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Preface

The "Content Enrichment Programme in Science for Key 
Resource Persons of Tamil Nadu at Secondary Level (IX Std)"
was held at the Regional Institute of Education, Mysore in two 
phases from

a) 14th to 15th September 2006 (2 days)
b) 20th to 24th November 2006 (5 days)

Twenty seven science teachers with 10 years or more 
teaching experience at x std. Level of Tamil Nadu attended the 
training. Selection was made so as to include about 10 teachers 
each from Physics, Chemistry and Biology.

The main objective of this PAC programme was

i) to enrich and train the KRPs in the recently included content 
areas in the revised science syllabus and

ii) to guide KRPs about how they can play an effective role as 
resource persons in further training of classroom teachers.

During the first phase of 2 days, an inhouse meeting of the 
RIE Science Faculty was conducted to plan for the training. A 
blueprint of the activities and strategies to be adopted was drawn 
after studying the revised textbook in Science (IX Std) of Tamil 
Nadu.

During the second phase the KRPs of Tamil Nadu made a 
detailed content analysis of the above book and identified the 
content-points on which some training is required.

The external and internal resource persons held elaborate 
discussions with KRPs and adopted certain strategies to equip the 
KRPs for transacting the new syllabus.

Some such strategies included :
a) Lecture-cum-demonstration by subject experts
b) Group discussions



c) Laboratory activities - Group and individual
d) Visits
e) Providing Enrichment material, etc.

Question-Answer sessions were integral part of each activity. 
Methods of teaching some content areas were also discussed.

KRPs were taken for a visit to the Audio Visual Studio, NUT 
Computer Lab, Science Park of the Institute to make them aware of 
the recent trends in teaching.

A visit to Regional Museum of Natural History was also 
arranged.

This written material including certain content areas 
discussed during the programme and some enrichment material is 
also provided for teachers.

I hope that teachers will find it useful for classroom teaching 
and suggestions for improvement are welcome.

I thank Prof C S Nagaraju, Principal, RIE, Mysore for his 
continued support in the programme; KRPs of Tamil Nadu for 
their active participation and interaction with resource persons; 
local RPs and RIE faculty for their continuous interactions with 
KRPs and contribution towards the development of this material 
and laboratory staff of Science Department and staff of Extension 
Department for their help in conducting the programme.

My thanks are due to Mrs.S.Imavathi of the Computer 
Processing Unit of our Institute who spared no efforts in bringing 
out this material neatly in the present form.

N R Nagaraja Rao 
Programme Coordinator
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Content Enrichment Programme in Science for KRPs at 
Secondary Level (IX Std) of Tamil Nadu

20.11.2006 to 24.11.2006

PHYSICS

Units Examined
1. Measurements
2. Force and Motion
3. Newton’s Laws of Motion
4. Work, Power and Energy
5. 1 Ieat and Temperature
6. Wave Motion and Sound
7. Light

llardspots Identified

1. Distance travelled and Displacement
2. Equations of Motion (Graphical Method)
3. Newton’s laws of motion
4. Action and Reaction
5. Why only three laws of motion ?
6. Absolute Zero - Interpretation
7. Perfect Gas Equation (Simple Approach)
8. SI system of Units
9. Accuracy and Precision

Laboratory Exercises

1. Analysis of Uniform Motion
2. Analysis of Non-Uniform Motion
3. Study of Oscillations of a Liquid Column
4. Velocity of sound — resonance column
5. Study Newton’s laws of motion
6. P-T relation for ideal gas
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Remedial Strategics adopted in the Science programme for clarifying 
llardspots by

1. Providing Enrichment Lecture Sessions
2. Exposing KRPs to Activity Sessions
3. Involving in Problem-solving
4. Face-to-face interaction : KRP to KRP and KRP to Resource 

person
5. Using simple teaching aids/ models
6. Laboratory work

2



physics

Displacement and Distance Travelled

In order to discriminate between distance travelled (in short, called 
as ‘distance’) by a body and its ‘displacement’, we should know how 
each one is defined and measured.

Position of a body

To describe the motion or position of a body, we require an 
arbitrary but fixed reference point. For simplicity, we consider motion 
along a straight line. Let us choose origin O on the straight path of the 
point object (body).

•5a -A'D —3Q -2-o — sq O
I—t—I—t—i—t-

-v <SL p o

\ O .3, Q
4

Positions to the right of O are taken as positive and those to the left 
of O are taken as negative.

Table below gives the positions of some points in the figure (Fig.
1)

Points Position (in m)
A +10
B +20
C +30
D +40
E +50
? -10
Q -20
R -30
S -40
T -50
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If a body moves from O at time t = 0, and reaches different points 
on the line at various instants of time then the distance moved by the body 
is given by the change in its position. (Recognise that position of O is 
zero).
For eg:

Final position 
of the body

Initial position 
of the body

Distance traveled 
by the body (in m)

E O +50
Q O -20
D 0 +40
S 0 -40

But when a body moves from O to D and back to O, the distance 
travelled is 40m + 40 m = 80m. Distance travelled is a scalar quantity 
and has no direction.

Displacement is another useful quantity that gives the change in 
position stated with direction.

If x2 is the position of a body at time t2 and Xj is the position at time 
t|, then the change in position is A x = x2 - X| in a time interval At = t2 - tj 
(t2 > ti). If x2 > X|, Ax is positive and if x2 < xb Ax is negative.

Displacement is a vector with both magnitude and direction.

Since we are discussing one dimensional motion (motion in a 
straight line) there are only two directions possible i.e. along +x axis and 
-x axis i.e. forward direction is denoted by + sign and backward direction 
denoted by -sign.

If a body moves from O to C (refer Fig.l) then displacement is 
(+30m - 0m) = +30m and when it moves from E to B, the displacement is 
+20m — (+50m) = -30m.

Therefore, a displacement of +30m shows that the direction is 
along +x axis and similarly a displacement of-30m shows its direction to 
be along-x axis.
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Consider the following examples :

SI.
No.

Direction of motion 
of the body

Distance 
travelled (m)

Displacement
Mag (m) Direction

1. O to D 40 + 40 +x axis
2. O to E and back to 

A
(50+40) = 90 10 - 0 = +10 +x axis

3. O to E and back to 
O

(50+50)=100 0 AtO

4. D to R through 0 (40+30)=70 -30-(+40) = 
-70

-x axis

It is to be emphasized that the magnitude of displacement may or 
may not be the distance travelled by the body. Further, the magnitude of 
displacement may be zero but the corresponding distance travelled is not 
zero.

To calculate the displacement in each case, assume the position of 
final point to be x2 and that of initial point to be Xi with proper signs. 
Then calculate Ax = x2- X|.

For example in SI (4) final point is R. (x2 = -30m) and initial point is 
D(X| = +40m).

Ax = Displacement
= x2-x,
= -30-(+40)
= -70m

Work out Ax similarly in other examples.

When motion along a straight line is discussed, it is not necessary 
to use vector methods to introduce the concept of displacement, if 
positive and negative signs are considered.

Equations for Uniformly Accelerated Motion (Graphical Method)

The equations of motion can also be obtained by the velocity —time 
graph of a uniformly accelerated body. This will be an alternative to 
present the derivations in a simpler way.

5



Consider a uniformly accelerated body starting with an initial 
velocity u and acquiring a final velocity v in time t, with a uniform 
acceleration ‘a’. Let S be the distance travelled during the motion.

The velocity-time graph of such a body is given below with various 
quantities marked on it. (Fig.2).

Fig.2

The area (AOABD) under a velocity-time graph represents the 
distance travelled (S) by the body.

AOABD = S = Area OPBD - AAPB 
S = vt - [ ’/i (v - u) t ] (Refer fig)
= ’/2 (v + u) t

But, by definition,

t
= a

6



( v - u•. v-u = at; t-I------
I a

v = u + at •••• (0
S = ’/2 [ u + at) + u ] t

S = ut + */2 at2 ( )

Also, the distance (S) travelled by the body is given by

t (see above)

( y v - u == at)

These equations 1, 2 and 3 are the equations of motion. This is simpler 
for students than the analytical method.

Laws of Motion

It is our common daily life experience that a force is needed to set a 
body at rest into motion or to bring a moving body to rest. ‘Rest’ and 
‘Motion’ are viewed as two ‘states’ of a body.

For example,
1. A push or a pull (i.e. a force) is required to open or close the 

doors of a room.
2. A force is also required to stop a ball rolling down an inclined 

plane.

In eg. (1) a force is used to change the state of a door from ‘rest’ to 
‘motion’ and in eg. (2) the change of state is from ‘motion’ to ‘rest’.

A force is an agency that tends to change the state of rest or of 
motion of a body. This force may be due to a living body or a non-living 
one (eg. Earth). It may act on the body with or without contact (e.g. force 
between two magnets).

Prior to Newton, Galileo (1564-1642) had conducted certain 
experiments with motion of bodies on inclined planes. He came to a

7



conclusion that no net force is needed to keep a body at rest or in uniform 
motion. Many times, it appears that an external force is needed to keep a 
body in uniform motion. But in reality, this external force only 
neutralizes (cancels) some invisible forces, which are inherent in a 
system. To mention a few, frictional forces, air resistance, viscous forces 
belong to this category. The net force on a body once again adjusts to 
zero for a body in uniform motion.

Galileo stated that

i) State of rest and state of uniform motion are equivalent as far as 
physical laws arc concerned.

ii) If the net force acting on a body is zero, a body at rest continues to 
be at rest and a body in uniform motion continues to be in uniform 
motion i.e. there is no change in state of the body. This property of 
every body is called Inertia. By virtue of inertia, bodies tend to 
oppose to any change in their state.

Newton’s Laws of Motion

Sir Isaac Newton (1642 — 1727) refined Galileo’s ideas into a 
coherent theory and developed a mechanics of his own.

The foundation for such mechanics is based on his three laws of 
motion that go by his name. Apart from the usual statement of Newton’s 
first law of motion, it can also be stated in another form. A state of rest 
or of uniform motion, both imply zero acceleration. Hence equivalently,

Newton’s First Law of Motion
is stated as follows :

“If the net external force acting on a body is zero, its acceleration is 
zero. Acceleration can be non-zero only if there is a net external force 
acting on the body”.

I Ience whenever the net external force acting on a body is zero, we 
can conclude that the motion is uniform. Any departure from uniform 
motion, indicates the presence of a net force - visible or invisible, known 
or unknown.

8



Newton’s Second Law of Motion

The first law deals with bodies under no external force. The 
second law of motion refers to the general case when there is an external 
force acting on a body. It is a relation between the external force applied 
and the acceleration produced in it.

Our common experience indicates that the effect of a force on a 
moving body depends on its mass and velocity.

Following examples are illustrative and can be explained :

i) To push an empty truck and a similar loaded truck on a horizontal 
road by same distance.

ii) A bullet fired from a gun and the same one thrown with hands.
iii) A cricketeer draws his hands backwards in the direction of the ball 

before he catches it, etc.

Momentum : We define the momentum of a body (p) as the product of 
its mass (m) and velocity (v)

p = in v
Momentum is a vector quantity and its direction is same as that of 
velocity.

Newton’s Second Law of Motion can be stated as follows :

“ fhe rate of change of momentum of a body is proportional to the 
applied force and takes place along the direction of the force”.

From this law, it can be shown that
F = m a

This is also regarded as another way of stating the second law. Hence 
| F |.= 0 implies | a | = 0.

This is consistent with First Law. fhe Second Law is a vector law 
- holds separately for each component of vector
i.e. Fx = m ax

Fy = m ay => F = m a
Fz = m az

9



Newton’s Third Law of Motion

The second law of motion relates the external force acting on a 
body with the acceleration produced in it. But what provides the external 
force on the body? How is it generated ? This is answered by the third 
law of motion.

flic external force is arising due to another body.

Consider the following examples :

1. The earth pulls a body towards its center (downwards). The body 
also pulls the earth in opposite direction. But the latter force may 
not be visible since the mass of the earth is very large when 
compared to bodies on earth.

2. When a rubber tube (or rubber band) is pulled, the rubber tube 
pulls us back which can be felt.

Thus forces do not occur as single forces. They occur in pairs due 
to mutual interaction between two bodies. These forces are always equal 
and opposite and are experienced by two bodies simultaneously.

Newton used two terms ‘action and reaction’ for this pair of forces. 
‘Action’ and ‘Reaction’ are just two forces and are interchangeable. 
They occur at the same time and do not have a ‘cause-effect’ relation.

Thus if A and B are two bodies, the force on A by B (FAB) and the 
force on B by A ( PnA ) are both equal and opposite.

All these ideas are elegantly expressed by Newton’s Third law of 
Motion, which is stated as

“To every action, there is always an equal and opposite reaction”.

Some examples are given for illustration :

1. An clastic spring with a load at its one end.

Action : The force with which the load pulls the spring downwards. 
Reaction : The tension in the spring pulling the load upwards.

10



Some other examples of a two-body system are as follows :

Reaction : Force exerted by B on A.

3.
Systems Action Reaction

a) A cricket ball hit by 
a bat.

Force on the ball due 
to the bat.

Force on the bat due to 
the ball.

b) Magnet attracts a 
nail.

Magnet’s force on the 
nail.

Nail’s pull on the 
magnet.

c) Diver pushing off 
from a diving board.

Foot’s push on the 
board.

Board’s push on the 
foot.

4. A book kept on the table, 'fable is on the earth.

11



Forces acting on the book.

Fbt = • Force on the Book due to Table.
Fbf = Force on the Book due to Earth

. t * *

FBTand FBE arc two forces arising due to interaction of the book with 
two bodies - table and earth simultaneously. These two DO NOT 
form an action-reaction pair - they arise in two different bodies, which 
interact among themselves.

We have to consider each body separately. Thus,

System Action Reaction
Book-Earth Force on the book by 

the earth (weight) fBE
Force on the Earth by 
the book ( FEB )

Book-Table Force on the book by 
the table (FBT)

Force on the table by 
the book (fT^)

Forces on the Book, fable and Earth.

Fig. 5

Fbt and Feb or fBF and FTBdo not constitute an action-reaction pair. 
However, FBEand fEB as well as Eur and fTB form two action-reaction 
pairs. Identify the reaction-action forces on the table-earth system.

12



Why do we have three laws of motion ?

The THREE LAWS OF MOTION on which Newtonian Mechanics 
is based, deal with three important aspects of ‘force’ which causes/ 
opposes motion. The First Law refers to the case when the net external 
forces acting on a body is zero. The second law, describes the state of the 
body under an external force. It relates the acceleration produced in the 
body and the external force acting on it. It is a general law, which 
reduces to first law when the applied force is zero.

The third law helps us to understand the origin of the external force 
- as a mutual interaction between two bodies. Thus there are only three 
laws on which Newtonian Mechanics is based.

13



Kinetic Interpretation of temperature

It follows from the assumptions made by the kinetic theory of 
gases that the average kinetic energy of a molecule of a gas is 
proportional to the absolute temperature of a gas. It is independent of the 
volume and pressure of the gas. This result is also true for all gases.

i.e. Ek oc T
Temperature T is a macroscopic (bulk) measurable quantity of a gas and 
this is related to a microscopic (atomic/molecular) quantity, its kinetic 
energy, Ek which is not measurable. The kinetic energy of a molecule, is 
a measure of the molecular activity of a gas. Hence, we can say that the 
temperature of a gas measures its molecular activity. Greater the 
temperature, more is the molecular activity and vice-versa.

Absolute Zero

We know the ideal gas laws viz. Boyle’s law and Charles’ law. 
Boyle’s law states that PV = constant at constant temperature.

Charles’ law states that V = AT at constant pressure.

As T -> O the volume of an ideal gas also tends to zero (i.e. 
becomes vanishingly small) i.e. T = O represents the lowest possible 
temperature that can be attained by a gas. If T becomes less than this, the 
volume becomes negative, which does not correspond to a realistic 
situation (See the graph of V vs. T at constant pressure for an ideal gas).

14



Since EK °c T, we can also say that Absolute Zero is that 
“temperature where the gas molecules have least possible molecular 
activity”. The corresponding least kinetic energy due to this activity is 
called their zero-point energy.

What is the physical interpretation of triple point?

This is the temperature at which ice, water and water vapour 
coexist in equilibrium and is called triple point of water. The water 
vapour pressure at this temperature (+273.16° K) is unique and has a 
value 4.58 mm - Ilg. What is the significance of absolute zero ? It is 
not possible to attain this temperature called ‘Absolute-Zero’ (-273.16 
°C). When we plot a V - T graph for an ideal gas, different gases give 
different straight lines, but when extrapolated to lower temperatures, near 
absolute zero, all gases show almost zero volume. The extrapolated value 
of the temperature depends only on the general properties of gases and 
not on any particular gas. Such a scale of temperature independent of the 
properties of any particular gas is the absolute scale of temperature.

It is important to remember that the absolute zero is

i) impossible to attain experimentally.
ii) inferred only by extrapolation.
iii) the lowest and temperatures below this do not exist.
iv) not a state of zero molecular motion and energy.
v) a state at which molecules have a finite minimum energy called 

zero-point energy.

Absolute Scale of Temperature

Does a gas remain in its gaseous state at -273°C ? It would have 
liquefied much earlier than reaching this temperature.

It is not possible to think of a zero or negative volume for the gas. 
Hence we can say that -273°C (to be precise, -273.16°) can be taken as 
the ‘initial point’ on a temperature scale based on the general behaviour 
of gases. This is called the Absolute Scale of Temperature.

The ‘zero’ of the Absolute Scale corresponds to —273.16°C on 
Celsius scale.

15



Hence a temperature ‘t° C’ can be represented as 

T = (t +273.16) K

on the Absolute scale of temperature. For example, the boiling point of 
water on this scale would be

T= 100 + 273.16 = 373.16K

There is no negative temperature on this scale like Celsius scale. 
For example -10()C (10° below ice temperature) is

R = -10° + 273.16°
= 263.16 K

on absolute scale of temperature. The size of the degree on both Celsius 
and absolute scale are same except that the counting point temperature is 
different.

Therefore, in general, a temperature ‘C’ on Celsius scale is given by K on 
absolute scale such that

K = | C | +273.16

The Gas Equation (a simple approach)

We have seen a relation between pressure and volume at a constant 
temperature

i.e. PV = constant
• w 1 i.e. V oc —

P
Another relation is between volume and temperature at constant pressure.

i.e. VocT

These two are true for an ideal gas. Combining these two,

V oc -
P

i.e. P.V oc T 
i.e. P V = RT

16



i.e a constant

This is called the ideal gas equation.

It is important to remember that
i) this equation holds good only for ideal gases.
ii) R is a gas constant, same for all gases.
iii) The equation is a combination of two gas laws - Boyle’s law 

and Charles’ law.
iv) The equation gives the relation between P, V and T when all of 

them vary simultaneously.
v) This relation is only approximately valid for actual gases, 

especially at high pressures and low temperatures.

17



International System of Units

Measurement is a prime exercise of all scientific phenomenon and 
it is also the ultimate result of many scientific activities.

Measurement is a comparison of a given quantity with an accepted 
‘Standard Unit’ for that quantity. After measurement, the result is 
expressed by a number and a unit. For ex. Length of a table = 2m. This 
conveys that the given length is twice (2 times) as great as a standard 
metre (unit).

fhe ‘standards’ are universally accepted and well-defined in order 
to avoid any ambiguity and differences in measuring a given quantity.

Any system of units is based on a set of standards, or base units, 
fhe FPS (British) system was in practice for a long time and this had 
some inherent drawbacks.

i) fhe base units were arbitrarily defined. For eg. A ‘loot’ was 
defined as the length of a forearm of a man. A ‘yard’ as the 
distance between the nose-tip and middle linger of an extended arm 
and so on.

ii) The multiples and sub-multiples of the base units were arbitrary 
numbers, which demanded lot of memory and lengthy 
computations. For ex. 12 inches make a foot, 3 feet an yard, 220 
yards a furlong, etc.

Even the names of the derived units bear no resemblance to the base 
units from which they were derived, etc.

The metric (CGS) system of units soon replaced FPS system due to 
its advantages :

i) The basic units are well-defined.
ii) The multiples and sub-multiples of units are all powers often.
iii) The names of units are obtained by adding prefixes to base units.

The replacement of centimeter and gram by metre and kilogram led 
to the MKS system. This was refined, improvised further and an 
International System of Units was finally adopted as a legal system of 
units by all nations for trade and science in 1960. It is known as SI units 
(Systeme International d’ Unites).

18



The International System of units called as SI units is based on 
seven basic units and two supplementary units.

Table 1
Basic Units of SI System

Physical quantity Unit Symbol
Basic Units

1. Length metre m
2. Mass kilogram
3. Time second s
4. Electric current ampere A
5. Temperature kelvin K
6. Luminous intensity candela cd
7. amount of 
substance

mole mol

Supplementary Units
1. Plane angle radian rad
2. Solid angle steradian sr

Note: The actual definitions of base units can be deferred to for the time 
being and can be taken up at such places when students are taught the 
appropriate concepts. Mugging up of definitions should be discouraged.

Some units derived from base units are given below (Table 2) with 
special names in some cases.

Tabic 2
SI derived units

Quantity Name Symbol In terms of
Other
units

Base
units

1. Area — — -- m2
2. Volume — -- -
3. Density — — — kg m"3
4. Velocity — — — -1-----ms
5. Acceleration — -- — .2ms
6. Angular velocity -- — — rad s*1
7. Angular

acceleration
— — — rad s’2

8. Momentum — — — kg ms'1

19



Quantity Name Symbol In terms of
Other
units

Base
units

9. Specific heat 
capacity

— — — J kg 1 K-1

10. Specific latent 
heat

- — -- J kg1

11. Frequency hertz IIz — ?’
12. Force newton N — kg ms’2
13. Pressure pascal Pa Nm'3 ---- T------2—m’ kg s’
14. Energy/ Work / 

quantity of heat
joule J Nm m kg s

15. Power watt W Js'1 —21----m kg s
16. Moment of a 

force
— — Nm 2 i 2m kg s’

Advantages of SI units

I. Provision is made for prefixes to express very large and very small 
multiples of base units, which are all powers of tens. This makes 
computations easy. Some common prefixes used in SI Units :

Table 3
Multiples and Subniultiplcs of Units

Factor Prefix Symbol Factor Prefix Symbol
id13- tcra T 10’2 ccnti c
id9 giga G io-1- milli ill
io6- mega M 10‘6 micro
io3 kilo k io-9 nano n
io3- liecto h 1013 pico P
10 dcca da 103^ femto f
io71 deci d 10-18“ atto a

2. Only one unit is used for a given physical quantity. For ex. joule is
the unit for thermal, mechanical, electrical or any other form of <
energy. Calorie is no longer an accepted unit though it is still used
for expressing energy values of food and fuel. In other systems,
there used to be more than one unit for the same quantity. Energy €
was measured in calorie, joule, erg, kwh etc.

<
20
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3. SI system is comprehensive - useful not only for science but in 
commerce, technology, business, etc.

4. There is no gravitational unit for mechanical quantities under SI.

5. SI is a coherent system. The unit of a derived quantity is obtained 
by those of the base units without any arbitrary constants.

For ex. Power = ^n-er^~
Time

Unit of Power = (>lnit of enerey) 
unit of time

i.e. W = Js’1

6. Only single prefixes are to be used while expressing a physical 
quantity.
i.e. 106 J = 1 MJ and not 1 kkJ.

1 O'6 s = 1 p s and not 1 mms 
105 kg = 100 kg and not 1 h kg.

7. The power to which a unit is raised applies to the whole unit 
including the prefix.

a) 1 mm2 = (1 mm)2 = (l()'3m)2 = 10'6 m2 and not 10‘3 m2.
b) 1 ns2 = (1 ns)2 = (10"\)2 = IO18 s2 and not 10’9 s’2, etc.

Notations

SI unit has formulated certain simple rules for writing various 
symbols of units for simplicity and uniformity. This is adhered to in all 
communications.

1. While writing a unit, the first letter should be in lower case.

Unit in full Unit in symbol
centimetre S 
Centimetre X

cm S
Cm X

kilogram S 
Kilogram X

kg
KgX

nanosecond S 
Nanosecond X

ns S
Ns X

21



2. Symbols derived from proper names begin with a capital letter.
Hz (from Hertz) and not hz.
K (from Kelvin) and not k.

3. Multiplication of two or more units can be shown as follows :
Nm or N . in and not as N X m, N(m),.....

4. Only singular form of the units to be used, 
km and not kins
J and not Js 
mg and not mgs

5. Decimals should be a point or a comma on the line.
273.16 or 273,16 and not 273'16.

6. To facilitate reading of long numbers, digits should be grouped in 
threes about the decimal point.
9, 192, 631,770 and not 9192631770 
1,650,763.73 and not 1650763.73

7. When temperature in Kelvin is expressed, the degree sign is 
omitted.
273.16 K and not 273.16° K

8. Use of a solidus (bar) is to be omitted; if used, to be limited to one.

2 2ms’ or m I s not m / s / s.
J K’1 mol’1 or J / K mol not J / K / mol.

9. Numerical value N of any quantity is to be expressed as
N = a X 10"

Where a is a number between 1 and 10 and n is the power of ten. 
c.g. c = 2.997, 925 X 108 ms'1

k= 1.380,54 X 10’2J JK.'1

A complete change over from FPS I CGS system is advantageous, 
inevitable and useful, especially in exchanging scientific, technological 
and commercial data at global levels.
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Accuracy and Precision of Instruments

Measurement, as already stated is an inevitable part ol all 
experiments.

Due to various known or unknown causes, usually the measured 
value of a physical quantity will be different from its actual (true) value. 
The instrument used, experimental conditions, the observer and many 
such factors contribute for such differences. Hence the results of each 
measurement contains some error.

The errors are of two types - systematic and random.

Systematic errors arise from faulty design, wear and tear, imperfect 
calibration, etc. of the instruments. They are of the same magnitude and 
in the same direction (positive or negative) throughout the measurement.

e.g. zero error of a screw gauge. They can be corrected for to get a 
better result.

Random Errors

These occur irregularly, with change in sign and magnitude and the 
causes for such errors have to be traced out carefully. Sometimes more 
than one cause contributes for the error. Corrections will be sometimes 
beyond our control.

eg.
1. Fluctuations in temperature leading to changes in thermo meter 

reading, expansion of wires.
2. Variations in AC mains voltage.
3. Friction and vibrations of the mechanical systems, etc.

Accuracy and Precision

By definition, accuracy is a measure of how close the measured 
value is to the true value of the quantity.

Precision tells us to what resolution (least count) the given quantity 
is measured.
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Let the true value of a quantity be= 2.376 cm. Using an instrument 
of L.C. (least count) 0.1 cm, let the measured value be 2.4 cm.

With an instrument of LC 0.01 cm the same value be 2.35 cm.

The first measurement is more accurate and less precise whereas 
the second one is less accurate and more precise of the difference.

True value ~ measured value is less, it is more accurate, and vice 
versa. Smaller the L.C. of the apparatus, the value obtained is more 
precise and vice-versa.
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LABORATORY ACTIVITIES

List of Experiments

1. Analysis of motion of an air bubble.
2. Analysis of motion by Ticker Tape-Timer
3. Study of Newton’s second law of motion.
4. Study of oscillation of a liquid column.
5. Study of resonance column.
6. Variation of pressure with temperature of a gas at constant volume.

Study of the uniform motion of an air bubble

Aim : To study the uniform motion of the air bubble.

Apparatus Required : Sealed burette with a trapped air bubble, stand, meter 
scale, stop watch, protractor.

Procedure :
Mark a 10 cm distance along the burette using a thread or rubber band. Keep 
the burette in an inclined position as shown below.

As the air bubble moves up along the tube, note the time taken to travel the 
distance of 10 cm. Calculate the speed of the air bubble. Repeat the same for 
various distances (at least 5 distances) for the same inclination of the tube. 
Tabulate your observations and draw a graph, determine the speed of the air 
bubble and compare the calculated values.

25



Repeat the experiment by changing the inclination of the burette (at least 3 
inclinations).

Observations

Table 1
(Height and inclination kept constant, distance-time relation)

I leighl 
cm

Inclination
0°

Distance 
moved 
by air 
bubble 
S(cm)

l ime taken (s) Mean
time
‘l’(s)

Speed
S/t

(cins* )
1 2 3 4 5

What will happen to speed of the bubble when the angle of inclination is 
increased or decreases ?

Table 11

(Relation connecting time with height and inclination)

Height
(cm)

Inclination
0°

Distance S 
(cm)

Time t(s) Speed

V = — (cm / s)

1. What will happen to the speed of an air bubble when the distance also 
changes?

2. What type of graph can be drawn using the values given in the tables?
3. If drawn, what will be the nature of the graph ?
4. What do you infer from the graph ?

Observation

'flic air bubble is slightly cylindrical in shape.
For better accuracy of the result, the size of the air bubble must be smaller.
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The air bubble attains uniform speed after travelling a particular distance in the 
liquid column. This uniform speed is called the terminal speed (vt).
The speed varies with the angle of inclination of the burette with the horizontal

i.e. v oc 0
This terminal speed of the air bubble increases with the angle of inclination of 
the burette. This is clearly illustrated in the tabulation given.
The speed of the air bubble remains constant for various distances with the 
given inclination as in the tabulation.

Graphical Analysis

A graph is drawn with distance vs. time. The distance is taken along the 
y-axis and time along the x-axis.

1. From the graph, it is shown that the relation between the distance and 
time is linear.

2. The speed of the air bubble v = y is found from the graph.

3. The air bubble moves with terminal velocity.

Activity

1. The student may draw the graph by observing the tabular column with 
different parameters, as they desire.

2. The students may be asked to find out the forces acting on the air 
bubble while in motion.
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Analysis of Motion by Ticker Tape Timer

1. To analyse the motion of a body what information do we need ?
2. Tape-Timer is a device used to mark the positions of a body at equal 

intervals of time.
3. Fasten a tape to a moving body, your hand or an accelerated cart and pass 

the tape through the tape guide (under carbon paper - if white tape is 
used) so that the tape moves under the vibrator.

4. Examine the separation between the successive dots what can you say 
about the motion of your hand I the moving body ?

5. Estimate the number of dots and select a convenient time interval such 
that you have about ten observations (unit of time = say 10/15/20, etc. 
dots).

6. Use a stick-tape and fix the tape you have drawn on the table. Choose an 
origin and mark off units of time as 1,2,3, etc.

7. Measure the distances of each mark from the chosen origin (i.e. position) 
and tabulate.

Position So Si S2 S3 etc.

Time 0 12 3

l ime t 
(Unit of 

time)

Position
S cm

Average velocity
Sn — S„_i cm/unit of time

Average 
acceleration 

cm/(unit of time)
0 s« = o S,-S0 = V,= V2-V, = a, =

1 s,= s2-s, = v2 = y 3 _ V2 = a2 =

2 s2 = S3-S2 = Vj =

3 s3 =

Analysis 1

Draw the s-t graph and conclude.

Analysis 2

What does the distance between the successive marks (Si — So), (S2 - Si), 
etc. represent ? What other physical quantity docs this represent ? What is its 
unit?
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Analysis 3

What is instantaneous velocity ? IIow is it defined on a s-t graph? 
Determine its values for any five instants of time and draw the v-t graph. Infer.

Analysis 4

Using the v-t graph draw a-t graph and infer. (Define ainst -1 graph. How 
is it defined on the Vinsl -1 graph).

Further Investigation

1. Given v-t graph, how do you obtain (a - t) and (s -1) graphs ?
2. Given a-t graph, how do you obtain (v — t ) and (s -1) graphs ?

/
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Study of the Newton’s Second Law of Motion

What causes acceleration of bodies ?
What are the factors on which acceleration depend? flow ?

Aim : In this experiment, let us study how acceleration depends on the 
unbalanced force acting on the system of constant mass.

Apparatus : Dynamic cart, level table, pulleys, stopwatch, etc.
Draw a diagram of the set up.

Procedure :
Arrange a cart at a distance of 1.00 m from the bumper. Load the cart with 
weights from the weight box so that the total mass of the system is the nearest 
hundred. This is the mass ‘m’ of the system. [Include weights of 50g, 20g, etc. 
to make up this load]. The mass m of the system is equal to the mass of the cart 
plus the weights kept on them plus the mass of the scale-pan including the 
weights put in. This mass is to be kept constant throughout the experiment. 
Give a slight push to the cart and watch its motion. Account for your 
observation. I low will you compensate for frictional force ?

Transfer some small weights from the cart to the scale pan till given a slight 
push, the cart moves with uniform velocity as judged by our senses. This 
procedure compensates the frictional force acting on the cart.
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What is the net force acting on the system under this condition? I low will you 
make the cart to accelerate ?

Now transfer a 20g weight from the cart to the scale pan. Is the equilibrium of 
the cart disturbed ? Why ? How doest he cart move now ? You have to 
measure the acceleration. IIow will you do it ?

Principle

If S is the distance travelled in time t, then S = ut + */2 at where u is the initial 
velocity, ‘a’ is the constant acceleration. If u = 0, S = Vi at and a = 2S/t , ‘t’ is 
the time taken, starting from rest, for the body to travel a distance S.

Release the cart and using a stop watch, note the time ‘t* taken to travel this 
1.00m distance (upto the bumper). Then the acceleration is 2S/t2 = 2/t2 ms'2.

Repeat this 5 times and take the mean of nearest best 3 values of t to find the 
acceleration a.
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Oscillations of a Liquid Column

Aim : a) Determination of‘g’ by study of the oscillations of a liquid column.

Materials required : Long(L « 4m) U tube diam. 2 cm. Scale, stop watch, 
adhesive tape.

Methods of Approach

The acceleration due to gravity ‘g’ is determined by considering the 
simple harmonic motion of a liquid column. Using the equation

V g

where L is the total length of the water column in the tube and g is the 
acceleration due to gravity.

«
«

A known length of the liquid column is taken in the tube as indicated in €
the figure above. Depress the water level in one side by blowing air so that the (
column oscillates. Measure the time for ten oscillations of the column a number

<
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of times. Repeat the experiment with different lengths of the liquid column by 
changing L in steps of 20 cm at least. Tabulate as shown below.

SI.
No.

Length 
of water 
column 

L(m)

No. of 
oscillations

Time (s) Time
Period

(S)
1 2 3

Plot a graph of t vs 77 and calculate ‘g’.

Aim: b) Study of damped oscillations.

Materials required : Same as above

For one value of L of the liquid column, note the maximum displacement 
of the water level on either side of the equilibrium position for four or five 
successive oscillations. Plot a graph of maximum displacement versus time 
period T.

Questions

1. Does the maximum displacement remain the same ?
2. What is the locus of the successive amplitudes on one side ?
3. If the maximum displacement is different in the successive oscillation, 

why is it so ?
4. Give some examples of other systems which exhibit this behaviour.
(Note : A polythene tube of the given dimension can be used, when fixed in 
the form of a U-tube with the help of two stands).
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Resonance Column

Aim : 1 o determine the speed of sound in air and the end correction for a
resonance tube.

Apparatus: Resonance tube apparatus, tuning forks of different
frequencies, metre scale, etc.

Theory and Procedure :

A closed (closed at one end) pipe will resonate when the length of the air 
column is approximately X/4 and again at 3X./4. Since the tube is not 
sufficiently long, we use only the first resonating length.
Using e as the end correction,

4

using X = v/f where v is the speed and f, frequency.

i+e=K?)

Find the first resonating length ‘1’ for different tuning forks. Plotting a graph 
between 1/f and ‘1’ obtain the values of v and e. The velocity of sound at 0°C 
may be computed using the equation.
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Jolly’s Bull)

Aim :
1. To study the relation between the pressure ol a gas with temperature, 

keeping volume constant.
2. To determine the pressure coefficient of the gas.

Apparatus : Constant - volume air thermometer; hot water bath, thermometer.

Principle :

i) When a gas is heated at constant volume its pressure increases. The 
relation can be studied by measuring the pressures at different 
temperature and by drawing a graph of P vs. temp.

ii) Increase in pressure is proportional to the initial pressure (po) and the 
change in temperature t.
Po = pressure at 0°C.
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a = —-— =
Po P„

I >

_ slope of the graph 
pressure at 0" C

Procedure

1. Immerse the Jolly’s bulb in water at laboratory temperature. Adjust the 
position of the open tube so that I Ig miniseus in the closed tube stand at 
the fixed volume mark, A. Measure h = B — A. Calculate the total 
pressure P. Record the temperature t.

2. Repeat step 1, when the Jolly’s bulb is immersed in boiling water and at 
80°C, 70°C, 60”C, 50°C and 40°C.

3. Tabulate your readings.
4. Study the readings of P and t. Draw a suitable graph and conclude.
5. Calculate the pressure coefficient of air at constant volume.

Inference

Result: Pressure coefficient of air =--------------
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CHEMISTRY

Units Examined

1. Nature of Matter
2. Structure of Atom
3. Periodic Classification of Elements
4. Chemical Bonding
5. Chemical Reactions
6. Coal and Petroleum

llardspots identified by KRPs

1. Atomic Structure
2. Electronic Configuration of Elements
3. Bohr’s Model of atom
4. a, p, y radiations and their properties
5. Balancing of Chemical Equations
6. Problem Solving in units
7. Periodic Table
8. Ionization Energy, Electronegativity, electron affinity
9. IUPAC nomenclature for organic compounds
10. Angular Momentum
11. Difference between Orbit and Orbitals
12. Valency and Oxidation State
13. GM Counter
14. Working of Microwave Oven
15. Carbon Fibre
16. Use of Models/ Teaching Aids

Clarification of llardspots using Appropriate Remedial Strategies

1. Structure of Hydrocarbons

Models to teach structure of methane, ethane, formation of double bonds 
between carbon atoms were demonstrated. KRPs were provided hands-on 
experience to prepare models of similar simple organic compounds.

2. Idea of Valency
Demonstration and hands-on-experience of valency disc was the strategy 

adopted. Grooved hard board sheets and cards were used to clarify 
representation of mono, di and tri-valent cations.
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3. Nature of Matter, Radioactivity
A power-point presentation on the above was shown followed by 

discussion session.

An enrichment session on the fourth state of matter - plasma was also 
provided.

4. Concept Mapping in teaching Chemistry : A Lecture-cum-Discussion 
was arranged on this topic.

Lccturc-cuin-Enrichnicnt Sessions were arranged on the following topics :

Actual hardspots of the KRPs and question-answer sessions were the 
main emphasis in each such session.

1. Plasma - the fourth state of matter.
2. Colloids - Formation, properties and their uses.
3. Stability of compounds in aqueous and non-aqueous solvents.
4. Atomic Structure, spectra, Bohr’s model of atom - historical perspective, 

limitations of the model.
5. Discrimination between orbits and orbitals; Evolution of atomic models 

(Thomson to Quantum Mechanical).
6. Naming of Organic Compounds with examples followed by a problem 

session.
7. Some miscellaneous topics.

Written material was also provided to KRPs on some of the other 
identified topics. An attempt is made to provide an outline of those materials.

Visit

A visit to Regional Museum of Natural History was arranged as a part of 
the training, for all KRPs (on 24th November 2006). KRPs could raise some 
questions and get clarifications on :

i) Use of metals since ancient times
ii) Use of excessive chemicals in agriculture leading to environmental 

pollution
iii) Use of different biochemical/ biological methods in control of pollution, 

etc.
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Enrichment Notes

Carbon Fibre
Carbon fibre can refer to carbon filament thread or to felt or woven cloth 

made from those carbon filaments. It refers to any composite material made 
with carbon filament. A common method of making it is the oxidation and 
thermal pyrolysis of polyacrylanitrile (PAN) a polymer used in the creation of 
synthetic materials. When heated in the right conditions, these chains form 
narrow graphene sheets. These fibres are used to reinforce composite materials 
used in aircraft parts, high-performance vehicles, sporting equipment, etc.

Valency and Oxidation Number
The difference between the two terms valency and oxidation number is 

brought about with suitable examples.

The term valence describes the number of electrons which an atom 
utilizes in bonding.

Oxidation number (or state) is defined as the charge on the atom in a 
given compound or ion, after bonding electrons have been allocated according 
to the general rules.

General Rules to assign the Oxidation Number

a) The oxidation number of hydrogen is +1 (except in metallic hydrides 
when it is -1 and in hydrogen gas when it is 0).

b) For fluorine and other halogens it is always -1.
c) The oxidation number of oxygen is -2 (except in peroxides it is -1, in 

oxygen gas it is 0).
d) For an atom in an element, oxidation state is zero.
e) For monoatomic ions, the oxidation number is the charge of the ion.
I) In any molecule or ions, the sum of the oxidation numbers of all atoms

present is equal to the net charge on molecule or ion. If there is no net 
charge, the sum of oxidation numbers is equal to zero.

Significance of these two terms is highlighted. The oxidation numbers 
are not actual charges. Actual charge is given as n" or n+, in turn oxidation 
number is given as -n or +n. The concept of oxidation state provides a way to 
keep track of electrons in oxidation- reduction reactions which are important in 
atmospheric chemistry.
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Nomenclature of Organic Compounds

The term nomenclature means naming. There are two systems of 
naming.

Trivial System : Compounds were named on the basis of their history or 
source.

Eg. I-ICOOH - Formic acid - obtained from red ants 
(Formicus - ant, Greek word)

CH3COOH - acetic acid - from acetum (Latin acetum - vinegar)

Prefixes n-, iso-, neo- are used for alkanes.

IUPAC System : Based on the structure of the compound International 
Congress of Chemists held in Geneva in 1892 - global system.

IUC - 1930
IUPAC- 1958 
Rules -1967
IUPAC name of a compound contains 3 parts namely root word, suffix and 
prefix.

Root Word - Longest Chain

No. ofC’s Root word
1 Meth -
2 Eth-
3 Prop -
4 But-
5 Pent-
6 Hex-
7 Hept-
8 Oct-
9 Non-
10 Dec-

Suffix : Suffix added to the root word to indicate functional group present
in the molecule.
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Primary Suffix : Indicates the type of linkage in carbon atom, 
e.g. -ane, -ene and -yne.

Secondary Suffix : Represent the functional Group

Class of compound Functional Group Suffix
Saturated hydrocarbon / / -ane (pri)
Unsaturated hydrocarbon (Alkenes) /___ / -ene (pri)
Unsaturated (alkynes) = -yne (pri)
Alcohols -OH -01 (sec)
Aldehydes -CI1O -al(sec)
Ketones -CO -one (sec)
Carboxylic acids -COOH -oic acid (sec)
Esters - COOR -oate
Cyanides - CN Nitrile
Amines -nh2 Amine
Amides -CONIE Amide

The terminal ‘e’ of the primary suffix is dropped if the secondary suffix 
begins with a, e, i, o, u and y.

Some of the Secondary Prefixes

Name of the
Substituent

Notation Prefix

Alkyl -R Alkyl
Halides -X Halo
Nitro -N02 Nitro
Ethers -OR Akoxy
Nitroso -NO Nitroso

Rules

1. Longest Chain Rule : In a given compound, the longest possible chain 
of carbon atoms is selected and the compound is named as the derivative of this 
alkane. If two chains are of equal length then, the chain with maximum 
substituent is selected. If = or = bonds present, then the chain with multiple 
bond should be selected.
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(3) - 5 Cs
CI Ij - CH - CI-I2 - Cl I2 - Cl Ij 

I
CH2-CHj <2) • 6C'S

(1) - 4C's

3 4 5 6
ch3 -C-C-C-C

I
C2-C,

or
4 3 2 1

CI I3 -C-C-C-C
I
c - c
5 6

2. Lowest ii umber or Lowest sum rule

The carbon chain selected is numbered from the end nearest to the side 
chain or substituent so as to give the lowest number to the carbon carrying the 
side chain. When there are more than one substituent numbering of the chain is 
done in such a way that the sum of numbers assigned to the substituents is 
minimum.

CII3 CH3
I I

CI I3 - C - CI I2 - CI I - Cl I3 
5 4 3 2 1

I
ch3

2,4,4 - Trimethyl pentane (wrong)

3. Arrangement of Prefixes

ch3 ch3
I I

crij - c- ci i2 - cm - ci i3
1 2 3 4 5

I
C1I3

2,2,4 - Trimethyl pentane

If more than one group is attached to the carbon chain, these groups 
should be arranged alphabetically when two or more identical substituents are 
present, prefixes like di, tri, tetra, etc. are used. However, these prefixes are not 
considered for alphabetical order.

C113 - CI I - CH2 - CI I - CI I2 - CI I3 
1 21 3 4| 5 6

CII3 CII2
I

C1I3

cri3 - ci i - ch2 - ci i - ci i2 - ch3

ch3 ch2
I

CII3

4-ethyl-2-methyl but not, 2-mcthyl-4-ethyl.
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ch3 c2h5

CH3 - C - CH2 - CII - CI I2 - Cll3 
1 2| 3 4 5 6

ch3

4-Ethyl-2,2,-dimethyl

cn3 - ch2 - cn - cii - ch2 - cn3
c2h5 ch3

3-Ethyl-4-methyl but not, 4-ethyl-3-methyl

4. Lowest number to the functional group

I'he functional group should get the lowest number, even if the lowest 
number rule is violated.

CI I3
1

CII3
11

-C-CII2
1

- CI I - CI I3
1

1
ch3-c-ch2-ch -ch

1 11
CI I3

1
OH

1 1
CI I3 oh

4,4-dimethyl pentan-2-ol2,2-dimethyl pentan-4-ol

5. Presence of Identical Groups - Prefix, di, tri, tetra, before the suffix.

CI I3 - CI I - CI I - ch2 CH2 - CN

on on on
Butane-1,2,3 triol

CI I2 - CN
Butane-1,4 - dinitrile
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The order of priority is
1. carboxylic acids
2. esters
3. acid chlorides
4. amides
5. nitriles
6. isocyanides
7. aldehydes
8. ketones
9. alcohols
10. amines
11. double bond
12. triple bond
13. ether
14. other substituents [ X > NO2 > R]
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LABORATORY ACTIVITIES

List of Experiments

1. Investigation of colloids
2. To find the relative number of ions involved in a reaction by 

measuring the height of the precipitate formed.
3. To find the stoichiometric ratio of the reactants (Fe3* and SCN) 

during complex formation reaction.
4. Verification of the law of conservation of mass
5. preparation of natural dyes
6. Entertaining chemistry - two colourful reactions.

Investigation of Colloids

Preparation of Iron (III) oxide

Prepare a small quantity of cone. Solution of iron (III) chloride by 
dissolving about a measure in three times its volume in water. Boil a little in a 
test tube. A reddish brown precipitate of iron (III) hydroxide is formed as a 
result of hydrolysis.

Now heat about 500 ml of distilled water nearly to boiling in a 1 litre 
flask. Using a teat pipette, add the cone. Iron (III) chloride solution a few drops 
at a time. A beautiful cherry red set of hydrated iron (III) oxide is produced

Using this colloid, study the common properties like Brownian 
movement, coagulation.

To find the relative number of ions involved in a reaction by 
measuring the height of the precipitate formed.

Requirements : Burette, test tubes, test tube rack, glass rod, beaker, and teat 
pipette.

Solutions selected from
a) 1 M lead (II) nitrate and 1 M potassium iodide.
b) 1 M barium chloride and 1 M sodium carbonate
c) 1 M barium chloride and 1 M potassium chromate
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a) Mix approximately equal volumes of each solution in a test tube and 
observe what happens.

b) Reaction between lead (II) nitrate and potassium iodide.

In order to find out the ratio in which the ions of the lead nitrate and KI 
react, transfer 5 ml volumes of potassium iodide solution into each test tube. 
Then add 1 cm3 4 5 of lead (II) nitrate solution to the first tube, 1.5 ml of the 
second, 2 ml to the third and so on. Each test tube should be given same 
amount of stirring.

When precipitation is compete the test tubes should be placed in the rack 
and height of precipitate measured in each. Plot a graph of heights measured 
against volumes of lead (II) nitrate added. The amount of precipitate increases 
with increasing amounts of lead nitrate solution until 2.5 cm3 is reached. 
Therefore, further amounts of lead (II) nitrate causes no further increase in 
precipitate.

Find the stoichiometric ratio of the reactants (Fc3 and SCN') during 
complex formation reaction.

Requirements : Test tubes, test tube stand, colorimeter, burettes, beaker 
100ml.
Solution A : 0.002 in Ferric nitrate
Solution B : 0.002 M potassium thiocyanate

Procedure :

1. Set the colorimeter. Select a suitable filter amongst the available ones.
2. Prepare the following samples.

Sample No. 1 2 3 4 5 6 7 8 9
Solution A (ml) 1 2 3 4 5 6 7 8 9
Solution B (ml) 9 8 7 6 5 4 3 2 1

3. Read the Absorbance at suitable wavelength.
4. Plot a graph between Absorbance and volume ‘x’ of solution A. From 

the value of x for the maximum point on the curve and using the equation

n - —-—, calculate the value of n (number of thiocyanate ions) 
10 - x

3fcomplexing with Fe ions.
5. Report the stoichiometric ratio in which the reactants, Fe3' and SCN" 

react.
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Verification of the law of conservation of mass

Introduction : The reactions of decomposition and the reactions of
combination are two well known modes of chemical change. A very large 
number of reactions of both types have been studied quantitatively by weighing 
the starting substances or reactants and the substances produced as a result of 
the reaction i.e. the products. In every case, it has been found that the total 
weight of the matter after chemical change is exactly the same as the total 
weight of the matter before that change took place. Thus, if ‘x’ grams of a 
substance is subjected to a chemical change, one will end up with exactly ‘x’ 
grams of the matter, whatever the number of new substances formed may be.

The results obtained from the quantitative studies of chemical changes 
have led to the formulation of the law of conservation of mass. This may be 
stated as follows :

“Matter is neither created nor destroyed during a chemical change”.

This law is also called as the law of conservation of matter or the law of 
indestructibility of matter.

Requirements :

1. Chemicals : Copper sulphate, barium chloride, lead nitrate, sodium 
carbonate, sodium chloride. Prepare 5% solution in water.

X
Magnesium sulphate 
Copper sulphate 
Barium chloride 
Lead nitrate 
Silver nitrate 
Lead acetate

Y
Barium chloride 
Sodium carbonate 
Sodium sulphate 
Sodium chloride 
Potassium chromate 
potassium iodide

a) Take 20 ml of copper sulphate solution in a conical flask. Transfer 10 ml 
of barium chloride solution to a small test tube.

b) Hang the test tube in the flask carefully, ensure that the solutions do not 
get mixed. Put a cork on the flask.

c) Weigh the flask with its contents carefully.
d) Now tilt and swirl the flask so that the solutions X and Y get mixed.
e) Observe the contents.
f) Weigh the flask again.
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Importance of the Law

The law of conservation of mass is of great importance in the study of 
chemistry. It makes clear that no substance can be created except by changing 
another already available. Hence, the chemist concentrates on studying the 
various possible transformations in substances so as to be able to produce more 
useful substances. The law also finds use in determining the quantities of the 
starting substances that have to be taken to produce the required quantity of the 
substances resulting from a chemical change. Such calculations are useful in 
preventing wastage and affecting economy.

Colours to dye for : Preparation of Natural Dyes

Materials : 100 ml Beaker ( 4 Nos), Tap water, spatula, alum, cream of the 
tartar, Bunsen Burner or hot plate, tongs, white cotton cloth (1-2 inches, square 
4 Nos), yellow onion skins, blue berries, spoon, paper towels, vinegar, baking 
soda, dropper.

Method
1. Pour 50 ml of water into a 100 ml beaker (1). Add a small scoop of alum 

and half that amount of cream of tartar and stir. Bring the solution to boil 
over a Bunsen Burner or on a hot plate. Add two small squares of white 
cotton cloth and boil for two minutes. Set the beaker aside. The squares 
will be used in steps 4 and 6.

2. Tear the outer, papery skin from a yellow onion into pieces of 1 inch 
square. Place enough pieces in a 100 ml beaker(2) to cover its bottom 
with 2 to 3 layers of onion skin. Add 50 ml of water to the beaker. Bring 
the solution to a boil over a Bunsen burner or on a hot plate. Continue to 
boil for five minutes.

3. Wet a new square of cloth with water. Place it in beaker(2) so it is 
completely submerged and boiled for 1 minute. Using tongs, remove the 
cloth and rinse it with water. Place the cloth square in the appropriate 
area on a labelled paper towel.

4. Use tongs to remove one of the cloth squares from beaker (1). Repeat 
step 3 using this square. Compare to the dyed cloth square from step 3.

5. Pour 50 ml of water into a 100 ml beaker (3). Add 5 blue berries to the 
beaker and mash them with a spoon. Bring the solution to a boil over a 
Bunsen burner or on a hot plate. Continue to boil for five minutes.

6. Repeat steps 3 and 4 substituting the blue berries mixture in beaker (3) 
for the onion skin mixture in beaker (2).
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7. Mix a small amount of baking soda with a few ml of water in a clean 
beaker (4). With a dropper, place 1-2 drops of the baking soda solution 
on one corner of each cloth square. What happens ? Rinse the dropper 
thoroughly, then place 1-2 drops of vinegar on the opposite comer of 
each square. What happens? Rinse the fabric squares under cool running 
water. Is there a change ?

Entertaining Chemistry - Two colourful reactions

Part I

Materials Required :
0.02 M Potassium permanganate
3 M Sulphuric acid
0.10 M Sodium thiosulphate
5 M Sodium hydroxide
0.10 M Barium chloride
10% Potassium iodide
1% Starch solution
Phenolphthalein indicator 
Distilled water
250 ml beaker and 500 ml beaker
Graduated pipette and 100 ml measuring cylinders

Method :
Black Solution : Into the 400 ml beaker, pour 100 ml of distilled water, 1 ml 
of potassium permanganate solution and 30 ml of sulphuric acid. Now add 10 
ml of potassium iodide solution followed by starch solution and set aside.

Red solution : Into the 250 ml beaker pour 100 ml of distilled water, 3 ml
of sodium thiosulphate, 1 ml of barium chloride solution, 0.1 ml of NaOH and a 
few drops of phenolphthalein indicator to give a deep pink colour.

Demonstration

Add the red solution to the black solution and swirl once or twice. The 
colours disappear and a white precipitate is formed.
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Part II

Materials : The same solutions as above, omitting the barium chloride 
solution. In addition one requires
Magnesium sulphate saturated, aqueous 5 M Ammonia (aq),
Four 250 ml Beakers
One 800 Ml Beaker

Method

Brown Solution : Prepare 200 ml following the procedure described for the 
black solution above, omitting the addition of starch. Pour half the solution into 
a 250 ml beaker.

Black solution : To the remaining half add starch solution.
Red solution : Prepare as described above but omitting the addition of barium 
chloride.

White Suspension : To a beaker add 100 ml of the magnesium sulphate 
solution and then add ammonia from a measuring cylinder until a white 
precipitate forms. It is important that the total volume of 3 M sulphuric acid 
added to the brown and black solutions be well in excess of the volume of 
ammonia added.

Demonstration : The contents of the four beakers are poured, together if 
possible into the 800 ml beaker.

A clear, colourless solution will result.

Equations

Part I :
The black solution is the colour formed when starch is added to iodine. The 
iodine is the result of oxidation of acidified iodide solution by permanganate.

2Mn0'4 + 10 f + 16 If -> 2Mn2+ + 5I2 + 8112O

The red solution results when phenolphthalein is added to sodium 
hydroxide. When the solutions are mixed, the excess acid will eliminate the 
pink colour and the excess sodium thiosulphate eliminate the black of the iodine 
solution. The iodine oxidises the thiosulphate ion to the tetrathionate ion 
according to the equation.
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12 + 2S2O2'3 -» 2 I' + s„O2’6

The barium (II) ions in the red solution are precipitated as white insoluble 
barium sulphate, owing to the sulphuric acid in the original black solution.

Ba2++ SO2;, BaSO.1(s)

Part II :

The brown, black and red colours disappear as a result of the reactions 
shown in the equations given earlier in Part I. The white suspension is formed 
when magnesium hydroxide precipitates on addition of sufficient aqueous 
ammonia.

Mg2+ +2NH3 + 2H2O -» 2NH'., + Mg(OH)2(s)

In the presence of sufficient sulphuric acid, the magnesium hydroxide 
redissolves.

Mg(OH)2 + 2II+ Mg21 +2H2O
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I. Nutrition in Plants and Animals 
Types of Nutrition

a) Holozoic
b) Holophytic
c) Saporphytic
d) Parasitic
e) Ecto and Endoparasites
f) Obligate Parasites

II. 1. Transport of Molecules in Living Organisms
a) Active Transport
b) Passive Transport

2. Types of Membranes
a) Permeable Membrane
b) Semipermeable Membrane

3. Concentrations of Solutions
a) Isotonic solution
b) Hypertonic solution
c) Hypotonic solution

4. Physiological Process
a) Osmosis
b) Diffusion
c) Imbibition

III. Reproduction in Living Organisms
1. Asexual Reproduction

a) Spores
b) Sporophyte

2. Sexual Reproduction
Types of Gametes

1. Isogametes
2. Anisogametes
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3. Oogametes
4. Conjugation

3. Alternation of Generations

IV. Terminologies used in Animal Physiology
a) Exocrine gland
b) Endocrine gland
c) Vestigeal organs
d) Adam’s apple
e) Opereculum
f) Clitellum
g) Villi
h) Liver and Gall bladder
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V. Terminologies used in Botany
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b) Transpiration
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2. Structure of Human Eye
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13. Ultrastructure of an animal cell
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NUTRITION IN PLANTS AND ANIMALS

Nutrition:

Holozoic

Holophytic 
(A utotrophs)

Saprophytic

Parasitism

Ectoparasites
&
Endoparasites

Obligatory
Parasitism

Transport

Active
Transport

Passive
transport

The method of obtaining food is called nutrition.

Obtaining food by ingesting other organisms.

Preparing their own food with the help of chlorophyll 
using the raw materials CO2, ILO in presence of sunlight.

Obtaining food from dead and decaying organic matter.

It is an association of two organisms in which one partner 
is benefitted and other is harmed. The partner who gets 
benefit is called parasite and the partner which is harmful 
is called I lost. The parasite may live on or in the body of 
host.

A parasite living on the body of host is called Ectoparasite. 
A parasite which lives inside the body of host is called 
Endoparasite.

Here the parasite is totally dependent on the host either for 
a short period of life cycle or throughout its life cycle.

Transport of Molecules in Living Organism

Movement of molecules across a membrane. There are 
two types of transport namely Active Transport and 
Passive transport.

Active Transport can be defined as movement of 
molecules or ions across a membrane against a 
concentration gradient utlising metabolic energy.

Passive transport can be defined as movement of 
molecules or ions across a membrane without expenditure 
of metabolic energy.
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Types of Membrane

/. Permeable :
Membrane

Allows liquid or gas molecules to pass through it. Plant 
cell walls are permeable to water and dissolved gases.

2.
Semipermeable
membrane

Allows certain molecules to enter in and prevent others.
Eg. Plasma membrane, Egg membrane.

Concentration of Solutions

1. Isotonic : If concentration of two liquids is same, it is called Isotonic.

2. Hypertonic : If concentration of one solution is higher than the other, it 
is called Hypertonic.

3. Hypotonic : If concentration of one solution is lesser than the other, it 
is called Hypotonic.

Diffusion :

Physiological Processes

The movement of molecules from the region of higher 
concentration to the region of lower concentration.

Osmosis : A special kind of diffusion in which solvent molecules 
moves from the region of higher concentration to the 
region of lower concentration across a semipermeable 
membrane.

Imbibition : The phenomenon of adsorption of water or any other 
liquid by hydrophilic colloidal material accompanied with 
their swelling.
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Reproduction in Plants and Animals

Reproduction is a capacity of an organism to produce new individual ot 
its own kind.
Types : Sexual and Asexual

Sexual
Reproduction

Gametes

Conjugation

Asexual
Reproduction

Spore

Sporophyte

Gametophyte

: It is the fusion of male and female gametes to form a 
Zygote. Zygote develops into offspring genetically, 
different from each other and from their parents.

: Organisms produce special cells for reproduction. These 
cells are called sex cells or gametes. There are three types 
of Gametes.

1. Isogametes : Morphologically similar gametes are 
called Isogametes and fusion of these gametes is 
called Isogamy.

2. Anisogametes : Morphologically dissimilar
gametes are called Anisogametes and fusion of these 
gametes is called Anisogamy.

3. Oogametes : Morphologically dissimilar gametes in 
which the female gamete being an egg which is 
larger and non-motile whereas the Male gamete 
being a sperm which is smaller and motile. The 
process of fusion is called Oogamy.

: It is a special type of sexual reproduction in which the 
exchange of genetic material takes place between the 
individuals of the same species.

: Production of genetically identical offsprings from one 
parent.

: It is an asexual reproductive cell capable of developing 
into an organism.

: Spore producing plant body.

: Gamete producing plant body.
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Alternation of Generations

In Bryophytes and Pteridophytes, life cycle shows two distinct stages 
namely sporophytic and gametophytic.

Gametophyte reproduces sexually by producing gametes and gives rise to 
sporophyte. Sporophyte reproduces asexually by producing spores and gives 
rise to gametophyte. These two stages alternate with one another. This is 
known as alternation of generation.

Terminology used in Animal Physiology

Exocrine Gland : A type of gland which releases secretion through a duct.

Endocrine Gland : A type of gland which releases secretion not through a 
duct but directly into blood stream.

Vestigeal organ : A degenerative diminished non-functional organ which is 
functional in their ancestral form e.g. Appendix in Man.

Adam’s apple : A prominent organ in males. It is secondary sexual 
character in Males.

Operculum

Clitellum

Villi

Liver and Gall 
bladder

: A thin fold of skin which covers the gills or the plate on 
either side of the head of the bony fishes which covers the 
gills.

: A thick circular band of glandular tissue present towards 
the anterior end of the body (14th to 16lh segments of 
earthworm).

: Finger like projections of small intestine which helps in 
absorption of digested food substances.

: Secretion of liver is called Bile juice. It is stored in a bag 
like structure called Gall Bladder.

Diaphragm : A muscular partition which separates the body into thorax 
and abdomen. It plays a key role in breathing mechanism.
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Terminology used in Botany
Stomata : Stoma is a microscopic, slit like opening, surrounded by a 

pair of bean shaped guard cells, found in epidemis of leaf.

Transpiration : Loss of water in the form of water vapour from aerial parts of 
the plant. Plants show three types of Transpiration.

Cuticular
Transpiration

: Transpiration takes place through small cracks or cuts of the 
cuticle.

Lenticular
Transpiration

: Transpiration takes place through lenticel, which is found 
on bark of woody stems.

Stomatal
Transpiration

: Transpiration takes place through stomata of leaf.

Guttation : Loss of water in the form of liquid or droplets through
1 Iydathodes.

Hydathoiles : Microscopic, specialised structures are found at the margin 
and tips of leaves, where the vein ends in some of 
herbaceous plants like tomato, cabbage, etc.
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Taxonomy

A branch of Biology deals with Identification, scientific naming and 
classification of living organisms.

Carolus Linnaeus remembered as “Father of Taxonomy”. I Ie introduced 
standard hierarchy to recognise an organism.

The standard hierarchy are
Kingdom
Phylum/ Division
Class
Order
Family
Genus
Species

Circulate : The coiling nature of young leaves in ferns (Pteridophytes)
Vernation

Pyramids : Consists of 2 parts. Present in chloroplast. Central core
made up of protein granule, surrounded by tightly packed 
7 starch plates help in storage of starch.

Classification
Systematic grouping or grading of organism on the basis of their 

similarity and dissimilarity.

Differences between Transpiration and Guttation 
Trans/riration G uttation

1. fakes place through cuticle 
stomata and lenticel.

2. It usually occurs in the day.
3. Water lost in the form of 

water vapour.
4. The water lost is pure.
5. It is a controlled 

phenomenon.
6. It gives a cooling effect.

1. fakes place through hydathodes.
2. It usually occurs in the night.
3. Water lost in the form of droplets.
4. Guttation droplets contain organic 

and inorganic substances.
5. It is an uncontrolled phenomenon.
6. It does not give a cooling effect.
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T.S. of Young Dicot Root (Ex) 

Sun Flower (Ground Plan)

Young Dicot Root in T.S. (A portion enlarged)

Fig. 9
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l ig. 13 Ultra Structure of an Animal cell
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PROGRAMME SCHEDULE OF
Content Enrichment Programme in Science for KRPs of Tamil Nadu at 

Secondary Level (IX Std)

9.00 am to 11.00 am 11.15 am to 1.00 pm 2.00 pm to 3.30 pm 3.45 pm to 5.30 pm
20.11.06
Monday

Registration Identification of
Hardspots

Identification of 
Hardspots - Contd.

Group Discussion on Remedial 
Strategies

21.11.06
Tuesday

Physics Chemistry Biology Lab.Activity :
Biology - BI, Chemistry - B2 
Physics - B3

22.11.06
Wednesday

Chemistry Physics Biology Lab. Activity :
Physics - BI, Biology - B2 
Chemistry - B3

23.11.06
Thursday

Methods (9-10 am) 
Physics (10-11 am)

Physics (11.15 to 12 noon)
A V Studio (12 Noon 
to 1 pm)

Chemistry (2-3 pm) 
Labs and Science
Park (3 to 5.30 pm)

Lab Activity :
Chemistry - BI, Physics - B2 
Biology - B3

24.11.06
Friday

NUT Lab (9 - 10 am) 
Biology (10-11 am)

Visit to Natural History 
Museum

Group Discussion 
(Q - A Session)

Feedback and Consolidation

BI - Batch 1; B2 - Batch 2; B3 - Batch 3
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