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"Development of the Training Package on content enrichment is General Science 
for Teachers of Secondary stages of Ashram Model Residential School of Kerala"

"Over View"

Ashram Model Residential Schools of Kerala state were established in 
order to provide academic support to the children belonging to tribal 
community, schedule caste and tribes. Mainly they are for children belonging to 
remote tribal areas where children and people are cut off from urban areas. 
Schools are provided with residential facilities in order attract children of this 
special group financial, academic support is provided. Basically these children 
are brought up in natural environment, get training in getting their livelihood 
through environment. They are mostly interested in roaming in to forest areas 
collecting things required and are happy. To bring them to school system and 
providing school education was a tough task. Children lack attitude towards 
learning in school environment. The schooling system is totally different from 
normal urban setups.

KCF 2007 which was developed on the lines of NCF-2005 provides 
adequate opportunities for learning. New Text books are designed which are 
interactive and have open ended tasks. The text books opportunities to work 
look for information and self learning. IN this process sometimes books have 
some content gaps. This has felt by teachers and was expressed to education 
department. In turn Government made provisions to develop handbooks to seek 
answers to open ended questions, different approaches etc. Inspire of such 
attempts ashram school teachers felt there is need to analyze book again, identify 
hard spots and find suitable modes to solve these problems. Government of 
Kerala approached RIE, Mysore to take up the job of providing set of teaching 
modules in the various branches of science to help the teachers to transact 
effectively in the class rooms.

After discussion with the faculty members of Science Department, a 
format to unit modules was developed. This module has several components. 
Once a module is developed, could be practiced in schools to see its effectiveness 
and is subjected to modifications. The modules are not final versions. They can1



be modified according to needs of children, facilities available in schools like 
some very close to cities some far away from cities which are totally cut off from 
urban social life, experience etc.

The module format takes care of the previous experiences of children, so 
that a teacher can plan the lesion taking the previous experiences as take off 
point. This also provides a chance for teacher to feel the gaps that are to be filled 
to make content meaningful. Teachers can analyze the textbook and identify 
hard spots in group and can develop their own module based on the samples 
provided. Module should specify the need so that one can concentrate on that 
hard spot, keeping in view the out comes. So module also should contain what is 
expected out of this programme. While designing a module care will be taken to 
see the links of the content with other lessons, units previous and next class 
contents and with other subjects (vertical, horizontal and cross links). The 
module also fixes the domain content, its relationship with classroom and 
outside experiences and to provide some relevant experiences to fill content gap 
if there are any. The opinion of students with respect to the difficulty level in 
learning will be gathered.

It was also felt that the experiences, activities provided in books, hands 
books are not adequate, more activities can be suggested in module. A teacher 
can select or plan his or her activities based on children level and facilities. All 
such activities which provide the children a learning situation can be selected. 
Involvement of children can be given priority. It was expressed by teachers who 
came as resource persons that children are good in doing activities and learning 
than lecture method. It was also felt that an evaluation through activities is best 
way to assess children than written test. It was learnt that most of the children 
fail in written tests but were excellent in doing thing. The process of learning is 
more important than mode. So activities for children could be more. This does 
not mean that content should take back seat. In some modules extensive content 
position is included to enrich teachers knowledge and making him/her 
confident in transacting in classes. While suggesting activities, their 
appropriateness, materials required, method of performing activities, infusing 
the results be suggested. Varieties of activities with purpose could be suggested 
list of such activities are provided in the format (Item 6).
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In order to provide additional information both for teachers and students 
resources can be suggested. The resource should be within the reach of user. 
Online materials, web site can be suggested so that children can learn before 
school hours also. It is not enough to provide approaches but it is should be 
evaluated / assessed for its effectiveness. The content learnt like this along with 
teacher his support also should be assessed. The text book may contain some text 
items / questions, but teacher can design his/her own way of assessing things. 
Assessment can also be during organizing, conducting and concluding the 
activities, presentation of result etc.

In the module the gaps or content portion that needs special attention has 
to be indicated. Why additional information/activities are included in module 
should be justified. Activities outside classrooms, within child's experience 
provide contextualizing the subject matter. Any alteration in mode of writing, 
length of content, activities can be done looking to books, children and teacher 
himself/herself.
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"Guidelines for developing a module" (Format)

1. Objectives of the module
a. Brief survey of content to identify hard spots, inadequacy, effectiveness,

learning experiences etc.
b. Reason to develop module
c. What would be the outcomes at the end.
d. How teachers/students are benefitted?

2. Scope of module:
a. Precise statement of module
b. Module could be for a lesson or for developing concepts etc.
c. Links with other units of the same book (horizontal linkage)
d. Links with other lessons/units of other books of previous or next classes 

(vertical linkage)
e. Links with other disciplines (subjects) (cross linkages)
f. Suggestions from students and teachers are viewed

3. Pre requisites: Both for teachers and students
a. The content portion already leant by students
b. Previous experiences of students both inside and outside classroom.
c. Identify the gaps between present and past

4. What students need to learn: (for teachers)

a. Description of concept/content portion, contextualization
b. Identifying hard sports, plan for improvement

5. Additional activities:

Identification of activities after analyzing the content from text boos 
teachers plan.

a. List of activities from the text books, their relevance, difficulties in 
conducting the activities etc.

b. Additional activities to enhance the learning process, details of the 
activities materials required, procedures, out comes etc.
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6. Broad description of methodologies or approaches:

Most effective, feasible method/methods can be selected depending upon 
the topic.

a. Demonstration
b. Co-operative learning
c. Debates
d. Field trips
e. Simple projects
f. discussions
g. Developing concept maps
h. Pooling information latest
i. Play way method
j. Popular lectures

7. Additional resources:

a. Materials
b. References
c. Supplementary readings
d. Web sites
e. Online multimedia
f. Videos
g. Softwares developed
h. Community resources - visits to place of interest, laboratories etc.

8. Assessment:

a. This is in addition to what is given in the textbooks
b. Could be while performing activities suggested earlier, during classroom 

transactions.
c. Could be through well designed tests
d. Through observations, oral techniques etc.

9. What unit or lesson lacks

a. Analysis of lesson/unit content is must to identify the hard sport / 
missing links from the lessons/units.

b. Supplementing the missing links or inclusion of effective learning 
experiences references could be done.

c. Inclusion of such activities is necessary that brings contextualization of 
subject. 7



Chromosomes

Objectives:

1. Chromosomes are microscopic structures usually not visible in a normal cell.
To know about the existence of chromosomes within nuclei.

2. Chromosomes exhibits morphology, that helps in classification of 
chromosomes.

3. To understand its role in heredity, passing of character from one generation 
another.

4. To understand that the basic unit of chromosomes in DNA.
5. To identify their importance in cell division.
6. To list down various disorder associated with chromosomes

Scope of module:

Module helps in understanding structure of chromosomes which is hard 
to imagine. Also tells us that chromosomes are the carriers of genetic material. 
The study of the chromosomes continues even in higher classes as DNA 
structure diseases etc. Molecular structure of chromosomes enquires the basic 
chemistry.

Prerequisites:

- Students would have studied that all organisms are made up of cells. The 
cells have nuclei and chromosomes material in them. Characters are passed on 
from one generation to other. What makes individuals look alive etc.

Local students need to learn:

At the end of the unit students will be understand of the
1. importance of chromosomes
2. structure
3. molecular arrangement & DNA
4. cell divisions & chromosomes
5. chromosomes number
6. changes is shape of chromosomes during cell division.
7. chromosomal basic for sex determination
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8. show how aberrations (change) in chromosomes bring in disorder and list 
them.

Additional Activities:

1. Mounting of onion peel to show cell and nuclei
2. Mitotic slides -
3. Model of chromosome - made of - thermocoal, cotton, thread etc.
4. Models to show thin and thick chromosomes and how are they brought - in
5. Karyotype -
6. Charts of syndromes -
7. Cytology books,

Methodology:

A combination 8 lecture, demonstration, pooling informations, pictures, 
preparation of charts showing karyotypes, Internet explorer.

Additional resources:

Suitable material, internet accessing.

Assessment:

1. Thought provoking - like is not of chromosome charges
2. Fill in the blank type with one or two word answers
3. Drawers pictures.
4. Dramatization of movement of chromosomes

What lesson lacks:

1. How single chromosomes are' - how to visualize them, imagination.
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Flow of Energy in an Ecosystem

Objectives of the module

The module helps the teacher to understand the energy flow from one tropic 
level to other and correlate it with food chain.
The out come would be a broader perspective of the subject.

2) What is Energy?
Energy is capacity to do work

3) What is the ultimate source of Energy?
Solar energy is the ultimate source of energy.

How is the solar energy trapped?
Energy is trapped by green plants and converted to chemical energy and stored 
as organic compounds by a process called photosynthesis.

4) Is there any variation in flow of energy between different organism in an 
ecosystem?
No, the pattern is same, whatever may be the organisms as the ecosystems.

5) What is a food chain?
Produce --------- ► Primary consumer--------►Secondary --------►climax

(Herbivore) consumer Carnivore
(Carnivore)

Energy production in an ecosystem is of two types

(a) Primary productivity. (b) Secondary productivity.
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(a) Primary Productivity:

The rate at which radiant energy (solar is trapped and converted into 
chemical energy organic compounds is primary productivity).

Solar Energy 
radiated

1/50,000,000 of solar energy reaches 
Upper layers of earths atmosphere

▼

Only 45% of this radiant 
energy reaches surface of earth

▼

Only 50% of the light energy that 
Fall on plants is absorbed

▼

of this 49% is reflected radiated back is not used 
only 1% is absorbed for chemical energy.

▼

This chemical energy is called Gross Primary Productivity
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SUN

1/50,000,000 of solar energy 
reaches earths atmosphere

50% of this reaches 
earth's surface.

of the energy that falls or 
plants only 50% is absorbed

of this 50% absorbed, 49% is not utilized, 
1 % is used for chemical energy

This trapped energy is
Gross Primary Production (GPP)

GPP - Energy used for ------------------- ►
Growth, Resp, Rep (20%)
[1st Tropic Level]

NPP Net Primary 
Production (Stored food)

Eaten by herbivores

12



In general, herbivore make less efficient use of their food than carnivores, 
because plants high proportion of cellulose, which is indigestible, 4 therefore 
unavailable as source of energy.

The energy is lost at every stage through respirations
99% of the solar energy is lost during transfer to that of produces i.e. 1st tropic 
level.
The subsequent transfers are much efficient
The average tropic efficiency is 10% from one tropic level to the other.
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The chemistry behind responses

"At the base of the thalamus is the hypothalamus which plays an 
important role in maintaining homeostasis.

1. Objectives of the module:

> To know about how does the thalamus play an important role in maintain 
homeostasis.

❖ In the text book science III page 16, there is one Informatory paragraph 
titled 'Brain - The centre of wonders'. The paragraph ends with the 
statement that the hypothalamus plays an important role in maintaining 
homeostasis. This point did not discuss in the teachers' Handbook also.

2. Scope of module:

Link this page with page. 41 of unit 3 under the title 'Hormones in Salt-water 
balance.'

Vasopressin is the hormone responsible for preventing water loss from the 
body. Hypothalamus produce Oxytocin and Vasopressin and stores in the 
posterior lobe of the pituitary Moreover, Hypothalamus regulates activity of the 
pituitary

Link page No. 46, 47 of unit No. 3

Thus, through hormones, regulation of homeostasis taken place.

3. Prerequisites:

> The students known about osmosis, diffusion etc.
> The students know about intercellular space, nymph etc.
> The students know about the homeostasis
> The students known abut the process of respiration.

Link Basic Science of std. 8 unit No. 14 
Pages: 135 - 139
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Map showing the maintenance of homeostasis

❖ N.B: Hypothalamus produces both inhibitory and releasing hormones. 
Through which it regulates most of the endocrine glands and so the homeostasis.

Websites: www.learnerstv.com
www.youtube.com/watch?v=DFvt7FIn-Um

(4) What students need to learn:

Various types and functions of neuron esp. grant neurons

Hypothalamus - Magnocellular neurosecretory neurons.

Neurosecretory cells : Specialized nerve cells (neurons) that respond to 
stimulation by producing and secreting specific chemical messengers. 
Functionally, they serve as a link between the nervous system and the endocrine 
system.

Additional resources:

• Websites: www.learnerstv.com
www.cals.ncsu.edu/course/ent425/tutorial/endocrine.html15

Websites:_www.learnerstv.com
http://www.youtube.com/watch%3Fv%3DDFvt7FIn-Um
http://www.learnerstv.com
http://www.cals.ncsu.edu/course/ent425/tutorial/endocrine.html


The chemistry behind Responses

(1) Objectives of the module:

• To know about various types and functions of neurons.
• To know about secretory cells.

Reason to develop module:

In the textbook science III, (unit 1 page No. 13) the structure and types of 
neurons are discussed. When we come to the unit 3 of the same textbook, esp. in 
page no. 35 and 45 the pictures shown secretory cells. The students may think 
that the neurons are meant for conducting messages.

In the textbook no relevant informations are given about the secretory cells. 
But in the HB of Std. 10 (Biology) one paragraph is given titled 'Additional 
Information' in the page no. 80. In that paragraph, deals with signaling system - 
communication system. In this section, it is simply pointed out about the 
neuroendocrine which is one among the five chemical messengers in our body 
so, more information about neuron specially. The functions of giant neurons 
should be attached with the HB.

(2) Scope of the module:

(Link unit 1 - Page No. 13)
(Link unit 3 - Page No. 35, 45)

(3) Prerequisites:

❖ Students know about various cells present in man. (Basic science unit 13 - 
Page 129 of std. 8)

❖ for Obtaining Energy:
• Cellular respiration

❖ Movement and Locomotion
Joints 16



Various types of locomotion (Hydra, Ameba, Euglena etc.)

❖ The mystery of growth 
• Cell Division

❖ The continuity of Life
• Fertilization
• Twins
• Reproduction in plants

❖ Towards a Healthy Life
• Nutritional deficiencies

Std. 10

Beyond the senses
• Working of sense orgasms
• Control and co-ordination

The story of Live and Organisms
• Pictures showing fossils, origin of man

How we became what we are
• Mendels experiment
• DNA structure, chromosomes etc.

The Strategy of defense and treatment
• Blood clotting, Blood group

When equilibrium disrupts:
• Pathogens

After metabolism
• Formation of area
• Dialysis 17



The Chemistry behind responses
• Hormones and its functions

Content areas where ICT is needed

Std.8

• Hybridization
• Tissue culture
• Cloning

❖ As Caskets join
• Plant tissues
• Animal tissues

❖ The Rhythm of Life
• Intercellular space
• Tissue fluid (inter cellular fluid)
• Osmosis
• Diffusion

Std.9

❖ The sign of Life
• Photosynthesis (including its phases)
• Digestion

❖ Circulatory Pathways:
• Circulation in man
• Lymph formation
• Lymph circulation



Meristamatic cells
1) Objectives of the module

a) To find out the different types of meristems
b) To observe and study the shot apex and root apex in Angiosperms
c) It help the students in proper understanding of the types of meristems
d) Classification meristems.
e) Cell - differentiation and formation

2) Scope of the subject:

This module is part of the lesson the plant tissues. It also discuss about 
role of meristems in dices and Monocots stem as well as Root.

It is also have ink with Auxin in Root, action of Auxin in Roots.

Auxins in Stemtip.

It also have link with plant hormones.

It also connect class IX, cell divisions cell contents. It vertical linkage with 
photoperiodism in class XI, XII Botany. (Biology)

3) Prerequisites:

a) Students are supposed to know fundaments of cell, shape, structure, and 
functions.

b) It can be taken as base for developing the concepts of different tissue system 
in plants.

c) Taking the help of shoot apex and Root apex position of which type of stem 
is present, where can be identified and observation can be made.

4) What the student needs to learn:
The meristamatic cell will give rise to all types of tissue, and the 

meristamatic cells are necessary for growth and development. They remain 
active divide and divide till the cells die.
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Behavior cell shoot apex - cell organization

(a) Formation diffent tissue system in plants

like epidermis

Hypodermis
are generated from Dermotogenic 

lauer
Histogeniclauer I

Cortex?

endodermis
Stele 
Pericycle 
and pith

are generated from Periblem
Histogeniclauer II

are generated from "Pelerome"
Histogeniclauer III

(b) Identification of Hard spots: from the students viewpoint:

Shoot apex and root apical organization are not same. The different 
theoretical approaches like Tunica - corpus theory for shoot-apex karper-kappe 
theory for root apex.

Plastochornic period. Quiscent centre.
Delayed mitosis.

5) Additional activities:
After analyzing the content of the text book identified following activites 

to transact the lesson or concept.
(a) Section the Dicot stem tip, Monocot stem tip.

Section the Dicot Root tip, Monocot Root tip.
(b) Cyclosis in plant cell.
(c) Onion peel to understand the nature of plant cell and understand the 

different parts of cell
(d) Rheo leat peel.

Additional activities:

20



(e) Arena - coleptile test by keeping Agar block on Root tip. Shoot - tip and 
expose the shoot tip to sun light. Awobsare the nature of coleptile 
behavior.

(f) Turgid cell, flucid cell, plasmolysis phenomena in hypotonic, Hypertonic, 
and inotonic Cancentrations.

6) Broad description of methodologies or approaches:

Demonstrations, field visits, debates, discussion, developing concept 
maps, pooling information

7) Additional resources:

Materials: Permanent slides of dicot stem root, monocot stem Root

References:

(a) Plant anatomy of seeds plants book by katherire E sau - 1977.
Plant anatomy by M.S. Taval

(b) Metcalf C. R. and L. Chalk 1950. Anatomy of dicotyledons 2 vols. Oxford
Clearondon press.

Supplementary Readings:
(c) Eames, A. J and Mac Daniels (1947)

An introductory plant anatomy 2nd edition.
McGraw Hill Co. New York

(d) Taxon Journal in Botany 23: pp. 109-128.

Websites: Wikipedia on plant anatomy/plant tissues.
Wiki educator on plant cell and tissues.
And video's on mesistems.
Tutor.com - for video's and ppts.

Software's on: java apiebs for cell - division
Menistems and nature of menistem

Visit Google search for various other related plant tissue sites online
information for.

21
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plerome perlblem

dermacojen

calyptroger

root cap

Fig. Diagrammatic L.S. 
of root showing zonation.

Fig. L.S. of root apex.

,.S. of root apex to show meristems.

Decapitated tip
Agar block

Fig. ~ Demonstration of oat coleoptile experiment. A—stem tip rerrfW 
and then placed on agar block (black piece) ; B—agar block placed 
the cut stem tip and growth resumed. D, E—Avena curvature C
D—agar block placed eccentrically and E—curvature occurs.
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How we became what we are
Std. 10

1. Objectives:
• To identify the parts of the DNA
• To locate the position of genes in a DNA molecule.

2. Scope of the module:
(Link Biology textbook of St. 9. Page 59, 60 and 61)

3. Prerequisites:
❖ The students know about plant cell, animal cell and the cell organelles. 

(Basic Science Text Book of Std. 8 page 124 and 125)
❖ The students know about cell division, chromosomes etc. (Biology TB of 

Std. 9, page 59 - 61)

4. What students need to learn: (for teachers)

.....It was made clear that every character in an organism is controlled
by genes which are parts of DNA molecule.........

Page 100 of Science III

..... Specific parts of the DNA are responsible for regulating
metabolism and effecting specific characters. These parts are known as genes.....

Page 101 of Science III

.... Formation of specific characters and regulation of metabolism are 
done by proteins.

Page 101 of Science III
Though the structure and parts of DNA molecule in cell defined 

the location of genes are not mentioned.

Things to be add:

❖ No. of chromosomes present in each cell
❖ No. of DNA molecules presented in one cell
❖ No. of genes present in one DNA molecule

Because, the pupil as well as the teacher may think that the nucleotide a part 
of a DNA molecule in a gene.

Websites: www.mendelmuseum.com24
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Organic Chemistry

Std. IX and X

1. Objectives of the module

a. To study Organic Chemistry, it is very essential to get the nature of carbon 
atom. Its valiancy, nature of the bonding, are to be clear to draw structures of 
any organic compound.

2. Scope of module

To draw structural isotopes of an organic compound

3. Prerequisites

Idea of valiancy to be known.

4. What students need to learn

I. Nature of Bonding

a) Write the atomic no. of carbon? 6
b) Electronic configuration 2, 4
c) Valiancy 4
d) Will carbon form bonds with other atoms? Yes
e) Will carbon form bonds with other carbon atoms? Yes
f) What is the nature of bonds?

If the difference between the electronegativities of atoms is above 1.7 it leads 
to ionic bond. Below 1.7 it leads to covalent bond.

Consider Fluorine (Most electronegative atom) and Carbon 
Electronegativity of Fluorine - 4
Electronegativity of Carbon - 2.5

Difference - 1.5
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Consider Cesium (least electronegative atom) and Carbon 
Electronegativity of Cesium - 0.8
Electronegativity of Carbon - 2.5

Difference - 1.7

ie Carbon always form covalent bond.

II. Carbon is tetravalent

Carbon is tetravalent

C

Alkanes

In the case of alkanes, since it is a saturated hydrocarbon, all the four
valencies are to be satisfied, by single bonds. There will be one C - C bond. Rest 
of the valencies are to be satisfied with H2 atoms.

eg>
H H

-C-C- H-C- C - H
1

H
1

H
Step I Step II

- C -

H
1

H H

1
H- C - C

1
- C - H

H
1

H H
Step I Step II

General Formula is CnH2n+2 26



Alkene

In the case of alkene, it is unsaturated hydrocarbon A double bond is coming 
in between two carbons. So two more valencies are to be satisfied.

eg:-

H H
II II

- C = C - H- C = C - H
I I

H
Step I Step II

H
III I

- C = C - C H-Czz C - C - H

H H H

Step I Step II

In general formula, Hzn is enough General formula is Cnhhn

Alkyns

In alkyne, there is a triple bond will be seen in between two carbon atoms. So 
only one valency is left to satisfy, for carbons taking part in the triple bond, since 
carbon is tetravalent

eg:-l

Step I

- C = C -

eg:-2

O - C = C - H

I
Step II

27



H

H - C= C - H H - C= C - H

Step I
H

Step II

So general formula of alkyne will be CnH2n-2

Cyclo alkane

C is tetravalent in cyclo alkane also.
Try to write the structural formula of cyclopropane.

Here 2 valencies of each carbon atoms are satisfied.

C----- C Then how many valencies are to be satisfied?

Then add 2 H2 atoms in each carbon and check.

H H

H H

Will it match with general formula of a cycloalkane? General formula is Cn Hzn.

Aromatic Compound

Consider the structural formula of two isomers of benzene.

28



H H

H
—F 2 3 4 h—H
----- C5 3C------H

F F —

H —C5 3C ------H

H

H

We can see that all the 6 Carbon atoms have four covalent bonds, in each form.

Std VIII
Chemistry

1. Objectives of the module
a) To make a brief survey upon 'Water'

2. Scope of module
Water is the universal solvent which from any other solvents in many 

properties. That properties of water make, the plants, the animals, the earth like 
this - so children must know the value of each drop of water.

3. Pre requisites

4. What students need to learn
a) The characteristics of water which leads to the uses of water

29



Additional Activities
a)

Water
Hard water^^ '^^^^^Sotf water 

(no lather with soap) (make lather with soap)

Temporary Permanent

(b) Anomalous expansion of water

ice0° b/w 0° to 4° c while heating ice, the H2 bonds in the 
the ice will have to break so increase in temp make 
increase in volume. But decrease in the volume occur

Water

100° Water Vapour 30



RECTIFIER

I. Objective

a) Enable the students to understand the fundamentals of the process of 
rectification

b) To be able to identify the basics of half and full wave rectification
c) To understand the mechanism and circuit of half and full wave rectification
d) To demonstrate experimentally the mechanism of rectifiers.

II. Scope

The knowledge in process of rectification and mechanism is essential for 
the student. The difficulty for the students is to understand the circuit and its 
essential parts, the role of transformer and direct and alternating (DC and AC) 
voltage. So, the purpose of the module is to overcome the above mentioned 
difficulties of the students.

III. Pre-requisites

The students should know the basics about transformer, light emitting 
diode (LED) and AC and DV voltages.

IV. What should students need to learn?

After the completion of this particular section with suggested 
modifications, students will be able to understand the circuit, mechanism, 
process and working principle of the half wave and full wave rectifier.

V. Additional Activities

I. Students can be asked to have hands on experience in witnessing the
a) AC and DC outputs from Battery and Audio frequency generator
b) Operation of Cathode Ray Oscilloscope (CRO)
c) Secondary and Primary of Transformers
d) Tapping of Transformer 31



e) Working of a Diode
f) Forward and reverse biased states of Diode

VI. Methodologies and approaches

1) Demonstration
2) Experimentation
3) Discussion
4) Lecture method

VII. Assessment
i)
ii)

Oral questioning
Work sheets

iu) Multiple choice questions
iv) Performance of activity
v) Experiment
vi) Demonstration
vii) Written test

VIII. What lesson lacks?

1) Importance of step-down and step-up transformers should be mentioned.
2) Before introducing the diode straight away, the process of rectification should 

have been introduced.
3) Principle of LED should be mentioned
4) Instead of LED if the procedure is to measure across the diode and the current 

through the diode, it could have been great.
5) Definition of half wave rectification is not mentioned briefly.

Broad description of methodology and approach
Teacher should demonstrate,

1) The meaning of step-up and step-down transformer
2) The working of half and full wave rectifier using the discrete components
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DOPPLER EFFECT

I. Objective

a) Enable the students to understand the phenomenon of Doppler effect of 
sound waves.

b) To be able to identify the basics of effect of relative motion on frequency.

c) To understand the mechanism of the Doppler effect and frequency.

d) To demonstrate experimentally the theory of Doppler effect.

II. Scope

The knowledge in Doppler effect of sound waves is essential for the 
student. The difficulty for the students is to understand the effect with the given 
source of material in the prescribed book. So, the purpose of the module is to 
overcome the above mentioned difficulties of the students.

III. Pre-requisites

The students should know the basics about longitudinal and transverse 
waves, frequency, wavelength, velocity.

V. What should students need to learn?

After the completion of this particular section with suggested 
modifications, students will be able to understand the mechanism of Doppler 
effect in various relative motions between the source of sound waves and the 
receiver.
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V. Additional Activities

1. Students can be asked to have hands on experience in witnessing the

a) Effect of relative motion between the sound source and the observer.

b) Technical terms and the definition of terms associated with the waves such 
as wavelength, frequency, amplitude.

VI. Methodologies and approaches

1) Demonstration

2) Experimentation

3) Discussion

4) Lecture method

VII. Assessment

i) Oral questioning

ii) Work sheets

iii) Multiple choice questions

iv) Performance of activity

v) Experiment

vi) Demonstration

vii) Written test

VIII. What lesson lacks?

1) Importance of change in frequency due to relative motion should be 
mentioned.
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2) The process can be explained clearly using the simple depictions.

Broad description of methodology and approach

Teacher should demonstrate,

1) The meaning of Doppler effect thoroughly.

2) The working following diagram is useful for the demonstration of the same;
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ELECTRICITY

CONCEPT: RESISTANCES - SERIES & PARALELL

1. OBJECTIVES OF THE MODULE 
To enable students to

a) Understand concept of resistance in series & parallel.
b) Compare the different types of arrangement of resistors.
c) Reason out why there is a change in effective resistance when resistors are 

connected in different ways.
d) Demonstrate the experiments related to series & parallel arrangement of 

circuit components.
e) Calculate the effective resistance of a circuit.
f) Realize the usage of connection in series & parallel.

2. SCOPE OF THE MODULE:
If these concepts are taught using lecture method, there are 

chances of getting misconceptions, as understanding of series & parallel 
arrangement of resistors will be difficult & confusing for learners. They won't be 
able to realize the usage of these in their daily life. So, learning experiences 
should be chosen carefully such that they will get the proper understanding & 
visualization of concepts.

3. PREREQUISITS:
Students would have studied electric charge, electric current, potential, 

potential difference. They will also be familiar with atoms, electron, and 
conductors.

4. WHAT STUDENTS NEED TO LEARN?
At the end of the lesson learners will be able to understand the 

arrangement of different components. They will be to distinguish between the 
types of arrangement of resistors. They will be able to use of different 
arrangement in different situations.
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5. CONCEPTS

RESISTANCES - SERIES & PARALELL

When you connect a conductor, such as a wire or a light bulb, between the 
positive and negative terminals of a batter}', electrons flow in the circuit. The 
amount of current is determined by the voltage supplied by the battery and the 
resistance of the conductor, its different arrangements.

SERIES: A series circuit is a circuit that has only one path for the electric current 
to follow, If this path is broken, then the current no longer will flow and all the 
devices in the circuit stop working.

If the entire string of lights went out when only one bulb burned out, then the 
lights in the string were wired as a series circuit. When the bulb burned out, the 
filament in the bulb broke and the current path through the entire string was

In a series circuit, electrical devices are connected along the same current path
As a result, the current is the same through every device. However, each new 
device that is added to the circuit decreases the current throughout the circuit. 
This is because each device has electrical resistance, and in a series circuit, the 
total resistance to the flow of electrons increases as each additional device is 
added to the circuit.

In the circuit given below, two bulbs are connected in series. Which bulb glow 
brighter? Compare to the brightness of an identical bulb in a single-bulb circuit,
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i.e. compare brightness of bulbs in circuit 1 & 2. (Two bulbs connected one after 
the other are said to be in senes.)

Circuit 2

PARALLEL: A parallel circuit is a circuit that has more than one path for the 
electric current to follow. The current branches so that electrons flow through 
each of the paths.
If one path is broken, electrons continue to flow through the other paths. Typical 
connections of a parallel circuit is given in the following picture.
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Adding or removing additional devices in one branch does not break the current 
path in the other branches, so the devices on those branches continue to work 
normally.
In a parallel circuit, the resistance in each branch can be different, depending on 
the devices in the branch. The lower the resistance is in a branch, the more 
current flows in the branch. So the current in each branch of a parallel circuit can 
be different.

In the circuit given below, two bulbs are connected. Which bulb glow brighter? 
Compare to the brightness of an identical bulb in a single-bulb circuit,

6. ADDITIONAL ACTIVITIES:
a) Students may be asked to demonstrate or experiments on series & parallel 

arrangement of circuit components.
b) Students may be asked to observe the types of arrangement in daily life like 

domestic usage, serial bulbs I decorative coloured bulbs etc.

7. METHODOLOGIES OR APPROACHES:
a) Demonstration
b) Experimentation
c) Discuss
d) Lecture method 39



8. ASSESSMENT:
a) oral questioning
b) written tests
c) multiple choice questions
d) worksheets
e) demonstrate
f) experiment

9. WHAT LESSON LACKS:
■ Details of how to conduct experiment & how connections are made.
■ Explanation of how the current flows in a particular path.
■ How electrons move inside a conductor.
■ Thought provoking questions are given but lacks the connection from one to 

another.
■ Summary at the end of the lesson/ discussion questions.
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PART II: ELECTRICITY

CONCEPT: VOLTMETER AND AMMETER CONNECTIVITY

OBJECTIVES OF THE MODULE:

To enable students to

1. Reason out why the ammeter is connected in series and voltmeter is 
connected in parallel.

2. Understand how ammeter and voltmeter measure current and voltmeter/ 
potential difference respectively.

SCOPE OF THE MODULE:

Students will be familiar with the usage of voltmeter and ammeter for 
measuring voltage and current respectively, but they will not be able to 
understand why we want to always connect voltmeter in parallel and ammeter 
in series.

PREREQUISITS:

Students have studied about electric current, voltage, potential difference, 
series and parallel arrangement of circuit components.

WHAT STUDENTS NEED TO LEARN?

Students will be able to learn the significance of connecting voltmeter in 
parallel and ammeter in series. They will be able to understand about the 
concepts underlying the construction of such instruments.

ADDITIONAL ACTIVITIES:

Make the students to use voltmeter and ammeter of different range to 
determine potential difference and current respectively of different circuit 
components. Activities/ experiments given in the textbook will not be sufficient 
for learners to understand why connections are made in such a way.

METHODOLOGIES OR APPROACHES:41



1. Demonstration.
2. Experimentation.

ASSESSMENT:

1. Oral questioning.
2. Written test.
3. Experimentation.
4. Performing activities.
5. Experimentation/ demonstration.

WHAT LESSON LACKS:

Proper reasons and explanations for why the connections of the circuit are 
done in such a way is not provided. It lacks the definition and explanation of the 
concept electric current. It doesn't contain the procedural explanation of using 
voltmeter and ammeter.
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ELECTROMAGNETISM

CONCEPT: EXPERIMENTS IN ELECTROMAGNETISM

OBJECTIVES OF THE MODULE:

To enable students to

1. Understand how electric field and magnetic field affect each other
2. Apply right hand rule to find the direction of magnetic lines of force
3. Experiment on the magnetic effect of electric current
4. Correlate electric and magnetic field
5. Understand how magnetic field around solenoid and bar magnet are 

similar
6. Reason out how different factors affects the magnetic field of solenoid

SCOPE OF THE MODULE:

Concepts of electromagnetism will be difficult for learners to understand as it 
relates two major concepts ie,electricity and magnetism which are new the 
students so, making students to learn and understand these concepts in a proper 
way requires proper planning of learning activities and experiments which 
enables the learner to understand the importance in our daily life.

PREREQUISITES:

Student already learnt electric current, its usage, magnet, its properties, electric 
and magnetic field.

WHAT STUDENTS NEED TO LEARN:

At the end of the lesson students will be able to learn the magnetic effects of 
electric current and They will be able to experiment/ demonstrate on magnetic 
fields generated by electric current.They will be able to state and apply Right 
hand rule to find the direction of magnetic lines of force. They will be able to 
conclude solenoid behaves like a bar magnet.
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ADDITIONAL ACTIVITIES:

Experiments on faraday's law of electromagnetism (electric effect of magnetic 
field)

Activities and experiments given in the textbook are not practicable and 
procedure is not given properly. There is no proper description of the 
experiments, (how to be done).

Experiments like magnetic field lines obtained around a current carrying wire 
and magnetic field around a circular coil which are prescribed in the textbook are 
not having practical applicability if information about current to be used and 
gauge and length of wire are not given.

METHODOLOGIES:

1. Demonstration

2. Discussion

3. Experimentation

4. Lecture method

5. Additional resources

ASSESSMENT:

1. Worksheet
2. Oral questioning
3. Written test
4. Assignment
5. Performing activities
6. Experiment / demonstrate the experiment

WHAT UNIT LACKS

Unit on electromagnetism la cks the explanation of why electric current causes 
magnetic effects. Connection between concepts and experiment are not well 
explained. Summary at the end of question -discussion or unit is not provided.
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Motion and Charging by friction

Objectives and Scope of the Module

As you steer your students through their lessons on motion, there may be times 
when your students have trouble understanding the concepts of motion and the 
formulas that go with them. They may find difficulty in understanding the 
difference between speed and velocity7, distance and displacement etc. For that 
reason, this module is created which explains the concept of motion in more 
general and simple way as stated in the sections below.
A typical physics course concerns itself with a variety of broad topics. One such 
topic is mechanics - the study of the motion of objects. The first part of the 
Physics Classroom tutorial will involve an investigation into the physics of 
motion. As we focus on the language, principles, and laws that describe and 
explain the motion of objects, your efforts should center on internalizing the 
meaning of the information. Avoid memorizing the information; and avoid 
abstracting the information from the physical world that it describes and 
explains. Rather, contemplate the information, thinking about its meaning and its 
applications.
Kinematics is the science of describing the motion of objects using words, 
diagrams, numbers, graphs, and equations. Kinematics is a branch of mechanics. 
The goal of any study of kinematics is to develop sophisticated mental models 
that serve to describe (and ultimately, explain) the motion of real-world objects.
In this module, we will investigate the words used to describe the motion of 
objects. That is, we will focus on the language of kinematics. The hope is to gain a 
comfortable foundation with the language that is used throughout the study of 
mechanics. We will study such terms as scalars, vectors, distance, displacement, 
speed, velocity and acceleration. These words are used with regularity’ to 
describe the motion of objects. Your goal should be to become very familiar with 
their meaning.

At the end of the lesson,
1. The student will be able to differentiate between Speed and velocity
2. The student will be able to calculate speed and velocity using data provided.
3. The student will be able to understand difference between distance and 

displacement.
4. The student will understand the concept of Scalars and vectors
5. The student will be able to define acceleration and solve simple problems.
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Pre-requisites

The students would have learned in their previous chapters already the concept 
of types of motion i.e linear motion, circular motion etc. Also, students will be 
aware of simple mathematics for solving problems.

Broad Description of the Concept

Scalars and Vectors

Physics is a mathematical science. The underlying concepts and principles have a 
mathematical basis. Throughout the course of our study of physics, we will 
encounter a variety of concepts that have a mathematical basis associated with 
them. While our emphasis will often be upon the conceptual nature of physics, 
we will give considerable and persistent attention to its mathematical aspect.
The motion of objects can be described by words. Even a person without a 
background in physics has a collection of words that can be used to describe 
moving objects. Words and phrases such as going fast, stopped, slowing down, 
speeding up, and turning provide a sufficient vocabulary for describing the motion 
of objects. In physics, we use these words and many more. We will be expanding 
upon this vocabulary list with words such as distance, displacement, speed, velocity, 
and acceleration. As we will soon see, these words are associated with 
mathematical quantities that have strict definitions. The mathematical quantities 
that are used to describe the motion of objects can be divided into two categories. 
The quantity is either a vector or a scalar. These two categories can be 
distinguished from one another by their distinct definitions:

Scalars are quantities that are fully described by a magnitude (or numerical 
value) alone.

Vectors are quantities that are fully described by both a magnitude and a 
direction.

The remainder of this lesson will focus on several examples of vector and scalar 
quantities (distance, displacement, speed, velocity, and acceleration). As you 
proceed through the lesson, give careful attention to the vector and scalar nature 
of each quantity. As we proceed through other units at The Physics Classroom 
Tutorial and become introduced to new mathematical quantities, the discussion
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will often begin by identifying the new quantity as being either a vector or a 
scalar.
To test the students regarding understanding of this distinction, consider the 
following quantities listed below. Categorize each quantity as being either a 
vector or a scalar.

Quantity Category
a. 5 m Scalar or Vector
b. 30 m/sec, East Scalar or Vector
c. 5 mi., North Scalar or Vector
d. 20 degrees Celsius Scalar or Vector
e. 256 bytes Scalar or Vector
f. 4000 Calories Scalar or Vector

Distance and Displacement

Distance and displacement are two quantities that may seem to mean the same 
thing yet have distinctly different definitions and meanings.

• Distance is a scalar quantity that refers to "how much ground an object has 
covered" during its motion.

• Displacement is a vector quantity’ that refers to "how far out of place an 
object is";

it is the object's overall change in position.

To test your understanding of this distinction, consider the motion depicted in 
the diagram below. A physics teacher walks 4 meters East, 2 meters South, 4 
meters West, and finally 2 meters North.

2 m

Even though the physics teacher has walked a total distance of 12 meters, her 
displacement is 0 meters. During the course of her motion, she has "covered 12 
meters of ground" (distance = 12 m). Yet when she is finished walking, she is not 
"out of place" - i.e., there is no displacement for her motion (displacement = 0 m). 
Displacement, being a vector quantity, must give attention to direction. The 4 
meters east cancels the 4 meters west; and the 2 meters south cancels the 2 meters 
north. Vector quantities such as displacement are direction aware. Scalar quantities47



such as distance are ignorant of direction. In determining the overall distance 
travelled by the physics teachers, the various directions of motion can be 
ignored.

To understand the distinction between distance and displacement, you must 
know the definitions. You must also know that a vector quantity such as 
displacement is direction-aware and a scalar quantity such as distance is ignorant of 
direction. When an object changes its direction of motion, displacement takes this 
direction change into account; heading the opposite direction effectively begins 
to cancel whatever displacement there once was.

Speed and Velocity
Just as distance and displacement have distinctly different meanings (despite 
their similarities), so do speed and velocity. Speed is a scalar quantity that refers 
to "how fast an object is moving." Speed can be thought of as the rate at which an 
object covers distance. A fast-moving object has a high speed and covers a 
relatively large distance in a short amount of time. Contrast this to a slow- 
moving object that has a low speed; it covers a relatively small amount of 
distance in the same amount of time. An object with no movement at all has a 
zero speed.
Velocity is a vector quantity that refers to "the rate at which an object changes its 
position." Imagine a person moving rapidly - one step forward and one step back 
- always returning to the original starting position. While this might result in a 
frenzy of activity, it would result in a zero velocity. Because the person always 
returns to the original position, the motion would never result in a change in 
position. Since velocity is defined as the rate at which the position changes, this 
motion results in zero velocity. If a person in motion wishes to maximize their 
velocity, then that person must make every effort to maximize the amount that 
they are displaced from their original position. Every step must go into moving 
that person further from where he or she started. For certain, the person should 
never change directions and begin to return to the starting position.
Velocity is a vector quantity. As such, velocity is direction aware. When evaluating 
the velocity of an object, one must keep track of direction. It would not be 
enough to say that an object has a velocity of 55 mi/hr. One must include 
direction information in order to fully describe the velocity of the object. For 
instance, you must describe an object's velocity as being 55 mi/hr, east. This is 
one of the essential differences between speed and velocity. Speed is a scalar 
quantity and does not keep track of direction; velocity is a vector quantity and 
is direction aware.
The task of describing the direction of the velocity vector is 
easy. The direction of the velocity vector is simply the same as 
the direction that an object is moving. It would not matter 
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whether the object is speeding up or slowing down. If an object is moving 
rightwards, then its velocity is described as being rightwards. If an object is 
moving downwards, then its velocity is described as being downwards. So an 
airplane moving towards the west with a speed of 300 mi/hr has a velocity of 
300 mi/hr, west. Note that speed has no direction (it is a scalar) and the velocity 
at any instant is simply the speed value with a direction.
As an object moves, it often undergoes changes in speed. For example, during an 
average trip to school, there are many changes in speed. Rather than the speedo
meter maintaining a steady reading, the needle constantly moves up and down 
to reflect the stopping and starting and the accelerating and decelerating. One 
instant, the car may be moving at 50 Km/ hr and another instant, it might be 
stopped (i.e., 0 Km/hr). Yet during the trip to school the person might average 32 
Km/hr. The average speed during an entire motion can be thought of as the 
average of all speedometer readings.

Calculating average speed and average velocity

The average speed during the course of a motion is often computed using the 
following formula:

Distance Traveled 
Averaee Speed = —

Time of Travel

In contrast, the average velocity is often computed using this formula

Average Velocity =
time

A position displacement

time

Let's begin implementing our understanding of these formulas with the 
following problem:

Q: While on vacation, Lisa travelled a total distance of 440 miles. Her trip took 
8 hours. What was her average speed?

To compute her average speed, we simply divide the distance of travel by the 
time of travel.

d 440 mi
v= —— = ----------  = 55 mi/hr

t 8hr49



That was easy! Lisa averaged a speed of 55 miles per hour. She may not have 
been travelling at a constant speed of 55 mi/hr. She undoubtedly, was stopped at 
some instant in time (perhaps for a bathroom break or for lunch) and she 
probably was going 65 mi/hr at other instants in time. Yet, she averaged a speed 
of 55 miles per hour. The above formula represents a shortcut method of 
determining the average speed of an object.

Instantaneous and Average speed

Since a moving object often changes its speed during its motion, it is common to 
distinguish between the average speed and the instantaneous speed. The 
distinction is as follows.

• Instantaneous Speed - the speed at any given instant in time.
• Average Speed - the average of all instantaneous speeds; found simply 
by a

distance/time ratio.

You might think of the instantaneous speed as the speed that the speedometer 
reads at any given instant in time and the average speed as the average of all the 
speedometer readings during the course of the trip. Since the task of averaging 
speedometer readings would be quite complicated (and maybe even dangerous), 
the average speed is more commonly calculated as the distance/ time ratio. 
Moving objects don't always travel with erratic and changing speeds. 
Occasionally, an object will move at a steady rate with a constant speed. That is, 
the object will cover the same distance every regular interval of time. For 
instance, a cross-country runner might be running with a constant speed of 6 
m/s in a straight line for several minutes. If her speed is constant, then the 
distance travelled every second is the same. The runner would cover a distance 
of 6 meters every second. If we could measure her position (distance from an 
arbitrary starting point) each second, then we would note that the position 
would be changing by 6 meters each second. This would be in stark contrast to 
an object that is changing its speed. An object with a changing speed would be 
moving a different distance each second. The data tables below depict objects 
with constant and changing speed.
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An object moving with
a constant s seed of 6 m/s

Time
w

Position
(m)

0 0
l 6
2 12
3 18
4 24

An object moving with 
a changing speed

Time
(«)

Position
(m)

0 0
1 1
2 4
3 9
4 16

Now let's consider the motion of that physics teacher again. The physics teacher 
walks 4 meters East, 2 meters South, 4 meters West, and finally 2 meters North. 
The entire motion lasted for 24 seconds. Determine the average speed and the 
average velocity.

2 m

The physics teacher walked a distance of 12 meters in 24 seconds; thus, her 
average speed was 0.50 m/s. However, since her displacement is 0 meters, her 
average velocity is 0 m/s. Remember that the displacement refers to the change 
in position and the velocity is based upon this position change. In this case of the 
teacher's motion, there is a position change of 0 meters and thus an average 
velocity of 0 m/s.
Here is another example similar to what was seen before in the discussion 
of distance and displacement. The diagram below shows the position of a cross
country skier at various times. At each of the indicated times, the skier turns 
around and reverses the direction of travel. In other words, the skier moves from 
A to B to C to D.

Use the diagram to determine the average speed and the average velocity of the 
skier during these three minutes.

a b
t = 0 min t = , min

t = 3 min 

D
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Acceleration

The final mathematical quantity discussed in Lesson 1 is acceleration. An often 
confused quantity, acceleration has a meaning much different than the meaning 
associated with it by sports announcers and other individuals.
The definition of acceleration is:
Acceleration is a vector quantity that is defined as the rate at which an object 
changes its velocity. An object is accelerating if it is changing its velocity.

Sports announcers wTill occasionally say that a person is accelerating if he/she is 
moving fast. Yet acceleration has nothing to do with going fast. A person can be 
moving very fast and still not be accelerating. Acceleration has to do with 
changing how fast an object is moving. If an object is not changing its velocity, 
then the object is not accelerating. The data below are representative of a 
northward-moving accelerating object. The velocity is changing over the course 
of time. In fact, the velocity is changing by a constant amount -10 m/s - in each 
second of time. Anytime an object's velocity is changing, the object is said to be 
accelerating; it has acceleration.

Time Velocity

Os 0 nV's, No

Is 10 nV's, No

2s 20 m/s, No

3s 30 nV's, No

4s 40 nV's, No

5s 50 nV's, No

Sometimes an accelerating object will change its velocity by the same amount 
each second. As mentioned in the previous paragraph, the data table above show 
an object changing its velocity by 10 m/s in each consecutive second. This is 
referred to as a constant acceleration since the velocity is changing by a constant 
amount each second. An object with a constant acceleration should not be 
confused with an object with a constant velocity. Don't be fooled! If an object is 
changing its velocity -whether by a constant amount or a varying amount - then 
it is an accelerating object. And an object with a constant velocity is not 
accelerating. The data tables below depict motions of objects with a constant 
acceleration and a changing acceleration. Note that each object has a changing 
velocity.
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Accelerating Cbjects are Changing Their Velocity ...

...by a constant amount 
each second ...

Time
(»)

Velocity
(m/s)

0 0
1 4
2 8
3 12
4 16

..in which case, it is referred 
to as a constant acceleration.

... or by a changing amount 
each second ...

Time
(s)

Velocity
(m/s)

0 0
1 1
2 4
3 5
4 7

..in which case, it is referred 
to as a non-constant acceleration,

Since accelerating objects are constantly changing their velocity, one can say that 
the distance travelled/time is not a constant value.

Direction of the Acceleration vector

Since acceleration is a vector quantity, it has a direction associated with it. The 
direction of the acceleration vector depends on two things:

• whether the object is speeding up or slowing down
• whether the object is moving in the + or - direction

Charging by Friction

In previous chapters, students would have learned that atoms are the building 
blocks of matter. Furthermore, material objects are made of different types of 
atoms and combinations of atoms. The presence of different atoms in objects 
provides different objects with different electrical properties. One such property 
is known as electron affinity. Simply put, the property of electron affinity refers 
to the relative amount of love that a material has for electrons. If atoms of a 
material have a high electron affinity, then that material will have a relatively 
high love for electrons. This property of electron affinity will be of utmost 
importance as we explore one of the most common methods of charging - 
charging by friction or rubbing.

Suppose that a rubber balloon is rubbed with a sample of animal fur. During the 
rubbing process, the atoms of the rubber are forced into close proximity with the 
atoms of the animal fur. The electron clouds of the two types of atoms are 
pressed together and are brought closer to the nuclei of the other atoms. The53



protons in the atoms of one material begin to interact with the electrons present 
on the other material. Amidst the sound of crackling air, you might even be able 
to hear the atoms saying, "I like your electrons." And of course, the atoms of one 
material - in this case, the atoms of rubber - are more serious about their claim for 
electrons. As such, the atoms of rubber begin to take electrons from the atoms of 
animal fur. When the rubbing has ceased, the two objects have become charged.

The procedure of rubbing a rubber balloon against your hair is quite easily 
performed. You might try it with students in the class now if you've never 
performed it. When done, you will likely notice that the rubber balloon and 
your hair will attract each other. On a dry day, you might even be able to let go of 
the balloon and have it adhere to your hair. (You will also probably notice that 
the procedure will initiate a bad hair day. Sorry.) This attraction between the two 
charged objects is evidence that the objects being charged are charged with an 
opposite type of charge. One is positively charged and the other is negatively 
charged. How does this happen? How does the simple rubbing together of two 
objects cause the objects to become charged and charged oppositely?

How charging from Friction works

The frictional charging process results in a transfer of electrons between the two 
objects that are rubbed together. Rubber has a much greater attraction for 
electrons than animal fur. As a result, the atoms of rubber pull electrons from the 
atoms of animal fur, leaving both objects with an imbalance of charge. The 
rubber balloon has an excess of electrons and the animal fur has a shortage of 
electrons. Having an excess of electrons, the rubber balloon is charged 
negatively. Similarly, the shortage of electrons on the animal fur leaves it with a 
positive charge. The two objects have become charged with opposite types of 
charges as a result of the transfer of electrons from the least electron-loving 
material to the most electron-loving material.

Frictional charging is often demonstrated in Physics class. Two rubber balloons 
can be suspended from the ceiling and hung at approximately head height. 
When rubbed upon a teacher's head, the balloons became charged as electrons 
are transferred from the teacher's fur to the balloons. Since the teacher's fur lost 
electrons, it became positively charged and the subsequent attraction between 
the two rubbed objects could be observed. Of course, when the teacher pulls 
away from the balloons, the balloons experienced a repulsive interaction for each 
other.
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As mentioned, different materials have different affinities for electrons. By 
rubbing a variety7 of materials against each other and testing their resulting 
interaction with objects of known charge, the tested materials can be ordered 
according to their affinity for electrons. Such an ordering of substances is known 
as a triboelectric series. One such ordering for several materials is shown in the 
table at the right. Materials shown highest on the table tend to have a greater 
affinity for electrons than those below it. Subsequently, when any two materials 
in the table are rubbed together, the one that is higher can be expected to pull 
electrons from the material that is lower. As such, the materials highest on the 
table will have the greatest tendency to acquire the negative charge. Those below 
it would become positively charged.

Additional Resources

1. http:/ / www.physicsclassroom.com/

2. Fundamentals of Physics, Halliday Resnick Walker

3. http://physics.about.com/od/physicsexperiments/

Assessment

The following test can be given to the students after the lesson to assess their 
understanding

1. Which of the following statements about velocity and/or speed are 
TRUE? List all that apply.

a. Velocity is a vector quantity and speed is a scalar quantity.
b. Both speed and velocity refer to how fast an object is moving.
c. Person X moves from location A to location B in 5 seconds. Person Y 

moves between the same two locations in 10 seconds. Person Y is moving 
with twice the speed as person X.

d. The velocity of an object refers to the rate at which the object's position 
changes.
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e. For any given motion, it is possible that an object could move very fast yet 
have an abnormally small velocity.

f. The phrase "30 km/hr, west" likely refers to a scalar quantity.
g. The average velocity of an object on a round-trip journey would be 0.
h. The direction of the velocity vector is dependent upon two factors: the 

direction the object is moving and whether the object is speeding up or 
slowing down.

2. Which of the following are true of static charges? Choose all that apply.

a. Like charges repel.
b. Like charges attract.
c. Opposite charges repel.
d. Opposite charges attract.
e. A positively charged object has lost electrons.
f. A positively charged object has gained protons.
g. A negatively charged object has lost protons.
h. A negatively charged object has gained electrons.
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The Mole Concept

1. Objectives

a) To learn how counting can be done by weighing
b) To understand one mole of any substance is its molecular mass in To 

understand the mole concept and Avogadro number
c) To learn how mole can be converted into mass and mass into mole
d) To balance chemical equation on the basis of mole concept
e) To enable the students to calculate the amount of reactants required to 

produce products without any waste

2. Scope of the module

Many of the products we use in our daily life including medicines, plastics, 
synthetic clothes, soaps etc are produced by carrying out chemical reactions. 
Chemists and chemical engineers usually need to control the number of atoms, 
molecules, and ions in their reactions carefully so as to avoid wastes and reduce 
the cost of production and therefore the price of the materials. These particles are 
too small to be seen and too numerous to count, but fortunately, their numbers 
can be determined by measuring their masses.

3. Prerequisites

Students have the prior knowledge of mass. They also know the sum of the 
atomic masses of atoms present in a molecule is its molecular mass.

4. Learning Outcomes

At the end of the unit students will be able to appreciate the need for the mole 
concept. They will be able to convert a given mole into gram and gram into mole. 
Students will be able to calculate number of atoms/molecules from a given mole 
the substance and convert the number of atoms/molecules into number of moles.

5. The mole Concept

Can we count the atoms/molecules to be taken for a chemical reaction, as a 
Banker counts the currency notes?

Yes, we can. However, not exactly the same way as the banker does, but 
weighing the substance in a balance. The banker counts the currency in rupees or57



in dollars etc, a grocery shop keeper measures vegetables and rice and other 
grains in kgs, (Can he count grain by grain?), and a sales-man at a petrole bunk 
measures petrole in liter whereas a chemist or chemical engineers or a student 
working in chemistry lab counts the chemicals in mole unit/scale.

Molar mass links the number of atoms, molecules, or formula units with the 
mass of atoms, molecules, or ionic compounds. When molar mass is combined 
with a balanced

chemical equation, the masses of the reactants and products can be calculated. In 
this way the nanoscale of chemical reactions is linked with the macroscale, at 
which we can measure masses of reactants and products by weighing.

Exactly one mole (abbreviated as mol) is defined as a number equal to the 
number of atoms in exactly 12 grams of 12C atoms. Based on this definition and 
the fact that the average atomic masses in the periodic table are relative values, 
we can deduce that we will have a mole of atoms of any element if we weigh an 
amount equal to the atomic mass in gram units (this is often called the gram 
atomic mass).

1 mole of element X = gram atomic mass of X

For example, the atomic mass of sulfur is 32.06 u and one mole of sulfur will 
weigh 32.06 g and it will have as many atoms as exactly 12 g of carbon-12. One 
mole of some common elements —iron, mercury, copper, and sulfur.

Note that one mole of four different compounds: water, sodium chloride, copper 
sulfate pentahydrate, and sodium chromate. Each sample contains the same 
number of units or molecules.

58



5.1. Avogadro's number

The SI definition of the mole refers to a number equal to the number of atoms in 
exactlyJ

12 g of 12C. Just what is that number? After much experimentation the scientific 
community agrees that the value, to four significant figures, is 6.022 x 1023. This 
value has been named Avogadro's number. Now’ we can write a very important 
relationship between the atomic scale and the laboratory scale as

1 mole of X = 6.022 x 1023 units of X

5.2. Mole into mass in gram

To calculate the how much of CO2 will be formed when one mole of methane

i. write a balanced equation
ii. find the mole ratio ie for one mole of the methane howmany moles of CO2 is 

formed. We understand from the equation that, one molecule of methane 
gives one molecule of CO2 in other words, one mole mole of methane burns 
in presence of 02 to produce one mole of CO2.

iii. Write one molecular mass of methane produces one molecular mass of CO2
iv. ie, 16g of methane (C=12+ 4H=4xl=16g CH4) produces 44g of 02 

(0=12+2x0=2x16=32).

We need 0.254 moles of FeCb for a certain experiment. How many grams do we 
need to

weigh?

Steps involved

i. Write details

We need the tool for calculating the molar mass of FeC13. That is the sum of 
masses of one mole of iron atoms and three moles of chlorine atoms.59



Molar mass FeCb = 55.845 g/mol + (3 * 35.453 g/mol) = 162.204 g/mol

Now the equality between mass and moles can be written as lmol FeC13 = 
162.204 g FeC13

ii. Solution
The problem is set up by translating the question into equation form

0.254 mol FeC13 = ? g FeC13

Then construct the conversion factor from the equality between mass and 
moles to

perform conversion:

0.254 .-noi FsCl » x •1162.204 cFcCU
J 1 mot-FeCl,

41.2 g FeClj
5.3. Mass in gram into mole

What mass of ammonia is formed when 3.75 g of nitrogen gas react with 
hydrogen gas according to the balanced chemical equation below?

Solution

i. Write a balanced equation or it may be given 

N2(g) + 3 H2(g) -> 2 NH3(g)

ii. the amount of ammonia formed depends upon the number of nitrogen 
molecules present and the mole ratio of nitrogen and ammonia in the balanced

chemical equation.

iii. The number of moles is given by 60



3.75 g N2 j 1 mol N2
128.0 gN2

iv. o in e mass of ammonia produced, first find the number of moles of 
ammonia mo ecules that form from 3.75 g of nitrogen. Use the mole ratio of
ammonia molecules to nitrogen molecules to find the number of moles of 
ammonia formed.

3.75 gN, 1 mol N, 2 mol NHj
[28.0 g N, 1 mol Ni

v. Use the molai mass of ammonia, 17.0 g, to find the mass of ammonia formed.

3.75^N; 1 juoWr 2 nioUNTT 17.0 g NH3
|28.0jp<; 1 1 jlioTArH;

3.75 X 1 X 2 X 17.0 gNH,

5.5. Conversion of mole to Atomic Scale

Tungsten w ire is the filament inside most incandescent lightbulbs. In a typical 
lightbulb, the tungsten filament weighs 0.635 grams. How many atoms of 
tungsten are there in such a lightbulb filament?

Step 1. Form the equation

0.635 g tungsten = ? atoms tungsten, we know that 183.84 g W = 1 mol W 

We also know, one mole = one Avogadro's number 

1 mol W = 6.022 * 1023 atoms W

Step 2: Find the conversion factor, First conversion factor is
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1 moi W 183.84 g W
The second conversion factor is

6.022 x IO23 atoms W 
1 mol W

Then compute to get the answer.

0.635 jT
( 1 mol W 1 „ f 6.U22 X IO23 atoms W )
,183.84 gW J X I 1 mol W J

= 2.08 x 101' atoms W

6. Additional Activities

i. Children can be asked to weigh ground nut seeds in batches of lOOg and 
count the number of nuts in each lOOg (approximately same number of seeds 
will be present)

ii. Perform an experiment (demo by the teacher or students in groups) to 
understand mole concept

a. take 5 test tubes (lOmL) and label them Ito 5. Take 0.1M solution of 
potassium chromate, 5mL in test tube.

b. Add barium chloride solution to each of the test tubes-lmL in test tube 1, 
2mL in test tube 2, 3 mL in test tube 3 and so on.

c. Observe and interpret-the quantity of the precipitate obtained increases from 
test tube Ito 5. One mole of barium chloride reacts with one mole potassium 
chromate (here one mL BaC12 reacts with one mL K2CrO4). The rest of the 
potassium chromate remains un-reacted. There is no waste in test tube 5.

d. As an extension of this activity, we can filter the precipitate obtained in each 
tube and weigh. Also evaporate the water in filtrate and weigh the unreacted 
chromate. Then verify the mole concept using a balanced equation.

iii. Students may be asked to observe fruit vegetable venders weighing and 
count the fruits and vegetables of almost identical shape and verify they are 
identical in number.

Resources:

1. Glencoe Chemistry-Concepts and Applications
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ATOMIC THEORY

1. Objectives

a) To narrate the historical development of atomic theory
b) To illustrate the modern model of atom
c) To describe the evidence for the existence of electrons, protons and neutrons
d) To discuss different elements in terms of their number of electrons, protons 

and neutrons
e) To Define isotope and isobars

2. Scope of the module

The food we eat, the clothes we wear, the cars and buses we travel, the rocks and 
woods, we sometimes think, are solids and impenetrable. We do not even dare to 
think the mountains and iron rods are mostly empty space. All these are made 
up of atoms and chemists have found that atoms are nearly empty. The 
beginning of the idea that matter consisted of atoms and the development atomic 
theory and modern ideas on atoms are scope this module.

3. Prerequisites

Students have the prior knowledge about matter. Matter can neither be created 
nor be destroyed. Students are also aware of all forms of matter. Matter changes 
fro one form to another.

4. Learning Outcomes

At the end of the unit students will be able to narrate how the idea of atom 
developed. They will be able to recognize different elements on the basis of their 
atomic structure (on the basis of number of protons, electrons, and neutrons). 
They will also learn to appreciate near emptiness of atoms. The students will be 
able to describe an atom on the basis of modern atomic theorv.J

5. Early Ideas of atom

The current model of the composition of matter is based on hundreds of years of 
work that began when observers realized that different kinds of matter existed, 
and that these kinds of matter have different properties and undergo different 
changes. About 2500 years ago, the Greek philosophers suggested matter was a
combination of four fundamental elements —air, earth, fire, and water.63



Democritus, 460-370 B.C., was a philosopher who proposed that the world is 
made up of empty space and tiny particles called atoms. Democritus thought 
that atoms are the smallest particles of matter and that different types of atoms 
exist for every type of matter. This theory was however rejected by many other 
philosophers. However, after 2000 years, this idea was revived by John Dalton.

5.1. Law of conservation of matter

In 1782, a French chemist, Antoine Lavoisier (1743-1794), observed that the mass 
of reactants in the container before a chemical reaction was equal to the mass of 
the products after the reaction. For example, in a sealed container, 2.0 g of 
hydrogen always reacts with 16.0 g of oxygen to give 18.0 g of water. Lavoisier 
concluded that when a chemical reaction occurs, matter is neither created nor 
destroyed but only changed. Lavoisier's conclusion became known as the law of 
conservation of matter.

In 1799, another French chemist, Joseph Proust, observed that the composition of 
water is always 11 percent hydrogen and 89 percent oxygen by mass, regardless 
of the source of the water. Proust studied many other compounds and observed 
that the elements that composed the compounds were always in a certain 
proportion by mass. This principle is now referred to as the law of definite 
proportions.

5.2. John dalton's atomic theory

John Dalton (1766-1844), an English schoolteacher and chemist, studied the 
results of experiments by Lavoisier, Proust, and many other scientists. He 
realized that if matter were composed of indivisible atoms, then a chemical 
reaction would only rearrange those atoms, and no atoms would form or 
disappear. This idea would explain the law of conservation of mass. Also, if each 
element consisted of atoms of a specific type and mass, then a compound would 
always consist of a certain combination of atoms that never varied for that 
compound. Thus, Dalton revived the idea of Democritus, and proposed his 
theory of atom in 1883.

The following statements are the main points of Dalton's atomic theory.

Dalton's atomic theory can be summarized by the following statements:

64



1. All matter is composed of extremely small particles called atoms, which cannot 
be subdivided, created, or destroyed.

2. Atoms of a given element are identical in their physical and chemical 
properties.

3. Atoms of different elements differ in their physical and chemical properties.

4. Atoms of different elements combine in simple, whole-number ratios to form 
compounds.

5. In chemical reactions, atoms are combined, separated, or rearranged but never 
created, destroyed, or changed.

Though now we know that atoms can be divided into subatomic particles, John 
Dalton's ideas led to flurry of activities among scientists that led to modern ideas 
on atoms.

Because of Dalton's atomic theory, most scientists in the 1800s believed that the 
atom was like a tiny solid ball that could not be broken up into parts. In 1897, a 
British physicist, J.J. Thomson, discovered that this solidball model was not 
accurate.

5.3. Thomson's experiment

Thomson pumped most of the air out of a glass tube. He then applied a voltage 
to two metal plates, called electrodes, which were placed at either end of the tube. 
One electrode, called the anode, was attached to the positive terminal of the 
voltage source, so it had a positive charge. The other electrode, called a cathode, 
had a negative charge because it was attached to the negative terminal of the 
voltage source. Thomson observed a glowing beam that came out of the cathode 
and struck the anode and the nearby glass walls of the tube. So, he called these 
rays cathode rays. The glass tube Thomson used is known as a cathode-ray tube 
(CRT). Further experimentation showed that an electron has a mass equal to 
111837 the mass of a hydrogen atom, the lightest atom.

CRTs have become an important part of everyday life. They are used in 
television sets, computer monitors, and radar displays. (Now CRT monitors are 
being replaced with LCD and LED monitors).
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Cathode ray tube

Thomson proposed that the electrons of an atom were embedded in a positively 
charged ball of matter. His picture of an atom, which is shown in Figure, was 
named the plum-pudding model because it resembled plum pudding, a dessert 
consisting of a ball of with pieces of fruit in it cake.

Thomson' model of atom

5.4. Rutherford Discovered the Nucleus

Ernest Rutherford, one of Thomson's former students, performed experiments in 
1909 that disproved the plum-pudding model of the atom. Rutherford's team of 
researchers carried out the experiment. A beam of small, positively charged 
particles, called alpha particles, was directed at a thin gold foil.66



The team measured the angles at which the particles were deflected from their 
former straight-line paths as they came out of the foil. Rutherford found that 
most of the alpha particles shot at the foil passed straight through the foil. But a 
very small number of particles were deflected, in some cases backward, as 
shown in Figure .

This result greatly surprised the researchers —it was very different from what 
Thomson's model predicted.As Rutherford said,"It was almost as if you fired a 
15-inch shell into a piece of tissue paper and it came back and hit you."After 
thinking about the startling result for two years, Rutherford finally came up with 
an explanation. He reasoned that only a very concentrated positive charge in a 
tiny space within the gold atom could possibly repel the fast-moving, positively 
charged alpha particles enough to reverse the alpha particles' direction of travel. 
Rutherford also hypothesized that the mass of this positive-charge containing 
region, called the nucleus, must be larger than the mass of the alpha particle. This 
part of the model of the atom is still considered true today. The nucleus is the 
dense, central portion of the atom. The nucleus has all of the positive charge, 
nearly all of the mass, but only a very small fraction of the volume of the atom.
He also proposed that the electrons revolve around nucleus in orbits. However, 
according classical theory of physics, the revolving electrons will lose energy and 
finally revolve into nucleus. If so happens, atoms can not exist as positive charge 
will neutralize negative charges. His pupil Neils Bohr accounted for the existence 
of atoms.
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5.5. Bohr's Model Confines Electrons to Energy Levels

According to Bohr's model, electrons can be only certain distances from the 
nucleus. Each distance corresponds to a certain quantity of energy that an 
electron can have. An electron that is as close to the nucleus as it can be is in its 
lowest energy level. The farther an electron is from the nucleus, the higher the 
energy level that the electron occupies. The energy levels in Bohr's model can be 
compared to the rungs of a ladder. A person can go up and down the ladder only 
by stepping on the rungs. When standing on the first rung, the person has the 
lowest potential energy. By climbing to the second rung, the person increases his 
or her potential energy by a fixed, definite quantity. Because the person cannot 
stand between the rungs on the ladder, the person's potential energy cannot have 
a continuous range of values. Instead, the values can be only certain, definite 
ones. In the same way, Bohr's model states that an electron can be in only one 
energy level or another, not between energy levels. Bohr also concluded that an 
electron did not give off energy while in a given energy level.

Today the science has developed to such an extent that atoms can be seen 
through a scanning tunneling Microscope (STM).

STM image of Nickel atoms (color added)68



6. THE MODERN VIEW OF ATOMIC STRUCTURE

Since Rutherford's time, as physicists have learned more and more about atomic 
nuclei, the list of particles that make up nuclei has grown and continues to 
increase. As chemists, however, we can take a simple view of the atom because 
only three subatomic particles the proton, neutron, and electron —have a bearing 
on chemical behavior. As noted earlier, the charge of an electron is -1.602 x IO'19 
C.

That of a proton is equal in magnitude, +1.602 x 1049C. The quantity 1.602 x 1049 
C is called the electronic charge. For convenience, the charges of atomic and 
subatomic particles are usually expressed as multiples of this charge rather than 
in coulombs. Thus, the charge of the electron is and that of the proton is . 
Neutrons are electrically neutral

(which is how they received their name). Every atom has an equal number of 
electrons

and protons, so atoms have no net electrical charge.

7. Atomic Numbers, Mass Numbers, and Isotopes

What makes an atom of one element different from an atom of another element is 
that the atoms of each element have a characteristic number of protons. Indeed, the 
number of protons in an atom of any particular element is called that element's 
atomic number. Because an atom has no net electrical charge, the number of 
electrons it contains must equal the number of protons. All atoms of carbon, for 
example, have six protons and six

electrons, whereas all atoms of oxygen have eight protons and eight electrons. 
Thus, carbon has atomic number 6, and oxygen has atomic number 8. The atomic 
number of each element is listed with the name and symbol of the element on the 
inside front cover of the text. Atoms of a given element can differ in the number 
of neutrons they contain and, consequently, in mass. For example, most atoms of 
carbon have six neutrons, although some have more and some have less. The 
symbol (read "carbon twelve," carbon-12) represents the carbon atom containing
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six protons and six neutrons. The atomic number is shown by the subscript; the 
superscript, called the mass number, is the number of protons plus neutrons in 
the atom.

Atoms with identical atomic numbers but different mass numbers (that is, same 
number of protons but different numbers of neutrons) are called isotopes of one 
another. Several isotopes of carbon are listed in.

7. The Atomic Mass Scale

Scientists found, for example, that each 100.0 g of water contains 11.1 g of 
hydrogen and 88.9 g of oxygen. Thus, water contains 88.9/11.1 = 8 times as much 
oxygen, by mass, as hydrogen. Once scientists understood that water contains 
two hydrogen atoms for each oxygen atom, they concluded that an oxygen atom 
must have times as much mass as a hydrogen atom. Hydrogen, the lightest atom, 
was arbitrarily assigned a relative mass of 1 (no units). Atomic masses of other 
elements were at first determined relative to this value. Thus, oxygen was 
assigned an atomic mass of 16.

Today we can determine the masses of individual atoms with a high degree of 
accuracy. For example, we know that the 1H atom has a mass of 1.6735 x IO’24 
and the 160 atom has a mass of 2.6560 x IO-23 g . It is convenient to use the atomic 
mass unit (amu) when dealing with these extremely small masses:

The atomic mass unit is presently defined by assigning a mass of exactly 12 amu 
to an

atom of the 12C isotope of carbon. In these units, an 4H atom has a mass of 1.0078 
amu

and an 16O atom has a mass of 15.9949 amu.

8. Atomic Weight

Most elements occur in nature as mixtures of isotopes. We can determine the 
average atomic mass of an element, usually called the element's atomic weight, by 
using the masses of its isotopes and their relative abundances:

Atomic mass = (sum of the isotopic mass+fractional isotope abundance) x overall 
isotopes of the element
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For example, is composed of 12C and 13C.

The masses of these isotopes are 12 amu (exactly) and 13.00335 amu. 
respectively, making. The atomic mass of the carbon is 

(0.9893)(12 amu) + (0.0107)(13.00335 amu) = 12.01 amu

9. Activities

Perform activity' to prove that atoms have charges, (hint. Look at the 
foil

Static electricity

ii. If all the atoms consist of protons and electrons, find out (from the books 
or internet sources) why many substances such as wood, non-metals, etc 
do not conduct electricity.

iii. Prepare a chart consisting of photographs of various scientists and briefe 
write up about their contributions, in chronological order.

iv. Arrange to have a solid piece of iron, charcoal (carbon), aluminium and 
copper of similar sizes (solid mass having similar volume). Weigh them 
separately and tabulate. Explain your observations.

v. Prepare a tabular column consisting of elements, their isotopes, their 
abundance, and masses.

Resources:

1. Glencoe Chemistry-Concepts and Applications71



2. Holt Chemistry
3. Chemistry-The molecular nature of matter by Jesperson, Brady, and Hyslop, 

2012 edition
4. Chemistry-The molecular science by Moore, Stanistki, and Jurs, 2012 edition

Atom

Eg:
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