Vedic India, education was regarded as the means of
self realization and salvation that is moksha, which was considered as the highest end of
life. Learning was done to acquire atmagyan (knowledge about Self) or brahmagyan
(knowledge about the Supreme).

e Pragya or Prajna (Wisdom): To acquire knowledge merely with the help of sense
organs is called Ajiana (ignorance) and to get knowledge by name and form is Sajna or
Sjnana. Acquisition of special knowledge through analysis or contemplation which
always remain constant is Pragya. Wisdom that is Pragya is built on our previous
knowledge to give us new understanding by incorporating various value judgments and
experiences and it develops our ability to predict and make inferences.

e Darshan: Darshan is the system or the point of view which leads to knowledge. Indian
philosophers, rishis and saints use the term Darshan for philosophy. They expressed in
Darshan experiences that they experienced themselves. Perception of truth is known as
Darshan. In the words of Dr. Radhakrishnan, Darshan is the logical expression of the
nature of reality.

e Vidya: When knowledge is gained in a particular domain and it is organised and
systematized for reflection and pedagogy, it is known as Vidya which is based on
discipline. 18 Vidyas have been enumerated, which include:

4 Vedas: Rigveda, Yajurveda, Samaveda, Atharva Veda

6 Vedangas: Chhandassu, Kalpam, Niruktham, Sikshaa, Vyakarana, Jyotisham

Ashtadasa (18) Puranas: (History)

Mimamsa (Study of Actions) and Vedanta (Study of Knowledge)

4 Subsidiary Vedas - Ayurveda (Medicine), Dhanurved (Weaponry) Gandharvaveda

(Music), ArdhaShastram (Economy and Polity)

Shilpa (Architecture)

Nayaya and Dharamshastras (Law and Justice)

6 Auxiliary Sciences - Phonetics, Grammar, Metre, Astronomy, Ritual and Philology.

YV VYV VYV

VYV V V
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e Kala: In the Indian context, Knowledge in different domains has been categorised into
many disciplines that is Vidya and Arts that is Kala. Indian tradition talks of 18 major
Vidyas that is theoretical disciplines (enumerated above) and 64 Kalas which are applied
or vocational disciplines, that is Art and Craft. Applied Sciences, that is Kala, have a
direct bearing on day-to-day life of the people and some of them are still a part of
contemporary Indian life. The traditional list of Kala includes Poetry, Calligraphy,
Dancing, Cooking, Carpentry, Agriculture, Animal Husbandry, Fishing, etc. Even for the
crafts there are basic texts, for example the popular text Pingla.

CHECK YOUR PROGRESS 1.3

(i) Define Gyan.

(1i1) Define Pragya.

(ii1)) Define Darshan.

(iv) Define Vidya.

(v) Define Kala.

(vi) To acquire knowledge with the help of sense organs is called ..............
(vil) Indian Rishis and Saints use the term Darshan for ......................
(viii) Indian tradition talks of .....major vidyas and ........ Kalas.

(1X) e, is the popular text of craft.

1.4 MEANING OF KNOWLEDGE AND DISCIPLINES OF
KNOWLEDGE

1.4.1 Meaning of Knowledge

Knowledge and its transmission is one of the key elements of education, apart from, and only
second to, values and wisdom. What aspects of the vast fund of human knowledge are to be
selected for transaction and which methods are to be used for this transmission? These
questions are very important. According to Nyaya, one of the nine Schools of Thought in
Indian Philosophy, “Valid methods of knowledge include perception, inference, comparison
and memory.” Now, let us explore and discuss the meaning of knowledge in
detail.

The word ‘Knowledge’ is derived from the verb ‘to know’. It includes all which a person
knows and believes to be true. According to the most widely accepted definition, knowledge
is justified true belief. It is a kind of belief that is supported by the facts and truths. For
example, the sun rises in the east is the knowledge or true belief which is supported by the
fact, which is arrived at through daily observation by millions of people. To have a deeper
understanding about knowledge let us analyze the following definitions:
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* Oxford Dictionary: Knowledge means facts, information and skills acquired through
experience or education. It is the theoretical or practical understanding of a subject.

* Bertrand Russel: “Knowledge is that which enlightens the human mind.”

*  William James: “Knowledge is another name for practical achievement and success.”
*  Joad: “Knowledge is an addition to our existing information and state of experiences.”
*  Socrates: “Knowledge is the highest virtue.”

* Radhakrishnan: “Self-knowledge is inseparable from self-existence and it is the only
true direct knowledge. It is obtained through all the three experiences i.e., cognition,
conation and emotion.”

* John Wieley: “Knowledge is a body of information, technique and experience that
coalesces around a particular subject.”

*  Nancy M. Dixon: “Knowledge is defined as the meaningful links people make in their
minds between information and its application in action in a specific setting.”

In the light of above definitions, we can say that, knowledge is the familiarity, awareness or
understanding of someone or something such as facts, information, description or skills,
which is acquired through experience or education by perceiving, discovering or learning.

Knowledge can be conceived as experience organized through language into patterns of
thought or structures of concepts thus creating meaning which in turn helps us to understand
the world we live in. It can also be conceived of as patterns of activity, or physical dexterity
with thought, contributing to acting in the world, and the creating and making of things.
Human beings over time have evolved many bodies of knowledge which include a repertoire
of ways of thinking, of feeling and of doing things or constructing more knowledge.

Knowledge includes the beliefs about matters of facts, about things, objects, events or about
relationships between facts and about principles, laws, theories related to nature and society.
It includes the fact or condition of knowing which is gained through experience or education.
Knowledge is the sum of human understanding of the world, be it physical, biological, social,
mental or spiritual. In simple, but generalized way, knowledge is sum of human
understanding of material and mental reality — given and constructed.

1.4.2 Nature of Knowledge

e Knowledge is both Process and Product: As a process, it refers to the method of
coming to know the phenomenon. Knowledge as a product, is the result of knowing the
process. Knowing happens through perception, reason and emotion.

e  Purpose of Knowledge: The purpose of knowledge is different in different contexts.
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e Knowledge is Dynamic in Nature: Knowledge keeps changing with the passage of
time.

e Knowledge is of Different Types: Sources of knowledge are knower’s senses and mind.
Different sources of knowing construct different forms of understanding and different
types of knowledge.

e Knowledge is subjective as well as objective in nature.
e Knowledge is a means to reach the truth.

e Social Nature of Knowledge: Knowledge is socially shared understanding as it is
developed through collective efforts of people of society. It is acquired by individuals
from their own experiences, as well as they build-up this knowledge by associating with
other human beings. Therefore, the knowledge is acquired and built-up only in society
and it is deep rooted in the social activities of humans.

e Knowledge is Cumulative: Knowledge is cumulative as it is preserved and transmitted
from one generation to other. New innovations and facts are added with time.
Knowledge grows through a process of not only adding to but also perfecting and
rectifying the already existing body of knowledge.

1.4.3 Disciplines of Knowledge

Discipline means deep and detailed content knowledge of a particular academic area.
Discipline can be defined as a term of learning that is structured in terms of a single type of
knowledge. It has a set of concepts that are unique and distinct. Disciplines can be
categorized into:

I. Basic Disciplines - Basic Disciplines have their own concepts which are unique and
distinctive to that discipline only. Principal Basic Disciplines are Humanities, Social
Sciences Mathematics (also called Formal Science), Natural and Physical Sciences,
Applied Sciences.

II. Applied Disciplines - When knowledge of a basic discipline is used in other disciplines,
they are called applied disciplines. For example, knowledge of science and technology is
used in Engineering, so it is an applied discipline. Some other examples are: Agriculture;
Architecture and Design; Business Studies & Accountancy; Education; etc.

Humanities: History, Languages and Literature, Law, Philosophy, Theology, Visual Arts,
Performing Arts

Social Science: Anthropology, Archaeology, Economics, Geography, Political science,

Psychology, Sociology, Social work
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Natural Science: Biology, Chemistry, Physics, Earth Science, Space Science,
Formal Science:Computer Science, Mathematics

Applied Science: Agriculture; Architecture and Design; Business Studies & Accountancy;
Education; Engineering and Technology; Environmental Studies and Forestry,
Home Science& Human Ecology; Journalism, Media studies and Communication; Library
and Information Science; Medicine and Health; Military Science; Public
Administration&Public Policy; Social Work, Tourism; Transportation, etc.

Interdisciplinary Approach utilizes one discipline or several disciplines as a centre for
organizing curriculum. For example, if we consider Economics, then knowledge of
Mathematics and other branches of Social Science help to understand the key concepts of this
discipline. This is an Interdisciplinary approach where one discipline is the principal
organiser, related disciplines are serving as the support system aiding the principal organiser.
Interdisciplinary approach is a mode of acquiring integrated knowledge from two or more
disciplines, in order to have a better understanding and to solve a problem which would not
have been possible through a single discipline.

In Multidisciplinary Approach, concepts are selected from various disciplines to create a new
field of study. The new field results from intermingling the abstract concepts and is
independent of the separate discipline from which it is formed. For example, in the area of
Environmental Education, the knowledge of Biology, Geography, Physics, Chemistry and
Education are used. There are other areas that are multidisciplinary like Home Economics,
Sociology, Biology.

CHECK YOUR,PROGRESS 1.4

(i) Define Knowledge.

(1)) Knowledge is the highest ...............
(iii) What are ‘Basic Disciplines’?

(iv) What are ‘Applied Disciplines’?

(v)  What is ‘Interdisciplinary Approach?
(vi) What is ‘Multidisciplinary Approach?

(vil) When knowledge of basic discipline is wused in other disiplines, they are

(V) e is an example of multidisciplinarity.
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RECAPITULATION POINTS

e Knowledge, in fact, is not, and cannot be the end all of education. Knowledge without
understanding, without application in real life situations, is useless. Ultimately, the aim of
education is to acquire wisdom. Wisdom is also closely related to what is called ‘“World
View’, which means a holistic understanding of our world, our universe, our environment.
World View comes by correlating the knowledge from all subjects.

e There is a close relationship between values, wisdom and knowledge. Wisdom includes
values and knowledge. Wisdom cannot be visualised without values. One cannot be
called wise if he/she does not adhere to human values. Knowledge that does not lead to
wisdom is valueless.

e There are three eternal universal human values: Satyam, Shivam Sundaram (or Truth,
Beauty and Goodness/Godliness). All human beings are in search of these three values,
though what they mean can vary from place to place as well as time to time.

e The main branches of Philosophy are: Metaphysics / Ontology (Study of Reality);
Epistemology (Theory of Knowledge/Methods of Knowledge); Logic (The most
important method of Knowledge); Ethics (Study of Good and Bad, Right and Wrong);
and Aesthetics (Study of Beauty)

e Metaphysics/Ontology, Epistemology and Logic search for Satyam or Truth; Ethics
explores Shivam or Goodness; and Aesthetics studies the concept of Sundaram or Beauty.

e These three values — Satyam, Shivam and Sundaram are very closely linked to our lives.

e Another related wonderful concept given by Indian philosophy is ‘Vasudhaiva
Kutumbakam’, meaning that the whole world, all human beings are one family.
‘Vasudhaiva’ means the Mother Earth or the World, implying all human beings, possibly
all living beings on Earth. ‘Kutumbakam’ means family. Since all human beings are
members of one family, we should have a loving attitude towards everyone, irrespective
of religious, geographical, social or economic background.

e Under this philosophy, all religions are considered to be different paths leading to a
common end or goal. There is one Supreme Power that is called Brahman or Ishwar.
The Supreme Power is also called as God, Bhagwan, Allah, Khuda, etc. in various
religions. Thus, Hindu religion, which is also called Sanatan Dharma (and includes
Jainism, Buddhism Sikhism and Arya Samaj - which is integral to Hinduism - as a part of
the same ethos) is secular by virtue of its philosophy and its very nature.

e Even if there is a Hindu Country (or Rashtra), it will be secular naturally and all citizens
will be able to live in harmony and peace. The Hindus never harm anyone of any other
religion, unless someone tries to harm them.
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e True Secularism means that: There is no discrimination in the name of religion; All
religions are equal and so there is a common law or civil code for everyone (there is no
scope for law based on religion); There is religious freedom and everyone is allowed to
practice his/her religion; No one should interfere with the religion of others and so no one
should try to convert others forcibly or by false propaganda; There is no scope for
partisan fundamentalist education, propagating fundamentalism or hatred towards other
religions

e FEthics provides the moral code, or philosophy, that guides a person’s choices and
behaviors throughout their life. The idea of a moral philosophy extends beyond the
individual to include what is right (and what is wrong) for the community and society at
large. Ethics is concerned with rights, responsibilities, use of ethically appropriate
language, what it means to live an ethical life and how people make moral decisions.

e Morality can be subjective; people may have strong and stubborn beliefs about what's
right and wrong that can be in direct contrast to the moral beliefs of others. Yet even
though morals can vary from person to person, religion to religion, and culture to culture,
there are some universal moral values that stem from basic human emotions. For instance,
non-violence and not harming human beings, irrespective of their religious background, is
and should be considered as a universal virtue. If someone kills or harms other human
beings, even those who follow another religion, he/she cannot be called virtuous. Any
claims that religion teaches killing other human beings are false claims. True religion
cannot teach killing other humans, even those humans who follow other religions.

e Those who are considered morally good are said to be virtuous, holding themselves to
high ethical standards, while those viewed as morally bad are thought to be wicked, sinful,
or criminal.

e There are some vices considered to be deadly vices by most religions: Kaam (Lust));
Krodh (Anger/Wrath); Lobh (Greed); Ahankar (Ego/Vanity); and Irshya (Jealousy).

e Hinduism also includes Moh (Attachment to worldly objects and pleasures); and
Christianity also includes Gluttony (habitual greed or excess in eating) and Sloth
(reluctance to work or laziness).

e According to Gandhiji, signs of vice or immorality: Wealth without Work; Pleasure
without Conscience; Science without Humanity; Knowledge without Character; Politics
without Principle; Commerce without Morality; and Worship without Sacrifice.

e The Gita enumerates many virtues as Daivi-Sampat or divine qualities: Fearlessness;
Purity of heart; Steadfastness and wisdom; Vivek (ability to discriminate between right
and wrong); Nishkam Karma (desireless action or doing one’s duty without caring for the
result); Charity; Self-restraint; Sacrifice; Study of the scriptures; Austerity or simplicity;
Straightforwardness; Harmlessness (tendency of not harming anyone); Truth; Absence of
anger; Renunciation; Peacefulness; Absence of crookedness; Compassion to all living
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beings; Non-covetousness (not having, or showing, a desire to possess something
belonging to someone else); Mildness (soft heartedness and sensitivity towards others);
Modesty or humility; Absence of fickleness (changeability, especially with regard to
one's loyalties or affections); Vigour; Forgiveness; Purity; Absence of jealousy, vanity
and arrogance.

Four fundamental virtues are: Non-violence, Truth, Purity, and Self-control.

Right actions bring us happiness, peace and well-being. So, it is not surprising that all the
major religions talk of virtues. For instance, in Christianity, there are seven virtues: Faith,
Hope, Charity, Fortitude, Justice, Prudence, and Temperance. Every religion speaks of
virtues, because every religion is a living entity and believes in the happiness and well
being of all.

Beauty is an emotional element, a pleasure of ours, which nevertheless we regard as a
quality of things. The idea of beauty is found in almost every culture and at almost every
time in human history, with many similarities. Beauty was, and still is, a term of great
esteem linking human beings and nature with artistic practices and works since the early
civilizations.

From the early cultures, beauty, goodness and truth are customarily related.

Beauty carries a double meaning. It is inclusive and exclusive. In the inclusive sense,
beauty pertains to anything worthy of approbation, to human virtues and characters, to
nobility and goodness, to hidden things and truth, to the natural and divine worlds. In the
exclusive, restricted sense, it pertains to how things appear, their manifestations, and to
the joys human beings experience when presented with beautiful things, human bodies,
artefacts, natural creatures and things. The nature of beauty and its role in philosophy and
aesthetics was explained right from the early periods.

From ancient times, India has given a great importance to acquisition of knowledge and it
has a vast fund of this knowledge in the form of intellectual texts - the world’s largest
collection of manuscripts, scriptures and thinkers and schools in so many domains of
knowledge.

Shree Krishna in Bhagwad Gita tells Arjun that knowledge is the greatest purifier and
liberator of the self.

Various terms are closely related to pursuit of knowledge like Gyan, Pragya, Shiksha,
Vidya, Kala and Darshan.

The root of the great reverence for all knowledge that is Gyan, wisdom that is Pragya,
discipline that is Vidya, education that is Shiksha, craft that is Kala and philosophy that is
Darshan is attached to the Guru in the Indian tradition as he/she is considered as the
ultimate authority and source of all knowledge.
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e In the Indian context, Knowledge in different domains has been categorised into many
disciplines that is Vidya and Arts that is Kala. Indian tradition talks of 18 major Vidyas
that is theoretical disciplines and 64 Kalas which are applied or vocational disciplines,
that is Art and Craft.

e Knowledge and its transmission is one of the key elements of education, apart from and
only second to values and wisdom. What aspects of the vast fund of human knowledge
are to be selected for transaction and which methods are to be used for this transmission?
These questions are very important. According to Nyaya, one of the nine Schools of
Thought in Indian Philosophy, “Valid methods of knowledge include perception,
inference, comparison and memory.”

e Knowledge can be conceived as experience organized through language into patterns of
thought or structures of concepts thus creating meaning which in turn helps us to
understand the world we live in. It can also be conceived of as patterns of activity, or
physical dexterity with thought, contributing to acting in the world, and the creating and
making of things. Human beings over time have evolved many bodies of knowledge
which include a repertoire of ways of thinking, of feeling and of doing things or
constructing more knowledge.

e Basic Disciplines have their own concepts which are unique and distinctive to that
discipline only. Principal Basic Disciplines are Humanities, Social Sciences Mathematics
(also called Formal Science), Natural and Physical Sciences, Applied Sciences.

e When knowledge of a basic discipline is used in other disciplines, they are called applied
disciplines. For example, knowledge of science and technology is used in Engineering, so
it is an applied discipline. Some other examples are: Agriculture; Architecture and Design;
Business Studies & Accountancy; Education; etc.

e Interdisciplinary Approach utilizes one dicipline or several disciplines as a centre for
organizing curriculum.

e In Multidisciplinary Approach, concepts are selected from various disciplines to create a
new field of study. The new field results from intermingling the abstract concepts and is
independent of the separate discipline from which it is formed.

TERMINAL EXERCISE

(a) Write a detailed note on ‘Ultimate aim of Education.
(b) Explain how Values are related to Wisdom, Knowledge and Education.
(c) Write an essay on ‘Satyam’.

(d) Write an essay on ‘Shivam’.
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Write an essay on ‘Sundaram’.
Write an essay on ‘VasudhaivaKutumbakam’.
Write an essay on ‘True Secularism’.

Write an essay on the Indian concept of Knowledge, explaining related terms like Gyan,
Pragya, Shiksha, Vidya, Kala and Darshan.

Write an essay on ‘Meaning of Knowledge’.
Write an essay on ‘Nature of Knowledge’.

Write an essay on ‘Disciplines of Knowledge’.

ANSWERS TO ‘CHECK YOUR PROGRESS’

CHECK YOUR PROGRESS 1.1

(i)
(ii)
(iii)
(iv)
V)
(vi)
(vii)

To acquire wisdom

Page 1, 1: Paragraph 5

Page 1, 1:Paragraph 4

Satyam, Shivam, Sundaram (Truth, Beauty and Goodness/Godliness)
Page 2 - Metaphysics / Ontology.....Aesthetic (Study of Beauty)
The whole world, all human beings are one family

Brahman, Ishwar, God, Bhagwan, Allah, Khuda

(viii) Page 3, Paragraph 1

(ix)
(x)

(x1)
(xii)

Page 3, Paragraph 1

Page 3, 3.1: Paragraph 4

Indian philosophy and Western Philosophy
Epistemology

(xiii) Study of values

CHECK YOUR PROGRESS 1.2

(1)

(i1)
(iii)
(iv)

Goodness/Godliness

Page 5, 3.2.1: Paragraph 1
Page 5, 3.2.1: Paragraph 3
Page 5, 3.2.2: Paragraph 1

VALUES, WISDOM AND KNOWLEDGE - THE ULTIMATE AIM OF EDUCATION



MODULE I: SCIENCE: AN INTRODUCTION [HISNN

(v) Non-Violence, Truth, Purity & Self-Control
(vi) Page 6, 3.3: Paragraph 1

CHECK YOUR PROGRESS 1.3

(1) Page 7, 4: Paragraph 3

(i) Page 7, 4: Paragraph 4

(iii) Page 7, 4: Paragraph 5

(iv) Page 8, 4: Paragraph 1

(v) Page 8, 4: Paragraph 2

(vi) Pragya

(vii) Point of view which leads to knowledge
(viii) 18, 64

(ix) Pingla

CHECK YOUR PROGRESS 1.4

(i) Page 8, 5.1: Paragraph 1
(i) virtue

(ii1)) Page 10,5.31

(iv) Page 10,5.31

(v) Page 11, 5.3.1, Paragraph 1
(vi) Page 22, 5.3.2, Paragraph 1
(vii) Applied Discipline

(viii) Environmental Education/Home Economics/Sociology/Biology
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SUPPLEMENTARY STUDY MATERIAL

e Bhagavad Gita as It is - Pocket Size by Bhaktivedanta Swami Prabhupada (Author)

e https://www.youtube.com/playlist?list=PLETbXIpqYH qEOkBsrztDD4arUW IcGrm
6

ﬂttp://Www.bhagavatgita.ru/ﬁles/Bhagavad-gita_As_It_Is.Ddf
https://vedpuran.files.wordpress.com/2012/03/unencrypted-geeta.pdf
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KNOWLEDGE AND WISDOM

2

IN SCIENCE

INTRODUCTION

Carl Sagan, one of the famous American scientist writer, said “Science is a way of thinking
more than it is a body of knowledge”

Knowledge and Wisdom is a vast realm of thought. It is not pertaining to one subject but
covers an immense dimension in life and all its processes but here, we will focus on scientific
inquiry which leads to the scientific method and ultimately scientific temperament in every

activity, whether be it in the laboratory or in our own lives.

2.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to
® Develop scientific Inquiry
® Gain knowledge about Scientific Methods
® Enhance Scientific Temperament
® Understand the correlation of science with other subjects
® Apply the knowledge gained in day-to-day life

® Guidance of scientific principles

2.2 SCIENTIFIC INQUIRY

Scientific inquiry refers to the research and study that scientists carry out. They perform all
the research and gather evidence to prove/disprove the theory in question. The results derived
from their research are made public so that others can study about that subject and know the

things around the world.
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There are two primary functions of this inquiry. First, it explains how to conduct a scientific
inquiry. The second function is to explain why it is essential to carry out the inquiry on the

basis of scientific methods.

This includes observing, analyzing data, interpreting, inferring, questioning, classifying,
measuring, and predicting. There is a specific order in which scientists use these steps to

make an inquiry which are broadly known as the scientific methods.

There are three types by which inquiry can be done and can develop explanations for the
things you want to research. They are comparative investigation, descriptive investigation,

and experimental investigation. This helps in their scientific pursuits.
To put in a more specific way, let us ask the following questions:

2.2.1What is scientific inquiry?

Scientific inquiry refers to the diverse ways in which scientists study the natural world and
propose explanations based on the evidence derived from their work.

2.2.2What are the aspects of the scientific inquiry?

Scientific inquiry extends beyond development of process skills such as observing, inferring,
classifying, predicting, measuring, questioning, interpreting and analyzing data, which must
occur in that order for proper scientific inquiry to happen.

2.2.3 Steps of science inquiry

The steps in the Science enquiry are

® Ask Questions.

KNOWLEDGE AND WISDOM IN SCIENCE
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® Hypothesize and predict.
® Test hypothesis.

® Analyze results.

® Draw conclusions.

® (Communicate results.

® (arry out further scientific inquiry.

This further leads to adopt scientific methods for the inquiry to process and come to it’s
logical consequences in order to gain scientific knowledge and truth. So, the next question

would be what are the scientific methods?

2.3 SCIENTIFIC METHODS

The scientific method was not invented by any one person, but is the outcome of centuries of
debate about how best to find out how the natural world works. The ancient Greek
philosopher Aristotle was among the first known people to promote that observation and
reasoning must be applied to figure out how nature works. The Arab Muslim mathematician
and scientist Hasan Ibn al-Haytham (known in the western world as Alhazen) is often cited as
the first person to write about the importance of experimentation. Since then, a large number
of scientists have written about how science should ideally be conducted and contributed to
our modern understanding of the scientific method. Those scientists include Roger Bacon,

Thomas Aquinas, Galileo Galilei, Francis Bacon, Isaac Newton, John Hume, and John Stuart

Mill. Scientists today continue to evolve and refine the scientific method as they explore new

techniques and new areas of science.

The scientific method is a process for experimentation that is used to explore observations

and answer questions. Does this mean all scientists follow exactly this process? No.

Some areas of science can be more easily tested than others. For example, scientists studying
how stars change as they age or how dinosaurs digested their food cannot fast-forward a star's
life by a million years or run medical exams on feeding dinosaurs to test their hypotheses.

When direct experimentation is not possible, scientists modify the scientific method.
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In fact, there are probably as many versions of the scientific method as there are many
scientists also! But even when modified, the goal remains the same: to discover cause and
effect relationships by asking questions, carefully gathering and examining the evidence, and

seeing if all the available information can be combined in to a logical answer.

The Scientific Method as an Ongoing Process

2.3.1 STEPS OF THE SCIENTIFIC METHOD

1. Ask a Question

The scientific method starts when you ask a question about something that you observe: How,
What, When, Who, Which, Why, or Where?

2. Do Background Research

Rather than starting from scratch in putting together a plan for answering your question, you
want to be a savvy scientist using library and Internet research to help you find the best way
to do things and ensure that you don't repeat mistakes from the past.

3. Construct a Hypothesis

A hypothesis is an educated guess about how things work. It is an attempt to answer your
question with an explanation that can be tested. A good hypothesis allows you to then make a
prediction:

"If [1 do this] , then [this] will happen."

State both your hypothesis and the resulting prediction you will be testing. Predictions must

be easy to measure.
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4. Test Your Hypothesis by Doing an Experiment

Your experiment tests whether your prediction is accurate and thus your hypothesis is
supported or not. It is important for your experiment to be a fair test. You conduct a fair test
by making sure that you change only one factor at a time while keeping all other conditions
the same.

You should also repeat your experiments several times to make sure that the first results
weren't just an accident.

5. Analyze Your Data and Draw a Conclusion

Once your experiment is complete, you collect your measurements and analyze them to see if
they support your hypothesis or not.

Scientists often find that their predictions were not accurate and their hypothesis was not
supported, and in such cases they will communicate the results of their experiment and then
go back and construct a new hypothesis and prediction based on the information they learned

during their experiment.
6. Communicate Your Results

To complete your science fair project, you will communicate your results to others in a final
report and/or a display board. Professional scientists do almost exactly the same thing by
publishing their final report in a scientific journal or by presenting their results on a poster or
during a talk at a scientific meeting. In a science fair, judges are interested in your findings
regardless of whether or not they support your original hypothesis.

In brief, ask these questions
What are the six steps of the scientific method?

The six steps of the scientific method include: 1) asking a question about something you
observe, 2) doing background research to learn what is already known about the topic, 3)
constructing a hypothesis, 4) experimenting to test the hypothesis, 5) analyzing the data from

the experiment and drawing conclusions, and 6) communicating the results to others.
Do scientists actually use the scientific method?

Scientists do use the scientific method, but not always exactly as laid out in the organized
steps taught in the classroom. Just like a chef might make a few changes to a recipe because

of the ingredients at hand, a scientist may modify the scientific method by skipping steps,
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jumping back and forth between steps, or repeating a subset of the steps because he or she is
dealing with imperfect real-world conditions. But scientists always strive to keep to the core
principles of the scientific method by using observations, experiments, and data to support or
reject explanations of how a phenomenon works. While experimenting is considered the best
way to test explanations, there are areas of science, like astronomy, where this is not always

possible.

CHECK YOUR PROGRESS 2.1

Q1 State true (T) or false (F)

a) Scientific inquiry is illogical.
b) All scientists follow the same scientific method.

¢) Inquiry begins by asking questions.

d) Aristotle made the first scientific method.

e) Hypothesis does not do predictions

Q2) Answer the following Questions

a) What is scientific inquiry? Tell very briefly
b) Briefly describe the steps of scientific method

2.4 SCIENTIFIC TEMPER

It is very essential to develop scientific temper from an early age onwards owing to the fact
that, scientific temper will ensure you to apply logic in a much better way and remain
relevant in the world. More so in the case of students who have to shape their careers

successfully amidst tight competition.

This is also mentioned that every citizen should develop, mostly students a trait of scientific

temperament as per Indian Constitution article STA.

Scientific temper allows individuals and in this case students to understand the concepts of
what they are learning and logically apply those concepts in a real-world scenario. And in the
current Indian higher education realm where the industry academia gap is widening, students
who can apply their theoretical knowledge into practical applications in the industry have

better chances of getting employed. Educators also have a huge role when it comes to
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developing the students scientific temper and some techniques that they can follow in order

to help the students with developing their scientific temper are given as follows.

1. Encourage Students Scientific Curiosity: The first and foremost aspect that is crucial
when it comes to developing a student’s scientific temper is to feed his/her natural
curiosity and encourage them to ask more questions. This will not only help to
develop their scientific temper, but it will also help to cultivate their interest regarding

the things that they are learning about.

2. Improve Critical Thinking Capabilities: Developing the students critical thinking
capabilities will allow them to be more interested in their learning curve and with
greater curiosity, students will be inclined to learn more things. This continuous
learning process will not only help them to learn more but it will also help them to
develop their scientific temper. So, by being self-motivated to learn on a constant
basis, students will also be better equipped to meet the requirements of the modern-

day industry.

3. Supporting the Students with their Experiments: In line with feeding the students
scientific curiosity, what educators can do to help the students develop their scientific
temper is to help them with their experiments and encourage them to do more.
Regardless of the size of the experiment, educators should be able to support the
students with their experiments and this will also help the students to feel more

motivated to do more and improve.

4. Offer Opportunities to Practice: This is crucial to ensure that the students have
opportunities to practice what they have learned in an organized manner. This
exposure will be crucial when it comes to ensuring that the scientific temper of the
students is being developed. The hands-on experience that they receive while
practicing what they have learned will also help the students acquire valuable

practical experience.

5. Make Learning Fun: One of the most effective methods to not only develop a
student’s scientific temper but also to make him/her engaged in the learning process is
to make learning fun. By introducing various games, try to bring that fun element into
education which will help the students to not lose interest in learning and at the same

time, stay motivated and excited to learn more.
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These above-mentioned tips will ensure that educators are able to develop their students
scientific temper in an efficient and effective manner which is crucial in order to equip them

with the needed skills required to face the challenges that they might face in the future.

2.5 CORELATION OF SCIENCE WITH OTHER SUBJECTS

Science is a vast subject, because of which the task of correlating it with other subjects of
curriculum would be an easy task. Deliberate effort should be done by the science teacher to
bring about co-relation in between the science and other subjects of the curriculum, which are
being imparted to the students. Through this, students will find the opportunity to relate the
knowledge which they have already gained, with the knowledge which they are gaining. It

will help in their overall development.

(a) CIVICS

The main objective of imparting information of both the subjects is to create good and useful
citizens for the nation, thus it is possible to correlate both of these subjects with each other.
Through science, students become able to understand the utility of scientific inventions in

their life, by which they become more responsible.

They begin to realise a sense of responsibility, which help them in playing important role in
development of the nation. Through information of scientific facts, students get to know
about various kinds of diseases and the role which they can play in creating a healthy and
clean atmosphere around them. Through this kind of information, they become more
responsible citizens and play an important role in creating an ideal civic life in the society

and nation as a whole.

(b)LANGUAGE

Although science is a practical subject, but it is very important for it’s learners to be able to
express their views and ideas in clear and attractive form. For this purpose, it is necessary
that they should have thorough knowledge of language which they use. Student who does not
have good control over the language cannot express his views and various scientific laws and

principles in front of others.

To co-relate science with language subjects, students can be asked to write essays on some
scientific topic. If student make any kind of grammatical mistake, then the teacher can ask

him to make correction in his language. Likewise, language teacher can give the task of
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writing about some scientific happening in the assignment designed for them. In this manner,

he can correlate science with the language.

(c) HISTORY

Mentioning about the various scientific discoveries taken place in the earlier periods, teacher
can relate with the major events of the world history. Students should be told about that what
was the situation of science at the time of reigns of various famous kings or rulers. Teacher
should narrate to the incidences which inspired various scientists to found out the medical

remedies of various diseases.

Not only this, the function of co-relating science with history can be done by mentioning the
kind of living standard people used to experience at different parts of the human history. It is
an important step, then one can learn; how science was developed in different periods of

civilization.
(A)MATHEMATICS

The significance of mathematics in the science can be proved by the views of the experts that
mathematics has given sound footing to the scientific laws and principles. Before beginning
any topic in the science, it is essential for the teacher to make sure that mathematical basis of

all the students is strong and vast.

Probably, mathematics is considered to be sole language of science because of which real
understanding of science is considered to be impossible without adequate knowledge of

mathematics.

For this reason, it can be said that without making use of examples from mathematics, it is
not possible for science teacher to explain various scientific principles and concepts properly

to the students.

() GEOGRAPHY

Geography is the subject in which various concepts relating to earth on which we live are
dealt with. Everything existing on earth, on different planets of the universe are also main
subjects of geography. Which kind of crop should be sown in which kind of soils, how many
kinds of rocks are found on the earth are some of the main topics which are covered by
Geography. One will be surprise by this fact as these topics are also covered by the subject of

Science.
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In science, various concepts relating to the atmosphere and earth in which living and non-
living beings exist help in understanding, the subjects better. There are various topics which
are of common interest for geographers and scientists. Thus, it can be said that both of these

subjects are complementary to each other.

(f) ARTS

Science is a practical subject, as a result of which, science teacher is required to draw various
kinds of diagrams, models and charts, which cannot be performed unless he does not have
sound artistic skills. Not only this, it is equally important for an artist to have thorough
knowledge of scientific principles, as without it, he will find it difficult to keep the colour

contrast of his images in attractive and controlled position.

An artist should know the principles of light and shade, objects and background for drawing
or keeping the colour contrast in attractive condition. Thus, it can be said that some common
features are found in the subjects of science and art, because of which they can be co-related

with each other effectively.

Thus, it can be said that if science teacher will relate science with other subjects of the

curriculum, then he will get more justifiable and satisfactory results.

CHECK YOUR PROGRESS 2.2

Q1 Match the following

1. Scientific temper A good citizen

2. Art B Constitution article 51 A
3. Civics C mathematics

4. Language D scientific diagram

5. Scientific logic E good communication

Q2. Answer the following questions.

a) What is said in our constitution article S1A?

b) Does mathematics help Science? Describe briefly

2.6 APPLICATIONS OF INQUIRY AROUND US

Science is valued by society because the application of scientific knowledge helps to satisty

many basic human needs and improve living standards all through the inquiry process of the
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human mind. Finding a cure for cancer and a clean form of energy are just two topical
examples. Similarly, science is often justified to the public as main driving force behind
economic growth and fulfillment.

Scientists often justify their work using these and similar arguments—currently linked to
personal health and longer life expectancies, technological advancement, economic profits,
and/or sustainability—in order to secure funding and gain social acceptance. They point out
that most of the tools, technologies and medicines we use today are products or by-products
of research, from pens to rockets and from aspirin to organ transplantation. This progressive
application of scientific knowledge is the most widely accepted tool of inquiry.

To improve the cultural level of human societies is a long-term venture in which science will
need to play a critical role. We first need to accept that scientific reasoning is intimately
linked to human nature.

Moreover, science has demonstrated that it is a supreme mechanism to explain the world, to
solve problems and to fulfill human needs.

Scientists—especially those working in public institutions—should make a greater effort to
communicate to society what science is and what is not; how is it done; what are its main
results; and what are they useful for.

Scientists should still use the other arguments—technological progress, improved health and
well-being and economic gains—to justify their work, but better education would provide the
additional support needed to convince citizens about the usefulness of science beyond its
economic value.

Science is not only necessary for humanity to thrive socially, environmentally and
economically in both the short and the long term, but it is also the best tool available to
satisfy the fundamental human thirst for knowledge, as well as to maintain and enhance the
human cultural heritage, which derives it’s source of all applications through inquiry of
knowledge.

Science has developed, invented and discovered different mediums of swift communication
that are very useful for us in our everyday life. Time and distance have been conquered.
Science has invented different types of machines that are very useful for us in our daily
life. Machine lifts weight from us, plough our fields, cook our food and also serve it for us.
Computers have made each and everything easy like calculations and other stuff beyond our
imagination.

Electricity is the greatest invention of man. It serves us in hundreds and thousands of ways. It

runs our trains, mills and factories. It cools and keeps our houses warm. It washes and irons
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our clothes. It gives us cool air and entertains us through Cinema, TV and radio, besides
lighting our houses. Modern life is impossible without electricity.

The greatest blessings of science are its inventions in the field of medicine and surgery.
Human pain and treatment of different types of diseases that don’t have any treatment
available in the early times that have now become very easy and and the human life survival
rate is increased.

X-Ray and body scanning machines are the window through which we can get a peep into the
inside of our body. There are machines and different types of scanners and detectors which
can sense and tell us about the diseases that are inside the human body.

Science has given comfort to human life very much. Many inventions of science are for our
enjoyment and entertainment. Cinema is very cheap means of entertainment that provides
enjoyment both for rich and poor. Through radio we can enjoy music, dialogues, dramas,
short stories. Through the television we can see dramas, dances, etc; being staged at the
television station.

With the discovery of atomic energy man has found an inexhaustible source of energy. It can
meet the demands of energy of the world for a long time.

Computer is one of the greatest inventions of modern Science. In every field of life man has
been using computer.

Science has created wonders in the field of communication. Telephone, telex, fax, internet,
networking, cell phones, laptops, GPS systems, E-mail, VSATs, wireless, telegrams are great
wonders. They have brought the world closer to us. We can send news from one corner of the
world to other within a single moment.

Science is very much helpful in our daily life. The world would have been stopped without
inventions of the Science based upon scientific inquiry and gaining scientific knowledge in

our lives.

2.7 GUIDANCE OF SCIENTIFIC PRINCIPLES

Scientific knowledge is empirically based.

Observation is an important way to learn about the world. Through observation one can learn
to compare, contrast, and note similarities and differences.

Accurate observations and evidence are necessary to draw realistic and plausible conclusions.
The analysis of evidence and data is essential in order to make sense in the scientific

terminology.
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Scientific knowledge is tentative.

The analysis of data from a systematic investigation may provide the researcher with a basis
to reach a reasonable conclusion.
The scientific establishment sometimes rejects new ideas, and new discoveries

Constant revaluation in the light of new data is essential to keeping scientific knowledge

going.

Scientific knowledge is the product of observation and inference.

An inference is a conclusion based on evidence about events that have already occurred.
Accurate observations and evidence are necessary to draw realistic and plausible conclusions.
To communicate an observation accurately, one must provide a clear description of exactly
what is observed and nothing more.

Scientific conclusions are based both on verifiable observations (science is empirical) and on

inferences.

Scientific knowledge is the product of creative thinking

Scientists rely on creativity and imagination during all stages of their investigations.
Science is a human endeavor relying on human qualities, such as reasoning, insight, energy,

skill, and creativity as well as intellectual honesty and openness to new ideas.

Scientific laws and theories are different kinds of scientific knowledge.

Scientific laws are generalizations of observational data that describe patterns and
relationships. Laws may change as new data become available.

Scientific theories are systematic sets of concepts that offer explanations for observed
patterns in nature. Theories provide frameworks for relating data and guiding future research.

Theories may change as new data become available

Scientists use many methods to develop scientific knowledge.

Experimental studies sometimes follow a sequence of steps known as the Scientific Method:
stating the problem, forming a hypothesis, testing the hypothesis, recording and analyzing

data, stating a conclusion. However, there is no single scientific method. Science requires
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different abilities and procedures depending on such factors as the field of study and type of
investigation.

Different kinds of problems and questions require differing approaches and research.
Scientific methodology almost always begins with a question, is based on observation and

evidence, and requires logic and reasoning. Not all systematic investigations are experimental.

Scientific knowledge is subjective and culturally influenced.

Investigation not only involves the careful application of systematic (scientific) methodology,
but also includes the review and analysis of prior research related to the topic. Numerous
sources of information are available from print and electronic sources, and the researcher
needs to judge the authority and credibility of the sources.

It is typical for scientists to disagree with one another about the interpretation of evidence or
a theory being considered. This is partly a result of the unique background (social,

educational, etc.) that individual scientists bring to their research.

CHECK YOUR PROGRESS 2.3

Q 1. Is electricity, the best invention of man?

Q 2. Science has improved our health. Justify the statement.

Q3. Computer is greatest invention of modern times. Give reasons

Q4. Science is empirical. Do you agree with the statement? If yes, why?

Q5. How does culture influence science?

RECAPITULATION POINTS

® Scientific inquiry primarily focuses on asking questions and make observations to
develop critical and logical thinking.

® Scientific Method consists of several steps — ask a question, do background research,
construct a hypothesis, experiment, analyze data to come to logical conclusions and
communicate results.

® Scientific temperament arouses curiosity, helps in focused analysis, to build critical
thinking, offers opportunities and overall makes a good learning process.

® Science is co-related with many subjects — art, mathematics, history, civics, language
& so forth.

® Everyday life is influenced by science by it’s uses and applications.

® Guidance to scientific principles
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TERMINAL EXERCISE

Answer the following questions in brief.
1. Discuss scientific inquiry giving details.
2. Elaborate scientific method
3. How can students acquire scientific temper?
4. Co-relate science with three subjects
5. How science influences our everyday life? Give examples.
6. How are scientific principles guided?
7. Do scientists use the same scientific method? Give reasons.

8. Science opens up with a widening hands to all other subjects

ANSWERS TO ‘CHECK YOUR PROGRESS’

CHECK YOUR PROGRESS 2.1

1. True (T) or False (F)

a)
b)
c)
d)
e) F

H 49 T

2. (a) Scientific Inquiry is a way of thinking, analyzing, observing things to find out the
truth.
(b) Brief steps of scientific method are — ask questions, do background research, predict

hypothesis, experiment, analyze data and communicate results.

CHECK YOUR PROGRESS 2.2

1. Match the following
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ii.
iii.

1v.

QO @ » U W

2. (a) It mentions about the need to develop scientific inquiry in our citizens as per
Constitution article S1A

(b) Most scientific explanation is done with the help of mathematics. Without

mathematics, scientific theories and laws cannot be understood. This is the crucial

relationship between science and mathematics.

CHECK YOUR PROGRESS 2.3

1) Yes. Previously, it was considered that electricity is the best invention of man. It is
widely used everywhere — home, offices, factories and so on.

2) Science has improved the health conditions for each and every human being. It has
increased life expectancy i.e.; man’s has a longer life due to scientific inventions to
fight diseases.

3) Computer is greatest invention of modern times. In every field, it is used — medicine,
banking, communications, office work, education and almost anywhere. True, you
cannot think of living without a computer in today’s world.

4) Science is always empirical. It is based upon observation and experimentation. This is
how scientists work.

5) It is true that culture influences science because scientists come from different
cultural backgrounds. Their customs, beliefs, traditions from different races, nations
become a part of where they are working and more so in scientific work. So, in this

way culture influences science
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ORIGIN AND EVOLUTION OF
SCIENCE IN ANCIENT INDIA

3

INTRODUCTION

Let us begin with a quote of one of the biggest scientist of the world “We owe a lot to the ancient
Indians, teaching us how to count. Without which most modern scientific discoveries would have
been impossible.” — Albert Einstein

Indians have played an important role in the field of science and technology. The Indus Valley
Civilization, Vedic age and later periods saw great achievements by Indians in the field of science
and technology. In modern times many Indian scientists and mathematicians have done phenomenal
work and some of them even received awards like Nobel Prize for their contributions to science and
technology.

3.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to

Gain knowledge about the glorious achievements of Science in Ancient India
Know the contribution of Scientists in Medieval India
Appreciate the development of Science in Modern India

Instill the feeling of pride in Achievements of Indians at National and International level
(Nobel Laureates)

3.2 SCIENCE IN ANCIENT INDIA

One of the oldest civilizations in the world, the Indian civilization has a strong tradition of science
and technology. Ancient India was a land of sages and seers as well as a land of scholars and
scientists. Research has shown that from making the best steel in the world to teaching the world to
count, India was actively contributing to the field of science and technology centuries long before
modern laboratories were set up. Many theories and techniques discovered by the ancient
Indians have created and strengthened the fundamentals of modern science and technology.

3.2.1 MATHEMATICS
a) CONCEPT OF ZERO

The mathematical digit ‘zero’, one of the most important inventions of all time.
Mathematician Aryabhata was the first person to create a symbol for zero. it was through his efforts
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that mathematical operations like addition and subtraction started using the digit, zero. The
concept of zero and its integration into the place-value system also enabled one to write numbers,
no matter how large, by using only ten symbols.

b) HELIOCENTRIC THEORY

Mathematicians of ancient India often applied their mathematical knowledge to make accurate
astronomical predictions. The most significant among them was Aryabhatta whose
book, Aryabhatiya, represented the pinnacle of astronomical knowledge at the time. He correctly
propounded that the Earth is round, rotates on its own axis and revolves around the Sun i.e the
heliocentric theory. He also made predictions about the solar and lunar eclipses, duration of the day

as well as the distance between the Earth and the Moon.

¢) BINARY NUMBERS

Binary numbers is the basic language in which computer programs are written. Binary basically
refers to a set of two numbers, 1 and 0, the combinations of which are called bits and bytes. The
binary number system was first described by the Vedic scholar Pingala, in his book Chandahsastra,
which is the earliest known Sanskrit treatise on prosody (the study of poetic metres and verse).

w W W W W W
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d) DECIMAL SYSTEM

India gave the ingenious method of expressing all numbers by means of ten symbols — the decimal
system. In this system, each symbol received a value of position as well as an absolute value. Due
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to the simplicity of the decimal notation, which facilitated calculation, this system made the uses of
arithmetic in practical inventions much faster and easier?

3.2.2. ASTRONOMY

Indian astronomy is thought to have originated from the Vedas. The use of astrology in Vedang
literature was based on the principles of astronomy. Indian scientist Aryabhatta told the circular
shape of the Earth and the principle of circling on its axis. After that, the famous German
astronomer Copernicus give this theory. Brahmagupta confirmed the Earth's gravitational theory
even before Sir Isaac Newton

3.2.3 MEDICAL SCIENCE
a) AYURVEDA

Long before the birth of Hippocrates, Charaka authored a foundational text, Charakasamhita, on
the ancient science of Ayurveda. Referred to as the Father of Indian Medicine, Charaka was was the
first physician to present the concept of digestion, metabolism and immunity in his book.

b) SURGERY

Written by Sushruta in 6th Century BC, Sushruta Samhita is considered to be one of the most
comprehensive textbooks on ancient surgery. The text mentions various illnesses, plants,
preparations and cures along with complex techniques of plastic surgery. The Sushruta Samhita ’s
most well-known contribution to plastic surgery is the reconstruction of the nose, known also as
rhinoplasty.
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The first cataract surgery is said to have been performed by the ancient Indian physician Sushruta,

3.2.4 ENGINEERING AND ARCHITECTURE

From the Indus Valley Civilization, India was a pioneer in the field of architecture. The urban
system of the Indus is an inspiration for the present cities. Buildings, pillars, cave construction,
chaitya construction during the Mahajanapada period and Maurya period are examples of advanced
architecture of India.

3.3 SOME ANCIENT INDIAN SCIENTISTS

a) Baudhayana was a mathematician who lived in ancient India around 800 BCE. His major
contributions include: He gave a near accurate value of Pi(r). He gave the theorem today known as
“Pythagoras theorem” before Pythagoras had developed it. Baudhayan’s Sulva Sutra, which was
written several years before the age of Pythagoras.

b) Bhaskaracharya was the leading light of 12" Century. He was born at Bijapur, Karnataka. He is
famous for his book Siddanta Shiromani.

¢) Mahaviracharya wrote GanitSara Sangraha in 850 A.D., which is the first text book on
arithmetic in present day form.

d) Varahamihira was another well known scientist of the ancient period in India. He lived in the Gupta
period. Another theory, which has attracted he world of science she earthquake cloud theory given by
Varahmihira in his book BrhatSamhita.

e) Kanada, a philosopher estimated to have lived in India between the 6th century to 2nd century
BCE. His name Kanada means atom eater. He was the first person to give the atomic theory. He
gave the idea that Parmanu (Atom) was an indestructible particle of matter which cannot be divided
further. Later on, Dalton made similar observations in Dalton's atomic theory.

f) Charaka is considered the “Father of Indian Medicine” who lived in around 300 BCE in India.
He was among the principal contributors to the ancient system of medicine ‘Ayurveda’ and wrote
his medical treatise the ‘Charak Samhita’. He is known for his works on metabolism and the
fundamentals of genetics.
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g) Sushruta was the author of “Sushruta Samhita” an ancient Sanskrit text on medicine and surgery.
He invented surgical instruments and was aware of cataract operations. He is also known as the
“father of surgery” and “father of plastic surgery”.

h) Aryabhatta also was known as Aryabhatta 1 was the first major astronomer and mathematician
who lived in between 476 to 550BCE.His major works include Aryabhatiya and Arya-Siddhanta.
He calculated the orbits of planets, and scientifically explained the Solar and lunar eclipses.
Calculated the distance between Earth and Moon. He proposed that Earth rotates on its axis. He
calculated the circumference of the earth and proposed that the shape of Earth is not flat. Worked
on the place value system and zero as a symbol and concept.

1) Brahmagupta was an Indian mathematician during 598 to 670 BCE and an astronomer. He was
the first person to give rules to compute with zero. He was the author of the “Brahma Sphuta
Siddhanta”, a theoretical treatise on mathematics and astronomy, and the “Khandakhadyaka”,
which was a more practical text. He worked on mathematics and astronomy and he is supposed to
have invented many astronomical instruments for his observations. His work on methods for
calculating the distance of the heavenly bodies is superlative.

j) Bhaskara 1 (600 — 680 CE). He was a mathematician who first wrote numbers in the Hindu
decimal system with a circle for zero. He worked on many trigonometric formulas and gives a
rational approximation of sine function.

CHECK YOUR PROGRESS 3.1

Q1) Answer the following question
a) The earth is not flat and rotates on its own axis. Which ancient Indian scientist gave this
theory?
b) Pi was discovered by whom?
¢) Who discovered zero?

Q2) Match the following:
Book Author
1 Siddanta Shiromani A Bhaskaracharya
2 Ganit Sara Sangraha B Brahmagupta
3 Aryabhatiya C Baudhayana

4 Brahm Sputa Siddantika D Mahaviracharya

5 Sulva Sutra E Aryabhatta

ORIGIN AND EVOLUTION OF SCIENCE IN ANCIENT INDIA.



MODULE I: SCIENCE: AN INTRODUCTION [

3.4 SCIENCE IN MEDIEVAL INDIA

We shall now tell you about the achievements in various areas of science in medieval India.
Astronomy and Physical Sciences

Astronomy was used not only for working out the calendar, the dates of the eclipses and for the
determination of time but also for casting horoscopes for astrological purposes. Astronomy was also
needed for fixing the direction of Mecca, in order to properly align the mosques. We find that
Firozeshah Tughlaq (1351-88) established a special observatory to study heavenly bodies.

The most important stride in the field was made at the beginning of the eighteenth century. Raja Jai
Singh, under the patronage of Emperor Muhammad Shah, established observatories at a number of
places, such as Delhi, Jaipur, Uijain, Benaras and Mathura. He paid special attention to the
instruments of observation. A noticeable feature was the construction of large sized observational
instruments for fixing time and determining latitudes called Jantar Mantar.

A familiarity with the knowledge of specific gravity and laws of motion was shown by Abu'lFazl (d.
1603). This is indicated in his book A.in-i Akbari, completed in 1595. In this he shows a clear
understanding of the Archimedes principle, and the differences in the weights of bodies in air and
under water

3.4.1 GEOGRAPHY

A big advance was made in the field of cartography when in 1647 Sadiglsfahani prepared an
encyclopaedic work that contained a World Atlas. The maps prepared by him, particularly of India,
were fairly accurate in representing India as a peninsula and adding Sri Lanka at its southern tip.

3.4.2 CHEMISTRY

The isolation of zinc was accompanied by another achievement namely the manufacture of brass, an
alloy of copper and zinc. Abu'l Fazl gave three proportions of zinc and copper for obtaining brass of
different varieties.

ORIGIN AND EVOLUTION OF SCIENCE IN ANCIENT INDIA.



MODULE I: SCIENCE: AN INTRODUCTION [

Tin-coating of copper and brass learnt from the Arab world became prevalent in medieval India,
thereby enabling copper vessels to be more widely used. Soldering, particularly of gold on agates,
crystals and other brittle materials, was done so efficiently, as to earn commendation from
European travellers.

India seems to have discovered the freezing mixture before Europe. Saltpetre (potassium nitrate)
was used for cooling water before 1580. This discovery has been attributed to Emperor Akbar.

An important application of Chemistry was in the production of paper. Kashmir, Sialkot, Zafarabad,
Patna, Murshidabad, Ahmedabad, Aurangabad and Mysore became well known centres of paper
production.

The Mughals knew the technique of production of gunpowder and its use in gunnery, another
application of Chemistry.

3.4.3 MEDICINE

The Greek (Unani) system of medicine still widely practised in India arrived with the Muslims. One
would have expected improvement by the mutual exchange between it and the already existing
Indian system of Ayurveda. But the two systems remained separate. In surgery, blood clotting, and
in orthopaedic, setting right dislocated bones were the known.

Medieval India witnessed considerable improvement and changes in the field of technology.

Gearing provides a device for transforming horizontal motion into vertical and vice versa and for
increasing or reducing speed was extensively used.

The belt drive is a comparatively simpler device than gearing for transmission of power and for
increasing or decreasing the speed of motion. Belt drive came to India in the form of the spinning
wheel. Evidence of an improvement in weaving comes from a fifteenth century which describes the
foot-pedals used by a weaver to control speed.

3.4.4 ARCHITECTURE

The architectural style of India underwent a drastic change after the Turkish conquest. The Sultans
and their nobles insisted on having arches and domes and competent Indian masons succeeded in
building them. Most famous is the Taj Mahal built by Shah Jahan, the Mughal Emperor.
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CHECK YOUR PROGRESS 3.2

Q1) Match the following

Author Book

1 Narayana Pandit A Buddhivilasini

2 Gangadhara B Mrga- paksi — sastra
3 Ganesa Daivanja C Ganitakaumundi

4 Hamsadeva D LilavatiVyakhya

5 Jahangir E Tajik

6 Sukracarya F Tuzuk -i- Jahangiri
7 Nilakantha Jyotirvida G  Sukranti

Q2) Answer the following questions
a) What were some of the paper manufacturing centres?

b) In which year Sadiq Isfahani made the world Atlas?
¢) Who built the Janter Manter?

3.5 SCIENCE IN MODERN INDIA

We shall briefly discuss, the progress made by the earlier modern scientists, to some of Nobel
Laureates and a few of the recent scientists.

3.5.1 Some Renowned Scientists

a) Jagdish Chandra Bose:
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= Jagdish Chandra Bose was an eminent scientist. He developed the use of galena crystals for
making receivers, both for short-wavelength radio waves and for white and ultraviolet light.

= In 1895, two years before Marconi’s demonstration, Bose demonstrated wireless
communication using radio waves, using them to ring a bell remotely and to explode some
gunpowder.

= He invented many of the microwave components such as waveguides, horn antennas,
polarizers, dielectric lenses and prisms, and even semiconductor detectors of
electromagnetic radiation in the last decade of the nineteenth century.

= He also proposed the existence of electromagnetic radiation from the Sun, which was
confirmed in 1944. After that Bose focused his attention on response phenomena in plants.

= He presented that not only animal but vegetable tissues produce similar electric responses
under different kinds of stimuli — mechanical, thermal, electrical and chemical. His
instrument to measure plant movement and growth is known as Crescograph for which he
became famous world over.

b) Srinivasa Ramanujan:

= One of India’s greatest mathematical genius, was born at Erode in Tamil Nadu on 22
December, 1887. Later on, his parents shifted to Kumbakonam, 160 kilometres
from Chennai.

» Ramanujan studied at the Town Hall School in Kumbakonam, where he proved himself to
be an able all-rounder. However, his love of mathematics was unusual. Numbers seemed
to draw him by a strange magnetism. In school itself at the age of thirteen, he came
across a book called Synopsis of Elementary Results in Pure Mathemetic by
G.S.Carr.
Though outdated, this book introduced him to the world of mathematics. He started working
and developing his own ideas in mathematics. He used to write his ideas and results and
make notes on his findings.

= Three of his research notes books are available to us. They are called Ramanujan’s Frayed
Notebooks. He could not complete his college education as he kept on developing his ideas
and started posing problems and solving them in the Journal of Indian Mathematical Society. In
1911, he published in the same journal a brilliant research paper on Bernoulli Numbers. This got
him recognition and he became well known in Madras circles as a mathematical genius.
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= Lack of formal education made it very difficult for him to make both ends meet. With great
difficulty he could get the job of a clerk at Madras Port Trust which proved fortunate for
him. Here he came in contact with many people who had training in mathematics. He
found a book ‘Orders of Infinity’ written by G. H. Hardy. He wrote a letter to him in which he
mentioned 120 theorems and formulae. Hardy was quick to recognise his genius and he responded
by arranging for him a passage to London. Despite his lack of required qualification he was
allowed to enroll at Trinity College from where he got his Bachelor of Science degree in less than
two years. He formed a  wonderful team  with Hardy and J.E.
Littlewood and made amazing contributions to the field of mathematics. He published
many papers in London. He was the second Indian to be elected Fellow of the Royal
Society of London and the first Indian to be elected Fellow of Trinity College.

» Ramanujan had an intimate familiarity with numbers. In 1917, he fell seriously ill, but the numbers
remained his friend, though his body betrayed him. Unfortunately, his health became worse and he
returned to India in 1919, “With a scientific standing and reputation”. He died in 1920. His
mathematical genius is a proof that India indeed is the birthplace and source of great
mathematical ideas.

» Srinivasa Ramanujan was a mathematician. He is extensively believed to be the greatest
mathematician of the 20th Century. Srinivasa Ramanujan made a major contribution to the
analytical theory of numbers and worked on elliptic functions, continued fractions, and
infinite series.

¢) Satyendra Nath Bose:

SATYENDRA NATH BOSE

1 JARUARY 1631 = 4 FEBRUARY 1874

PHYSICIST

= Satyendra Nath Bose was an outstanding Indian physicist specialising in quantum
mechanics. He is of course most remembered for his excellent role played in the class of
particles ‘bosons‘, which were named after him by Paul Dirac to commemorate his work in
the field.

= Basically, he is known for his work in Quantum Physics. He is famous for “Bose-Einstein
Theory” and a kind of particle in an atom has been named after his name.

= Bose adapted a lecture at the University of Dhaka on the theory of radiation and the
ultraviolet catastrophe into a short article called “Planck’s Law and the Hypothesis of Light
Quanta” and sent it to Albert Einstein.

= Einstein agreed with him, translated Bose’s paper “Planck’s Law and Hypothesis of Light
Quanta” into German, and had it published in ZeitschriftfiirPhysik under Bose’s name, in
1924.
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» This formed the basis of the Bose-Einstein Statistics. In 1937. The Government of India
awarded him India’s second-highest civilian award, the Padma Vibhushan in 1954.

d) Dr Homi Jehangir Bhabha:

He is considered the originator of the Indian Nuclear Research Programme. India
accomplished nuclear capability due to the extreme efforts of Homi, thereby avoiding
certain conflicts simply through non-aggression treaties. This contribution of Bhabha
augments the status of India on the world stage. Tata Institute of Fundamental Research
(TIFR) was started in 1945, at Dr. Bhabha’s ancestral home.

» He had a brilliant persona with multi-faceted qualities. He was fond of music, painting and
writing. Some of his paintings are displayed in the British Art Galleries and the TIFR art
collection today is rated as one of the best collections of contemporary Indian art in the
country.

» India’s first atomic research centre now called Bhabha Atomic Research Centre (BARC)
was established at Trombay. India’s First atomic reactor, Apsara was also established
under his expert guidance. Bhabha became the first chairman of the Atomic Energy
Commission set up in 1948.

= He is the recipient of Adam’s Award, Padma Bhushan, an Honorary Fellow of the American
Academy of Arts and Sciences and Foreign Associate of the National Academy of Sciences
in the United States.

e) APJ Abdul Kalam:

= Dr APJ Abdul Kalam is remembered as a great scientist, an inspirational leader and an
extraordinary human being. As a scientist, Kalam made an effort to develop the Polar SLV
and SLV-III projects between the 1970s and 1990s. Both of which proved to be a success.

= In the 1970s, Kalam also directed two projects, namely, Project Devil and Project
Valiant, which sought to develop ballistic missiles from the technology of the successful
SLV programme.

= He developed five projects for defence services -Prithvi, Trishul, Akash,Nag and Agni.

= Kalam played a vital role in convincing the Union Cabinet to conceal the true nature of
these classified aerospace projects. His research and educational leadership brought him
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great laurels and prestige in the 1980s, which prompted the government to initiate an
advanced missile program under his directorship.

= Besides a distinguished scientist and engineer, Dr APJ Abdul Kalam served as the 11th
President of India from the period 2002 to 2007.

= After post-presidency, Kalam became a visiting professor at the Indian Institute of
Management Shillong, the Indian Institute of Management Ahmedabad, and the Indian
Institute of Management Indore; an honorary fellow of Indian Institute of Science,
Bangalore.

= He taught information technology at the International Institute of Information Technology,
Hyderabad, and technology at Banaras Hindu University and Anna University.

= He played an intensive political and technological role when the Pokhran-II nuclear
tests were conducted. Kalam served as the Chief Project Coordinator, along with R.
Chidambaram during the testing phase. Photos and snapshots of him taken by the media
elevated Kalam as the country's top nuclear scientist.

= He had a brilliant and dominant personality and he was a man of vision, who always had
novel ideas for the development of the country and is also popular as the Missile Man of
India.

3.5.2 NOBLE LAUREATES

a) C.V. Raman

= C.V. Raman was one of the most famous scientists in India. Raman’s academic brilliance
was established at a very young age. He had a pioneering work on scattering of light, C.V.
Raman won the Nobel Prize for Physics in 1930.

» He was the first Asian and first non-White to receive any Nobel Prize in the sciences.
Raman also worked on the acoustics of musical instruments. He was the first to investigate
the harmonic nature of the sound of the Indian drums such as the tabla and the mridangam.

= He discovered that, when light traverses a transparent material, some of the deflected light
changes in wavelength. This phenomenon is now called the Raman scattering and is the
result of the Raman Effect.

C.V RAMAN

7 Mavember LGEE - Bl November 1870
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b) Har Gobind Khorana:

= Har Gobind Khorana was an American molecular biologist of Indian origin. He was
awarded the Nobel Prize in the year 1968 for his work on the interpretation of the genetic
code and its function in protein synthesis.

= Dr Khorana demonstrated how the genetic code determines all life processes by directing
the synthesis of all cell proteins finally unravelled the secret of the DNA code of life.

= Dr Khorana received numerous awards and honours such as the Novel Prize for his
achievement. Distinguished Service Award, Watumull Foundation, Honolulu, Hawaii,
American academy of achievement awards, Philadelphia, Pennsylvania, Padma Vibhushan,
Presidential Award, J C Bose Medal and Willard Gibbs medal of the Chicago section of
American Chemical Society.

= He was also elected a member of the National Academy of Sciences, Washington, as well as
a Fellow of the American Association for the Advancement of Science. In 1971, he became
a foreign member of the USSR Academy of Sciences and in 1974, an Honorary Fellow of
the Indian Chemical Society.

¢) Subrahmanyan Chandrasekhar:

= He was one of the greatest scientists of the 20th century. He did commendable work in
astrophysics, physics and applied mathematics.

» Chandrasekhar has bestowed the Nobel Prize in Physics in 1983 Physics for his
mathematical theory of black holes. The Chandrasekhar limit is named after him.

= He was the nephew of CV Raman. Chandra became a United States citizen in 1953.
Chandra was a popular teacher who guided over fifty students to their PhD including some
who went on to win the Nobel Prize themselves.

= His research explored nearly all branches of theoretical astrophysics and he published ten
books, each covering a different topic, including one on the relationship between art and
science.

= His most famous work concerns the radiation of energy from stars, particularly white dwarf
stars, which are the dying fragments of stars.
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d) Venkataraman Ramakrishnan:

=  Venkataraman, Indian born American is a senior scientist in the Structural Division at the
Medical Research Council Laboratory of Molecular Biology, in Cambridge, England.

= He has worked in various fields of biology during the earlier part of his career. He is
internationally recognized for the determination of the atomic structure of the 30s
ribosomal subunit.

= Ramakrishnan received numerous awards such as he was elected a Member of the European
Molecular Biology Organization (EMBO) in 2002 and a Fellow of the0 Royal Society (FRS)
in 2003.

= He was chosen a Member of the U.S. National Academy of Sciences in 2004. In 2007,
Ramakrishnan has bestowed the Louis-Jeantet Prize for Medicine and the Datta Lectureship
and Medal of the Federation of European Biochemical Societies (FEBS).

= In 2008, he won the Heatley Medal of the British Biochemical Society. Since 2008, he is a
Fellow of Trinity College, Cambridge and a Foreign Fellow of the Indian National Science
Academy.

= In 2009, Ramakrishnan was honoured with the Nobel Prize in Chemistry along with
Thomas A. Steitz and Ada Yonath. He received India's second-highest civilian honour, the
Padma Vibhushan, in 2010.

= Ramakrishnan was knighted in the 2012 New Year Honours for services to Molecular
Biology. In the same year, he was awarded the Sir Hans Krebs Medal by the FEBS. In 2013,
he won the Spanish Jiménez-Diéz Prize.

3.5.3 NATIONAL LEVEL SCIENTISTS

a) Raja Ramanna:

= Dr Raja Ramanna was a renowned physicist and nuclear scientist in India. He had a
multifaceted personality and played the roles of a technologist, nuclear physicist,
administrator, leader, musician, Sanskrit literature scholar, and philosophy researcher.

= His interest was in Nuclear Physics and particularly attention to Atomic Research and he
became the head of the Bhabha Atomic Research Centre at Trombay, Bombay.

= Dr Ramanna held several important positions in the course of his scientific career. These
included the roles of Director in Babha Atomic Research Centre, Director-General in the
Defence Research and Development Program, Chairman in the Atomic Energy Commission,
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Vice President in Indian National Science Academy, and Director in the National Institute
of Advanced Studies.

= He also played a major role in setting up the Centre for Advanced Technology at Indore and
Variable Energy Cyclotron Centre at Kolkata. He was often referred to as the ‘Father of
India’s nuclear program.

= Raja Ramanna received the Shanti SwarupBhatnagar Prize for Science and Technology in
1963, Padma Vibhushan in 1975, Padma Shri in 1968 and Padma Bhushan in 1973. He was
also appointed as the Union Minister of Defence in 1990. People will remember him for his
incredible contribution to nuclear physics.

b) Dr. Vikram Ambalal Sarabhai

Dr. Vikram Ambalal Sarabhai is another great genius of modem India. He was the main personality
behind the launching of India’s first satellite Aryabhatta. He received his primary education at a school run by
his parents. He studied cosmic rays under the guidance of Dr. C.V. Raman and received his Ph.D. degree
from Cambridge University. established many institutes which are of international repute. Most notable
among them are Indian Institutes of Management (IIMS) which are considered world class for their
management studies.

¢) Narinder Singh Kapany:

He is credited for his contribution to science and acclaimed as a great scientist. He had invented
Fibre optics.

= The process to transfer information freely and almost promptly was made possible by the
original work of Narinder Kapany.

= His research and inventions have encompassed fibre-optics communications, lasers,
biomedical instrumentation, solar energy and pollution monitoring.

= Fibre optics have transformed the way people communicate, offering high-speed data
transfers as well as helping in medical procedures such as endoscopy and laser surgeries.

= He has a multifaceted personality.

ORIGIN AND EVOLUTION OF SCIENCE IN ANCIENT INDIA.



MODULE I: SCIENCE: AN INTRODUCTION [

= He also played a significant role as an entrepreneur and business executive. Dr Kapany has
specialized in the processes of innovation and the management of technology and
technology transfer.

= Kapany received numerous awards for his pioneering contribution in science that includes
‘The Excellence 2000 Award’ from the USA Pan-Asian American Chamber of Commerce
in 1998 and the prestigious Pravasi Bharatiya Samman, which was bestowed by the Indian
government and presented by former Prime Minister Atal Bihari Vajpayee in 2004.

» In addition, Kapany holds over 100 patents and was a member of the National Inventors
Council.

CHECK YOUR PROGRESS 3.3

Answer the following questions
1. Who invented the Cresco graph and what is its function?
2. In which year did C V Raman win Nobel Prize?

3. What are ‘Bosons’?

A

. Why was Har Gobind Khorana awarded the Nobel Prize?
5. Who was known as ‘Missile Man of India’?
6. TIFR stands for?

7. Who launched the first satellite of India? Name the satellite.
RECAPITULATION POINTS

ANCIENT INDIA

e Science, medicine, surgery, mathematics were highly developed in ancient India Some
famous scientists were Kanad, Varahamihira.

e Some famous mathematicians were Aryabhatta, Brahmagupta, Baudhayana, Bhaskaracharya,
Mahaviracharya.

e Some famous medical persons were Charak, Susruta. Medical Science was also highly
developed in ancient India.

e Ayurveda is the indigenous system of medicine that was developed in Ancient India.
The word Ayurveda literally means the science of good health and longevity of life.
Charak is called the father of ayurvedic medicine and Susruta the father of surgery in
ancient India.

o Charak Samhita, written by Charak is a remarkable book on medicine.

e Susruta’s greatest contribution was in the fields of Rhinoplasty (plastic surgery) and
ophthalmic surgery (removal of cataracts).
MEDIEVAL INDIA
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e Several works were written in the fields of Mathematics, Chemistry, Astronomy and
Medicine.

e Most of the scientific works developed into new technologies like gearing, paper
manufacturing, belt drive, gunpowder application, freezing mixture etc
MODERN INDIA

e Dr Jagdish Chandra Bose invented the Crescograph to measure plant growth and
movements.

e Srinivasa Ramanujan was a mathematical genius and gave to the world marvellous
mathematical work like the infinite series, Bernoulli numbers etc;

e Satyendra Nath Bose work in quantum physics and discovery of sub-atomic particle
‘ boson * named after him.

e C.V.Raman won Nobel Prize in 1930 for scattering of light called * Raman Effect ’

¢ Har Gobind Khorana got Nobel Prize for his work on Genetic Code in 1968.

e Subrahmanyan Chandrasekhar gave mathematical theory on black holes and won Nobel
Prize in 1983.

e Dr. Vikram Sarabhai launched the first Indian satellite ‘Aryabhata’

e Dr APJ Abdul Kalam developed several missile projects —Agni, Prithvi, Trishul, Aakash
and is known as ‘Missile Man of India’.

ANSWERS TO ‘CHECK YOUR PROGRESS’
CHECK YOUR PROGRESS 3.1

1) a) Aryabhata

b) Baudhayana
¢) Brahmagupta
2) Match the following
1A
2D
3E
4B
5C

CHECK YOUR PROGRESS 3.2

1. Match the following
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1C
2D
3A
4B
5F
6G

TE

2. Answer the following Questions
a) Kashmir, Patna, Ahmedabad, Mysore, Aurangabad
b) In the year 1647 AD

c¢) Raja Jai Singh

CHECK YOUR PROGRESS 3.3

1. Dr Jagdish Chandra Bose. Function to measure plant growth and movements

2. 1930

3. Bosons are sub atomic particles named after Satyendra Nath Bose

4. Hargobind Khorana got the Nobel Prize for his work on the Genetic Code in 1968
5. Dr APJ Abdul Kalam

6. Tata Institute of Fundamental Research

7. Aryabhatta
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TERMINAL EXERCISE

—

. Write the contribution of medical science in Ancient India.

. Name any two ancient mathematicians and elaborate their achievements.

. Give the contribution in Astronomy by ancient scientists.

. Discuss paper manufacturing in medieval India.

. In the field of chemistry, what was achieved by medieval Indian scientists.
. Describe a few technological inventions during medieval India.

. Tell us about two earlier modern scientists.

. Narrate the achievements of two Indian Nobel Laureates.

O 00 9 O »n b~ W

. What were the contributions of Dr APJ ABDUL KALAM?

10. Who are two recent scientists and tell their contributions.
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ORIGIN OF LIFE AND

EVOLUTION ON EARTH

INTRODUCTION

Creationism vs Evolution has long been a source of heated discussion between religious and
scientific viewpoints. Because, whereas science argues that people developed from monkeys,
these religions teach that humans were created by God and sent to the world. Many people
are surprised to learn that Indians explained Darwin's theory of evolution thousands of years
before Darwin. Lord Vishnu's 10 incarnations, or Dashavatara, are an unmatched record of
human life's progression and progress in civilisation.

The Dasha stars' relation to evolution theory is a remarkable and well-documented feature.
When viewed from a certain angle, evolutionary theory nicely connects with the 10
incarnations.

The pisiform nature of Mistaya, for example, evokes man's genesis in the water.

All of this was written down by Hindu gurus.

4.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to:
® The progression of life
® How the Darwinism theory connects to Lord Vishnu's Dashavatara.
® The earth's genesis and scheme
® Evolutionary theories (Big bang, Lamarck, Darwin)

® The important events in life's history

4.2 DASHAVATARS THE INDIAN THEORY OF EVOLUTION

The Indian idea of Lord Vishnu's ten avatars describes the evolutionary technique. It is
confirmed by the fact that evolution took place gradually. This 'Avatar' hypothesis is based
on the RigVeda, the world's oldest texts. This hypothesis is closely related to Charles
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Darwin's Darwinian theory of evolution. A widely accepted theory in western educational
systems. This demonstrates that Indian Rishis, not to mention modern-day scientists, were
aware of the theory of life evolution long before naturalists introduced it to the planet.

Life on Earth hasn't always been like this. The evolution of living creatures has long been one
of humanity's most fascinating issues. What is the origin of life? What happened to species

when they evolved? Science and religion are both important.

Charles Darwin's theory of evolution is one of the most widely recognised scientific theories
on the subject. He discussed how organisms that lived adapted to changing environments,
while those that did not may quickly become extinct. Dash avatar is a notion found in
Hinduism, the world's third largest religion. It is said that Vishnu comes to earth in the form of
an incarnation to restore cosmic order. You might be wondering why we're discussing both of

them at the same time. This is due to their strong resemblance.

Although there are many different stories of what (and how many) Vishnu's many avatars are,
the most well-known 10 are Matsya, Kurma, Varaha, Narasimha, Vamana, Parashurama,

Rama, Krishna, Buddha, and Kalki.

1. Life began in the water, according to Darwin's theory. Matsya, Vishnu's first avatar,

was a fish.

Matsya was Vishnu's first avatar. He disguised himself as a fish to save a large number
of Manu from the massive flood. Water, according to Darwin, is the most important

factor for life to survive, and hence it is where life began.

2. According to Darwin, the species then began to emerge from the water. Vishnu's

second avatar, Kurma, was an amphibian.

Vishnu's second appearance was in the form of a tortoise named Kurma. It was able to
keep the mountain that was being used to churn the cosmic ocean in place.
Amphibians, Darwin hypothesised, would be the next quiet animals to emerge. As
animals began to emerge and explore the land, they evolved physiological traits that

allowed them to exist both within and outside of water.
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3. Eventually, organisms needed to travel large distances, so they developed legs. Varaha

was a boar in his third incarnation.

The ability to travel on the bottom had to be the next natural stage in evolution.
Species began to develop legs in order to achieve this. Vishnu's third form, the boar,
fought Hiranyaksha in a thousand-year fight and assisted in the return of the globe

from the ocean's depths.

4. Narsimha's avatar possessed both human and beastlike characteristics. This could be

similar to the species from which the first humans originated.

The notion of Homo sapiens was the next important evolutionary milestone. The

fourth avatar, Narsimha, was a half-man, half-lion, indicating a sluggish progression.

5. Vamana, the fifth avatar, was a shrunk soul who resembled the short ape species from

whom humans developed.

In the theory of Charles Darwin. However, if you look at the evolution charts, you'll
notice that the first apes from whom men descended were significantly shorter in

stature than their modern counterparts.

6. Eventually, the short ape-like creature evolved into what we now refer to as "early

man." Vishnu's sixth avatar, Parashurama, was remarkably similar to that.

Parashurama lived in caverns deep beneath the forest and fought with stone and wood

weapons (like an axe).

Parashurama, who was known for his rage and tendency to act on whims, is said to
have slaughtered and vanished the whole Kshatriya clan off the face of the earth in one
such rage. within the research of evolution, of these are the traits commonly related to

the cave dwelling 'early man'.

The human then learned values, ethics, and beliefs, among other things. Humans began to live
in groups, civilizations, and to establish their own kingdoms, government systems, and
societal hierarchies. They gradually came to symbolise heroism and leadership. Men began to
defend women. Humans grew less violent, more experienced, peaceful, and respectful as their

living practises and habits evolved. Rituals and traditions were established by humans. The
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human began to form relationships with other humans, such as those with his or her toddler
(son/daughter), spouse, parent, brother, student, mentor, and so on. The mention of the 'Rama'
avatar in the Rig Veda explains this. Lord Rama utilised 'astras' and 'shastras' (weapons),
while Vishnu dispatched 'Sudarshana chakra' to pursue targets and, if they were hit, return to
their rightful owner. This shows that the technology of guided missiles is not new to India, and

it is vitally necessary.

4.3 Physical Condition of Primitive Earth and Solar system

Even if we don't know when or how life began on Earth, It is a proven fact. Except for our
planet, there is no proof of life, let alone intelligence or civilisation, anywhere else in the

cosmos. These two propositions have the most plausible explanation: life evolved on Earth.

The solar system began as a cloud of dust and gas known as a solar nebula 4.6 billion years
ago. As the material began to spin, gravity squished it in on itself, resulting in the sun at the

nebula's centre.

As the light climbed higher in the sky, the residual debris began to form a cluster. Small
particles clumped together to form larger particles, which were held together by gravity. The
solar wind blew away lighter components, such as sand. Lighter atoms like hydrogen and
helium were blown away by the solar wind, leaving only heavy, rocky components to build
smaller terrestrial worlds like Earth. The solar winds had less effect on lighter components
further away, allowing them to form into gas giants. Asteroids, comets, planets, and moons are

formed in this manner.
When heavy components collided and bonded together, Earth's rocky core was formed.

The crust was produced by the heavier particles, while the denser material sank to the centre.
Around this time, the planet's magnetic field most likely formed. Some of the lighter

components that make up the planet's early atmosphere were snatched up by gravity.

Earth was struck by a massive body early in its existence, which drove portions of the new-
born planet's mantle into space. Several of these particles were drawn together by gravity to
form the moon, which began orbiting its creator. Plate tectonics, or the movement of huge

rock plates on the Earth's surface, is caused by the flow of the mantle beneath the crust.
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Collisions and friction caused mountain ranges and volcanoes to form.

4.3.1 The Formation of the Solar System

According to current calculations, the Universe is roughly 12 or 13 billion years old. Our
solar system's Sun, planets, asteroids, and comets are considerably younger, relative
newcomers with an age of 4.55 billion years (4550 million years), give or take a few million

years!

According to astronomers, a cloud of interstellar dust and gas lingered for billions of years in
our small part of the Milky Way galaxy. A neighbouring supernova explosion then injected
even more material and energy into the cloud causing it to collapse on itself by accident or
design. The majority of the material concentrated in the cloud's centre to form a new star, our
Sun, but just around 1% of it did not.

In a process known as accretion, due to electrostatic and gravitational attraction, dust
particles collide softly and prefer to stick together. Under the bed, dust bunnies form in the
same way. Dust bunnies can accumulate and compress into large solid masses, up to a
kilometre in diameter. or so in diameter, around a young star. Thousands of entities the
Massive asteroids will clump together into larger units that we now call planets. In a period
of massive impacts, the new planets will continue to be battered by asteroid-sized objects for
hundreds of millions of years. Planets have been known to be broken in large impacts, or to
have fragments split off of them into space. A planet larger than Mars, for example, may have
collided with the Earth early after its formation, tilting its axis to the current 23° tilt that gives
us our seasons and throwing debris into Earth orbit that quickly accreted to produce the Moon.
Our Solar System has taken on a life of its own. current shape about this time, with three or
four large terrestrial planets in stable orbits, enormous gas giants orbiting outside them, and
celestial debris such as meteorites, asteroids, and comets still orbiting in space.

In the inner reaches of our solar system, the planet Earth is one of four terrestrial (rocky)
planets in the solar system. Venus and Earth are similar in size, but Mars and Mercury are
somewhat smaller. They were all created in the same manner, and they were probably
certainly all heavily blasted during the era of massive impacts. For a long time, all of the
rocky planets would have been extremely hot, with numerous active volcanoes. They melted
to the point of producing iron planetary cores and releasing gases that formed atmospheres.

Their similarities ceased there, and each inner planet had its own subsequent history.
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4.4 THEORIES

Many explanations have been proposed by scientists, such as inanimate concoctions giving
rise to self-replicating proteins and eventually life. Other hypotheses claim that life on Earth
began deep beneath the oceans, near hydrothermal vents that served as a nursery for the
planet's primary life forms. Then there are theories that sound far-fetched due to a lack of
proof, such as an asteroid or comet containing components required for eternal life colliding
with the Earth and thereby kicking-starting evolution.

Abiogenesis is one of the most widely held hypotheses on how life began. It claims that life
arose from non-living, inanimate components as a result of natural processes and events.
Stanley Miller's experiment in 1953 backed up this notion. He reproduced conditions that
existed approximately 4 billion years ago on Earth. He filled a container with ammonia,
methane, carbon monoxide, hydrogen, and water to replicate the gaseous makeup of the early
earth's atmosphere. He then used electrical sparks to simulate lightning strikes on the
container. Every week, this experiment was in significant trouble, and towards the end, Miller
had spotted a deposit of a red-brown substance on the container's walls. When he examined
the chemical makeup of this enigmatic substance, he discovered that it comprised organic
chemicals and amino acids, both of which are essential at all times. His work paved the way
for future scientists to investigate abiogenesis further, and it is now considered one of the
most viable competitors for hypotheses on the origin of life. The Panspermia Hypothesis is
another alternative to the abiogenesis idea. According to this idea, meteors, comets, and other
celestial bodies gave birth to life on Earth. These could store chemicals that are required
indefinitely, such as organic molecules and water. These interstellar objects travel great
distances, and one of them may have collided with the planet, kicking off the life mechanism.
However, this is frequently only a guess, and there is insufficient evidence to back up this

notion.

4.4.1 Explosion Theory: Evolution of Our Universe (Big Bang Theory)

Scientists, astronomers, and cosmologists today agree that the Universe as we know it started
from a huge explosion that produced not only matter, but also the fundamental laws that
govern our ever-expanding universe. The Big Bang Theory is the name given to this scenario.
The fundamentals of The Big Bang Theory are simple. According to the Big Bang hypothesis,

all of the Universe's current and past matter appeared at the same time 13.8 billion years ago.
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At this time, all matter had been crushed into a tiny ball with infinite density and great heat,
referred to as a Singularity. The Singularity expanded suddenly, and the cosmos as we know

it started.

4.4.2 Lamarckism

Jean Baptiste Lamarck (1744-1829), a French naturalist, proposed Lamarckism. He is well-
known for his evolutionary theories. Lamarck's theory of evolution was first published in the
book 'Philosophic Zoologique' in the year 1809. His theory was known as the "Theory of
Acquired Characters Inheritance" or "Use and Disuse Theory" or Lamarckism.
The four main principles of Lamarckism are as follows:

1. Internal vitality

2. The impact of the environment and new requirements

3. Organ usage and non-usage

4. Acquired character inheritance

1. Internal vital force: Every organism, according to Lamarck, has an internal vital force (a
hypothetical force). Throughout time, the scale of living creatures and their parts tends to

expand in bulk. The organism's vital internal force is responsible for this increase in size.

2. The impact of the environment and new needs: Our environment has the potential to have a
huge impact. As a result, a change in the environment triggers the emergence of new
demands in organisms. As described in the previous hypothesis, organisms evolve specific
adaptive morphological or anatomical characteristics in order to meet new needs. The
evolution of certain traits leads to changes in the functions as well. Acquired characters are
the term for such variations. These organisms' adaptive characteristics could also be within

the variety of the event of recent parts of the body.

3. The use and disuse theory states that an organ that is used frequently develops well and is
strengthened. Organs that aren't used for a long time gradually deteriorate and eventually

degenerate.

4. Theory of acquired character inheritance:
As previously stated, animals develop acquired traits in response to changes in their

environment.

ORIGIN OF LIFE AND EVOLUTION ON EARTH



MODULE II: ORIGIN OF LIFE AND THE LIVING WORLD IS

According to Lamarck, these characteristics are passed down through the generations because

they improve the species' chances of survival.

4.5 MAJOR EVENTS IN THE HISTORY OF LIFE

A. Geological time scale: The geological time scale encompasses the period from the
beginning of time to the present. The earth's age is divided into three acons, which are listed

below.

B. The Phanerozoic Eon began approximately 570 million years ago and is still going on
today. Vertebrates and phanerogams emerge throughout this aeon. There are three eras in this

acon:

(1) The Cenozoic era The Cenozoic Era began 65 million years ago and continues today.
It is split into two halves. There are two types of rocks: quaternary and tertiary. The

Cenozoic Era gave rise to the great variety of plants and animals that we see today.
(i1))Mesozoic era

The Mesozoic era lasted 250 million years, ending 65.5 million years ago. Various
sorts of hills and mountains were developed throughout this time period. The
fundamental circumstances for the existence of life on land, sea, and air are said to

have been produced. There are three phases in this era.
(ii1) Paleozoicera

Paleozoicera began approximately 540 million years ago and concluded
approximately 250 million years ago. Plants and animals were discovered to have
evolved during this time period, as evidenced by investigations of fossils found in
sedimentary rocks. Similarly, it is thought that there was an alteration in the
atmosphere and whether. There are six phases in this era. The stages of human

evolution are as follows:

a) Dryopithecus
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e Both men and apes are said to have descended from these ancestors. They
roamed the continents of Africa, China, Europe, and India. Dryopithecus is a
genus of oak wood apes. Because the tropical lowlands where Dryopithecus
lived were densely forested at the time, the individuals may have been

primarily herbivores.
b) Ramapithecus

e Their remains were originally discovered in Punjab's Shivalik mountain,
then in Africa and Saudi Arabia. They dwelt in grassy plains.

e Robust jaws, thickened tooth enamel, and shorter canines, as well as the
use of hands for food and defence, and extrapolations of upright posture,

demonstrate their Hominid status.
¢) Australopithecus

e The first fossil of this genus was discovered in South Africa in 1924. They
lived on the ground and used stones as weapons, and walked erect. They

were 4 feet tall and weighed 60 - 80 pounds.
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d) Homo erectus

e In 1891, the first Homo Erectus fossil was discovered in Java. The species
was given the name Pithecanthropus erectus. These were thought to be the
missing link between humans and chimps. The Peking man was another
Chinese discovery. This specimen possessed huge cranial capacity and
was thought to have lived in groups. Quartz-based tools were utilised by
Homo erectus. Bone and wood-based tools have also been identified.
Collective hunting has been documented. There's also evidence of fire

being used. Homo erectus is a type of human.

¢) Homo sapiens (Neanderthalensis)

e Homo sapiens evolved from Homo erectus. During the evolution of Homo
sapiens, two sub-species were discovered: Homo sapiens and Homo
sapiens sapiens sapiens sapiens sapiens sapiens sapiens sapiens sapiens
sapiens sapiens sapiens sapiens sapiens sap Homo humans and
Neanderthals. Neanderthals' cranial capacity increased from 1200 to 1600
cubic centimetres. There were also a few little hand axes unearthed. This
hominid species was capable of hunting large mammals such as

mammoths.

CHECK YOUR PROGRESS 4.1

1.Which of the following are the principles of Lamarck’s theory of evolution?
A. Frequent use of an organ greatly improves them and misuse reduces the organ.
B. Transmission of the beneficial characters for survival transmitted to offspring
by inheritance
C. Changing environment can bring modification to an organ.
D. All the above are correct

2.What causes the formation of solar system?

3.State Big Bang theory.
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4.6 PREDICTIONS OF ANCIENT INDIAN SCIENTIST

I. The Thought of Zero: -The mathematical numeral zero, which requires
minimal explanation, is one of the most important inventions of all time. A
mathematician named Aryabhata was the first to develop a logo for zero, and it
was thanks to his work that mathematical processes like addition and subtraction
began to use the digit zero. Large numbers could also be written down with only
ten symbols thanks to the concept of zero and its inclusion into the place-value

system.
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India invented the decimal numeration system, which is an amazing way of

expressing all numbers using only ten symbols.

In this system, Each symbol was given a numerical as well as a positional value.

because of the simplicity of the mathematical notation, which made it easier

II. Numeral Notations: - As early as 500 BCE, Indians devised a system of
different symbols for each number from one to nine. This notation technique was
adopted by the Arabs and given the name hind numerals. This notation system
was adopted by the western world centuries later, and it was given the name

Arabic numerals because it was brought to them by Arab traders.

III. Chakravala Algorithm Method: - The chakravala technique, which

includes the Pell's equation, could be a cyclic procedure for solving indeterminate
quadratic equations. Brahmagupta, one of the most well-known mathematicians of
the 7th century CE, devised this approach for getting integer solutions. Jayadeva,
another mathematician, eventually developed this method to a larger variety of

equations, which Bhskara II perfected in his Bijaganita.

IV.A Theory of Atom: - Kanad, a well-known scientist in traditional
India, is said to have devised the atomic theory centuries before Dalton was born.
He proposed the existence of anu, a microscopic indestructible particle similar to
an atom. Anu can exist in two states, according to him: absolute repose and
motion. He also believed that atoms from the same substance interacted in a very
precise and synchronised manner to generate dvyanuka (diatomic molecules) and

tryanuka (triatomic molecules) (triatomic molecules).

V. The Heliocentric Theory: -  Ancient Indian mathematicians used their
mathematical knowledge to make accurate astronomical predictions on a regular basis.
The most important of them all was Aryabhata, whose work Aryabhatiya represented
the pinnacle of astronomical knowledge at the time. The heliocentric theory,
according to which the Earth is round, rotates on its own axis, and circles around the
Sun, was accurately proposed by him. He predicted solar and lunar eclipses, as well as

the length of the day, based on the distance between the planet and the Moon.
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VI. Cosmetic surgery: - Sushruta Samhita, written by Sushruta in the 6th
century BC, is considered one of the most comprehensive textbooks on ancient
surgery. The work discusses a variety of ailments, herbs, preparations, and
remedies, as well as advanced cosmetic surgery procedures. The most well-
known contribution of the Sushruta Samhita to cosmetic surgery is nose

reconstruction, generally known as rhinoplasty.

VII. Ayurveda: - Charaka created the Charakasamhita, a founding
treatise on the traditional discipline of Ayurveda, long before Hippocrates was
born. Because Charaka, the Father of Indian Medicine, was the first physician to
introduce the concepts of digestion, metabolism, and immunity in his book, the
topic was brought up. For two millennia, Charaka's ancient treatise on medical
practise was a regular work on the subject, and it was translated into numerous

foreign languages, including Arabic and Latin.

4.7 Darwinism

Charles Darwin, an English naturalist of the nineteenth century, spent nearly 20 years
studying nature in depth. He gathered data on animal distribution and, as a result, the
relationship between living and extinct animals, and discovered that current living animals
have some similarities not only with each other, but also with the opposite species that
existed countless years ago and among which some became extinct.

Because of his contribution to the establishment of the theory of evolution, Charles Darwin is
known as the "Father of Evolution." His thesis helped to disprove all of the old beliefs that
the genesis of different species was a supernatural occurrence or act of the Almighty.
Darwin's survival theory provided a more reasonable explanation for the emergence of new
species. As a result of adaptation to the changing environment, numerous species arose

naturally from a single species.

ORIGIN OF LIFE AND EVOLUTION ON EARTH



MODULE II: ORIGIN OF LIFE AND THE LIVING WORLD |[SIZE

4.7.1 Darwin and The theory of evolution

Darwin's seminal book, On the Origin of Species, set forth his ideas about evolution
and survival of the fittest. Direct observations from Darwin's trips around the world mostly
backed his theories. He was a member of a survey trip led by the ship HMS Beagle from
1831 to 1836, South America, Australia, and Africa's southernmost point were among the
destinations. At stops in South America, Australia, and the southern tip of Africa, Darwin had
the opportunity to examine and classify the indigenous plants and animals. At each of the
expedition's locations, Darwin was able to examine and classify the indigenous plants and
animals. each of the expedition's destinations.

During his travels, Darwin began to notice extraordinary patterns in the distribution and
characteristics of species. We can see some of the most important patterns in the distribution
of species by looking at Darwin's observations of the Galapagos Islands off the coast of

Ecuador.
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4.7.2 Darwin's Theory of Evolution

Darwin discovered that neighbouring islands in the Galapagos contained finch species that
were similar but not identical. He also pointed out that each finch species was well-suited to
its environment and function. Those who ate huge seeds, for example, had large, thick beaks,

whereas those who ate insects had thin, pointy beaks. Finally, he noted that the finches (and
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other animals) found in the Galapagos were similar to those found on Ecuador's mainland,

but distinct from those found elsewhere in the worldsquared.

On his journey, Darwin did not figure out all of this. In fact, it wasn't until he showed his
specimens to a gifted ornithologist that he realised that the finches were related but unique
species (bird biologist). Gradually, though, he devised a strategy for explaining the pattern of

related but unlike finches.

This pattern would add up, according to Darwin's theory, if the Galapagos Islands were once
occupied by birds from the neighbouring mainland. Finches may need to progressively adjust
to local conditions on each island (over many generations and long periods of time). On each
island, this process might have resulted in the emergence of one or more unique species.
Darwin coined the phrase "descent with modification" to describe the process through which
groups of animals modify their heritable features across generations. It's now known as
evolution. The diagram above shows how one species can split into two over time, and how
this can happen several times within a "family tree" of closely related species, illustrating
Darwin's theory.

To understand how evolution takes place, let us take some imaginary examples.

Situation 1: In a thicket, a colony of red ants lives. Hunting birds enjoy eating on ants
because they can easily see red ants in the green background. Some blue ants have appeared
as a result of a DNA replication mistake. Blue ants against a green backdrop are invisible to
hunting birds. As a result, blue ants thrive while red ants eventually become extinct. The
emergence of blue ants was unintentional, but it provided the ants with a survival advantage.

Finally, blue ants were able to survive and spread over the environment.
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Situation 2: Some blue ants were discovered in the same group. The population of both
colours of ants was nearly equal. An elephant came by one day and trampled the vegetation.
The accident killed all the red ants, leaving only the blue ants. Red ants became extinct as a
result of this, while blue ants were able to continue their race. The survival of blue ants was

due to a freak occurrence, which resulted in natural selection.

Situation 3 A colony of red ants lived in a shrub. The ants' food supply became a concern due
to the draught-like conditions. All of the ants were feeble and underweight as a result of this.
The pattern continued for a few generations, with subsequent generations consisting of
smaller ants. Situations changed, and there was plenty of food available. Ants grew to their
normal size once more. The shift in size was a phenotypic change in this case, and so was not

inheritable. Variation and evolution in the species could not be caused by a change in size.

Organisms have unlimited capacity to reproduce:

Organisms have the ability to create offspring quickly. This is crucial for survival, as having
more offspring means that at least some of them will survive. Every organism must fight for
survival on a daily basis. A frog, for example, can lay thousands of eggs at once. The spawn
is discharged into the water and allowed to its own devices. The majority of the eggs are
washed away or eaten by predators. However, a part of the spawn's eggs grow into tadpoles.

Many tadpoles are eaten by predators once more, leaving only a few to develop into adults. It
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goes without saying that a high number of eggs are required to ensure that at least some of

them mature into adults.

Natural Selection:

Individuals of the same species have diverse characteristics. Nature favours those who
possess more desirable characteristics. For seeking food and locating a partner, each
organism requires a unique characteristic. Those with better traits can now pass their traits on

to the next generation.

Survival of the Fittest:

Only the fittest species survive, while the others perish. Many species fall extinct as a result

of this, while others continue to change over time.

4.8 NEO-DARWINSM (The Modern Synthetic Theory of Evolution)

Natural selection, as proposed by Darwin, was accepted. Wallace, Huxley, Haeckel, and
Weismann are all proponents of Darwinism. Darwin's theory lacked contemporary genetic
concepts and processes for character emergence and persistence in populations. The idea has
been updated in light of recent studies. Darwinism has been supported by a number of
experimental evidences. A synthetic theory of evolution was suggested based on these facts
and statistical data. This is a Darwinian theory that has been changed. T. Dobzhansky, J.B.S.
Haldane, R.A. Fisher, Sewall Wright, G.L. Stebbins, and Ernst Mayr are among the

evolutionary biologists who advocated Neo-Darwinism.

It describes the evolution of life in terms of population genetic changes that lead to new
species emergence. The genetic population, also known as the Mendelian population, as well
as the gene pool and gene frequency, are all included. Natural selection, genetic differences,
reproductive and geographical isolation, and genetic differences are all important parts of this

idea.

The Modern Synthetic Theory of Evolution revealed a number of changes in the way people

think about evolution and the evolutionary process. The theory proposed a new definition of
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evolution: "changes in allele frequencies among populations," emphasising evolution's

genetic component.

4.9 How Evolution Took Place

Natural selection was also proposed by Darwin as a process for evolution. This concept was
simple and logical, and it explained how populations might change through time to become
more adapted to their circumstances (by descent with modification).

Darwin's natural selection theory was founded on many crucial observations:
® Traits are commonly passed down over generations. Many characteristics are inherited or

passed down from parent to offspring in living beings. (Even though Darwin had no

knowledge that traits were passed down through genes, he realised this.)
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® There are more offspring than can live. Organisms have the ability to produce more

offspring than their surroundings can sustain. As a result, each generation competes for

limited resources

o Offspring vary in their heritable traits. Each generation's offspring will differ slightly in
terms of qualities (colour, size, shape, and so on), and many of these characteristics will be

heritable.

Based on these simple observations, Darwin concluded the following:

Some persons in a group will be born with characteristics that will aid them in surviving and
reproducing (given the conditions of the environment, such as the predators and food sources
present). Individuals with these features will leave more children in the following generation
than their contemporaries because the favorable traits make organisms more effective at
surviving and reproducing. The traits will become more prominent (present in a bigger

percentage of the population) in the next generation since positive characteristics are
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heritable and organisms with these features generate more offspring. Humans will adapt to
their surroundings throughout generations (as individuals with traits helpful in that
environment have consistently greater reproductive success than their peers).

. Darwin's natural selection theory allowed him to explain the patterns he observed on his
travels. If the Galapagos finch species had a common ancestor, it was only natural for them to
look alike (and mainland finches, who likely shared that common ancestor). If groups of
finches were separated for several generations on different islands, each group would have
been exposed to a different environment, resulting in different heritable features, such as
different beak sizes and shapes for different food sources, being favoured. These causes may

have caused separate species to evolve on each island.

CHECK YOUR PROGRESS 4.2

1. Choose the correct answers.

(i) Who had given the theory of evolution of species by natural selection?
A. Darwin
B. Mendel
C. Dalton
D. Morgan
(i1)) Which of the following are Darwin's theory of evolution's postulates?

A. Natural variation exists within any population.
B. Despite the fact that all species produce a significant number of offspring,
populations are inherently stable.
C. In populations, the struggle for existence eliminates the unfit people.
D. The answers to all of the foregoing questions are correct.
4.10 Tracing Evolutionary Relationship
Evolutionary relationship means how closely related two organisms are in evolution.
Now the question is how do we come to know about this relationship, the answer lies in
the wealth of Scientific evidences. The various sources that help in tracking relationship
are
1) Homologous organs,
2) Analogous organs, and
3) Vestigial Organs
4) Fossil records
5) Genetic Sequencing

6) Natural Selection
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Homologous Organs The organs that are similar in structure and
origin but differ in function are called Homologous Organs. For eg.This does not mean that

they share the same ancestor.

Human

Analogous Organs
Analogous Organs- The organs that are similar in function but differ in structure and origin
are called Analogous Organs. For eg.

(a) (b) (c) (d)
Analogous organs (a) Wing of insect {b) Wing of Pterodactyl (c) Wing of bird (d) Wing of bat

The presence of similar organs in fossils helps us comprehend that the two species reside (d)
in the same habitat and have evolved to live there.

VESTIGEAL ORGANS

These are theorgans or parts of human, plant, and animal bodies that are functionless now but
were performing the respective function in the ancestors. For example, the appendix in
human intestine was used in digestion earlier but has now become functionless.

Vestigial organs are proof that all living organisms have evolved over time and are also

helpful in explaining adaptation. Some of the examples of vestigial organs are
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Wisdom teeth in humans
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Wings of a female cockroach
External Ear.

Fossils

Fossil are an important link in knowing the process of evolution.

They are the remains of dead plants and animals that remain buried under the Earth’s crust
for several years. The fossils on in the above layers are comparatively newly formed then the
ones found in deeper layer. Fossils show a progression of different life forms over time. This
shows that organisms have changed over time, which is what evolution predicts. Additionally,
fossils can show how different species are related to one another can help to date different

events in history, which can help to verify the theory of evolution.

For example, Archaeopteryxis considered as a transitional fossil between dinosaurs and
modern birds. It possesses both avian and reptilian features. It was long viewed as the earliest
known bird. Discovered in 1860 in Germany, it's sometimes referred to as Urvogel, the

German word for "original bird" or "first bird."
DNA Sequencing

Genes are genetic units that carry DNA from parents to their children. The nucleotide (A, G,
C, and T) sequences of genes from various species are usually remarkably similar, indicating

that they have a common ancestry.
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Progress cannot be equated with evolution

Evolution is defined as a process of formation of new species through slow and steady
changes which took place over millions of years. The process of Natural Selection has
immensely contributed to process of evolution. Owing to various reasons, an individual is
able to exhibit changes in his phenotype or physical characteristics Only those organisms are
able to survive who are best suited to their surroundings, that is survival of the fittest. These

organisms have more chances to survive, resist diseases and avoid predators.

Evolution cannot be equated with progress because it is not always the development from
lower to higher forms or organisms but sometimes even lower form organisms keep on

evolving and surviving.

For example:
Human Beings are developed and complex but minute organisms like bacteria are still
surviving with great degree of efficiency in extreme conditions and performing all the vital

functions.

Evolution does not mean that complex body organisms are on higher pedestrial or are of
more importance rather it is a process where each and every organism is living and

progressing in its own best possible manner.

CHECK YOUR PROGRESS 4.3

1. (i)Define genetic drift
(i) What is mutation?

2. What are the stages of human evolution?

3. Differentiate between homo erectus and homo sapiens.

RECAPITULATION POINTS

® Dashavataris related with the theory of evolution of Darwinism.

® The third planet from the sun, Earth, was created as gravity drew spinning gas and
dust close. Earth, like its other terrestrial planets, has a solid crust, a rocky mantle,

and a central core.
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® Abiogenesis theory states that life originated from non-living, inanimate materials

through natural processes and occurrences

® Big bang theory suggests that the universe was created as a result of an extremely

large explosion.

® The modified Darwinism theory is known as Neo-Darwinism or modern synthetic
theory which gave a new definition of evolution as “the changes occurring in the
allele frequencies within the populations,” that depends on many factors like

variation, genetic drift, mutation.
® According to Darwin, evolution is based on natural selection.

® All the organisms have a common ancestor that proved from many evidences like
vestigial organs, Homologous organs, Analogous organs, Fossil records, Genetic

Sequencing, Natural Selection.

TERMINAL EXERCISE

1. Multiple choice questions

(). Which of the following are the sources which provide evidences for evolution?

A. Homologous organs
B. Analogous organs
C. Fossils

D. All the above
(i1). What are the names of the organs with similar appearances and functions but differing
fundamental structures?

A. Organs with comparable functions

B. Organs that are homogeneous

C.A and B are both correct.

D. Neither A nor B are true.

2. VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

a. Who is known as Father of Evolution?
b. What do you mean by the term gene?

c. Write the names of two types of chromosomes found in an organism.
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How many chromosomes are found in an egg and ovum?
List the main components in Darwin’s theory of Natural Selection?
Who are the carriers of factors and genes?

What will be the sex of a child if he inherits X chromosome from his/her father?

h.Who gave the theory of inheritance of acquired characters?

1. Define mutation.

J. What are fossils?

3. SHORT ANSWER TYPE QUESTIONS (2 MARKS)

IS

o a °

j}

1.

Why off springs differ from parents?
Do genetic combination of mother helps in determining sex of a child?
What is the importance of Variation?
What is contribution of Mendel to genetics?
Define Genetics.
With suitable example, highlight how temperature has an effect on sex determination
in the animal world.
How will you determine the age of a fossil?
Define the scientific words that are used to denote the following:
(1) A field of biology that investigates heredity and variation;
(i1) The transmission of qualities from parents to offspring;
(ii1)Differences in human traits;
(iv) A distinguishing feature of an organism.
(v) List any two differences between Recessive and Dominant traits.

Why did Mendel choose pea plants for his research.

4 SHORT ANSWER TYPE QUESTIONS (3 MARKS)

Q1. What are advantages of tissue culture?

Q2. Explain how the following are instances of evidence in favour of evolution in organisms:

Homologous organs

(a)analogous organs (b) fossils (¢) and homologous organs.

Q3. Describe three ways in which a population of people having a given attribute may grow.

Q4. Homologous Organs: What Are They? Is it possible to consider the wings of a butterfly

and the wings of a bat to be homologous? Why?

Q5. Define the phrase.
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a) Speciation b) Natural Selection

D. LONG ANSWER TYPE QUESTIONS (5§ MARKS)

Q1. In evolutionary terms, can we say which among bacteria, spiders and chimpanzees have a

better body design?

Q2. Explain the importance of fossil in deciding evolutionary relationship.

Q3. Describe why sexual reproduction produces more viable variety than asexual
reproduction.

Q4. How does this affect the evolution of sexually reproducing organisms?

Q5. Describe Darwins Theory of Evolution .

ANSWERS TO ‘CHECK YOUR PROGRESS’

CHECK YOUR PROGRESS 4.1

1. -D

2. The Sun and the planets both emerged from a cloud of gas and dirt called the solar
nebula 4.6 billion years ago. The collapse of the solar nebula was most likely triggered
by an undulation caused by a nearby supernova explosion. The planets formed during a
thin disc revolving around the Sun, which formed within the core.

3. The Big Bang hypothesis might explain how the universe began, as well as how the
collections of stars (known as galaxies) that we observe today. There were no stars,
atoms, shape, or structure when the cosmos began, and it was very popular, tiny, and
dense (called a "singularity"). The prevalent cosmological model for the universe from
the earliest known times to its following large-scale development is the Big Bang

hypothesis.

CHECK YOUR PROGRESS 4.2

(1) Darwin

(i1) D. All the above are correct.
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CHECK YOUR PROGRESS 4.3

Q1. (i) When there is a change in a gene variant in a population due to random sampling is
called genetic drift. It is more likely to happen in small populations. It results in the
change of frequency of an allele in the isolated population.

(iii)Mutation is a permanent change in the nucleotide sequence of genome of an organism,
virus, or extra chromosomal DNA or other genetic elements, which can be transferred
from one generation to other. The mutation are heritable.

2. Homo neanderthalensis — Ramapithecus — Australopithecus — Dryopithecus

3. Difference between Homo erectus and Homo Sapiens

Homo erectus Homo Sapiens

An extinct archaic human species that existed | Modern humans are a member of the primal
for the majority of the Pleuston geological | species.

era.

Refers to a man who is upright. Modern man can think

A species that has been extinct Currently, there are flourishing species.
Facial features similar to apes . Facial features similar to modern man

Brain size was 850cc -1100cc Brain size is 1300cc

Comparatively less intelligent They are intelligent

Had large teeth Have small teeth
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CELL

INTRODUCTION

Every living organism takes birth, grows and meets its end for which cells play a decisive role in
the whole life process of any living organism. Different types of cells are present in different
organs of living organism performing different types of functions in the living body. But
whatever is the cell, where they are present the components of a cell have almost similar
structure and function. The living organisms originated since the time immemorial. They have
undergone a continuous process of evolution. As a result of differentiation in the appearance,
shape and size of higher organisms took place a drastic process of change. But the structure and
function of the unit of living organism i.e. the cell remains the same. Hence, cell is known as the
structural and functional unit of living organism. The cells assembled in a specific way to form
tissue, body part or the organ and at the end the body of the living organism. The living organism,
either plant or animal functions in a particular way to differentiate themselves from that of a non-

living thing.

5.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to:

® Explain about the of plant cell and animal cell

® Differentiate between unicellular and multicellular organisms
® [dentify cells with different shapes and sizes

® Understand structure and function of different parts of cell

® Justify the process of different parts of cell and cell organelles
® (Compare plant cell and animal cell

® Justify cell as structural and functional unit of living organism
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® Draw diagrams of plant and animal cells

® Draw the diagram of various cell organelles

5.2 ORIGIN AND STRUCTURE OF PLANT CELL AND ANIMAL CELL

5.2.1 Cell- Its origin and discovery

Robert Hooke, British Scientist, in 1665 was working with cork slices (developed from plant
barks under the primitive microscope in laboratory. He discovered honey comb like structure of
the tiny boxes in the slices of the cork. He named those structure as ‘cells’ measuring a small
room space. Each box is separated from each other by thin walls or partitions. Anton Van
Leeuwenhoek first discovered free living algae, Spirogyra, cells in water in 1674 with the
improved microscope. In 1831, Robert Brown discovered a structure within the cell of orchids
and many other plants, that he termed the ‘nucleus’ of the cell. In 1839, Czech physiologist, J.E.
Purkinje coined the term ‘protoplasm’ for the fluid substance of a cell. The classical cell theory
i.e. all organisms are made of cells, cells are basic unit of life of plants and animals, cells come
from pre-existing cells that have been multiplied (Theodor Schwann, 1839, Matthias Jacob
Schleiden, 1838 and Rudolf Virchow, 1858). Further discoveries led to form ‘modern cell
theory’ i.e. the DNA is passed between cells during cell division, the cells of all organisms
within a similar species are mostly the same both structurally and chemically and finally that the

energy flow occurs within the cells.
5.2.2 Cork cells and cells of an onion peel:

Cork cells: Robert Hooke in 1665 observed very thin slices of cork (derived from the bark of a
tree) under the primitive magnifying device. He found partitioned boxes of tiny cells in the cork

slices.

Fig. 5.1 Tiny cells in the cork

CELL: FUNDAMENTAL UNIT OF LIFE
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The boxes looked like honey comb and separated from each other by partition. Each box was
named by Hooke as cell present in the cork. The cells present in the cork are dead cells as bark of

a tree is dead.

Onion peel: In the following way you can prepare stained temporary mount of onion peel in

your study centre:
Pour little distilled water into a watch glass

Peel of a skin (epidermis) from the onion leaf of an onion using the forceps which is transparent
Put the epidermis in the water collected in watch glass Use the stain safranin to stain the peel

Observe under simple microscope magnifying glass.

_ Cell Wall Oman Peel Culls Cytoplasm

T

Fig. 5.2.a. Brick wall Fig. 5.2.b. Cells of epidermis of an onion peel
The cells are clearly visible in the peel arranged like bricks on a wall.

Inside the cell, you can find clearly very small spots, which are known as nucleus.

5.3 UNICELLULAR AND MULTICELLUAR ORGANISMS:

The cells in an onion peel together form the leaf of the onion. Likewise, whole bulb of onion is
being formed. Even many organisms have different types of cells and the total number of cells in
a living body is unaccountable. These organisms are called multicellular living organisms; it may
be a plant or animal. There are living organisms having only one cell. The organisms maintain

their body functions with a single cell and they are known as unicellular organism.

In multicellular organisms different group of cells perform a variety of functions and in

unicellular organisms body functions are conducted by the single cell.

CELL: FUNDAMENTAL UNIT OF LIFE
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Look at the unicellular organism in figure 4.3 (a & b)

Paramecium
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Fig. 5.3 (a) Amoeba Fig. 5.3 (b) Paramecium

Amoeba, a single celled organism, captures and digests food, respires, excretes, grows and
reproduces. Paramecium and other unicellular organism performs the similar functions by the

single cell also.

Amoeba has no definite shape unlike other organisms. It keeps on changing its shape and size for
locomotion (movement) and ingestion (process of food taken in and digestion through mouth).
The protruding projections of various lengths out of the body are known as pseudopodia (Pseudo
means false and podia means feet). These pseudopodia reappear and disappear as per the need of

the amoeba.

Like Amoeba, Paramecium is also a unicellular organism with a shape resembling the sole of a
shoe. It ranges from 50 to 300 um in size which varies from species to species. It is mostly found
in fresh water environment. It makes movement with cilia to gather food through the oral groove.

It also uses cilia to move from one place to another in water.
5.3.1 Shape and size of plant and animal cell:

a) Size of cell: The size of cells in living organisms may be very small. It may be as small as one
millionth of a meter (micrometer or micron) and also may be as large as few centimeters. Cells
of multicellular eukaryotes (cells having definite nucleus) have a size range of 5-100um.
Erythrocytes (RBC) are 7-8um in diameter, lymphocytes are still smaller 6um. Muscle and nerve
cells are comparatively very large. Generally, the unicellular organisms are microscopic like

bacteria but a single cell like an egg is large enough to touch. The largest cell is an egg cell of

CELL: FUNDAMENTAL UNIT OF LIFE



MODULE II: ORIGIN OF LIFE AND THE LIVING WORLD

ostrich (130mm to 170mm). The largest cell in human body is ovum. The longest cell is the

nerve cell.

b) Shape of a cell in living organism: Description of the shape of a cell is called the cell
morphology. Usually the cells are round, elongated or spherical. There are also some cells which
are long and pointed on both ends. Such cells exhibit spindle shape. In some cases, cells are very
long like plant cells. The unicellular animal, amoeba, has no definite shape. Its shape is irregular

and it keeps on changing its shape.

These projections are called pseudopodia. These projections appear and disappear during

amoeba’s locomotion for food.

Example of round cell is human ovum, elongated cell in nerve cells, spherical cell in RBC and

spindle shape cell in muscle cells.

Fig. 8.4 :(a) Spherical red blood cells
of humans, (b) Spindle shaped muscle .
cells, (¢) Long branched nerve cell Al

Fig. 5.4 (a) round shaped cell, picture of ovum Fig. 5.4 (b) elongated cell, Fig. 5.4 (c)
Spherical cell, Fig. 5.4 (d) Spindle shaped cell.

Besides these also there are many other differing shaped cells. The different shapes are related to
their specific functions. All the components of the cells are enclosed within a membrane called

cell membrane. This membrane provides shape to the cell.

Plant cells have a definite shape which is mostly rectangular cubes and bigger than animal cells.
These cells have fixed shape because of the presence of a rigid cell wall around the cell
components. Cell wall becomes rigid because of the presence of cellulose which provides a

regular shape to the cell.

CELL: FUNDAMENTAL UNIT OF LIFE
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Cell wall

(a) (b}
(a) Plant cell (b) Animal cell

Fig. 5.5 Labeled diagram of plant cell and animal cell
5.3.2 Structural and functional unit of living organisms:

The cell is the basic structural unit of living organism. Cells are independent. Like multicellular
organisms, even the single cell organisms take in nutrients, excrete wastes, detect and respond to
their environment, move, breathe, grow and reproduce. The different components of the cell
perform certain functions. If one of the components seizes to function, the whole organism gets
affected. Now let us understand the functions of cell components. The functional unit refers to

performing various life processes which are required to sustain the whole body system.
Let us analyze the structure and function of each cell component.

You are aware that each living body consists of many organs and each organ carry many cells.
For example, the respiratory organ performs the function of respiration and excretion of gaseous
wastes like carbon dioxide. Similarly, in plants leaves, as you know, are responsible for synthesis
of food, stem helps in transportation of water and food materials to different parts of the plant.
Likewise, animals and plants do have many organs and they perform different activities in
respective body systems. Organs are made up of tissues and tissues consist of cells. The cells are
structural and functional unit of living organism. This helps the living organism to perform all

the activities discussed above for its survival.

Activity 5.2

A permanent slide of an onion peel can be shown in study centre and both the figures can be
drawn by each leaner.
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Activity 5.3.a

Permanent slides of amoeba and paramecium may be shown to learners under the microscope.

Activity 5.3.b

Compare slides of amoeba and the onion peel on the points learnt so far.

Activity 5.3.1.a

Observe the projections of varying lengths protruding out of body of amoeba under the
microscope.

Activity 5.3.1.b

Permanent slides of plant cell and animal cell to be observed under the microscope and
diagrams to be drawn.

CHECK YOUR PROGRESS 5.1

1. Choose the correct answer
a. Who discovered cell?

1. Robert Brown 1. Robert Hooke

iii. Anton Van Leeuwenhoek iv. J. E. Purkinje

b. According to cell theory finally where does the energy flow occurs?

1. Within the cell 11. Outside the cell

iil. Within the tissue 1v. Outside the tissue
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c. In amoeba which is the locomotory body part?

1. Cell membrane ii. Cell wall

iii. Nucleus iv. Pseudopodium

d. Which is the unicellular organism from given below?

1. Cell membrane ii. Cell wall

1i1. Nucleus 1v. Paramecium

2. Which cell in human body is round in shape?

3.Egg of a pigeon is what type of cell?

4. Which type of cells is longest in size?

5. If the plant cell would have no cell wall what problem plant would face?

Activity 5.2

A permanent slide of an onion peel can be shown in study centre and both the figures can be
drawn by each leaner.

Activity 5.3.a

Permanent slides of amoeba and paramecium may be shown to learners under the microscope.

Activity 5.3.b

Compare slides of amoeba and the onion peel on the points learnt so far.
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Activity 5.3.1.a

Observe the projections of varying lengths protruding out of body of amoeba under the
microscope.

Activity 5.3.1.b

Permanent slides of plant cell and animal cell to be observed under the microscope and
diagrams to be drawn.

5.4 PLASMA MEMBRANE OR CELL MEMBRANE:

Let us now know the basic components of the structural and functional unit i.e. the cell of

living organism.

Plasma membrane is the outermost covering of a cell. It is found in all cells and separate the
interior components from outside environment. The membrane is selectively permeable or
semipermeable which controls entering and exiting of some of the materials inside or outside of

the cell.
Let us find out how does the transport of materials take place?

Substances like carbon dioxide or oxygen can move across the semipermeable membrane. This
process is known as diffusion which permits a substance to move from a region of higher
concentration to a region of lower concentration. Carbon dioxide is a cellular waste which needs
to be excreted out from the cell. The concentration of gas inside becomes higher and it moves
through the semipermeable membrane out of the cell (to the region of lower concentration of

carbon dioxide).

Similarly, oxygen enters from higher concentration (outside the cell) to lower concentration into
the cell (available inside the cell). This indicates diffusion plays a very important role in gaseous

exchange inside of a cell to outside environment.

The transport of water and minerals also takes place through another process similarly known as
osmosis. Water dissolves minerals and it reaches to the cell and the concentration of the same
becomes high in outside environment of the cell. As the inside concentration of the same
materials is less inside the cell the transport of water with the materials take place from outside

environment to inside the cell through the same semipermeable cell membrane.
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Summary of the functions of the cell:

e Cell membrane is a barrier keeping intact the inside of the cell components (protection)

e To be a barrier or gate allowing
the cell of essential materials

animals.

Cell Membrane

Lysosome

transport of gas (diffusion), liquid (osmosis)into or out of

or waste materials to outside environment in case of

Centrosome

Cytoplasm

Mucleus Rough ER
Nucleolus
Smooth ER
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Mitochondrion
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Fig 5.6.a

A labeled diagram of animal cell

[ Plant Cell Structure J

n 5 Cytapl

Smooth Endoplasmic

Vacuole — I.;{_}" iy f 3 .f \.}‘ Nucleus
< (I i I
” Sl @
Chiorop L Y L4 e
b -\‘__’:}\\,{‘\\ "/Jé}//’; Eﬁﬂf:mm (ER)
~ AN =T
Reticulum (ER) NN =N

Peroxisome

Rib

Amyloplast

Cell membrane

Cell wall
Granules

Golgi

p

Golgi

Mitochondria

Figure: Plant Cell Structure. Image Copyright @ Sagar Aryal, www.microbenotes.cam



MODULE II: ORIGIN OF LIFE AND THE LIVING WORLD

Fig 5.6 b A detailed labeled diagram of plant cell

5.4.1 Cell wall:

Cell wall is a structural layer surrounding plant cell. It is just outside the plasma membrane. It is
rigid and tough. It provides mechanical strength, serves as food reservoir, maintains the shape of
the cell, regulates intercellular transport and protects from outside environment. It is mainly

composed of cellulose which is a complex substance and provides structural strength to plants.

Through ‘plasmolysis’, cell loses water causing shrinkage of the cell away from the cell wall.

This happens due to osmosis.

The animal and plant cells lose water through the process of osmosis in a ‘hypertonic’ solution.
Water goes out of the cell to outside environment. The reverse process is ‘deplasmolysis’ where
water moves from outside environment into cell i.e. in a ‘hypotonic’ solution resulting in an
outside lower osmotic pressure and a net flow of water into the cell making it turgid. In an
‘isotonic’ solution there will be no net movement of water into or outside the causing no change

in the size.
Why do plants require cell wall in addition to cell membrane?

It is required for protection of inner part of the cell. Plants cannot move. It is almost static in a
place. It suffers from variation of temperature, high wind speed, atmospheric moisture etc. Rigid

cell wall provides mechanical strength to the plant body.

5.4.2 Cytoplasm: If you observe the permanent slide of a cell under the microscope you will
find jelly like substance between the cell membrane and nucleus and that is known as cytoplasm.
As you know the membrane gives shape to the cell, various other cell components or cell
organelles are present in the cytoplasm. You will be able to know the names of the organelles as

you proceed.

In prokaryotes the absence of a distinct nuclear region indicates the absence of cell organelles
also. But in eukaryotic cells, there is distinct presence of nuclear membrane as well as presence
of cell organelles. Viruses lack any membrane and hence do not show characteristics of life until

they enter a living body and use its cell machinery to multiply.

5.4.3 Nucleus: In your study centre, when you are shown a permanent slide of plant or animal
cell what do you find in the centre of the cell? The cell is stained by the help of

safranin/iodine/methylene blue solution what do you see?
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Different region of the cell coloured differently.

The darkly coloured spherical structure near the centre is called nucleus. The nucleus has a
double layered covering called nuclear membrane. Surrounding the nucleus the light coloured
jelly like structure is cytoplasm. The nuclear membrane is porous which allows the nuclear

materials to move between the nucleus to cytoplasm and cytoplasm to nucleus.

Further, another spherical smaller body is visible, with higher magnification called nucleolus.
Moreover, nucleus contains chromosomes which are visible as rod shaped structure only when

the cell is about to divide.

Chromosomes composed of proteins and DNA (Dyoxyribo Nucleic Acid) molecules, the
information for inheritance of features from parents to next generation. The DNA molecules
contain the information necessary for constructing and organising the cells. Functional segment
of DNA is called genes that do not divide. In a cell which is not dividing, the DNA is present as

a part of chromatin material.

The role of nucleus is very crucial when the cell divides. It also plays a crucial role with
environment in determining the way the cell will develop and what form it will exhibit at

maturity.

The entire cell content of a living cell is known as protoplasm. It includes the cytoplasm and the

nucleus. Protoplasm is called the living substance of the cell.

In organism like bacteria the nuclear region of the cell is poorly defined due to the absence of
nuclear membrane. It contains only nucleic acids called nucleoid. These organisms are known as
‘prokaryotes’ (pro means primitive and karyote means karyon). Together they are called as
nucleus, whose cells have nuclear membrane and known as ‘eukaryotes’ also most of the
cytoplasmic organelles are present in it. Most of the functions of the organelles in prokaryotic

cells are performed by poorly organised cytoplasm.
CHECK YOUR PROGRESS 5.2

1. Differentiate between
a. Cell wall and cell membrane
b. Cytoplasm and protoplasm

c. Osmosis and diffusion
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d. Eukaryotic and prokaryotic cells

2. The underlined segment may be corrected in the following sentences:

In isotonic solution water will leave from the cell.

a
b. The nuclear membrane is single layered and has no pore.

c. Nucleolus is present inside the nucleolus.

d. Bacteria is an Eukaryotic cell.

3. Match the column ‘A’ with column ‘B’with correct interrelations.

a. DNA a. Prokaryotic
b. Cell wall b. Turgidity
c. Hypotonic solution c. Cellulose
d. Semi permeability d. Cytoplasm

e. Chromosome

f. Isotonic

Activity 5.4.1. a: The experiment need to be conducted in study centre.

If a cell is placed in a ‘hypertonic’ solution, water will leave from the cell and the cell will
shrink (more solute and less solvent -water).

In ‘isotonic’ environment, there is no net water movement. So there is no change is size of
the cell (No difference in solvent concentration).

When cell is placed in a ‘hypotonic’ environment, water will enter into the cell and the cell
will swell (less solute and more solvent).

All these happen due to the process of ‘osmosis’.

Activity 5.4.1.b

Make notes on the benefits of cell membrane and cell wall.

Activity 5.5

List the differences between prokaryotic and eukaryotic cells.
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Activity 5.6

Observe the cell under the microscope carefully. Draw whatever you see on an observation
sheet.

5.5 Cell organelles

The eukaryotic cell contains some structure present in the cytoplasm which are responsible for
many chemical activities to support different complicated structure and functioning. Such
activities are performed by cell organelles such as endoplasmic reticulum, golgi apparatus,

lysosomes, mitochondria, plastids and vacuoles.
Let us discuss the function of each organelle.
5.5.1 Endoplasmic reticulum (ER):

The endoplasmic reticulum is a wide network of membrane bound tubes and sheets. It looks like
long tubules or round or oblong bags (vestibules). The membrane of ER is similar in structure to
the cell membrane. Two types of endoplasmic reticulum i.e. Rough Endoplasmic Reticulum
(RER) and Smooth Endoplasmic Reticulum (SER). RER looks rough as ribosomes are
attached to its surface. Ribosomes are the sites of protein manufacturer present in all active cells.
The proteins are sent to all places of cell depending on the need using the ER. Fat molecules or
lipids are manufactured by the help of SER. The fat molecules are responsible for cell function.
They are useful to build cell membrane, enzymes and hormones. The ER varies greatly in

different cells but the functions remain the same.

ER also acts as a cytoplasmic framework for some biochemical activities of the cell. In liver cells

of many animals (vertebrates) ER plays a crucial role in detoxifying toxins and drugs.
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Endoplasmic reticulum
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Fig 5.7 Fig. of endoplasmic reticulum

5.5.2 Lysosomes:

Lysosomes mostly work as waste disposal organelles of the cell. It helps the cell to clean by
digesting any foreign materials worn out materials such as old organelles, unused food and
bacteria and virus etc. to make an entry into the cell. The lysosomes break them initially into tiny
pieces through powerful digestive enzymes. When the cell gets damaged lysosomes bursts and
release enzymes and digests its own cell. Therefore, they are known as suicide bags of the cell.
Lysosomes are membrane bound sacs filled with digestive enzymes and these enzymes are made
by Rough Endoplasmic Reticulum (RER). The self-destructive process is known as programmed

cell death, or opoptosis.

Membrane

Lumen

Digestive enzyme

Proteins

Enzyme-substrate

complex
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Fig 5.8 Lysosomes

5.5.3 Mitochondria:

Mitochondria Structural Features

—— Membrane

Mitochondria is a double membrane bound organelles of the cell. : — —

They generate most of the cell’s supply of ATP (Adenosine
Triphosphate) subsequently utilised as a source of chemical
energy. The outer membrane of mitochondria is very porous and

the inner membrane deeply folded. These folds create wide

surface area for ATP generating chemical reactions. They help  ¢igure 1

their own DNA and ribosome which help them to make some of their own proteins.

Fig. 5.9 Mitochondria
5.5.4 Golgi apparatus:

Golgi apparatus is also known as the Golgi complex or Golgi body or simply the Golgi. Golgi
apparatus is part of the endomembrane system. The membranes often have connections with the
membranes of Endoplasmic Reticulum (ER) in the cytoplasm. It gathers simple molecules and
combines them to form more complex molecules. These big molecules are packaged in vesicles
and either store for later use or sends them out of the cell. It also builds lysosomes which are cell

digestion machines.
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Fig. 5.10 Golgi apparatus
5.5.5 Plastids:

Plastid is a membrane bound organelle found in the cell of plants, algae and few eukaryotic cells.
Like mitochondria, plastids have also their own RNA (Ribonucleic Acid) and ribosomes. There

are four types of plastids such as chloroplast, gerontoplast, chromoplast, and leucoplast.

1. Chloroplast: Biconvex, semiporous, double membrane found in plant cell. The
chloroplast synthesize food by the process of photosynthesis. They carry various
types of orange or yellow pigments in addition to chlorophyll.

ii. Gerontoplast: These are basically chloroplasts that go with ageing process. They
have high amount of green pigment. They have three membrane systems. It is the

sight of light dependent reactions of photosynthesis.

iil. Chromoplast: These are usually found in coloured portion of flowers, ageing leaves
and fruits. Chromoplasts are coloured plastids. They help in pollination and dispersal

of seeds and fruits.

1v. Leucoplast: Colourless (white) plastids present in underground roots and stems.

They are responsible for storage of starch, fat and protein granules.
Plastids are similar to mitochondria.

Internal structure of plastids consists of many membrane layers embedded in a material called
stroma. They are responsible for manufacturing (Chloroplast and gerontoplasts), storing
(leucoplast), for colour of the plants (chromoplast). Like mitochondria, plastids also have their

own DNA and ribosomes.
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(Ribosomes: They are cellular particles made of RNA and protein. They serve as the site for

protein synthesis in the cell)

Plastids

Endoplasmic
Reticulum

Plant cell

These are present only in plant cell. They are rounded, ovoid or
disc shaped structures which contain pigments.

Fig. 5.11 Plastids

5.5.6 Vacuoles: A vacuole is a membrane bound organelle, which is present mainly in plant cells.
Vacuoles are small sized in animal cells and are very large in plant cell. In some plants, cell

vacuoles occupy 50-90% of the cell volume. It was discovered by Antony Van Leeuwenhoek.

Vacuoles are storage sacs for solid or liquid contents. In plants, vacuoles are full of cell sap and
provide turgidity and rigidity to the cell. It might store food or any variety of nutrition for
survival of the plant. In single cell animals like amoeba, the food items that amoeba assimilates,
after being digested, products would be sent out of the cell by vacuole. In plant cells, vacuoles
help to maintain water balance when a plant has been without water for a long time. The central
vacuoles loose water, the cells loose shape and the whole leaf wilts. The cell sap carries water

and a variety of substances like minerals, organic acids, pigments and metabolic wastes.

Each cell thus acquires its structure and functional ability because of organisation of its
membrane and organelles in specific ways. The cells have a basic structural organization helping

it to perform functions like digestion, respiration, excretion and forming new proteins. Thus the
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cell is structural and functional unit of living organism. It can also be treated as basic functional

unit of life.

Vacuole —

Cell wall

Cytoplasm
Cell membrane

Vacuole

Cell sap
.
Tonoplast

Plant cell

Fig. 5.12 Vacuole

CHECK YOUR PROGRESS 5.3

1. Where are the cell organelles found in a cell?

2. What is the contribution of chromoplast to the plant?

3. Why does the Endoplasmic Reticulum look rough to be known as the Rough
Endoplasmic Reticulum (RER)?

4. Which organelle is responsible for waste disposal of the cell?

5. In a plant, in which place you will find leucoplast?

RECAPITULATION POINTS

® Robert Hooke discovered cell in cork in 1665.

® Anton Van Leewenhoek discovered cell in living organism in 1674.
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® The classical cell theory: All organisms are made up of cells, cells are basic unit of life,
of plants and animals, cells come from the preexisting cell that have multiplied (Theodor

Schwann, 1839, Matthias Jacob Schleiden, 1838, Rudolf Virchow, 1858).

® Modern cell theory: DNA is passed between cells during cell division, the cells of all
organisms within a similar species are mostly the same both structurally and chemically

and finally that the energy flow occurs within the cell.
® Unicellular organism- Amoeba, paramecium, bacteria etc.
® Multicellular Organism-Higher animals and plants.
® Shape of a cell- Spherical, elongated, round, spindle shaped and very long.
® Amoeba has no definite shape. It has pseudopodia for locomotion and nutrition.
® Largest cell- Egg of ostrich.
® (Cell membrane provides shape to animal cell.
® (ell wall is seen in plant cell which is rigid and provides shape to it.
® (ell is a structural and functional unit of living organism.

® Body of living organisms consists of many organs and all the organs are made of tissues
and tissues are made up of cells. Different organs perform different functions or life

processes like respiration, excretion, digestion, food synthesis, transportation etc.

® (Cells consist of different components such as cell membrane/plasma membrane,
cytoplasm, nucleus, protoplasm and cell organelles. Plant cells do have cell wall in

addition to plasma membrane.

® In cytoplasm there is presence of cell organelles. Different cell organelles are there like

endoplasmic reticulum, lysosome, mitochondria, golgi apparatus, plastids and vacuoles.
® Plant cells have plastids and large vacuoles.

® There are four types of plastids like chloroplast, gerontoplast, chromoplast, and

leucoplast.
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Cell in Living Organism

A 4

Plant Animal
(Components) (Components)
e Cell Wall

e Plasma Membrane e Plasma Membrane

e Nucleus e Nucleus

e Cytoplasm e Cytoplasm

e  Cell organelle e Cell organelles

e Endoplasmic ¢ Endoplasmic Reticulum

Reticulum e  Golgi apparatus

e  Golgi apparatus e Lysosomes

e Lysosomes e  Mitochondria

e  Mitochondria e  Vacuoles
e Plastids

e  Vacuoles

Cell and its components types at a glance

TERMINAL EXERCISE

Why cells are considered as structural and functional unit of living body?

Draw a labelled diagram of plant cell and animal cell.

If amoeba would have been a plant cell what problems the organism would have faced?
In which the cell organelle ‘plastids’ are helpful to plant body?

In which way the individual cell organelles are helpful to body of the living organism?

A U o e

If plant cells would not have cell wall and mal cell would have cell wall what problems

and benefits the organisms would have faced?

7. Suppose in a cell either lysosomes, or mitochondria, or Golgi apparatus is not there what
problems the organism face?

8. If chromoplasts and leucoplasts are present in reverse places in a plant what

abnormalities will be observed in it?
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ANSWER TO ‘CHECK YOUR PROGRESS’
CHECK YOUR PROGRESS 5.1

1. a. Robert Hooke
b. Within the cell
c. Pseudopodium

d. Paramecium

2. Ovum

3. Unicellular

4. Nerve cell

5. Plant may not be able to stand straight or erect.

CHECK YOUR PROGRESS 5.2

1.a) Cell wall is a structural layer around the cell membrane in plant cells. Cell wall provides
mechanicalstrength, serve food reservoir, maintain shape of the cell, regulate intercellular

transport protects from outside environment.

Cell membrane is outermost coverage of animal cell and below the cell wall in plant cell.
It separates the inner components of cell from outside environment. It is semipermeable
and controls the movement of gas and liquid substances into and outside the cell. Provide

shape to the animal cell.

b) Cytoplasm 1is jelly like substance carrying all components inside the cell membrane

within the cell.

Protoplasm is colourless material comprising the living part of a cell, including the

cytoplasm nucleus and cell organelles.

c) Osmosis is a process where the exchange of liquids from higher concentration to lower

concentration takes place through a semi-permeable membrane.

Diffusion is a process where the exchange of gaseous substances from higher

concentration to lower concentration takes place through a semi-permeable membrane.

d) Eukaryotic organisms have cells with enclosed nuclear membrane.
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Prokaryote organisms whose cells lack nucleus and other organelles with a relatively

simple structure.

2. a. water does not move
b. with double layer and has pores
c. cytoplasm/ protoplasm

d. prokaryotic

3. Colm A Colm B
a e
b c
c
d b

CHECK YOUR PROGRESS 5.3

1. Cytoplasm.
Provide colour to flowers, ripe leaves and fruits.
The surface of RER is rough because of the presence of ribosomes.

Lysosomes

A

Vacuoles
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TISSUE

INTRODUCTION

In the process of growth and development every living organism undergoes a definite process. In
the previous chapter you have learnt that cell is the basic structural and functional unit of living
organism. Hence, cell is the base which plays a strategic role in forming tissues. Different
functions are performed by different organs of the body as per the requirement. In unicellular
organisms, a single cell performs all basic functions. For example, in amoeba and paramecium, a
single cell carries out all functions like locomotion, ingestion, excretion, reproduction,
respiration etc. But in multicellular organisms, specialized functions are carried out by different
group of cells in the form of organs. The effectiveness of the function is found in multicellular
organisms as sepcialised cells/organs are involved in performing specialized functions. Cells
present in respiratory system do effectively the work of respiration likewise for each function
like digestion, excretion, blood circulation, nerve cells for carrying messages etc. So also, in
plants, water and minerals are absorbed from soil, food is synthesized in green parts of plants and
transportation of food is done by specialized cells and so on. This indicates a particular type of
function is performed by a group of cells at a definite place in the living body. Highest possible
efficacy is found as long as the organism is alive and those group of cells in different parts of the
living body is known as tissue. Thus a group of cells having similar shape and function that act
together to perform a specific function is known as tissue. These tissues act in a specialized way
in the form of organs to make the living being survive in the environment.

6.1 LEARNING OBJECTIVES

After reading this lesson, you will be able to

® Define a tissue

® Differentiate between a cell and a tissue

® Describe the type of plants and animal tissues.

® Narrate the structure and function of plant and animal tissues
® Justify the importance of tissue in a body of living organism

® Draw different figures of cells and tissues of plants and animals
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6.2 TISSUE- WHAT IS IT?

In living organism, body is made up of cells. Different cells perform different functions in the
body during living processes. A unicellular organism, whatever function is essential for survival,
is able to perform through the help of single cell. But in multicellular organism, does it happen in
the same way? Let us see how a particular group of cells perform the particular function together.
When they having the similar structure and function together act as a unit they form a tissue.
Hence, it can be said that tissue is a group of cells that have similar structure and that function
together as a unit. For different kind of functions, tissues have different shapes and accordingly

the organ is formed ultimately in the living body.

6.3 TISSUES OF PLANTS AND ANIMALS

Is it that tissues of plants and animals behave in the same way? Let us find.

It is understood that the function of living process are same irrespective of plants or animals. But
the analysis of functional processes shows significant differences between the processes of plants
and animals. The functions like respiration, digestion, excretion, blood circulation (liquid)
clearly indicate difference in tissues and organs in the shapes, sizes and function of animals in
specific manner. Likewise, in plants also conduction of water from soil to different parts of
plants and the transportation of the synthesized food from leaves to different parts of plants take
place in a very systematic way by different types of tissues. Though we find no difference in the
growth and development processes in plants and animals still in other complex processes the
differences are quite conspicuous in plants and animals. The plant tissues and animal tissues
perform their tasks in different ways.

Structure and functions of plant and animal cells:

Some questions arise when you consider these two aspects. Do plants and animal cells have
similar structure internally as well as externally? Do plants and animal cells perform similar
function? Let us identify some noticeable aspects for comparison like locomotion, support for

strength to stand erect on the ground, pattern of growth, structure and organization of organs.

TISSUE
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Locomotion and support for strength to stand erect: You have experienced that
plants are stationary and fixed. Plants involve movement of body parts such as roots, flowers,
branches etc. In animals the entire body moves from one place to another. Animals move on their
own with the help of their limbs. But higher plants cannot move from one place to the other on
their own. Most of the tissues in plants are supportive which provides to plant the structural
strength. Most of these tissues are dead and the dead cells can provide mechanical strength with

least maintenance.

But animals move in search of food, mate and shelter. Most of the tissues they carry are living

and require more energy for the purpose.

Pattern Of Growth: In plants growth is limited to certain regions. There are some tissues that
divide throughout the life of the plant. Based on the dividing capacity of the plant tissues, they
are divided as growing tissues or meristematic tissues and permanent tissues.

But the growth pattern is completely different in animals. The growth pattern is affected to whole
body. There is no demarcation in animal tissues as in plants. In plants there are two types of
tissues in general. They are dividing and non-dividing regional tissues.

Structure and organization of organs

It is an established fact that the structure and organisation of organs and organ system have no
similarity between plants and animals. They are more complex specialized and localised in
certain animals than in very complex plants. These complex differences reflect different modes
of life processes performed by plants and animals. The differences are remarkable in their
process of feeding modes, reproduction, excretion, transport of materials inside the body etc.
Based on the differences, for example, made them to adopt for sedentary existence of plants and

active locomotion in animals.
6.4 PLANT TISSUES TYPES

As we have learnt previously with regard to growth, there are two types of plant tissues i.e.

meristematic and permanent tissues.

6.4.1 Structure and function of meristematic tissues: As we know the growth plants

occurs only in certain specific regions. This happens because of the presence of meristematic
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tissues in this region. Depending on the location of the meristematic tissues at certain region,
they are classified as apical, lateral and intercalary. The dividing or meristematic tissues
consisting of meristematic cells that are localised and not distributed throughout the plant body.
The growth due to meristematic cells occurs by an increase in number of cells but not by
increase in volume of existing cells. This helps in increasing the length and thickness of the plant.
These tissues are present at the tips of roots, stem and branches. These tissues have got the

capacity to divide actively throughout the life of the plant.

MERISTEMATIC TISSUE

2

Apical Meristem

Node

Intercalary Meristem

Lateral Meristem

.

Apical Meristem

Fig. 6. 1(a) Meristematic tissue in plant body
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Fig. 6. 1 (b) Location of meristematic tissues in the plant body

The region where these tissues exist is known as meristem. Th e tissues from specialised
structures such as buds of leaves and flowers, tips of roots and shoots. The apical tissues are
present at the tips of the stem and roots and increases their length. The intercalary or basal tissues
are present at the base of the leaves or internodes or either side of the node on twigs. The girth of
the stem and root increases due to lateral meristem (cambium)

Due to very active cells of meristematic tissues the cells have very dense cytoplasm, thin cells
walls and prominent nuclei. They lack vacuoles.

6.4.2 Structure and function of permanent tissues

Let us find out how permanent tissues emerge from meristematic tissues. Meristematic tissues
that become matured and lost the capacity to divide further (grow) and take up specific role are
called permanent tissues. As a result they form permanent tissues. The permanent tissues are
fully grown, bigger in size and have a certain shape. Permanent cells are divided from
meristematic tissues.

Types of permanent tissues:

Permanent tissues are also of different types. Let us know them. Depending upon their structure,
origin and function permanent tissues are classified as

® Simple permanent tissue

® (Complex permanent tissue
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® Secretory tissues

Let us study now about simple permanent tissue.
6.4.3 Simple permanent tissue

Simple permanent tissues are made up of cells from the same origin, which have similar structure
and functions. They are also called homogeneous tissues. Simple permanent tissues are classified
into three types

® Parenchyma
® (ollenchyma

® Sclerenchyma

Parenchyma- Parenchyma is found all through the plant body and made up of living cells with
thin cell walls. Those are loosely packed with intracellular space. They are generally round and
oval in shape. They consist of chlorophyll and take part in photosynthesis and storage of food.
The cells have cell wall, vacuole and nucleus.

Parenchyma
Intercellular spaces | "- ST Cytoplasm

[ Nucleus

S ——#—Middle lamella

‘- Chloroplast

3
e Vacuole

Transverse section

- ) Intercellular space

i Primary cell wall

Longitudinal section

Fig. 6. 2 Parenchyma tissue

Collenchyma- Collenchyma consists of thick cell wall. These cells are compactly packed
leaving very less intracellular space. It contains less amount of chlorophyll. It is mainly found in
the hypodermis (the bottom layer) of the leaves and stems of dicots and not found in monocots
and roots of plants. It provides mechanical strength, elasticity and tensile strength to the plant
body. Also it is found in leaf margins to prevent the leaf from tearing by the wind. Participate in
manufacturing of food and storing of starch.
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Collenchyma

et == B
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Fig. 6.3 Collenchyma tissue

Sclerenchyma: Sclerenchyma tissues are composed of dead cells and have thick cell wall with
negligible protoplasm. The cell walls provide mechanical support to the plants. There is
complete absence of intracellular space between the cells. Due to rigid thickness of outer cell
walls it is impermeable to water.

SIMPLE TISSUE:

SCLERENCHYMA

No i"m!op'lnm

Fig. 6. 4 Sclerenchyma tissue
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