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FOREWORD

This training package is developed by FUE, Mysore at the request of 

DSERT, Karnataka keeping in view with the felt-need of the State towards 

improving the quality of teaching in science at the secondary level. The 

package is designed by selecting few important themes running through 

secondary school science curriculum of Karnataka State. The manual is an 

exemplar material, providing guidelines for further development of similar 

packages in other units of science at the secondary level. The description of 

objectives and teaching-learning tasks with appropriate strategies are 

presented. From these experiences, the teacher may enhance his skills and 

expand his capacity to transact in classroom in increasingly meaningful way. 

The manual is organised to guide teachers through sequence of teaching and 

learning tasks. Suggested teacher activities, demonstrations, discussions, 

student supplementary activities and evaluation tools are included.

The prospective users are free to scrutinise, alter or supplement the 

manual to suit their specific teaching and learning tasks. Any suggestions to 

improve the quality of the manual are most welcome.

My debt of gratitude is due to the expert team of preservice and 

inservice teachers, teacher-educators who contributed to the development of 

the package under Dr. G. T. Bhandage as Programme Coordinator.

Principal 
RIE, Mysore
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TEACHING OF SCIENCE - A Desired Approach

Traditionally, teaching of science is teacher 

dominated. The emphasis is on passing on the information of 

science from the textbooks to the students. Since the 

students are required to memorise, which is usually followed 

by forgetting (and that too when one needs the memory most, 

as at examinations), their performance in examinations 

(testing what they have learnt) is pathetic. Immediate 

drastic measures are required to improve the situation

Science - Both as Product and Process
Science is essentially a human activity aimed at 

exploring and understanding the various and numerous 

interactions that take place around us and discover the 

basic natural laws that govern these interactions. The 

activity starts with sensory perceptions, more often aided 

by devices designed for the purpose. Hence science is 

empirical. The activity will not progress unless we quantify 

and establish relationships among related physical 

quantities. Hence experiments are designed, measurements are 

made and the data so obtained are recorded in an organised 

manner (tabulated). This data is analysed and conclusions 

are drawn, which is termed as the 'product' of the 'process' 

starting from observation --> measurement -->data collection 

--> data analysis --> drawing conclusions (product). Hence 

science is both a process and a product.

Teaching vs. Learning
Learning is a pupil activity. The classroom has to be 

'learner-centered'. Teacher's job is to present learning
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experiences and guide the process of thinking so that 

concept formation takes place. Teacher is a facilitator of 

learning.

Objectives of Teaching Science
(i) Scientific Literacy

The product of science is growing at a fast rate and 

it is very difficult to include all of it in the syllabus. 

What should be the scope of the content ? At present one of 

the national goals of teaching science in secondary schools 

is to develop adequate scientific literacy in every student, 

which will help him/her to live as responsible individual in 

a democratic country. The product of science included in the 

syllabus focuses on current issues such as health, balanced 

food, clean environment, conservation of energy and natural 

resources, pollution of various types and methods of 

preventing them, population (family welfare), improving 

agricultural yields, etc.

(ii) Scientific Temper
The other goal of teaching science is to inculcate 

scientific temper or attitude in the students. This means 

desired characteristics such as open-mindedness, believing 

in cause-effect relations, gathering evidences before 

drawing conclusions, suspended-judgement, practicing 

truthfulness and not believing in superstitions, etc. These 

traits can best be inculcated by making them to experience 

the actual demonstration of "problem solving" skills in the 

classrooms. Besides, creating democratic atmosphere in 

classrooms, exposing children to scientific literature will



*
ix

help them to become scientific tempered to some extent. If 

we present how the "products" are obtained by adopting steps 

of scientific method, children can on their own "self-learn" 

and expand the horizon of their understanding.

(iii) Scientific Method
It involves a cycle of steps. Study the write-up given 

below and identify the steps involved.

An inquiry into the motion of an air bubble
[Apparatus: Carefully fill a burrette almost completely with

water and put a tight fitting rubber cork such that about 

0.5 cm space at the top for an air bubble is left].

1. Observation
Hold the burrette inclined such that air bubble is at 

the bottom. Repeat a few times. Record your observation.

2. Identifying Problem
When a body is in motion one is interested in its 

speed. Problem identified is speed of the air bubble.

3. Stating the Assumption
What do you assume/hypothesise regarding the speed of 

the air bubble (Hint: constant/variable) ? Assumption - 

Constant speed. What is the next step ? (verify the 

assumption)
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4. Experimentation
(a) Designing
Identify the physical quantities needed to be measured 

(position as a function of time or time as a function of 

position). Which one is more convenient ?

(b) Setting up experiment
What physical quantity is to be controlled ?(Inclination) 

Let them observe the speed as air bubble is made to move 

for greater inclination including vertically upwards. 

[Note: When a physical quantity depends on a few 

quantities A, B, etc., take only one variable at a time, 

keeping the others constant.

(c) Measurement
There may be a few ways of going about measurement

(collecting data). Select the suitable one depending on 

abilities of students, availability of materials, etc. We 

take up this procedure. Leaving about 10 cm on the lower 

side of the burrette,mark the positions 0, s^ and S2 such 

that 0S]_ equals S]_S2- Measure the time required for 

travelling os^ and S]_S2 in separate trials.

[Every measurement has some errors. Here so called 

personal error comes in seeing and simultaneously 

starting or stopping watch. How to minimise the error ?

Take a few trials and take the mean of values close to

each other.]
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(d) Data Entry-
Enter the data obtained in a suitable table.

Distance 
s (cm)

Trials Time taken 
t (s)

Mean value 
t (s)

OS]_

1

2

3

4

L1

sls2

1

2

3

4

t2

(e) Data Analysis
1. How do displacements os^ and 0S2 compare ?

2. How do mean time taken t]_and t2 compare ?

(f) Draw Conclusion
Equal distances are travelled in equal intervals of time.

So air bubble in water medium travels with constant

speed.

(g) Validity of Conclusion
Assumption is validated.

Discussion: Sources of error and the ways to eliminate

or minimise.
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5. Further Investigations
For a given inclination the air bubble moves with 

constant speed. What about the speed as inclination is 

varied ? (Problem)

[Evaluation item: Write an instruction sheet as 

illustrated above for the problem:speed of air bubble--> ,

inclination] i
Summarise: Identify the cycle of steps of the scientific

method.

Therefore scientific method is nothing but problem

solving technique. It has a cycle of steps starting from 

observations and runs as follows:

of theory conclusions

In short, scientific method can be regarded as making

assumption (hypothesis) and verifying.
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for discussion of theory

Classroom

Theory)

Science is defined as an 'organised' knowledge. What 

is this organisation ? The schemata of organisation is as

follows:

To describe 
observations made

Observation -------------------- > Physical quantities
[Matter, its properties, interactions 
with others, phenomena and
processes in nature)

Combining relevant
---------------------> pacts
Physical quantities

Classification and 
Seeking regularity or

Commonality in a 
collection of facts

Working out a grand
Generalisation ---------------------- > Theory/Model
laws/principles conceptual scheme

--------------- > Predictions (to be verified)

As students gather content in classrooms, the teacher 

should help them to acquire the ability to organise as done 

by scientists. From this organisation, one can conclude that 

the ultimate goal of teaching science is to enable the 

children to construct a model or formulate a theory in 

order to explain the facts, i.e. working backwards (as an 

illustration, see the development of a model of structure of

an atom).
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Self-Learning by Students
At the secondary stage of education teaching and 

testing at 'Development Level' can be undertaken with 

benefit. This requires teachers to encourage "self -learning" 

by students. How to do it ? Teacher should confine, at first 

instance, to teach what is basic or essential principle or 

concept in the topic and the rest for self-learning. Then, 

when unit tests are conducted, some questions on content 

assigned for self-learning are to be included. After valuing 

the papers, teacher can discuss the answers, thereby the 

portion given for self-learning can be considered taught. 

This in a way amounts to revision of basics taught earlier. 

Desired Approach to Teaching Science
1. Adopt "process" approach, whatever be your strategy-

demonstration, discussion, lecture method, project

method, etc.

2. Keep in mind the structure of science--organisation

of knowledge acquired.

3. Remember, teaching is for learning, which is a pupil 

activity --> active involvement of the students is 

needed, for which teaching has to be activity based.

4. Involve students in physical, more importantly in mental 

activities --> guide them in thinking and "concept

formation" .

5. Make your evaluation "objective based". Your question 

paper should reveal your real intentions --> the level of 

learning that you have expected. Remember that the 

students tend to learn in the way you test them. If your
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teaching is at the "understanding" level, test them 

at the understanding level and to some extent at 

"application" level. About 50% weightage could be given 

for questions at knowledge level.

6. Teacher can supplement his classroom instruction by using 

educational technology devices and materials such as 

video films, audio tapes, computer, CD roms, floppy 

discs, internet resources, etc.
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1. WAVES

1.1 INTRODUCTION
Waves are produced by vibrating systems. Mechanical 

systems like stretched wires/strings and air columns produce 

mechanical waves known as sound waves, Ultrasonics and

Seismic waves are also mechanical waves which are discussed

briefly.

Oscillating electric and magnetic fields produce 

electromagnetic waves such as radiowaves, microwaves, 

infrared rays, visible light, ultraviolet rays, X-rays and

gamma-rays.

Some details of these topics which are the felt needs 

of teachers are discussed here. We have presented 

appropriate activities/strategies for these topics and tried 

to describe wherever possible how the concepts are evolved 

over a period of time. Teacher may use these materials to 

plan suitable learning 'experiences and evolve new outlook or 

different approach in teaching.

1.2 INSTRUCTIONAL OBJECTIVES
To enable the students to

1. recall how intensity of earthquake can be estimated.

2. discriminate between sound waves and ultrasonics.

3. illustrate the working of a Peizo electric crystal.

4. solve problems using distance-time relation.

5. discriminate between Newton's theory and Huygen's theory 

of propagation of light.
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6. discriminate between Huygen's theory and quantum theory 

of propagation of light.

7. identify the various sources of electromagnetic waves.

8. distinguish between electromagnetic waves and sound

waves.

9. explain the mechanism of propagation of electromagnetic

waves.

10. identify the sources of the different components of the 

electromagnetic spectrum.

11. classify components of electromagnetic spectrum in an 

order in terms of wavelength, frequency.

12. identify the regions of IR and UV in the spectrum.

13. give reasons why different broadcasting stations have 

different frequencies.

14. relate the properties of infrared rays, X-rays, Gamma 

rays, to their applications.

15. distinguish between chemical and physical processes for

sterilisation of water.

16. give reasons for protecting the ozone layer in the 

atmosphere.

17. hypothesise how ionosphere is formed.

18. recall the benefits of X-rays in medical diagnosis and 

in industry.

19. recall the radioactive hazards.

20. solve numerical problems using the formula c = nx .
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21. identify the factors on which the energy of a wave 

depends .

22. give reasons why fluorescent tube is more efficient than 

an electric bulb.

23. discriminate between Raman effect and fluorescence.

24. infer why LASER is used to estimate the distance of

distant bodies.

1.3 CONTENT DEVELOPMENT
The teacher may try the following activity in the

classroom.

1.3.1 Mechanical Waves
1.3.1A Seismic Waves - Earthquake

The surface of the earth is covered by a thin layer of 

soil. Below this layer is a region of hard substance called 

the crust. Rock layers of crust can move and thereby shift a 

part of the crust to a new position. The shift is normally 

slow and takes hundreds of years. But sometimes, the crust 

shifts suddenly and when this happens, there is an 

earthquake.

Whenever there is an earthquake, seismic waves are 

produced. These waves travel through the earth in all 

directions. If the intensity of this wave is large lots of

destruction is caused.

1.3.IB Detection of Earthquake
Seismograph is used to record the seismic waves 

produced during an earthquake. This instrument is very 

sensitive and can even record minute disturbances. When the



-4-
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is made in the form of a graph, on a moving roll of paper 

fixed to a rotating drum. This record is then interpreted.

1.3.1C Ultrasonics
A normal human ear can hear sounds produced by objects 

vibrating at frequencies from 20 to 20,000 Hz. This range of 

frequencies is called the audible range. Bodies vibrating 

with frequencies greater than 20,000 Hz will also produce

waves in air but human ear is not sensitive to such

frequencies. Sound waves having frequencies beyond the upper 

limit of audible range constitute the ultrasonic sound and 

these frequencies are called ultrasonic frequencies.

Dogs can hear ultrasonic frequencies upto 50,000 Hz. 

Bats produce ultrasonic pulses of frequencies ranging from 

30,000 Hz to 50,000 Hz. These pulses are echoed by obstacles 

in their path. The bats can detect the echoes and locate the 

object. This is the principle of SONAR (Sound Navigation 

and Ranging). In what follows, the principle of production

of ultrasonics waves is described.

If an alternating potential difference is applied 

between a pair of opposite faces of a quartz crystal, then 

there will be corresponding increase and decrease in length 

between another pair of opposite faces. This causes 

mechanical vibrations of the same frequency as that of the 

alternating electric potential. If the frequency of the 

applied alternating potential difference is equal or nearly 

equal to the natural frequency of the crystal, resonance
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occurs and ultrasonic vibrations of large amplitude are set 

up in the crystal. The frequency of the ultrasonics produced 

by a quartz crystal depends entirely on its thickness. Such 

crystals are called Peizo-electric crystals.

1.3.ID SONAR
Activity

Stand in front of a distant wall. Produce loud sound.

If the distance is more than about seventeen metres an echo

can be heard. If the time taken ' t' by the sound waves to go 

to the reflecting wall and come back to the source is known,

the distance 'd' between the source and the wall can be

calculated, knowing the velocity of sound 'v' in air.

vt
d =---

2

When an ultrasonic pulse impinges on an object, the 

pulse is reflected back and the reflected pulse can be 

detected. By determining the time elapsed between the 

emission and reception of the ultrasonic pulse, the distance 

and hence the location of the object can be found. This is 

the principle of SONAR. By this technique, the depth of the 

sea can be determined, the presence of submarines, shoals of 

fish, sunken obstacles like iceberg, can be detected.

1.3.2 Electromagnetic Waves
1.3.2A Dual Nature of Light

During the course of teaching-learning process teacher

can narrate the evolution of science. How are the hypothesis
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modified, h;zzw are the theories redefined according available

experimental1 evidences and logic. Here is one such example.

How s:zrange ! Light has dual nature. This theory was

evolved ovezr a period of three centuries, after theories

successful in explaining some facts failed to explain

others.

In the middle of seventeenth century Newton said that

a source of light emits light particles called corpuscles.

These parti;:les need a material medium to travel and they

travel in straight lines. This theory could explain

phenomenon of reflection, but it could not explain

refraction. According to this theory the corpuscles are 

attracted mere by particles of a denser medium than that by 

a rarer medium. This implies that velocity of light is more 

in glass than in air. This is contrary to experimental

observation.

In the end of seventeenth century Huyghen suggested

that light €energy travels in waves. According to him they

are longituciinal waves and they need a material medium to

propagate. This theory could explain phenomenon of

reflection, refraction, interference, etc. but not

polarisaticr:. We know that longitudinal waves cannot be

polarised whereas light can be polarised. So this theory too 

is not satisfactory.

Later in the beginning of nineteenth century Fresnel

said that licht travels as transverse waves and these waves
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need medium to propagate. This hypothesis proposed that 

space is filled with 'ether'.

At the end of nineteenth century the results of 

Michelson and Morley experiment conclusively proved that 

ether medium does not exist and the light waves are

transverse and that it can travel in vacuum. About the same

time Maxwell theoretically proved that velocity of light is 

equal to velocity of electromagnetic waves. This suggested 

that light is an electromagnetic wave a transverse wave

which can travel in vacuum.

But this theory could not explain the results of 

photoelectric experiments. In the beginning of twentieth 

century Einstein explained these results on the basis of 

quantum theory. In this explanation the source emits photons 

- quantum of energy, which is associated with a frequency 

u (E = hu), the characteristic of a wave-packet. So light 

has both particle characteristic and wave characteristic. It

has dual nature !

1.3.2B Electromagnetic waves around us
Wave phenomenon is one of the key concepts in Physics. 

Waves transport energy and momentum from place of origin to 

other places. Hence they are extensively employed in the 

fields of communication (audio and video) entertainment,

study of structure of matter, health, etc.

In fact we do not realise to what degree we are bathed 

in electro-magnetic radiations. The Sun is the predominant

source of radiations which determine the environment to
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which we have adapted ourselves. Besides there are 

radiations from terrestrial sources - Radio or TV signals, 

microwaves from radar and telephone relay systems, light 

bulbs, heated engine blocks in automobiles, X-ray machines, 

fireflies, lightning flashes, radioactive materials in the 

earth, etc. In addition we also receive these from extra

terrestrial sources.

In this section we talk to the teachers regarding the 

strategies that could be employed so that learning becomes 

meaningful and effective. We limit the treatment to a purely 

qualitative one and at an elementary level.

Suggested Teaching Strategies
One of the basic principles in employing a strategy of 

teaching is to go from known to unknown. This unit is 

naturally taken for teaching after completing the unit 

on mechanical waves and their properties. During the 

development of the subject the teacher builds on the 

previous understanding on waves, so that a comparative study 

can be attempted. Oersted's and Faraday's experiments on 

electro-magnetic induction are recalled at appropriate 

places. If the students background knowledge is not 

satisfactory - the concept of wave phenomenon, its 

propagation, speed of propagation can be demonstrated using 

a slinky, (a long metal spring) that is commercially 

available. Oersted's and Faraday's experiments could also be 

demonstrated. The following sequence of questions,activities 

and discussion could be employed for teaching.
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1.3.2C What is an electromagnetic wave ?

1. What is the definition of the term wave ?

2. Do you know some examples of electromagnetic waves ? 

Where do they originate ?

3. Draw the attention of the students to their experience in 

listening to radio programmes (not FM) when (i) there is 

lightning in the atmosphere and (ii) the grinder/mixer is 

in use in the kitchen.

The noise (static) in the

some '

radio receivers that is

haveheard must be due to disturbances' which

originated at the site of lightning in the atmosphere/at the

contact brushes in the mixie, travelled through the
intervening space and detected by the radio. This is an

example of an electromagnetic wave.

(Q-l: Cite some other examples of this kind).

4. What is lightning ?

Air, normally an insulator starts conducting in 

presence of strong electric field existing between the 

layers of cloud or between cloud and ground. The 

electrons get accelerated, collide with gas atoms, and 

ionise them. The moving electrons and the ions constitute 

an electric discharge, called lightning.

One of the sources for generation of electromagnetic 

waves is the electric discharge or accelerated charges. 

(Q-2: Where in the mixie such a discharge takes place ?)

5. Do you think that we see the lightning flash as it 

occurs ? (Hint:What is the mechanism of wave propagation? 

Suggest ?)
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In the mechanism of wave propagation a 'disturbance' 

produced in one region produces at a later time a 

disturbance in the adjacent region, which in turn 

produces a disturbance at a later time in its adjacent 

region and so on. The 'news' about the flash reaches us

after some time.

Which travels faster - electromagnetic wave or sound ?

Draw the attention of students to the delay in seeing 

the lightning flash and hearing the thunder accompanying. 

How do you account for the delay ?

Electromagnetic waves travel much faster than the

sound waves. Provide the data

Speed of electromagnetic wave
in free space

Speed of sound in air

C = Speed of light 
= 3.0 x 10 8 ms-1

= 331 ms -1 at NTP.

Study the data on speeds of electromagnetic waves and 

sound given in Table 1. What conclusion can be drawn ?

Table 1

Medium Speed of light Speed of sound
ms" 1 at NTP ms'1 *

Vacuum 3.00 x 108 0

Air (gas) 3.00 x 108 331 (NTP)

Water (liquid) 2.25 x 108 1440 (NTP)

Glass (solid) 2.00 x 108 5300 (273 K)

Q-3: Study the table given above.
Answer the following questions.

(i) As one goes from gas --> liquid --> solid, how does the
speed of (a) light, (b) sound, change ?



-11-
1.3.2D Earlier principles recalled
1. Draw the attention of students to two experiments - 

(i) Oersted's and (ii) Faraday's (on electro-magnetic 

induction). Demonstrate these experiments.

Oersted's experiment has established that an electric 

current in a conductor produces a magnetic field around it.

The magnetic field is represented 
- > - >
(B-lines). The B-lines circle

perpendicular to the conductor.

............. gf,"'I !, Current

[ron filings around a wire carrying a 
strong current. (Courtesy Physical 
Science >tudy Committee.)

by magnetic

the conductor 
LINES OF B

flux lines

planesin

Lines of B near a long, circularly 
cylindrical wire. A current l. 
suggested by the central dot, 
emerges from the page.

B

A useful rule: If the thumb 
points In the direction of the 
flow of charge, the fingers 
curl In the direction of the 
magnetic field. Use the right 
hand for positive charge flow,

Magnetic field of long straight conductor

Fig. 1.1
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2. Lead the students to infer that an electric field is 

associated with the current. For this, discuss the 

circuit given below.

Fig. 1.2
AB is a conductor of length 1 across which a potential

difference V volt is applied. A potential gradient V/l is

set up. (A is at a higher potential indicated by +ve sign

and B is at a lower potential indicated by -ve sign).

This potential gradient is a measure of the electric 
- >

field E in the conductor. Point out that the direction of 
- >
E is in the direction of current (direction in which +ve 

charge would move).

Note to the teacher: When we study the circuit behaviour

we use physical quantities (macroscopic) such as current

(I), voltage (V) and resistance (R). In fact R = V/I. But

when we study the electrical property of the material of

the conductor we use the quantities (microscopic) : 
- > - >

electric field E, current density (j) and resistivity p. 

(p = E /j) .
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When an arrow is placed on a symbol representing a 

quantity or represented in bold type one has to consider 

the direction in addition to its magnitude.

3. Observe the relative orientations of E and B arrows in

Fig. 1. How are they oriented ?

B-arrow is in the plane perpendicular to the wire.
- >
E-arrow is along the wire. The directions are at right 

angles to each other.

Observe the Fig. 1(b). Note the spacing between the 
- >

circular lines of B-flux as you go outward from the wire. 

What does this suggest ?

The separation between two successive flux lines 

increase. This indicates that the intensity of the 

magnetic field decreases as we go outward from the region 

of the wire. [Intensity of a field is determined by the 

flux density - number of flux lines per unit area normal 

to flux lines.]

What changes occur if the current in the wire is

reversed ?

The magnetic flux lines are still circular, but the

direction is reversed.

What changes occur if the current in the wire is

increased ?

The intensity of the magnetic field at a given point

increases with the increase in current.
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7. Suppose that we change the current periodically as given 

in Fig. 1.3(a).

There is a periodic variation in the intensity of the 

magnetic field at a given point in the region as shown in

8. Faraday's experiment has established that when a 

conductor moves across magnetic lines of force a current

is induced in the conductor.

9. What causes this induced voltage/current ?

The changing magnetic flux linkage causes the induced 

voltage and hence a current in the coil.

Fig. 1.4



-15-
10. Is a conductor absolutely necessary for the production 

of the electric field from time varying magnetic field ?

Support your answer.

(Electric field can be set up in a medium - eg. electric 

field around a charge).

1.3.2E Induced Electric Field

1. Suppose that we study this phenomenon in a better set-up

as in the region of space between the pole-pieces of an

electromagnet (Fig.1.5a). Further, by varying the current 
- >

in the coils of electromagnet, the B-field can be varied.

2. In the figure 1.5 we show a region of space in which the
- >

magnetic field is increasing. B is directed into the

page. Induced electric field is represented by flux lines 
- >

forming loops. The direction of E is anticlockwise. The 
~ > - >

direction of E will be clockwise when B is diminishing. 
- > - >

Again note that E and B are at right angles to each

TIME-VARYING 
MAGNETIC FIELDS

The induced electric fields at tour 
points produced by an increasing 
magnetic field. (The magnetic field 
cannot end abruptly at radius R but 
must approach zero gradually.

Fig. 1.5
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‘ 4-4-1
•>

Z
When the magnetic field B between <.he poles of an
electromagnet starts to increase, an electric field 
2 is induced. The^faster B changes, the more in
tense E is. When B diminishes, an £ field is agair 
induced, in the opposite direction.

Fig. 1.6
3. Study the Fig. 1.6 and answer the following questions.

(i) What happens when the 
- >

magnetic field B starts 
to increase ?

An electric field 
- >
E is induced.

(ii) What is the angle between 
E-vector and B-vector ?

- >
(iii) How does E change as the 

- >
changes in B are made 
faster ?

(iv) What happens when 
- >
B diminishes ?

90°

E increases

(v) Hew does E vary as 
distance changes ?

An E field is

again induced in 
the opposite 
direction 
- >
E field varies 
as the distance 
varies
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4. Draw the diagram of induced E as a function of time.

A changing magnetic field produces an electric field.

Induced electric field vector is at right angles to the 

magnetic field vector B. The magnitude of E depends on 

position and on the -rate at which B is changing.

1.3.2F Induced magnetic field
1. Hitherto,we know that an electric current causes magnetic 

field. Is this the only source of production of the 

magnetic field ? Is there any other method ?

James Clerk Maxwell appealed to 'symmetry' in nature. 

For example, we can produce a magnetic field by an 

electric current, will the reverse/reciprocal process 

work ? That is, can the magnetic field generate an 

electric current ? The answer is yes. Faraday's

experiments on electromagnetic induction confirm it.
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2 . We have seen above that a time-varying magnetic field 

induces an electric field. Will the reverse/reciprocal be 

true ? That is, will a time varying electric field induce 

the magnetic field ?

The study can be performed in the region of space 

between a pair of parallel conducting plates connected to 

a source of electric current (Fig. 1.8b).

Study the Fig. 1.8a. We show a region of space in which 
- > - >

the electric field E is increasing. The direction of E is 

into the page. Induced magnetic field is represented by

loops. The direction of

difference between this and

field.)

- >
When E is diminishing the 

clockwise. Again note that E

is clockwise (Note the

that for induced electric

- >
direction of B is anti- 

- >
and B are at right angles.

INDUCED MAGNETIC 
FIELDS

1*3 (u) Showing the induced magnetic
fields B at four points, produced bv< 
changing electric field E. The 
electric field is increasing in 
magnitude.
(M Such a changing electric field 
mav be produced by charging a 
parallel-plate capacitor as shown.
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#

When the electric field E between a pair of charged 
plates^starts to increase in intensity, a magnetic 
field B ^s induced. The faster E changes, the more 
intense B is. When E diminishes, a B field is 
again induced, in the opposite direction.

Fig. 1.8
From the diagram 1.8(c) we note that as charges are 

moved onto the plates through the conductors connecting them 

to the source, the electric field in the space between the 

plates increases with time. This changing electric field 

produces a magnetic field that varies with distance from the 

region between the plates.
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- > - >
The faster E changes, the more intense B ls

- >- >
When E diminishes a B field is again induced in 

opposite direction.

tne

Fig. 1.9
Ask the students to note the angle at a point between

- > - >
E and B vectors

- > - > 
(The induced B vector is at right angles to the E

vector).

Could this induced magnetic field be measured by 

direct experiment ?

(Teacher gives information: The effect is too feeble

for direct measurement)

Experimental Results
A changing electric field produces a magnetic field. 

- >
The induced magnetic field vector B is at right ancles to 

- > - >
the electric field vector E. The magnitude of B depends on
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position and on the rate at which E is changing. The induced 

magnetic field is too feeble for direct measurement.

1.3.2G Propagation of electromagnetic waves
Teacher describes the following sequence of events:

Suppose we create in a certain region of space, the 

electric and magnetic fields that change with time.

- >
When we create an electric field E that varies with 

- >
time, a magnetic field B that varies with time and with

distance from the region where we created the changing 
- > - >

electric field E is induced. This induced magnetic field B 
- >

that is changing with time in turn induces an E that changes 

with time and with distance from the region where we created 

the changing magnetic field. These changes occur together.

This reciprocal induction of time and space varying 

electric and magnetic fields makes possible the following 

unending sequence of events.

A time-varying el-ectric field in one region produces a

time and space varying magnetic field at points near the 
- >

region. This B produces a time and space varying E in the 
- >

surrounding space. Thus E, in turn produces time and space

varying B in its neighbourhood and so on. The direction of 
- > - >

propagation is perpendicular to both E and B. Thus an

electro-magnetic disturbance initiated at one location car.

travel to distant points through the mutual generation of 
- > - >

the E and B fields. The electric and magnetic fields "join 

hands", so to speak and "march off" through space in the 

form of electro-mangetic waves.
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%

Fig. 1.10
1.3.2H Kinds of electromagnetic waves

Are light and heat electromagnetic waves ?

Recall how we defined lightning - electric discharge -

jumping of electrons - when charges are accelerated, 

radiations are emitted. In an excited atom electrons "jump" 

from higher energy levels Eg to lower ones El-

Recall the mechanism of emission of radiation from

higher energy levels Eg to lower ones 'El'. Radiation takes 

place. The quantum of energy (called photon) associated with 

that radiation is Eg - El which is proportional to the 

frequency: (Eg - El)qu •

c
Eg “ Eg = hu = h --

u - Frequency of radiation

h - Plank's constant

x - Wavelength

c - Velocity of light in free space
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With electrons in the outermost orbit ultraviolet (UV), 

visible light and infrared (IR) or heat radiations are

obtained.

If (Ej| - El) is moderate, visible radiation is emitted

If (Eh - El) is low - infrared radiation (or heat) is 
emitted

If (Eh - El) is large - ultraviolet radiation are emitted

If (Eh - El) is very large and inner electrons are involved 
so called characteristic X-rays are produced.

What about the emission of y-radiation ?

As you go from infra red to X-rays we are going from 

outer electron to inner electron. The quantum of energy of 

the respective photons increases. y-ray photons are more 

energetic than X-ray. This logic may suggest that y-rays 

originate from the depth of the atom. Will this be from the 

nucleus ? Evidences show that y-radiation originate in some 

energy changes in the nucleus. When the nucleus decays, it 

may find itself in an energetic state. Stable state will 

result if it comes to a lower energy state. The nucleus 

attains a stable state by emitting highly energetic

radiation.
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Photon

An electron absorbs energy 
when it jumps to a higher 
energy level

An electron emits a photon 
when it jumps to a lower 
energy level

Mechanism of radiation from an atom

Schematic diagram illustrating («) the 
ionization of an atom by a high-speed electron, and 
(b) the subsequent jumping of an inner electron with

the simultaneous emission of an X ray.

Diagram illustrating the production of u 
photon by a high-speed electron as it passes through 
an atom close to the nucleus (“Bremsstruhlung").

ground
level

Energy-level diagram illustrating 3-ray 
emission followed by y-ray emission.

Orbital electron ejected by a y-ray from 
the same atom's nucleus. Interna! conversion.

Fig. 1.11
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Is a medium essential for the propagation of electo- 

magnetic waves ?

We have seen above that heat and light are electro

magnetic waves. Draw their attention to the predominant 

source of heat and light on our earth, i.e. the Sun. What do 

you know about the intervening space, from beyond the 

earth's atmosphere to the Sun ? What can you infer from this 

fact ? Electromagnetic waves can travel in vacuum.

State the difference between mechanical waves and 

electromagnetic waves with regard to their propagation in

vacuum.

1. What physical quantities are used to describe an

'electric disturbance' responsible for electromagnetic

waves ?

- >
The disturbances are described in terms of E field

vector and B field vector as a function of time and 

position.

2. What energy-changes occur as electromagnetic waves

travel ?

As the waves propagate, energy oscillates from

potential energy in the electric field to the potential

energy in the magnetic field and vice versa.

Potential energy in the _______ > Potential energy in
electric field <_______  the magnetic field

3. Is electromagnetic wave transverse or longitudinal ? 

Support your answer.

(Hint: Find the direction of propagation with respect to the 
- > - >

direction of E and B.)
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1.3.21 Speed of electromagnetic wave
Draw the attention of students to the properties of

the medium that determine the speed of propagation.

(Elasticity --> Stiffness --> Mechanical potential energy of 
deformation)

(Inertia --> Density --> Kinetic energy)

I Elasticity 
Velocity = / ----------

\/ Density

James Clerk Maxwell assuming that some such quantities 

should also hold good in case of electromagnetic waves 

looked for analogous quantities. He argued that

1. the electric field is analogous to stiffness and

2. the magnetic field is analogous to density. He proved 

mathematically that the ratio of the electric field to 

magnetic field gives the velocity of the wave in che

medium.

Electric field E
Electromagnetic wave speed c = --------------  =--

Magnetic field B

(Note the difference: No square root sign in this case.) 

This value of c is constant in vacuum/free space for

all kinds of electromagnetic waves.

Wave speed in vacuum/free space
The intensity of the electric field is determined by a

property eQ - the permitivity of free space. The greater the 

permitivity, ohe weaker is the electric field. Similarly, 

the intensity of the magnetic field is determined by a 

property --> the permeability of free space/vacuum. The
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greater the permeability the greater is the intensity of the 

magnetic field.

For free space these properties are related to the 

speed of propagation c. We have
/ i

c = / ------ =3x10° ms"1
o o

This is a constant of nature.

I i
For any other medium, v = /--------- where e is the

\/ ev

permitivity and u is the permeability of the medium.

1.3.2J Characteristics properties of waves
Draw the attention of students to the properties

exhibited by waves: reflection, refraction, diffraction, 

interference, polarisation.

Discuss the situations where electromagnetic waves 

exhibit these phenomena.

(Q: Which of the above properties are not exhibited by

sound ?)

Give an assignment for distinguishing between mechanical 

and electromagnetic waves.

Factors Mechanical -lectro-magnetic 
waves

Disturbance Elastic deformation Changes in electric 
and magnetic fields

Speed Much less than c c = 3 x 108 ms'1 
in vacuum

Type Longitudinal or 
transverse

Only transverse

Necessity of 
medium for 
proDaaation

Do not propagate 
in vacuum

Propagate in vacuum



-28-

Transverse waves can be polarised. Longitudinal wave 

cannot be polarised.

Q.4. When a knife is sharpened using a grinding machine 

'sparks' fly off. Do they produce electromagnetic 

waves? Explain.

Q.5. Sun's radiation has heat and light components. At the

instant a solar eclipse begins both heat and light

waves are cut off at the same time. What does this

suggest regarding the speed of propagat ion of these

waves ?

1.3.3 ELECTROMAGNETIC SPECTRUM

The nature of the electromagnetic waves is now*
understood by the students through analogies , examples and

simple experiments.

What is the major source of these electromagnetic

waves ?

Teacher can initiate the discussion on this and elicite

some answers which need not be specific.

The outcome of the discussion can be summarised.

Sun is the major source of electromagnetic waves of 

different wave lengths. Heat waves and light waves are very

familiar to us.

If we pass a ray of sunlight through a glass prism we 

get a band of colours called spectrum.

Students may be asked to draw the following diagram.
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Experiment demonstrating the existence of the ultraviolet and infrared rays beyond 
the visible spectrum.

Fig. 1.12
This spectrum is called visible spectrum.

There are waves which are invisible and fall on either 
side of visible spectrum.

The discovery of heat waves or infra red radiations 
which are longer in wavelengths when compared to visible 

red, was made by using a quartz prism instead of glass 

prism.(Glass prism absorbs many of the invisible radiations)

A thermocouple is used as a sensitive heat detector

and it detected the infra red waves.

The curiosity of man drew him to explore beyond

visible spectrum.

Wavelengths shorter than visible violet were also 

detected. These invisible rays are now called ultraviolet

rays.
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Ultraviolet rays cause fluorescence in minerals. It is 

possible to show the presence of these rays using this 

property. When a powerful beam of sun light is passed 

through a quartz prism, a visible spectrum can be obtained. 

The visible spectrum can be blocked and a fluorescent tape 

can be kept at the end of violet colour of visible spectrum. 

Fluorescence can be observed. It is also possible to detect 

these radiations by ionisation.

It is now established that the electromagnetic waves 

exist over various wavelengths and frequencies and with 

widely differing properties and applications.

The entire range of electromagnetic waves from 
radiowaves (104 m ) to gamma rays (10-12 m ) is called 

electromagnetic spectrum. In the order of increasing 

wavelength the electromagnetic waves can be arranged as

follows.

1. y-rays 10-12 m

2 . X-rays io-io m

3 . UV rays IO-8 m

4 . Visible light 4 x 10-7 to 7 x IO’7 m

5. Infrared radiations IO"6 to IO-4 m

6 . Short radio waves IO-2 to 102 m

7 . Long radio waves 102 to 104 m
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r1

1 0
Hz r

102 r
-1 kHz

104 10°

Frequency. Hz

IQlH 102O jq22 1024
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108 io10 io12 io14 io16

Infrared f Ultraviolet 
Visible

Gamma raysLong radio waves AM FM. TV

Short radio waves x-rays

10s 10* 104 L ‘°J
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io~z io~4
i- 1 cm

ig-b 1Q-B
hi Mm

lO-io 10-t2 10-n 10-4
f-1 nm

Wavelength. m

The electromagnetic spectrum. Note 
that both scales are logarithmic. The 
terms gm and nrn are micrometer 
andnanometer. respectively; both 
are accented on the first syllable.

Fig. 1.13
Activity

Problems using the formula c = nx may be coined.

Eg: What is the frequency of a radiowave if the wavelength

is 45 m ?

The entire class may be divided into four groups 

and each group may be assigned with a specific task of 

collecting information about principle of production, 

properties and uses of each component of the electromagnetic 

wave. For example, the group 1, 2, 3 and 4 may be assigned 

the topics radiowaves, infrared and ultraviolet rays, 

visible light and X-rays and gamma rays respectively. 

Textbook itself may be used as a source.

The students may be asked to present the information

collected before the class. Discussion can be initiated.

Teacher may elaborate certain points, may highlight

certain uses, and pose problems.
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1.3.3A Radio Waves
1. Teacher may elaborate certain points such as short wave, 

medium wave or long wave radio waves.

2. Working of oscillator and antenna may be elaborated to 

provide missing links.

3. Elementary idea of radio transmission and reception with 

minimum technical jargon may be explained.

4. The principle of radar is already known to them. Teacher 

can supplement the knowledge by a numerical problem.

Eg: A radar detects a jet plane. If the time interval 

between sending of a radiowave of wavelength 30 m and its 

reception is 0.25 seconds, what is the distance of the 

jet from the radar station ?

The idea of Doppler effect may be introduced to tell 

that the velocity of the jet plane and its direction is 

determined on the basis of relative (apparent) shift in 

the frequencies of the incident wave and reflected wave.

5. Teacher may pose a problem such as radio transmission is 

comparatively easier. But long distance TV transmission 

requires a relay station or a satellite. Why ?

Teacher may highlight the importance of ionosphere. 

The knowledge of layers of atmosphere studied earlier, 

may be linked to this topic.

1.3.3B Infrared and ultraviolet rays
1. Which layer of the atmosphere does not allow ultraviolet 

rays to pass through ? What happens if the layer is 

damaged ? or is depleted ?
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The causes of the depletion of ozone layer, the role 

of CFCs may be discussed briefly.

2 . The ultraviolet rays from the sun are absorbed by the 

ozone layer. The molecules breakup and join and in the 

process the energy of ultraviolet rays are used up.

3. The advertisements appearing in newspapers, TV about 

sunfilter, or ultraviolet filter screen or creams may be 

mentioned without highlighting consumer culture and

without bias.

4. The modern non-chemical(physical) method of sterilisation 

of water using ultraviolet rays may be mentioned.

5. The above points may be used as motivating factors.

6. Ultraviolet rays are produced by electrically heated 

filament covered with quartz envelope. Ordinary glass

absorbs most of the other radiations and allows visible

light to pass through. A quartz filter which allows the 

UV rays to pass through are used in the production of UV

rays.

7. When UV rays fall on minerals they glow (fluorescence). 

The type of light or fluorescence colour, broadly helps 

in detecting the mineral. This is the quickest mechod of 

identifying a mineral.

8. In microwave ovens electromagnetic waves shorter than

radio waves are used to heat the food items. The food

items and not the containers in these ovens absorb the

microwaves and become warm.

9. Infrared rays are produced by hot bodies.
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10. Two hot bodies at 60°C and 100°C emit IR rays. Which of 

these two IR waves has higher frequency ? and higher 

wavelength ?

11. The time honoured technique of applying ointment and 

warming (fomenting) for muscular pain may be highlighted 

to bring home the important application of IR in medical 

therapy.

12. When IR penetrate the surface of an object the energy of 

IR quanta is transferred to the atoms and molecules of 

the objects. Thus the molecules become more energetic 

and move about more violently thus the temperature of 

the body increases.

13. Infrared rays are used to dry fruits, foodgrains, etc.

14. The films of cameras which can take photographs in total 

darkness are sensitive to infrared rays.

15. Infrared telescopes were used during second world war to 

detect the objects in total darkness.

16. Infrared spectroscopy has helped in understanding the 

structure of molecules in cells and organic compounds.

Visible Light
1.3.3C Fluorescence

Usually ultraviolet radiation is used to produce 

fluorescence. A substance absorbs ultraviolet rays and emits 

light of longer wavelengths in the visible region. In 

fluorescence, emission stops as soon as the exciting light 

is cut off. Fluorescent lamp (i.e. tube light) is a common

example of fluorescence. In this lamp, the tube is filled
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with a mixture of argon and nitrogen with traces of mercury 

vapour at low pressure. The inner wall is coated with 

fluorescent materials. The excitation of mercury produces 

both visible and ultraviolet light. These ultraviolet rays 

strike the fluorescent materials and produce fluorescence in 

the visible region of the spectrum. The efficiency of this 

lamp is higher because it utilises ultraviolet rays also. 

Activity
Put a drop of red ink into water contained in a test 

tube. The colour of the water becomes pale red (orange) . 

Shine light from an incandescent lamp on the test tube with 

a blue cellophane paper as a filter placed in between the

source and the test tube. Observe in a direction of the

incident light and observe green fluorescence: when the 

incident light is cut off, there is no fluorescence.

1.3.3D Raman Effect
Sir C.V. Raman was awarded Nobel prize in Physics in 

1930 for his works on scattering of light. When a beam of 

monochromatic light is allowed to pass through a transparent 

liquid, free from dust particles, the scattered light is 

found to contain radiations of wavelengths different from

that of the incident radiation : Some of them are of longer

wavelengths and some are of shorter wavelengths. Sir C.. V.

Raman, observed in 1928 that this phenomenon occurs in

transparent liquids. He found that the frequency shift in

the scattered radiation is characteristic of the liquid 

and does not depend upon the frequency of the incident
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radiation. This phenomenon is known as "Raman Effect". This 

effect is observed with transparent solids and gases also. 

The Raman Effect finds its application in the determination

of the structure of molecules. Raman Effect is observed in 

the visible region and the apparatus needed for its study 

are simple and by using LASERS one can very easily obtain 

Raman spectra.

1.3.3E LASER Characteristics

LASER is an acronym for Light Amplification by 

Stimulated Emission of Radiation. It was first produced in 

1960. It has the following properties.

1. Highly directional: This property is simply due to the 

fact that the active material is placed in a resonant cavity 

made by plane parallel mirrors. Only an electromagnetic wave 

propagating along the axis (or making very small angle with 

this direction) will remain in the cavity and rest are lost 

after multiple reflections.

2. Highly intense:The brightness of a given source of light 

is the power emitted per unit area of the surface per unit 

solid angle. A LASER of even moderate power (eg. a few 

milli Watts) has brightness several orders of magnitude 

greater than the brightest conventional sources due to the 

highly directional property of the LASER beam because in 

conventional source, light is emitted in all the directions.

3. Highly monochromatic: This is due to the fact that only 

an electromagnetic wave of particular frequency is

amplified. The two plane parallel mirrors arrangement forms
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a resonant cavity and oscillations can occur only at th 

resonant frequency of the cavity.

4. Coherence: If at a particular time the light has the 

same phase everywhere across a wave front, it is said to b 

completely spatially coherent. Next compare the phases afte

the wave front has travelled a distance 'd' in a tim 

interval d/c. If these phases agree for all time intervals 

the light is said to be completely time coherent. Thus 

LASER beam, is coherent both in space and time.

LASER APPLICATIONS
Because lasers are highly monochromatic, coherent an 

intense, they are increasingly used in scientific an 

technological work. Some of its uses are in

1. Radar, fibre-optic communication, Raman effect an 

holography.

2. Surgical operations relating to retina, tumour an

destruction or mutation of cells.

3. Welding and cutting.

1.3.3F Holography
This is commonly known as (3-D) three dimensic 

photography. In order to obtain a 3-D photograph, part c 

the incident laser beam is reflected from a plane mirrc 

and part of it is scattered from the given 3-D objecc 

The reflected beam and the scattered beam together for 

a interference pattern. This pattern recorded on

photographic plate is called a holograph.
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When this holograph is viewed using a laser beam 

whose frequency is same as the one used to obtain the 

holograph, the original object is seen in three-dimension. 

The essential requirement to observe the three dimensional 

image is that the frequency of the laser beam used to obtain 

the holograph and the frequency of laser beam used to view 

the holograph should be exactly same. This is possible if

we use laser beams.
beam-splitting 

half-silvered mirror

Fig. 1.14: Scattered rays (from the object) and 
Reflected rays (from the mirror) 
interfere to form holograph
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1.3.3G Optical Fibres
Optical fibres make use of the principle of total 

internal reflection. In total internal reflection when a ray 

of light travels from a denser medium to rarer medium at a 

certain angle of incidence the angle of refraction is 90°. 

This angle is called critical angle, its value for water to 

air is about 49° and for glass to air is about 41°. For 

angle of incidence greater than the critical angle the rays 

are totally reflected and there is no refraction.

Optical fibres consist of thousands of very thin 

quartz fibres. They are coated with thin layer of material 

of low refractive index. For example the refractive index of 

glass is about 1.6 and that of the coating can be about 1.5.

quartz fibre co..t d

Fig. 1.15: Magnified view of total internal 
reflection of light taking place 
in an optic fibre

When light is incident on one end of the fibre making 

an angle greater than the critical angle the ray is totally 

reflected and after multiple reflection it comes out of the

fibre. Even if the fibre is bent it travels along the fibre.
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A bundle of optical fibres is used as a light pipe in 

optical instruments used in medical field. They are also 

used to transmit electrical signals by first converting 

electrical signals to light signals and then converting back 

into electrical signals at the end of the pipe.

1.3.3H X-rays and Gamma rays
1. Students may be asked to collect some discarded X-ray 

photographs.

a. Why is shadow formed ?

b. Why is the shadow of bone only is formed ?

c. Why metallic coins or ornaments or pins should be
removed while taking X-ray photographs ?

d. What is the need
technicians ?

for lead jacket for X-ray

e. Frequent exposure to 
cells. Why ?

X-rays is harmful to healthy

Rontgen who discovered X:-rays was the first person to

receive the Nobel prize in Physics (1901). In the 

beginning the X-rays were also called Rontgen rays.

3. When energetic waves fall on matter electrons are 

produced as in photoelectric effect. Conversely when 

energetic electrons hit a metal target energetic waves or 

X-rays are produced.

4. X-rays of different frequencies are used for different 

purposes. Eg. Medical diagnosis, or radiography and in 

industry to detect the defects in the internal parts of

the machines.
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5. X-rays are used in X-ray crystallography. The wavelength 

of X-rays are comparable to the intermolecular space of 

the crystals.

6. Gamma rays can be obtained from a radioactive source; 

natural or artificial. The highly energetic waves can be 

used to destroy cancerous cells in specified areas. They 

are also used in medical diagnosis at advanced levels.

In the lower regions of the earth's atmosphere such as 

troposphere and stratosphere most of the intense radiations 

of the sun are absorbed. In the upper regions of the earth's 

atmosphere due to very low density of the gases, there is a 

scope for the intense radiations of sun to dissociate the

molecules into atoms and atoms into ions. For this reason

in the upper regions of the earth's atmosphere we find 

monoatomic gases and ions.

Doppler Effect
Whenever there is relative motion between the source 

of waves and the observer there is a shift in the frequency 

detected. This is called Doppler effect.

Eg. The pitch of a whistle of a train moving away from the 

listener decreases gradually. Similarly the pitch of a 

whistle of a train moving towards the listener increases 

gradually. In both the cases there will be change in the 

pitch of the sound, indicating shift in the frequency of the 

sound heard. The pitch or the shrillness of the whistle 

(not the loudness or amplitude) is related to frequency.
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1.4 EVALUATION

1. Earthquake does not produce

A. Microwaves

B. Sound waves

C. Seismic waves

D. Ultrasonics

2. Wavelength of ultrasonics of 200 kHz is comparable to the

A. size of the window

B. diameter of football

C. thickness of a coin

D. thickness of soap bubble

3. Which of the following do not propagate in outer space ?

A. X-rays

B. Ultrasonics

C. Ultraviolet rays

D. Infrared rays

4. A glass rod of refractive index 1.5 is to be converted 
into optical fibre by coating with a suitable material. 
Which of the following materials whose refractive index 
is given below will you use.

A. 1.7

B. 1.6

C. 1.5

D. 1.4

5. The wavelength of fluorescent light produced by incident 
light of wavelength x can be

A. more than x

B. less than *

(J. equal t c, X

D. both more or less than x
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6. Raman effect is due to phenomenon of light

A. scattering

B. dispersion

C. reflection

D. refraction

7 . Sea appears blue but when sea water is taken 
appears colourless. Explain.

in a cup

8 . Why is laser beam preferred to light
transmitting signals in optical fibres ?

beam for

9 . Arrange the following in the ascending order of 
frequency.

the

Infrared, Gamma rays, Utraviolet rays

10. What evidence is there for saying that electromagnetic 
waves carry energy ?

11. Starting of vehicles, lightening causes fluttering of 
the picture on the TV screen. Give reason.

12. Relay stations are required 
signals. Why ?

13. Match the following

a. Gamma rays 1.

b. X-rays
(character! stic)

2 .

c. UV rays 3 .

14. Which cf the following is
reactions.

for the trcmsmission of TV

Changes in 
of valence

the energy 
electrons

states

Changes in the energy states
of electrons in inner shells

Changes in the energy state
of nucleus

not produced in chemical

a. Infrared radiation

b. Gamma radiation

c. Visible light

d. Sound
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15. Which of the following is used in remote-sensing devices?

a. Gamma rays

b. X-rays

c. UV-rays

d. Infrared radiation

16. The wavelength of microwave is

a. higher than infrared

b. lower than infrared

c. higher than radio waves

d. lower than ultraviolet

17. How much time would elapse between the sending of LASER 
signal to the Moon and recording of the echo ? (Distance 
of the moon from the earth to be given)

18 . What property of the wave 
communication using short

is made use of in 
wave radiowaves.

distant

19. TV waves sent skywords do not return. Why ?

20 . What energy changes take place in the matter, if it
absorbs electromagnetic radiations ?



ATOMIC STRUCTURE
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SPECIFIC OBJECTIVES

(Expressed in terms of students learning outcome)

To enable the students to

1. appreciate the early history of understanding the nature

of matter.

2. formulate Dalton's atomic theory.

3. identify the limitations of Dalton's atomic theory.

4. recognise that the weights of different elements are

different even if the identical volumes are taken.

5. recognise that the smallest particle of matter is

similar to itself.

6. infer that the mass of the material present before and 

after chemical reaction is one and the same (The Law of

Conservation of Mass).

7. confirm the law of definite proportion with the help of 

an experiment.

8. develop the skill of accurate weighing while confirming 

the law of definite proportion.

9. recognise that the compounds are formed when atoms of

more than one element combine.
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10. recognise from different activities that air conducts 

electricity under special conditions.

11. recognise parts of cathode ray tube and its functioning.

12. infer the properties of cathode rays by contrasting 

with properties of light rays.

13. appreciate the contributions made by J.J. Thomson in the 

discovery of electrons.

14. hypothesise the presence of positively charged particles

inside the atom.

15. predict the possible models for the structure of atom 

according to J.J. Thomson.

16. draw inferences from Rutherford's observations on the

scattering of alpha-particles.

17. compare the inferences in (16) to arrive at one of the

J.J. Thomson's model.

18. predict the existence of neutral particle and appreciate 

Chadwick's discovery of neutrons.

19. recognise the presence of isotopes for elements from 

activities using mass spectrograph.

20. recognise that all matter is made of atoms and

molecules.



-47-
21. recognise the drawbacks of Rutherford's model in the 

light of quantum theory of radiation.

22. formulate Bohr's postulates from experimental evidences.

23. develop the understanding of Bohr's model from 
experimental evidences.

24. recognise the formation of band spectra and line
spectra.

25. see relationship between the energy emitted/absorbed 
with the energy level diagram of hydrogen atom.

26. recognise limitations of Bohr's theory.

27. .recognise the significance of quantum numbers.

28. recognise the arrangement of electrons around the atom - 
electronic configuration.



-48-
2. ATOMIC STRUCTURE

2.1 Composition of Universe
Before we try to understand the world view about the 

nature of matter, it would be interesting to consider the 

world view held by our ancient thinkers with regard to the 

composition of the universe.

The Greek philosophers thought that there are four 

basic elements by which the universe is composed, and these 

four elements are associated with the four properties as 

depicted below in the schematic representation.
o •

A schematic repre
sentation of the four elements of 
the Greens and the four properties 
associatea with these elements.

The elements are water, earth, fire and air, and 

the associated properties are cold, dry, hot and wet. The 

Hindu philosophers on the other hand considered thac the 

Universe is compared of five basic elements - "Panchabhutas11 

- Earth, Water, Fire, Air and Sky.

2.2 History of Nature of Matter
One of the oldest oriental sayings "Anu Renu Truna

Kashta11 describes the evolution of the matter from micro to

macro.

The ancient 'Seer' 'Kanada1 (6th century BC) from India 

coined the word "KANA" to represent the smallest particle of
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the matter. The earlier Greek philosophers like Democretus 

and his disciple Leucippus (in 5th century BC) were thinking 

whether sea water was continuous or is made of discrete 

particles like that of the sand on the beach. Such thinking 

led them to believe that the matter is made of smallest 

particles which cannot be further cut or subdivided. Thus 

the word atom (a = not, tomos = to cut) was brought into 

practice.

Almost for about 2000 years there was no progress in 

understanding the nature of matter. It was only after 16th 

century AD that the further understanding in the nature of

matter was started.

A brief account of various observations that led John

Dalton to propose his Atomic Theory.

John Dalton (1776-1844)

Spent most of his time at Manchester - School teacher, 

English chemist contributed atomic theory popularly known as 

'Dalton's Atomic Theory' during 1803-1808. This is the
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beginning of understanding of 'modern atomic theory' . It is 

unique because Dalton made use of chemical as well as 

physical evidences in formulating the idea of atom. His 

assumptions are based on QUANTITATIVE DATA, not merely 

qualitative observations or speculations. His life long 

interest in meteorology led him to study gases and hence to 

chemistry and eventually to the atomic theory. Being a 

English grammar teacher his approaches were different from 

that of the chemists of that time. Dalton can be considered

as one of the earliest 'World Viewers' rather than 'a seer'.
»-------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.2.1 Activity 1
* Take equal volumes (say a unit volume) of copper, 

aluminium, iron and coal. Compare their weights. Note that 

they differ in weights.

* This is because of the different nature of the substances

taken for study.

* Difference in nature of these substances can be attributed

to the nature of the constituent particles by which they

are made.

2.2.2 Activity 2
* Crush a piece of chalk and try to get smallest of 

particles as far as possible. Use a microscope for testing 

the smallest particle. Repeat the observations of smallest 

chalk powder particles.

* Similarly try to take powders of iron, copper, aluminium 

and coal. Make observations of smallest particles of these

substances as above.
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* Can you conclude whether the smallest particles of the 

same substance are identical ?

This is a physical verification.

Smallest that you have picked is only comparatively 

smallest that you have got by physical/mechanical process. 

Can you think of still smaller ... still smaller ... still 

smaller, which our bare eyes cannot see or a microscope is

unable to make us to see !

2.3 Experimental Basis for Dalton's Postulates

1. Antoine Lavoisier (1743 -1794) investigated that the total 

mass of materials present after a chemical reaction is

the same as before the reaction. He conducted several

experiments, of which experiment with mercury is one. He 

heated mercury in air, and got mercuric oxide (red 

powder). Then he reheated red powder using a furnace with 

arrangements to collect the product. Red powder 

decomposed to produce liquid mercury and oxygen. By a 

good number of experimental evidences, he concluded that 

the mass of materials present before and after a chemical 

reaction is one and the same. His careful quantitative 

experiments with above conclusion is named as the

Law of Conservation of Mass.

2. Joseph Proust (1754-1826) conducted several experiments 

and found that compounds are formed with definite 

proportions. In one set of such experiments he took 

natural copper carbonate samples from different places.
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This led to the law of definite composition which is 

popularly known as the law of definite proportion.

2.3.1 Activity 1

Take magnesium ribbon. Cut it and make strips of 

one gm, two gm, three gm weight. Burn them separately. 

Collect the powder formed, that is, magnesium oxide. Note 

the weight of magnesium oxide so collected carefully. 

Tabulate the findings as follows.

Mg Weight Weight of Weight of Mg
strip of mg MgO ------------- =

(gm) Weight of MgO

A 1 This ratio is

B 2 0.60

C 3

This confirms the law of definite proportion.

Chart
A chart may be used to bring home the concept of a

compound as conceived by Dalton. Consider an example of a

compound, like magnesium oxide as Dalton might have

conceived.

-l (^Mg) + © —►
Let

(i) the mass of
magnesium atom is x

2 .
Mg) + (o)

Ma A +
(ii) the mass of oxygen 

atom is y
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Now, the ratio of the 
mass of magnesium to the 
mass of oxygen is x/y

In compound one, it is x/y 

In compound two, it is 2x/2y = x/y 

In compound three, it is 3x/3y = x/y

Thus regardless of the amount of the sample taken, the 

ratio is same. This leads to the conclusion that a compound 

has definite composition.

2.3.2 Dalton's Assumptions
Dalton's atomic theory was developed during 1803-1808; 

based on three principal assumptions.

1. Each chemical element is composed of minute indivisible, 

indestructible particles called Atoms. Atoms can neither 

be created nor destroyed, during a chemical change.

2. All atoms of a given element are alike in mass (weight) 

and other properties, but the atoms of one element are

different from those- of other elements.

3. In chemical compounds, atoms of different elements are 

united in simple numerical ratios:

For example: one atom of A to one atom of B (AB)

one atom of A to two atoms of B (AB2)

two atom of A to one atom of B (A2B)

2.3.3 Discussion
If the atoms of an element are indestructible

(assumption 1) , then the very same atoms must be present 

after a chemical reaction as were present before chemical

reaction. Dalton's theory explains the law of conservation
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of mass. If all atoms of an element are alike in mass 

(assumption 2), and if atoms unite in fixed numerical ratios 

(assumption 3), the percentage composition of the compound 

must have a unique value, regardless of the size of sample 

analysed or its origin. Dalton's theory also explains the 

law of definite proportion.

2.3.4 Dalton's Atomic Theory
1. Each element is composed of extremely small particles

called atoms.

2. All atoms of a given element are identical.

3. Atoms of different elements have different properties, 

including different masses.

4. Atoms of an element are not changed into different types 

of atoms by chemical reactions, atoms are neither created 

nor destroyed in chemical reactions.

5. Compounds are formed when atoms of more than one element

combine.

6. In a given compound, the relative number and kind of

atoms are constant.

A chart or OHP (Overhead Projector) transparency may 

be prepared for Dalton's atomic theory. This may be given as 

an assignment to students.

2.3.5 Atom
The picture that emerged from Dalton's atomic theory 

was that an atom is the smallest part of an element which 

can take part in the chemical reaction.



-55-

Today modem methods such as scanning tunnelling 

microscopy have allowed us to 'see' individual atoms in a 

structure. However, atoms are amazingly small.

A single atom is so small that it cannot be weighed on 

a balance. However, the mass of an atom can be compared with 

that of another using mass spectrometer.

The mass of the elements are compared to the mass of 

carbon atom. This gives a series of values of relative

atomic mass for the elements.

2.3.6 Molecule
The word molecule was introduced by Avgadro to 

describe the smallest particle of a compound.

Thus a molecule possesses all the properties of the

substance and has free existence.

A molecule of a compound consists of atoms of two or

more different elements.

Teacher illustrates with chart the following examples 

1. Water is made up of two atoms of hydrogen and one atom of

oxygen.

Water (H2O)
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2. Methane has

hydrogen.
four atoms of

Teacher can ask students to list some other examples 

of molecules and to recognise the atoms containing in them.

2.3.7 Evidences that go against the Dalton’s theory
2.3.7.1 Activity

Students may be asked to observe the working of a 

tube light. Ask them to note the difference between the 

construction of ordinary electric bulb and tube light.

Ask the students: How does tube light emit energy 

even though the filaments at the ends inside the tube are

not connected ?

At times, when ah electric plug is inserted into the 

socket, spark is observed. What is the reason ?

When induction coil is working, even though there is 

air gap between the terminals of the secondary coil, we can 

see a spark between the terminals. Why ?

All these observations indicate that air conducts

electricity under very special conditions.

2.4 Discharge Tube (Cathode Ray Tube)
In 1896, J.J. Thomson carried out a series of

experiments of electric discharge through gases using the
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above mentioned special conditions like very low pressure 

and very high potential differences.

Cathode 

20 mmHg

Violet streamers

Anode 

(a)

- 5mmHg 1FD.S. = = = = = (b)
\ +

Negative Pink positive column 
glow

0 05mm Hg-
------ Faraday
= dark 
=\ space

(c)

Cathode CDS. NG. 
glow

'0 01 mmHg- 
lor less)

Cathode
rays

Crookes dark space

Striations Anode glow

V.+ (d)

Glass shows green fluorescence 
Electric discharge through air at low pressures

I i(i i ♦ y +

A discharge tube consists of an ordinary glass tube 

of 15 to 20 centimeter length and at both ends of which are 

fixed with metal plates. This is connected to a vacuum pump 

through a side tube. A -very high potential difference of 

about 10,000 Volts is applied between the electrodes. Then 

various phenomenon appear at different pressures.

i. Shortly after starting the vacuum pump, a discharge 

appears at the electrodes. At about 20 millimeter of 

mercury pressure, two or three violet coloured streams

run between the electrodes.

ii. At about 5 millimeter of mercury pressure, these 

streams broaden into a deep pink coloured discharge 

which practically fills the tube. A dark space called 

"Faraday's dark space" (FDS) appears near cathode plate
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and column divides into two parts. Pinkish positive 

column ending in the anode glow and a blue negative 

glow in the neighbourhood of the cathode.

iii. When the pressure becomes nearly 0.05 mm of mercury the 

positive column breaks up into striations (rings or 

discs). The Faraday's dark space and negative glow 

increases in length and another dark space called 

"Crooke's dark space" (CDS) appears near the cathode.

iv. When pressure becomes nearly 0.01 mm of mercury, the 

positive column and negative glow disappear and 

Crooke's dark space fills the entire tube. At this 

stage the walls of the tube shows a green fluorescence.

2.4.1 Activity 1
Ask the students whether the colours of the column, 

cathode glow, and anode glow would be the same when 

different gases are taken in the discharge tube.

Teacher is suggested to demonstrate the discharge of 

electricity experiment using Gessler's tubes containing 

different gases.

The colour observed in discharge tube depends on the 

nature of the gas filled in the tube.

Example: Neon gas produces orange-red colour while mercury 

vapour gives green colour in uranium glass. The uranyl group 
(UC>2)2+ present in uranium glass has strong fluorescent 

property.

2.4.2 Activity 2
Teacher asks the students whether any change in the

phenomena is observed when electrodes of different metals
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like, aluminium, zinc, iron, copper, etc. are used in the 

discharge tube ?

Teacher provides different experiences to enable the 

students to answer that no change is observed when different

metals are used as electrodes.

2.4.3 Properties of rays produced in discharge tube
In 1859 Julius Plucker of Bonn University (Germany)

made a special discharge tube the anode of which was a

maltese cross of aluminium.

Shadow on

Cathode rays travel in straight lines (Maltese cross tube)

2.4.3.1 Activity 1
Hold a pencil in the path of light coming from a 

torch or beam of sunlight. Ask the students to observe the 

shadow of the pencil on a screen.

Ask the students to explain the formation of shadow on

the screen.

Compare the formation of shadow of pencil with that of

maltese cross on the fluorescent screen.
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Students infer that ravs from the cathode in discharge

tube travel in straight lines.

2.4.3.2 Activity 2
A bar magnet is placed near the path of light from a 

torch. Students may be asked to observe any change in 

straight line path of light rays.

Compare it with the behaviour of rays from cathode in 

discharge tube when a north pole of a bar magnet is brought

closer to it.

No change in the path of light rays is observed, but 

rays from cathode in discharge tube are deflected towards 

north pole.

2.4.3.3 Activity 3
A narrow beam of ordinary light from a torch is passed 

through electric field.

Ask the students to observe the change in the path of

light rays if any.
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A cathode ray tube produces a beam of particles 
that are deflected towards a positive plate. The beam is made 
up of electrons.

Compare the similar observations for the rays coming 

from cathode in discharge tube.

While light rays do not deflect, but rays from cathode 

in discharge tube deflect towards positive plate.

What do you infer from the activities 2 and 3.

Students infer that the rays from cathode carry

negative charge.

Teacher informs that since these rays are coming from 

cathode and carry negative charge, are called cathode rays.

Jean Perrin confirmed from the following experiment 

that cathode rays carry negative charge.

Perrin's experiment shows that cathode rays convey negative charge
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Anode in this special tube is an aluminium tube open 

at both ends inside which is an insulated metal cylinder 

called Faraday's Cylinder having a small opening at one end. 

Cathode rays emitted from the cathode enter the cylinder 

and build up a charge on it, producing a divergence in 

gold-leaf electroscope, connected to the cylinder. On 

testing the electroscope in the usual way, it is found to be 

negatively charged.

2.4.3.4 Activity 4
Suggested activities to the students.

Students may be asked to prepare charts explaining the 

above properties of cathode rays.

They may also be asked to prepare charts illustrating 

various stages of production of cathode rays at various 

pressures of gas inside the discharge tube.

2.4.3.5 Activity 5
Allow light rays from a torch to fall on a mica wheel 

placed on rails.

Ask the students to observe whether the mica wheel

rotates.

Mica wheel does not rotate.

2.4.3.6 Activity 6
Allow a stream of very small sand particles to fall on 

mica wheel placed on rails. Ask the students to observe

whether the mica wheel rotates.

Mica wheel rotates on the rails. Why does it rotate ?
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Sand particles falling on mica wheel carry mass and 

convey energy to the wheel and enable the wheel to rotate.

Compare the rotation of mica wheel placed in the path 

of cathode rays.

Students reason out that the rotation of mica wheel is 

due to the mass carried by the streams of cathode rays.

Teacher Summarises
During the last year of 19th century 1899 experimental 

evidences demonstrated beyond doubt that cathode rays 

consist of streams of negatively charged particles now known

as ELECTRONS.



-64-

2.5 Mass and Charge of Electron

J.J. Thomson (1856-1940) (Copyright Cavenaish Laboratory, 
University of Cambridge)

J.J. Thomson (1856-1940), one of the greatest British 

physicists, worked on conduction of electricity through 

gases. He discovered electrons. He was the head of the 

famous Cavandish Laboratory at Cambridge University where

one of his students was Ernest Rutherford.

Between 1894 and 1900 J.J. Thomson carried out a

series of experiments to determine mass, charge and 

speed of electrons in cathode ray tube. He was able to 
calculate the velocity of electrons to be 29 x 103 km/s 

and the ratio of the charge to mass (e/m) of the electron 
(e/m = 1.76044 x 10^- c/kg). He found mass of the electron 

to be approximately 1/2000 times that of mass of a hydrogen 

atom. It is about 0.00055 amu (atomic mass unit) which is
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equal to 9.1 x 10 _31 kg. Charge of the electron 'e' was 

accurately determined by the American Physicist "Robert 
Millikan" as 1.602 x 10-19 coulomb.

Teacher is suggested to ask the following question and 

guide the students to answer:

Electron is negatively charged particle, can there by 

a particle which is positively charged ?

The students may reason out that there may be 

positively charged particles inside the atom since atom as a

whole is neutral.

2.5.1 Anode Rays (Canal Rays)
2.5.1.1 Activity 1

Cathode rays contain negatively charged particles 

running from cathode to anode in a discharge tube.

Ask the students whether it is possible to think of 

positively charged particles in the same discharge tube 

running from anode towards cathode ?

Students start thinking about the possibility and may 

hypothesise that the discharge tube might have positively 

charged particles also.

Goldstein s positive ray tube
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In the year 1886 Eugen Goldstein discovered positive 

rays or canal rays. He used a perforated cathode in the 

discharge tube and observed fluorescence on the screen at

the back of cathode.

A few years later Wilhelm Wien studied the properties 

of positive rays (canal rays) and measured positive value of 

the ratio of charge to mass "e/m" by the method similar to 

that used by J. J. Thomson. He found that the value varied 

according to the kind of gas used in the discharge tube. The 

mass of the particles of the canal rays is found to be the 

same as mass of the gas particles taken in the discharge

tube.

These studies led to know the existence of positively 

charged particles in the atom. Later they were recognised 

(named) as protons.

Teacher explains that hydrogen atom has one proton in 

the nucleus and an electron revolving around it. When we add 

up masses of one electron and one proton the resulting mass 

corresponds to mass of actual atom of hydrogen.

2.5.1.2 Activity
Teacher asks the students to consider helium atom and 

to calculate the mass of helium atom by assuming that it 

contains two electrons and two protons only. Does the 

mass agree with actual mass of helium arom ? Repeat the

calculations for some other atoms ? It is noticed that the 

masses obtained are always less than actual masses of atoms. 

How can we explain these differences ? Can we assume that
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there might be some neutral particles also present in these

atoms ?

2.5.2 Chadwick’s Discovery of Neutron

James Chadwick was born in Manchester in 1891 and

graduated from the honours school of Physics in 1911. He was

appointed as assistant director of Cavendish Laboratory in

1923. He held the appointment of Lyon Jones Professor of

Physics at University of Liverpool 1935-48. Chadwick was

awarded Nobel prize for Physics for his discovery of

neutron in 1935.

the

In the early 1930s, in experiments performed by 

bombarding berryllium and boron with alpha-particles, a very 

penetrating radiation was obtained. It seemed to have 

properties similar to gamma-rays, but was more energetic. In 

1932, Chadwick showed that the properties of this radiation 

were more readily explained by assuming a beam of neutral 

particles having masses slightly greater than protons. In 

this way neutrons, first postulated twelve years early by 

Rutherford and others, were finally discovered. An atomic
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model involving protons, neutrons and electrons is pictured 

in figure.

Helium

+ Proton

0 Neutron

- Electron

Nuclear atom illustrated by the helium atom
2.5.3 Isotopes

J.J. Thomson conducted the experiments to determine 

the e/m ratio of positive ions produced in canal ray tube 

using neon gas.

In view of Dalton's assumptions it is expected that 

e/m values obtained should have been identical; since

the atoms of the same element have similar masses. However

results obtained by Thomson were quite unexpected.

2.5.3.1 Activity 1
Consider a beam of positive ions formed from Ne-20 

gas. The beam is passed through accelerating potentials.
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Now introduce a magnetic field in the path of beam and 

place a screen in front. What is the expected deflection of

the beam ?

Will all the positive ions hit screen at one point ? 

Since it is believed that the sample contains positive ions 

of identical atoms of Neon-20, we expect the beam to deflect 

towards south pole and make a single mark (A) on the screen 

(as in Fig. I) .

But Thomson observed in a similar experiment,' the 

appearance of many spots on the screen by the deflected beam

How do you account for this observation ?

Since all the atoms of neon carry the same positive

charge; the appearance of many spots on the screen can only 

be attributed to their differing atomic masses. Infact neon 

sample taken is containing atoms of three-different atomic 

masses; i.e. Ne-20 (90.5%), Ne-21 (0.3%) and Ne-22 (9.2%).

Thus three spots observed on the screen are accounted. Such 

atoms of the same element differing in their atomic masses
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are called isotopes. The design ci the apparatus discussed 

above was made by Aston and is called Aston's Mass 

Spectrograph.

Modern mass spectrometers have revealed that many 

elements are mixtures of different number of isotopes.

2.5.4 Isotopes of Elements
1. Hydrogen exists as a mixture of three isotopes. Nuclear

symbols of different element isotopes are: protium

99.99%; 2H denterium 0.01%; 3H tritium (traces and 
1 1

unstable) .
2. Carbon: Carbon-12 as 12C (98.9%); Carbon-13 as 12C (1.1%)

6 6
Carbon-14 as 14C (traces and unstable).

6

3. Heavy water is made up of two atoms of deuterium (2H) an

one atom of oxygen 16O. Its symbol is 
8

d2o.

Teacher defines 'atomic number'. It is the number

protons present in the nucleus of an atom. This is

designated by 'Z'.

2.5.4.1 Activity 1
Students may be asked to write down the atomic numbers 

of a few elements like Li, B, C, Na, Ne, Fe, La, etc.

2.5.4.2 Activity 2
Teacher asks students to recall one of the assumptions 

of Dalton that the atoms of different elements differ in all

respects. List atomic masses of some common elements like 

hydrogen, carbon, nitrogen, sodium, etc. Students list the

atomic masses of the elements. Hew do we account for the
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atomic mass of an element ? Teacher elicits the answer from

the students.

Teacher defines the mass number
Of an element as the total number of protons and

neutrons in the atom of an element. It is designated as AX, 
Z

where Z is the atomic number and A is the mass number. (A-Z)

gives the number of neutrons.

Illustration
For lithium the mass number is 7, atomic number is 3. 

Therefore, the symbol is 7Li. The number of neutrons present

in Li are (A-Z)=7-3 = 4. 7Li in general we can represent AX
3 Z

2.5.4.3 Activity
Teacher asks the students to list down the number of

neutrons present in the atoms of different elements.

2.6 Rutherford's Scattering of alpha-Particles
Having known that neutral atom contains electrons

(with negative charge) and protons (with positive charge); 

the question arises the possible ways of arranging the two 

inside the atom. Three mental models can be written as per

Thomson's idea.

I II III
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Which is to be accepted ? Thomson was unable to explain 

to the entire satisfaction.

With this background of the atomic structure Rutherford 

conducted an experiment of scattering of alpha-particles.

How astonished you will be if a bullet fired at a 

gunnybag (filled with a haystock); reflects towards a firing 

point ? Similar thing happened when Rutherford fired alpha- 

particles towards a thin gold foil. Before going to the 

actual study of Rutherford's experiment it is necessary to 

understand about the nature and properties of alpha- 

particles .

Radium, a radioactive element emits alpha-particles. 

Rutherford identified that they are made up of helium nuclei 

carrying positive charge of two units and mass of four amu 

(atomic mass unit). Hence alpha-particles can be repelled by 

another positively charged particle coming in its vicinity.

2.6.1 Experimental Arrangement
1. Rutherford took radium, a source of alpha-particles and 

obtained a narrow beam of it with the help of a slit.

2. When these alpha-particles are made to hit the 

fluoroscent (ZnS) screen directly; the width of the beam 

can be made known by the width of the scintillations 

produced on the screen.

3. Now by introducing a thin gold foil between slit and the 

screen; to his astonishment he observed that very small 

number of alpha-particles were deflected backwards.

4. Rutherford using better radiation detectors, repeated the

experiment.
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ieaa block

1 Radioactive 
sample emits 
beam of

5 Maior deflections of 
a-particles are seen 
very rarely 4 Minor deflections of 
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2 Beam or a-particles 
stnkes gold foil

incoming \ -• 
a-particles^^— • I________ 1

------- ~7
------------------------7T- V

maior P ^zminor"
deflection \ k xieflection

cross-section of gold foil composed 
of atoms with a tiny, extremely 
heavy, positive nucleus

3 Flashes of light produced 
when a-particles stnke 
zinc sulphide-coated screen 
show that most a-particles 
pass through with little 
or no deflection

Summary of the bombardment experiment carried out by
, . Rutherford's laboratory in Manchester. UK. in 1909.Observations

SI.
No.

Tests Observations Inference Reason

1 Narrow beam Scintillations Width of the alpha-particles
of alpha- are produced narrow beam can move in a
particles 
hits the
screen 
directly 
without 
gold foil.

exactly on its 
opposite side.

be caught 
directly on the 
screen.

straight line.

2 Thin gold a. Most of the Teacher is Teacher is
foil is alpha-particles suggested to suggested
introduced went straight elicit the to guide the
between through the inferences for students to
slit and gold foil. all these reason them
screen. b. Some were 

deflected by a 
small angle.
c. A small 
number of alpha- 
particles were 
deflected making 
an angle of 150° 
to the original 
path.

observations 
from the 
students.

out.
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We shall revisit the three models of Thomson's

experiment; in the light of Rutherford's observations. One 

can get a clue which of the model can be accepted and why ?

(a) If (I) is the picture (p: 74) of the atom in which 

electrons are at the centre and positive particles are 

arranged around the electrons; under this circumstances if 

we pass alpha-particles, none of the three experimental

observations of Rutherford are accounted. Since electrons

are at the centre, the large angle deflections of the alpha- 

particles could not be accounted.

(b) If model (II) were true then the observation of 

Rutherford that most of the alpha-particles went straight 

through the gold foil would not be possible.

(c) While the model (III) accounts for all the 

Rutherford's observations; and thus provides us the nuclear

model of Rucherford.

In view of the above considerations Rutherford 

suggested a planetary model of the atom. The nucleus of an 

atom is compared with the sun and electrons with the 

planets.

Diagram of 
planetary system

Rutherford's atom model 
electrons orbiting around nucleus
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An orbit in the Bohr theory is any one of the allowed 

energy states of an electron. Each orbit corresponds to a 

different value for the principal quantum number (n).

An orbital represents an allowed energy state of an 

electron in the modern, quantum-mechanical model of the 

atom. The term orbital is also used to describe the spatial

distribution of the electron.

Letters K, L, M, N, 0, P, Q are used to denote the 

orbits of electrons, where n = 1,2,3,4,5,6,7 respectively.

However there were still shortcomings in explaining

the accommodation of electrons in each shell. Each shell

was considered to be made up of subshells, further this lead

to treat the shells as orbits and subshells as orbitals.

Orbitals are labelled by small letters s, p, d, f, g.
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Niels Bohr (1885-1962) born in Copenhagen, Denmark, 

received doctorate in Physics in 1911, joined Rutherford in 

Manchester, 1912. Developed his theory of atomic structure 

and atomic spectra. Bohr played an important role in 

development of quantum mechanics in the advancement of 

Nuclear Physics. In his later years he devoted much time to 

promoting the peaceful uses of atomic and nuclear physics. 

Orbit of hydrogenation is named as Bohr's orbit.

2.6.2 Discussion
Rutherford's contribution is indeed a big leap forward 

in understanding the structure of atom. But there are 

limitation to it in comparing with solar system.

The planets revolve around the sun along fixed paths 

(called orbits) according to the theory of gravitation. Can 

we treat electrons similar to planets and nucleus similar to

sun ?

But electrons and protons are charged particles unlike 

the planets and the sun. Moreover according to classical 

theory of electromagnetism, rotating charged particle should 

emit light and lose some energy with the completion of each 

circular motion. After losing energy it should be drawn 

closer to the nucleus. If it keeps on losing energy for each 

revolution what will be the fate of the electron ? The only 

result is that the electron should spiral towards the 

nucleus and ultimately collapse into it. Then how can we

account for the existence of stable atom ?
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An unsatisfactory 
atomic model.

This was a challenge faced by Neil Bohr who putforth 

his model by an interesting combination of quantum theory 

and classical theory of light radiation. During the time 

when Bohr was trying to explain the structure of hydrogen 

atom, Max Plank had putforth his quantum theory of 

radiation. According to this theory the radiation can be 

absorbed or emitted in discrete energy packet called 

quantum. Inspired by the quantum theory of radiation, Bohr 

proposed the following postulates; which enabled him to 

explain the hydrogen spectrum.



*
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Max Flank and quantum mechanics: Born in Kiel Germany, 

son of a Professor. In 1892 named as Professor (Physics) in 

3erlin University. His paper,in 1900, presented in Berlin 

Physical Society launched the greatest intellectual 

revolution in the history of science. Quantum theory is 

concerned with the rules that govern the gain or loss of 

energy from an object. Plank termed the smallest allowed 

increment of energy gained or lost, a quantum. Plank assumed 

that the amount of energy gained or lost at the atomic level 

by absorption or emission of radiation had to be a whole 

number multiple of constant times the frequency of radiant 

energy. If /\E energy lost/gained /\E = hu, 2hu, 3hv, etc. 

h= 6.625 x 10“34 Js called Plank's constant.

2.7 Bohr's Postulates
1. An atomic system possesses a number of states in which no 

emission of radiation takes place, even if the particles 

(electrons and nucleus) are in motion relative to each

other. These states are called as stationary states of

the atom.

2. The allowed stationary states are those in which the 

angular momentum of the electron corresponds to integral 

multiple of h/2 tt i.e. mvr = nh/2 * .

2. Any emission or absorption of radiation,either as visible 

light or other electromagnetic radiation, will correspond 

to transition between two stationary states.
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2.7.1 Development of Bohr's Model
Consider a particle of mass 'm' moving in a straight 

line with a velocity 'v'. It has linear momentum given by 

the product of mass and the velocity = mv.

Can you think of the momentum of an electron revolving

round the nucleus ?

If we consider 'm' as the mass of electron, 'v' the 

velocity in the orbit of radius 'r'; can we call 'mv' as the

momentum of the electron ?

Certainly not, because the electron is not moving 

in a straight line path, but follows circular orbit. This 

velocity is called angular velocity v/r. The angular 

momentum of electron is the product of rotational inertia 
(mr2) and angular velocity (v/r) = mr2 x v/r = mvr.

Since, according to the second postulate the angular 

momentum of electron is conserved only when it is equal to 

integral multiple of n(h/2"). Therefore, mvr = n(h/2ir) which 

on rearranging 2*r = n(h/mv) = nA

where A = h/mv is the wavelength associated with energy in 

the particular orbit of the atom, 'n' can take values 1, 2,

3, 4, ...

An orbit in which an electron is allowed to revolve is 

called stationary orbit. Stationary waves are formed in the
orbit.

As long as an electron continues to exist in any of 

such stationary orbits, it does not emit radiation.

Different orbits are named by English alphabets K L M 

N 0 and P, when n takes the values 1, 2, 3, 4, 5 and 6.
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2.7.2 Line Spectra
What happens when light rays from sun is passed through 

a glass prism ?

Can you recall the word 'VIBGYOR' ?

Even though at times we say white light coming from 

sun consists of seven colours, it has a broad range of 

frequencies of radiant energy from sun. Spectrum reaching us 

from sun is continuous one. It is termed as 'Band spectrum1 .

A spectrum containing radiation of a specific wavelengths 

is called a line spectrum. The spectrum consists of sharp

lines.

How can we get such a spectrum ?

For example, if we want line spectrum of hydrogen a 

suitable source, a prism, a screen/detector are required.

violet blue- blue- 
violet green

gas discnarge 
tune containing 
hydrogen

E E Ec c cO O O -r VXJ>— m 00
’T

/
Dclccinr

Excited hydrogen atoms produce a particular 
spectrum of light.

I lydrogen 
lamp

Emission of radiation by hydrogen atoms excited in an electrical dischnrqe

«



-81-

Therefore figures below illustrate that the emission 

lines seen in the line spectrum of excited hydrogen atoms 

correspond to energy changes within the atoms. The fact that 

only certain frequencies are absorbed or emitted tells us 

that only certain sizes of energy change are allowed. This 

is how Bohr reasoned.

Racsi ana energies of the three lowest energy orbits in the Sonr mocei of 
hydrogen. The arrows reter to ransitions of the electron from one allowed energy state io 
another. When tne transition takes the electron from a lower to a higher energy state, absoronon 
occurs. When the transition is from a mgner to a lower energy state, emission occurs.

Energy levels in the hydrogen 
atom from the Bohr theory. The 
arrows refer to transitions of 
the electron from one allowed 
energy state to another. Only 
the lowest six energy levels 
are shown. number
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Bohr used Max Plank's quantum theory to calculate the 

energy of electron. The main feature of his calculations can 

be summed up as:

1. The radius of the electron orbit in these allowed energy 
states varies as n2, where 'n' was called principle 

quantum number.
Radius = n2(0.53xl0-8 cm) where 0.53 x 10-8 cm represents 

the radius calculated by Bohr for the lowest energy orbit 

of the electron (recall when n = 1, it is k-shell).

Once the radii of electron orbits are known it should 

be possible to calculate the energy of an electron occupying

that orbit.

Bohr found that the energy of an electron occupying an 
orbit n is proportional to 1/n2.

Energy of an electron « 1/n2

1
E

n2

1
E = -RH(---) 

n2

where

Rpj is called Rydberg constant
Rh = 2.179 x IO"18 joule or 1.09737 x 107 m_1

The lowest energy (most stable state) , with n = 1 is

called ground state. The electron in an higher energy 

orbit that is n = 2 for hydrogen atom is said to be in 

electronically exited state. The absorption or emission in
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•rh "rH
n2 n2

2 1

1

1 2

and n2 represent the quantum

the line spectra correspond to the transitions of the 

electron from one stationary orbit to another. Radiant 

energy is absorbed when an electron moves from orbit of 

smaller radius to the orbit of a larger radius since it 

requires energy to pull the electron away from the nucleus.

Conversely, energy is emitted when the electron moves 

from a larger orbit to another having smaller radius. 

Therefore the changes in energy, /\E, are given by the 

expression

AE = E2 - EX =

Since /\E = hv

AE = hu = Rh( -

In this expression, n]_

numbers for the initial and final states respectively.

It may be noticed that when final state quantum number 

(n2) is larger than the initial state quantum number (n^), 

the term in the bracket is positive and hence AE is 

positive. This means that system has absorbed the radiation 

and thus increased in energy. The reverse is true when n^ is 

larger than n2, as it happens in emission.

Bohr's theory was very important because it introduced 

the quantised energy states for electrons in atoms. The 

theory was thus able to explain all the spectral features of 

single electron system like spectra of hydrogen like ions 
such as He+ and Li2+.
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2.7.3 Limitations of Bohr's Theory

Although Bohr's theory was very successful in 

explaining the line spectra of hydrogen like atoms, the 

theory was never successful in describing the spectra of the 

atoms of multi electron system. Another important drawback 

of Bohr's theory was that it could not account for the

formation of chemical bonds whenever atoms combine.

2.8 What next to Bohr model ?
De Broglie suggested that the electron in its circular

path about the nucleus is associated with a particular

wavelength. Then if the wave is to be a stable one, the

circumference of the orbit must be a whole number of

wavelength as shown below.

If this were not so, the wave would partially cancel 

itself on each successive orbit, so that the average 

amplitude would be zero. But if the wave has no amplitude, 

it does not exist. For an orbit to be allowed, then, the 

wavelength of the electron must be related to the 

circumference of the orbit by the equation 2 it r = nx.

The wave properties of electron were demonstrated 

experimentally. The wavelength of an electron of momentum 

mv is given by * = h/mv. In the electron microscope, the
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wave characteristics of electrons are used to obtain 

electron diffraction pictures of tiny objects.

Discovery of the wave properties of matter raised new 

and interesting questions.

If a subatomic particle can exhibit the properties of 

a wave phenomenon, is it possible to say precisely just 

where that particle is located ?

One can hardly speak of the precise location of a 

wave. The amplitude or intensity, of a wave can be defined 

at a certain point, as shown in above figure, but the wave 

as a whole extends in space. Its location is therefore not 

defined precisely, at least not in the same sense that one 

can define the location of a particle. German physicist 

(Nobel laureate 1932) Werner Heisenberg concluded that 

there is a fundamental limitation on just how precisely we 

can hope to know both the location and momentum (or 

velocity) of the particle. This limitation is expressed in 

Heisenberg's uncertainty principle. When applied to the 

electrons in an atom, this principle states that it is 

inherently impossible for us to know both the exact momentum 

of the electron and simultaneously its location in space. 

Thus it is not appropriate to imagine the electrons as 

moving in well-defined circular orbits about the nucleus, 

always at the same radius.

2.8.1 Quantum Mechanical Model
A set of mathematical expressions describe the allowed 

energy states of the electrons, termed as wave functions

represented by symbol . In quantum-mechanical model of
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atom, we can only speak in terms of the probability that the 

electron will be in a certain region of space at a given 

instant. The concept of electron density and probability 

function are more or less the same.

By means of quantum mechanics both the average 

distance of an electron from the nucleus and the average 

speed of the electron can be computed. It is found that this 

average distance is precisely the same as the computed 

radius of Bohr atom. The big difference is in the kind of 

motion of the electrons. The motion is not circular as in 

Bohr's atom. Instead, a region is said to be occupied by an 

electron, and this region is called a charge cloud.

The modern picture of a hydrogen atom as derived from 

quantum mechanics is shown in figure.

A hydrogen atom as represented by 
its nucleus and charge cloud.

The single electron moves in such a way that the atom 

appears to be spherical. Let us imagine that an electron is 

photographed in a three dimensional camera, at any instant 

of time and it appears as a dot in a photograph. If we go on 

clicking at every subsequent instant for a long time, a

large number of dots appear around the nucleus. This time-
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averaged picture appears as charge cloud as depicted above. 

However there is no boundary line to the charge cloud, only 

a fuzzy surface. Notice also that the 'electron density' 

decreases as the distance from the nucleus increases, but

the electron is undefined. The distribution of electron 

charge density or the distribution of probabilities of 

finding an electron is called an orbital.

2.8.2 Arrangement of Electrons in an Atom
It was natural for chemists to search for a model that

would account for the periodicity in chemical properties of 

elements in terms of the arrangement or configuration of 

electrons in the atoms. If chemical properties of the 

elements are repeated at interval (periodically), then their 

electronic arrangements must be repeated in some way. This 

led to the idea of arranging electrons in shells. Once a 

given shell of electrons is filled, additional electrons 

must go into a new shell. Complete filling of a shell should 

be marked by some sort of special behaviour, perhaps by 

chemical inertness, as it happens in elements called noble 

or rare, gases of atomic numbers 2, 10, 18, 36, 54 and 86. 

These elements mark the completion of shell, the attainment 

of chemically stable arrangement of electrons.

The Pauli exclusion principle states that no two

electrons in an atom may have all four quantum numbers

(n, 1, mi and ms ), the same As the consequence of this

principle, there can be no more than two electrons in any

one of the orbitals.
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2.8.3 Quantum Numbers
The atomic orbitals are described by set of quantum 

numbers.

The principal quantum number n relates most directly 

to the size and energy of an atomic orbital. It takes an 

integral value say 1, 2, 3, ... The azimuthal quantum number 

1 specifies the shape of an atomic orbital. The value 

allowed for 1 are restricted by the value of ' n', 1 may take 

an integral value from 0 to (n-1) . mj_ is called orbital 

quantum number. This describes the orientation of orbital in 

space. This quantum number may have integral values of 1, 

1-1, 1-2 and so on down to -1 (This is also called as 

magnetic quantum number) . The spin quantum number ms is 

associated with electron itself, electron spin is a property 

of electron that makes it behave as though it were a tiny 

magnet. Spin quantum number has values of +1/2 or -1/2 

corresponding to the two possible orientations of the 

electron spin in a magnetic field.

Because when 1 = 0, m]_ must also have 0, therefore 

there can be only one orbital called s type for each 

principal shell. While when 1 = 1, rrq can have one of the 

three values: -1, 0, +1, thus p orbitals occur in set of 

three. When 1 = 2, m]_ can have one of the five values: -2, 

-1, 0, +1, +2, these are d orbitals, thus these can occur in 

set of five. The geometrical shapes of s orbitals are 

spherical, p orbitals are dumbbell-shaped while d orbitals 

have more complex shapes.
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The most stable state of an atom will be that in which

all electrons are in the lowest possible energy states. 

The energy levels of orbitals increase successively as noted 

below and electrons occupy the orbitals accordingly.

Orbital Subshells Max electrons

s 1 2

P 3 6

d 5 10

f 7 14

Is,2s,2p,3s,3p,4s,3d,4p,5s,4d,5p,6s,4f,5d,6p,7s,5f,6d 

This can be represented as follows:

Write in a column as

Is

2s

3s

4s

5s

6s

7s
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Increasing order of energies of various subshells

[Suggested teacher activity Prepare cards bearing etc.

Arrange them in column and rows as shown above. Put a scale 

diagonally on them and make it clear how the number of 

electrons in each subshell (orbitals) are calculated.
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j
Tin- orbital (fuantum 
number i? al?<» coinnnmh 
called the azimuthal 
t/uunrum number.

The three p orbital?.

2i

a»
Contour repre

sentations of the 1s. 2s and 3s 
orbitals. The spherical surfaces 
connect points of equal value of 
^2. The surface encloses 90 per
cent of the total C2 for eacn orbital.

G-

Diagrammatic representation of shells 
and subshells.
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2.8.4 Electronic Configurations
A shorthand notation for configuration of electrons 

is done by writing the symbol for each orbital occupied by 

an electron with a superscript to indicate the number of 

electrons occupying that orbital.

For Hydrogen it is Is1, for Helium it is Is2 

(It is not s square, please make it clear to students it is 

only a notation.)

or
Is

H

He

Here each orbital is represented by a box, and each 

electron by an half arrow. A half arrow pointed up ( 1 ) 

represents an electron spinning in one direction (ms = +1/2

and in opposite direction (ms = -1/2) . So for Li to Na,we

can have this diagrammatic representation, 
electron conligurations of several lighter elements

I j 2s 2p 3j
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The electron arrangements of the first 20 elements

Element Symbol Atomic 
number, Z

First shell Second shell Third shell Fourth shell Electron
configuration

Hydrogen H 1 • 1
1 lelium He 2 • • 2
Lithium Li 3 • • • 2,1
Beryllium Be 4 • • • • 2,2
Boron B 5 • • ••• 2,3
Carbon C 6 • • • ••• 2,4
Nitrogen N 7 • • • •••• 2,5
Oxygen 0 8 • • •••••• 2,6
Fluorine F 9 • • ••••••• 2,7
Neon Ne 10 • • •••••••• 2,8
Sodium Na 11 •• •••••••• • 2,8,1
Magnesium Mg 12 • • •••••••• •• 2,8,2
Aluminium Ai 13 • • •••••••• ••• 2,8,3
Silicon Si 14 •• •••••••• •••• 2,8,4
Phosphorus P 15 • • * •••••••• ••••• 2,8,5
Sulphur S 16 • • •••••••• •••••• 2,8,6
Chlorine Cl 17 •• •••••••• ••••••• 2,8,7
Argon Ar 18 •• •••••••• •••••••• 2,8,8
Potassium K 19 • • •••••••• •••••••• • 2,8,8,1
Calcium Ca 20 • • •••••••• •••••••• •• 2,8,8,2

93-“
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EVALUATION

I. Select the most appropriate answer in the following
1. Magnesium is burnt in oxygen. The ratio of weight of Mg

to MgO co:nfirms

a. Law of conservat ion of energy

b. Law of conservat ion of mass

c. Law of definite proportion

d. Law of multiple proportion

2. Which of the following Dalton's assumption does not hold 
good today ?

a. Atoms can be neither created nor destroyed

b. Atom is the smallest constituent of any matter

c. Atom of one element is different from an atom of an 
other element

d. Atoms of different elements are united in simple 
numerical ratios

3. Mass of a single atom is calculated by

a. using any ordinary balance

b. comparing with that of carbon (another) using mass 
spectrometer

c. using a sensitive chemical balance

d. none of the above
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4. Molecules are formed by

a. atoms of the same element

b. atoms of the different element

c. atoms of the same element, as well as by atoms of
different elements

d. none of the above

5. J.J. Thomson found that cathode rays are made up of a 
beam of

a. protons

b. electrons

c. neutrons

d. photons

6. Rutherford's experiments on the scattering of alpha- 
particles establish that

a. the mass and charge of an atom are concentrated in 
nucleus

b. electrons are fundamental particles of matter

c. all electrons have the same charge

d. atoms are electrically neutral

7. Which of the following represents the electronic
configuration of 40Ca ?

20

a. Is2 2s2 3s2 4s2 2p6 3p6

b. Is2 2s2 3s2 2p6 3p6 3d2

c. Is2 2s2 2p6 3s2 3p6 4s2

d. Is2 2s2 3s2 2p6 3p6 4s2
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8. Which of the following represents the electronic

configuration of 52Fe ?
26

a. Is2 2s2 3s2 4s2 2p6 3p6 3d6

b. Is2 2s2 2p6 3s2 3p6 3d6 4s2

c. Is2 2s2 3s2 2p6 3p6 3d6 4s2

d. Is2 2s2 2p6 3s2 3p6 4s2 3d6

II. Answer the following briefly
1. When iron rusts, its mass increases. Is it violating the 

law of conservation of mass ? Give reason for your

answer.

2. Electrons are fundamental particles of all matter. How 

do you establish this ?
3. Describe the significance of each term in the symbol ^X.

4. Differentiate molecules of an element and that of a

compound.

5. If the mass of elect'ron is l/2000th of H atom and 
electronic charge is -1.6 x 10-1^ Coulomb, calculate e/m 

ratio of an electron.

6. Electrons are negatively charged particles of an atom, 

while atom as a whole is neutral. How do you account

for it ?

7. Represent diagrammatically Neil Bohr's model of hydrogen

atom.

8. Differentiate between atomic number and mass number.

9. Differentiate between orbit and orbital.
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10. Mention the experimental evidences that questioned the 

validity of Dalton's assumptions.

11. What is the contribution of Rutherford in developing the 

atomic theory ?

12. How Neil Bohr model is significant while discussing the

atomic structure ?

III. Fill up the table

Element Symbol
Atomic
no.

Atomic
mass

Number of

electron protons neutrons

Hydrogen 1 1

He 4 2

Carbon 6 12

Oxygen 8 8

Na 23 11

Aluminium 13 27

Phosphorus 31 16

Cl 17 35

Potassium 19 20

Ca 20 40
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IV. Write down the electron configuration of the 

following

Element Nuclear
symbol

Electrons in the orbit configuration

Hydrogen lH
1

Lithium 7Li
3

Berilium 9Be
4

Boran llB
5

Nitrogen 14N
7

Oxygen 16q
8

Neon 20Ne
10

Magnesium 24Mg
12

Silicon 28Si
14

•

Argon

1 —

4 0Ar
18



FOOD



-98-
FOOD

INTRODUCTION
All living organisms need food for their survival, 

growth and reproduction. Food can be defined as a substance 

that nourishes the body. We consume variety of foods, which 

can be either in solid or liquid form. The primary source of 

food is plants. All the animals directly or indirectly 

depend on green plants for their food. The green plants 

synthesize their own organic food by using inorganic 

compounds like water, carbon dioxide and solar energy, by a 

process called Photosynthesis.

Light is a small part of radiant (solar) energy 

consisting of waves of varied wave lengths ranging from 

violet light through blue, green, yellow, orange to red 

(400-700 nm). Green leaves are green because they absorb 

most of the wavelengths associated with the other colours 

and reflect most of those associated with green colour. The 

absorbed energy is converted into chemical energy during 

photosynthesis. Photosynthesis is the largest single 

chemical process on earth with an estimated 200 billion tons 

of carbon taken from the air each year in the form of carbon 

dioxide and combined with hydrogen from water, to form 

organic compound namely glucose. The glucose produced during 

photosynthesis is used for synthesising other carbohydrates, 

fats, proteins and also a number of other compounds in the 

plant cells.
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The animals consume the plants and their plants. The 

method of obtaining food and its utilisation is called 

nutrition. The food mainly consists of certain organic 

substances like carbohydrates, proteins, fats, vitamins, 

inorganic substances or minerals. The food is the main 

source of energy for living organisms. ] t provides materials 

for growth, maintenance of body temperature, helps to 

replace the worn out tissues/cells and in sustaining all 

life processes. Health means the general condition of the 

body. Good food provides good health, frees from diseases

and ailments.

General Objectives
1. To acquire the knowledge of the sources of food.

2. To know the chemical composition of the main nutrients.

3 . To acquire knowledge on the nutritive value of certain 

components in the diet.

4. To understand the process of digestion of the main 

components of the food.

5. To appreciate the need for proper nutrition.

Specific Objectives
To enable the students to:

1. classify the food based on the nutrient content.

2. differentiate between different kinds of carbohydrates.

3. find the calorific value of certain food items.

4. learn about the major nutrient content of some food

items.
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5. appreciate the functions of the enzymes in the digestion 

of major nutrients.

6. realise the importance of solar energy in the production

of food.

7. realise the effects of malnutrition.

Carbohydrates
These are a group of compounds that occur both in 

plants and animals, having the general formula (CH2O)n. 

They are "polyhydroxy aldehydes or ketones and their 

derivatives". They constitute important food reserves in 

plants. They are the organic compounds of high molecular 

weight - generally made up of carbon, hydrogen and oxygen. 

Some carbohydrates contain nitrogen and sulphur.

What do the carbohydrates do ?

They serve as

1. intermediates in cell metabolism

2. storage products (liver glycogen, starch in plants)

3. structural materials in the walls of plant and microbial

cells (cellulose)

4. source of extra-cellular matrix

5. source of chemical energy for an animal/human body 

(glucose). Adenosine Tri Phosphate (ATP) serves as a 

store of free energy. A large amount of free energy is 

released when phosphate bond of ATP is hydrolysed within 

the cell. The complete breakdown of glucose (via 

Glycolysis and Krebs cycle) leads to the synthesis of 

36-38 molecules of ATP and thereby provides a major 

source of cellular energy.
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6. Components of nucleic acids and many proteins (Ribose, 

Deoxyribose).

Classification
Based on the number of sugar units, they are classified

into:

1. Monosaccharides - contains a single sugar unit

2. Oligosaccharides - contains 2 to 4 sugar units (sugar
residues)

3. Polysaccharides - contains several hundred monosaccharide
units

Monosaccharides
These are simplest carbohydrates t.hat are water soluble 

and sweet to taste. Upon hydrolysis, they do not yield 

simpler carbohydrates. The number of carbon atoms in these 

molecules may vary from 3-7 and accordingly they are further

classified into

Trioses - that contains 3 carbon atoms (Glyceraldehyde, 
dihydroxyacetone phosphate)

Tetroses - that contain 4 carbon atoms (Erythrose, Threose)

Pentoses - that contain 5 carbon atoms (Ribose, Xylose, 
Arabinose, Lyxose)

Hexoses - that contain 6 carbon atoms (Glucose, Fructose) 

Heptoses - that contain 7 carbon atoms (Sedoheptulose)

Pentoses and Hexoses are very important class of 

monosaccharides. They are involved in the structure of 

nucleic acids (Ribose, Deoxyribose) and cell metabolism 

(Glucose) that yields energy.

Oligosaccharides
These are formed as a result of condensation of

monosaccharides. They are also sweet and are water-soluble.
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Maltose,Sucrose and Lactose are the important disaccharides. 

Disaccharides are formed when two monosaccharide units, 

usually hexoses - combine by means of chemical reaction 

known as condensation, which includes removal of water

molecule.

c6h12°6 + c6h12°6 C12H22°11 + H2°

Maltose
(obtained when starch is degraded,

The process can be repeated many times to build up the 

giant molecules of polysaccharides. The monosaccharide units 

are now called residues, once they have been linked.

The most common disaccharides are composed of following

monosaccharides.

Maltose = Glucose + Glucose 
Lactose = Glucose + Galactose 
Sucrose = Glucose + Fructose

Polysaccharides
These are polymeric structures containing more than 9 

monosaccharide residues. They have high molecular weight, 

generally insoluble in water and tasteless. Glycogen is the 

animal food storage product and starch is the plant food 

storage product.

Glycogen is stored in the liver animals and is a 

polymer of about 3000 glucose residues and consists of long
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branched chains. The chain between branch points usually 

consists of 10-14 glucose residues.

Starch occurs in the form of compact insoluble grains 

inside the plant cells. The starch granule is made up of two 

types of molecules.

(a) An unbranched chain of 25-300 glucose residues called 

Amylose and

(b) A molecule that consists of branched chain made up of 

about 1000 glucose residues called Amylopectin.

Polysaccharides can be categorised to

(a) Nutritive polysaccharides - Starch, Glycogen

(b) Structural polysaccharides - Cellulose (Plant cell wall)

Chitin (Cell walls of 
fungi, Sxo-skeleton of 
insects t

Murein (Cell walls of 
bacteria)

I
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Digestion of Carboydrates
Carbohydrates are digested in the following way:

In the mouth, starch is converted into maltose by the

enzyme Ptyalin (Salivary amylase) present in the saliva. The 

cooked starch is split into maltose in small intestine by 

pancreatic amylase. Intestinal juice contains maltase, 

sucrase and lactase. Maltose if broken down into glucose by 

maltase; sucrose to glucose and fructose by sucrase; lactose 

to glucose and galactose by lactase. These monosaccharides 

are taken up by cells and in the cells, they are used for 

the synthesis of ATP

buccal cavity uigesooa. tnasacanoa

salivary glands secrete saliva wruch 
moistens and lubricates tood. contains 
amylase enzymes

Amylase splits cooked 
Starch to maltose

liver secretes bile for emulsification 
of fats

gall bladder stores and concentrates 
bile from liver

duodenum digestion and absoroooo of 
food, receives secretions from uie uver 
l bile l and pancreas i pancreatic juice i

pancreas secretes oancreatic mice lor 
digestion ot starch, protein and fat

pharynx swallowing

oesophagus muscular tube which moves 
food from pnarvnx to stomach

stomach sac for shon-ierm sioraee alter 
meal. gastric mice secreted and digesnon 
of protein begins, acid kills manv 
microorgaiusms

ileum comolenon ot dieesuon ano 
aosoronon 01 food

oioo aosorotion ot most of remainint 
sater and salts

rectum storage of faeces

Pancreatic amylase acts on cooked and 
Uncooked starch and splits to maltose

appendix Intestinal juice has maltase. sucrase and 
lactase. They convert all sugars to glucose

anus egesuon
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Illustration showing the fate of carbohydrates taken in food
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Lipids
Generally lipids include those compounds, which can be 

extracted from biological materials by organic solvents such 

as ether-alcohol mixtures, acetone or . various chlorinated 

hydrocarbons. The terms 'fats' and 'oils' are commonly used 

to denote crude lipid mixtures obtained from natural 

sources. The difference between the two terms is solely on 

the basis of the physical state at 20°C, fats are solids, 

oils are liquids. The lipids provide an important form of 

energy source. They are also major components of cell

membranes.

The simplest lipids are fatty acids. They contain the 

acidic group -COOH (carboxyl group). They have a general 

formula of R-(CH2)n-COOH. Where, R is hydrogen group or a 

group such as -CH3-C2H5.

There are many carbon atoms in the fatty acid to make 

lipids. Most naturally-occurring fatty acids have an even 

number of carbon atoms between 14 and 22 (most common 16 or 

18). Thus, fatty acids have long chain of carbon and 

hydrogen forming a hydrocarbon tail. Many properties of the 

lipids are determined by these tails, including their 

insolubility in water. The tails are said to be hydrophobic. 

Fatty acids and lipids that contain double bonds are said to 

be unsaturated. Fatty acids and lipids lacking double bonds 

are said to be saturated. Unsaturated fatty acids melt at 

lower temperature than saturated fatty acids.
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FORMATION OF A LIPID

Triglyceride
Glycerol has 3 hydroxyl (-OH) group, all of which can 

condense with a fatty acid and thus the lipid formed is 

therefore called a triglyceride. Triglyceride are commonest 

lipids in nature.
H

H

TRIGLYCERIDE

Glycolipids
These are lipids associated with carbohydrates. They

are found in membranes.

Phospholipids
These are lipids containing phosphate group. They are 

formed when one of the -OH. group of glycerol combines with

phosphoric acid instead of fatty acid. The other two -OH
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groups combine with fatty acids as in the formation

triglyceride. The phospholipids are important in

formation of membranes.
H

I
H — C — OH HO —

of

the

3 H2O

PHOSPHOLIPID

What do the fats do ?

* They act as energy stores.

* They have a high calorific value than carbohydrates. A 

given mass of lipid will yield more energy on oxidation 

than an equal mass of carbohydrate. Complete breakdown of 

one molecule of glucose causes the synthesis of 36-38 

molecules of ATP, while breakdown of a 16 carbon fatty 

acid yields 130 ATPs.
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* Animals store extra fat when hibernating.

* The fat below dermis of the skin of vertebrates serves as 

an insulator (Blubber in Whales).

* Plants store lipids as oils. Seeds and fruits are rich in 

oils and are commercial sources of oils (oil in coconut, 

castor bean, soya bean and sunflower seed).

* Forms a principal constituent of cell membranes.

Digestion of Lipids
Lipid digesting enzymes are called lipases. The 

digestion occurs in stomach and completed in small 

intestine. In the stomach, the gastric juice contains 

gastric lipase. It also contains dilute; hydrochloric acid. 

The lipases show mild splitting action of lipids. Major part 

of lipid digestion occurs in the small. intestine. In the 

duodenal part of stomach, the lipids are mixed with the 

secretion of the liver, which is also called bile juice. 

Bile contains certain salts (chlorides, bicarbonates) and 

pigments like bilirubin and biliverdin. When fat is mixed 

with the bile, it gets emulsified or broken down into small 

fine drcplets. Pancreatic juice contains steapsin which 

converts triglycerides to di and monoglycerides and then to 

fatty acids and glycerol.

Deficiency Disorders
During Second World War, the incidence of industrial

dermatitis increased. J. Bodman and E. Felix in 1943 showed

that it is due to lipid deficiency. They found that ointment 

prepared out of polyunsaturated fatty acids could be the 

treatment for this disorder. Bagchi and his team in 1959
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showed chat lipid deficiency in the diet causes phyrnoderma.

The symptoms are (a) presence of skin eruptions on limp, 

particularly the posterior and lateral portions

(b) eruptions on the back and on buttocks (c) dry and thick

skin.

buccal cavity ingestion, masucabon

DIGESTION OF FATS
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appendix

anus egestion
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Proteins

Proteins are the large molecules, composed of a number

of small units called amino acids. There are 20 different

types of amino acids. Each amino acid consists of a central 

carbon atom (alpha-carbon atom) bonded to (1) a hydrogen 

atom, (2) a carboxyl group [COO“], (3) an amino group [NH3],

(4) a specified distinctive side chain [R] and thus has the 

following structure:

Hydrogen atom ---- > H Carboxyl group

Following are the amino acids, which occur commonly in 
biological systems:

SI.
No.

Name Abbreviation

1 Glycine Gly
2 Alanine Ala
3 Valine Val
4 Leucine Leu
5 Isoleucine He
6 Serine Ser
7 Threonine Thr
8 Tyrosine Tyr
9 Phenylalanine Phe

10 Tryptophan Trp
11 Aspartic acid Asp
12 Glutamic acid Glu
13 Lysine Lys
14 Arginine Arg
15 Histidine His
16 Cysteine Cys
17 Methionine Met
18 Proline Pro
19 Asparagine Asn
20 Glutamine Gin
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The amino acids can be grouped in the following 

categories according to properties of their side chains. 

They are:

(a) Simple amino acids - These do not contain any functional 

groups in side chains. Eg. Glycine, Alanine, Valine, 

Leucine, Isoleucine

(b) Hydroxy amino acids - Those, which contain an alcohol 

group (CH2OH) in the side chain. Eg. Serine, Threonine

(c) Sulphur containing amino acids - Those having a sulphur 

atom in the side chain. Eg. Cysteine, Methionine

(d) Basic amino acids - Those having basic group in the side 

chain. Eg. Lysine, Arginine.

(e) Acidic amino acids - Those having carboxyl group in the 

side chain. Eg. Aspartate, Glutamate.

(f) Heterocyclic amino acids - Those amino acids, which have 

a ring involving at least one atom other than carbon. 

Eg. Tryptophan, Tyrosine, Histidine, Proline.

(g) Aromatic amino acids - Those having aromatic (benzene

like) group in the side chain. Eg.Phenylalanine,Tyrosine

Different amino acids are joined together by the 

formation of a peptide bond (also called amide bond). The 

bond is formed between the carboxyl group of one amino acid

and the amino group of a second amino acid.
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R H R

Glycine is the simplest amino acid, with a side chain 

consisting of only a hydrogen atom. There are nine essential

and non-essential amino acids. Essential amino acids have

to be taken in through food. The cells in our body could 

synthesise the other amino acids by metabolic pathways. 

Peptides
When two or more amino acids are joined together by 

peptide bonds, the resulting compound is called a Peptide. A 

small peptide may be classified according to the number of 

amino acid units - such as dipeptide, tripeptide, etc. 

Larger units composed of many amino acids are called 

Polypeptides. Strictly speaking, proteins are polypeptides 

or they are the polymers of amino acids.

Digestion of Proteins
Proteins are digested by enzymes called proteases or 

proteolytic enzymes. The digestion is initiated in the 

stomach. Gastric juice contains pepsinogen and prorenin 

which are the precursors of protein digesting enzymes. It 

also contains dilute HCl, which actually activates the 

precursors of enzymes. Pepsinogen is converted into pepsin
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and prorenin to rennin. Pepsin splits some proteins in 

proteoses, peptones and polypeptides. Renin converts milk 

protein casein to paracasein. Paracasein in the presence of 

calcium ions, is converted into calcium paracaseinate, which 

is later converted into proteoses, peptones and 

polypeptides.

In the intestine, the pancreatic juice contains 

pancreatic proteases namely trypsin, chymotrypsin and 

carboxypeptidases. Some proteins are digested into 

proteoses, peptones and polypeptides. Chymotrypsin converts 

proteins to polypeptides. Carboxypeptidases split the 

proteins into tripeptides, dipeptides and amino acids.

The intestinal juice has aminopeptidases, tri and 

dipeptidases. Proteoses, peptones and polypeptides are split 

into tripeptides, dipeptides and amino acids. The tri and 

dipeptidases breakdown tri and dipeptides into amino acids. 

The free amino acids are absorbed by the cells and they are 

used a raw materials for several types of proteins that have 

to be synthesised inside the cells (see figure).

Dietary requirements for amino acids in Humans

Essential Non-essential
Histidine Alanine
Isoleucine Arginine*
Leucine Asparagine
Lysine Aspartate
Methionine Cysteine
Phenylalanine Glutamate
Threonine Glutamine
Tryptophan Glycine
Valine Proline

Serine
Tvrosine

* Though arginine is classified as a non-essential amino 
acid, growing children must obtain it additionally from 
their diet.
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DIGESTION OF PROTEINS
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What dc the proteins do ?

* All enzymes are proteins - they catalyse biochemical 

reactions inside the cell (cellular metabolism) and also 

outside the cell (digestive enzymes).
I

* They are involved in transport and storage. For eg:

Haemoglobin - is a protein present in red blood cells that 
transports oxygen in the blood.

Ferritin - is a plasma protein that stores iron in the 
liver.

* They form structural components of our body. For eg:

Collagens - are the principal supporting protein of 
skin, tendons and bones

Keratins - are present in hairs, skin, nails, horns, 
hoofs, feathers, etc.

Actin and - found in the muscle cells.
Myosin

* They are nutritional - provide amino acids for growth 

Casein is found in milk and Ovalbumin is found in egg.

Deficiency Disorders
There are two most common disorders that are prevalent 

in developing countries. The disorders occur in children who 

are deprived of adequate quantity of proteins in their diet.

1. Kwashiorkor: First discovered in West Africa, generally 

affects children below the age of five years. The 

symptoms are (a) retarded growth, (b) swelling of 

abdomen, legs and feet, (c) discolouration of skin and 

hair, (d) muscle wasting and (e) mental retardation. In 

prolonged protein deficiency, these conditions become

irreversible. Severity results in death of the child.
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2. Nutritional Marasmus: It is usually seen in infants of 

less than one year age, which are not nourished by the 

milk of the mother and which consume food, markedly 

deficient in both proteins and calories.

Plate l:The protein deficiency 
disease; Normal baby in the 
centre, Kwashiorkar on either 
side (Courtesy: Dr. Shivaswamy, 
MMC, Mysore)

Plate 2: Another protein 
deficiency disease:Marasmus 
(Courtesy: Dr. Shivaswamy, 
MMC, Mysore)



Biosynthesis of amino acids - The carbon skeletons of the 
amino acids are derived from intermediates in glycolysis and 
in the citric acid cycle, (from Cooper, G.M. 1997. The Cell 
- A molecular approach. Sinauer Associates, Inc. Washington)
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The essential mineral ions needed in a balanced diet and 
their functions (from Biological Science, Cambridge 
University Press, 1998 - Ed. By R. Soper)

Calcium Formation of bones and teeth

Calcium Formation of bones and teeth

Phosphorus/
Phosphate

75% is combined with calcium in bones and 
teeth
Synthesis of nucleic acids (DNA and RNA) 
Synthesis of ATP
Synthesis of phospholipids in membranes

Sulphur Mainly present as part of the amino acids 
cysteine and methionine

Potassium Needed with sodium to maintain electrical 
potential across cell membrane
Conduction of nerve impulse

Sodium Important constituent of fluid outside 
cells (tissue fluid)
Helps to maintain water balance (Osmo 
regulation)
Conduction of nerve impulse

Chlorine Constituent of Hydrochloric acid in the 
stomach

Magnesium Formation of bones and teeth

Iron Constituent of haem group in haemoglobin 
and myoglobin

Trace Elements

Fluorine Associated with structure of bones and 
teeth, increasing

Zinc Constituent of bone and some enzymes

Copper Constituent of Cytochrome oxidase enzyme 
of mitochondria

Iodine Synthesis of hormone Thyroxine

Manganese Constituent of some enzymes involved in 
respiration and bone development

Chromium Involved in the use of Glucose

Cobalt Part of Vitamin Bt_2



-120-
Table shewing the nutritive value and composition of certain 
Indian feed items.

Item Qty
(gm)

KCal Proteins
(gm)

Lipids
(gm)

Carbohydrates
(gm)

Rice 500 595 11.9 0.9 134.8

Chapati 60 193 5.0 5.5 30.8

Poori 30 130 2.2 8.4 13.0

Rice Idli 135 130 4.6 0.2 27.6

Cow's milk 150 218 7.2 8.0 29.2

Buffalo milk 150 316 9.6 20.0 29.2

Fish 100 87 17.0 1.3 1.8

Chicken 100 132 23.3 4.9 -

Meat 100 194 18.5 13.3 -

Table showing the nutritive value of fruits and vegetables 
(gms/100 gms)

Fruit/Vegetable Carbohydrates Proteins Calories

Potato 22.6 1.6 97

Beet root 3.4 0.7 17

Onion 11.1 1.2 50

Brinj al 6.4 1.9 35

Bottlegaurd 3.5 0.2 12

Cabbage 4.6 1.8 27

Ladies finger 6.4 1.9 35

Apple 13.4 0.2 59

Banana 27.2 1.2 116

Pineapple 7.2 0.6 32

Orange 10.9 0.7 48



-121-

Suggested Activities
1. Allow the students to taste glucose, sucrose and starch

(rice flour). Ask them to find out which is sweeter. The

answer would be sucrose. Sweetness depends on the 

property of carbohydrate molecules to spread over the 

taste buds on the tongue. Sugar can quickly dissolve in 

mouth and spreads over the taste buds; hence it is sweet. 

Solubility of starch is very low and hence cannot spread

over taste buds. Hence it never tastes sweet.

2. From the table given, ask the student to find out the 

composition of the food he/she has consumed as breakfast/ 

lunch. Ask them to find the calorific value of the food.

3. Test for sugar: Juice of ripe banana or apple or fresh 

orange in different test tubes, Benedict's solution. Add 

a few drops of Benedict's solution to each. Heat gently

for 2 minutes over a flame. Note the colour before and

after the addition of•Benedict's solution. Appearance of 

green, yellow, orange or red colour confirms the presence 

of sugar.

4. Students may be asked to browse the following CDs to 

learn more about food and digestion.

a. 1999 World Book - International Standard English
Edition, IBM Corporation

b. Body Works 4.0 - Softkey International Inc.
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EVALUATION

Objective Type Questions
1. Which one of the following is the primary source of food?

a. Eggs b. Plants

c. Meat d. Animals

2. In which wavelength the photosynthesis occurs ?

a. 500-800 nm b. 300-700 nm

c. 400-700 nm d. 300-800 nm

3. Which of the following is a peptide bond ?

a. R-COOH

c. COOH-NH2

b

d

R-NH2

co-nh2

4. Protein present in milk

a. Casein

c. Peptone

b. Pepsin

d. Lactose

5. Gastric juice contains the following protein digesting 
enzyme.

a. Pepsin b. Casein

c. Trypsin d. Amylase

6. Final products of protein digestion are

a. Carbohydrates b. Amino acids

c. Fatty acids d. Minerals

7. The general formula of carbohydrate

a. CnH2O b. (CH2O)n

c. C2H2O5 d. CHnO

8. Which one of these is not a monosaccharide ?

a. Glucose b. Galactose

c. Fructose d. Lactose



-123-

9. Which of the following does not contain fat

a. Butter

c. Groundnut

b. Rice

d. Meat

10. Following is the fat digesting enzyme present in the 
intestinal juice.

a. Lipozyme 

c. Lipase

b. Lipid 

d. Pepsin

Short Answer Questions
1. Name the process by which unsaturated fats are changed

into saturated fats.

2. What are the mean constituents of lipids ?

3. List the enzymes involved in the digestion of lipids.

4. Why plant leaves appear green ?

5. Define nutrition.

6. List out the components of human nutrition.

7. Write the general structure of an amino acid.

8. Name any two aromatic amino acids.

9. What is a peptide ?

10. List out protein digesting enzymes present in gastric 

j uice.

11. List out protein digesting enzymes present in the 

intestinal juice.

12. Write the symptoms of Marasmus.

13. Write the symptoms of Kwashiorkor.

14. What are essential amino acids ? Give examples.
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Long Answer Questions

1. Describe the role of proteins present in our food.

2. Discuss the effect of protein deficiency in the diet.

3. Describe the role of carbohydrates present in our food.

4. Describe the role of lipids present in our food.

5. List out important lipids and indicate how they differ

from one another.

6. Discuss deficiency disorders of proteins and lipids.



HEALTH
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FACTORS AFFECTING HUMAN HEALTH

INTRODUCTION
Health refers to a state of complete physical, mental 

and social well being of a person and not merely the absence 

of diseases or infirmity. Good health is very important for 

the development of human race. Every country should take 

proper measures to take care of the health of all the 

citizens. Good health enables people to lead a good quality 

life and also gives strength to perform all the normal

activities.

For the maintenance of good health proper diet and 

disciplined life are very important. Environmental factors 

like sanitation, good climatic condition, pollution free 

atmosphere, etc. play a vital role for keeping good health. 

If the above conditions are not met with, there would be

increased incidence of diseases.

In recent years diseases have grown in number and 

variety. Man is living in a situation where he has to fight 

against diseases. Lot of research work is being carried out 

in the direction of disease diagnosis and treatment. To 

fight against them man has invented several drugs. Many 

vaccines have also been introduced to protect children 

against dreaded diseases like polio, small pox, brain fever,

etc.

Through improved medical facilities man is trying to 

prolong his life and promote physical and mental health. If
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the diseases are detected in the early stage, they can be 

cured very easily. If not so, the diseases become severe and 

reach an advanced stage.

The present theme deals with various types of human

diseases which affect human health.



-127-

GENERAL OBJECTIVES

1. To gain knowledge of the internal and external factors 
. which influence human health.

2. To acquire the knowledge on hormonal imbalances causing 
diseases like diabetes, simple goitre, etc.

3 . To understand the genetic diseases like haemophilia and 
sickle cell anemia, that are transmitted from one 
generation to another generation.

4. To understand the impact of the various environmental 
factors like malnutrition, pathogens, and drug addiction 
on health.

5. To understand various infectious diseases caused by 
viruses, bacteria, fungi and protozoans.

6. To appreciate the role of healthy habits to guard against 
some of the dreaded diseases.

7. To appreciate the need for balanced diet.

SPECIFIC OBJECTIVES
To enable the students to

1. familiarise with some of the terms like hypertension, 
cholesterol, etc.

2. reason out for the occurrence of various heart disorders

3. differentiate between the internal and external factors 
affecting health.

4. see relationship between pathogens and diseases.

5. discriminate between diseases like hemophilia and sickle 
cell anaemia.

6. reason out for the occurrence of social diseases.

7. appreciate the importance of healthy habits to maintain 
good health.

8. take proper decisions in choosing life style for the 
maintainance of good health.
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Internal factors
1. Malfunctioning of the body parts

i. Hypertension: Hypertension (high blood pressure), is 

not a disease, but only a symptom indicating an 

underlying disease. Heredity, stress, obesity, smoking, 

malfunctioning of endocrine glands are the factors 

responsible for this.

ii. Heart attack: It is a condition which may occur when 

the heart muscles receive inadequate oxygen supply and

hence function under severe stress.

The main cause is the blockage of coronary artery 

which may occur due to the following reasons.

a. Cholesterol: It is a fatty substance, which gets 

deposited on the lining of arteries. Excessive intake of

saturated fats in the diet leads to this condition. This

condition in the arteries is called atherosclerosis.

b. Blood clots: Due to abnormal conditions, blood clots 

can block the coronary artery. This condition is called 

coronary thrombosis.

c. Increased blood pressure: It may be caused due to 

stress, over weight, smoking and drinking alcohol, etc.

When the heart works under stress the more oxygen it 

needs and greater is the risk of cardiac arrest.

iii. Kidney failure: It is a condition where the kidneys 

are unable to discharge their normal function.
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Following are the causes.

(i) disorders of the urinary tract

(ii) inflammation of the tissues of the kidney

(iii) formation of stones in the kidneys

iv. Osteoporosis: It is a condition, where the

particularly vertebral column is affected. Osteoporosis 

may also occur in bones around joints.

v. Eye defects: Following are the common eye defects: 

Myopia or short sightedness. It is due to the eyeball 

being too long from front to back. The lens cannot 

accommodate itself by making itself thin enough to focus 

the distant object.

Causes:

(i) Eyeball being too long

(ii) Defect of retina

(iii) Excessive use of eye for near vision

(reading in di-m light, watching TV excessively)

Myopia can be corrected by using concave lens.

Long sightedness: Longsighted persons can focus distant 

objects but not the near ones.

Causes:

(i) Eyeball being too short from front to back.

(ii) Hardening of lens

(iii) At old age, the ciliary muscles do not have the 

power to make the lens spherical enough to focus on 

the near objects.

This defect can be corrected by using convex lens.
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vi. Catarac:: It is a condition where the eye lens 

becomes opaque (clouding of eye lens) resulting in poor

vision.

Cause: Ageing and diabetes.

vii. Deafness: It is a condition where the person is 

hard of hearing.

It is caused due to

(i) malformation of parts in the ear.

(ii) lesions of the cochlear nerve that supplies the

ear.

(iii) exposure to intense noise pollution.

(iv) defect in the audio centres of the brain.

2. Genetic Diseases
All the hereditary traits and characters are controlled 

by genes. These genes are transmitted from one generation to 

another generation. Some of the genes performing normal 

function will undergo mutation and switch over to abnormal 

function causing disease to mankind. Such defective genes

cause diseases.

Some of the hereditary diseases are as follows:

a. Hemophilia
This is caused by a recessive gene. In persons 

suffering from hemophilia, there is delay in the clotting of 

blood due to external or internal injury. This situation 

is very dangerous because of loss of blood. In severe 

conditions it may lead to death.
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In normal course blood takes less than 5 mts to clot. 

But in haemophilics it may take 120 mts for the blood to 

clot. This genetic disease is more frequent among men (2 to 

3%) in comparison to women (0.2 to 0.5%). Some of the women 

transmit this hemophilic gene to next generation and are

called "carriers".

The delay in the clotting of blood due to injury is

because of lack of one or two factors essential for the

coagulation of blood. The marriages between close relatives 

and cousins may lead to female hemophilic individuals.

b. Sickle Cell Anemia
It is also controlled by another recessive allele. Due 

to deoxygenation, a red blood cell changes from biconcave 

disc to an elongated crescent shaped or sickle shaped cell. 

As RBC assumes sickle shape, it becomes rigid and as a 

result it may obstruct capillary blood flow. This 

obstruction leads to local tissue hypoxia. This results in

further deoxygenation due to which RBCs are reduced in

number.

This abnormality is more frequent among children. The 

chances are lower among adults due to decreased life span. 

This genetic disease is caused due to defective haemoglobin 

which loses the ability to carry adequate amount of oxygen.

The only hope of curing these genetic disorders will

be only through genetic engineering.
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3. Hormonal Imbalance
Hormone is a chemical substance secreted by cells 

in one part of the body and carried by the blood to some 

other part called 'target organ' where it is effective in 

regulating and co-ordinating the activities of the cells. 

All the hormones that have been identified chemically are 

either proteins, amino acids or steroid compounds. Hyper/ 

hypo secretion of any particular hormone leads to 

malfunctioning of the body.

a. Thyroxine hormone
It is secreted by thyroid glands situated in the neck

close to the trachea.
Functions of thyroxine hormone
1. It regulates the rate of metabolism of the body.

2. It promotes the growth of the tissues of the body.

3. It promotes tissue differentiation.

Disorder due to Thyroxine Imbalance
1. Low secretion in childhood slows body growth and mental 

development and reduces the rate of metabolism. The child 

remains physically stunted and mentally retarded. The 

body temperature, heart rate and blood pressure are lower 

than a normal body. This condition is called cretinism.

2. Low secretion of thyroxine produces myxedema in adults. 

The symptoms are puffy appearance and lack of alertness,

mental retardation and dullness.
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Simple Goitre

The enlargement of thyroid gland producing a swelling 

in the neck known as goitre. It is caused due to inadequacy

of iodine.

Goitre cases are mostly found in places where iodine 

is less in soil and water. Usually coastal people do not 

suffer from goitre, because sea water and soil are rich in

iodine.

Preventive measure
Goitre can be prevented by use of sea foods and iodised

salt.

[The over secretion of thyroxine results in the acceleration 

of the metabolic rate accompanied by increase in heat 

production. The main symptoms are high blood pressure, 

nervous tension, profuse sweating, loss of weight and 

fatigue].

b. Parathormone

This hormone is secreted by the four small glands 

called parathyroids situated in the neck region on thyroid 

gland.

The hormone regulates the amount of calcium salts in 

the blood stream. The shortage of this hormone leads to 

painful muscle cramps. This causes parathyroid tetany. 

[Parathormone increases the concentration of calcium ions 

in the blood plasma, because it mobilises more calcium 

from the bones to the plasma and reduces urinary elimination 

of calcium. It is secreted whenever the plasma Ca+
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concentration falls and restores the Ca+ concentration to 

normal in the plasma. On the other hand it increases 

phosphate elimination in the urine and consequently lowers 

the phosphate concentration in the plasma. Thus parathormone 

regulates the metabolism of calcium and phosphorus.]

c. Diabetes mellitus
A set of cells embedded in the pancreas called 'Islets 

of Langerhans'. Among Islet's there are two types of 

secretary cells, namely alpha cells and beta cells. The 

alpha cells produce a hormone called glucogon which converts 

glycogen into glucose and increases the synthesis and 

release of glucose into the blood. The beta cells produce 

another type of hormone known as insulin. Insulin controls 

the amount of glucose in the blood.

Functions of Insulin
1. Insulin increases the utilisation of glucose in tissues 

and facilitates the storage of glucose as glycogen in 

liver. By these actions insulin maintains the blood sugar

level.

2. Insulin increases the synthesis of fat in the adipose 

tissue from the fatty acids as well as glucose.

3. It also reduces the breakdown and oxidation of fat.

4. Insulin promotes protein synthesis in tissues by using

amino acids.

5. It reduces catabolism of proteins in the body. Insulin is

an anabolic hormone.
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Symptoms of Diabetes Mellitus
Sugar level increases in the blood. Sugar is excreted 

through the urine, there is increase in the frequency of 

urination, thirst and hunger. There will be loss of weight 

and weakness. It also causes delayed healing of injuries.

4a. Diseases Caused by Viruses
Viruses are much smaller than bacteria, cannot be 

grown on culture media. They can grow only inside the living 

cells. They have some characteristics of living things and 

some characteristics of non-living things. They are often 

considered in between living and non-living forms. Electron 

microscope is the device used for viewing viruses.

a. Mumps
Symptoms

(i) In children painful swelling of the parotid

and usually other salivary glands.

gland

(ii) High fever

(iii) The movement of the jaws becomes difficult.

(iv) In adults testes and ovaries may also become

inflamed.

Spread: Through droplet infection and direct contact. 

Prevention: Vaccination

b. Measles
(i) Erupting of small red spots on skin (rubeola).

(ii) Inflammation of the mucous membrane of the nose and

sneezing.

(iii) Leads to pneumonia in secondary infection.

(iv) Eyes irritated by light.
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Spread: By droplet infection, invasion is through the 

respiratory tract and also occurs through 

conjunctiva of the eye.

Prevention: Vaccination

c. Chickenpox: It is a common childhood disease.

Symptoms

(i) Dew-drop like rashes

(ii) Fever

(iii) Uneasiness

(iv) Aches

Spread: Droplet infection through air and direct contact.
d. Poliomyelitis: It cripples children for life and is not

curable.

Symptoms
(i) Limbs become paralysed.

(ii) The patient cannot walk without support.

(iii) The nervous impulses to diaphragm are stopped and 

breathing fails when the respiratory centres of the 

brain attacked by the virus.

(iv) The virus destroys the cells of the spinal cord.

Spread

(i) It enters the body through food and water.

(ii) Multiplies in the cells of the intestinal wall.

(iii) Spreads to the lymphatic system and blood stream.

Prevention: Oral drops of vaccine
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e. Trachoma: It is an eye infection.

Symptoms
(i) Swelling

(ii) Discomfort

(iii) Running of eyes

(iv) In acute cases it can lead to blindness or visual 

impairment

Spread: Through the direct or indirect contact with the 

discharges from the infected eyes of the person. 

Fruit flies may act as carriers/vectors.
i

f. AIDS (Acquired Immunodeficiency Syndrome)
AIDS is a condition caused by HIV (Human Immunodeficiency 

Virus). AIDS presents itself as a group of signs and 

symptoms and not a single disease. HIV causes damage to the 

immune system of the body by entering the white blood cells.

HIV upon entry into white blood cell, it hijacks the 

genetic constitution and partly replaces it by its own 

sensitive information and then multiplies. This leads to 

attack of other white blood cells. In this way the number of

white blood cells get reduced.

Most people with HIV show no symptoms of the disease

and may be asymptomatic for months and even years. Once a 

person is infected with HIV he/she can transmit the virus 

to other people even though she or he may appear perfectly 

healthy and may not know that he/she has been infected with

HIV.
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Blood test is the only way to know, when a person is

infected with HIV.

HIV can enter the body through

(a) sexual intercourse without a condom with an infected

partner.

(b) use of unsterilised needles or syringes infected with

HIV.

(c) infected mother may pass it on to her child before, 

during or after birth.

(d) transfusion of blood infected with HIV.
There is no cure for HIV/AIDS. Prevention is the only

defence at the moment.
Diseases caused by bacteria

Bacteria are single celled organisms. Bacteria may 

be harmful or harmless or useful. Bacteria reproduce by 

division. The human body is said to have an infection when 

bacteria growing in it causes damage either by the bacteria 

directly or by their toxins.

1. Tuberculosis
It is also known as TB. Under-nourished people who 

live in dingy, congested parts of large cities are normally 

getting this disease. It is a lung disease. The tuberculosis 

bacteria invade any part of the body (brain also) and 

destroy the tissues. It releases a toxin called tuberculin.
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Causative bacteria: Mycobacterium tuberculae

Symptoms

(i) Fever

(ii) Cough

iii) Sputum containing blood

(iv) Pain in the chest

(v) Loss of body weight

Spread: Droplet infection through coughing, sneezing, 

talking and spitting.

Cure: It is a curable disease which involves proper rest, 

diet, drugs, surgery, rehabilitation and health

education.

Prevention: BCG vaccine gives considerable protection 

against TB.

2. Diphtheria: It is another respiratory tract disease 

common among children.

Causative bacteria: Corynebacterium diphtheriae

Symptoms
(i) Slight fever

(ii) Sore throat

(iii) General indisposition

(iv) Oozing of semisolid material in the throat develops 

into a tough membrane causing choking of the air

passage.

(v) If the bacteria invade the heart, there may be a rapid

and fatal heart blockade.
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Spread: Droplet: infection and direct contact.

Cure: The diphtheria, antitoxin,if given within 24 hours of 

appearance of the symptoms can completely neutralise 

the toxin. After 24 hours the antitoxin is not

effective.

3. Pertussis (Whooping Cough)

It is a common childhood disease.

Causative Bacteria: Bacillus pertussis

Symptoms

(i) Mild fever 
(ii) Irritating cough

(iii) Loud crowing inspiration produces 'whoop' sound. 

Spread: Droplet infection and direct contact

Teachers Note

[DPT vaccine for the production of antitoxin a suitable 

virulent strain of the pathogen is grown in a broth medium 

at 36°C for a week under -suitable conditions. The organisms 

will grow rapidly and form a serum on the surface. The toxin 

containing liquid is obtained by passing through filters 

that will detain all the microorganisms. The toxin can be 

converted into a toxoid by treating with formaldehyde and 

precipitating with alum. By this method the toxic property 

of toxin is destroyed. But its ability to induce antibody 

formation is unaffected. The toxoid is injected into healthy

horses to stimulate the formation of antibodies. After the

horse is immunised, the blood is collected from the horse,

allowed to clot and serum is separated and used.]
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4. Tetanus: It is a major endemic infection.

Causative bacteria: Clostridium tetani

Symptoms
(i) Muscular rigidity (lock jaw)

(ii) Painful muscular spasms

Spread: Through wounds, accidents and use of improperly 

sterilised surgical instruments.

Prevention: DPT vaccine for the prevention of diseases 

namely diptheria, pertussis (whooping cough) and

tetanus.
5. Cholera: A dreaded disease in India and mentioned in

Ayurvedic as 1Vishuchika'.

Causative disease: Vibrio cholerae

Symptoms
(i) Sudden onset of profuse effortless 

Watery stool

(ii) Vomiting

(iii) Rapid dehydration

(iv) Muscular cramps

Spread: It is mainly water borne disease spread through 

contaminated food and water and by direct contact.

Prevention: Vaccines against cholera are available but they 

immunise only for six months and hence are used

mainly during epidemics.
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6. Leprosy: It is the disease caused by mycobacterium leprae 

Symptoms: The disease affect the skin and nerves. A faint

pink patch on the skin with loss of sensation to 

touch, heat or cold is indicative of the disease.

If not treated immediately the patch may increase 

in size and the new patches may appear. This 

region may have no perspiration or scratching

sensation. If the disease further advances some of

the organs like finger tips, ear lobes, etc. may 

get sloughed off and deformity occurs.

Treatment: Proper detection and treatment in the initial 

stage will cure the leprosy disease.

[Doctor Hansen in 1874 established the Etiology of Leprosy] 

d. Diseases Caused by Protozoa

1. Malaria

Causative Protozoan: Plasmadium vivax

Symptoms

(i) Chill and shivering

(ii) Rapid periodic rise in temperature

(iii) Headache

(iv) Nausea

Spread: By female anopheles mosquito.

Cure: Effective drugs are Chloroquinine and Primaquine to

cure the disease.

Prevention: By cleaning the surroundings to prevent the 

stagnation of water to avoid the breeding of 

mosquitoes.
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2. Amoebiasis: It is an intestinal disease.

Causative protozoan: Entamoeba histolytica

Symptoms
(i) Mild diarrhoea 

(ii) Alternating with constipation

(iii) Mucus is usually present in the stool.

Spread: The cysts from the faecies of the infected person 

which are transmitted through food and water.

Cure: Medical treatment with drugs.

Prevention: Avoid poor sanitary conditions and unsafe 

drinking water.

Diseases Caused by Fungi

1. Athlete's foot

Cause: Tineapedis

Transmission: Communal changing and bathing facilities with

wet floors.

Symptoms: Presence of sodden, peeling and cracked skin 

between toes. Often persistent in hot summer

months.

Control and Treatment: Disinfection of communal bath and

shower floors. Exclusion of infected individuals.

2. Head ring worm
Cause: Tinea capititis

Transmission: Highly contagious, direct contact by way of 

combs, brushes, caps, hats, etc.
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Symptoms: Small scaly spot with broken hairs.Spot increases 

in size, covered with greyish scales, thicker at 

edges forming distinct margin.

Control and Treatment: Local application of fungicides as a 

variety of ointments.

3. Candidiasis

Cause: Candida albicans

Transmission: Can occur in mouth, vagina, intestine. 

Infections may arise due to loss of acidity in vagina. For 

example: During pregnancy or as a result of diabetes in 

woman. Infants can be infected in the mouth region at birth. 

Symptoms: Local infection of yeast organisms forming fluffy 

white patches. Red inflamed skin under patch, severe

irritation.

Control and Treatment: Search for underlying predisposing 

factor. Drugs used locally as lotions, creams or pessaries.

FOOD POISONING
The presence of some harmful microorganisms in food or 

the presence of some toxins in the food formed usually by 

the action of some fungi and bacteria cause food poisoning,

a. Botulism: The food poisoning caused by the bacteria

Clostridium botulinum is called botulism. These bacteria

grow in canned foods in the absence of oxygen and produce 

the toxin, which is the cause for food poisoning. The 

symptoms will be headache, vomiting, fever, diarrhoea and 

pain in the abdomen.
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b. Aspergillosis (Mycotoxicosis) : Food poisoning is also 

caused by fungus Aspergillus. This fungus grows on grains, 

vegetables, groundnuts, etc. and produces a toxin called 

aflatoxin. This aflatoxin causes food poisoning. This fungus 

grows on the moist food materials like groundnut due to 

improper storage.

c. Bacterial food poisoning (or gastroenteritis or 

salmonellosis) : This is caused by Salmonella. It is a food

borne disease which is caused by using meat from infected 

animals(poultry and pigs) and also via faecal contamination. 

The main symptoms are vomiting and diarrhoea.

Social Diseases or Diseases caused by Habit Forming 
Substances

Those substances which tend to make a person 

increasingly dependent on them are called habit forming 

substances or addictive substances.

Some important habit forming substances or addictive

substances are:

1. Tobacco

2. Alcohol

3. Narcotic drugs

All these substances are drugs which are taken for

reasons other than medical to enhance the overall effect

which is considered as 'drug abuse'. This 'drug abuse' leads 

to 'drug addiction' with the development of tolerance and 

dependence. Dependence may be physical or psychological.
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1. Tobacco
Tobacco is smoked in the form of beedi, cigarette or 

cigar. Some use tobacco, as snuff and some others chew it. 

Tobacco is obtained from leaves of tobacco plant. Tobacco 

contains nitocine which is both a stimulent and a poison. 

Apart from nicotine, tobacco also releases many poisonous 

chemicals during smoking. Smoking cigarettes inflames the 

lining of the respiratory system leaving a residue called 

'tobacco tar' on the inner lining of lungs which causes 

irritation and cough. The poisonous gases in the smoke enter 

the blood through the lungs and harm the body. Use of 

tobacco increases the risk of lung cancer and oral cancer

and heart attack.

Smoking of tobacco damages the health of the smoker as 

well as the nonsmoking persons nearby. The smoke of tobacco 

releases a number of poisonous gases like carbon monoxide, 

hydrogen cyanide, nonoxidised nicotine, etc. When nonsmoking 

persons inhale the cigarette smoke that fills the air 

around them, these poisonous substances enter their body and 

cause damage. Thus indirectly inhaling cigarette smoke being 

nearby the smoker is known as 'passive smoking'. Hence 

'smoking in public places' is banned in many places.

2. Alcohol
The alcohol which is consumed in the form of ethyl 

alcohol (C2H5OH). Alcohol has the effect of both food and 

drug. If small quantities of alcohol is consumed it enters

into the blood and then to cells of different parts of the
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body. In the cells it is converted into acetaldehyde and 

then to carbon dioxide and water using an enzyme (alcohol 

dehydrogenase). During this metabolism of alcohol 7.1 kCals 

of energy is released. Some amount of alcohol is also 

produced in our body by anaerobic respiration. As many 

substances are soluble in alcohol, and it acts as a 

preservative it is used as a base for many tonics and 

medicines. Unfortunately alcohol also has the tendency to 

develop habituation. The over consumption of alcohol has

narcotic effect. It leads to addiction which is known as

alcoholism.

Alcoholism is a highly addictive condition caused by 

constant use of alcohol resulting in damage to the nervous 

system of the body thereby ruining house and social life. 

Excessive consumption of alcohol causes irritation of the 

stomach, liver damage, loss of neuromuscular control and 

judgement. Alertness and reflex actions are slowed down. In

extreme cases it leads to unconsciousness and death.

3. Narcotic Drugs
These drugs produce heightened feeling of well being. 

Some of the narcotic drugs are opium, heroin or brown sugar. 

Some hallucinogens and psychedelic drugs are marijuana, 

hashish and LSD (lysergic acid diethyl amide). Hallucinogens 

distort the senses, produce sensory illutions

dramatically affect perception, emotion

These drugs

and mental

processes.
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Some drugs are taken orally, some are taken in the 

form of injections and others in smoking. All these drugs 

mentioned are highly addictive and rather more dangerous

than tobacco and alcohol.

The long term effects of these drugs are damage to 

liver, brain, infections by use of unsterilised needles 

(especially tetanus), abcesses and diseases of the 

respiratory system. Due to sharing of needles the drug users 

are prone for diseases like AIDs and hepatis B.

The long term effects of hallucinogens are prolonged 

depression, severe anxiety, damage of respiratory centre, 

apathy, indifference and decreased motivation, impaired

memory.

A person who is physically dependent on a drug when 

abruptly stops taking it experiences a variety of adverse 

effects collectively known as 'withdrawal symptoms'.

70% of the drug users belong to the age group of 

12-25 years. Therefore it is very essential to educate our 

youth and guard them against these evils before it is too

late.
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SUGGESTED ACTIVITIES FOR CLASSROOM TRANSACTION

1. Activity of Eyesight
How many students in your class wear spectacles ? What 

is the need of using spectacles ? Explanation by concerned 

cases. How to prevent myopia ? This can be explained by

teacher.

2. Learning about cardio-vascular disorders
Make students to list down more doubts about heart

disorder. A special lecture can be arranged by a local 

doctor to clarify all the doubts/inf ormation may be 

collected from the doctor and may be discussed in the

classroom.

3 . Genetic disorders
The teacher can collect slides and charts to explain 

hemophilia and sickle cell anaemia more effectively in the

classroom.

4 . Hormonal disorders
To demonstrate the presence of sugar in the urine of 

diabetic person.

Collect 1 ml of urine of a diabetic person in a test 

tube and add eight drops of Benedict's solution and heat. 

Blue colour of the solution changes to green or yellow or 

orange or red. Change in colour indicates that the person is 

diabetic. Repeat the experiment using a sample of urine 

collected from a healthy person. Change in colour does not

occur in the urine of a normal person.
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5. Goitre

Shew the picture of a person suffering from goitre or 

a real patient in the locality.

6. Polio
Show the picture of children affected by polio. 

Emphasise the importance of giving polio drops to the 

children in the early stage.

7. For various other diseases like mumps, measles, rubella 

show good photographs or slides to understand the effect of 

these abnormalities and allow the students to share their 

personal experiences of any of these diseases through

discussion.

8. Teacher may arrange debate or seminar to discuss the

merits and demerits of 'modern way of living'.

9. Students could be encouraged to collect articles on

health and diseases from newspaper/magazines/internet/ 

science journals.

10. Activity on AIDS
The teacher can develop awareness regarding AIDS by 

conducting quiz/question box activity/essay writing/guest

lecture.
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QUESTIONS

I. Answer the following questions in one word/phrase
1. Name one metabolic disease related to bones ?

2. Name two metabolic diseases caused by the malfunctioning 

of eye lens ?

3. What is the another name of hereditary defect ?

4. Name the hormonal disease in which children become

mentally retarded and physically stunted ?

5. Name the hormone essential for controlling sugar level in

the blood.

II. Answer the following questions
1. Which are the external and internal factors that affect

the human health ?

2. What are the functions of insulin ?

3. Name the bacteria causing the following diseases:

(i) diphtheria

(ii) whooping cough

(iii) tuberculosis

4. The coastal people are not usually suffering from goitre.

Give reasons.

5. What are the harmful effects of smoking ?

6. Briefly describe the harmful effects of alcoholic drinks

on humans.

7. What are fungi ? Name any three diseases spread by fungi?

8. What does AIDS stands for ? How is it caused ?

9. Mention any four diseases caused by viruses ?
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10 .
11.

12 .

Ill
1.

2 .

3 .

IV.
1 .

2 .

3 .

What is meant by food poisoning ? Name the common 

diseases caused by food poisoning ?

What are narcotic drugs ? Why are they called habit 

forming substances ?

Why should smoking be banned in public places ?

. Give scientific reasons for the following
In haemophilic patient bleeding does net stop for a long

time.

A person having AIDS becomes prone to many other

infections.

Alcoholism is considered as social disease. Give reasons.

Multiple choice
HIV is generally transmitted through

a. casual contact

b. saliva and tears

c. blood

d. sweat

Shortage of which hormone causes diabetes ?

a. Thyroxine

b. Insulin

c. Oxytocin

d. Acetylcholine

Which organisms cause tuberculosis ?

a. Viruses

b. Bacteria

c. Protozoans

d. Fungi
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4. To prevent which disease vaccination is not done ?

a. Measles

b. Cholera

c. Malaria

d. Rabies

V. Choose the best answer from the brackets
1. The vaccine given for the prevention of tuberculosis is

(DPT, MMR, BCG)

2. Which protozoan causes malaria ?

(Plasmodium, Entamoeba, Euglena, Paramecium)

3. Which disease affects the lungs ?

(Plague, Diphtheria, Tuberculosis, Siphilis)

4. Which is the stimulant present in tobacco ?

(Caffeine, Nicotine, Tannin)

5. Severe dehydration is the symptom of

(tuberculosis, leprosy, cholera, measles)

VI. Write whether the- following statements are true or 
false and correct the false statements

1. The hormone insulin is secreted by the cells present in

liver.

2. Over secretion of parathormone causes tetanus.

3. The appearance of pink coloured scars on the skin are the 

symptoms of leprosy.

4. Deficiency of iodine causes diabetes.

5. Entamoeba histolytica causes amoebic dysentery.


