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“Facts are not science — as the dictionory ¥s ot Wieroatore,”
Martin H. Fischer

CHAPTER1
Chemical Reactions
and Equations

onsider the following sttuations of daily life and think what happens
eT —

milk is left at room temperature during summers.

an irom tawa/pan/nail iz left exposed to hamid atmosphere,
srapes get fermented.

food is cooked.

food gets digested in our body.

we TespiTe.

In all the above situations, the nature and the identity of the inidal
subhstance have somewhat changed. We have already learnt about physical
amd chermical chamges of matter in our previous classes, Whenever a chemical
change cocurs, we can say that a chemical reaction has taken place.

You may perhaps be wondering as to what is actually meant by a
chemical reaction. ITow do we come to know that a chemical reaction
has taken place? Let us perform some activities to find the answer to
these questions.

Activity 1.1

CAUTION: This Activity needs

the teacher'a asmistance. It

would be better If students

weat eye protection.

Clean a magnesinm ribbon

abput 2 cm lﬂng b'_?' Mhbl[lg ribbon

it with sandpaper.

Hold it with a pair of tongs.

Burn it using a spirit lamp or : T

burmner and collect the ash so Burmier ) b ’——%W!&-ﬂﬂﬁ&

formed in a watch-glass as A . Migneshum

shown in Fig. 1.1, Bum the ' : ; S oxide

magnesium ribbon keeping it

as far as possible from your

EVES. PFigure 1.1

What do you observe? Burning of a magnesitm ribbon in air and colleclion of magnesim
oxide in a vedch-gloss




You must have cbserved that magnesinm ribbon burms with a
dazzling white flame and changes into a white powder. This powder is
magnesium oxide. 1t is formed due to the reaction between magnesiim

and oxygen present in the air.

Activity 1.2 Activity 1.3
Take lead nitrate Take a few zing granules in a condecal flask ar a teat tube.
sohatiom in a test Add dilute hydrochloric acld or sulphurie acid to this
tube. (Fig. 1.2].
Add potassium CAUTION: Handle the acid with care.
lodide solution Do you ohserve anything happening arcund the Zinc
to this. granules?
Wwhat do you Touch the condeal flask ar test tube. Is there any change in
observe? its temperature?

From the ahove three activities, we can say that any of
the following observations helps us to determine whether
a chemical reaction has taken place —

change in state
change in colour

evolution of a gas
change in temperature.

As we observe the changes around us, we can see
Conival Nagk that there is a large variety of chemical reactions taking
place arcund us. We will study about the varous types
of chemical reactions and their symbolic representation
Dilnte snlphurdc acld i1y thi= Chapter.

Fitw pranules

Figure 1.2 1.1 CHEMICAL EQUATIONS

Fm“g‘mslzf iy ?mgm Activity 1.1 can be described as — when a magnesium ribbon is burnt in
ggle gulph:_r.:;: aﬁ:{ ;{ oxygen, it gets converted to magnesium oxide. This description of a
it chemical reaction in a sentence form is quite long. It can be writtenina
shorter form. The simplest way to do this is to write it in the form of a
word-equation.
The word-equation for the above reaction would be —

Cork

Glass tube

Magnesium + Oxygen — Magnesium oxide 1.1}
(Reactants) (Product)

The substances that undergo chemical change in the reaction (1.1].
magnesium and oxygern, are the reactants. The new substance,
magnesium oxide, formed during the reaction, is the prodact.

Aword-equation shows change of reactants to products through an
arrow placed between them. The reactants are written on the left-hand
side [LHS) with a plus sign (+) between them. Similatly, products are
written on the right-hand side (RHS] with a plus sign (+) hetween them.
The arrowhead points towards the products, and shows the direction of
the reaction.

2 Science



1.1.1 Writing a Chemical Equation

Is there any other shorter way for representing chemical equations?
Chemical equations can be made more concise and useful if we use
chemical formulae instead of words. A chemical equation represents a
chemical reaction, If you recall formulae of magnesium, oxygen and
magnesium oxide, the above word-equation can be written as -

Mg + 0, — MgO (1.2}

Count and compare the munber of atoms of each element on the
LHS and RHS of the arrow. 12 the mumber of atoms of each element the
same on both the sides? I not, then the equation is unbalanced because
the mass 1s not the same on hoth sides of the equation. Such a chemical
equation is a skeletal chemical equation for a reaction. Equation (1.2)is
a skeletal chemical equation for the burning of magnesium in air.

1.1.2 Balanced Chemical Equations

LRecall the law of conservation of mass that you shadied in Class IX; mass
can neither be created nor destroyed in a chemical reaction. That is, the
total mass of the elements present in the products of a chemical reaction
has to be equal to the total mass of the elements present in the reactants.

In other words, the number of atoms of each element remains the
same, before and after a chemical reaction. Henee, we need to balance a
skeletal chemical equation. Ta the chemical Eq. [1.2) balanced? Let us
learn about balancing a chemical equation step by step.

The word -equation for Activity 1.3 may be represented as -

Zine + Sulphuric acid — Zinc sulphate + Hydrogen

The above word-eguation may be represented by the following
chermical equation —

Zn + H,80, - ZnS0, + H, (1.3)

Let us examine the number of atoms of ditferent elements on hoth
sides of the arrow.,

Element Number of atoms in Number of atoms
reactants (LHS) in products [RHS]
£n 1

(el frias
o e
B B

As the number of atoms of each element is the same on both sides of
the arrow. Eq. (1.3) is a balanced chemical equation.

Let us i1y to balance the following chemical equation —
Fe + H,0 — Fe O, + H, (1.4)

Chemdeal Reactiome and Equatnne



Step I: To balance a chemical equation, first draw boxes arcund each
formula. Do not change anything inside the boxes while balancing the
equation.

Fe| + [HO| = |Fe,O | +|H (1.9)

2

Step II: List the number of atoms of different elements present in the
unbalanced equation (1.5).

Element Number of atoms Number of atoms
in reactants (LHS) in products (RHS)

Fe 1 3
H 2 2
Q 1 il

Step IIL: It is often convenient to start balancing with the compound
that contains the maximum number of atoms. Tt may be a reactant ora
product. In that compound, select the elemernt which has the maximum
number of atoms. Using these criteria, we select Fe, 0, and the element
oxygern in it. There are four oxygen atoms on the RHS and only cne on
the LITS.

To balance the oxygen atoms —
Atoms of In reactants In producis
oxygen
[i1 Tmitial 1 iin H,Ol 4 {in Fe 0O,)
[ii} To balance 1x4 4

To equalise the mumber of atoms, it must be remembered that we
cannot alter the formulae of the compounds or elements involved in the
reacticns. For example, to balance oxygen atoms we can put coefficient
‘4" as 4 H,O and not H,0, or (H,0),. Now the partly balanced equation
becomes—

Fe| + afito] - [Fe,0,] + [T (1.6)

2 a4 z (partly balanesd equation)
Step IV: Fe and 11 atems are siill not balanced. Plck any of these elements
to proceed further. Let us balance hydrogen atoms in the partly balanced
equation,

To equalise the number of H atoms, make the number of molecules
of hydrogen as four on the RITS,

Atoms of In reactants In products
hydrogen

(1) Initial 8 fin 4 H,O) 3 (in H,)
(i} To balance 8 x4

The equation would be -

(1.7)
Fel+ 4|10 = [Fe,0, + 4HIT, {partly balanced equation)

Science



Step V: Examine the above equation and pick up the third elemernt which
15 nat balaneed. You find that only one element 1s left to be balanced,
that is, iron.

(1) Inital 1 [in Fe) 3 fin FeSDJ
iy To balance 1x3 3

To equalise Fe, we take three atoms of Fe on the LHS.

3 |Fe|l+ 4 |HO| =| Fe,0| + 4 |H (1.58])

2

Step VI: Finally, to check the correctness of the balanced equation, we
count atoms of each element on both sides of the equation,

(1.9

dFe + 4H,0 = Fe, 0, +4H, {balanced equation)

The numbers of atoms of elements on both sides of Eq. [1.9) are
equal. This equation is now balanced. This method of balancing chermical
equations is called hit-and-trial method as we make trials to balance
the equation by using the smallest whole number coefficient.

EStep VII: Writing Symbols of Physical States Carefully examine
the above balanced Eq. (1.9). Does this equation tell us anything about
the physical state of each reactant and product? No information has
heen given in this equation about their physical states.

To make a chemical equation more informative, the physical states
of the reactants and products are mentioned alomg with their chemical
formulae. The gaseous, liquid, agueous and solid states of reactants
and products are represented by the notations (gl, (). (aq) and (s)],
respectively, The word aqueous (ag) is written if the reactant or product
13 present as a solution In water,

The balanced Eqg. (1.9]) becomes

3Feis) + 411,0(g) — Fe,0,is) + 411 (g) (1.10)

Note that the symbol (g is used with H O to indicate that in this
reaction water is used n the form of steamn.

Usually physical states are not included in a chemical equation unless
It 13 necessary te specify them,

Sometimes the reaction conditons, such as temperature, pressure,
catalyst, ete., for the reaction are indicated above and far below the arrow
in the equation. For example —

COlg) + 21T, (g —203 o1 ori (1.11)

600, (aq) + 61 L0 —rproare— Sﬁoﬂjf‘tcﬁnma:}ﬁ{aq] +60,0ag  [1.12)

Using these steps, can you balance Eq. [1.2]) given in the text earlier?

Chemdeal Reartione and Equations
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Why should a magneshim ribbon be cleaned before burning in air?
Write the halanced equation for the following chemical reactions.
(1] Hydrogen + Chlorine — Hydrogen chloride
(li) Barium chloride + Aluminium sulphate - Bardum sulphate +

(i) Sodium + Water — Sodihum hydroxide + Hydrogen

Write a balanced chemical equation with state aymbols for the
following reactions.

[{l Solutions of barum chloride and sodium sulphate in water react
to give insoluble barium sulphate and the solution of sodium

chloride.

(il Sodium hydroxide solution (in water] reacts with hydrochloric
acid solution (in water] to produce sodium chloride solution and

water.

Aluminium ¢hloride

Figure 1,3

Formation of slaked
fime by the reaction of
calcium axide with

uxler

1.2 TYPES OF CHEMICAL REACTIONS

We have learnt in Class [X that during a chemical reaction atoms of one
element do not change into those of another element. Nor do atoms
disappear from the mixture or appear from elsewhere. Actually, chemical
reactions Involive the breaking and making of bonds between atoms to
produce new substances. You will study about types of bonds tormed
between atoms in Chapters 3 and 4.

1.2.1 Combination Reaction

Activity 1.4

Take a small amount of calelum oxide
or quictk lime in a beaker.
Water Slowly add water to this.
Touch the beaker as shown in Fig. 1.3.
Do you fegl any change in temperature?

= Beakor

——— Calcium oxide

Calcinm oxide reacts vigorously with water to produce slaked lime
(caleivm hydroxide) releasing a large amount of heat.

CaOl(s) + HO{l) — Ca(OH),(aq) i1.13)
(Grulck lime) {Slaked lme)

Tt1 this reaction, calchum oxide and water combing te form a single
product, calcium hydroxide. Such a reaction in which a single product
ig formed from two or more reactanis 13 knewn as g combingtion regaetion,

Srilence
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A solution of slaked lime produced by the reaction 1.13 is used for white washing
walls. Calcium hydroxide reacts slowly with the carbon dioxide in air to form a thin
layer of caleiuin carbonate on the walls. Calcium carhonate is formed after two to
three days of white washing and gives a shiny finish to the walls. It is interesting to
note that the chemical formula for marble is also CaCQO,.

CalOll) laq) + COg® —  CaCO.s) +TT,001) (1.14)
[Caletum {(Caleium
hydroxide) carbonate)

Let us dizcuss some maore examples of combination reactions.
il Burning of coal

C(s) + O,lg) — CO,lg) [1.15)
(i) Formation of water from 11,(g) and O, (g)
211,ig) + Qg — 211,00 (1.16)

In simple language we can say that when two or more substances
{elements or compounds) combine to form a single product, the reactions
are called combination reactions.

In Activity 1.4, we also observed that a large amount of heat 1s evolved.
This makes the reaction mixture warm. Reactions in which heat is
released along with the formation of products are called exothermic

Other examples of exothermic reactions are -

{1l Burning of natural gas

CITig) + 20, (g] — CO, (g + 2110 (g (1.17]
{fi] Do you know that respiration 13 an exathermie praceas?

We all know that we need energy to stay alive. We get this energy
from the food we eat. During digestion, food is broken down into simopler
substances. For example, rice, potatoes and bread contain
carbohydrates. These carbohydrates are broken dowr to form glucose.
This flucose combines with oxygen in the cells of our body and provides
energy. The special name of this reaction is respiration, the process of
which you will study in Chapter 6.

C,H _O.laq) + 60,(ag) - 6CO_(aq) + 6H,Ol) + energy [1.18)

1276
(Flucose)

(iii] The decomposition of vegetable matter into compost is also an
example of an exothermic reaction.
ldentify the type of the reaction taldng place in Activity 1.1, where
heat is given cut along with the formation of a single product.

Chemdeal Reactions and Equationes ri



Wafting gas gently
towards nose

1.2.2 Decomposition Reaction

Activity 1.5

Take about 2 g fermous sulphate crystals
in a dry boiling tube.
Note the colour of the ferrous sulphate

Do not point
the mouth af Builing fube crystals.
haoiling tube ks silphnte Heat the bolling tube over the flame of
2t your nelghbours cryntals a burner or spirit lamp as showm in
or yoursed Fig. 1.4.
Chserve the colour of the crystals after
heating.

ITave you noticed that the green colour of the ferrous sulphate crystals
has changed? You can also smell the characteristic odour of hurning
saulphur.

2FeS0,[s) _ Heat Fe,0.(s) + 50,08 +50, (8 (1.19)
[Ferrous sulphate) (Ferrte oxide)

In this reaction you can abserve that a single reactant breaks down
to give simpler products. This is a decomposition reaction. Ferrous
sulphate erystals (FeS0,, 7T1,0) lose water when heated and the colour
of the crystals changes. It then decomposes to ferric oxide (Fe O],
sulphur dioxide (SQ,) and sulphur trioxide (5Q,). Ferric exide is a sclid,
while 30, and SO, are gases.

Decompasition of caletum carbenate to calcium axide and carbon
dioxide on heating is an important decomposition reaction used in
varipus Industries. Calelum oxide is called ime or gquick lime. Tt has
many uses — one is in the manufacture of cement. When a decomposition
reaction is carried out by heating, it 13 called thermal decompasition.

CaCO,ls) __Heat . CaOis) + CO,lg) (1.200
(Limestcme) fuick lime)

Ancther example of a thermal decomposition reacticn is given
in Activity 1.6.

Activity 1.6

Take about 2 ¢ lead nitrate powder in a boiling
tube,

= Hold the balling tube with a pair of tongs and
heat it over a flame, as ahown in Fig, 1.5,

® What do you observe? Note down the change,
if any.

You will obhserve the emisasion of hrown fumes.

; 1.5
;fmmu; of lead nitraie and These fumes are of nitrogen dioxide (NO,)). The
emission of ritrogen dioxide reacton that takes place is—

Srilence



2PbNO,),[s) __Heat . 9PLO(E)  +  4NO,(g) + O,lg) (1.21)

{Lead nitrate) flLead odde) [Nitrogen {Oxyrgen)
diosdde)

Let us perform some more decomposition reactions as given in
Activities 1.7 and 1.8.

Activity 1.7

® Take a plastic muyg. Drill two holes at its
base and fit rubber stoppers in these holes. O
Insert carbon electrodes in these rubber
stoppers as shown in Fig, 1.5. Test tube

B Connect these electrodes to a G volt
battery. Graphile rod

® Fill the muy with water such that the \\1 !
electrodes are Immersed. Add a few drops o Rubber sloppet
of dilute sulphuric acid to the water.

B Take two test tubes fillad with water and Anaode :
invert them over the two carbon electrodes, é

m Switch on the current and leawve the Switch 1
apparatus undisturbed for some time.

® You will observe the formation of bubbles
at both the electrodes. These bubbles displace water in the
test tubes.

B Is the volume of the gas collected the same in both the test tubes?

B Once the test tubes are filled with the respective gases, remove
them carefully.

m Test these gadea one by one by bringing a burning catndle cloae
to the mouth of the test tubes.
CAUTION: This step must be performed carefully by the teacher.

B What happens in each case?

® Which gas is present in each test tube?

Flantic mmag

Hydrogen

Activity 1.8

m Talke about 2 g silver chloride in a china dish.

® What i3 its colour?
Place this china dish in sunlight for some time
(Fig. 1.7).

B Observe the colour of the silver chloride atter some
time.

Figure 1.7
You will see that white silver chloride turns grey in sunlight. Thisis  siver chtoride turns grey

due to the decomposition of silver chloride into silver and chlorine by S’u;ﬂmhf- fo _form stioer
Tight, meta

2AgCl(g) _Sunlight  oagis) + CLig (1.22)

Chemdeal Reactigne and Equatione 9



Silver bromide also behaves in the same way.
2AgBr(s) _ Sunlight  s5agls) + Br(g) (1.23)

The zbove reactions are used in black and white photography.
What formm of energy is causing these decomposition reactions?

We have seen that the decomposition reactions require energy either
in the form of heat, light or electricity for breaking down the reactants.
Reactions in which energy iz absorbed are known as endothermic
reactions.

Carry out the follouwring Activity

Take about 2 g harium hydroxide in a test tube. Add 1 g of ammonium chloride and mix
with the help of a glass rad. Touch the bottom of the test tube with your palm. What do you
feel” Is thiz an exothermic or endothermic reaction?

Q U E S TTI O N S

1, A sglution of a substance X is used for white washing,
fil Mame the substance ™ and write its tormula.

fiil Write the reacton of the substance X named in [i] above with
water,

2.  Why ia the amount of gas callected in one of the test tubes in Activity
1.7 dauble of the ampunt cgllected in the gther? Name this gas,

1.2.3 Displacement Reaction

Activity 1.9

B Take three iran nails and clean them by
rubbing with sand paper.

5 Take two test tubes marked as [A) and
(B]. Tn each test tube, take about 10 mL
copper sulphate solution,

® Tie two iron nails with a thread and
immerse them garefully in the gcopper
sulphate solution in test tube B far
about 20 minutes [Fig. 1.8 [a]]. Keep one
irgn nail aside for comparison,

B After 20 minutes, take put the iton nails
from the copper aulphate soluticon.

®m Compare the intensity of the blue colour
of copper sulphate solutions in test tubes
() and [B). [Fig. 1.8 (b]]. .

§ Alzo, compare the colour of the iton nails

Figure 1.8 dipped in the copper sulphate soluticm

fa) Iron nails dipped in copper sulphoie sohuiion with the one kept aside [Fig. 1.8 [bl].

10 Sclence



e i
L. - 1.-- -
— —=
Copper Test tube
lran naf] —p— s———1— [ron mall taken sulphate )
aut from copper solution [ Teat tube
-sulphate [Lestl tube A) _- stand
solution
HeaoHon
— mimture
{test tube B)
1]

Figwre 1.8 (b} Iron nails and copper sulphate selutions compared before and after the experiment

Why does the iron nail become brewmish in colour and the blue colour
of copper sulphate solution fade?
The following chemical reaction takes place in this Activity—

Fe(s) + CuS0, (aq) — FeB0 (ag) + Culs) [1.24)
[Copper sulphate] (Iron sulphate)

In this reaction, iron has displaced or removed anaother element,
copper, from copper sulphate solation. This reaction is known as

displacement reaction.
Other examples of displacement reactions are
Zn(s) + CuS80,(aq) - ZnS0.[(aq) + Culs) [1.25)
[Copper sulphate] (Zinc sulphate]
Pbis) + CuCllag) — Pbll(agq) + ©Culs) (1.26])

[Copper chloride) (Lead chloride)

Zine and lead are more reactive elements than copper. They displace
copper from its compounds.

1.2.4 Double Displacement Reaction

Activity 1,10

m Teke about 3 mL of sodlum sulphate
splution in a test tube.

B In another test tube, take about 2 ml of
barium chloride solution.

m Mix the two sclutions (Fig. 1.9).

= What do you observe?

comitaining solution
ol sodivm sulphinte

Test tuba
comtatring solution

You will observe that a white substance, which is aof barhim chlorie

in=oluble in water, is formed. This inscluble substance

formed is known as a precipitate. Any reaction that Figure 1.9
produces a precipitate can be called a precipitation reaction. Formafton of bearium
sulphete and soditim
Na 580, [aq) + BaCl,(ag) — BaS0,(s] + 2NaCl(aq) [1.27] cltiaride
[Sodium [Barium {Batiion {(Sodion
sulphate} chiloride) sulphatel  chloride)

Chemical ReacHogns and Equatione "



What causes this? The white precipitate of BaS0,is formed by the
reaction of Sﬂﬁ' and Ba?. The other product formed is sodium chloride

which remains in the solution. Such reactons in which there 13 an
exchange of ions between the reactants are called double displacement
reactions.

Recall Activity 1.2, where you have mixed the solutions of lead(I] nitrate

and potassium iocdide.

i What was the colour of the precipitate formed? Can you name the compound
precipitated?

() Write the balanced chemical eguation for this reaction.

(i) Is this also a deuble displacement reaction’?

1.2.5 Oxidation and Reduction

mm—@ Activity 1.11
contsining szl — ———Wire pausze

copper power: ® Heat & china dish containing about 1 g

copper powder (Fig. 1.10).
¥ What do you observe?

The surface of copper powder becomes coated with
black copper(ll] ocxide. Why has this black
substance formed?

This is because oxygen is added to copper and
copper oxide is formed.

Figure 1,10
Oxidation of copper to 2Cu+ 0O, __Heat  2Cu0 (1.28)
copper axide . . .

I hydrogen gas is passed over this heated material [Cu0), the black
coating on the surface turns brown as the reverse reaction talies place
and copper 1a obtained.

CuO +H,— 5% 50014 H,0 (1.29)

If & substance gains oxygen during a reaction, it is said to be oxidised.
If a substance loses oxygen during a reaction, it i said to be reduced.

During this reaction (1.29], the copperill) oxide is losing oxygen and
is being reduced. The hydrogen is gaining oxygen and is being oxidised.
Ir1 other words, one reactant gets oxidised while the other gets reduced
during a reacticm. Such reactions are called axidaticn-reduction reactions

or redox reactions.
Oxidation
I . ¥
Cu0 + H, ——+ Cit + H,0
‘i—; » (1.30)
Reduction
Some other examples of redox reactions are:
nO+C = Zn+CO (1.31)
MnO, +4HCl = MnCl +2H O+ Cl, (1.32)

12 Sclence



In reaction (1.31) carbon is oxidised to CO and ZnC is reduced to Zn.
In reaction (1.32) 11Cl1s oxidised to Cl, whereas MnQ, is reduced to MnCl,.

From the above examples we can say that if a substance gains oxygen
or loses hydrogen during a reaction, it is cxidised. If a substance loses
oxygern or gains hydrogen during a reaction, it is reduced.

Recall Activity 1.1, where a magnesiaom ribbon burms with a dazzling flame in air (oxygern)
and changes into a white substance, magnesium oxide. [s magnesium being oxidised or

reduced in this reaction?

1.3 HAVE YOU OBSERVED THE EFFECTS OF OXIDATION
REACTIONS IN EVERYDAY LIFE?

1.3.1 Corrosion

You must have observed that iron articles are shiny when new, but get
coated with a reddish brown powder when left for same time, This process
is commonly known as rusting of iron. Some other metals also get
tarnished in this manner. ITave you noticed the coleur of the coating
formed on copper and silver? When a metal 1s attacked by substances
around it such as moisture, acids, ete., it is said to corrode and this
process is called corrosion. The black coating on silver and the green
coating on copper are other examples of corrosion.

Corrosion causes damage to car bodies, bridges, iron railings, ships
and to all objects made of metals, specially those of iron. Corrosion of
irom is a sericus problem. Every year ar enormous amourit of money is
spent to replace damaged iron. You will learn more about corrosion in
Chapter 3.

1.3.2 Rancidity

Hawve you ever tasted or smelt the fat /oil containing food materials left
for a lomg time?

When fats and oils are oxidised, they become rancid and their smell
and taste change. Usually substances which prevent oxidation
{antoxidants) are added to foods containing fats and oil. Keeping food
in air tight centainers helps to slow down oxidation. Do you know that
chips manufacturers usually tlush bags of chips with gas such as
nitrogen to prevent the chips fram getting oxidised ?

Q U E § T1T O N S

1. Why does the colgur of copper sulphate sglution change when
an iron nail is dipped in it?

2, Give an example of a double displacement reaction other than
the agne given in Activity 1.10.
3. Identify the substances that are geddised and the substanges
that are reduced in the following reactions.
() 4Nafs) + QO {g) — 2MNa Ofs]
(i) CuOls) + H [g) — Culs) + HO[l)

Chemdeal Reactiome and Equatinne

13




A complete chemical equation represents the reactants, products and their physical
atates symbolically,
A chemical equation is balanced so that the numbers of atoms of each type involved

in a chemical reaction are the same on the reactant and product sides of the
equation. Equations must always be balanced.

In a combination reaction two or more substances combine to form a new single
substance.

Decomposition reactions are opposite to combination reactions. In a decomposition
reaction, a single substance decomposes to give two or maore substances.
Reactions in which heat is given cut along with the products are called exothermic
reacticns.

Reactions in which energy is absorbed are known as endothermic reactions,
When an element displaces another element from its compound, a displacement
reaction occurs,

Twa different atoms or groups of atoms (ions) are exchanged in double displacement
reacticns.

Precipitation reactions produce insoluble salts.

Reactions also involve the gain or loss of oxygen or hydrogen by substances.
Oxidation 13 the gain of axygen or lass of hydrogen. Reduction 13 the loss of oxygen
or gain of hydrogen.

14

Which of the statements aboit the reaction below are incorrect?
2PbOIs) + C[s) — 2Pbis) + CO, (g
fal Lead is getting reduced.
(h] Carhon dicxide is getting oxidised.
(c) Carbonis getting oxidised.
{d) Lead oxide is getting reduced.
@ (a)and ()

[ii} {a)and ]

(i (a), (b) and (c)

iv) al
Fe,0, + 2A1 - ALO, + 2Fe
The above reaction is an example of a
(al combination reaction.
ib) double displacement reaction.

s
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Chemdeal Reactiome and Equatinne

10,
11,

[ decomposition reaction.
[d displacement reaction.

What happens when dilute hydrochloric acid iz added to iron fillings? Tick the
coTTECt answer.,

(a) Hydrogen gas and iron chloride are produced.
(bl Chlorine gas and iron hydroxide are produced.
] Noreaction takes place.

[d} Tron salt and water are proaduced.

What is a balanced chemical equation? Why should chemical equations be
balanced?

Translate the following statemerits into chemical equations and then balance them.
la) TIydrogen gas combines with nitrogen to form ammonia.
(b) Hydrogen sulphide gas burmns in air to give water and sulpur dicxide.

2 Barium chloride reacts with aluminium sulphate to give aluminium chloride
and a precipitate of bartum sulphate.

(d] Potassium metal reacts with water to give potassium hydroxide and hydrogen
gas.

Balance the following chemical equaticns.

a) TINO,+CalOIT), —» Ca(NO,), + 1,0

b} NaOIT+11,SQ, - Na,50, + 11,0

(@ NaCl+ AgNO, — AgCl+ NaNO,

id) BaCl,+HS0, - BaS0, +HC1

Write the balanced chemical equations for the fellowing reactions.

la) Caletum hydroxide + Carbon diexide — Calelum carbonate + Water

[B) Zinc + Silver nitrate — Zinc nitrate + Silver

]  Aluminium + Copper chloride — Aluminium chloride + Copper

id] Barium chloride + Potassivin sulphate — Barium sulphate + Potassiuim chloride

Write the balanced chemical equation for the following and identify the type of
reaction in each case.

(@ DPotassium bromidefaq) + Barium icdidefaq) — Potassiom icdidelaq) +
Barium hromide(s)

b} Zinc carbeonate(s) —» Zine oxideis) + Carbon diexide(g)

2 Hydrogen(g) + Chlorinelg) —» Hydrogen chloride(g)

(d Magnesium(s) + Hydrochloric acidlaq) — Magnesium chloride(ag) + Hydrogen(g)

What does one mean by exotherinic and endothermic reactions? Give examples.

Why 1s respiration considered an exothermie reaction? Expilain.,

Why are decomposition reactions called the oppesite of combination reactions?
Write equations for these reactions.

/
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Write one equation each for decomposition reactions where energy is supplied in \

12,
the form of heat, light or electricity.
13. What is the difference between displacement and double displacement reactions?
Write equations for these reactions.
14, In the refining of silver, the recovery of silver frem silver nitrate sclution invohred
dizplacement by copper metal. Write down the reaction involved.
15, What do you mean by a precipitation reaction? Explain by giving examples.
16. Explain the following in terms of gain or loss of oxygen with two examples each.
(7l Oxddation
(b] Reducton
17. A shiny brown coloured element X on heating in air becomes black in colour.
Name the element X and the black colowred compound formed.
18. Why do we apply paint on iron articles?
19. 0il and fat containing food items are flushed with nitrogen. Why?
20. Explain the following terms with one example each.
(2] Corrosion
{b) Rancidity y
Perform the following activity.
Take four beakers and label them as A B, Cand D.
Put 25 ml. of waterin A, B and C beakers and copper sulphate solution in heaker I,
Measure and record the temperature of each liquid contained in the beakers above.
Add two spatulas of potassium sulphate, ammonium nitrate, anhydrous copper
sulphate and fine iron fillings to beakers A, B, C and D respectively and stir.
Fitally measure and record the temperature of each of the mixture ahove.
Find out which reactions are exothermic and which ones are endothermic in nature,
16 Sclence



CHAPTER 2
Acids, Bases

and Salts

ou have learnt in your previcus classes that the sgur and bitier

tastes of food are due to acids and bases, respectively, present in them.

If someone in the family is suffering from a problem of acidity after
avereating, which af the following would you suggest as a remedy— lemon
juice, vinegar or baking soda solution?

Which property did you think of while choosing the remedy?
Surely you must have used your knowledge about the ability of
acids and bases to nmullify each other's effect.

Recall how we teated sour and bitter substances without tasting
them.

You already lmow that acids are sour in taste and change the colour
of blue litinus to red, whereas, bases are hitter and change the colour of
the red litmus to Blue, Libnus is a natural indicator, turmerie 13 another
such indicator. TTave you neticed that a stain of curry on a white cloth
‘becomes reddish-brown when scap, whiich is basic in nature, is scrubbed
on it? It turms vellow again when the ¢loth is washed with plenty of
water. You can also use synthetic indicators such as methyl grange and
phenolphthalein to test for acids and bases.

In this Chapter, we will study the reactions of acids and bases, how
acids and bases cancel out each other’s effects and many more interesting
things that we use and see in our day-to-day life.

Y aTaVaTa YaVaTiVTeTeVaVTaTaVal WaTal % W N N LY

Litmus solution is a purple dye, which is extracted from lichern, a plant belonging to
the division Thallophyta, and is commonly used as an indicator. When the litmus
salution is netther acidic norbasie, ita colour s purple. There are many ather natural
materials like red cabbage leaves, turmeric, coloured petals of some flowers such as
Hydrangea, Pefunia and Gerariium, which indicate the presence of acid or base in a
solution. These are called acid-base indicators or sometimes simply indicators.



Q U E S TI1 O N

You have been provided with three test tubes. One of them contains
distilled water and the other two contain an acidic sohation and a basic
solutdon, respectively. If you are given only red litmus paper, how will
yvou identify the contents of each test tube?

18

2.1 UNDERSTANDING THE CHEMICAL PROPERTIES OF
ACIDS AND BASES

2.1.1 Acids and Bases in the Laboratory
Activity 2.1

Collect the following samples from the sclence laboratory—
hydrochlaric acid [HCD, sulphurie acid [H,80,), nitrie acld (HNG,),
acetle acid [CH,COOH). sodlum hydroxide [(Na©OH]. calcium
hydroxide [CalOH),], potassium hydroxide [KOH), magnesium
hydroadde [Mg[OH] ], and ammonium hydroxide (NH, OH].

Put a drop of each of the above solutions on a watch-glass and
teat with a drop of the following indicators as shown in Tahle 2.1,
What change in colour did you observe with red litmus, blue litmus,
phenolphthalein and methyl orange solutions for each of the
solutions taken?

Tabulate your cbservatons in Table 2.1.

Table 2.1

Sample Red Blug Phenplph- Methyl
aolution lHtmua Htmusa -thalein orange

solution solution solution aolution

These indicators tell us whether a substance is acidic or basic by
change in colour. There are some substances whose odour changes in
acidic or basic media. These are called olfactory indicators. Let us try
out some of these indicators,

Activity 2.2

Take some fingly chopped onions in a plastic bag along with some
strips of clean cloth. Tie up the bag tightly and leave owvernight in
the fridge. The cloth strips can now be used to test for acids and
baasea,

Take two of these cloth strips and check their odour.

Keep them on a clean surface and put a few drops of dilute HC]
solution on one strip and a few drops of dilute NaOH solution on
the other,
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Rinse both cloth strips with water and again check their ocdour.
Note your observations.

New take some dilute vanilla essence and clove of]l and check their
odour.

Take some dilute HC] solutlon in one test tube and dilute NaCQH
solutlon In ancther. Add a few drops of dilute vanilla essence to
both test tubes and shake well. Check the odour once again and
record changes in odour, if any.

Similarly, test the change in the odour of clove oil with dilute HCI
and dilute NaDH solutions and record your obaervations.

Which of these — vanilla, onion and cleve, can be uszed as olfactory
indicators on the basis of your cbservations®?

L&t us do some more activities to understand the chemical properties
of acids and bases.

2.1.2 How do Acids and Bases React with Metals?

Activity 2.3

CAUTION: Thia activity needs the teacher's assiatanece.
et the apparatus as shown in Fig. 2.1.
Take about 5 mL of dilute sulphurie acld in a test tube and add a
few pieces of xinc granules to it
What do you observe on the sutface of zine granulea?
Pass the gas being evohred through the soap sohation.
Why are bubbles formed in the soap aolation?
Take a burning candle near a gas filled bubble,
What do you observe?
Repeat this Activity with some more acids like HCL HNOC., and
CH,COCH.
Are the observatlons In g1l the cases the saome or different?

If
Stand — H
G =4 ®

Te=t tube
LA~ .
Diute —————p 28] ydeogen

E8s
sulphuric hubhl
% ii ubbles
Zine granules

Delivery tube

Burning of hydrogen
gas with a pop sound

()——————Soiip bubbie filled
with hydrogen

/-IE.':_'ﬁ|I \ Soap
salutiorn
—r v |
Figure 2.1 Reactlon of zinc grandes with difufe sulpptric acld and testing Aydrogen
gas by burming
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Note that the metal in the above reactions displaces hydrogen from
the acids. This is seen as hydrogen gas. The metal combines with the
remaining part of the acid and forins a compound called a salt. Thus,
the reaction of a2 metal with an acid can be summarised as —

Acid + Metal — Salt + Hydrogen gas
Can you now write the equations for the reactions you harvee cbserved?

Activity 2.4

' Flace a few pleces of granulated zine metal in a teat tube.

' Add 2 ml. of sodium hydroxide solution and warm the contents
of the test tube.

I Repeat the rest of the steps as in Activity 2.3 and record your
abeervations.

The reaction that takes place can be written as follows.

2NaOIT + Zn —» Na Zn0, + T,
[Sodtum zincate]

You find again that hydrogen is formed in the reaction. However,
such reactions are not possible with all metals.

2.1.3 How do Metal Carbonates and Metal
Hydrogencarbonates React with Acicls?

Activity 2.5

Thisthe: funiel
s Take two test tubes, label them as A
Cork Diefivery. tube and B.
” Teat tube Take about (.5 g of sodhim carbonate
O] = Y b (Na,CO,) In test tube A and about
0.5 g of sodium hydrogencarbonate
Carhon dicxide gas (NaHCQ,) in test tube B,
Dilute b Test tube Add about 2 mL of dilute HCI to both
hytirockloric N Eﬂ‘;‘& the teat tubes.
acld — _L$ oty SOkt What do you observe?
/_ oz carbioniahe Pass the gas produced in each case
through lime water [caleium
Figure 2.2 hydroxide =zolution) as shown in
Fassing carbon dioxide gas Fig. 2.2 and record your observations.
through calcien hydroxide

scfution
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The reactions occurring in the above Activity are written as —

Test tube A: Na,C0O,[s] + 2HCllag) — 2NaCl(aqg) + H,O) + CO.(@
Test tube B: NaHCGO, [s) + HCl(zg) - NaCllag) + H,0(l) + CO,[g)
Omn passing the carbon dioxide gas evolved through lime water,

Ca(OH).{ag) + CO, (@ = CaCO,(s) + H,O)
(Lime water) (White precipitate)

Science



On passing excess carbon dicxide the following reaction takes place:
CaCO, [s)+ TLOM+ CO,lg) —CallTCO, ), [ag)
[Soluble in water)

Limestone, challk and marble are different forms of caleivm carbonate.
All metal carbonates and hydrogencarbonates react with acids to give a
corresponding salt, carbon dioxide and water.

Thus, the reaction can be summarised as —

Metal carbonaie /Metal hydrogencarbonate + Acid — Salt + Carbon dioxide + Water

2.1.4 How do Acids and Bases React with each other?

Activity 2.6

Take about 2 mL of dilute NaOH aoplution in a test tube and add
two dropa of phenolphthalein solution.

What 1= the colour of the soluton?

Add dilute HCI soluton to the above solution drop by drop.

Iz there any colour change for the reaction mixture?

Why did the colour of phenolphthalein change after the addition
of an acid?

Now add a few drops of NaDH to the above mixture.

Does the pink colour of phenclphthalein reappear?

Why do vou think this has happened?

In the above Activity, we have chserved that the effect of a base is
mullified by an acid and vice-versa. The reaction taking place is written as —

NaOH(aqg) + HCl(aq) — NaCllagq) + H,O(1)

The reaction between an acid and a base to give a sait and water is

Encwm as a neatralisation reaction. In general. a neutralisation reaction
can be written as -

Base + Acid — Salt + Water
2.1.5 Reaction of Metallic Oxides with Acids
Activity 2.7

Take a small amount of copper oxide in a beaker and add dilute
hydrochloric acid slowly while stirring.

Note the eolour of the solution, What has happened to the copper
oxigdea?

You will notice that the colour of the sclution becomes blue-green
and the copper oxide dissolves. The blue-green colour of the solution is
due to the formation of copper(ll) chloride in the reaction. The general
reaction between a metal oxide and an acid can be written as—

Metal oxide + Acid — Salt + Water

Arids, Bases and Salts 1



MNow write and balance the equation for the above reaction. Since
metallic oxides react with acids to give salts and water, similar to the
reaction of a base with an acid, metallic oxides are said to be basic oxides.

2.1.6 Reaction of a Non-metallic Oxide with Base

¥You saw the reaction between carbon dioxide and calcium hydroxide
{(lime water) in Activity 2.5. Calcium hydroxide, which is a base, reacts
with carbon dioxide Lo produce a salt and water. Since this is similar to
the reaction between a base and an acid, we can conclude that non-
metallic oxides are acidic in nature,

Q U E 8§ T I O N S

Vessels?

this gas?

1. Why should curd and sour substances not be kept in brass and copper

2. Which gas 15 usually liberated when an acid reacts with a metal?
Mustrate with an example. How will you test for the presence of

3. Metal compound A reacts with dilute hydrochloric acld wo produce
effervescence. The gas evolved extinguishes a burning candle, Write a
halanced chemical equation for the reaction if gne of the compmmds
formed s calcium chloride.

2.2 WHAT DO ALL ACIDS AND ALL BASES HAVE IN
COMMON?

In Section 2.1 we have seen that all acida have shmilar chemigal
properties. What leads to this similarity in properties? We saw ir. Activity
2.3 that all acids generate hydrogen gas on reacting with metals, so
hydrogen seems to be comomeon to all acids. Let s perform an Activity to
Investigate whether all compounds containing hydrogen are acidie.

Actlvity 2.8

Bulb
Sl m%]ﬂ-ﬂ—@)—l— Take solutions of glucose, alcohal,

Swtnky hydrochlorie acid, aulphoaric acld, etc.
Fix two nalls on a cork, and place the cork in
a 100 ml. beaker.

L Beaker ¢ Commect the nails to the two terminals of a

& volt battery through a bulb and a switch, as
ahown in Fig. 2.3,

| L5 sl Now pour some dilute HCI in the beaker and
o Dilute HE switch on the current.
g sarlution ©  Repeat with dilute sulphuric acid.
\Lt_ﬂim I What do you ohserve?
¢ Repeat the experiment separately with

Flgure 2.3 gluenae and aleohol aglutlons. What do you
Actd solution n tidfer observe now?
condiicts electricity Does the bulb glow In all cases?
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The bulb will start glowing in the case of acids, as shown in Fig. 2.3.
But you will observe that glncose and alcohicl solutions do not conduct
electricity. Glowing of the hulb indicates that there is a flow of electric
current through the solution. The electric current is carried through the
solution by ions.

Since the cation present in acids is H*, this suggests that acids
produce hydrogen ions, HYag), in solution, which are responsible for
their acidic properties.

Repeat the same Activity using alkalis such as sodinm hydroxide,
calcinm hydroxide, etc. What can you conclude from the results of this
Activity?

2.2.1 What Happens to an Acid or a Base in a Water Solution?

Do acids produce ions only In aqueous solution? Let us test this,

Actlvity 2.9

Take about 1g solid Nall in a clean and

dry test tube and set up the apparatus as Conioal sk
shown in Fig. 2.4, ﬂmt_ﬂﬂﬂgmd
Add some concentrated sulphuric acid to ?EE:D

the test tube.

What do you observe? Is there a gas coming
out of the delivery fube?

Test the gas evolved successively with dry
and wet blue Htmus papet.

In which case does the Utmuas paper change
colour?

Cm the basls of the above Activity, what do
you infer about the acidic character of:

(il dry HC] gas

i) HC] solutlon?

Test b ——

Soddium
chloride

Malst Iitms —
PaEper

Dielivery tubie
Corik

——Tesl tuhe
B

1P

Guard tube containing

caloium vhloride

Figure 2.4 Preparation of HCL gas

Note to teachers: If the climate is very humid, you will have to pass the gas produced
through a guard tube [drying tube] contalning calclum chloride to dry the gas.

This experiment suggests that hydrogen ions in HCI are produced
in the presence of water. The separation of TT- 1on from TTC1 molecules
cannot occur in the absence of water.

MCI+ L0 - TLOY + C

Hydrogen ioms cannot exist alone, but they exist after combining
with water molecules. Thus hydrogen ions must always be shown as
H*(ag) or hydroninm ion (H_0*).

H"+H,0—= R0

We have seen that acids give H,0* or H*(aq) ion in water. Let us see

what happens when a hase is dissolved in water.
H, 0

MNaOH(=

: Na' fag)+ OH™ [ag)
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KOH(g) — 22— K* (ag) + OH (ag)
Mg{OH], (8} — 22— Mg faq)+ 2011 [ag)

Bases generate hydroxide (OH7) ions in water. Bases which are soluble
in water are called alkalis.

All bases do not dissalve In water. An alkali 1s a base that dissolves in water, They
are soapy to touch, bitter and corrosive. Never taste or touch them as they may
cause harm, Which of the bases in the Table 2.1 are alkalis?

Now as we have identified that all aclds generate I1T+ag) and all
bases generate OH (ag), we can view the neutralisation reaction as
follows —

Acid + Base — 5alt + Water

H OH — MX + HOH
H*(aq) + OH (ag) — H,O(1)
Let us see what is mvolved when water is mixed with an acid or a base.

Activity 2.10Q

Take 10 ml water in & beaker.

Add a few drops of concentrated H, 80, to it and swil the
beaker slowly.

Touach the hase of the beaker.

Is there a change in temperature?

Ia this an expthermic or endothermic process?

Repeat the gbove Activity with sodium hydroxide pellets

Figure 2.5 and record your observatoms.

Warning sign displaped

on contziners confaining

bases rated aclds and The procesa of dissclving an acid or a base in water is a highly

exothermic one. Care must be taken while mixing concentrated nitric
acid or sulphuric acid with water. The acid must always be added slowly
to water with constant stirring. If water is added to a concentrated acid,
the heat generated may canse the mixture to splash cut and cause burns.
The glass container may also break due to excessive local heating. Look
out for the warning sign [shown in Fig. 2.5] on the can of concentrated
sulphuric acid and on the bottle of sodivum hydroxide pellets.

Mixing an acid or base with water results in decrease in the
concentration of iona [H O /OH") per unit volume. Such a procesa is
called dilution and the acid or the base is said to be diluted.
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Q U E S T 1T O N S

1.  Why do HCl, HNO,, etc., show acldic characters in agqueous solutlons
while solutions of compounds like alcohol and gluense do not show acidic
character?

Why does an agquegus solution of an acid conduct electricity?

Why does dry HCI gas not change the colour of the dry litmus paper?

4. While diluting an acid, why is it recommended that the acid should be
added to water and not water to the acid?

5. How is the concentration of hydronium ions (H,0O'] affected when a
solution of an acid is diluted?

5. Heow ia the concentration of hydroxide iona (OH]) affected when excess

base is disaplved in a agluton of sgdium hydrovide?

W b

2.3 HOW STRONG ARE ACID OR BASE SOLUTIONS?

We know how acid-base indicators can be used to distingnish between
an acid and a base. We have alsc learnt in the previcus sectionn about
dilution and decrease in concentration of H* or OH™ ions in schations.
Can we quantitatively find the amount of these ions present in a sohition?
Can we judge how strong a given acid or base is?

We can do this by making use of a universal indicator, which is a
mixture of several indicators. The universal indicator shows different
colours at different concentrations of hydrogen ions in a solution.

A scale for measuring hydregen fon concentration in a solution, called
PIT scale has been developed. The p in pI1 stands for 'potenz’ in German,
meaning power, On the plT scale we can measure plT from O (very acidic)
to 14 {very alkaline). pIT should be thought of stmply as a number which
indicates the acidic or basic nature of a sclution, TTHigher the hydrenium
ion eoncentration, lower 1z the pIT value,

The pIT of a neutral sclution is 7. Values less than 7 on the pllscale
represent an acidic solution. As the pIT value increases from 7 to 14, 1t
represents an ingrease in (M1 ion concentration in the solution, that s,
increase in the strength of alkali. Generally paper impregnated with the
universal indicater is used for measuring pIl. One such paper is shown
in Fig. 2.6.

------------------
-----------------
--------

3 Dmhﬂ‘iﬂnﬁmnhﬂjhn

Figure 2.8 Variation of pH with the change in concentration of HYaq) and OH-(ag) ions

Arids, Bases and Salts
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Table 2.2

Solution Colour of
Aﬂﬂﬂt)' 2'1 1 pH paper | -imate |substance
Test the pH wvalues
of solutions given in 1 1 . ]
Tahle 3.9. Saliva [betore meal)
Regord your pbservations. 2 Saliva [after meal)
What is the nature of each
3 Lem 11
substance on the basils of on Juice
your chserations? 4 {Colourless aerated

26

drink

5 Carrot juice
6 Coffee

7 Tomatg julce
8

9

Tap water
1M NaCH
100 1M HCl
0 1 2 3 4 B L 7 B 8 10 11 12 13 14
= _‘Jll_
Ganirle Lenim Julce Puare water, Milk of Soclluim
Jualee [ttt 2.2 blond mognesin hydrendde

(abomt].2) [7.4) {10) solution

(ot L4}

Figure 2.7 pH of some cormmmmon subsionces shoum on a pH paper {eolours are only a rough guide)

The strength of acids and bases depends on the number of H* ions
and OH- ions produced, respectively. If we take hydrochloric acid and
acetic acid of the same concentration, say one molar, then these produce
different amounts of hydrogen ions. Acids that give rise to more H* ions
are sadd to be strong acids, and acids that give less H ions are said to be
weak acids. Can you now say what weak and strorg bases are?

2.3.1 Importance of pH In Everyday Life

Are plants and animals pH sensitive?

Our body works within the pH range of 7.0 to 7.8. Living organisms can
survive only in a narrow range of pH change. When pH of rain water is
less than 5.6, it is called acid rain. When acid rain flows into the rivers, it
lowers the pH of the river water. The survival of aguatic life in such rivers
becomes difficult.
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Acids In other planets

The atmosphere of venus is made up of thick white and yellowish clouds of

sulphuric acid. Do vou think life can exist on this planet?

What is the pH of the soil in your backyard?

Plants require a specific pH range for their healthy growth. To find out
the pIT required for the healthy growth of a plant, you can cellect the sall
from various places and check the pH in the manner described below in
Activity 2.12. Alsc, you can note down which plants are growing in the
region from which you have collected the soil.

Activity 2.12

Put about 2 g soil in a test tube and add 5 ml. water to it.

Shake the contents of the test tube,

Filter the contents and ocllect the fikrate in a test tube,

Check the pH of this filtrate with the help of universal
indicator paper.

What can you conclude about the ideal soil pH for the growth of

plants In your region?

PH in our digestive system

It is very interesting to note that our stomach produces hydrochloric
acid. Tt helps in the digestien of tood without harming the stomach.,
During indigestion the stomach produces too much acid and this causes
pain and irritation. To get rid of this pain, people use bases called
antacids. One such remedy must have been suggested by you at the
beginning of this Chapter. These antacids neutralise the excess acid.
Magnesium hydroxide (Milk of magnesia), a mild base, is often used for
this purpose,

PH change as the cause of tooth decay

Tocth decay starts when the plT of the mouth is lower than 5.5. Teoth
enamel, made up of calciuim phosphate is the hardest substance in the
body. It does not dissolve in water, but is cortaded when the pH in the
mouth is below 5.5. Bacteria present in the mouth produce acids by
degradation of sugar and food particles remaining in the mauth after
eating. The hest way to prevent this is to clean the mouth after eating
food. Using toothpastes, which are generally hasic, for cleaning the teeth
can neutralise the excess acid and prevent tooth decay.

Sel defence by animals and plants through chemical warfare
Have you ever been stung by a honey-bee? Bee-sting leaves an acid
which causes pain and irritation. Use of a mild base like baking soda
on the stung area gives rellef. Stinging hair of nettle leaves inject
methanoic acld causing burming pain.

Arids, Bases and Salts
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Nature provides neutralisation aptions
Nettie 1s a herbaceous plant which grows in the wild. Its leaves have stinging hair,
which cause painful stings when touched accidentally. This is due to the methancic
acld secreted by them. A traditional remedy is rubbing the
W area with the leaf of the dock plant, which often grows beside
. % j’“"’ the nettle in the wild. Can you guess the nature of the dock
plant? So next time you know what to look out for if you

I
‘.E_ f’g accidentally touch a neitie plant while trekking. Are you aware
of any other effective traditional remedies for such stings?

L

Table 2.3 Some naturally occurring acids

e T R

Vinegar Acetie acid Sour milk (Curd) Lactic agid
Orange Citric acid Lemon Citric agid
Tamarind Tartaric acid Ant sting Methanoic acid
Tomato Oxalic acid Nettle sting Methancic acid

Q U E S TTIT O N S

1, You have two sohations, A and B, The pH of solution A is & and pH of
solutipn B 1s 8. Which solutdon has more hydrogen lon concentration?
Which of this 13 acidic and which one 15 basic?

3. What effect daes the concentration of Hag) lons have on the nature of the
solution?

3. Do basic solutons also have H-jaq) ions? If yes, then why are these basic?

4, Under what soll condifion do wvou think a farmer would treat the soil of his
flelds with quick ime icalclum oxide) or slaked lme {calclum hydroxide) or
chalk [calcium carbonate])?

2.4 MORE ABOUT SALTS

In the previous sections we have seen the formation of salts during
various reactions. Let us understand more ahout their preparation,
properties and uses.

2.4.1 Family of Salts
Activity 2.13

Write the formulae of the salts gtven below.

Potassinm sulphate, sodium sulphate, calelum sulphate,
magnesium sulphate, copper sulphate, sodium chloride, sodium
nifrate, sodium carbomate and ammomium chloride,
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Identify the acids and bases from which the above salts may be
obtained.

Salts having the same positive or negatlve radicals are sald to
belong to a family. For example, NaCl and Na, S0, belong to the
family ot sodium salts. Similarly, NaCl and RKC1 helong to the family
of chloride salts. How many families can you identity amang the
salts given in this Activity?

2.4.2 pH of Salts

Activity 2.14

Collect the following salt samples — agdium chloride, potassiom
nitrate, aluminium chloride, zinc sulphate, copper sulphate,
sodium acetate, sodium carbonate and sodium hydrogencarbomate
[zome other salts avanilable can alzo be taken).

Check their solubility in water [use distilled water ¢nly).

Check the action of theae splutions on litmus and find the pH
using a pH paper,

Which of the salts are acidic, basilc or neutral?

Identify the acld or base used to form the salt.

Report your observatioms in Table 2.4,

Salts of a strong acid and a strong base Table 2.4

are neutral with plIl value of 7. On the other
hand, salts of a strong acid and wealk basze
are acidic with pH value less than 7 and those
of a strong base and weak acid are basic in
nature, with pH value more than 7.

2.4.3 Chemicals from Common Salt

By now you have learnt that the salt formed
by the combination of hydrochloric acid and
sodinm hydroxide solution is called sodinm
chleride. This is the salt that you use in food.
You must have cbserved in the above Activity
that it is a neutral sait.

Seawater contains many salts dissolved
in it. Sodium chieride 1s separated from these
salts. Deposits of solid salt are also found in
several parts of the world. These Iarge crystals
are often brown due to impurities. This is
called rock salt. Beds of rack salt were formed
when seas of bygone ages dried up. Rock salt
is mined like coal.

Coun | o | okt v | Basovaea

You must have heard about Mahatma Gandhi's Danrdi March. Did
you know that sodium chigride was such an important symbol in our

struggle for freedom?
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Common salt — A raw material for chemicals
The commaen salt thus cbtained is an important raw material for various
materials of daily use, such as sodium hydroxide, baking soda, washing
sada, bleaching powder and many more. Let us see how one substance
is used for making all these different substarnces.

Sodium hydroxide

When electricity is passed through an aguecus solution of sodium
chicride (called brineg), it decomposes to form sodium hydroxide. The
process is called the chlor-alkali process because of the products formed-
chler for ¢hlering and alkali for sodium hydroxide.

2NaCllaqg) + 2H 0l) = 2NaOHlaq) + CL (g + H (@

Chlarine gas is given off at the anode, and hydrogen gas at the cathode.
Sodium hydroxide solution is foroed near the cathode. The three
preducts produced in this process are all useful. Figure 2.8 shows the
different uses of these products.

lut Cothode
L=
H, Cl,
l NaOH
0
L —— —
Fuels, margarine. Waler treatment, swimming pools, De-greasing metats, soaps ad delergents,
smmonia for fertilisers PVT, disinfoctants, CFCs, pesticides paper making, artificial fibres
HYDROCHLORIC ACTD BLEACH
For: clenning steel, ammonium chioride, For: household bleaches,
medicines, cosmetics bleaching mbrie
PFigure 2_8 Imporian products from the chloralkali process
Bleaching powder

You have already come to know that chlorine is produced during the
electroly=is of aqueous sadium chloride (brine). This chlorine gas is nsed
for the manufacture of bleaching powder. Bleaching powder 1a produced
by the action of chlorine on dry slaked lime [CalOH), ]. Bleaching powder
s represented as CaOCl,, though the actual composition 1s quite
complex.

CalOl1), + Cl, —» CaOCl, + TL,O
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Bleaching powder 1s nsed -

(il for bleaching cotton and linen in the textile mdustry, for bleaching
wood pulp in paper factories and for bleaching washed clothes
in Jaundry;

{iil asan oxidising agent in many chemical industries; and
(iii) for disinfecting drinking water to make it free of germs.

Baking soda

The soda commonlty used in the kitchen for making tasty crispy paloras
is baking soda. Semetimes it 13 added for faster cooking. The chemical
name of the compound is sodium hydrogencarbonate [NaHCO,). It is
produced uwsing sodivm chloride as one of the raw materials.

NaCl + H,© + COy + NH; — NH,C1 + NaHCO,
[(Armmonium  (Sodium
chloride] hydrogencarbonate]

Did you check the pH of sodinm hydrogencarbonate i Activity 2.14%
Can you correlate why it can be used to neutralise an acid? 1t is a mild
non-corrosive base. The following reaction takes place when it 1s heated
during cocking —

2NaHCO, —2%t , Nz cO, + H,0+C0,

(Sodium [Soxdiiim

hydrogencarbonate] carbonate)

Sodium hydrogencarbonate has got various uses in the household.

Uses of sodinum hydrogencarbonate (NaHCO,)

i) For making baking powder, which is a mixture of haking soda
{sodium hydrogencarbonate) and a mild edible acid such as
tartaric acid. When baking powder is heated or mixed i water,
the following reaction takes place -

NaHCO, +H* —= CO, + H,O + Sodium salt of acid
(Frotn any acid)

Carbon dioxide produced during the reaction causes bread or cake

to rise making them soft and spongy.

il Sodium hydrogencarbenaie 13 also an ingredient in antacids.
Being alkaline, it neutralises excess acid in the stomach and

provides relief
(i) Tt 1s also used in soda-acid fire extinguishers,
Washing soda

Anather chemical that can be obtained from sodium chloride is
Na,C0O_.10H,0 (washing soda). You have seen above that sodium
carbonate can be chtamed by heating baking soda: recrystallisation of
sodium carbonate gives washing soda. Tt is also a basic salt.

Na,CO5 + 10110 —+Na;CO5. 101,00

[Sodium
carbonate)

Arids, Bases and Salts
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What does 10H, O signify? Does it make Na,CO,_ wet? We will address
this guestion in the next section.

Sodium carbonate and sodium hydrogencarbonate are useful
chemicals for many industrial processes as well,

Uses of washing soda
i) Sodium carbonate [washing soda) is used in glass, soap and
paper indusiries.
[ii) Itisused inthe marmafacture of sodinm compounds such as borax.
[iif} Sedium carbonate can be used as a cleaning agent for domestic

PUrPOSES.
[iv] Ttisused for removing permanent hardness of water.

2.4.4 Are the Crystals of Salts really Dry?
Activity 2.15

| Heat a few crystals of copper sulphats
in a dry boiling tube.

' What 18 the colour of the copper
aulphate after heating?
Do you notce water droplets in the
boiling tube? Where have these come
from?

© Add 2-3 drops of water on the sample

Burnér of copper sulphate pbtalned after

heating.

What do you observe? Is the blue

Tesl tube holder
Bodling fube
Water dropleis

Copper sulphate cystals

32

color of copper sulphate restored?

Copper sulphate crystals which seem to be dry contain water of
crystallisation. When we heat the arystals, this water is removed and the
salt turns white.

If vou moisten the crystals again with water, vou will find that blue
colour of the crystals reappears.

Water of crystallisation is the fixed mumber of water molecules preserit
in one formula unit of a salt. Five water molecules are preserit in one
formula unit of copper sulphate. Chemical formula for hydrated copper
sulphate is Cu S0,. 5H_ 0. Now you would be able to answer the question
whether the maolecule of Na,CO,. 10H,0 is wet.

Omne other salt, which possesses water of crystallisation is gypsum.
It has two water molecules as water of cyrstallisation. It has the formula
CaS0,.2H,0. Let us lock into the use of this salt.

Plaster of Paris
Un heating gypsum at 373 K, it loses water molecules and becomes

1
calcinm sulphate hemihydrate {Cas0, .— H,0). Thisis called Plaster of
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Paris, the substance which doctors use as plaster for supporting
fractured bones in the right position. Plaster of Paris is a white powder
and on mixing with water, it changes to gypsum once again giving a
hard sclid mass.

Caso, % H,0+1 éHEO 5 Cas0, . 2H,0
(Plaster of Paris) [GypstLi)

Note that only half a water molecule is shown to be attached as water
of crystallisation. How can you get half a water molecule? 1t is written in
this form because two formula units of CaS0O, share one molecule of
water. Mlaster of Paris is used for making toys, materials for decoration
and for making surfaces smooth. Try to find out why is calcium sulphate
hemihydrate called 'Mlaster of Paris’ ?

Q UESTTION S

1.  What is the common name of the compound CaCQCL?

2. Name the substance which on treatment with chlorine yields bleaching
powrder,

a. Name the sodium gompound which 1s used for softening hard water.

4, Wwhat will happen if a solution of sodium hydrocarbonate is heated?
Give the equation of the reaction involved.

5. Write an eguation to show the reacton between Plaster of Paris and
water.

®  Acid-base indicators are dyes or mixtures of dyes which are used to indicate the
presence of acids and bases.

»  Acidic nature of a substance is due to the formation of HYag) ions in schition.
Formation of OH{ag) ions in solution is responsible for the basic nature of a
substance,

B When an acid reacts with a metal, hydrogen gas is evolved and a corresponding
salt is formed.

®  When a base reacts with a metal, along with the evolution of hydrogen gas a salt 1a
formed which has a negative ion composed of the metal and oxyger.

= When an acid reacts with a metal carbonate or metal hydrogencarbonate, it gives
the corresponding salt, carbon dioxide gas and water.

m  Acidic and bhasic soluticns in water conduct electricity because they produce
hydrogen and hydroxide ions respectively.
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The strength of an acid or an alkali can be tested by using a scale called the pH
gcale (0-14) which gives the measure of hydrogen lon concentration in a solution.

A nentral sclution has a pH of exactly 7, while an acidic solution has a pH less
than 7 and a basic soluticn a pIT more than 7.

Living beings carry out their metabolic activities within an optimal pH range.
Mixing concentrated acids or bases with water is a highly exothermic process.
Acids and bases neuiralise each other to form corresponding salts and water.

Water of crystallisation is the fixed number of water molecules chemically attached
to each formoula umit of a salt in its crystalline form.

Salis have varlous uses in everyday life and in industries.

o
Y
. A solution turns red littnas blue, its pH is likely to be
@) 1 (b) 4 ) 5 {d 10
. Asolution reacts with crushed egg-shells to give a gas that turms Ime-water milky.
The acluticn containa
[a) NaCl [b] HCI [c) LiCl id] KCl
. 10 mL of a solution of NaOH is found to be completely neutralised by 8 mL of 2
given sclution of HCL. If we take 20 mL of the same solution of NaOH, the amount
HCI solution [the same solution as before) required to neutralise it will be
[a) 4ml ) Sml ) 12ZmL id) 16 mL
. Which one of the tollowing types of medicines is used for treating indigestion?
[a}] Antibiotic
b Analgesic
[c) Antacid
[d) Antiseptic
. Write word equations and then balanced equations for the reaction taking
place when -
(@ dilute sulphuric acid reacts with zine gramules.
ib) dilute hydrochloric acid reacts with magnesiuom ribbon.
£} diluie sulphuric acid reacts with aluminium powader.
(d} dilute hydrochieric actd reacts with iron filings.
. Compounds such as alcohols and glucose also contain hydrogen but are not
categorised as acids. Describe an Activity to prove it.
. Why does distilled water not conduct electricity, whereas rain water does?
/
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10.

11.

12,

13,

14,
15.

Why do acids not show acidic behaviour in the absence of water?

Five aalutions A, B.C.I» and E when teated with universal indicater showed pIl as
4.1,11,7 and 9, respectively. Which solution is

[a) neutral?

b} strongly alkaline?

) strengly acidie?

[d} weakly acidic?

lg) weakly alkaline?

Arrange the pIl in Increasing erder of hydrogen-ion coneentration,

Equal lengths of magnesium ribhons are taken in test tubes A and B. Hydrochlorie
acid (HCI) is added to test tube A, while acetic acid (CH COOH) iz added to test
tube B. [n which test tube will the fizzing cecur more vigorously and why?

Fresh milk has a pH of 6. How do you think the pH will change as it turns into
curd? Explain your answer.

A milkman adds a very small amount of baking soda to fresh milk.
(a) Why does he shift the pH of the fresh milk from 6 to slightly alkaline?
b} Why does this milk take a long time to set as curd?

Plaster of Parls should be stored in a moisture-proof container. Explain why?
What is a neutralisation reaction? Give two examples.
Give two important uses of washing soda and baking scda.

(I) Prepare your own indicator

Arids, Bases and Salts

Crush beetroot in a mortar.

Add sufficient water to obtain the extract.

Filter the extract by the procedure learnt by you in earlier classes.
Collect the filtrate to test the substances you may have tasted earlier.

Arrange four test tubes in a test tube stand and label them as A.B.C and D. Pour
2 mL each of lemon juice soluticn, scda-water, vinegar and baking soda soluticn
in them respectively.

Put 2-3 drops of the beetroot extract in each test tube and note the colour change
if any. Write your cbservation in a Table.

You can prepare indicators by using other natural materials Hke extracts of red

cabbage leaves, coloured petals of some flowers such as Petunia, Hydrangea and
Geraniiam.




(1T} Preparing a soda-acid fire extinguisher
The reaction of acids with metal hydrogencarbonates is used in the fire extingnishers
which produce carbon dioxide.
Take 20 mL of sodlum hydrogencarbonate (NalTCO,) sclution in & wash-bettle.
Suspend an ignition tube containing dilute sulphuric acid in the wash-bottle
(Fig. 2.10).
Close the mouth of the wash-bottle.

Tilt the wash-bottle so that the acid fromn the ignition tube mixes with the sodium
hydrogencarbonate sclution below,
You will notice an effervescence coming out of the nozzle.

Direct this gas on a burning candle. What happens?

Thread ;
!

Wash-bolls ——
[gnilion Lubes

Dilute sulphoatie —ja

acid

Sodinzn
hytrogencarbonale

1a]

Figure 2.10 (a} Ignition lube containing dilute sulphurie acid suspended in o wash-botile rontaining
sodium igdrogenearbonaie, (B Corbon dioxdde gos coming oul of the nozzle
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CHAPTER 3

| | Metals and Non-metals

n Class [X vou have learnt about various elements. You have seen
that elements ¢an be classified as metals or non-metals on the basis of
their properties.
Think of some uses of metals and non-metals in your daily life.
What properties did you think of while categorising elements
as metals or non-metals?
How are these properties related to the uses of these elements?
Let us look at some of these properties in detail,

3.1 PHYSICAL PROPERTIES
3.1.1 Metals

The easiest way to start grouping substances is by comparing their
physical properties. Let us study this with the help of the following
activities. For Activities 3.1 to 3.6, collect the samples of following
metals — tron, copper, aluminium, magnestum, sedium, lead, #inc and
any other metal that is easily available.

Activity 3.1

Take samples of iron, copper, alumintum and magnesium. Note
the appearance of each sample.

Clean the surface of each sample by rubbing them with sand paper
and note their appearance again.

Metals, in their pure state, have a shining surface. This property is
called metallic lustre.

Activity 3.2

Take amall pieces of iron, copper, alumimam, and magnesium,
Try to cut these metals with a sharp knife and note your
abservations.

Hold a piece of sodium metal with a pair of tongs.
CAUTION: Always handle sodium metal with care. Dy it by
pressing between the folda of a filter paper.

Put it gn a watch-glags and wy to cut it with a knife.

What do you observe?



Stand ——

You will find that metals are generally hard. The hardness varies
from metal to metal.

Activity 3.3

Take pieces of ron, zing, lead and copper.

Place any one metal on a block of iron and strike it four or five
times with a hammer. What do yvou cbserve?

Repeat with other metals.

Record the change in the shape of these metals.

You will find that some metals can be beaten into thin sheets. This
property 1s called malleability. Xid you know that geld and silver are the
most malleable metals?

Activity 3.4

Conaider some metals such as iron, copper, alumdnium, lead, ste.
Which of the above metals are also avallable in the foom of wires?

The ability of metals to be drawn into thin wires is called ductility.
Gold is the most ductile metal. You will be surprised to know that a wire
of about 2 km length can be drawn from one gram of gold.

It is becanse of their malleability and ductility that metals can be
given different shapes according to our needs.

Can you name some metals that are vsed for making cocking vessels?
Do yeu know why these metals are used for making vessels? Let us de
the following Activity to find out the answer.

Actlvity 3.5

Take an aluminium or copper
wire. Clamp this wire gn a

— Mulnl wire

o —mig

Figure 3.1
Metals are goad
corledictars of e,

Free end of wire stand, as shown in Fig, 3.1.
E:; Fix a pin to the free end of the
wire using wax
Heat the wire with a spirit lamp,
Bhurner candle or a bumer near the

plage where it 16 clamped.
What do vou observe after some
time?

Note your observations. Joes
the metal wire melt?

The gbove activity shows that metals are good conductors of heat
and have high melting points. The best conductors of heat are silver and
copper. Lead and mercury are comparatively poor conductors of heat.

Do metals also conduct electricity? Let us find out.
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Activity 3.6

Set up an electric circuit as showm in Fig, 3.2.
Place the metal to be tested in the circuit
between terminals A and B as showm

Does the bulh glow? What does this indicate”

]
You must have seen that the wires that carry carrent ‘t—&w:ﬂ sarmple
i your homes have a coating of polyvinylchloride (PVC) e
or a rubber-like material. Why are electric wires coated Figure 3.2
with such substances? Metals are good

What happens when metals strike a hard surface? Do they produce  conduciors of elecirictiy.
a sound? The metals that produce a sound on striking a hard surface
are sadd to he sonorous. Can you now say why school bells are made of
metals?

3.1.2 Non-metals

In the previous Class you have learnt that there are very few non-metals
as compared to metals. Some of the examples of nan-metals are carbon,
sulphur, iodine, oxygen, hydrogen, etc. The non-metals are either solids
or gases except hromine which is a liquid.

Do non-metals also have phy=ical properties similar to that of metals?
Let us fingd out.

Activity 3.7

Collect samples of carbon [coal or graphite], sulphur and iodine,
Carry out the Activities 3.1 to 3.6 with these non-metals and record
your ghaervations.

Compile your observations regarding metals and non-metals in Table 3.1.

Table 3.1

Element| Symbol | Type of | Hardness | Malleability Cnnductmn Bonority
vactce

Om the bases of the observations recorded in Table 3.1, discuss the
general physical properties of metals and non-metals in the class. You
must have concluded that we cannot group elements according to their
physical properties alone, as there are many exceptions. For example -

il Al metals except mercury exist as aclids at room temperature,
In Activity 3.5, you have ohserved that metals have high melting

Metals and Non-metals a9



points but gallium and caesium have very low melting points.
These two metals will melt if you keep them on your palm.
il lodine is a non-metal but it is lustrons.

[iiil Carbon is 2 non-metal that can exdst in different forms. Each
form is called an allotrope. Diamond, an allotrope of carbon, is
the hardest natural substance known and has a very high melting
and boiling point. Graphite, ancther allotrope of carbon, is a
conductor of electricity.

iv] Alkali metals (lithinum, sodiam, potassium) are so soft that they
can be cut with a knife. They have low densities and low meltng

points.

Elements can be mare clearly classified as metals and non-metals
on the basis of their chemical properties.

Activity 3.8

Take a magnesium ribbon and some sulphur powder,

Burn the magnesium ribbon. Collect the ashes formed and dissolve
them in water.

Test the resultant selution with both red and blue Utmuas paper,
Is the product tormed on burning magnesium acidic or basic?
Now burn sulphur powder. Place a test tube over the hurning
sulphur to collect the fumes produced.

Add agme water to the ahowve test tube and shale.

Test this salution with blue and red ltmua paper,

Iz the product formed on burning sulphur acidic or basic?

Can you write equations for these reactions?

Most non-metals produce acidic oxides when dissclve in water. On

the other hand, most metals, give rise to basic oxides. You will be learning
more about these metal oxides in the next sectiorn.

Q U E S T1I O N S

Give an example of a metal which
i} 15 a liquid at room temperature.
(1} can be easily cut with a kmife.
1) 1s the best conductor of heat.
fiv) 15 a poor conductor of heat.
Explain the meanings of malleable and ductle.

3.2 CHEMICAL PROPERTIES OF METALS

We will leatr: about the chemical properties of metals in the following
Sections 3.2.1 to 3.2.4. For this, collect the samples of following metals -
aluminium, copper, iton, lead, magnesium, zinc and sodium.
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3.2.1 What happens when Metals are burnt in Air?

You have seen in Activity 3.8 that magnestum bums in air with a dazzling
white flame. Do all metals react in the same manner? Let us check by
performing the following Activity.

Activity 3.9

CAUTION: The followlng activity needs the teacher’s asslatance.
It would be better if students wear eye protection,

Hold any of the samples taken above with a palr of tongs and try
bumning over a flame, Repeat with the gther metal samples.
Collect the praduct if formed.

Let the products and the metal surface cool dowmn,

Which metals burn easily?

What flame colour did you observe when the metal burnt?

How does the metal surface appear after burning?

Arrange the metals in the decreasing order of their reactvity

towards oxygern.
Are the products soluble in water?

Almost all metals combine with oxygen to form metal oxides.
Metal + Oxyden — Metal oxide

For example, when copper is heated in air, it combines with oxygen
to form copperlll] oxide, a black cxide.

2Cu + O, = 2Cud
(Copper) (Copperll) oxide)

Similarly, alumininm forms aluminium oxide.

44l + 30, 2&1203
(Alurminim) (Aluminium oxddel

Recall from Chapter 2, how copper oxide reacts with hydrochleric acid.
We have learnt that metal oxides are basie in nature. But some metal
oxides, such as aluminium oxide, zinc oxide, etc., show both acldic as
well a= basic behaviour. Such metal cxides whiich react with both acids as
well as bases to produce salis and water are known as amphateric oxides.
Alimitdum oxide reacts in the following manner with acids and hases -

ALO, + BIICI = 2AKCL  + 3ILO

ALO, + 2NaOIl — 2NaAlO, + TLO
(Sodium
aluminate)

Most metal oxides are insoluble in water but some of these dissclve
in water to form alkalis. Sodium oxide and potassium oxide dissolve in
water to produce alkalis as follows —

Na,Ofs) + H,0(l) —» 2NaOH/[aq)
KO + HO0 - 2KO0H(ag)
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We have obzerved in Activity 3.9 that all metals do not react with
oxygern at the same rate. Different metals show different reactivities
towards oxygen. Metals such as potassium and sodium react sc
vigorously that they catch fire if kept in the cpen. Hence, to protect them
and to prevent accidental fires, they are kept immersed in Kerosene oil.
At ordinary temperature, the surfaces of metals such as magnesinm,
aluminium, zine, lead, ete., are covered with a thin layer of oxide. The
protective oxide layer prevents the metal from further oxidation. Iron
does not bum on heating but ron filings bum vigorously when sprinkled
in the flame of the burner. Copper does not burn, but the hot metal is
coated with a black coloured layer of copperll) oxide. Silver and gold do
not react with oxygen even at high temperatures.

I EEEEEEE R EEEEERENEEER
Anodising is a process of forming a thick oxide layer of aluminium. Ahliminiuan
develops a thin oxide layer when exposed to air. This aluminiom oxide coat makes it
resistant to further corrosion. The resistance can be improved further by making the
oxide layer thicker. During anodising, a clean alumindum article is made the anode
and is electrolysed with dilute sulphuric acid. The oxyvgen gas evolved at the anode
reacts with alutminium to make a thicker protective oxide layer. This oxide layer can
he dyed easily to give aluminium articles an attractive finish.

After performing Activity 3.9, you must have observed that sodium
is the most reactive of the samples of metals taken here. The reaction of
magnesium 13 less vigorous implying that it is not as reactive as sodium,
But hurning in oxygen does not help us to decide about the reactivity of
zing, fron, capper or lead. Let us see some more reactions to arrive at a
conchision about the order of reactivity of these metals.

3.2.2 What happens when Metals react with Water?
Activity 3.10

CAUTION: This Activity needs the teacher's assistance.
Callect the samples of the same metals as in Activity 2.9,

Put small pieces of the samples separately in beakers half-filled
with cold water.,

Which metala reacted with cold water? Arrange them in the
increasing arder of their reactivity with cold water.

Did any metal produce fire on water?
Does any metal atart floating after apme time?

Put the metals that did not react with cold water 1n beakers
half-Alled with hot water.

For the metals that did not react with hot water, arrange the
apparatus as shown in Fig. 3.3 and observe their reactim with steam.

Which metals did not react even with steam?
Arrange the metals in the decreasing order of reactivity with water.
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Metal sample

— Hydrogen

Cilass-wool
soaked in
waier

Hurner

Pigure 3.3 Ariion of steam on a metal

Metals react with water and produce a metal oxide and hydrogen
gas. Metal oxides that are soluble in water dissolve in it to further form
metal hydroxide. But all metals do not react with water.

Metal + Water — Metal oxide + Hydrogen
Metal oxide + Waier — Metal hydrexide

Metals like potassium and sodium react vialently with cold water. In
case of godium and potassiam, the reaction is so violent and exothermic
that the evolved hydrogen immediately catches fire,

2K(s) +2H,0(l) » 2KOH(aq) + H,(g) + heat energy
2Nals) + 2H,O(0) — 2NaOH(aq) + H, () + heat energy

The reacton of calcihom with water is Ieas viclent. The heat evolved is
not sufficient for the hydrogen to catch fire.

Cals) + 2H,0() = Ca[OH),laq) + H{@

Calcium starts floating because the ubbles of hydrogen gas formed
stick to the surface of the metal.

Magnesium does not react with cold water. It reacts with hot water
to form magnesium hydroxide and hydrogern. It also starts floating due
to the bubbles of hydrogen gas sticking to its sunrface.

Metals like alumininm, iron and zine do not react either with cold or
hot water, But they react with steam to form the metal oxide and hydrogen.

2A1(s) + SI,0(g) — ALO,(s) + 81T,(g
3Fefs) + 4H,0(g) — Fe,O,[s) + 4H,(g)

Metals such as lead, copper, silver and gold do not react with water at all.

3.2.3 What happens when Metals react with Acids?

You have already learnt that metals react with acids to give a salt and
hydrogern gas.

Metals and Non-metals
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Metal + Dilute acid — Salt + Hydrogen
But do all metals react in the same manner? Let us find out.

lamy T 11
] SRl

Collect all the metal samples except sodium and potassium again.
If the samnples are tarnished, rub them clean with sand paper.
CAUTION: Do not take sodlum and potassium as they react
vigorously even with cold water,

Put the samples separately in test tubes containing dilute
hydrochlorie aeld.

Suspend thermometera n the test tubes, ao that thelr bulbs are
dipped in the acid.

OUbserve the rate of formation of bubbles careflly.

Which metals reacted vigorgusly with dilute hydrochloric acid?
With which metal did you Tecord the highest temperatare?
Arrange the metals in the decreasing order of reactivity with dilute
aglds.

Write equations for the reactions of magnesium, aluminiam, zinc
and iton with dilute hydrochloric acid.

ITydrogen gas is not evolved when a metal reacts with nitric acid. This
because HNOQ, is a strong oxidising agent. It oxidises the H, produced to
water and itself gets reduced to any of the nitrogen oxides [N,O, NO,
NO.). But magnesium (Mg) and manganese (Mn) react with very dilute
TINO, to evolve T1, gas.

You must have observed in Activity 3.11, that the rate of formation
of hubbles was the fastest in the case of magnesium. The reaction was
also the most exothermic in this case. The reactivity decreases in the
order Mg = Al > Zn > Fe. In the case of copper, no bubbles were seen and
the temperature also remained unchanged. This shows that copper does
not react with dihate TICT.

I E & &' 4 4 |

Agua regia, [Latin for ‘royal water’) is a freshly prepared mixture of concentrated
hydrochloric acid and concentrated nitric acid in the ratic of 3:1. It can dissalve
gold, even though neither of these acids can do so alone. Aqua regin is a highly
corrosive, fuming liquid. It is one of the few reagents that is able to dissclve gold and

platirnim.

3.2.4 How do Metals react with Solutions of other Metal
Salts?

Activity 3.12

Take a clean wire ¢f copper and an irgn nail.

Put the copper wire in a solution of iron sulphate and the iron
nail in a aplution of copper sulphate taken in tesat tubes (Fig. 3.4).
Record your observations after 20 minutes.
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In which test tube did you find that a reaction has occurred?
On what basls can you say that a reaction has actually taken
place?

Can yo correlate your observations for the Activities 3.9, 3.10
and 3.117

Write a balanced chemical equation for the reaction that has taken
place.

Name the type of reacton.

Reactive metals can displace less S
reactive metals from their compounds in \ 1 i
T b

zolution or molten form.

\—T::ut tube

We have seen in the previous sections

be
that all metals are not equally reactive. We Testiu ! ]

tland

checked the reactivity of various metals ron nall

Capper wire

with oxygen, water and acids. But all  copper

metals do not react with these reagents, sulphate

Irom sulphetle
dolution

So we were not able to put all the metal  *"™® s

samples we had collected in decreasing

aorder of their reactivity. Displacement

Teactions studied in Chapter 1 give better === G

evidence about the reactivity of metals. It

is simple and easy if metal A displaces Figure 3.4

metal B from its solution, it is more reactive than B. Reaction of metals with
salf soludicns

Metal A + Salt solution of B — Salt solution of A + Metal B

Which metal, copper ar iran, is more reactive according to your
ohservations in Activity 3.127

3.2.5 The Reactivity Series

The reactivity series is a list of metals arranged in the order of their
decreasing activities. After performing displacement experiments
(Activities 1.9 and 3.12), the following series, [Table 3.2) known as the
reactivity or activity series has been developed.

Table 3.2 Activity seties : Relative reactivities of metals

K Potassinm Mozt reactve
Na Sodinm

Ca Caleium

Mg Magnesium

Al Aliminium

n Zinc Reactivity decreases
Fe lron

Fh Leacl

H Hydrogen

Cu {opper

Hg Mercury

Ag Silver

Al Cold W Least reactive

Metals and Non-metals

45



Q U E S TT1T O N S

v, | ot

v

Why is sodium kept immersed in kerosene oil?
Write equations for the reactlons of

i) iron with steam

i1 calcium and potassium with water

Samples of four metala A, B, C and D were taken and added to the
iollowing solution one by one. The results obtained have been tabulated
as follows.

Mo reaction Displacement

Displacement No reaction
C Mo reaction Mo reaction No reaction Displacement
L Mo reaction No reactlon No reactlon No reaction

Use the Table above to answer the following questions about metals

A, B, Cand I

il Which is the most Teactive metal?

fily What would yvou obzerve If B 1s added to a solution of Copper(II)
sulphate?

iy Arrange the metals A, B, C and D in the order of decreasing
reactivity.

Which gas is produced when dilute hydrochloric acid is added to a

reactive metal? Wilte the chemieal reaction when iron reacts with dilute

H,S0,.

What would yvou obaerve when zine is added to a solutlon of ironfIl)

sulphate? Write the chemical reaction that takes place.

46

3.3 HOW DO METALS AND NON-METALS REACT?

Il the above activities, you saw the reactions of metals with a number of
reagents. Why do metals react in this manner? Let us recall what we
learnt about the electronic configuration of elements in Class IX. We
learnt that noble gases, which have a completely filled valence shell, show
little chemical activity. We, therefore, explain the reactivity of elements
as a tendency to attain a completely filled valence shell.

L&t us have a look at the electronic corfiguration of noble gases and
some metals and non-metals.

We can see from Table 3.3 that a sodium atem has one electron in 1is
outermost shell, If it loses the electron from its M shell then its L shell
now becomes the outermost shell and that has a stable octet. The nucieus
of this atom still has 11 protons but the number of electrons has
become 10, so there is a net positive charge giving us a sodium cation
Nat*. On the other hand chlorine has seven electrons in its outermost shell

Srilence



Table 3.3 Electronic configuration of some elements

Type of Atomic Number of
element nomhber electrons in shells
L M N

K
Moble gases  Helhim (He) 2 2
Neon [Ne) 10 2 B
Argon [Ar) 18 2 8B B
Metals Sodium [Na) 11 2 B 1
Magnesium [Bg) 1% 2 8 2
Alaminium [Al) 13 2 a3 3
Fotassium [K) 19 2 g8 & 1
Calelum [Ca) 20 2 g B 2
Non-metals  Niteogen [N) 2 5
Oxygen (Q) 2 6
Fluoprine [F) 2 7
Fhosphomas [F) 15 2 a3 5
Sulphur [5) 16 2 8
Chlarine [C]) 17 2 B

and it requires one more electron to complete its octet. If sodium and chlorine
were to react. the electron lost by sodium could he taken up by chlorine.
After gaining an electron, the chlorine atom gets a unit negative charge,
because its nuclens has 17 protons and there are 18 electrons in its K, L
and M shells. This gives us a chloride anion C1°. So both these elements
can have a give-and-take relation between them as follows [Fig. 3.5).

Na— Na*+e”

2,81 2.8

(Sodium cation)

o e =0l
2.8,7 2,58
[Chloride anion)

N

x
Na +
o

=

E

w .N X;
¥— @) [l

Figure 3.5 Formalion of sodium chloride

Sodium and chloride ions, being oppositely charged, attract each
other and are held by stromg electrostatic forces of attraction to exist as
zodinum chloride (NaCl). It should be noted that sodiom chloride does
not exist as molecules hut aggregates of oppositely charged lons.

Let us see the formation of one more ionic compound, magnesium
chloride [Fig. 3.6).
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Mg——Mg™ +2e”
2.8,2 2.8
[Magnesium cation)

-

l +om —— {17

287 2.8,8
[Chloride anion)
g
x Cl X .
Mgt 4 T —a Mg 2L
L .\‘ = = ¥ rs -
\ <l 3
S

Figure 8.8 Formalion of magnesivm chloride

The compounds formed in this manner by the transfer of electrons
from a metal to a non-metal are known as ionic compounds or
electrovalent compounds. Can you name the cation and anion present
in MgCL?

3.3.1 Properties of lonic Compounds
To learti about the properties of ionic compounds, let us perform the

following Activity:
Spatuln
containing
o sample Actlvity 3.13
Take samples of sodlum chloride, potassium icdide, barium
chloride or any other salt from the sclence laboratory.
What i= the physical state of these salts?
Purer Take a small amount of a sample on a metal spatula and
heat direcily on the flame (Fig. 3.7). Repeat with other samples.
What did you observe? Did the samples impart any colour
to the flame? Do these compounds melt?
Try to dissolve the samples in water, petrol and kerosene.
; 2.7 Are ﬂwy_snh_lble? o _
Ileating « salt sample on ¢ Make a circuit as shown in Fig, 3.8 and inzert the electrodes
spotdct into a solution of one salt. What did you observe’? Test the
= other salt samples too in this manner.
EHMI*J ﬂ' gﬂf‘uh What is your inference about the nature of these
[ | compounds?
- Table 3.4 Melting and boiling points of 2ome ipnic compounds
fe—— Beaker : _
1 Graphite rod
i&ﬂ snlufon NacCl 1074 1686
under test
- - LiCl BR7 1600
\ J Cacl, 1045 1900
Figure 3.8 Cal 2850 3120
Testing the conductiviiy of
a1 sait sofution MgCl, 481 1685

48

Science



You may have observed the following general properties for ionic

compourids—

) Physieal ndature: lonic compounds are sclids and are somewhat
hard because of the strong force of attraction between the positive
and negative ions. These compounds are generally brittle and
break into pieces when pressure is applied.

il Melfing and Boiling points: Ionic compounds have high melting
and boiling poirnts [see Table 3.4). This is because a considerable
amcunt of energy is required to break the strong inter-ionic
attraction.

(i) Solubility: Electrovalent compounds are generally solubie in
water and insaluble In solvents such as keroasene, petrol, ete.

itv] Conduction of Electriciyy: The conduction of electricity through
a solution inveolves the movement of charged particles. A soluticn
of an icnic compound in water contains ions, which move to the
opposite electrodes when electricity is passed through the
solution. Ionic compounds in the sclid state do not conduct
electricity because movemnent of ions in the solid is not possible
due to their rigid structure. But ionic compounds conduct
electricity in the maolten state. This is possible in the molten state
since the elecrostatic forces of attraction between the oppositely
chatged ions are overcome due to the heat. Thus, the ions move

freely and conduct electricity.
Q U E § T I O N S
1. (il write the electron-dot structures for sodium, oxygen and

magnesiam,
fii}l Show the formation of Na,0 and MgO by the transfer of electrons.
[iti] What are the ioms present in these compominds?
2, Why do ionic compounds have high melting points?

3.4 OCCURRENCE OF METALS

The earth's erust 13 the major sourece of metals. Seawater also contains
some soluble salts such as sodium chloride, magnesivm chloride, ete.
The elements or compounds, which occur naturally in the earth's crust,
are known as minerals. At some places, minerals contain a very high
percentage of a particular metal and the metal can be profitably extracted
from it. These minerals are called ores.

3.4.1 Extraction of Metals

You have learnt about the reactivity series of metals. Having this
Enowledge, vou can easily understand how a metal is extracted from its
ore. Some metals are found in the earth's erust in the free state. Some
are found in the form of their compounds. The metals at the bottom of
the activity series arte the least reactive. They are often found in a free

Metals and Non-metals
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K
Na
Ca Electrolysis
Mg
Al
Zn
Fe
Reduction using
P carbom
Cu
A Found in native
Al state
Figure 3.8
Aclivily series and
relotedd metcllirgty
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state. For example, gold, silver, platinim and copper are found in the
free state. Copper and silver are also found in the combined state as
their sulphide or oxide ores. The metals at the top of the activity serles
(K, Na, Ca, Mg and Al) are so reactive that they are never found in
nature as free elements. The metals in the middle of the activity series
(Zn, Fe, b, ete.) are moderately reactive. They are found in the earth’s
crust mainly as oxides, sulphides or carbonates. You will find that
the ores of many metals are oxides. This is because oxygen is a very
reactive element and is very abundant on the earth.

Thus ¢n the basis of reactivity, we can group the metals into the
following three categories (Fig. 3.9) - (i) Metals of low reactivity; (ii) Metals
of medium reactivity; (iii) Metals of high reactivity. Different techniques
are to be used for obtaining the metals falling in each category.

Several steps are involved in the extraction of pure metal from
ores. A summary of these steps is given in Fig.3.10. Each siep is
explained in detail in the following sections.

Ore

Concentraton of ore

|
! ! !

Mitals Mitals af Mctalg of
of high nedium low
rearlivily resclivily rewrlivily
Electrolysis of l l Sulphide
melien ore arce
Carbomate Sulphidc
ore are l
Fure metal l l Roasting
Celuvinulion Hoesdingg l
\ | Metel
Oxide of melal l
© o me Reflning
Reductlon to
mnetal
Marification of
netal

Figure 3.10 Steps inuolved in the extraction of metals from ores

3.4.2 Enrichment of Ores

Ores mined from the earth are usually contaminated with large amounts
of impurities such as soil, sand, etc., called gangne. The impurities moust

be removed from the are priar to the extraction of the metal. The processes
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used for removing the gangue from the ore are based on the differernces
between the physical or chemical properties of the gangue and the ore.
Different separation techniques are accordingly emploved.

3.4.3 Extracting Metals Low in the Activity Series

Metals low In the activity series are very unreactive. The oxides of these
metals can be reduced to metals by heating alone. For example, cinrmabar
{HgS)] is an ore of mercury, When it i3 heated in air, it is first converted
into mercuric oxide (HgO). Mercuric oxide is then reduced to mercury
on further heating.

2HgS(s) + 30, ([g) —He8L , 911p0(8) + 250, (g)

2HgO[s)—e2t 5 9Hg1) + 0,(g)
Similarly, copper which is found as Cu_5 in nature can be obtained
from its ore by just heating in air.

20,5 + 30, (@—222 o0, 0 + 250, ()

01,0 + G, —H2 , 5cuis) + SO, (@)

3.4.4 Extracting Metals in the Middle of the Activity Series

The metals in the middie of the activity serles such as fron, zinc, lead,
copper, etc., are moderately reactive. These are usually present as
sulphides or carbonates in nature. It is easier to obtain a metal from its
oxide, as compared to its sulphides and carbonates. Therefore, prior to
reduction, the metal sulphides and carbonates must be converted into
metal oxides. The sulphide ores are converted into cxides by heating
sirongly in the presence of excess atr. This process Is known as roasting,
The carbonate ores are changed into oxides by heating strongly in limited
air. This process is kmown as calcination. The chemical reaction that
takes place during roasting and calcination of zinc ores can be shown
as follows —

Roasting
97ns(g) + 30, [ —HEAL L 07n0(s) + 250, (g)
Calcination

ZnCo, 8} 22 5 7n0(s) + CO, i@

The metal oxides are then reduced to the corresponding metals by
using suitable reducing agents such as carbon. For example, when zinc
oxide is heated with carbon, it is rediuced to metallic zinc.

ZnOs) + Cls) = Znls) + CO[E)

You are already familiar with the process of oxidation and reduction
explained in the first Chapter. Obtaining metals from their compounds
is also a reduction process.

Besides using carbon (coke) to reduce metal oxides to metals,
sometimes displacement reactions can also he used. The highly reactive
metals suich as sodivm, calcium, aluminium, ete., are used as reducing
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agents because they can displace metals of lower reactivity from their
compounds, For example, when manganese dioxide is heated with
aluminium powder, the following reaction takes place —

IMnG (8] + 4Al(s) = 3Mnil) + 2A1 O, [s) + Heat

Flgure 3.11

Can you identify the substances that are getting oxidised
and reduced?

These displacement reactions are highly exothermic. The
amount of heat evolved is so large that the metals ate produced
in the molten state. In fact, the reaction of iron(IT]) oxide (Fe,O,)
with alumininm is used to join railway tracks or cracked
machine parts. This reaction is known as the thermit reaction,

Fe, O, (s) + 2Al(s) — 2Fe(l) + ALO,(s) + TTeat

3.4.5 Extracting Metals towards the Top of the

Activity Series

Thermit process for  The metals high up in the reactivity seties are very reactive. They cannot

Ll T e be obtained from their compounds by heating with carbon., For example,
carbon cannot reduce the oxides of sodium, magnesium, calcium,
aluminium, etc., to the respective metals. This is because these metals
have more affinity for oxygen than carbon. These metals are ocbtained
by electrolytic reduction. For exatmple, sodium, magnesium and caleiuin
are cbtained by the electrolysis of their molten: chlorides. The metals
are deposited at the cathode (the negatively charged electrode], whereas,
chlorine is liberated at the anode [the positively charged electrode). The
reactions are —

At cathode Nat+e~ = Na

2CI- — Cl +2e

Similarly, aluminium is obtained by the electrolytic reduction of

3.4.6 Refining of Metals

At anode
aluminium oxide.
ey gt el
t’l r T
Cathode—% e—Anode

w*—— Acidified
copper
o b sulphnte
aclution
Cu‘h\.r'ﬁ_ %

Tank

Impurities.
[roode mud)

iz
PFigure 3.12

Elecirolylic refining of copper. The
clecirolyle is 4 sobulion of acidified copper
suiphrie, The anode s fmpure copper,
whereas, the cathode is g sirip gf puare
copper On passing electne currend, proae
copper is deposiled on the calfode,
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The metals produced by various reduction processes
described above are not very pure. They contain
impurities, wiiich must be removed to obtain pure metals.
The most widely used method for refining impure metals
13 electrolytic refining,

Electrolytic Refining: Many metals, such as copper, zing,
tin, nickel, silver, gold, ete., are refined electrolytically. In
this process, the impure meial is made the anode and a
thin strip of pure metal is made the cathode. A solution of
the metal aalt 13 vsed as an electrolyte. The apparatus is
set up as shown in Fig. 3.12. On passing the current
through the electrolyte, the pure metal from the anode
dissolves into the electrolyte. An equivalent amount of pure

Srilence



metal from the electrolyte is deposited on the cathode. The scluble
impurities go into the solution, whereas, the inscluble impurities settle
dowm at the hottom of the anode and are known as anode muad.

Q UESTTION S

1.  Define the following terms.
(i] Mineral [il] Ore (iil] Gangue
2. Name twg metals which are tound in nature in the free state,
3.  What chemical process is used for obtaining a metal from its oxide?

3.5 CORROSION

You have learnt the following about corrosion in Chapter 1 -

B Silver articles become black after some time when expased to air,
This is because it reacts with sulphur in the air to form a coating
of silver sulphide.

= Copper reacts with meist carbon dioxide in the air and slowly loses

its shiny brown surface and gains a green coat. This green

substance is copper carbonate.

Iran when exposed to molst air for a long time acguires a coating

of a browm flaky substance called rust.

et us find out the conditions under which irgn rusts,

]

1

Activity 3.14

Take three test tubes and plage clean iron nails
in each of them. —Alr
Label these teat tubes A, B and C. Pour agme |
water In test tube A and corlk it

Pour bolled distilled water In test tube B, add
about 1 mL of oll and cork it. The oil will float on
water and prevent the air from dissolving in the
water.

Put some anhydrous calgium ghloride in
test tube C and cork it. Anhydraus calcium
chloride will absorb the moisture, if any, from
the air. Leave these test tubes for a few days and
then observe [Fig. 3.12).

/
Bl dincifiad Anhydrous calefum

waler [bolled o chilorice
You will cbserve that iron nails rast in test tube A, "‘"“"::d“a';g idrying agerd)

bt they do not rust in test tubes B and C. In the test 3.13
tube A, the nails are exposed to both air and water. In Figure 3.
the test tube B, the nails are exposed to only water, and ytting the el fron

Fusts. Irl tube A Boffi cir and tixder ore
the nails in test tube C are exposed to dry air. What  precent in tube B, there is no air dissolted

does thi= tell us about the conditions under which iron in the weder. In fube C, ihe alr is dry.
articles rust?
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3.5.1 Prevention of Corrosion

The rusting of iton can be prevented by painting, ciling, greasing,
galvanising, chrome plating, ancdising or making alloys.

Galvanisation is a method of protecting steel and iron from rusting
by coating them with a thin Iayer of zing. The galvanised article is
protected against rusting even If the zinc coating 1s hroken. Can you
reason this out?

Alloying is a very food method of inproving the properties of a metal.
We can get the desired properties by this method. For example, iron is
the most widely used metal. But it is never used in its pure state. This is
because pure iron is very soft and stretches easily when hot. But, ifit is
mixed with a small amount of carbon [about 0.05 %4, it becomes hard
and strong. When iron is mixed with nickel and chrominm, we get
stainless steel, which is hard and does not mast. Thus, if iron is mixed
with seme other substance, its properties change. In fact, the properties
of any metal can be changed if it 13 mixed with some other substance,
The substance added may be a metal or a non-metal. An alloy is a
homogeneonus mixture of two or more metals, or a metal and a non-
metal. It is prepared by first melting the primary metal, and then,
dissolving the other elements in it in definite proporticns. It is then cocled
to room temperature.

Pure gold, kmown as 24 carat gold, is very soft. It is, therefore, not snitable for maldng
jewellery. It is alloyed with either silver or copper to make it hard. Generally, in lindia, |
22 carat gold is used for making ormaments. It means that 22 parts of pure gold is
alloyed with 2 parts of either copper or silver. ‘

If one of the metals is mercuay, then the alloy is known as an
amalgam. The electrical conductivity and melting point of an alloy is
less than that of pure metals. For example, brass, an alloy of copper and
zine [Cu and Zn), and bronze, an alloy of copper and tin (Cu and Sn), are
not good conductors of electricity whereas copper is used for malcing
electrical circuits. Solder, an alloy of lead and tin (Pb and Sn), has a low
melting point and is used for welding electrical wires together.

_ The wonder of ancient Indian metallurgy
"B The iron pillar near the Chutuh Minar in Delhi was made around
400 BC by the iron workers of India. They had developed a
o o I process which prevented wrought iron from rusting. This is
=B likely because of formation of a thin film of magnetic oxide
a4 (Fe,0) on the surface, as a result of finishing treatment given
d to the pillar, painting it with a mixture of different salts, then
heating and quenching. The fron pillar is 8 m high and weighs
G tonnes [GOO0 kg).

T

Tran pillor af Deiltid
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Q UESTTION S

1. Metallic oxides of xine, magnesium and copper were heated with the

following metals.
R T
Zinc oxide
Magnesium oxide
Copper oxide

In which casecs will vou find displacement reactions takdng place?
2. Which metals do not corrode easily?
3. What are alloys?

5 FElements can be classified as metals and non-metals.

#  Metals are lustrous, malleable, ductile and are good conductors of heat and
electricity. They are solids at room temperature, except mercury which is a liquid.

»  Metals can torm positive ions by losing electrons to nen-metals.

®  Metals combine with oxygen to forin basic oxides. Aluminium oxide and zine oxide
show the properties of both basic as well as acidic oxides. These oxides are known
as amphoteric cxides.

= Ditferent metals have different reactivities with water and dilute acids.

s Alist of common metals arranged in order of their decreasing reactivity is kmown
as an activity series.

»  Metals above hydrogen in the Activity serles can displace hydrogen from dilute
acids.

® A morereactive metal displaces a less reactive metal from its salt solution.

®»  Metals occur In nature as free elements or in the form of their compounds.

m  The extraction of metals from their cres and then refining them for use is known
as metallurgy.

= An alloy is a homogeneous mixture of two or mere metals, or a metal and a
non-metal.

s The surface of some metals, such as ivon, is corroded when they are exposed to
moist air for a long period of time. This phenomenon is known as corrasion.

= Non-metals have properities oppesite to that of metals. They are neither malleable

nor dactile. They are bad conductors of heat and electricity. except for graphite,
which conducts electricity.
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Non-metals form negatively charpged ions by gaining electrons when reacting with )
metals.
Non-metals form oxides which are either acidic or neutral.
Nen-metals do not displace hydrogen from diluie acids. They react with hydrogen
to form hydrides.
J
S5 N\
Which of the fellowing pairs will give displacement reactions?
(al NaCl soluticn and copper metal
(h)  MgCl, sclution and alwminiim metal
ic] FeSO, solution and silver metal
idl AgNQ, sclutlon and copper metal.
Which of the following methods is suitable for preventing an iron frying pan from
musting?
() Applying grease
b Applying paint
ic) Applying a coating of zinc
id) Allof the above,
An element reacts with oxygen to give a compound with a high melting point. This
compound is also soluble in water. The element is likely to be
(2] calcinm
(b) carbon
ic] silicon
id) iron.
Food cans are coated with tin and not with zinc because
(2] zincis costlier than tin.
(hl  zine has a higher melting point than tin.
(c] zincis more reactive than tin.
idl =incis less reactive than tin,
You are given a hammer, a battery, a bulb, wires and a switch.
(@l How could you use them to distinguish between samples of metals and
non-metals?
{b) Assess the usefnlness of these tests in distinguishing between metals and
non-metala,
What are amphoteric oxides? Give two examples of ammphoteric oxides.
Name two metals which will displace hydrogen from dilute acids, and two metals
which will not.
J
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8. In the electrolytic refining of 2 metal M, what would you take as the anode, the
cathode and the electrolyte?
9. Pratyush tock sulphur powder an g spatula and heated it. TTe collecied the gas
evolved by inverting a test tube over it, as shown in figure below.
fa) What will be the action of gas cn
il dry libmus paper?
(i) moist ibnus paper?
[b] Write a balanced chemical
equatien for the reaction
taking place. f?}
10. State two ways to prevent the 1
rusting of iron. A e aak ke
11. What type cf oxides are formed when
non-metals combine with oxygen?
12. Give reasons = —— Spatula containing
(a] Platimam, gold and silver are Shiphut powdcs
used to make jewellery. e
(B Sodium, potassium and
lithivm are stored under cil.
[  Aluminium is g highly reactive
metal, yet it is used to make
utensils for cooking,
[d] Carbonate and sulphide ores
are usually converted inta L dimslisn e s
oxides during the process of
exiraction.
13. Youmust have seen tarnished copper vessels being cleaned with lemon or tamarind
Juice, Explain why these scur substances are eftective in cleaning the vessels.
14. Difterentiate between metal and non-metal on the hasis of their chemical properties.
15. A man went door to door posing as a goldsmith. He promised to hring back the
fitter of old and dull gold ornaments. An unsuspecting lady gave a set of gold
bangles to hitm which he dipped in a particular sohition. The bangles sparkled
like new but their weight was reduced drastically. The lady was upset but after a
futile argument the man beat a hasty retreat. Can you play the detective to find
out the nature of the gsolution he had nsed?
16. Give reasons why copper is used to make hot water tanks and not steel (an alloy
of iron).
\, J
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Activity 4.1

CHAPTER 4

v Carbon and its

‘:*::ﬁ Compounds

n the last Chapter, we came to know many compounds of importance

to us. In this Chapier we will be studying about some mare interesting
compounds and thedr properties. Also we shall be learning aboat carbon,
an element which is of iimmense signiticance to us in both s elemental
form and in the combined form.

Things made | Things made | Others
of metal of glass /clay

Make a Hst of ten things you hawve
used or consumed since the morning.
Compile this list with the lists made
by your clagssmates and then sort the
ftems into the following Table.

If there ate itema which are made up
of more than one materlal, put them
into both the relevant coluommes.

Look at the items that come in the last colurmn — your teacher will be
ahle to tell you that most of them are made up of compounds of carbon.
Can you think of a method to test th1s? What would be the preduct if a
compound containing carbon is burnt? Do you know of any test to
confinm this?

Food, clothes, medicines, books, or many of the things that you listed
are all based on this versatile element carbon. In addition, all living
structures are carbon based. The amount of carbon present in the earth’s
crust and in the atmosphere is guite meagre. The earith’s crust has only
0.02% carbon in the form of minerals (like carhonates, hydrogen-
carbonates, coal and petroleum) and the atmosphere has 0.03% of carbon
dicxide. In1 spite of this small amount of carbon available in nature, the
imporiance of carbon seems to be immense, In this Chapter, we will be
locking at the properties of carbon which lead to this anomaly.

4.1 BONDING IN CARBON — THE COYALENT BOND

In the previcus Chapter, we have studied the properties of ionic
compounds. We saw that ionic compounds have high melting and boiling
points and conduct electricity in solution or in the molten state. We also



saw how the nature of bonding in lonic compounds explains these
properties. Let us now study the properties of some carbon compounds.
Melting and boiling points of some carbon compounds are given in
Table 4.1.

Most carbon compounds are poor  Table 4.1 Melting points and boiling peinis of some

conductors of Elﬂl:tl'l(ﬂt}f as we have seen mmpnunds of carbon

in Chapter 2. From the data on the -
beoiling and melting points of the above Compound H?ll:ing
compounds, we can conchade that the point (K) | point (K)
forces of atiraction between these  Acetie acid (CH,COOH) 290 391

molecules are not very strong. Since
these compounds are largely non-
conductors of eleciricity, we can conclude  Ethanel (CH,CH,OH) 156 351
that the bonding in these compounds
does not give rise 1o any ions.

In Class 1X, we learnt about the
combining capacity of various elements and how it depends on the
number of valence electrons. Let us now look at the electronic
configuration of carbon, The atomic number of carbon is 6. What would
he the distribution of electrons in various shells for carbon? How many
valence electrons will carbon have?

We lmow that the reactivity of elements is explained as their tendency
to attain a completely filled outer shell, that is, attain noble gas
configuration, Elements forming jonic compounds achieve this by either
gaining cr losing electrons frem the outermost shell. Tn the case of carbon,
it has four electrons in its outermost shell and needs to gain or lose four
electrons to attain noble gas configuration. If it were to gain or lose
electrons —

) [Itcould gain four electrons forming Cf anion. But it would be difficult
for the nucleus with six protons to hold on to ten electrons, that is,
four exira electrons.

lii] It could lose four electrons forming C* cation. But it would require
a large amount of energy to remove four electrons leaving behind a
carbon cation with six protons in its nucleus holding on to just two
electrons.

Carbon overcomes this problem by sharing its valence electrons with
other atoms of carbon or with atoms of other elements. Not just carbon,
hut many other elements forim molecules by sharing electrons in this
manner. The shared electrons ‘belong’ to the cuter shells of both the
atoms and lead to both atoms attaining the noble gas configuration.
Befare going on to compounds of carbon, let us look at some simple
molecules formed by the sharing of valence electrons.

The simplest molecule formed in this manner is that of hydroger.
As you have learnt earlier, the atomic number of hydrogen is 1. Hence
hydrogen has one electron in its K shell and it requires cne more electron
to fill the K shell. So two hydrogen atems share their electrons to form a
molecule of hydregen, 11,. This allows each hydrogen atom to attain the

Chloroform (CHCL) 209 334

Methanes {CH,) a0 111
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Figure 4.2

Single bond belween

e hydrogen aigms
XX XX
Ox
XX XX

=0

Figure 4,3
Double bond betuesn
A0 BXYgET dloms

Figure 4.4
Triple bond betuwen

L0 THEROQETL aborms

50

;ED Oxygen aloms

O, molecules

X
Nitrogen at
J;Nx itrogen atoms

N, molecule

electronic configuration of the nearest noble gas,
helium, which has two electrons in its K shell, We can
depict this using dots or crosses to represent valence
electrons (Fig. 4.1).

The shared pair of electrons is said to constitute a
single bond between the two hydrogen atoms. A single
bond is alsc represented by a line between the two
atoms, as shown in Fig. 4.2,

The atomic number of chlorine is 17. What would be its electronic
configuration and its valency? Chlorine forms a diatomic molecule, CL,.
Can you draw the electron dot struchare for this molecule? Note that
only the valence shell electroms need to be depicted.

1 the case of oxygen, we see the formation of a double bond between
two oxygen atoms. This is because an atom of oxygen has six electrons
in its 1. shell [the atomic number of oxygen is elght] and it requires two
maore electrons 1o complete fts octet. 5o each atom of axygen shares two
electrons with another atom of oxygen to give us the structure showm in
Fig. 4.3, The two ¢lectrans contributed by each oxygen atom give rise ta
two shared pairs of electrons. This is said to constitute a douhble hond
between the two atoms.

Can you now depict a inclecule of water showing the nature
of bonding between one oxygen atom and two hydrogen
atoms? Does the molecule have single bonds or double hends?

What would happen in the case of a diatomiec molecule of
nitragen? Nittrogen has the atomic number 7. What would be
its electronic configuration and its combining capacity? In
order to attain an octet, each nitrogen atom in a molecule of
nitrogen contributes three electrons giving rise to three shared
pairs of electrons. This is said to constitute a triple bond
between the two atoms. The electron dot structure of N, and
its triple bond can be depicted as in Fig, 4.4,

A molecule of ammonia has the formula NTT,. Can you draw
the electron dot structure for this melecule shewing how all
four atoms achieve noble gas configuration? Will the molecule
have single, double or triple bonds?

Let us now take a lock at methane, which is g compound
of carbon. Methane is widely used as a fuel and iz a major
component of bio-gas and Compressed Natural Gas [CNG). It
is also one of the simplest compounds formed by carbon.
Methane has a formula CH . Hydrogen, as you know, has a
valency of 1. Carbon is tetravalent because it has four valence
electrons. In order to achieve noble gas configuration. carbon
shares these electrons with four atoms of hydrogen as shown
in Fig. 4.5.

Such bonds which are formed by the sharing of an electron pair
between two atoms are kmown as covalent bonds. Covalently bonded
molecules are seen to have strong bonds within the molecule, but inter-
molecular forces are small. This gives rise to the low melting and beiling
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points of these compounds. Since the elecitrons are shared between
atoms and no charged particles are formed, such covalent commpounds

are generally poor conductors of electricity.
FAVAYAVAVAVAVAVAVAVAVAVAYAVAVAVAYAVAVYAVAY
f N EEEEXENEEYTEEIIEEERTEE
Allotropes of carbon

The element carbon occurs in different forms in nature with

widely varying physical properties. Both diamond and

graphite are formed by carbon atoms, the difference lies in

the manner in which the carbon atoms are bonded to one Figure 4.5
another. In diamend, each carbon atom is bonded to four Flectron dot structure for
other carbon atoms forming a rigid three-dimensional methane
structure. In graphite, each carbon atom is bonded to three |

other carbon atoms in the same plane giving a hexagonal array.

One of these bonds is a double-bond. and thus the valency of

carbon is satisfied. Graphite structure is formed by the

hexagonal arrays being placed in layers one above the other.

The struchire of graphite The structure of diamand The structure of C-60
Buckminsterfillerene

These two different structures result in diamond and graphite having very different
physical properties even though their chemical properties are the same. Diamond 1s
the hardest substance kmown while graphite is stnocth and slippery. Graphite is also
a very good conductor of electricity unlike other nori-metals that you studied in the
previous Chapter.

Diamands can be synthesised by subjecting pure carbon to very high pressure and
temperature. These synthetic diamonds are small but are otherwise indistinguishable
from natural diamonds.

Fullerenes form ancther class of carbon allotropes. The first cne to be identified was
C-60 which has carbon atoms arranged in the shape of a foothall. Since this locked
like the geodesic dome designed by the US architect Buckminster Fuller, the molecule
was named fullerene.

Q UESTTION S

1. What would be the electmom dot structure of caabom dioxide which has
the formula CO,?

2.  What would be the electron dot structure of a molecule of sulphur which
I made up of elght atoms of sulphur? [Hint — The elght atoms of sulphur
are joined together in the form of a ring.)
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4.2 VERSATILE NATURE OF CARBON

We have seen the formation of covalent bonds by the sharing of
electrons in various elements and compounds. We have also seen the
structure of a simple carbon compound, methane. In the beginning
of the Chapter, we saw how many things we use contain carbon. In
fact, we ourselves are made up of carbon compounds. The numbers
of carbon compounds whose formulae are known to chemists was
recently estimated to be about three million! This cutnumbers by a
large margin the compounds formed by all the other elements put
together, Why 1s it that this property 13 seen in carbon and nao other
element? The nature of the covalent bond enables carbon to form a
large number of compounds. Two factors noticed in the case of
carbon are —

(il Carbon has the unique ability to form bonds with other atoms of
carbon, giving rise to large molecules. This property is called
catenation. These compounds may have long chains of carbon,
hranched chains of carbon or even carbon atoms arranged in rings.
In addition, carbon atoins may be linked by single, double or triple
honds. Compounds of carbon, which are inked by only single
benda betweeen the carbon atoms are called saturated compounds,
Compounds of carbon having double or iriple bonds between their
carbxom atoms are called unsaturated compounds,

No other element exhibits the property of catenation to the extent
seen in carbon compounds, Silicon ferms compounds with
hydrogen which have chains of upto sever: or eight atoms, but these
compounds are very reactive. The carbon-carbon bond is very strong
and hence stable. This gives us the large number of compounds
with many carhbon atoms linked to each other.

{il Since carben has a valency of four, it is capable of bonding with

four other atoms of carbon or atoms of some other mono-valent
element. Compounds of carbon are formed with oxygen. hydrogen,
nitrogen, sulphur, chlorine and many other elements giving rise to
compounds with specific properties which depend on the elements
ather than carbon present in the melecule.,
Again the bonds that carben forms with most other elements are
very strong making these compeounds exceptionally stable. One
reason for the formation of strong bonds by carbon i3 its small size,
This enables the nucleus to hold on to the shared pairs of electrons
strongly. The bonds formed by elements having larger atoms are
much wealger.
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Organic compounds
The twa characteristic features seen in carbon, that is, tetravalency and catenation, put
together give rise to a lanfe number of compounds. Many have the same non-carhon
atom or group of atoms attached to different carbon chains. These compounds were
initially extracted from natural substances and it was thought that these carbon
compounds or organic compounds could only be formed within a living system. That is,
it was postulated that a ‘vital foree’ was necessary for their synthesis. Friedrich Wihler
disproved this in 1828 by preparing urea from ammonium cyanate. But carbon
compounds, except for coddes of carbon, carbomate and hydrogencatbonate salts continue
| to be studied under organic chemistry.

4.2.1 Saturated and Unsaturated Carbon Compounds

We have already seen the structure of methane. Ancther compound
formed between carbon and hydrogen is ethane with a formula of C H_.
In order to arrive at the structure of simple carbon
compounds, the first step is to link the carbon atoms
together with a single bond (Fig. 4.Ba) and then use the
hydrogern atoms to satisfy the remaining valencies of carbon
[Fig. 4.6b). For example, the striucture of ethane is arrived
in the following steps —

c—C_ Step 1
Figure 4.5 (i} Carbon atoms linked together with q single bond
Three valenicies of each carbon atom remain unsatisfied,

50 each is bonded to three hydrogen atoms giving: Figure 4.6
= = fel Electron dot structisre of
gl etherne
B ‘.rl- S‘tﬂ]_‘l 2

Figure 4.8 {b} Each carbon atom bonded to three hydrogen atoms
The electron dot structure of ethane 13 shown in Fig. 4.6[c).

Can you draw the structure of propane, which has the molecular o Step 1
formula C_H, in a similar manner? You will see that the valencies of all
the atoms are satisfied by single bonds between them. Such carbon
compourids are called saturated compounds. These compounds are
normally not very reactive.

Tlowever, anather compound of earbon and hydregen has the formula '
C,IT, and is called ethene. Tew can this melecule be depicted? We follow | H Step2
the same siep-wise approach as abowve,

Each carbon atom gets two hydrogen atoms to give -

We see that one valency per carbon atom remains unsatisfied. This
can be satisfied only if there is a double bond between the two carbons

_ Step 3
giving us — H H
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The electron dot structure tor ethene is given in Fig, 4.7,
Yet another compound of hydrogen and carbon has the formula
C,H, and i= called ethyne. Can you draw the electron dot
stracture for ethyne? How many bonds are necessary hetween
the two carbon atoms in order to satisfy their valencies? Such
compounds of carbon having double or triple honds hetween
the carbon atoms are known as unsaturated carbhon compounds
and they are more reactive than the saturated carbon
compounds.

Structure of ethena 4.2 2 Chains, Branches and Rings

In the earlier section, we mentioned the carbon compounds methane,
ethane and propang, containing respectively 1, 2 and 3 carbon atoms,
Such ‘chaing’ of carbon atoms can contain tens of carbon atoms. The
names and structures of six of these are given in Table 4.2,

Table 4.2 Formulae and structures of saturated compounds of carbon and hydrogen

No.of C Name Formula Structure
atoms

i
1 Methane CIl, H-(~H
H
"
2 Ethane C,H, H_?_"?_H
H H
H H H
1 1 é
3 Propane C.H, H‘?_ﬂ:ﬂ -H
H H H
HHHH
4 Butane CH, H-€-C-C-C-H
HHHH
K
5 Pentane CH, HEk=L=C=tS0=H
HHHHH
B
& TTexane CIT, 'H"?' "{F 25 —_?' “{r: _fl: 5
HHHHHH
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But, let us take anather look at butane, If we make the earbon
‘skeleton’ with four carbon atoms, we see that two ditferent 'skeletons’
are possible —

c
c—Cc—C—C c-cf
c
Flgure 4.8 (i) Ttio possible curbon-skeletans

Filling the remaining valencies with hydrogen gives us —

H
~ A
HHHH H -
T _t':_cfc"“H
BCoge et
HHHH H H I&“H

Figure 4.8 [bj Complete melectdes for o structures with formula C H
We see that both these striactures have the same formmila C H. . Such

compouiids with identical molecular formuala but different é!h':fcturea
are called stroctural isomers.

In addition to straight and branched carbon chains, some compounsds
have carbon atoms arranged in the form of a ring. For example, cyclkohexane

has the formula C H, , and the following structure -

H HH H
S ~
p —C\ H\C/C C\E/H
L’\ /C H"! \C—C/ \H
cC—C PN PN
H HH H
fed fh

Pigure 4.9 S5trurivre of ryclohiexane (o) corbon sheleton (b compleis moleculs

Can you draw the electron dot structure for cyclohexane? Straight
chain, branched chain and cyclic carbon compounds, all may be saturated
or unsaturated. For example, benzene, C 1T, has the following structure —

H

|
AN
H—{I'J l'% -H

C Benzene — C . H.
I_I/C\{I:/ \i\{ bI_'L\’:
H

Figure 4,10 Structure of benzene
Allthese carhon compounds which ocontain just carbon and hydrogen
are called hydrocarbons, Among these, the saturated hydrocarbons are
called alkanes. The unsaturated hydrocarbons which contain one or
more double bonds are called alkenes, Those containing one or more
triple bonds are called alkynes,

4.2.3 Will you be my Friend?

Carbon seems to be a very friendly element. So far we have been locking
at compounds of carbon and hydrogen, But carbon also forms bonds

Carbom and its Compounds
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with other elements such as halogens, oxygen, nitrogen and sulphur. In
& hydrocarbon chain, one or more hydrogens can be replaced by these
elements, such that the valengy of carbon remains satisfled. I such
compounds, the element replacing hydrogen is referred to as a

heteroatom. These

Table 4,3 Some functicnal groups in carbon compeunds heteroatoms confer
specific properties to the
mmpuund, regardless
aiom group Junctinnal group of the length and nature
of the carbon chain and
C1/Br Halo- (Chloro/bromo) —Cl. —Br hence are called
{substitutes for funetional groups.
hydrogen atom) Some important
functional groups are
Oxygen 1. Alcohol —OH given in the Table 4.3.
H Free wvalency or
e valencies of the group
2. Aldehyde SN are shown by the single
= Hne. The functional
- group is attached tothe
3. Ketane I carbon chain through
2 this  valency by
o replacing cne hydrogen
4. Carboxylic acld _(lj_ OH atom or atoms.

66

4.2.4 Homologous Series

You have seen that carbon atoms can be linked together to form chains
of varying lengths. In addition, hydrogen atom or atoms on these catbon
chains ¢an be replaced by any of the functional groups that we saw
gbove. The presence of a furictional group such as aleohol dictates the
properties of the carbon compound, regardless of the length of the carbon
chain. For example, the chemical properties of CH,OH, C_ H_ OH, C_.H CH
and C,IT,OTT are all very similar. TTence, such a series of compounds in
which the same functiorial group substitutes for hydrogen in a carbon
chain is called a homologous series.

Let us look at the homologous series that we saw eartlier in Table
4.2 Tfwe laok at the fermulae of successive compounds, say —

CIT, and C,IT,, — these differ by a —CTT- unit
C,H and CH, — these differ by a -CH_- unit

What i= the difference between the next pair — propane and hutane (C H, )?

Can you find out the difference in molecular masses between these
pairs [the atormic mass of carbon is 12 u and the atomic mass of hydrogen
is 1 w)?

Similarly, take the homologous series for allkenes. The first member
of the series iz ethene which we have already come across in
Section 4.2.1. What is the formula for ethene? The succeeding members
have the formula C,H_, C. H and C H . Do these also differ hy a -CH,-
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unit? Do you see any relation between the number of carbon and
hydrogen atoms in these compounds? The general formula for alkenes
can be written as C_ H, , wheren = 2, 3, 4. Can you similarly generate the
general formula for alkanes and alkynes?

As the molecular mass increases in any homologous series, a
gradaticn in physical properties is seen. This is because the melting
points and bailing paints Inerease with Ingreasing molecular mass, Other
physical properties such as solubility in a particular solvent also show
a similar gradation. But the chemical properties, which are determined
solely by the functional group, remain similar in a homologons series.

Activity 4.2

Calculate the ditfference in the formulae and molecular masses
for (a] CH,CH and C H CH (b] C ,H OH and C_H_OH, and (c] C.H_OH
and C H OH,

Is there any similarity In these three?

Arrange these aloghdls in the order of increasing carbon atoms to
get & family. Can we call this family A homologous serles?
Generate the homologous series for compounds contaming up to
four carbans for the other functonal groups given in Table 4.3,

4.2.5 Nomenclature of Carbon Compoundls

The names of compounds in a homaologous series are based on the name
cf the basic carbon chain madified by a “prefix” “phrase before” or “suffix”
“phrase atier” indicating the nature of the functional group. For example,
the names of the alcchols taken in Activity 4.2 are methaneal, ethanol,
propanol and butancl.

Naming a carbon compound can be done by the following method —

il Identify the number of carbon atoms in the compound. A
compound having three carbon atoms would have the name
propane,

(i) In case a tunctional group is present, it 1s indicated in the
name of the compound with either a prefix or a suffix (as given
in Table 4.4]).

liiiy If the name of the furictional group is to be given as a suffix, the
name of the carbon chain is modified by deleting the final ‘e’ and
adding the appropriate sutiix. For example, a three-carbon chain
with a ketone group would be named in the following manter —
Propane — ‘e’ = propail + ‘one’ = propanone,

(W) Ifthe carbon chain is unsaturated, then the final ‘ane’ in the name
of the carbon chain is substituted by 'ene’ or ‘yme’ as given in
Table 4.4. For example, a three-carbon chain with a double bond
would be called propene and it it has a triple bond, it would be
called propyne.

Carbom and its Compounds
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Table 4.4 Nomenclature of functional groups

Funetional Prefix/Suffix Example
group

HHH
| | |
1. Halogen Preflx-chloro, H—(IJ —(;_2 —{F —Cl {Chlorgpropane
bromao, ete. H H H
A
H-C-C-C~Br  promopropane
H
H M
2. Alcohal Suffix - ol H=C-C~C~OH  propanal
H H H
A
3. Aldehyde Suffix - al H-C-C-C=0  propanal
H H
oA
4. Eetate Suffix - one H_ﬁ:_(":_(,j —H Fropanane
H O H
T
5. Carboxylic acid Suffix - olc agcid H-C-C-C~OH  propanoic acid
H H
H H
o A
6. Double bond (alkenes)  Suftix - ene H-C-C=C.  Propene
H H
i
7. Triple bond (alkynes) Suftix - yne H—fIJH—CEC—H Propyne

Q U E S TTIT O N §

1. How many stractural lsometra can you draw for pentane?

2. What are the two propertles of carbon which lead to the huge number
of carbon compounds we ses argund us?

3. What will be the formula and electron dot stracture of cyclopentane?
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4, Draw the structures for the following compoundsa,
(i} Ethanolc acid (1] Bromopentane®
[iil] Butanomne iw) Hexanal.
*Are gtructural lsomers possible for bromopentane?
How would you name the following compounds?

&

(i) CH,—CH,—Br 0 4 b o

HOH
w B-C-6-6-c-c=cH
HHHH

4.3 CHEMICAL PROPERTIES OF CARBON COMPOUNDS

In this section we will be studying about some of the chemical properties
of carhon compeunds, Since most of the fuels we use are either carbon
cor its compounds, we shall first study combustion.

4.3.1 Combustion

Carbon, in all its allotropic forms, buirns in oxyf@en to give carbon dioxide
along with the release of heat and light. Mest carben compaounds also
release a large amount of heat and light on burning. These are the
oxidation reactions that you learnt about in the first Chapter -

lij C+0,—CO,+heatand light
(] CH, +0O,— CO, + H,O + heat and light
(i) CH,CH,OH + 0, - CO, +H,O +heat and light

Balance the latter two reactions like you learmnt in the first Chapter.

Activity 4.3 Activity 4.4

CAUTICN: This Activity needa the teacher's asalstance. Light a bunsen burner and
Take some carbon compounds [naphthalene, adjust the air hole at the
camphor, alcohol] one by one on a spatula and burn base to get ditterent types of
them, flames/presence of smoke,
Observe the nature of the flame and note whether When da you get a yellow,
smoke is produced. sooty flame?
Flace a metal plate above the flame. Is there a deposition When do you get a blue

on the plate in case of any of the compounda? ket

Saturated hydrocarbons will generally give a clean flame while
unsaturated carbon compounds will give a yellow flame with lots of
black smoke. This results in a scoty deposit can the metal plate in Activity
4.3. However, Himiting the supply of air results in incomplete combustion
of even saturated hydrocarbons giving a scoty flame. The gas /Kerosene
stove used at home has inlets for air so that a sufficiently oxygen-rich
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mixture is burnt to give a clean blue flame. If you observe the bottoms of
cooking vessels getting blackened, it means that the air holes are biocked
and fuel i= getting wasted. Fuels such as coal and petroleam have some
amoumnt of nitrogen and sulphur in them. Their combustion results in
the formation of oxides of sulphur and nitrogen which are major
pollutants in the environimerit.

Why do substances burn with or without a flame?

Have you ever observed either a coal or a wood fire? If not, the next time you get a
chance, take close note of what happens when the wood or coal starts to burn. You
have seen above that a candle or the LPG in the gas stove burns with a flame. TTowever,
you will observe the eqal or charcoal in an ‘angithi’ sometimes just glows red and
gives cut heat without a tlame, This is because a flame is only preduced when gaseous
substances burm. When wooed or charceal isignited, the volatile substances present
vapourise and bhurn with a flaine in the beginiing.

A luminous flame is seen when the atoms of the gasecus substance are heated and
start to glow. The colour produced by each element is a characteristic property of
that element. Try and heat a copper wire in the flame of a gas stove and observe its
colour. You have seen that incomplete combustion gives soot which is carbon. On
this basis, what will you attribute the yvellow colour of a candle flame to?

f

Formation of coal and petroleum

Coeal and petroleum have been formed from biomass which has been subjected to
various biclogical and geological pracesses. Coal is the remains of trees, ferns, and
other plants that lived millicns of years age. These were crushed inte the earth,
perhaps by earthquakes or volcanic eruptions. They were pressed down by layers of
earth and rock. They slowly decayed into coal. (il and gas are the remains of millicns
of tiny plants and animals that lived in the sea. When they died, their bodies sank to

the sea bed and were covered by silt. Bacteria attacked the dead remains, turning
them into oil and gas under the high pressures they were being subjected to.

Meanwhile, the silt was slowly cornpressed into rock. The oil and gas seeped into the
porous parts of the rock, and got trapped like water in a sponge. Can you guess why
coal and petroleum are called fossil fuels?

4.3.2 Oxidation
Activity 4.5 You have learnt
about oxidation reactiona in
Take about 3 mL of ethanol in a test tube and warm it the first Chapter. Carbon

gently in a water bath. compourids ¢an be easily
Add a 5% aqlution of alkallne potassium permanganate axidised on combustion. Tn
drop by drop to this sclution. addition to this complete

Does the colour of potasshim permanganate persist when oxidation, we have reactions

it i added initially? in which alcohols are
Why does the colour of potassium permanganate not converted to carboxylic

disappear when excess lg added? acids —
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A]kn].ingKMnD_li-Hea't
Or acidified K, Cr, 0, + Heat

We see that some substances are capable of adding oxygen to others.
These substances are known as oxidising agents.

Alkatine potassinm permnanganate or acidified potassium dichromate
are oxidiging alcohols to acids, that is, adding oxygen to the starting
material. Hence they are known as cxidising agents.

4.3.3 Addition Reaction

Unsaturated hydrocarbons add hydrogen in the presence of catalysts
such as palladium or nickel to give saturated hydrocarbons, Catalysts
are substances that cause a reaction to occur or proceed at a different
rate without the reaction itselt being affected. This reaction is commenly
used in the hydrogenation of vegetable oils using a nickel catabyst.
VegeTable oils generally have long unsaturated carbon chains while
arndmal fats have saturated carbon chains.

CH,—CH,OH >CH,COOH

R R I

\C=C/ Nickel ca.talyst.; R-C-C-R
R/ '\R H; |
| S

You must have seen advertisements stating that some vegetable oils
are ‘healthy’. Animal fats generally contain saturated fatty acids which
are said to be harmful for health. Oils containing unsaturated fatty acids
should be chosen for cooking.

4.3 .4 Substitution Reaction

Saturated hydrocarbons are fairly unreactive and are inert in the presence
of mast reagents. However, in the presence of sunlight, chlorine is added
to hydrocarbons in a very fast reaction, Chlerine can replace the hydrogen
atoms cne by one. I is called a substitution reaction because one type
of atom or a group of atoms takes the place of another. A number of
praducts are usually formed with the higher homologues of alkanes.

CH, + Cl, = CH,Cl + HC1(in the presence of sunlight)

Q UESTTION S

1.  Why is the conversion of ethanal to ethangic acid an oxidation reaction?

3. A mixtuare of oxygen and ethyne 1s burnt for welding, Can vou tell why
a mixture of ethyne and alr 18 not waed?

4.4 SOME IMPORTANT CARBON COMPOUNDS — ETHANOL
AND ETHANOIC ACID

Many carbon commpounds are invaluable to us. But here we shall study
the properties of two commercially important compounds — ethanal and
ethanoic acid.
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Activity 4.6

4.4.1 Properties of Ethanol

Ethanclis a iquid at room temperature {refer to Table 4.1 for the melting
and boiling points of ethancl). Ethancl is commonly called alechol and
is the active ingredient of all alcoholic drinks. In addition, becauseitis a
good solvent, it is also used in medicines such as tincture iodine, cough
syrups, and many tonics. Ethanol iz also soluble in water in all
proportions. Consumption of small quantities of dilute ethanol causes
drunkenness. Even though this practice is condemned, it is a sccially
widespread practice. However, intake of even a small quantity of pure
ethanol (called absolute alechol) can be lethal. Alsc, long-term
eonsumpticn of alechol leads te many health problems.

Reactions of Ethanol
[i] Reacton with sodinm -

2Na + 2CH,CH,0H — 2CIT.CTI O Na* + 11,

Teacher's demonstration — {Sodium ethoxdde]

78

Drop a small piege of sodium,
about the size of a couple of

graina of rice,
[absolute alcohol).

Alcohols react with sodium leading to the
evolution of hydrogen. With ethanol, the other

inte ethanol product is sodium ethoxide. Can you recall which

What do you cbserve? cther substances produce hydrogen on reacting with
How will you test the gas evolved? metals?

i) Reaction to give unsaturated hydrocarhon: Heating ethancl at
443 K with excess concentrated sulphuric acid results in the
dehydration of ethanacl to give ethene -

Hot conu.

CH,—CH,0H—rg5=5 CH, = CH, + H,0

The concentrated sulphuric acid can be regarded as a debiydrating
agent which removes water from ethancl.

L b o 4 &g |

How do alcohols affect llving belngs?

When large quarntities of ethanol are consumed, it tends to slow metabolic processes
and to depress the central nervous syvstem. This results in lack of coordination,
mental confusion, drowsiness, lowering of the normal inhibitions, and tinally stupour.
The individual may feel relaxed but does not realise that his sense of judgement,
sense of timing, and muscular coordination have been serlously impaired.

Unlike ethanaol, intale of methancl in very small quantities can cause death. Methanol
i3 oxidised to methanal in the liver. Methanal reacts rapidly with the components of
cells. It canses the protoplasm to get coafulated, in much the same way an egg is
coagulated by cooking. Methanal also affects the optic nerve, causing blindness.
Ethanol is an important indastrial sclvent. To prevent the misase of ethancl prodaced
for industrial use, it is made unfit for drinking by adding poisonous substances
like methancl to it. Dyes are also added to colour the alechol blue g0 that it can be
identified easily. This is called denatured alcohel.

Srience



Alcohol as a fuel

Sugarcane plants are orie of the most efficient convertors of sunlight inte chenical
energy. Sugarcane juice can he used to prepare molasses which is fermented to give
alcohiol [etharol). Some countries now use alcohol as an additive in petrol since itis a
cleaner fuel which gives rise to only carbon dicsxide and water on burning in sufficient

air [oxygen).

4.4.2 Properties of Ethanoic Acid

Ethanocic acid is commonly called acetic acid and
helongs to a group of acids called carboxylic
acids. 5-8% solution of acetic acid in water iz
called vinegar and is used widely as a preservative
in pickles. The melting point of pure ethanoic acid
is 280 K and hence it often freezes during winter
in cold climates. This gave rise to its naine glacial
acetic acid.

The group of organic compounds called
carboxylic acids are ocbhvicusly characterised by a
special acidity. TTowever, unlike mineral acids like
ITC1, which are cempletely ionised, carboxylic
aclds are weak acids.,

Activity 4.8

Take 1 ml ethancl (abschite alcohol)
and 1 ml glacial acetic acid alomg
with a few drops of concentrated
sulphuric acid in a test tube.
Warm in a water-bath for at least five
minutes as shown in Fig. 4.11.
Pour into a beaker contalning
20-50 ml of water and smell the
Tesulting mixture,

Reactions of ethanoic acid:

Activity 4.7

Compare the pH of dilute acetic acid
and dilute hydrochlorie acid using
both litmus paper and universal
indicator.

Are both aclds indicated by the
litmas test?

Noes the universal indicator show
them as equally strong acids?

Test tube
conlsiniig
reaction
mlxture
Bealer
Waler
Wire ganze

il Esterification reaction: Esters are most commonly
formed by reaction of an acid and an alechaol.
Ethancic acid reacts with absalute ethanol in the

presence of an acid catalyst to give an ester -

— —— . Ard i
CH.—COOH + CH,—( =0 A

"H,OH

[BEthanoic acid) (Ethanal)

i,—C—-O0—CH,—CH,

i

[Este

Tripod stand

Burner

JiE

Figure 4.11
Formuztion of ester

Esters are sweet-smelling substances. These are used in making
perfumes and as flavouring agents. Esters react in the preserice of
an acid or a base to give back the alcohal and carboxylic acid. This
reaction is known as saponffication because it 13 used in the

preparation of soap.

Carbom and its Compounds
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Activity 4.9

()

CH,Cco0C H, —N29H o i OH+CH,CO0H

Reachion with a base: Like mineral acids, ethanoic acid reacts with
& base such as sodium hydroxide to give a salt (sodium ethancate
or commerly called sodium acetate) and water:

NaOH + CH,COOH — CH,COONa + H,0

How does ethanolc acid react with carbonates and
hydrogencarbonates?

et us perform an activity to find out.

Set up the apparatus as shown in Chapter 2, Activity 2.5.
Take a spatula full of spdlum carbonate 1 8 test tube and add 2 mL of dilute

ethanople acid.

What do you observe?

Pass the gas produced through freshly prepared lime-water. What do you cbserve?

Can the gas produced by the reaction between ethanoic acid and sodium carbonate be
identified by this test?

Repeat thia Activity with apdium hydrogencarbonate instead of apdium carbonate.

({il) Redgctlon with carboridtes and hydrogencarbonidies: Ethanoic acid

reacts with carbonates and hydrogencarbonates to give rise to a
salt, carbon dioxide and water. The salt produced is commonty called
sodium acetate,

2CH,COOH + Na,CO, - 2CH,COONa + H,0 + CO,
CIT,COOTT + NalICO, — CIT,COONa + 11,0 + CO,

Q U E 8§ T I O N S

1. How would you distinguish experimentally between an aleohol and
a carboxylic acid?

a2, What are @eddising agents?

Nat
Nut
Nat
Figure 4.12
Formaltion gf micelles
T4

4.5 SOAPS AND DETERGENTS

Actlvity 4.10

Take about 10 mL of water each 1 two teat tubes.
ANdd a drop of ol fcocking ofl] to both the test tubes
and label them as A and B.
ol To test tube B, add a few drops of soap sohation.
s Now shake both the test tubes vigourously for
the same period of time.
Can you see the oil and water layvers separately

Na* In both the test tubes Immediately after yon

stop shaking them?
Leave the test tubes undisturbed for some time

and gbserve, Does the il layer separate out?
In which teat tube does this happen Arat?
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This activity demonstrates the eftect of soap in cleaning. Mest dirt is
oily i nature and as you know, oil does not dissclve in water. The
molecules of soap are sodiuvm or potassium salts of long-chain carboxylic
acids. The ionic-end of soap dissclves in water while the carbon chain
dissobres in ¢il. The scap molecules, thus form structures called micelles
[see Fig. 4.12) where one end of the maolecules is towards the oil droplet
while the ionic-end faces outside. This forms an emulsion in water. The
soap micelle thus helps in dissolving the dirt in water and we can wash
our clothes clean (Fig. 4.13).

Can you draw the structure of the micelle that would be formed it
you disaclve soap in a hydrocarbon?

DOALANANOANLADNANAANNN

Micelles
Soaps are molecules in which the two ends have differing properties, ane is hydrophilic,
that is, it dissolves in water, while the other end is hydrophobic, that is, it dissolves in
hydrocarbons. When soap is at the surface of water, the hydrophabie ‘tail’ of scap will
not be schuble in water and the scap will align along the surface of water with the
ignic end in water and the hydrocarbon 'tail’ protruding out of water. Tnaide water,

P — Hydrophilic end Hydrophobic end
""h.___*
F

o
OW\'W‘ Saap moelceule

' : [ ydrophilic enrd Mat
il . #—— Hyrlraphohic cnid

* these malecules have a unique orientation that keeps
, the hydrocarben periion out of the water. This is
_ achieved by forming clusters of molecules in which

. ~_ the hydrophobig tails are in the interior of the cluster

= - and the ionic ends are on the surface of the clhuster.
This formaiion is called a micelle. Soap in the form of
& h a + a micelle is able to clean, since the oily dirt will be

© . 7 __ collected in the centre of the micelle. The micelles stay

* —  insolution as a colloid and will not come together to
~* 7 precipitate because of ion-ion Tepulsion, Thus, the
dirt snspended in the micelles is also easily rinsed
away. The soap micelles are large enough to scatter
light. Hence a soap solution. appears cloudy.

PFigure 4.13 Effert of soap in cleaning
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Take about 10 ml of disdlled water [or rain water] and 10 mL of
hard water [from a tubewell or hand-pump) in separate test tubes.
Add a couple of dropa of avap aclution to both.

Shake the test tubes vigorously for an equal period of time and
ohserve the amount of foam formed.

In which test tube do you get more foam?

In which test tube do vou observe a white curdy precipitate?
Note for tihe teachsr: If hard water I not available in yvour locality,
prepare some hard water by dissolving hydrogencarbonates/
sulphates/chlorides of calclum or magnesinm in water.

Activity 4.12

Take two test tubes with about 10 ml. of hard water in each,
Add tive drops of scap solution to one and five drops of detergent
solution to the other.

Shake both test tubes for the same period.

Do both test tubes have the same amount of foam?

In which test tube {5 a2 curdy solld formed?

Have you ever ohserved while bathing that foam is formed with
difficuilty and an insclible substance [scum) remains after washing with
water? This is caused by the reaction of soap with the calcium and
magnesinm salts, which cause the hardness of water. Herice you need
to use a larger amount of soap. This problem is overcome by using
another class of compounds called detergents as cleansing agents.
Detergents are generally ammoninm or sulphonate salts of long chain
carboxylic acids. The charged ends of these compounds do not form
inscluble precipitates with the calcinm and magnesium ions in hard
water. Thus, they remain effective in hard water. Detergents are usually
used to make shampoos and products for cleaning clothes.

Q UESTTION S

Would you be able to check if water iz hard by using a detergent?

People use a variety of methods to wash clothes. Usually after adding
the spap. they ‘beat’ the clothes on a stone, or beat it with a paddle,
scrub with a brush or the mixture is agitated in a washing machine.
Why 16 agitatlon necessaty to get clean clothes?
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Carbon is a versatile element that forms the basis for all living organisms and many
of the things we use.

This large variety of commpounds is formed by carbon because of its tetravalency
and the property of catenation that it exhibits.

Caovalent bonds are formed by the sharing of clecirons between two atoms so that
hoth can achieve a completely filled cutermost shell.

Carbon forms covalent bonds with itself and other elements such as hydrogen,
oxygen, sulphur, nitrogen and chlorine.

Carbon also forms compounds containing double and triple bonds between carbon
atoms. These catborn chains may be in the form of straight chains, branched chains
or rings.

The ability of carbon to form chains gives rise to 8 homologous series of compoundsa
in which the same functional group is attached to carbon chains of different lengths.
The tunctional groups such as alcohols, aldehydes, ketones and carboxylic acids
bestow characteristic properties to the carbon compounds that contain them.

Carbon and its compounds are some of our major sources of fuels.
Ethanol and ethancie acid are carbon compounds of impartance in our daily lives,

The acticn of scaps and detergents is based on the presence of both hydrophobic
and hydrophilic groups in the molecule and this helps te emulsify the oily dirt and
hence its removal.

\.

Ethane, with the molecular formmula C,H,_ has

(a] B covalent bonds.

() 7 covalent bonds.

[cl 8 covalent bonds.

[d] 9 covalent bonds.

Butanone is a four-carbon compound with the functicnal group
fa] carboxylic acid.

(hl  aldehyde.
(] ketone,
id] alechol.

While cooking, if the bottom of the vessel is getting blackened on the cutside,
it means that

(a] the food is not cocked completely.
(b) thefuelis not burning completely.
[c] the fuel is wet.

(] thefuel is burning completely.

Carbom and its Compounds i




4. Explain the nature of the covalent bond using the bond fermation n CIT_CI.

5. Dxaw the electron dot structures for
(a] ethanoicacid.
k) TS
[cl propanone.
@ F,.

6. What 13 an homologous serles? Explain with an example.

7. How can ethancl and ethanoic acid be differentiated on the basis of their physical
and chemical properties?

8. Why does micelle formation take place when soap is added to water? Will 2 micelle
he formed in other solvents such as ethanol also”

9. Why are carbon and its compounds used as tuels for most applications?

10. Explain the formmation of scum when hard water is treated with soap.

11. What change will you observe if vou test soap with litmus paper (red and hlue)?

12. What 1z hydrogenation? What 13 its industrial application?

13. Which of the following hydrocarbons undergo addition reactions:

C,I,. CIT,, CIT.. C.IT, and CIT,.

14. Give a test that can be used to differentiate chemically between butter and

cooking oil.

15. Explain the mechanism of the cleaning action of soaps. y

I  Use molecular model Kits to make models of the compounds you have learnt in
this Chapier.

II Take gbout 20 mL of castor oil /cotton seed oil /linseed cil/soyabean cil in a
beaker. Add 30 ml. of 20 % sodium hydroxide solution. TTeat the mixture with
contimious stirtring for a few minutes 4ll the mixture thickens. Add 5-10 g of
commaen salt to this, Stir the mixiure well and allow it to cool,

You can cut out the scap in fancy shapes. You can also add perfume to the
soap before it sets.
TB Srilence



CHAPTER 5

9 of Elements

Periodic Classification

n Class IX we have learnt that matter around us is present i the form
of elements, compounds and mixtures and the elements contain atoms
of anly one type. Do you know how many elements are known till date?
At present, 114 elements are known te us, Around the year 1800, only
30 elements were knawn. All these had seemingly different properties.
As different elements were being discovered, sclentists gathered more
and more infermaticn about the properties of these elements. They found
it difficult to arganise all that was knewn about the elements, They started
looking for some pattern in their properties, on the basis of which they

could study such a large number of elements with ease.

5.1 MAKING ORDER OUT OF CHAOS — EARLY
ATTEMPTS AT THE CLASSIFICATION OF
ELEMENTS

We have been learning how various things or living beings can
be classified on the basis of their properties. Even in other
situations, we come across nstances of organisation based
on some properties. For example, in a shop, soaps are kept
together at one place while biscuits are kept together clsewhere,
Even among scaps, bathing scaps are stacked separately from
washing scaps. Similarly, acientists made several attempis to
classify elements according to their properties and obtain an
arderly arrangement cut of chacs,

The earliest attempt to classify the elements resulted n
grouping the then kncwm elements as metals and non-metals.
Later further classifications were tried out as our knowledge
of elemerits and their properties mereased.

5.1.1 Débereiner’s Triacls
In the year 1817, Johann Wolfgang Dibereiner, a German

Imegine pou and your friends hooe
Jound pleces of an old map to reach
o freqsure. Would If be easy or
chactic to find the way ta the
trecsure? Similar chaas was there
in Chemistry os elements tivere
kriodin Barf there LS no due as o
hoan to dnssifiy cand sitedy abeord fhem.

chemist, tried to arrange the elements with similar properties into groups.
He identified some groups having three elements each. 5o he called these
groups ‘triads’. Débereiner showed that when the three elements in a



Table 5.2
Ddbereiner’s triads
i Ca Cl
Na 5r Br
K Ba I

triad were written in the order of increasing atomic masses; the atomic
mass of the middle element was roughly the average of the atomic masses
of thie other two elements.

Faor example, take the triad consisting of Hithium (1i), sodium (Na)
and potassium (K] with the respective atomic masses 6.9, 23.0 and 38.0.
What is the average of the atomic masses of Li and K? How does this
compare with the atomic mass of Na?

Given below [Table b.1) are some groups of three elements. These
elements are arranged downwards in order of increasing atomic masses,
Can yeu tind out which of these groups form Dibereiner irlads?

Table 5.1

Group A | Atomi¢c | Group B | Atomic | Growp C | Atomic
element | mass element | maas elements | masas

14.0 35. 5
P 21.0 Sr E? 6 Br T4.9
As 740 Ba 127.3 ) 126.9

You will find that groups B and C torm Débereiner triads. Débereiner
could identify only three triads from the elements known at that titme
(Table 5.2). Hence, this systeimn of classification into triads was not found
to be useful.

Johann Wolfgang Dobereiner studied as a
pharmacist at Miinchberg in Germany, and then
studied chemistry at Strasbourg. Eventually he
became a professor of chemistry and pharmacy
at the University of Jena. Débereiner made the
first observations on platinum as a catalyst and
discovered similar triads of elements which led to
the development of the Periodic Table of elemerts.

5.1.2 Newlands' Law of QOctaves

The attempis of Dibereiner encouraged other chemists to correlate the
properties of elements with their atomic masses. n 1866, John Newlands,
an English scientist, arranged the then known elements in the order of
increasing atomic masses. He started with the element having the lowest
atomic mass (hydrogen) and ended at thorium which was the 56™
element. He found that every eighth element had properties similar to
that of the first. ITe compared this to the octaves found in music,
Therefore, he called it the ‘Law of Octaves’. It is known as '‘Newlands'
Law of Qctaves’. Tn Newlands' Octaves, the properties of lithtum and
sodivm were found to be the same. Sodium is the eighth element after
lithium. Similarly, beryllium and magnesium resemble each other, A
part of the original form of Newlarnds’ Octaves is given in Table 5.3.
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Table 5.3 Newlands' Octaves

sa ga ma pa da
Notes of music: (do) {mi) (fa) {ac) (1a)
H Li Be B L N O

B

F Na Mg Al si
1 K Ca Cr Ti
Co and M™i {u n Y In
Br Rh Sr Ce and La Zr

- i

T -

EEEEEEEEEEREEER N
Are you famillay with musical notea?

FATATATATATATAYATAYAYaYaYaYa) AYA' aTaTa¥a¥Ya¥a¥a¥a' f:J] aVaYaTaTarar¥al
r i b TRTAY ¥ - . L SEFRTATSN L L
' & g

P 5
Mn Fe
As S5e

—y,

3

In the Indian system of music, there are seven musical notes in a seale — sa, re, go, ma, pa,
e, nt In the west, they use the notatioms — de, e, mi._fd. so, la, . The notes in a scale are
o1 | separated by whole and halt-step frequency Intervals of tones and semitones. A musician

| uses these notes for composing the musike of 2 song. Natarally, there must be some repetition

o !\ of notes. Every eighth nete 1s similar to the first one and it is the first note of the next scale. |

It was found that the Law of Octaves was applicable ocnly upto
calelum, as after calclum every eighth element did not possess
properties similar to that of the first.

It was assumed by Newlands that only 56 elements existed in nature
and no more elements would be discovered in the future. But, later
an, several new elements were discovered, whose properties did not
fit into the Law of Octaves.

I order to it elements into his Table, Newlands adjusted two elements
in the same slot, but also put some unlike elements under the same
note, Can you find examples of these from Table 5.37 Note that cobalt
and mickel are in the same slot and these are placed in the same
column as tluorine, chlorine and bromine which have very different
properties than these elements. Iron, which resembles cobalt and
nickel in properiies, has been placed far away trom these elements,

Thus, Newlands' Law of Octaves worked well with lighter elements cnly.

Q U E S T 1T O N

S

i CAd Ddbereiner’s oiads also exist in the cohnmnns of Newlands' UcravesT?

Compare and find gut,
2, What were the limitations of Ddbereiner's classitication?
3. What were the limitations of Newlands' Law of Octaves?

5.2 MAKING ORDER OUT OF CHAQS — MENDELEEV'S

PERIODIC TABLE

Even after the rejection of Newlands' Law of Octaves, marny scientists

continued to search for a pattern that correlated the properties of elements
with their atomic masses.

Perlodic Clas=ificaton of Elements
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The main credit for classifying elements goes to Dmitri Ivancovich
Mendeléev, a Russian chemist. He was the most important contributor
1o the early development of a Periodic Table of elements wherein the
elements were arranged on the basis of their fundamental property, the
atomic mass, and also on the similarity of chemical properties.

Dmitri lvancovich Mendeléev was
born in Tobol=k in Western Siberia,
Tussia on 8 February 1834. After
his carly education, Mendeléev
could join g university only due to
the efforts of his mother. Dedicating
his investigations to his mother he
wrote, “She instructed with
example, corrected with lave and
travelled with me to places
gpeniding her last resources and
atrength. She knew that with the
ald of science without violence, with love but firmmness, all
superstitions, untruth and errorz can be removed.” The
arrangement of elements he proposed is called Mendeléev's
Periodie Table. The Periodic Table proved to he the unifying
principle in chemistry. It was the motivation for the discovery of
somme new elements.

When Mendeléev started his work, B3 elements were known. He
exarnined the relationship between the atomic masses of the elements
and their physical and chiemical properties. Among chemical properties,
Mendeléev concentrated on the compounds formed by elements with
oxygen and hydrogen. He selected hydrogen and oxygen as they are
very reactive and formed compounds with most elements. The formulae
of the hydrides and cxides formed by an element were treated as one of
the basic properties of an element for its classification. He then took 63
cards and on each card he wrote down the properties of ane element. TTe
sarted out the elements with similar propertes and pinned the cards
together on a wall. T1e chserved that most of the elements got a place in
a Perlodic Table and were arranged in the order of their iIncreasing atomic
masses. It was also observed that there occurs a periodic recurrence of
elements with similar physical and chemical properties. On this basis,
Mendeléev formmulated a Periodic Law, which states that ‘the properties
of elements are the periodic function of their atomic masses’.

Mendeléev's Perlodic Table contains vertical columns called ‘groups’
and horizonial raows called ‘pertods’ (Table 5.4).
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Table 5.4 Mendeléev's Periodic Table

Group I 1§ m v v Vi b1 | Vi
Onide RO RO RO, RO, R.0; RO, R,O: RO,
Hyidride RH RH, RH, RH, RH, RH, RH
Perieds A B A B A B A B A B A B A B Transltion
l setfes
H
1 1.00%
7 Li Pe B C N 0 F
6.939 9.012 10.81 12.011 14.007  15.988 18.338
o Na Mg Al 8 P 5 Cl
2299 24.31 2998 28.09 30974 3206 35,453
AFmst K Ca S T1 v Cr Mn Fe Co Ni
series:  39.102 4008 44,56 47.90 50,84 R0.20 5484 5585 5B.83 5B.71
Becond Cu 7n Ca (e As Se Er
serles: £3.54 6537 B9.72 7950 74.92 78,968 79,900
5 Firsl Eh B Y Zr Nb Mo T Ru Eh Fd
serles: B5.47 BTG5 R | 81,22 05,51 85,94 99 101.07 102.91 106.4
Second Ag €d In Sn Sb Te I
zerles: 107.87 112.40 114.82 11868  121.75 127.60  128.90
& First Cs Ea La Hf Ta W Cu Ir Fi
serles:  132.50  137.34 138.01 178.4%  180.05 1853.85 180.2 192.2 185.00
Second An Hg T Fh Bi

seties: 186.97 200.59 20437 an7.1%9 208.98

Mendeléev's Periodic Table was published in a German journal in 1872, In the formula
for oxides and hydrides at the top of the colummns, the letter 'R is used to represent any
of the elemerits in the group. Note the way formulae are writtenl. For example, the hydride
of carbon, CH,, is written as RH, and the oxide CO,, as RO,

5.2.1 Achievements of Mendeléev's Periodic Table

While developing the Periodic Table, there were a few instances where
Mendeléev had 1o place an element with a slightly greater atomic mass
before an glement with a slightly lower atomic mass. The sequence was
inverted so that elements with similar properties could be grouped
together, For example, cobalt (atomic mass 58.9) appeared before nickel
(atomic mass 58.7). Looking at Table 5.4, can you find out one more
such anomaly?

Further, Mendeléev left some gaps in his Periodic Table. Instead of
looking upon these gaps as defects, Mendeléev boldly predicted the
existence of some elements that had not been discovered at that timme.
Mendeléev named them by prefixing a Sanskrit numeral, Eka [one) to
the name of preceding element in the same group. For instance,
scandium, galliuvm and germanium, discovered Iater, have properiies

Perlodic Clas=ificaton of Elements B3
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similar to Eiv-boron, Eka-aluminiom and Ekd-silicon, respectively. The
properties of Elg-Aluminium predicted by Mendeléev and those of the
element, galium which was discovered later and replaced Eke-
gluminium, are listed as follows (Table 5.5),

Table 5.5 Properties of eka-aluminium and gallinm

= cuoe
Atomic Mass Gs 697
Formula of Oxide E.O, Ga, 0,
Formula of Chloride E(]l:5 IZ}EICI3

This provided convincing evidence for hoth the correctness and
unsefulness of Mendeléev's Periodie Table. Further, it was the
extraordinary success of Mendeléev's prediction that led chemists not
only to accept his Periodic Table it also recogrise him, as the criginator
of the concept on which it is based. Nohle gases like helium (He), neon
{Ne) and argon (A1) have been mentioned in many a context before this.
These gases were discovered very late because they are very inert and
present in extremely low concentrations in our atmosphere. One of the
strengitis of Mendeléev's Periodic Table was that, when these gases were
discovered, they could be placed in a new group without disturbing the
existing arder.

5.2.2 Limitations of Mendeléev's Classification

Electronic canfiguration of
hydrogen resembles that of alkali
metala., Like alkall meials,
hydrogen ecombines with T1CT NaCl
halogens, oxygen and sulphur
to form compounds having H,0 Na,O
gimilar formulae, as shown in H.S Na S
the examples here. - -

On the other hand, just like halogens, hydrogen also exists as
diatomic molecules and it cormbines with metals and non-metals to form
covalent compounds.

Activity 5.1

Looking at its resemblance to alkali metals and the halogen family,
try to asalgn hywdrogen a correct position in Mendelfev's Perdodic Table.

To which group and pericd should hydrogen be assigned?

Certainly, ne fixed position can be given to hydrogen in the Periedic
Table. This was the first limitation of Mendeléev’s Periodic Table. He
could not assign a correct position to hydrogen in his Tabie.

Isatopes were discovered long after Mendeléev had proposed his
periodic classiflcation of elements. Let us recall that isctepes of an element
have similar chemical properties, but different atomic masses.

Srilence
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Consider the isotopes of chlorine, C1-35 and C1-37.

Would you place them in different slots because thelr atomic
masses are different?

Or would you plage them in the same position because their
chemical properties are the same?

Thus, isctopes of all elements posed a challenge to Mendeleev's
Petiodic Law. Ancother problemn was that the atomic masses do not increase
in a regular manner in going from cne element to the next. 5o it was not
possible to predict how many elements could be discovered between
two elements — especially when we consider the heavier elements.

Q UESTTION S

1. Uae Mendeléewva Perdodie Table to predict the formulae for the oxides of
the following elements:

K. C, Al, &1, Ba.

2. Besldes galllum, which other elements have since been discovered that
were left by Mendeléev in his Perlodic Table? [any twa)

3. What were the criteria used by Mendeléev in creating his Perlodic Table?
4. Why do vou think the noble gases are placed in a separate group?

5.3 MAKING ORDER OUT OF CHAOS - THE MODERN
PERIODIC TABLE

In 1918, ITenry Moseley showed that the atomic number of an element
is a more fundamental property than its atomic mass as described below.
Accordingly, Mendeléev's Periodic Law was modified and atomic number
was adopted as the basis of Modern Periodic Table and the Modern
Periodic Law can be stated as follows:

‘Properties of elements are a periodic function of their atomic number.’

Let us recall that the atomic nmumber gives 1is the number of protons
inn the nucleus of an atom and this mumber increases by one in going
from one element to the next. Elements, when arranged in order of
increasing atomic number Z, lead us to the classification known as the
Madern Periodic Table [Table 5.6). Frediction of properties of elements
could be made with more precision when elements were arranged on
the basis of increasing atomic number.

Activity 5.3

How were the positlons of cobalt and nickel resglived in the Modern Perlodie Table?

How were the positions of lsptopes of varipus elements decided in the Madern Perindie Tahle?
Is 1t possible to have an element with atomic number 1.5 placed between hydrogen
and hellum?

Where do you think should hydrogen be placed in the Modern Periodic Tahle?

Perlodic Clas=ificaton of Elements B5
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As we can see, the Modern Periodic Table takes care of three
Himitations of Mendléev's Periodie Table. The anomalous posttion of
hydrogen can be discussed after we see what are the bases on which the
position of an element in the Modern Periodic Table depends.

5.3.1 Position of Elements in the Modern Periodic Table

The Modern Periodic Table has 18 vertical columns knownm as ‘groups’
and 7 horizontal rows known as ‘periods’. Let us see what decides the
placing of an element in a certain group and period.

Activity 5.4

Look at the group 1 of the Modern Perlodic Table, and name the
elements present in it
Write down the electronic configuration of the first three elements

of group 1.
What similarity do you find in their electronic contigurations?
How many valence electrons are present In these three elements?

You will find that all these elements contain the same number of
valence electrons. Similarly, you will find that the elements present in
any one group have the same number of valence electrons. For example,
elements fluorine [F) and chlorine [Cl), belong to group 17, how many
electrons do fluorine and chlorine have in their outermost shell=? Hence,
we can say that greups in the Periodic Table signify an identical cuter-
ghell electronic configuration. On the other hand, the number of shells
increases as we go down the group.

There is an anomaly when 1t comes to the position of hydrogen
because it can be placed either in group 1 or group 17 in the first period.
Can vou say why?

Activity 5.5

If you lock at the long torm of the Periodic Table, you will find that
the elements Li, Be, B, C, N, O, F, and Ne are present in the second
period. Write down thelr electronic conflguration.

Do these elements alao contain the same noamber of valence
electrons?

Do they contain the same mimber of shells?

You will find that these elements do not have the same number of
valence glectrans, but they contain the same number of shells, You also
cbserve that the number of valence shell electrons increases by one unit,
as the atomic number increases by ene unit ean moving from left to right
in a period.

Orwe can say that atoms of different elements with the same number
of cccupied shells are placed in the same period. Na, Mg, Al, 5i, P, 5, Cl
and Ar beleng te the third period of the Modern Periodic Table, since the
electrons in the atoms of these elements are filled in K, L and M shells.
Write the electronic configuration of these elements and confirm the above
statement. Each period marks a new electrornic shell getting filled.

Perlodic Clas=ificaton of Elements
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How many elements are there in the first, second, third and fourth
periods?

‘We can explain the number of elements in these periods based on
how electrons are filled into various shells. You will study the details of
this in higher classes. Recall that the maximuam mumber of electrons
that can be accommodated in a shell depends on the formula 2n? where
'n’ 13 the number of the given shell from the nucleus.

For example,

KShell - 2 » [(1)2=2, hence the first pericd has 2 elements.

LShell - 2 » [2)?=8, hencethe second period has 8 elements.

MShell - 2 » [3)? = 18, but the outermost shell can have only
8 electrons, so the third period also has orily 8 elements.

The position of an element in the Periodic Table tells us about its
chemical reactivity. As you have learnt, the valence electrons determineg
the kind and number of honds formed by an element. Can you now say
why Mendeléev's choice of formulae of compounds as the basis for
deciding the position of an element in his Table was a good one? ITow
wotld this lead to elements with similar chemical properties being placed
in the same group?

5.3.2 Trends in the Modern Periodic Table

Valenecy : As you knmow, the valency of an element is determined by the
number of valence electrons present in the cutermost shell of its atom.

Activity 5.6

How da you calculate the valengy of an element from ite electronic
conflguration?

What is the valency of magnesium with atomiec number 12 and
sulphur with atomic number 167

Similarly find gut the valencies of the first twenty elements.
How does the valency vary in a perlod on golng from left to right?
How does the valeney vary 1 golng down a group?

Atomic size: The term atomic size refers to the radius of an atom, The
atomic size may be visualised as the distance between the centre of the
nucleus and the outermast shell of an 1sglated atom, The atomic radius
of hydrogen atom is 37 pm (picometre, 1 pm = 10-*m),

Let s study the variation of atoinic size in a group and in a period.

Activity 5.7

Atomie radil of the elements of the second period are glven below:
Periad Il elements : B Be O N L1 C
Atomie radivg {pm) : 88 111 66 i 152 i
Arrange them in decreasing order of their atomie radii.

Are the elements now arranged in the pattern of a perlod in the
Perindic Table?

Which elements hawve the largest and the smallest atoms?

How dees the atomic radivs change as you go from left to right in
a period?

Srilence



You will see that the atomic radius decreases in moving frem left to
right along a period. This is due to an increase in nuclear charge which
tends to pull the electrons closer to the nucleus and reduces the size of
the atom.

Activity 5.8

Study the wvariation in the atomic radii of first group elements
given below and armmange them 0 an increasing order.

Group 1 Elements : Na  Li Rh Cs K

Atomie Radiua (pm) : 86 152 244 2632 231

Name the elements which have the smallest and the largest atoms.
How does the atomic size vary as you go dowm & group?

You will see that the atomic size increases down the group. This is
hecause new shells are being added as we go down the group. This
Increases the distance between the cutermost electrons and the nucleus
g0 that the atomdc size increases in spite of the increase in nuclear charge.

Metalllc and Non-metallic Properties
Activity 5.9

Examine elements of the third period and dassify them as metals
and non-metals.

On which side of the Perkxlic Table do you find the metals?

On which afde of the Perlodie Table do you find the non-metals?

As we can see, the metals ke Na and Mg are tewards the left-hand
side of the Periodic Table while the non-metals like sulphur and chlorine
are found on the right-hand side. Tn the middle, we have silicon, which
is classified as a semi-metal or metalloid because it exhibits some
properties of both metals and non-metals.

In the Modern Periadic Table, a zig-zag line separates metals from
non-metals. The borderline elements - boron, silicon, germanium,
arsenic, antimony, tellurium and polonium — are intermediate in
properties and are called metalloids or semi-metals.

As you have seen in Chapter 3, metals tend to lose electrons while
forming bonds, that is, they are electropositive in nature.

Activity 5.10

Hew do you think the tendency to lose electrans will changs in a

group?
How will thiz tendency change in a period?

Az the effective nuclear charge acting on the valence shell electrons

increases across a pericd, the tendency to lose electrons will decrease.
Down the group, the effective nuclear charge experienced by valence

Perlodic Clas=ificaton of Elements
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electrons is decreasing because the cutermost electrons are farther away
from the macleus. Therefore, these can be lost easily. Hence metallic
character decreases actoss a period and increases down a group.
Non-metals, on the other hand, are electronegative. They tend to form
bonds by gaining electrons. Let us leatn gbout the variation of this

property.

How would the tendency to gain electrons change as you go from
left wo right acrass a perlod?
How would the tendency to grin electrons change as you go down

a group?

As the trends In the electronggativity show, ron-metals are found on
the right-hand side of the Periodic Table towards the top.

These trends also help us to predict the nature of oxides formed by
the elements because it is known to you that the oxides of metals are
basic and that of non-metals are acidic in general.

Q UESTTION S

1. How could the Modern Perlodic Table remave varlous anomalles of
Mendeléev's Periodic Table?

2.  Name two elements vou would expect to show chemical reactions similar
to magnesium. What i1s the basis for your cholce?

3. Name
{al three glements that have a single electron in their gutermost shells.
ib) two elements that have two electrons in their outermost shells,
(o) three elements with filled qutermost shells.

4, (a) Lithium, aodium, potassium are all metals that react with water
to liberate hydrogen gas. Is there any similarity in the atoms of
these elements?

(b] Helium 1s an unreactive gas and neon is a gas of extremely low
reactivity,. What, if anything, do their atoms have in common?

5.  In the Modern Feriodic Table, which are the metals among the first ten
elements?

G. By considering their posidon in the Periodic Table, which one of the
following elements would you expect 10 have maximum metallic
characteristc?

Ga Ge Fi¥:) Se Be
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Elements are classified on the basis of sirnilarities in their properties.

Débereiner grouped the elements into triads and Newlands gave the Law of Octaves.
Mendeléev arranged the elements in increasing order of their atomic masses and
according to their chemical properties.

Mendeléev even predicted the existence of some yet to be discovered elements on
the basis of gaps in his Periodic Table.

Anomalies in arrangemerit of elemernts based on increasing atomic mass could be
removed when the elements were arranged in order of increasing atomic mumber,
a fundamental property of the element discovered by Moseley.

Elements in the Modern Pericdic Table are arrariged in 18 vertical colummns called
groups and 7 horizontal rows called periods.

Elements thus arranged show periodicity of properties including atomic size,
valengy or combining capacity and metallic and non-metallic character,

.

Which of the following statements is not a correct statement ahout the trends when
going from left to right across the periods of pericdic Table.

(&l The elements become less metallc in nature.

[B) The mamber of valence electrons increases.

i) The atoms lose their electrons more easily.

[d} The ocxides become more acidic.

Element X forms a chloride with the formula XCl,, which is a solid with a high
melting point. X would most Hikely be in the same group of the Perlodic Table as
() Na (b) Mg [c) Al (d) Si

Which eletnetit has

(a) two shells, beth of which are completely filled with electrons?
ib) the electronic configuration 2, 8, 22

(& atotal of three gshells, with four elecfrons in its valence shell?
(d) atotal of two shells, with three electrons in its valence shell?
(e} twice as many electrona in its second shell as in its first shell?

(2) What property do all elements in the same column of the Periodic Table as
boron have in common?

(b) What property do all elemernts in the same column of the Periadic Table as
fluorine have in common?

An atomn has electronic configuration 2, 8, 7.

(2l What is the atomic number of this element?

b} To which of the following elements would it be chemically similar?
(Atomie numbers are given in parentheses.)
NI7 Figl Pi15] AT[18] )
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The position of three elements A, B and C in the Periodic Table are shown below —
Group 16 Growp 17

= A

B C
(a] State whether A is a metal or non-metal.
(b) State whether C is more reactive or less reactive than A.
) Will C be larger or smaller in size than B?

(d] Which type of ion, cation or anion, will be formed by element A?

Nitrogen {atomic number 7) and phosphorus (atomic number 15) belong to
group 1b of the Periodic Table. Write the electtonic configuration of these two
clementa. Which of these will be more electronegaiive? Why?

TTow does the electronic configuration of an atom relate to 1ts posttion in the Modern
Periodic Table?

In the Modern Periodic Table, calcium (atomic number 20) 13 surrounded by
elements with atomic numbers 12, 19, 21 and 38. Which of these have physical
and chemical properties resembling calcium?

Compare and contrast the arrangement of elements in Mendeléev's Periodic Table
and the Modern Periodic Tahle.

"l\

i

We have discussed the major attempts made for classifying elements. Find out
(from the internet or library) about other attempts to classify elements.

We have studied the long form of the Perledic Table. The Modern Periodie Law has
heen used to arrange elements in other ways too. Find out what are these.
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CHAPTER 6
2 Life Processes

ow do we tell the difference between what is alive and what is not

alive? If we see a dog runming, or a cow chewing cud, or a man
shouting loudly an the street, we know that these are Hving beings. What
if the dog or the cow or the man were asleep? We would still think that
they were alive, but how did we kmow that? We see them breathing, and
we know that they are alive. What ahout plants? How do we know that
they are alive? We see them green, some of us will say. But what about
plants that hawve leaves of colours other than green? They grow over
time, 50 we lmow that they are alive, some will say. In other words, we
tend to think of some sort of movement, either growth-related or not, as
comincn evidence for being alive. But a plant that is not visibly growing is
sl alive, and some animals can breathe without visible movement. So
using visible mavermnent as the defining characteristic of ife 1s not enough.

Movemerits over very small scales will be invisible to the naled eye -
movements of molecules, for example. Is this invigible molecular
movement necessary for life? If we ask this question to professional
biologlsts, they will say yes. In fact, viruses do net show any molecular
movemernt in them [until they infect some cell), and that is partly why
there is a controversy about whether they are truly alive or not.

Why are molecular movements needed for Hfe? We have seen in earlier
classes that Hiving organisms are well-grganised structures; they can
have tissues, tissues have cells, cells have smaller components i them,
and so on. Because of the effects of the environment, this organised,
ordered nature of iving structures is very likely to Keep breaking down
over time. If order breaks down, the organism will no longer be alive. So
living creatures must keep repairing and maintaining their structures.,
Since all these stractures are made up of molecules, they must move
molecules around all the time.

What are the maintenance processes in living organisms?
Let us explore,

6.1 WHAT ARE LIFE PROCESSES?

The maintenance functions of living organisms must go on even when
they are not doing anything particular. Even when we are just sitting in
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class, even if we are just asleep, this maintenance job has to go on.
The processes which together perform this maintenance job are
life processes.

Since these maintenance processes are needed to prevent dammage
and break-down, energy is needed for them. This energy comes from
outside the body of the individual erganism. So there must be a process
to transfer a source of energy from cutside the body of the orgarnism,
which we call foad, to the inside, a process we commaonly call nutrition,
If the body size of the erganisms 1s to grow, additional raw material will
also be needed from ocutside. Since life on earth depends on carbon-
based moaolecules, most of these food sources are also carbon-based.
Depending on the complexity of these carbon sources, different
organisms can then use different kinds of nutritional processes.

The outside sources of energy could be quite varied, since the
environment is not under the control of the individual crganism. These
sources of energy, therefore, need to be broken down or built up in the
body, and must be finally converted to a uniform source of energy that
can be used for the various molecular movements needed for
maintaining living structures, as well as to the kind of meclecules the
body needs to grow. For this, a series of chemical reactions in the
body are necessary. Oxidising-reducing reactions are seme of the most
common chemical means to break-down melecules. For this, many
organisms use oxygen sourced from outside the body. The process
of acquiring oxygen from outside the body, and to use it in the process
of break-dowmn of food sources for cellular needs, is what we call
respiratiorn.

In the case of a single—celled organizm, no specific organs for taking
in food, exchange of gases or removal of wastes may be needed hecause
the entire surface of the organisin is in contact with the environiment.
But what happens when the body size of the organism increases and
the body design becomes more complex? In multi-cellular organisims,
all the cells may not be in direct contact with the surTrounding
envircnment. Thus, simple diffusion will not meet the requirements of
all the cells.

‘We have seen previously how, in mlti-cellular organisms, various
body parts have specialised in the fimetions they perform. We are familiat
with the idea of these specialised tissues, and with their organisation in
the body of the organism. [ 13 therefore not surprising that the uptake
of foed and of oxygen will alse be the function of specialised tissues.,
TTowever, this peses a problem, since the tood and oxygen are now taken
up at one place In the body of the arganisms, while all paris of the body
need them. This situation creates a need for & transportation system for
carrying food and oxygen frem one place to another in the body.

When chemical reactions use the carbon source and the oxygen for
energy generation, they create by-products that are not only useless
for the cells of the bedy, but could even be harmtul. These waste by-
products are therefore needed to be removed firom the body and discarded
outside by a process called excretion. Again, it the basic rules forbody
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design in multi-celhilar organisms are followed, a specialised tissue for
excretion will be developed, which means that the transportation system
will need to transport waste away from cells to this excretory tissue.

Let us consider these various processes, so essential to maintain
life, one hy one.

Q UESTTION S

1.  Why is diffusion insufficient to meet the oxygen requirements of multi-
cellular grganisms ke humans?

What criterla do we use to declde whether something is alive?
What are putslde raw materials used for by an organism?
4, What processea would you consider essential for maintaining life?

b

6.2 NUTRITION

When we walk or ride a bicyele, we are using up energy. Even when we
are not doing arny apparernt activity, energy is needed to maintain a
gtate of order in our body. We also need materials from outside in order
to grow, develop, synthesizse protein and other substances needed in
the body. This source of energy and materials 1s the food we eat.

How do living things get thelr food?

The general requirement for energy and materials 13 commeoen i all
crgarisms, but it is fulfilled in different ways. Some organisms use simple
food material obtained from inorganic sources in the form of carbon
dioxide and water. These orfanisms, the autotrophs, include green
plants and some bacterla. Other organisms utilise complex substances.
These complex substances have to be broken down into simpler ones
before they can be used for the upkeep and growth of the body. To
achieve this, organisms use bic-catalysts called enzymes. Thus, the
heterotrophs survival depends directly or indirectly on autotrophs.
Tleterotrophic organisms inchade animals and fungi.

6.2.1 Autotrophic Nutrition

Carbon and energy requirements of the autotrophic organism are
fulfilled by photosynthesis. It is the process by which anitotrophs take
in substances from the outside and convert them into stored forms of
energy. This material is taken in the ferm of carbon dioxide and water
which is converted into carbohydrates in the presence of sunlight and
chlorophyll. Carbohydrates are utilised for providing energy to the plant.
We will study how this taltes place in the next section. The carbohydrates
which are not used immediately are stored in the form of starch, which
serves as the internal energy reserve to be used as and when reguired
by the plant. A somewtiat similar situation is seen in us where some of
the energy derived from the food we eat is stored in our hody in the form

of glycogen,

Life Processes
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BCO, +6H,0 — oot , = 1,0, +60,

[Glucose)

Let us now see what actually happens during the process of
photesynthesis. The following events occur during this process —

@ Absorption of light energy hy

chlorophyll
(i) Conversion of light energy to chemical
energy and splitting of wvater molecules
into hydrogen and oxygen.

(il Reduction of carbon dioxide to
carbohydrates.

These steps need not take place one after
the other immediately. For example, desert
plants take up carbon dioxide at night and
prepare an intermediate which is acted upon
by the energy absorbed by the chlorophyll
duiring the day.

Let us see how each of the components of
the above reaction are necessary for
photosynthesis.

K you carefully observe a cross-section of &
leaf under the microscope (shewn in Fig, 6.1),
you will notice that some cella contain green
dots. These green dots are cell erganelles called
. chioroplasts which contain chlerophyll. Let us
Figure 6.1 do an activity which demonstrates that
Cross-section of  leaf chlorophyll is essential for photosynthesis.

Activity 6.1

! Take a potted plant with variegated leaves — for example, money plant
ot crotons.

' Keep the plant in a dark room for three days so that all the starch
gets used up.
Now keep the plant in sunlight for about six hours.
Pluck a leaf from the plant. Mark the green areas in it and trace them
on a sheet of paper.

i Dip the leaf in boiling water for a few minutes.
After this, immerse it in a beaker containing aleohol.
Carefully place the above beaker in & water-bath and heat tll the
alcohol begins to beil.

I What happens to the colour of the leat? What i= the colour of the
solution?
Now dip the leaf 1n a dilute soluton of iodine for a few minutes.
Take out the leaf and rinse off the iodine solution.
Observe the colour of the leaf and compare this with the tracing of

Figure 8.2 the leaf done in the beginning (Fig, 6.2).
Vurienated leaf ot before . @ What can vou conclude about the presence of starch in various areas
and (B affer starch test of the leaf?

o8& Science



Now, Iet us study how the plant
abtains carbon dloxide. In Class X,
we had talked about stomata (Fig. 6.3)
which are tiny pores present on the
surface of the leaves, Massive amourts
of gaseoas exchange takes place in the
leaves through these pores for the
purpose of photosynthesis. But it is
important to note here that exchange
of gases occurs across the surface of
stems, roots and leaves as well, Since
large amounts of water can also be lost
through these stamata, the plant
closes these pores when it does not

o
Stomatal pare /&{ﬂ‘

| 4
Chloroplast k _j‘ 1

Figure 6.9 (a} Open and (b closed stomatal pore

need carbon dioxide for photosynthesis. The opening and closing of the
pore iz a function of the guard cells. The guard cells swell when water
flows into them, causing the stomatal pore to open. Similarly the pore

closes if the guard cells shrink.

Activity 6.2

Take two healthy potted plants
which are nearly the same size.
Keep them in a dark room for
three days.

Now place each plant on
separate glass plates. Plate a
watch-glasa contalning potassiam
hydroxide by the side of one aof
the plants. The potassium
bhydroxide is used to absorb
carbon dioxide,

Cover both plants with separate
bell-jars as ahown in Fig. 6.4
Usae vaseline to aeal the bottom
of the jars to the glass plates so
that the set-up 15 alr-tght.
Keep the plants in sunlight tor
about two hours.,

Befl |ar—_

Wetch-glass —

contalning
polassium

iystrodde

g i

Figure 6.4 Experimerntol sel-up (af with polosstiom
hiydrodde (B withonut potassium hydroxide

Pluck a leaf from each plant and check for the presence of starch as 1n the above activity.
Do both the leaves show the presence of the same amount of gstarch?
What can you conclude from this actvigy?

Based on the two activities performed above, can we design an
experimert to demonstrate that sunlight is essential for photosynthesis?

So far, we have talked about how autotrophs meet their energy
requirements. But they also need other raw materials tor building their
body. Water used in photosynthesis is taken up from the soil by the
roots in terrestrial plants. Other materials like nitrogen, phosphorus,
iron and magnesium are taken up from the soil. Nitrogen is an essential
element used in the synthesis of proteins and other compounds. This is

Life Processes

*7



PFigure 6.5
Nudrition in Amoebo

taken up in the form of inorganic nitrates or nitrites. Or it is taken up as
organic compounds which have been prepared by bacteria from
atmosplieric nitrogen.

6.2.2 Heterotrophic Nutrition

Each organism is adapted to its envirecnment. The form of nutrition
differs depending on the type and availability of food material as well
as how 1t is obtained by the organism. For example, whether the food
source is stationary (such as grass) or mohile [such as a deer), would
allow for differences in how the food 1s accessed and what is the mutritive
apparatus used by a cow and a lion. There is a range of strategies hy
which the food is taken in and used by the organism. Some organisms
break-down the food material cutside the body and then absorb it.
Examples are furgi like bread moulds, yeast and mushrooms. Others
take in whole material and break it down inside their bodies. What can
be taken in and broken down depends on the body design and
funetioning. Some other organisms derlve nutrition from plants or
animals without killing them. This parasitic nutritive strategy is used
by a wide variety of organisms like cuscuta (ammar-bel), orchids, ticks,
lice, leeches and tape-worims.

6.2.3 How do Organisms obtain their Nutrition?

Since the food and the way it is obtained differ, the digestive aystem is
different in varicus organisms. In single-celled orgainisms, the food
may be taken in by the enlire surface. But as the complexity of the
organism increases, different parts become specialised to perform
different functions. For example, Amoeba takes m food usng
temporary finger-like extensions of the cell surface which fuse over
the food particle forming a food-vacuole [Fig. B.5). Inside the food-
vacuale, complex substances are broken dowm mito simpler ones
which then diffuse into the cytoplasm. The remaining undigested
material 13 maoved to the surface of the cell and thrown cut. In
FParamoecturn, which is also a unicellular organism, the cell has a
definite shape and food 1s taken in at g specific spot. Food is moved
1o this spot by the movement of cilia which cover the entire surface
of the cell.

6.2.4 Nutrition in Human Beings

The alimentary canal is basically a long tube extending from the mouth
to the anus. In Fig. 6.6, we can see that the tube has different parts.
Various regions are specialised to perform different functions. What
happens to the food once it enters our bhody? We shall discuss this
process here,
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Activity 6.3

Take 1 ml starch solutlon {1%) In two test tubes (A and B).

Add 1 ml. saltva to test tube A and leave both test tubes undisturbed
for 20-30 minutes.

Nerw add a few drops of dilute iodine sglution {0 the test tubes.
In which test tube do you observe a cdlour chatge?

What does thds Indicate about the presence or absence of starch
in the two test tubes?

What does this tell us about the acton of saliva on starch?

We eat various types of food which has to pass through the same
digestive tract. Naturally the food has to be processed to generate
particles which are small and of the same texture. This is achieved by
crushing the food with our teeth. Since the ining of the canal is soft, the
food is also wetted to make its passage smnooth. When we eat something
we like, our mouth ‘waters’. This is actually not only water, but a thaid
called saliva secreted by the salivary glands. Ancther aspect of the food
we ingest 1s fts complex nature, If it is to be abserbed trom the alimentary
canal, it has to be broken into smaller molecules. This is done with the
help of biclogical catalysts called -
enzymes, The saliva contains an ./f
enzyme called salivary amylase that f
breaks down starch which is a
complex molecule to give sugar. The L
food is mixed thoroughly with saliva
and moved around the mouth while
chewing by the muscular tongue.

It is necessary to move the food in
a regulated manner along the digestive
tubhe =0 that it can be processed
properly in each part. The lining of Gall bladder
canal has muscles that contract (Steresbilsl
rhythimically in order to push the food Bite dic
forward. These peristaltic movements =
accur all along the gut. Parirriis

From the mouth, the food is talten
to the stomach through the food-pipe
ar oesaphagua, The stomach isa large
organ which expands when food Appendix
enters it. The muscular walls of the
stomach help in mixing the food
thoroughly with more digestive juices.

These digestion functions are
taken care of by the gastric flands present in the wall of the stomach.
These release hydrochloric acid, a protein digesting enzyme called
pepsin, and mucus. The hydrochleric acid creates an acidic medium
which facilitates the action of the enzyme pepsin. What other function
do you think is served by the acid? The mucus protects the inner lining
of the stomach from the action of the acid under normal conditions. We
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have often heard adults complaining about ‘acidity’. Can this be related
1o what has been discussed above?

The exit of food from the stomach is regulated by a sphincter muscle
which releases it In small amounts inta the small Inteastine. From the
stomach, the food now enters the small intestine. This is the longest part
of the alimentary canal which is fitted into a compact space because of
extensive coiling. The length of the small intestine differs in various
animals depending on the food they eat. Herbivores eating grass need a
longer simall intestine to allow the celhulose to be digested. Meat is easier
to digest, hence carnivores like tigers have a shorter small intestine.

The small Iintestine is the site of the complete digestion of
carbohydrates, proteins and fats. Tt recefves the secretions of the liver
and pancreas for this purpose. The feod coming trom the stomach is
acidic and has to be made alkaline for the pancreatic enzymes to act.
Bile juice from the liver accomplishes this in addition to acting on fats.
Fats are present in the intestine in the form of large globules which makes
it difficult for engymes to act on them. Bile salts break them down into
stnaller globules increasing the efficiency of enzyme action. This is similar
to the emulsifiing action of scaps on dirt that we have learnt about in
Chapter 4. The pancreas secreies pancreatic julge which contains
enzymes like trypsin for digesting proteins and lipase for breaking down
emulsitied fats. The walls of the small intestine contain glands which
secrete intestinal juice. The enzymes present in it finally convert the
proteins to aming acids, complex carbohydrates into glucose and fats
into fatty acids and glycercl.

The digested food is taken up by the walls of the intestine. The inner
lining of the small intestine has numerous finger -like projections called
villi which increase the surface area for absorption. The villi are richly
supplied with blcod vessels which take the absorbed food to each and
every cell of the body, where it is utilised for cbtaining energy, building
up new tissues and the repair of old tissues.

The unabsorbed food is sent into the large intestine where more villi
absorb water from this material. The rest of the material is removed from
the bady via the arms. The exit of this waste material is regulated by the
anal sphincter.,

Dental caries

Dental caries or tooth decay causes gradual softening of enamel and dentine. Tt begins
when bacteria acting on sugars produce acids that softens or demineralises the enamel.
Masses of bacterial cells together with food particles stick to the teeth to form dental
plague. Saliva cannot reach the tooth surface to neutralise the acid as plague covers
the teeth. Brushing the teeth afier eating removes the plagque before the bagteria
produce acids. If untreated, microorganisms may invade the pulp, causing
inflammation and infection.
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Q U E S§ T 1T O N

S

nutritlon?

What is the role of the acld In our stomach?
What iz the function of digestive ensymes?
How ia the small intestine deaigned to absorb digested food?

G

1. What are the differences hetween autotrophic nutrition and heterotrophic

Where do plants get each of the raw materials required for photosynthesis?

6.3 RESPIRATION

Fichlcart
Activity 6.4
4
Take some freshly prepared lime
water in a test tube. Lubber —p — Tuhg
Blow air through this lime water. Lube
Note how long it takes for the lime
water to turn milky.
Use a aytinge or piefikari to pass air —Teat tube comtatning
through some fresh ime water ﬁt; Ll
taken in another test tube [Fig. 6.7).
MNote how long it takes for this lime
water 1o fum milky. 2/ &
What does thia tell ua about the Figure 6.7
CYDNEST: B GRNG T G0 Ehis ) fas £ (a] Ar betng passed into lime water with a pichkart/
that we breathe out? syringe, (b} alr being exhaled into lime water

Activity 6.5

Take some frult juice or sugar solutlon and add some yeast to
this. Take this mixture in & test tube fitted with & one-holed cork,
Fit the cork with a bent glass tube. Dip the free end of the glass
tube into a test tube containing freshly prepared lime water.
What change iz observed in the lime water and how long does it
take for this change to occur?

What does this tell ua about the products of fermentation?

We have discussed nutrition in organisms in the last section. The
food material taken in during the process of nutrition is used in cells to
provide energy for various life processes. Diverse organisms do this in
different ways - some use oxygen to break-down glucese completely
into carbon dicxide and water. some use other pathways that do not
involve oxygen (Fig. 6.8). In all cases, the first step is the break-down of
glucose, a six-carbon molecule, into a three-carbon meolecule called
pyruvate. This process takes place in the cytoplasm. Further, the
pyruvate may be converted into ethanocl and carbon dicxdide. This process
takes place in yeast during fermentation. Since this process takes place
i1 the absence of air (oxygen), it is called anaerobic respiration. Break-
down of pyruvate using oxygen takes place in the mitochondria, This
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process breaks up the three-carbon pyruvate molecule to give three
malecules of carbon diexide. The other product is water. Since this
process takes place in the presence of air [oxygen). it is called aerchic
respiration. The release of energy in this aerobic process is a lot greater
than in the anaerobic process. Sometimes, when there is a lack of cxygen
in our tmuiscle cells, another pathway for the break-down of pyruvate is
taken. Here the pynuvate is converted into lactic acid which is also a
three-carbon melecule. This build-up of lactic acid in our muscles during
sudden activity causes cramps.

Almenee of
MFEEI'I

Ethanol + Carbon dioxide + Energy
[2-carhon molecule]

iy}

cytuplasm
Glucose ——— Fyruwle
[f-carbon Fa-carbon
ranlecule) 0 ledale)
+

Energy

Lagtle awid + Eneegy
muamglglfe]ls} [F-carhan moelecnle]

Presenee of
o Cartim dicedde + Waler + Energy

moilochondria)
Figure 8.8 Breal-down of glucase by various pailionys

The energy released during cellular respiration is immediately used
to synthesise a malecule called ATP which is used to tuel all other
activities in the cell. In these processes, ATT is broken down giving rise
1o a fixed amount of energy which can drive the endothermic reactions
taking place in the cell.

ATP

ATP is the energy currency for most cellular processes. The energy released during
the precess of respiration 13 used to make an ATP molecule frem ADP and inorganic
phosphate.

ADP+(® EY, App- (@ = ATP

& : Phosphate

Endothermic processes in the cell then use this AT to drive the reactions. When the
terminal phosphate linkage in ATP is broken using water, the energy equivalent to
30.5 kJ /fmolis released.
Think of how a battery can provide energy for many different kinds of uses. Tt can be
used to obtain mechanical energy, light energy, electrical energy and so on. Similarly,
ATP can be used in the cells for the coniracton of musacles, protein synthesis,
conduction of nervous impulses and many other activities.

Since the aerobic respiration pathway depends on oxygen, aerobic
organisms need to ensure that there is sufficient intake of oxygen. We
have seen that plants exchange gases through stomata, and the large
inter-cellular spaces ensure that all cells are in contact with atr. Carbon
dicxide and oxygen are exchanged by diffusion. here. They can go into
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cells, or away from them and out into the air. The direction of ditfusion
depends upon the environmental conditions and the requirements of
the plant. At night, when there is no photosynthesis occurring, CO,
elimination is the major exchange activity going on. During the day,
CQ, generated during respiration is used up for photosynthesis, hence
there is na CO, release. Inatead, oxygen release is the major event at
this time.

Animals have evolved different organs for the uptake of oxygen
from the envircnment and for getting rid of the carbon dioxide
praduced. Terrestrial animals can breathe the oxygen in the
atmosphere, but animals that live in water need to use the oxygen
dizsolved in water.

Activity 6.6

Observe fish in an aguarium, They gpen and ¢lose their moaths
and the gill-zslits [or the operculum which covers the gill-slits)
behind thelr eyes also open and close. Are the Hmings of the
opendng and closing af the mputh ated gill-slits coordinated in some
mannery

Count the number of times the fish opens atd closes its mouth in
a minute,

Compare this t0 the number of times you breathe in and out in a
minute,

Since the amount of dissclved oxygen is fairly low compared to the
amount of oxygen in the air, the rate of breathing in aquatic organisms
s much faster than that seen in terrestrial organisms. Fishes take in
water through their mouths and force it past the gills where the dissched
oxygen is talten up by blood.

Terresirial organisms use the oxygen in the atmosphere for
respiration, This oxygen 1s absorbed by different organs in different
animals. All these organs have a structure that increases the surface
area which is in contact with the oxygerni-rich atmosphere. Since the
exchange of oxyvgen and carbon dioxide has to take place across this
surface, this surface is very tine and delicate. Tn order to protect this
surface, it is usually placed within the body, so there have to be passages
thiat will take air to this area. In addition, there is a mechardsm for moving
the air in and out of this area where the oxygen 1s absorbed.

In human bheings (Fig. 6.9), air is taken into the hody through the
nostrils. The air passing through the nostrils is filtered by fine hairs that
line the passage. The passage is also lined with tmicus which helps in
this pracess. From here, the air passes through the throat and inta the
lungs. Rings of cartilage are present in the throat. These ensure that the
aiT-passage does not collapse.
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Masal passage

Mnth cavity Trachea

Hings of cartiiage

Tumg

Figure 6.9 ITuman respiratory system

Within the lungs, the passage divides into smaller and smaller tubes
which finally terminate in bhalloon-like structures which are called
alveoli. The alvecli provide a surface where the exchange of gases can
take place. The walls of the alveoli comtain an extensive network of
bloocd-vessels. As we have seen in earlier years, when we breathe in, we
lift cur ribs and flatten our diaphragm, and the chest cavity becomes
larger as a result. Because of this, air 13 sucked into the lJungs and fills
the expanded alveoli. The bload brings carbon diaxide from the rest of
the body for release Inte the alveoll, and the axygen in the alvealar air
is takken up by blocd in the alveolar blood vessels to he transported to
all the cells in the body. During the breathing cycle, when adr is taken
in and let out, the lungs always contain a residual volume of air so
that there is sufficiert time for oxygen to be abscrbed and for the catbon
dioxide to be released.

When the body size of animals is Iarge, the diffusion pressure alone
cannat take care of oxygen delivery to all parts of the body. Instead,
respiratory pigments take up oxygen from the air in the hings and cany
it to tissues which are deficient in oxygen before releasing it. In huiman
beings, the respiratory pigment is haemoglobin which has a very high
affinity for cxyger.. This pigment is present in the red blood corpuscles.
Carbon dioxide is more soluble in water than oxygen is and hence is
mostly transported in the dissolved form in cur blood.
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If the alveolar surface were spread out, it would cover about 80 mé. How much
do you think the surface area of your body is? Consider how efficient exchange
of gases becomes because of the large sunface available for the exchange to take
place.

If diffiusion were to move oxygen in our body, it is estimated that it would take 3
years for a molecule of oxygen to get to our toes from our lungs. Aren't you glad
that we have haemoglohin®

Q U E S TT1T O N S

1. What advantage over an agquatlc organism does & terrestrial organism
have with regard to obtaining oxygen for respiration?

2. What are the different ways in which glucose is oxidised to provide
eneTgy in varigus organisms?
3. How is oxygen and carbhon dioxide transported in human beings?

4, How are the lungs designed in human beings to maximize the area for
exchange of gases?

6.4 TRANSPORTATION
6.4.1 Transportation in Human Beings

Activity 6.7

¥isit a health centre in your locallty and find out what s the
normal range of haemoglobin content in human beings.

Is it the same for children and adults?

Is there any difference in the haemoglobin levels tor men and
women?

Vislt a veterinary clindc in your locality. Find out what is the normal
range of haemoglobin content in an animal like the buffala
O COW.

Is this content different in calres, male and female anlmals?
Compare the difference seen in male and female human beings
and animals.

How would the difference, if any, be explained?

We have seen in previous sections that blood transperts food, axygen
and waste materials in our bodies. In Class IX, we learnt about blood
being a fluid connective tissue. Blood consists of a fluid medium called
plasma in which the cells are suspended. Plasia transports food, carbon
diordde and nitregencus wastes in dissolved form. Oxygen is carried by
the red Mood cells. Many other substances like salts, are also transported
by the blaed. We thus need a pumping organ to push blood around the
hody, a network of tubes to reach all the tissues and a system in place to
ensure that this network can be repaired if damaged.
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Our pump — the heart

Aita The heatt is a muscular organ which is

as big as our fist (Fig. 6.10). Because
both oxygen and carbon dioxide have to
be transported by the blood, the heart
Putmomaryveins  has different chambers to prevent the
oxygen-tich blood from mixing with the
Left atrium blood containing carbon dloxide. The
carbon dicxide-rich bigod has to reach
the lungs for the carbon dicxide to be
removed, and the oxygenated bleed from
the hings has to be hrought back to the
heart. This oxygen-rich blood is then
pumped to the rest of the body.

We can follow this process step by
step (Fig. 6.11). Oxygen-rich blood from
the himgs comes to the thin-walled upper
chamber of the heart on the left, the left atrium. The left atrinm relaxes
when it is collecting this blood. It then contracts, while the next chamber,
the left ventiricle, expands, so that the blood is transferred to it. When the
muscular left ventricle contracts in 1is turmn, the blood 13 pumped out to
the body. De-axygenated bioed comes from the body to the upper
chamber on the right, the right atrium, as it expands. As the right atrium
contracts, the corresponding lower chamber, the right ventricle, dilates.
This transfers blood to the right ventricle, which in turn pumps it to the
himgs for oxygenation. Since ventricles have to pump blocd into various
organs, they have thicker muscular walls than the atria do. Valves ensure
that blood does not flow backwards when the atria or ventricles contract.

Left venitricie

Oxygen enters the blood in the lungs
The separation of the right side and the left side of
Piliniatiey vt the heart is useful to keep oxygenated and de-
from hings oxygenated blood from mixing. Such separation
allows a highly efficient supply of oxygen to the
body. This is useful in animals that have high
eriergy needs, such as birds and mammals, which
constantly use energy to maintain their body
Aoria Lo temperature. Tn animals that do not use energy
body for this purpose, the body temperature depends
onl the temperature in the envirenment. Such
animals, like amphibans or many reptiles have
three<hambered hearts, and tolerate some mixing
of the oxygenated and de-oxygenated blood
streains. Fishes, on the other hand, have only two
chambers to their hearts, and the blood is pumped
to the gills, is oxygenated there, and passes directly

Schemetic representufion of transpart arvd exchonge  to the rest of the body. Thus, blood goes only once
of axygen and carban dicxdde through the heart in the fish during one cycle of

106

passage through the body. On the other hand, it goes through the heart
twice during each cycle in other vertebrates. This is known as double
circulation,
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The force that blood exerts against the wall of a vessel is called blood pressure. This
presaure is much greater n arterles than in veins. The pressure of blood inside the
artery during ventricular systole (contraction) is called systolic pressure and pressure
I artery during ventricular diastole (relaxation) is called diastolic pressure. The normal
gystolic pressure is about 120 min of HE and diastolic pressure is 80 mm of Hg.

Blood
pressure L2080
[E20 svsiolic,

B0 dinstalic} — ] Pressure Preasiire ' — Pressure
(o bt measEned) in cuff i euff in euff
shove 120 helow 120 M A helow BO
Rubber cuff -120 -120 ' J_
Inftated Y
_ - B0

with alr

Artecy

Blood pressure i3 measured with an instrument called sphygmomanometer. High
blood pressure is also called hypertension and is caused by the constriction of
arterioles, which results in increased resistance to blood flow. It can lead to the rupture

of an artery and internal bleeding.

The tubes - bload vessels

Arteries are the vessels which carry blood away from the heart to various
organs of the body. Since the blocd emerges from the heart under high
pressure, the arteries have thick, elastic walls. Veins collect the blood
from different organs and bring it back to the heart. They do not need
thick walls becanse the blood is no longer under pressure, instead they
have valves that ensure that the Mood flows only in one direction.

Om reaching an organ or tissue, the artery divides into smaller and
smaller vessels to bring the blood in contact with all the individual cells.
The smallest vessels have walls which are cne-cell thick and are called
capillaries. Exchange of material between the Bood and surrcunding
cells talies place across this thin wall. The capillaries then join together
to form veins that convey the Blocd away from the organ or tissue.

Maintenance by platelets

What happens if this system of tubes develops a leak? Think abeut
situations when we are infured and start bleeding. Naturally the loss of
blood trom the system has to be minimised. In addition, leakage would
lead to a loss of pressure which would reduce the efficiency of the
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pumping =yvstem. To avoid thiz, the blood has platelet cells which circulate
around the body and plug these leaks by helping to clot the blood at
these points of injury.

Lymph

There 13 another type of fluid also involved in transportation. This is
called Iymph or tissue fluid. Through the pores present in the walls of
capillaries some amcunt of plasma, prateins and biced cells escape inte
intercellular spaces in the tissues to form the tissue fluid or Iymph. 1L is
similar to the plasma of blood but colouriess and contains less protein,
Lymph drains into Ivinphatic capillaries from the intercellular spaces,
which join to form large lymph vessels that tinally open into larger veins,
Lyimph carties digested and absorbed fat from intestine and drains excess
fluid from extra cellular space back into the blood.

6.4.2 Transportation in Plants

We have discussed earlier how plants take in simple compounds such
as CO, and photosynthesise energy stored in their chlorophyll-containing
organs, namely leaves. The other kinds of raw materials needed for
building plant bodies will also have to be talen up separately. For plants,
the soil is the nearest and richest source of raw materials like nitrogen,
phosphorus and other minerals. The absorption of these substances
therefore occurs through the part in contact with the soil, namely roots.
If the distances between soil-contacting organs and chlorophyll-
containing organs are small, energy and raw materials can easily diffuse
1o all parts of the plant body. But if these distances become large because
of changes in plant body design, diffusion processes will not be sufficient
to provide raw material in leaves and energy in rocts. A proper system of
transportation is therefore essential in such situations.

Energy teeds differ between different body designs. Plants do not
move, and plant bodies have a large proportion of dead cells in many
tissues. As a result, plants have low energy needs, and can use relatively
slow transport systems. The distances over which transport systems
have to operate, however, can be very large in plants such as very tall
trees.

Flant transport systems will move energy stores from leaves and raw
materials from roots. These two pathways are constructed as
independently organised conducting tubes. One, the xylem moves water
and minerals obtained from the socil. The other, phloem transports
products of photosynthesis from the leaves where they are synthesised
to other parts of the plant. We have studied the structure of these tissues
in detail in Clas=s X,

Transpoxt of water

In xylem tissue, vessels and tracheids of the roots, stems and leaves are
interconnected to form a continuous system of water -conducting
channels reaching all parts of the plant. At the roots, cells in contact
with the soil actively take up ions. This creates a difference in the
concerntration of these ions between the roat and the soll. Water, therefore,
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moves into the root from the scil to elitninate this difference. This means
that there is steady movement of water into root xylem, creating a column
of water that is steadily pushed upwards.

However, this pressure by itself is unlikely to be encugh to move
water over the heights that we comimonly see in plarits. Plants use another
strategy to move water in the xylem upwards to the highest points of the
plant hody.

Activity 6.8

Take two small pots of approximately the same slze and having
the same amount of soll. Ome should have a plant in . Flace a
stick of the same height as the plant in the other pot.

Cover the =s0i] in hoth pots with a plastic sheet 30 that moisture
canngt escape by evaparation.

Cowver both sets, one with the plant and the giher with the stick,
with plaste sheets and place in bright sunlight for half an hour.
Do vou abserve any difference in the two cases?

Irovided that the plant has an adequate
supply of water, the water which is lost through the
stomata is replaced by water from the xylemn vessels
in the leaf. In fact, evaporation of water molecules from
the cells of a leaf creates a suction which pulls water
from the xylem cells of roots. The loss of water in the
form of vapour from the aerial parts of the plant is
known as transpiration.

Thus, transpiration helps in the absorption and
upward movemnent of water and minerals dissolved
in it from roots to the leaves. It also helps in
temperature regulation. The effect of root pressure in
transport of water is more important at night. During
the day when the stomata are oper, the transpiration
pull hecomes the major driving force in the movement mgyre 8,12
of water in the xylem. Movement of twuter during transplration in « tree

Transport of food and other substances
So far we have discussed the transport of water and minerals in plaits.
Now let us consider how the products of metabalic processes, particulariy
photosynthesis, are moved from leaves, where they are formed, 1o other
parts of the plarnt. This transport of scluble products aof photosynthesis
is called translocation and it occurs in the part of the vascular tissue
known as phloem. Besides the products of photosynthesis, the phloem
transports aminoe acids and other substances. These substances are
especially delivered to the storage organs of roots, frults and seeds and
to growing organs. The translocation of food and other substances takes
place in the sleve tubes with the help of adjacent companion cells both
in upward and downward directions.

Unlike transport in xylem which can be largely explained by simple
physical forces, the translocation m phloem is achieved by utilising
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energy. Material like sucrose is transferred into phloem tissue using
energy tram ATP. This increases the csmotic pressure of the tissue
causing water to move into it. This pressare moves the material in the
phloem o tlssues which have less pressure. This allows the phloem o
move material according to the plant’s needs. For example, in the spring,
sugar stored in oot or stem tissue would be transported to the buds
which need energy to grow.

Q U E S TTI O N S

1. What are the components of the transport syatem in human beinga?
What are the functions of these componenta?

2.  Why is It necessary to separate gxygdenated and deoxygenated blood in
mammals and birds?

3. What are the commponents of the transport system In highly organised
plants?

4. Howr are water and minerals transported in plants?
5. Howr 15 food transported in plants?

6.5 EXCRETION

We have already discussed how organisms get rid of gaseous wastes
generated during photosynthesis or respiration. Other metabolic activities
generate nitrogencous materials which need to be removed. The biological
process involved in the removal of these harmful metaholic wastes fromn
the hody is called excretion. Different organisms use varied strategies to
do this. Many unicellular organisms remove these wastes by simple

diffusion from the body surface into the surrounding
oft teainl water. As we have seen in other processes, complex
artery multi-cellular crganisms use specialised organs to
perform the same function.

witkdoy 6,5,1 Excretion In Human Beings

B S excretory system of human beings (Fig. 6.13)
Airin includes a pair of kidneys, a pair of ureters, a urinary
Lot wreter bladder and a urethra. Kidneys are located in the
Veian, v abdomen, ane on either side of the backbone, Urine

produced in the kidneys passes through the ureters
Pty Blaskler ynta the urinary bladder where it 13 stored until it is
released through the urethra.

How is urine produced? The purpose of making
urine is to filter out waste products from the blood.
Just as CO_ is remaved from the blood in the hings,
nitrogenous waste such as urea or uric acid are
Figore 6.13 removed from blood in the kidneys. 1t is then no
Boeli C il Dol e surprise that the basic filtration unit in the kidneys,

Liretias
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like in the lungs, is a cluster of very thin-walled blocd
capillaries. Each capillary cluster in the kidney is
associated with the cup-shaped end of a tube that
collects the filiered urine (Fig. 6.14). Each kidney has
large numbers of these filiration units called nephrons
packed close together. Some substances in the inttial
filtrate, such as glucose, amino acids, salts and a major
amcount of water, are selectively re-absorbed as the
uring flows glong the tube. The amount of water re-
ahsorbed depends on how much excess water there is
in the body, and on how much of dissobred waste there
is to be excreted. The wrine forming in each kidney
eventually enters a long tube, the ureter, which
connects the Kidneys with the urinary bladder, Urine
is stored in the urinary bladder until the pressure of
the expanded bladder leads to the urge to pass it out
through the urethra. The bladder is muscular, so it is
under nervous cortrol, as we have discussed elsewhere.
As a result, we can usually control the urge to urinate.
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Kidneys are vital crgans for survival. Several factors like infections, injury or restricted
blood flow to Kidneys reduce the activity of Kidneys. This leads to accumulation of
poiscnous wastes in the body, which can even lead to death. In case of kidney
faihure, an artificial kidney can be used. An artificial kidney is a device to remove
nitrogenous waste products from the blood through dinlysis.

Artificial E¥dneys contain a muonber of tubes with a semi-permeahble lining, suspended
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in a tank filled with dialysing fluid.
This fluid has the same osmotic
pressure as blood, except that it is
devoid of nitrogencus wastes. The
patient’s blood is passed through
these tubes. Diring? this passage,
the waste products from the blood
pass into diabysiog flaid by diffusdor.
The purified blood is pumped back
into the patient. This is similar to the
functionn of the kidney, but it is
different since there is no re-
abscrption involved. Normally, ina
healtty adult, the initial filtrate in the
kidneys is about 180 L daily.
However, the volume actually
excreted is only a litre or two a day,
because the remaining filtrate is re-
abscrbed in the kidney tubules.

-
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6.5.2 Excretion in Plants

Flants use completely ditferent strategies for excretion than those of
animals. Oxygen itself can be thought of as a waste product generated
during photosynihesis! We have discussed earlier how plants deal with
oxygen as wellas CO,. They can get rid of excess water by transpiraticn.
For ather wastes, plants use the fact that many of their tissues consist of
dead cells, and that they can even lose some parts such as leaves. Many
plant waste products are stored in cellular vacucles, Waste products
may be stored in leaves that fall off. Other waste products are stored as
Tesing and gums, especially in old xylem, Plants also excrete some waste
substances into the seil arcund them.

Q U E S TTI O N S

]

Describe the structure and functioning of nephrons,
What are the methods used by plants to get rid of excretory products?
How 1s the amount of urine produced regulated?

12

Movement of various types can be taken as an indication of life.

The maintenance of life requires processes like nutrition, respiration, transport of
materials within the body and excretion of waste products.

Autotrophic nutrition involves the intake of simple incrganic materials from the
environment and using an extermal energy source like the Sun to synthesise complex
high-energy organic material.

Heterotrophic nutrition involves the intake of complex material prepared by other
Organisms.

In human beings, the food eaten iz broken down by various steps along the
alimentary canal and the digested food is absorbed in the small intestine to be sent
to all cells in the body.

During the process of respiration, complex organic compounds such as ghacose
are broken down to provide energy in the form of ATP. ATP is used to provide
energy tor other reactions in the cell.

LRespiration may be aerobic or anaerobic. Aerobic respiration makes more energy
available to the organisim.

In human beings, the transport of materials such as oxygen, carbon diexide, food
and excretory products is a function of the circulatory system. The circulatory
system consists of the heart, blood and blood vessels,

In highly differentiated plants, transport of water, minerals, food and other materials
13 a function of the vascular tiasue which eonsists of xylem and phloem.

/
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In human beings, excretory products in the form of soluble nitrogen compounds
are removed by the nephrons in the kidneys.

Plants use a variety of technigues to get rid of waste material. For example, waste
material may be stored in the cell-vacucles or as gum and resin, remeved in the
falling leaves, or excreted into the surrounding soil.

. v
= h
1. The kidneys in human heings are a part of the system for
[al matrition.
[b) respiration.
[} excretion.
(d} transportation,
2, ‘The xylem in planis are responsible for
(@) transport of water.
bl transport of food.
) transport of aminoe acids.
(d) transport of oxygen.
3. The autotrophic made of nutrition requires
[al ecarbon dioxide and water.
b} chlorophyll.
[l  sunlight,
[d} allof the above,
4, The breakdown of pyruvate to give carhon dioxide, water and energy takes place in
@)  cytoplasm.
b mitochondria.
[c) chloroplast.
[d] 1mcleus.
5. How are fats digested in our bodies? Where does this process tale place?
6. What is the role of saliva in the digestion of toad?
7. What are the necessary eenditions for autotrophic nutrition and what are its by-
products?
8. What are the differences between aerobic and anaerabie respiration? Name some
organisms that use the anaerobic mode of respiration,
. Tlow are the alveol designed to maximise the exchange of gases?
10. What would be the conseguences of a deficiency of haemoglobin in our bodies?
11. Deseribe double eirculation in human beings. Why is it necessary?
12. What are the differenices hetween the transport of materials in xylem and phloem?
13. Compare the functioning of alveoli in the lungs and nephrons in the kidneys with
" respect to their structure and functiconing. )
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CHAFPTER 7
Control and
Coordination

L

=

i the previcus chapler, we looked dab lfe provesses nvolved in the

metinfendince funcitons tn Muing organdsms. There, we hed stoarted with
f nofion we all have, that if we see something moving, it is alive. Scme of
these movements are In fact the resull of growih, as In planis. A seed
germinates and grows, and we can see that the seedling moves over the
course of o fein days, it pushes soll aside dnd comes out. Biit ifits growth
were to be stopped, these movements would nof happen. Some
mouemernts, s in moany animals and some plants, are not connected
with growth, A cat running, children playing on swings, buffaloes
chewwing cud — these dre not movements caused by growth.

Whiy do we dssociate such visible movemenis with life? A possible
ansiwer is that we think of movement as a response to a change in the
environment of the organism, The cal may be running because i hos
seen o mouse. Nofonly that, we also think of movement as an afermpt
by living organisms to wse changes i thelr environment to thetr
advantage. Plants grow out into the sunshine. Children fry fo get pleasure
mnd fun ouf of suinging. Buffnloes chew cud fo help break up tough
Jood s0 as to be able to digest it better. When bright light is_focussed on
our etjes or when we toich o bt object, we detect the charige and respond
to it with movement in order to protect ourselves.

If we think a bif more about this, it becomes apparent that aff this
mavement, in response fo the environment, is carefully controlled. Eqch
kind of a change in the environment evoles an appropriate movement
in response. When we wani fo talk to our fHends in class, we whisper;
rather thon shouting toudly. Clearly, the movement to be mrarde depends
on the event that is friggering it. Therefore, such confrolled movemnent
must be connected to the recognition of various evenis in fhe
enmnrorument,_followed by only the corvect movemnent in response. In ofther
trords, [ing organisms must use sysfems providing contrel and
coordination. In keeping with the general principles of body organisation
in mulfcellilar organisms, specialised tissues are used to provide these
control and coordination activities.

7.1 ANIMALS — NERVOUS SYSTEM

In ariimals, such control dnd coordination are provided by nervous and
muscular tissues, which we hove studied in Class IX, Touching a hot



object 15 an urgeni and dangerous Nuclcus
stiuafion for us. We need to detect i,
and respond fo it. How do we detect that
e are touching d het object? All
tiformation from our environment is
detected by the specialised tips of some
nerve cells. These receptors ore usually
located tn our serise organs, such as the

inner ear. the nose, the fongue, and so Cell hody
on. So gustatory receptors will detect taste a
while olfactory receptars will detect smeil.

This fnformaiion, dequired af the Newromuscular

end of the dendritic tip of a nerve cell
[Fig. 7.1 {a)]. sets off a chemical reaction
that creates an electrical impuise. This
impiidse travels from the dendrite to the
cell body, dnd then dlong the axon to its
end. At fhe end of the axon, the electrical
tmpulse sets off the release of some
chemicdls. These chemicals cross the
gap. or synapse, and start o simdlar
elactrical impulse in a dendrife of the nexd
neuror. This is a general scheme gf how
nervols impulses travel in the body. A
stmilar synapse finally allows dellvery of such impulses from neurons fo
cther cells, such as muscles cells orgland [Fig. 7.1 ()]

It is thus no surprise that nervous fissue s made up of an organised
nefiork of nerve cells or neurons, dnd s spectalised for conducting
information via electrical impulses from one part of the body to another,

Look af Fig. 7.1 [a] and identlfy the paris of a neuron {i} where
information is acquired, (ff] through which information fovels as an
elecfrical impulse, and (iil) where this impulse must be converted nto a
chemical signal for oruvard fransmission,

Figure 7.1 ol Sirtetioe of revson, (b Nevoomipsodar frowetion

Activity 7.1

Put some sugar in your mouth. How does it taste?

Block your nose by pressing it betireen your thumb and index
Jinger, Nowp eal sugar again. s there gny difference in ils laste?
While ealing lunch, block pour nose in the same way and nolice i
powe e fully appreciate the toste gf the fbod you are eoting.

Is there d differenice i how sugar dnd food taste If your nose {s
blocked? If so, why might this be happening? Read and talic about
possible explancations_for these kinds of differences. Do you come across
a simnilar situationn uwhen you have a cold?
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7.1.1 What happens in Reflex Actions?

‘Heflex' is a word we use very commonly when we fallc aboud some sudden
action in response o something in the environment. We say T jumped
out of the way of the bus reflexy’, or T pulled my hand back from the
[flare reflexdyy”, or ‘I tds so hungry my malth sfarted watertng reflexly’.
Wit excctly do we mean? A common fdea in all such examples is thai
we do something without fhuniting about i, or without feeling in condrol
of our reactions. Yef these are situntions where we are responding with
some action to changes in our environment. How is confrol and
coordindtion achieved in such situctions?

Let us consider this furfher. Take one of our examples. Touching a
Jlame (5 an urgent and dangerous sttuation for us, or in fact, for any
animall How wrould we respond fo this? One seemingfy simple way is to
think consclously about the pain dnd the possibility of getiing burnt,
aiied therefore move ouwr hand, An importont guestion then (s, how long
will it take us fo think all this? The answer depends on how we think. If
nerve impulses are sent arcund the way we have tathed about earlier,
then thinking is also likely to inuclve the crenfion of such impuises.
Thinking s a complex actiiity, so ¥ i3 bound fo inolve a complicated
interactlon of many nerve Impulses from many Neurons,

IT this 1s the case, i (s no swrprise that the thinfdng tssue in our
body consists of dense nefworks of infricately amanged neurons. It sits
in the forbdard end of the skull, and recelives signals from all over the
bodiy which I thinds abouf before responding to them. Obutously, n
ardear to recelve these signals, this thinking part of the brain in the skl
must be connected to nerves coming from various parts gf the body.
Sirmilarly, if this part of the brain is to instruct muscles to move, nerves
must carry this signdal beock to different parts of the body. If all of this s
ta be done when we fouch o hot object, it may take enough time for us to
get bumnt!

Houwr does the design of the body solue this problem? Rather than
heiving fo think aboiit the sensation af heat, if the nerves that detect hieat
trere to be conmecied fo the nerves that move muiscles in d simpler way,
the process of detecting the signal or the iInput and responding to it by
e output action might be completed quickly. Such a connection is
commonly called a reflex arc (Fig. 7.2}, Where should such reflex arc
connectlons be mude between the nput nerve dnd fhe output nerve?
The best place, of course, would be at the point where they first meet
edach other, Nerves _from all over the bodyy meet in o bundie (i the spinal
cord on their way to the brain. Reflex arcs are formed in this spinal cord
itself, although the formeation input dlso goes on to reach the bradn.

Of cotirse, reflex arcs have evolved in antmels because the thinking
process of the brain 1s not_fast enough,. 'n fact many animals have very
liftl= or none of the complex neuron network needed for thinking. So it is
quite likely that reflex arcs have evofved as efficient ways of functioning
in the absence of frue thought processes. However, even dfter complex
neuron nefwarks have come into existence, reflex arcs continue o be
mare efficient for quick responses.
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Figure 7.2 Reflev are

Can you now trace fhe sequence of events which acour when a bright
light is focussed on your eyes?

7.1.2 Human Brain

s reflex action the only funcion of the spindl cord? Obuiowusiy not, since
we know that we are thinking beings. Spinal cord is made up of nerves
which supply information fo think about. Thinking nvolves more
complex mechanisms and nsural connections. These are concernfrted
in the brain, which is the main coordinating centre of the body. The
brain and spinal cord constifute the certral nervous system. They recefve
information from all parts of the body and integrate it.

We also think about our actions. Writing, talling, moving a chair
clapping it the end of a programme are examples of voluntany acHons
which are based on dectding what to do next. So, the brain alsc has fo
send messoges to muscles. This is fhe second way in which the nervous
system communicates with the muscles. The communication behween
the ceniral nervous systemn and the other parts of the body is facilitrted
biy the peripherdl nervous system consisting of crantal nerves arising
from the brain and spinal nerves drlsing from the spindal cord. The brain
thus allows us fo think and take actions based on that thinking. As you
will expect, this is nccomplished through a complex design, with different
prrts of the brain responsibie for integrating different inputs and outputs.
The brain hids three such mafor parts or reglons, noamely the fore-brain,
mid-hrain and hind-brain.

The fore-brain is the main thinking part of the brain, It has reglons
which receive sersory impulses from various recepfors. Seprarate areas
of the fore-brain are specialised for hedring, smell, sight cnd so on. There
are separafe areas of association where this sensory information is
inferpreted by puffing i together with informafion_from other receptors
as well as uwith informeation thrit is alrendiy stored inthe brain. Brased on
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Frre-Brait

mll this, a decision is made about howo fo respond and the informetfion is
passed on to the motor areds which control the movement of volurntary
muscles, for example, our leg musales. However, certain sensations are
distinct from seeing or hearing, for example, how do we know that we
hrive ernten enough? The sensafion of feeling full is because of a cenire
associated with hunger, wihich 1s in d separate part gf the fore-bren.

Figure 7.8 Himnan Brogn

Sturdy the labelled diagram of the human brain. We Rove seen that
the different parts have specific funcHons, Can we find aut the funcifon
af edch part?

Let us look ai the other use of the word ‘reflex’ that we have talfced
chout in the introduction. Our mouth waters when we see food we like
without our meaning to. Our hearts beat without our thinking about 7.
In fact, we cannot cortdfrol these actions easily vy thinking about them
even if we wanted to. Do we have to think about or remember fo breathe
or digest food? So, in betireen the simple reflex detions like change in
the size of the pupll, and the thought out actions such as moving o
cheir, there s another set of muscle movemenis cver which we do not
have any thinking condrol. Many of these involunfary actions are
comirolled by the mid-bratn and hind-brain. All these tnvoluntory detlons
including bload pressure, salivafion and vemiting are controlled by the
medulla in the hind-brain.

Think about activities ke walking in g siraight line, riding a Blioycle,
picking up a pencil. These are possible due fo d part of the hind-brain
called the cerebeiium, I iz responsible for precizion of voluntary actions
ciied mdntaintg the posture and balance of the body. Imdgine what
would happen if each of these evenis falled fo take place (f we were not
thinking about it.

Selence



7.1.3 How are these Tissues protected?

A delicate organ like the brain, which is so important for a variety of
activifies, needs to be carefully protected. For this, the body is designed
so that the brain sifs inside a bony box, Inside the bax, the brain is
contained in a fluid-filled balloon which provides further shock
absaorpton. If you run your hand dowwn the middle of your back, you
will fesl @ hard, bumpy structure. This is the verfebral column or
backbone which profects the spinal cord,

7.1.4 How does the Nervous Tissue cause Action?

So far, we have been talking about nervous tissue, and how 1t collects
nformetion, sends it around the body, processes hiformation, makes
decisions based on informafon, and conpeys decisions to muscles for
action. Iin other words, when the action or movement s to be performerd,
muscle tissue will do the final job, How do animaol muscles move? When
a ferte impulse redchies the mitsele, the muscle fibre must move, Howw
does a muscle cell move? The simplest noflon of movement af e cellular
level is that mutscle cells will move by changtng thelr shape so that they
shorten. So the next question 1s, how do muscle cells change thetr shape?
The answer must He in the chemistry of cellilor compoments. Muscle
cells have special proteins that change both their shape and fheir
arrangement in the cell in response to nervous electricdl mpulses. When
this happens, new arrangements of hese proteins give the muscle cells
a shorter form. Remember when we talked about miscle tissue in
Class IX, there were different kinds of muscles, such s volunfring muscles
arndd involuniary muscles. Based on what we have discussed so for, what
do you think the differences befween these would be?

Q U E S TT1T O N S

i What is the difference beluwen a reflex aclion and walldng?

Whar happens of the synapse betiteen b Aeurons?

Which part of the brain malntains posture and equilibrium of the body?
Howr do uwe delee! the smell of an agarbatil [incense stck)?

What is the role gf the brain in reflex aetion?

ok LN

7.2 COORDINATION IN PLANTS

Animals have o nervous system for confrolling and coordinafing the
activifies of the body. Buf plants have neither a nervous sysftem nor
musales. So, haw do thay respond i sfmuli? When we touch the leques
aof a cfthui-mui fthe 'senstfive’ or ‘touch-me-not’ plant of the Mimosa
farmily), they begin fo foid up and droop. When a seed germinafes, the
root goes dowrn, the sfem comes up into the ain What happens? Firstly,
the leaues of the senstfive plant move very quickly in response o touch,

Ceritrod and Coordinahion
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There 15 no growth velved in fhis movement. On the other hand, the
directional mavernent of a seedling is caused by growdfs If it is preventad
from growing, f will not sholr aiy movement. So planis shaw b different
tupes of movement — one dependent on growth and the other independent
af groiith.

7.2.1 Imnmediate Response to Stimulus

Let tis think about the first kind of movement, such as that of the sensitive
plant. Since no growth is involved, the plant must actualiy move its lzaves
in respomse fo touch. But there 5 no nervcus fssue, nor dmy muscle
tissue. Houwr does the plant defect the fouch, and how do the leaves move
in response?

Figure 7.4 The sensifipe plart

IT we think about where exactly the plant is touched, and what part
of the plant acfunlly moves, it is apparent that movement happens at a
point different from the point of touch, So, informafion that a fouch hos
occurred must be communicated. The plants also use electrical-chemical
means fo convey this information from cell to cell, buf untitke in animals,
there is no specialised fissus in plants for the conduction of ingformation.
Finally, again as it animals, some cells must change shape in order for
movement to happen. Instead of the speciafised proteins found in animal
muscle cells, plant cells change shape by changing the amount of water
in. them, resulfing in swelling or shrinking, and therefore in changing
shapes.

7.2.2 Movement Due to Growth

Some plants like the pea plant climb up other planis or fences by means
aof tendrils. These fendrils are sensitive fo fouch. When they come in
contact with any support, the part of the tendril in confact with the ohject
does not grow as raptdly as the part of e fendrll debay from the obfect.
This causes the tendril o circle around the aobfect and thus cling o i
More cominonly, plants respond to stimull slowiy By growing n a
particulor direciion. Because this growih is directional, i appears as (F
the plant is moving. Let us understand this fype of movement with the
help of an example,
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Actlivity 7.2

Fill a conteal flask wdth water:

Cover the neck of the flusk with o wdre mesh,

Keep tiveo or three freshly germinated bean
seeds on the wire mesfL

Take o cardbogrd box which {5 open from one
side,

Keep the flask in the box in such o menner
thet the open stde of the box fuces Hghi oomirtg

from a window [fig. 7.51

After o or three days, you il noilee that

the shoots bend louards lighl ond rools aiumay

Jfrom Hghd.

Nowyr turn the flask so Hued the shoots are ditay Figure 7.5

from lgit and the roots towrards Tighi. Ledve i Resperse of tfu plant to (e direction of light

undishirbed in this condition for a _few doys.
Have the old parts af the shoot and root
changed direclion?

Are there differences in the direclion of Lhe neur
groiwth?

What can we conclude from s actfodty?

Environmental triggers such as lght, or grovity
will change the directions thot plant parts grow n. _
These direcHonrd, or tropic, movements can be either gl
towards the sfrmdus, or gy from it So, in two 55
different kinds of phototropic movement, shoots
respond by bending towards lghi while roois

1 Posl{ively
A i feoiropie

respond by Gending away from it. Hour does this help Figure 7.6 Plan! shonuring geotropism

the plant?

Plants show tropism in response to other sfimuli as well. The roots
of a piont alivays grow downwaords while the shoofs usually grow
upLrards and away from the earth. This uptoard and doumuard growith
of shoots and reais, respectively, inresponse to the pull of earth or gravity
is, ohviously, gectropism (Fig. 7.6). If fydro” menns wpater and ‘chemo’
refers to chemicals, what would hydrotrepism” and chemotroplsm’
mean? Can we think of exaimples of these kdnds of direcHonal growth
movements? One example of chemotropism is the growith of pollen tubes
fowrrds ovudes, abouf which we will learm more when we exronine the
reproductive processes of llvlng organisms,

Let us now once again think about howr informeation is communicrted
in the bodies of multicellular erganisms. The movement of the
sensitive plant in response to touch is very guicke. The movement of
sunflowers in response fo day or night, an the other hand, is quite slow:.
Growth-related movement of plants unll be even slower,

Even in animol bodies, there are carefully controlled directions fo
growth. Our arms and fingers grows in certain directions, not haphazardliy.
S0 confrolled movemenis can be elther slow or fast. If fast responses fo
stimuli are fo be maode, information fransfer must happen very quickiy.
For this, the medium of transmission must be able fo move rapidly.

Covitrgl and Coordinahion
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Electrical impulses dre an excellent means for this. But there are
imitafions o the use of electrical mpulses. Firsily, they will reach only
those cells that are connected by nervous tissue, not edach and everyy cell
in the animal body. Secondiy, once an electrical Impulse (s generated in
ot eell and transmitied, the cellwill take some time to reset its mechanisms
bafore it con generate and fransmit @ new impulse. In other words, cells
cannot corntfinuelly erecte and transmif elecfrical mpulses. it is thiis no
wonder that most multicellular organisms use another means of
cortnunication betipeen cells, namely, chemicdl eormmurideation.

I, instead of generating an electrical impulse, stimulafed cells release
a chemicdl compoind, this compound would diffuse all around the
criginal cell. If ofher cells around hove he means i detect this compound
wsing special molecules on thetr surfares, then they would be able fo
recognise informafion, and even transmit it. This will be slower, of course,
bt it can potentially redeh all cells of the bodyy, regardless of nervoiis
connections, and it can be done steadily and persistently. These
compounds, or hormones wsed by nmalficellular orgarndsms for control
and coordination show a great deal of diversifyy, as we would expect,
DHfferent plant hormomes help to coordinote growih, development and
responses o the environment. They are synthesised at places awaiy from
wwhere they aot and simply diffitse to the ared of action.

Let us take art example fhat we have worked with earlier fActivity 7.2,
When growing plarts defect lght, d hormone called diixin, synfthesised
af the shoot tip, helps the cells to grow longer, When Tight (s coming from
one side of the plant, auxin diffises towards the shedy stede of the shoot.
This concentrafion of auxin stimulates the cells fo grow longer on the
stdde of the shoot wwhich {5 awdy from Hght. Thus, the plant appears fo
bend towrrds tight.

Anather example of plant hormones are gibberellins which, fike
auxins, help in the growth of the stem. Cyfokinins promote cell division,
artd it 1s naiural then that they dre present in grecdter conceniration in
arens of ragpid cell division, such as in fruits end seerds. These are examples
of plant hormones that help in promoting groweihi., But plants also need
signals to stop growing. Abscisic acid is one examle of @ hormone which
inhibiis grotrth. Iis effects inclide wilting of leaves.

Q UESTTION S

Whal are plon! hormones?

Hon s the movemernt of leanes gf the sensitie plant different from the
movement Qf o shoot tmoords Tight?

Give on example of a plant hormone that promotes groumh.
Howo do guxins promude (he growdh of a lendrll around @ support?
Design on experiment to demonsinate hydrotropism
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7.3 HORMONES IN ANIMALS

Haouwr are such chemical, or harmonal, means of informafion fransmission
used in animals? What do some animaals, for instance sguirels,
experience when they are it o scary stfuation? Thelr bodles have o
prepare for etther fighting or running moay. Bofh are very complicated
acHuites that will use a great deal of energy in condrolled ways, Many
different tissue types uill be used and their activifies integrated together
in these actlons, However, the ivo alternate activifies, fighfing or running,
are also quite different! So here is a situation in which some common
preparations can be usefully made in the body. These preparations
should idenlly; meke it easier to do etther activity in the near future. How
would this be achieved?

If the body design in the squirrel relied only on efectrical impulses
via nerve cells, the range of Hssues instructed fo prepare for the coming
activify would be limited. On the other hand, if a chemical signal were fo
be sent as well, it would reach all cells of the bady and provide the wide-
ranging changes needed. This is done in many animals, including humean
beings, using o hormone called adrenaline that (s secrefed from the
adrenal glansds. Look af Fig. 7.7 to locafe these glands.

Adrenaline 15 secreted direciiy into the blood and carried to different
parts of the body. The farget organs or the specific tissuss on which it
acts tnriude the heart. As o resull, the heart beafs fosfer, resulfing in
supply of more oxygen to cur muscles. The blood to the digestive sysfem
and skin is reduced due to confracton of musales around small arteries
in these organs. This diverts the blood to our sheletal muscles. The
breathing rate also Increases because of the contractions of the
diaphragm and fhe rib muscles. All these responses together enabie the
arnimal body to be ready to deal with the sftualion. Such animal hormones
are part of the endocring system which constitutes a second wey of corttrol
and coordinagfon (i our Hody,

Activity 7.3

Lock at Fig. 7.7.

Identify the endocrine glands mendioned in the figune.

Some of (hese glands have been discussed in the exd, Consull
booles 1n the ltbrary and discuss with your teachers o find out
about the finctions gf other glands.

Remember that plants have hormones that conirol their directional
growth. What functions do animal hormones perform? On the face of it,
we cannct imagine their role in directional growth, We hauve never seen
an animal grouning more in one direction or the cther, depending on
light or grauifyf But if we think about it a B more, T will become evident
theit, even in animal bodies, growth happens in corefudly controlled places.
Flants will grow leques in many places on the plant bady, for example.
Butf e do nof grows fingers on our frices. The design of the body, is carefudiy
mainianed even during the growth of children,

Ceritrod and Coordinahion
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Figure 7.7 Endocrine glands in human beings {al mafe, {5 fermafe

Let us examineg some examples to understand how hormones healp
in coordinated growth. We have alf seen salf packets which say ‘todised
salt’ or ‘enriched with lodine’. Why is it importand_for us to have fodised
salt in our diet? Jodine is necessary for the thyroid gland to make
thyroxin hormmone, Thyroxin reguiotes carbohydrote, profein and fot
metabolism in the body so as to provide the best balance for growth.
fodine (s essentind for the synthesis of thyraxin, n case lodine is deficient
in our diet, there is a possibility that we might suffer from goifre. One of
the sympioms In this disease (s a swollen neck. Can you comvelate this
with the position of the thyroid gland in Fig. 7.77

Sometimes we come across people who are either very short [dwarfs!
or extremnely tall giants). Have you ever wondered how this happens?
Growth hormmone 1s one of the hormones secreted by the pltultary, As s
nnme indicates, grouth hormone reguiates growth and development of
the body. If there s a defictency of this rormone in childhood, it leads to
disarfism.

You must have noticed many dramatic changes in your appearance
as well as that of your friends s you approached 10-12 years of age.
These changes assoctated with puberfyy are because of the secretion of
testosterone in males and oesfrogen in femriles.

Do you know anyone in your family or friends who has been advised
by the doctor to take less sugar in their dief becnuse they are sujfering
Jrom diagbetes? As a treatment, they might be taking infections of insulin,
This is a hormone which is produced by the pancrens and helps in
regulating blood sugar levels. If it (s not secreted in proper amaunds, the
suger level in the blood rises caousing mony harmfid effects.
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If it is so imporfant that hormones should be secreted in precise
quaniifes, we need a maechanism through which this (s done. The iming
ariel cinourtt of hovmore released dre regulated by feedback mechariisms.
For example, If the sugar levels in blood rise, they are detected by the
cells of the pancreas which respond By productng more tnsuling As the
blood sugar level falls, insulin secretion is reduced.

Q UESTTION S

oW =

Howw does chemical coordination take place in animals?

Why iz the use of indised zall advisabla?

Hou does our body respond when adrendaline is secreterd inio the blood?
Why are some patlents of diabetes treated by giving infections of insulin?

. Control and coordinmtion mare the functions of the nervous system and hormones
in our bodies,

m  The responses of the nervous sysftem can be classified s reflex action, voluntary
action or voluntary detion.

B The nervous system uses elecirical impulses to transmif messages.

m  The nenrous systemn gets information from our sense organs and acts through our
muscles.

m  Chemical coordinafion is seen in both plants and animals.

m  Hormones produced in one part of dn orgadrilsm move o dnother part to achieve
the desired effect.

m A feedback mechanism regulates the detion of the hormones.

{a)
{b)
{c}

{al
{B)
{c)
{c}

EX ERC I S E S

1. Which of the following is o plant hormona?

Insuiin

Thyroxin
Qesirogen
{d} Cyfokinin.
2. The gap between o nettrons is ealled a
dendrite.

SYNAPSE.

CLROTL.

impilse.

Ceritred and Coordinahion
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3. The brain is responsible for
fa)  thinking.
fb} regulafing the heart beat.
{c]  balancing the body.
fdl  all of the above.

What (s the funchion of receptors in our bady? Think of stiuafions where receptors
dlo niot wark progerly. Whnt problems are lile=ly fo arise?

D the shrictiure of d neuron and explain its_function.

How does phototropism occur in plants?

Which signirls will get disrupted in case of a spinal cord irguny?

Howw does chernical coordination occur in plants?

What (s the need for a system of conirol and coordinafion in an organisnt?
1. How are involuntary actons ond reflex actions different from each other?

11. Compare and conirast nervous and hormondl mechanisms for control and
coordinafion tn animals.

12. What s the difference betieen the manner in which movement takes place in a
sensitive plant and the movement in our legs?

ks
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| CHAPTER8
A How do Organisms
(‘;) Reproduce?

fore wre diseuss the mechanisms by which organisms reprodiice,

let us ask a more basic question — why do organisms reproduce?
After all, reproduction is not necessary fo maintan the life of e individuad
crganism, wiltke the essentlal [ife processes such as nufriflon,
respiration, or excretion. On the other hand, if an individual orgoanism is
going fo creafe more individuals, a lot of its energy unll be spent in the
process. So iy should an indivtdual organism Lbaste energiy ol d provess
i does not need to sfay alive? it would be nteresting fo discuss the
possikle ansiers in the classroom!

Whatever the ansier to this guestion, it s obvlous that we nofice
crganisms because they reproduce. If there were to be only one, non-
reproducing member of a parficular kind, i is doubtful thet e would
have naticed its existence. I is the large numbers of organisms belonging
fo a single species that bring them to our nofice. How do we know that
o different individual organisms belong to the same spectes? Usually,
we say this because they look stmilar to each other, Thus, reproducing
argarnisms create new individuals that lock very much tike themselues.

8.1 DO ORGANISMS CREATE EXACT COPIES OF
THEMSELVES?

Organisms leok similar beeause thelr body designs arve simtlar If bodiy
designs ane to be similar, the blueprints for these designs should be
strilar. Thiis, reprodicHon at s most basle level will neefve meaking
copies of the Blueprings of bady design. In Class IX, we leamt that the
chromosomes in the nucleus of a cell contain information for inherifance
of fedtures from parents fo next generation in the form of DNA (Deoxiyribo
Nuclelc Acid] molecules. The DNA in the cell nucleus is the information
source for maldng proteins. If the informafion is changed, different
proteins will be made. Different protetns will ecentually legd to alfered
body designs.

Therefore, a basie event In reproduction (s the creation af q DVA
copy. Cells use chemical reacHions fo build copies of their DNA. This
creates o coples f the DNA ina reproducing cell, and they will need fo
be separated from each other. However, kegping one copy of DNA in the
criginal cell and simply pushing the ather one ouf would nok waork,



because the copy pushed out would not have any organised celluiar
structire for maintaining lfe processes. Therefore, DNA copiing 1s
accompanied by the creation of an additional cellular apparaius, and
then the DNA coples separafe, edch wWith s own cellular apparaius.
Effectively, a cell divides to give rise to o cells,

These two cells are of course stmilay, buf are they likely to be
mbsolutely identical? The answer to this guestion will depend on how
accurately the copiing reactions nvolved oot No BHo-chemnioal redction
is absolutely relinble. Therefare, i is onily to be expected that the process
af copiing the DNA will have some variations each Hme. As a result, the
DNA copies generated will be similar, but may not be idenfical fo the
ariginal. Some of these variafions might be so drastic that the new VA
copy cannot work unth the celhilar apparatus it inherits. Such a newbom
cell will simply die. On the ofther hand, there could still he many ather
veriafions n the DNA copies that would nof lead fo such a drasfic
autcome, Thus, the surviving cells are similar to, buf subtly different
from each other, This inbuilt tendency _for variation during reproduction
iz the basis for evolution, as we will discuss in the next chapter,

8.1.1 The Importance of Variation

Popuilations of organisms fill well-defined plares, or niches, in the
ecosystern, using their ability to reproduce. The consistency of DNA
copying during reproduction (s imporfant for the maintenance of body
design features that allowr the organism to use that parficular niche.
Reproduction 1s therefore linked fo the stabilily of populations of speciles.

However, niches can change because of rensons beyond the contfrol
af the organisms. Temperahures on eqrih can go up or down, water levels
el veryy, or there could be mefeorite hits, to think of a_feuwr examples. If
a populafion of reproducing organisms were sulfed to o parficudar niche
arid if the niche were drastically altered, the population cotild be wiped
aut, However, if some variations were fo be present in o few individuals
in these populdations, there would be some chanee for them fo survive.
Thus, If there were a papulation of bacterla Hing In temperate waters,
ciied if the water femperaiure were to be tnereased by global warming,
most of these bracterin wrould die, but the feur variants resistant to heat
trotled surcive and grow furiher. Varlation is thus wsefil for the surcival
of species over time.

Q U E 8§ T 1 O N S

1.
2,

What 1s the importance of DNA copying in reproduction?

WhHy is variation beneficial to the species but not necessarily
Jor the tndividual?
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8.2 MODES OF REPRODUCTION USED BY SINGLE
ORGANISMS

Activity 8.1

Dissolie about 10 gm of sugar tn 100 mL of water.

Tadee 20 mL of this solution in a test tube and add a pinch of yeast
graniles o il

Pui a colton plug on (he month gf (ke lest nbe gnd keep il in a
v place.

After 1 or 2 hours, put e sinall drop of yeast culture from the test
tube on a slide and cover it with a coverslip.

Ohserve the slide under g microscope.

Activity 8.2

Wet a slice of bread, ond keep &t in a cool, molst ard darke place.
Ohserve the surface of the sflee with a magnifinng glass.
Herord your ohservations for a weel.

Comprre and contrast the ways in which yeast grows in the first
case, and how mould grows in the second.

Hrewing discussed the corfext in which reproductive processes work,
let us now examine how different organisms actually reproduce. The
modes by which various arganisms reproduce depend on the body
design of the orgranisms.

8.2.1 Fission

For unicellular organisms, cell division, or fission, leads to the creafion
of new individuals. Many different patterns of fission have been observed,
Meany bacteria and protezoa simply split info Avo egual halves during
cell division. In organisms such as Arweba, the splitting of the two cells
during division can take place in any plane.

Activity 8.3

Observe a permanent slide of = . .
Amoehbg under g microscope. J{;%:‘y-b
Similariy oheerue anaolier
permanent slide of Ameoebe
shotirg binary flssion.

Nowr, compare the observations of

bath the shides. Pigure B.1 Binary fission it Amosbed

However, some unicellular organisms show somewhat more
orgarnisation f their bodies, such as is seen in Leishimania (which cause
fala-azar), which have o whip-like siructure at one end of the cell. In
such organisms, binary fission occurs in a definife orientation in relation

How da Organtsms Reproduece?
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Figure 8.2
Mufiiple fssion In
Plsrditm
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to these structures. Other single-celled organisms, such ds the malarial
parasite, Flasmodinm, divide into many doughter cells sinudianeously
by mudliiple fission.

Yeqast, on the ather hand, can put out small buds that separafe and
grow further, as we saut in Actiotiy 8.1,

8.2.2 Fragmentation
Activity 8.4

Collect water from a lake or pond that appears dark green and
contains filamentous structures.

Pul ome or (oo filamemils on o slide,

Pl a drgp of glypcerine on these filamenls and ooper i with a coverslip,
Obserpe the shide vnder a micmsonpe.

Cuarr e tdentify different tissues in the Spirogere filaments?

In mcilfi-celiuiar organiisms with relatively simple body organidsation,
simple reproductive methods can stll work. Spirogyra, for example,
simply Breaks up into smalier pleces upon moturation. These pleces ar
Jragments grow info new individuals, Can we work out the reason for
this, based on what we scwk in Actiidiy 8.47

This 15 not true_for all multi-cellular organisms. They cdninot stmply
divide cell-by-cell. The reason is that maony mult-cellular organisms, os
we hove seen, are nok simply o random collection of cells. Specialised
cells are organised as fssues, and tIssues are organised into organs,
trhich then Reve to be placed af definife postiions in the body. In stch a
cerefully organised situction, cell-by-cell division wotld be impractical
Muiti-cellular crganisms, therefore, need to use more complex ways of
reproduction.

A basle strafegy used in mulf-celiular organisms is that different
cell types perform different speclalised fimetions. Following this general
pattern, reproduction in such orgarntisms 1s dlso the function of a specific
cell type. How is reproduction fo be achieved from a single cell fype, if
the organism itself consists of mony cell types? The answeris that there
must be a single cell iype in the organism that is capable of growing,
proliferafing and making other cell iypes under fhe right clircumstances.

8.2.3 Regeneration

Many fully differentiated organisms haove the ability to give rise to nsw
indivicdual organisms _from thelr body parts, That (s, If the indvidual (s
somehow cut or broken up into many pleces, many of these pleces grow
into separate ndividuals. For example, simple animels Mke Hipdrea and
Flerieries oan be cut nito any number of pleces dined edeh plece grows
into a complefe orgarnism. This is known as regeneration (see Fig. 8.3).
Regeneration is carried out by specialised cefls. These cells prolifernte
and make large numbers af cells, From this mass of cells, different cells
wndergo changes fo become tarions cell fypes arnd fissues. These changes
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take place In an organised
sequence referred to as
development. However,
regenerdtion is not the sams
as reproducton, since most
organisms would not

normatlyy depend on belng cut
up to be able to reprodiice.

8.2.4 Budding

Organisms such as Hydra

use regeneraiive cells for

reprodiicton it the process of

budding. 'n fydra, a bud

Figure 8.8 Regencration in Planorio develops as an cutgrowth due

to repeated cell division at one

specific site (Fig. 8.4). These burds develop o tiny indivtduals and when

fully mature, defach from the parent bodiy and become new independent
tndividuals.

== o e U . S [ e—Tentacles

Figure 8.4 Budding in Fydra

8.2.5 Vegetative Propagation

There are many plants in which parts like the roof, sfem and leaves
deveiop into new plants under appropriafe conditions. Unloe in most
animals, plants can indeed use such a mode for reproduction. This
properiy af vegetative propagation is used in methads such as layering
or grafting to grow many plants like sugorcans, roses, or grapges for
agricuitural purposes. Flants railsed by vegetative propagation can bear
Hlowers and fruits earlier than those produced from seeds. Such methods
also make possible the propagation of plants such as banang, arange,
rose rnd jasmine that have lost the capacity fo produce seeds. Another
advantage of vegefafive propagation 1s that all plants produced are
genetically similar encugh fo the parent plant to haove all its
characteristics.

How da Organtsms Reproduece?

131



Activity 8.5

Take a poiato and observe its surface. Can noiches be seen?
Crd the polale nte small pleces such thal some pleces conioin
agich or bud and some do nol,

Spreard some cotton on o tray ared wet it Place the poioto pleces
on tis coiton. Note where the pleces with the burds are placed.
Ohserve changes taldng place in these potaio pleces over the next
Jfero days. Make sure that the cotion is kept molstened.

Which are (he polalo pieces thal give rise 1o freskh green shools
and roois?

Burds Similarly buds produced in the notches along the leaf
tdrgin of Brirophudiim full on the soll and develop e
nzw plants [Fig. 5.5).

Activity 8.4

Select a money-plant.
Crd some pieces such ol they coniain al least

Figure 8.5 ane leaf
Leaf of Aryophylium Cut out some other portions between tn ledaves.
Lt brds e one end of all the pieces in weater and obserie

over the next fewn days.
Which ones growr and give rise to fresh leaves?
Whot can you conclude from your ebseroglions?

W aVAVAVAVAVAYAVAVAVAYAVAVAVAVAVATaA 32;: AVATAVAVAVAYAVAVAVAYAVAYAYA'
TEEEZEEEREEEREEERE 4 4

Tlssue culture
| In tissue culfure, new planis are grown by removing tissue or separating cells from
g the growing Hp of a plant. The cells are then placed i an drtificial medium where they
: divide rapidiy fo form a small group of cells or callus, The callus is transferred fo
4 dnother medium contalning hormones for growth dnd differentication. The plantlets
are then placed in the soll s0 that they can grow inte mahure plants. Using Hssuse
: cidiire, many plants can be groum from one parent in disedse-free condifions. This
| technigue is commonly used for ornamental plants.

wes  8,2.6 Spore Formation

| €3

l I|| l,"'I‘J} Vi Even in many simple mulfi-cellular organisms, specific reproductive
i"‘?"| Il }f . parts can be identified. The thread-like structures that developed on
N f the bread in Activity 8.2 above are the hyphae of the brend mould
IP _ (Rhizopus). They are not reproductive parts, On the other hand, the
T‘ = finy Blob-on-n-stick structures are inuvclved in reproduction. The
”rllh'ﬂfg D biobs are sporangta, which confain cells, or spores, that can
eventually develop nto new Afizomesindividual s (Fig. 8.6). The spores
F:,gure a8 are covered by ffick walls thot profect them untill they come into

e forTrt A i R e contfact with another moist surface and can begin fo grouw.

=
'\'-\.tz__‘r,
f
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All the modes of reproduction fhat we hove discussed so for allow
neww generations to be created from a single individurl. This is knowrn as
asexual reproduction.

Q UE S TTI O N S

i, Hour does bingry fisston diller from mulliple [ission?
2, Hoiy wifll an oegearism be benefited {f # reprodices through spores?

3. Can you think of reasons why more complex organisms cannot gire
rise to new individuagls through regeneration?

4, Why is pegelolive propogalion praclised jor grouping some ypes of
plants?

a. Why is DNA ocopying an essential part of the process gf reproduction?

8.3 SEXUAL REPRODUCTION

We dre also _famfliar with modes of reproduction that depend on the
nuoluvement of o Individuals before a new generation can be created,
Bulls alone cannot produce new calves, nor can hens alone produce
newr chicks. In such crses, both sexes, males and females, are nesded fo
produuce newt! generations. Whit s the significance of this sexual made
of reproduction? Are there any Umifations of the dasexual mode of
reproduction, which we have been discussing above?

8.3.1 Why the Sexual Mode of Reproduction?

The creation of tuwo new cells from ons inuolves copying of the DNA as
well s of the cellular appardtiis. The DNA copying mechanism, ds we
have nated, cannot be absolutely accurate, and the resultant errors are
a source of variatons in populations of organisms, Every individual
orgarnism cannot be proftected by variations, but in o population,
variafions are usefid for ensuring the survival of the species. It wwould
therefore meke senise 1if organisms came up with reproductive mades
that allowed more and more variation to be generated.

While DNA-copying mechanisms are not absolutely accurate, they
are precise enough to make the generation of variation a fairly slow
process. [fthe DNA copying mechanisms were to be less acourate, meny
of the resulfant IINA coples would not be able o waork with the cellular
apparaius, and would die. So how can the process of making varignis
be speeded up? Each new variation is made in a DNA copy that alreasdy
has varidafions accumilated from previous generations. Thiis, {wo
different individuals in a population would have quite differert paiterns
of accumudated variations. Since all of hese varlations are In lving
individuals, if is assured that they do not have any really bad effects.
Combining varimtions _from twe or more individuals would thus creafe
nell combinations of varanis. Edch combination would be novel, since
it would involve two different individucls. The sexual mode of

Hiwr do Organtsms Reproduece?
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reproduction incorporazfes such a process of combining DNA from ho
different individuals diring reproduction.

RBut this creates a major difffculfy. If each new generaiion (s to be the
combination of the DNA copies from two pre-existing individuals, then
each new generation will end up having hvice the amount of DNA that
the previous generation had. This (s likely to mess up the condrol of the
cellular apparatus by the DNA, Besides, If each generation doubles (s
DNA, fairly soon there will be only DNA on edrth, with no room for
anything else. How many ways can we think of for solving this difficuliy?

We have seein earller that ds organisms become more complex, the
specialisaiion of tissue creases. Oneg solufion that many mudf-cellular
argartisms have found for the problem mertioned dbove 15 to have special
lineages af cells in specialised organs which have only half the number
af chromosomes aind half the amount of DNA s compared fo the non-
reproductive Body cells, Thus, when these germ-cells from twa
individuals combine during sexual reprodiuction fo form a netw
individueal, i resulis in re-establishment of the number of chromosomes
crtel the DNA eonfent in the new generation.

IT the zygote is to grow and develop indo an arganism which hos
highily specidlised Hssues and orgeanis, then it has o hove sufficient stores
af energy for doing this. In very simple arganismes, i (s seen that the two
germ-cells are not very different from one another, or ey even be similar.,
But as the body designs become more complex, the germe-cells also
specialise. One germ-cell 15 large and contains the food-stores while the
ather 1s smaller and Wkely to be mofle, Conventionally, the moiile germ-
cell 1s ealled the male gamete and the germ-cell containing the stored
Jood is called the fermale gamete. We shall see in the next few sections
hotr the need to create these two different types of gametes give rise o
differences in the male and female repraductive organs and, In some
ceses, differences in the bodies of the ruile and fermele organtsmes.

8.3.2 Sexual Reproduction in Flowering Plants

The reproductive parts of anglosperms are located in the flowber You
hrve aiready studied the different parts of a flowver — sepals, pefals,
stamens and carpels. Stamens and earpels
are the reproductive parts of a flowver which
cotitain the germ-cells. What possible
functions could the pefals and sepals serve?

The flower may be unisexual (papaya,
watermelon) when if contains either stamens
or carpels or bisexual [Hibiscees, mistard}
when if confains both stamens and carpels.
Steomen s the male reproductive part cred 1t
produces pollen grains that are yellowish
in colour. You must have seen this yellotsish
poweder that often sficks to our hands if we
touch the stamen of a flower. Carpel 1s
presert in the centre of a flower and is the
Jemale reproductive pert. It s mcde of three
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prarts. The swollen bottom part Is the ovary, middle elongated pait is the
siyle and the terminal part which maoy be stickyy is the sHgma. The ovary
confams ovilles and each ovlle has dn egyg cell. The mueale germ-cell
produced by pollen grain fuses with the female gamete present in

the ovule. This fision of the germ-cells or ferfilisafion gives us the ?@. Follen grain
zugate which 1s capable of growing indo a new plant,

Thuis fhe pollen needs to be transferred from the siamen fo the |"f
sHgma. If this transfer of pollen occurs in the same flower, i (s Ay
referred fo as self-pollindtion. On the other hand, if the pollen is |
transferred from one flower to ancther, ¥ (5 known s cross- W
pollinafion. This frangfer of pollen from one flower fo ancther 1s |
achieved by agents like wind, water or animals,

After the pollen lands on a suitable stigme, 1 has to reach the
female germ-cells which are in the ovary. For fhis, a fube grows
ouf of the pollen grain and fravels through the style to reach the
UG,

After fertilisation, the zZygofe divides several times fo_form an

— SHgma

Male garm-ceil

.L':.ll—Pallnu tuhe

embryo within the cvude, The ovule deveiops a fough coat and (s :mcu
greduaily converted info d seed. The avitryy grows rapddly and ripetis N
to_form a frult. Mearupehile, the pefals, sepals, stamens, sigle and W 8
sHgma may strtvel and fall off. Have you ever observed any flower =
part still persisting in the fruit? Try and woerk out the advantages Figure 8.8
of seed-formuation for the plant. The seed contains the future plant Germingtion of pellen on
or embryc which develops info o seedling under appropriate sigma
conditions. This process 1s knobn ds germination. L
[ &
Actlvity 8.7 A\
Y T
Soak a fewr seeds of Bengal gram (chana) and Cotylodon—4 g3 M—— |
keep them overnight. (food store) o - ﬂlltl;irnl‘;::t]ﬁ
Pmin {he excess waler and cover (he seeds
with a ust eloth and leave hem for a day. Figure 8.9
Mualke sure that the seeds do it become dry. Erermintion

Cui open the seeds corefully and observe
the different parts.

Compare your observations wdih the Fig. 8.9
and see i you can idendify all the pans.

8.3.3 Reproduction in Human Beings

So frr, we hae been discussing the vaniety of modes that different species
use for reproduction. Let us now look at the species that we are most
interested in, namely, humans. Humans use a sexunl mode of
reproduction. How does this process work?

Lat us begin at an apparentiy unrelafed point. All of us know that
cur bodies change as we become older Our height increases from
Class IT fo Class X, and so does our weight (sometimes oo much!). We
acqguire teeth, we even lose the old, so-called milk teeth and aoquire new
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anes, All of these are changes that can be grouped under the general
process of grourth, inwhich the body becomes lorgern Rut in early teenage
years, o whaole new set of changes accurs that cannot be explained simply
as body enlargement. Instead, the appeardnee of the body changes.
Froportions change, newr features appedr, and so do new sensdtions.

Some of these chrnges are common to both boys and girls. We begin
to notice fhick hatr growing In new parts of the body stch as armpits
and the genital area between the thighs, which can aiso become darker
in colour. Thinner hair can also appear on legs and arms, s well as on
the face. The skin frequently becomes oily and we might begin to develop
pimples, We begin fo be conscious and aivare af both our aum bodies
and those of others in new ways.

On the other harnd, there are alse changes taking ploce that are
different befineen boys and girls. In girls, breast size begins fo increase,
writh dearkening of the skin of the nipples dt the fips aof the breasts. Also,
girls begin to menstruate af around s ime, Boys begin to have new
thick hair growth on the face and their voices begin to crackc. Further,
the penis oceasionally begins to become endarged and erect, elther In
daydreams or at night.

All of these chrnnges trake place slowly, over o period of months ard
vears. They de not hdappen all at the same time n one persoi, nor do
they happen at an exact age. In some people, they happen early and
quickly, ivhile in others, they can happen veny slowly. Also, each change
does not become complete quickly elther. So, for example, thick hatr em
the face in boys appears as o _few scattered halrs first, and only slowly
does the growth begin to become uniform. Even so, all these changes
show differences between people. Just as we have differenfly shoped
noses or fingers, so also we have different patferns of har growsth, or size
aiied shape of breast or pends. All of these cldnges are aspects of the
sexual maturation of the body.

Why does the body show sexunl maturation ot this age? We hhve
talked abour the need for spectalised cell types in multt-eellular bodies
to carry ouf specialised funchons, The creation af germ-cells to participate
in sexual reproduction is ancther specialised funcHon, and e have szen
theit plants develop special cell and Hssue fypes fo create them. Human
beings also develop special tissues for this purpose, However, while the
boedy of the individual organism (s growing fo its qdult size, the resourees
af the body are mainly directed at achizping this growth, While that Is
hrppening, the maturation of the reproductive tissue is not likely to be
f metfor priovityy. This, as the rate of general body growth begins to stolr
down, reproductive fssues begin to mature, This period during
ardolescence is called puberfy.

So how do all the changes thai we hoave folled about link to the
reproductive process? We must remember that the sexual mode of
reproduction means that germ-cells from foo individuals have to join
together. This can happen by the external reledse of germ-cells from the
bodies of individuals, as happens in flowering piants, Or i can happen
by two individunls joining fheir bodies together for internal transfer of
germi-cells for fusion, as happens n many arndmals, If animais are to
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prarticipate i this process of mcting, thetr state of sexual meaturity must
be identifiahle by other individuals. Many changes during puberty, such
as new hairgrousth patterns, are signals threit sexual maturation is faking
place.

On the cther hand, the actual transfer of germ-cells between huo
people needs special organs for the sexual act, such as the penis when it
is capabie of becoming erect. In mammais such as humans, fhe baby s
carried in the mother’s body for a long period, dnd will be breast-fed
lafer, The female reproductive organs and breasts will need to mature fo
accontmaddte these possibilities. Let us look dt the sysfems nvolved in
the process of sexual reproduction,

8.3.3 (@) Male Reproductive System

The male reproductive system (Fig. 8.10} Seminal vesicle
consists of portions which produce the
germcelis and other portions that deliver Ureter
the germ-cells to the sife of fertilisafion.

The formation of germ-cells or sperms
fikes pldce in the testes. These are looaterd
outside the abdominal cavity in scrotum
because spern _formation reguires o lower
temperature than the normal body
femperatire. We have discussed the role of
the testes in fhe secretion of the hormone,
festosteronie, in the previous chdpter. in
addition to regqulating the formation of

sperms, testosterone brings about changes

in appenrance seen in boys at the time of en...
pitherty.
The sperms formed ore delivered Figure 8,10 Human-male reproductive system

throtigh the vas deferens which unites with

a tube coming from the urinary Bladder. The

wrethra thiis_forms a common passdge for

hoth the sperms and urine. Along the path

of the vds deferens, glands ke the prostate

anid the seminal vesicles add their secretions E::Ei“ﬂ:’
so that the sperms dre now in o fiudd uhich lube
malkees their transport edsier and this fuid Ovary
clso provides nutrifion. The sperms dre iy

bodies that consist of mainly genetic
rettericl dned d long tall that kelps them fo

move towards the female genm-cell.

8.3.3 (b) Female Reproductive
System

The female germ-cells or eggs are made in
the ovcdirles. They are also respotistble for the

production of some hormones. Loock at

Figure 8,11 Huyman—female rapnodiictile System
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Fig. 8.11 and idenfifyy the varlous organs in the femdle reprodictive
system,

When o girl is born, the ovaries alrendy contain thousands of
immature eqggs. On reaching puberty, some of these starf maturing. One
eqq is produced every month by one of the ovaries. The egg is carried
from the ovary to the womb through a thin ovilduct or_falloplan tube.
The two oviducts unffe nfo dn elastic bag-like structiure known ds the
uters. The uterus opens nto the vagined through the cervix,

The sperims etifer fhrough the vdgindgl passage during sexucl
intercourse. They trovel upwwards and reach the oviduct where ey may
encaounter the egg. The ferfilised egg. the zygote, gels implanted in the
lintng of the wierus, and starts dividing. We have seen in earlier sections
that the mother's body s designed fo undertake the development of the
child. Hence the uterus prepares itself every month to recefve and nurfure
the growing embryo. The lining thickens and is richly supplisd with
biood fo nourish the growing embryo.

The embryo gets nutrition from the mother's Blood with fhe help ofa
special Hssue ealled plarerdo. This 15 d dise which (s embedded in the
witerine wall. It contatns villl on the embrye’s side of the Hssue, On the
mother's side are blood spaces, which surround the villl This prowides
i large surfare area_for glucose and oxygen fo pass from the mother to
the embryo. The developing embryo will also generate waste subsiances
which can be removed by ransferming them nfo the mother's Blood
through the placenta. The development of the child inside the mother's
body takes approximately nine months, The child s born as o result of
rhuthmic contractions of the muscles in the uferus.,

8.3.3 {¢) What happens when the Egg is not Fertilised?

If the eqgq is not fertilised, i lves for about one day. Since the ovary
reledses one eqgyg every month, the uterus diso prepares itself every moiith
to recetve a fertilised egy. Thus s lining becomes thick and spongy.
This wauld be required for nowrishing the embryo if fertilisation hed
taken place. Now, however, this lining is not needed any longer. So, the
lintng slowly breaks and comes out through the vagina as Blood and
musous., This cycle takes place roughlyy every monih and {s known as
menstruaton. It usually lasts for about two to eighf days.

8.3.3 {d) Reproductive Health

Aswe hnve seen, the process of sexunl moturafion is gradual, and fakes
place urhile general body growsth is still going o Therefore, some degree
of sexual maturation does nof necessartly mean that the body or the
mind is ready for sexurnl acts or for haoving and bringing up childrern.
How do we deride if the body or the mind s ready for this mafor
responsibility? All of us are under many different Kinds of pressiires
about these 1ssues. There can be pressure from our friends for
participaiing i many actuifles, whether we really want to or nof, There
can be pressure from families to get marmied and start haveing children.
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There can be pressure jrom governiment agencies fo avoid having
children. In this situation, making choices can become very difficult.

We must alsc consider the possible health consequences af having
sex. We hove discussed in Class IX theat diseases can be transmitted
from person to person in o variety of weays. Since the sexual act is o
very intimate connection of bodles, 1 15 nof surprising fhaf many
diseqses can be sexually fransmilited. These include bacterial infections
such as gonorrhoea and syphilis, and viral infections such as warts
and HIV-AIDS. Is it possible to prevent the fransmission of such diseases
diiring the sexual act? Ustng a covering, ealled a condom, for the penis
during sex helps to prevend transmission of many of these Infectons to
some extent.

The sexual act alwnys has the potential to lead to pregnancy.
Pregnancy will mrke major demands on the body and the mind of the
woman, and if she s not ready for i, her heglih will be adversely
affected. Theraefore, many ways have been devised to avold pregnancy.
These contraceptive methods fall in a number of categories. One
category is the creation of a mechanilcal barrier so that sperm does nat
reach the egg. Condoms on the penis or simifiar coverings wom i the
vaging can serve this purpose. Another category of contraceptives acts
by changing the hormonal Balance of the body s0 thaf eggs are nat
released and ferflisation cannct accur, These drugs commonly need
to be taken orally as pills. However, since they change harmonal
balances, they can cause side-effects foo. Other contraceptive devices
such as the loop or the copper-T are placed in the uferus fo prevent
pregnancy. Again, they can cause side effects due o irriiation of the
uterus. If the vas deferens in the male s blocked, sperm fransfer will
be prevented. If the fallopian tibe in the female (s Blocked, the egeg wiill
not be able to redach the uterus. n both cases fertilisation will not take
place. Surgical methods can be used to create such blocks. While
surgical methods are sdfe in the lomg run, surgery ttself can eaiise
nfections and other problems if not performed properly. Surgeny edn
also be used for removdl of unwanted pregridncies. These muay be
nisused by people who do not want a particelar child, as hoppens in
tllegal sex-selective abortion of female foetitses. For a healthy soclety,
the fermule-male sex ratio musit be mamidined. Becaise of reckless
female foeficides, child sex rafio 1s declining it an alarming rafe in
sonte sections of our soctety, although prenatal sex determination hos
been prohibifed biy laos,

We hawve noted earlier that reproduction is the process by which
argarnisms ncrense their populations. The rates of Birth and death in o
given populrtion will defermine its size. The size of the human populafion
is @ cause for concern for many people. This is becnlse an expanding
population makes it harder to improve everybody’s standard of living.
However, if inequrlity in society is the main reason for poor standeards gf
living for many peaple, the size of the populafion is relatively unimportant.

How do Organtsms Reproduece?
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Q U E § TT O N S

lif we ook around ws, what can we idenfify) ds the moest important reascnfs) for poor lving
eteiideords?

! Hmw is the process of pollination different from feriilisalion?
2, What is the role of the seminal vesicles and the prosiale gland?
3 What are the changes seen in gitls atb the ime of puberiy?

4, Hono does he embrpo gel nourishument inside the molher's hody?

a. If @ woman 5 using a copper-T, will il kelp in prolecling her from
sexually ransmilled diseases?

B Reproduction, unlifee other life processes, is nof essenfial to mainfain the lfe of an
indiviclual organism

B Reproduction tnuclves crealion of a DNA copy and addifional cellular apporaius
by the cell invelved in the process.

m Various organdsms use differert modes of reprodiiction depending on thelr body
desigrn.

m In fission, many bacterid did protozod simply divide info Bl or more davghier
cells,

m  Organisms such as hydra can regenerate i they are broken into pleces. They can
also give ouf buds which mature into new individuals,

m  Roots, stems and lerwres gf some plants develop into new plants through vegetatise
propagedtion.

m  These are exaomples of asexuol reproduction where new generations are creafed
Jrom et single indidiicl.

B Sexual reproducton involves two individuals for the creation of a new ndividiual,

m  DNA copying mechanisms creafes variations which are usefid for ensuring the
survival of the species. Modes of sexual reprodurction allow for gredier varlatlon to
be genterrted.

®  Reproduction in flowbering plants invclves fransgfer of pollen grains from the anther
to the sHgma which 1s referred to as pollinafion. This s followed by ferfflisafion.

m  Changes in the body at puberty, such as increase in Greast size in girfls and new
Jacial hair growth in bays, are signs of sexual maiurafion.

m  The male reproductive system in human beings consists of tesfes which produce
sperns, vas deferens, seminal vesicles, prostate gland, urethrd and penis.

s The femole reproductive system in human beings consisis of ovaries, fallopian
tubes, Werius and vaginag.

B Saxual reproduction in human beings involves the introduction of sperm in the

o J
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EX ERCI S ES N

vegina of the female. Fertilisation occurs in the fallopian tube.
e Cordraception to dooid pregnancy can be achifeved by the use of condoms, oral
pills, copper-T and cther methods.,
1. Asexual reproduction fales place through budding in
{a} ameoeba
(b} yeast
{c) plasmodiim.
{d) Iedsfmcriic.
2. Which of the foliowing (s nai a part of the female reproductive sysfem in human

beings?
(@ Ouvary
{b} Ilterus

{e)  Vasdeferens
{d} Fallopian htbe
3. The anther contains

{a} sepals.
bl opules,
{c) carpel

{d} pollen grafns.

What are the advantages of sexual reproduction aver asexual reproduction?
What are the funcHions performed by the tesfis in human beings?

Why does menstrucdtion oceur?

Draw a labelled dingram of the longitudinal section af a flower,

What are the different methods of contraception?

How are the modes for reproduciion different in wunfcellular and

2 J
1. How does reproduction help in providing stabilify to populations of species?
11. What could be fthe reasons for adopting contraceptive methods?

B WNmE A
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CHAPTER 9
=8| Heredity and
Evolution

e have seen that reproductive processes give rise to new individuals

that are similar, but subtly different. We have discussed how some
amourt of variation is produced even during asexual reproduction. And
the number of successful variations are maximised by the process of
sexual reproduction. If we observe a tield of sugarcane we find very little
variations among the mdividual plants. But in a number of animals
including human bemgs, which reproduce sexually, guite distinet
variations are visible among different individuals. In this chapter, we
shall be studying the mechanism by which variations are created and
mherited. The long-term ccansequences of the accumulation of variations
are also an mteresting pomt to be considered. We shall be studying this

under evolution.

9.1 ACCUMULATION OF VARIATION

SN

P

¥ ¥
@ i@ O @

Figure 8.1

Creation af diversity over succeeding
gefleraiions. The orlgindl organdsm ot the tap
Ll gitte pise fo, scdy, fuoo inditidls, simillor
in hody design, bui wiih subtle differenices.
Each of them, in turn, uMll gloe rise fo e
inelivicducds in the next generation. Exclt of
the foner individucds in the Baffom raw till be
differeni fram ecch other While some of these
differences will be unique, aihers il be
inherited from thelr respectite parents, Wwho
were different from ecct ailrer

Irheritance from the previous generation provides both

DURING REPRODUCTION
‘ a cormmon basic hbedy design, and subtle changes m it,

for the next generation. Now think about what would
happen when this new generation, in its turn,
reproduces. The second generation will have differences
that they inherit from the first generation, as well as
newly created differences (Fig. 9.1).

Figure 9.1 would represent the situation if a single
individual reproduces, as happens in asexual
reproduction. If one bacterium divides, and then the
resultant two bacteria divide again, the four mdividual
bacteria generated would be very similar. There would
be only very minor differences between them, generated
due to small inaccuracies in DNA copying. However, if
sexual reproduction is involved, even greater diversity
will be generated, as we will see when we discuss the
rules of inheritance.

Do all these variations in a species have equal
chances of surviving in the environment in which they
find themselves? Obvicusly not. Depending on the
nature of variations, different individuals would have



different kinds of advantages. Bacteria that can withstand heat will survive
better in a heat wave, as we have discussed earlier. Selection of variants
by environmental factors forms the basis for evolutionary processes, as
we will discuss in later sections.

Q U E § TTIT O N

S

is Hkely to have arisen earlier?

1. If a tralt A exsts in 10% of a population of an asexually reproducing
specles and a tralt B exists in 60% of the same populaton, which trait

2, How does the oreation of varations in a species promote survival?

9.2 HEREDITY

The mest obvlous cutceme of the reproductive process still remains the
generation of individuals of simidlar design. The rules of heredity determine
the process by which tradts and characteristics are reliahly inherited. Let
us take a closer lock at these rules.

9.2.1 Inherited Traits

What exactly do we mean by similarities and differences? We know that
a child bears all the basic features of a human bheing. However, it does
not look exactly like its parents, and human populations show a great
deal of variation.

Activity 9.1

Observe the sars of all the students in the ¢lass, Prepare a list of
students having free or attached earlobes and calculate the
percentage of students hawving each [Fig. 9.2). Find out about the
earlobes of the parents of each student In the class. Correlate the
earlghe type of each student with that of their parents, Based on
this evidence, suggest a possible rule for the inheritance of earlobe

types.

9.2.2 Rules for the Inheritance of Traits —
Mendel’s Contributions

The rules for inheritance of such traits in human beings are related to
the fact that both the father and the maother contribute practically equal
amcunts of genetic material to the child. This means that each trait can
he influenced by both paternal and maternal DNA. Thus, for each trait
there will be twa versions in each child, What will, then, the trait seen in
the child be? Mendel [2ee box) worked out the main rules of such
inheritance, and 1t 1s Interesting to look at some of his experimentsa from
more than a century ago.

Heredity and Evobiton
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Figure 5.2
fa} Free and (b} auorhed

earlobes, The lovesi part
af the ear, ralled the
eariohe, is dosely atinched
16 the side af the head in
some af us, and not
in otfers. Free and
attarhied earlnbes are oo
vartarts found in fRieman
popiations.
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Mendel was educated in & manastery and went on to study science and

¥ 1 mathematies at the University of Vienna. Failure in the examinations fora
.,‘{' -l | teaching certificate did not suppress his zeal for scientific quest. TTe went
- hack to his monastery and started growing peas. Many others had studied

hlended his knowledge of sclence and mathematics and was the first one
: to keep count of iIndividuals exhibiiing a particular traft in each generation.
This helped him to arrive at the laws of inheritance that we have discassed

‘ & the inheritance of traits in peas and ather organisms earlier, but Mendel

in the main text.

Tall x Shaort
{(TT) (£t

Al Tall oifspring

Mendel used a number of contrasting visible characters of garden
peas — round fwrinkled seeds, tall /short plants, white fvolet flowers and
80 on. He took pea plants with different characteristics —a tall plant and
a short plant, produced progeny from them, and calculated the
percentages of tall or short progeny.

I the first place, there were no halfway characteristics in this first-
generation, or F1 progeny — o ‘medinm-height’ plants. All plants were
tall. This meant that only one of the parental traits
was seen, not some mixture of the two. So the next
guestion was, were the tall plants in the Fl
generation exactly the same as the tall plants of the
parent generation? Mendellan experiments test this
hy getting both the parental plants and these F1 tall
plants to reproduce by self-pollination. The progeny
of the parental plants are, of course, all tall. However,
the second-generation, or F2, progeny of the F1 tall

Fl

(T

Fix Fl

Tall « Tafl Tall
mi [Ty N
Figure 9.3

Inheritance of tredts
arer fae genenitions
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plants are not all tall. Instead, one quarter of them

L are short. This indicates that both the tallness and

shoriness traits were inherited in the F1 planis, but

cnly the tallness trait was expressed. Thus, two

copies of the trait are inherited in each sexually

reproducing organism. These two may be identical,

or may be different, depending on the parentage. A

= e S L pattern of inheritance can be worked out with this
me oy (W assumption, as shown in Fig. 9.3,

Activity 9.2

In Fig. 9.3, what experiment would we do to confirm that the F2
generation did in fact have a 1:2:1 ratio of TT, Tt and tt trait
combinations?

1 this explanation, both TT and Tt are tall plants, while only ttis g
ghort plant. T other words, a single copy of 'T" i3 encugh to make the
plant tall, while bath copies have ta be 't' fer the plant to be short. Tralts
Tke *T" are called dominant traits, while those that behawve like i’ are
called recessive traits. Work out which trait would be considered
dominant and which one recessive in Fig. 9.4.
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What happens when pea plants showing two different
characteristics, rather than just one, are bred with each other?
What do the progeny of a tall plant with round seeds and a short
plant with wrinkled-seeds look like? They are all tall and have
round seeds. Tallness and round seeds are thus dominant traits.
But what happens when these Fl1 progeny are used to generaie
F2 progeny by self-polination? A Mendelian experiment, will find
that some F2 progeny are tall plants with round seeds, and some
were short plants with wrinkled seeds. However, there would
also he some F2 progeny that showed new mixtures. Some of
them would be tall, hut have wrinkled seeds, while others would
he short, but have round seeds. Thus, the tall/short trait and
the round seed /fwrinkled seed trait are independently inherited.
Ancther example is shown in Fig. 9.5.

9.2.3 How do these Traits get Expressed?

How does the mechanism of heredity work? Cellular DNA is
the information source for making proteins in the cell. A

section of DNA that provides information for one protein 13 P

called the gene for that protein. Tlow do proteins control the
characieristics that we are discusging here? Let us take the

P{: w2

l cross [erlilisalion

Flﬁﬂ\ a
l sell feriilisalion
Pf‘ﬁd <4 < P

3: | Ratto
Figure 8.4

@ 8

bl
[roundd, freen) [wrinkled, vellow)

! !

example of taliness as a characteristic. We know that plants G=metes 43 Wi

have harmones that can trigger growth, Plant height can

thus depend on the amount of & particular plant hormane. L

The amount of the plant hormone made will depend on the
efficiency of the process for making it. Consider now an
enzyme that is important for this process. If this enzyme
works efficiently, a lot of hormone will be made, and the
plant will be tall. If the gene for that enzyme has an alteration

that makes the enzyime less efficient. the amount of hormone
F2  A15 round, vellmy O

will be less, and the plant will be short. Thus, genes control
characteristics, or traits.

If the interpretations of Mendelian experiments we have
been discussing are correct, then both parents must be
contributing equally to the DNA of the progeny during sexual
repraduction. We have disscussed this issue in the previous
Chapter. If hath parents can help determine the tratt in the
progeny, hoth parents must be contributing a copy of the same
gene, This means that each pea plant st have two sets of all
genes, one Inherited from each parent. For this mechanism to
wuork, each germ cell must have enly one gene sct.

How do germ-ells make a single set of fenes from the

Y '

O

LrYy
fronnd, yellow)
O « O
F1 F1

' s

10+ o, froen O 3
181 wrinkled, yellow ’

32 wrinkled, green g

D06 seeds 16

[4.]

=

Figure 9.5

independent tinfertfance
of twe separate trailfs,
shape and coour of seeds

normal two copies that all other cells in the body have? It pregeny plants
inherited a single whole fene set from each parent, then the experimernt
In Fig. 8.5 cannet work, This is because the two characteristics 'R’ and
¥ would then be linked to each other and cannot be independently
inherited. This is explained by the fact that each gene set is present, not
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Sex determination in
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as a single long thread of DNA, but as separate independent picces,
each called a chromosome. Thus, each cell will have two copies of each
chremesome, one each from the male and female parents. Every germ-
cell will take one chromosome from each pair and these may he of either
maternal or paternal originn. When two germ cells combine, they will
restore the normal number of chromosomes in the progeny, ensuring
the stability of the DNA of the species. Such a mechanism of inheritance
explains the results of the Mendel experiments, and is used by all
sexually reproducing organisms. But asexually reproducing crganisms
also follow similar rules of inheritance. Can we work out how their
inheritance might work?

2.2.4 Sex Determination

We have discussed the idea that the two sexes participating in sexual
reproduction must be somewhat different from each other for a number

Fenale

—oa(Q—{O

Male

of reascna. Ilow is the sex of a newborn individual
determined? Different species use very different sirategies
for this. Some rely entirely on environmental cues, Thus,
in some animals, the temperature at which fertilised eggs
are kept determines whether the animals developing in
the eggs will be tnale or female. Il other anitnals, such as
snails, individuals can change sex, indicating that sexis
not genetically determined. However, il human beings,
the sex of the individual 1z largely genetically determined.
In other words, the genes inherited from our parents
decide whether we will be boys or girls. But so far, we
have assumed that similar gene sets are inherited from
both parents. If that is the case, how can genetic
inheritance determine sex?

The explanation lies in the fact that all human
chromosomes are not paired. Most hutnan chromosomes
have a maternal and a paternal copy, and we have 22
such pairg. But ane pair, called the sex chromosomes, is
aodd in not always being a perfect pair. Women have a
perfect pair of sex chromosomes, both called X, But men
have a mismatched pair in which cne is a2 normal-sized X
while the other is a short one called Y. S0 women are XX,
while men are XY. Now, can we work cut what the
inheritance pattern of X and ¥ will be?

As Fig. 9.6 shows, half the children will be boys and
halt will be girls. All children will inherit an X chromaosome
from their mother regardless of whether they are boys or
girls, Thus, the sex of the children will be determined by
what they inherit from their father. A child who inherits
an X chromosome from her father will be a girl, and one
who inherits a Y chromosome from him will be a boy.
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Q U E S TTI O N S

1. How do Mendel's experiments show that tralts may be dominant or
recessive?

2. How do Mendel's experiments show that tralts are inherited
independently?

3. M man with blood group A marries a woman with blood group © and
thelr daughter has blood group O. 1s this information enough to tell you
which of the traits - blood group A or O - is dominant? Why or why not?

4, How I3 the sex of the child determined in human belngs?

9.3 EVOLUTION

We have noted that there is an inbuilt tendency to variation during
reproduction, both because of errors in DNA copying, and as a result of
sexual reproduction. Let us now lock at some consequences of this
tendency.

9.3.1 An lllustration

Consider a group of twelve red beetles. They live, let us assume, in some
bushes with green leaves. Their population will grow by sexual
reproduction, and therefore, can generate varations. Let us imagine also
that crows eat these beetles. The more beetles the crows eat, the fewer
heetles are available to reproduce. Now, let us think about some different
situations (Fig. 9.7) that can develop in this beetle population.
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In the first situation, a colour variation arises during reproduction.,
s0 that there 13 ane beetle that is green in colour instead of red. This
beetle, moregver, can pass the colour on to its progeny, ao that all its
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progeny beectles are green, Crows cannat see green-coloured beetles on
the green leaves of the bushes, and therefore canmot eat them, What
happens then? The progeny of green beetles is not eatenn, while the
progeny of red beetles comtimies to he eaten. As a result, there are more
and more green beetles than red ones in the heetle population,

In a second situation, again, a colour variation arises during
reproduction, but now it results in a beetle that is blue in colour instead
of red. This beetle can also pass the colour on to its progeny, so that all
ita progeny beetles are blue, Crows can sec hlue-coloured beetles in the
green leaves of the bushes as well as they can see red ones, and therefare
can eat them. What happens initially? In the population, as it expands,
there are a few hlue beetles, but most are red. But at this point, an
elephant comes by, and stamps on the bushes where the beetles live,
This killa mast of the beetles. By chance, the tew beetles that have survived
are mostly blue. The beetle population slowly expands again, but now,
the beetles in the population are mostly blue.

Tt iz obwicus that in bath situations, what started out as a rare variation
came to be a common characteristic in the population, In ather words,
the frequency of an inherited trait changed over generations. Since genes
control traits, we can say that the frequency of certain genes in a
population changed over generations, This 1s the essence of the idea of
evolution,

But there are interesting ditferences, too, in the two sttuations, Inthe
first case, the variation became common because it gave a survival
advantage. In other waords, it was naturally selecied. We can see that the
natural sclection 13 exerted by the crows, The more crows there are, the
more red beetles would be eaten, and the more the proportion of green
beetles in the population would be, Thus, natural aclection is directing
evolution in the beetle population, Tt results in adaptations in the beetle
population to fit their environment better.

In the second sftuation, the colour change gave no survival advantage.
Instead, it was simply a matter of accidental survival of beetles of one
colour that changed the common characteristic of the resultant
population, The elephant would nat have caused such major havoc in
the beetle population if the beetle population had been very large. So,
accidents in small populations can change the frequency of scme genes
in a population, even if they give no survival advantage. This is the notion
of genetic drift, which provides diversity without any adaptations.

MNow consider a third situation. i this, as the heetle population begins
to expand, the bushes start suffering from a plant disease. The ammourt
of leaf material for the heetles is reduced. The beetles are poorly nourished
as a result. The average weight of adult beetles decreases from what it
used to be when leaves were plentiful, but there is no genetic change
occurting, After a few years and a few heetle generations of such scarcity,
the plant disease is eliminated. There is a lot of leaf food. At this time,
what would we expect the weight of the beetles to he?

Srilence



2.3.2 Acquired and Inherited Traits

We discussed the idea that the germ cells of sexually reproducing
populations are made in specialised reproductive tissue. If the weight of
the beetle 13 reduced because of starvation, that will not change the DNA
of the germ cells. Therefore, low weight is not a traidt that can be inherited
by the progeny of a starving beetle, Therefore, even if some generations
of beetles are low in welght because of starvation, that is not an example
of evolution, since the change is not inherited over generations. Change
in non-reproductive tissues cannot be passed on to the DNA of the gerin
cells. Therefore the experiences of an individual during its lifetime cannat
be passed on to its progeny, and cannoct divect evolution.

Consider another example of how an individual cannot pass on to
its progeny the experiences of its lifetime. Ifwe breed a group of mice, all
their progeny will have tails, as expecied. Now, if the tails of these mice
are removed by surgery in each generation, do these tailless mice have
tailless progeny”? The answer 13 no, and it makes sense because removal
of the tail cannot change the genes of the germ cells of the mice.

Charles Darwin set out on a voyage when he was 22 years old. The
five-year voyage took him to South America and the islands off its coast.

The studies that he conducted during this voyage were to charige forever
the way we look at the variety of life on earth. Interestingly, after he got

back to England, he never left its shores again. TTe stayed at home and
conducted various experiments that led him to formmulate his hypothesis
that evalution tock place due to natural selection. Te did not know the
mechanism whereby variations arose in the species. He would have
been enlightened by Mendel's experiments, but these two gentlemen
did not lmow of each other or their work!

We often assoclate Darwin solely with the theory of evalution. But he was an accomplished
naturalist, and one of the stihdies he conducted was to do with the role of earthworms in

sol fertility.

This is the reason why the ideas of heredity and genetics that we
have discussed earlier are so essential for understanding evolution. Even
Charles Darwir, who came up with the idea of evolution of species by
natural selection in the nineteenth century, could not work out the
mechanism. It is fronic that he could have done so if he had seen the
significance of the experiments his Austrian contemporary, Gregor
Mendel, was doing, But then, Mendel too did not natice Darwin's work
as relevant to his!

Origin of life on earth

Darwin's theory of evolution tells us how life evolved from simple to more complex forms
and Mendel's experimments give us the mechanism for the inheritance of traits from one
generation to the next. But neither tells us anything about how life began on earth in the

first place.
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J.B.5. Haldane, a British scientist (who became a ¢itizen of India later), suggested in
1929 that life must have developed from the simple inorganic molecules which were
present on earth soon after it was formed. He speculated that the conditions on earth
at that time, which were far from the conditions we see today, could have given rise to
more complex organic molecules that were necessary for life. The first primitive
crganisms would arise from further chemical synthesis.

How did these organic mnolecules arise? An answer was suggested by the experiment
conducted by Stanley L. Miller and Harold C. Urey in 1953. They assembled an
atmosphere similar to that thought to exist on early earth (this had molecules like
ammonia, methane and hydrogen sulphide, but o oxygen) over water. This was
maintained at a temperature just below 100°C and sparks were passed through the
mixture of gases to simulate lightning. At the end of a week, 15% of the carbon [from
methane) had been converted to simple compounds of carbon including amine acids
which make up protein molecules. Sa, can life arise afresh on earth even now?

Q UESTTION S

What are the different ways In which individuals with a particular
tralt may increase in a population?

Why are traits acquired during the life-time of an individual not
inherited?

Why are the small numbers of surviving tigers a cause of worry from
the point of vlew of genetles?
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9.4 SPECIATION

What we have seen so far is micro-evolution. That means that the changes
are small, even though they are significant. Also, they stimply change the
cotmimon characteristics of a particular species. But this does not properly
explain how new species come Into existence. That can be said te have
happened only if this group of beetles we are thinking about, splits into
two populations that cannat repraduce with each ather. When this
happens, they can be called two independent species. 50, can we extend
the reasoning we have used above to explain such speciation?
Consider what would happen if the bushes the beetles feed on are
spread widely over a mountain range. The beetle population becomes
very large as a result. But individual beetles feed mostly on a few nearby
bushes throughout their ifetime. They do not travel tar. So, in this huge
population of beetles, there will be sub-populations in neighbourhoods.
Since male and fermmale beetles have to meet for reproduction to happen,
most reproduction will be within these sub-populations. Of course, an
occasional adventurous beetle might go from one site to another. Ora
beetle is picked 1up by a crow from one site and dropped in the other site
without being eaten. In either case, the migrant beetle will reproduce
with the local population. This will result in the genes of the migrant
bectle entering a new population. This kind of gene flow 13 bound to
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happen between populations that are partly, but not completely
separated. I, however, between two such sub-populations a large river
comes into existence, the two populations will be further isolated. The
levels of gene flow between them will decrease even further.

Over generations, genetic drift will accumulate different changes in
each sub-population. Also, natural selection may also operate differently
in thege different gecgraphic locations. Thus, for example, in the territory
of one sub-population, crows are eliminated by eagles. But this does
not happen for the cther sub-population, where crow nuimbers are very
high. A= a result, the green variation will not be selected at the first site,
while it will be strongly selected at the second.

Together, the processes of genetic drift and natural selection will result
in these two isolated sub-populations of beetles hecoming more and
more different from each other. Eventually, members of these two groups
will he incapable of reproducing with each other even if they happen to
meet.

There can be a nmumber of ways by which this can happen. If the
DNA changes are severe eriough, such as a change in the number of
chromosomes, eventually the gerin cells of the two groups canmot fuse
with each other. Or a new variation emerges in which green females will
not mate with red males, but only with green males. This allows very
strong natural selection for greenness. Now, if such a green female beetle
meets a red male from the other group, her behaviour will ensure that
there is no reproduction betweern them. Effectively, new species of beetles
are being generated.

Q U E 8§ T T O N S

Wwhat factors could lead to the rise of a new species?

2. Will geographical isolaticn be a major factor in the speciation of a selt-
pollinating plant apecies? Why ar why not?

3 Will geographical isolaton be a major factor in the speclation of an
organism that reproduces asexually? Why or why not?

9.5 EVOLUTION AND CLASSIFICATION

Based on these principles, we can work cut the evolutionary relationships
of the species we see around us, Tt 1s & sort of going backwards in time.
We can do this by identifying hierarchies of characteristics between
species. In order to undersiand this process, Iet us think back to our
discussion on the classification of organisms in Class DL

Similarities among organisms will allow us te group them and then
study the groups. For this, which characteristics decide more
tfundamental differences among organisms, and which ones decide less
basic differences? What is meant by ‘characteristics’, anyway?
Characteristics are details of appearance or behaviour; in ather words, a
particular form or a particular function. That we have four limbs is thus a
characteristic. That plants can do photesynthesis 1s also a characteristic.

Heredity and Evobiton

151




Figure 9.8
IMTomalogous organs
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Some hasic characteristics will be shared by most organisms. The
cell is the basic unit of life in all organismes. The characteristics in the
next level of classificaticn would be shared by most, but not all organisms.
Abasic characteristic of cell design that differs among different organisins
iz whether the cell has a miclens. Bacterial cells do not, while the cells of
most other organisms do. Among organisms with nucleated cells, which
ories are unicellilar and which ones multi-cellular? That property marks
a very basic difference in body design, because of specialisation of cell
types and tissues. Among multi-cellular organisms, whether they can
undertake photosynthesis or not will provide the next level of
classification. Among the multi-cellular organisms that cannot do
photosynthesis, whether the skeleton is inside the body or around the
body will mark anwother fundamental design difference. We carn see that,
even in these few questions that we have asked, a hierarchy is developing
that allows us to make classification groups.

The more characteristics two species will have in cormmon, the more
closely they are related. And the more closely they are related, the more
recently they will have had a commen ancestor. An example will help. A
brother and a sister are closely related. They have common ancestors in
the first generation before them, namely, their parents. A girl and her
first eousin are alse related, but less than the girl and her brother, This
is because cousins have common ancestors, their grandparents, in the
secand generation before them, not in the first one, We can rnow appreciate
that classification of species is in fact a reflection of their evolutionary
relationship.

We can thus build up small groups of species with recent common
ancesters, then super-groups of these groups with mare distant common
ancestors, and so on. In theory, we can keep going backwards like this
until we come to the notion of a single species at the very beginning of
evoluticnary me. If that is the case, then at some point in the history of
the earith, nen-Tiving material must have given rise to life. There are many
theories ahout how this might have happened. It would he interesting to
come up with theories of our own!

9.5.1 Tracing Evolutionary Relationships

When we try to follow evolutionary relationships, how do we identify
characteristics as common? These characteristics in different organisms
would be similar because they are inherited from a common ancester.
As an example, consider the fact that mammals have four limbs, as do
birds, reptiles and amphibians (Fig. 2.8). The basic structure of the limbs
is similar though it has been modified to perform different functions in
various vertebrates. Such a homologous characteristic helps to identify
an evolutionary relationship between apparently different species.
However, all similarities simply in organ shape are not necessarily
because of common ancestry. What would we think abowut the wings of
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hirds and bats, for example [Fig. 8.9)7 Birds
and bats have wings, but squirrels and
lizards do not. So are birds and bats more
clasely related to each other than to squirrels
or lizards?

Before we junnp to this conclusion, let us -
look at the wings of birds and bats more Figure 9.9

closely. When we do that, we find that the Analogous orgons — The wing of a bat and the

wings of bats are skin folds stretched mainly wrng of o Bird

between elongated fingers. But the wings of

hirds are a feathery covering all along the arm. The designs of the two
wings, their structhure and components, are thus very different. They
lock similar because they have a cotnmon use for flying, bat their origins
are not commoerl. This makes them analogous characteristics, rather
than homelogous characteristics. It would now be interesting to think
about whether bird arms and bat arms should be considered homologous
or analogouis!

9.5.2 Fossils

Such studies of argan siructure can e done not only on current species,
but alsc on species that are no longer alive. How do we kmow that these
extinect species ever existed? We know this from finding fossils (Fig. 9.10).
What are fossils? Usually, when organisms die, their bodies will
decompaose and be lost. But every ence in a while, the body or at least
some parts may be in an environment that does not let it decompose
completely. It a dead insect gets caught in hot mud, for example, it will
not decompose gquickly, and the mmad will eventually harden and retain
the impression of the body parts of the insect. All such preserved traces
of living organisms are called fossils.

Fogall - Inveriebrate
[Trilotdte]

Fosail - fish (Huightia) Fossdl = dinosaur skull

[Rajasnurus)

Figure 98.10 Various kind of fossils. Note the different appearances and degrees of detal and preseruation.
The dinoscur shoull fossil shoon weas founed ondy o few gears dga in ihe Normedea vediey.

Heredity and Evoluton

153



How do we know how old the fossils are? There are two components
to this estimation. One is relative. Ifwe dig into the earth and start finding
fossils, it is reasonable to suppose that the fossils we find closer to the
surface are more recent than the fossils we find in deeper layers. The
second way of dating fossils is by detecting the ratios of different isotopes
of the same element in the fossil material. It would be interesting to find
out exactly how this method waorlcs!
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" How do fossils form Inyer by layer?

Letus start 100 million years ago. Some invertebrates on
ona g o = the sea-bed die, and are buried in the sand. More sand
f -@_}@ 4 accumulates, and sandstene forms under pressure.

Milllons of years later, dinosaurs living in the area die, and their bedies, too, are
buried m mad. This mud is also compressed into rock, above the rock containing
the earlier mveriebrate foasils.
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Again millions of years later, the bodies of horse-like creatures dying in the area are
fossilised n rocks above these earlier rocks.
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Much later, by erosion or water flow wears away some of the rock and exposes the
horse-like fossils. As we dig deeper, we will find older and older fossils.
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¢.5.3 Evolution by Stages

A question that arises here is —1f complicated organs,
such as the eve, are selected for the advantage they
provide, how can they be generated by a singie TINA
change? Surely such complex organs will be created
bit-by-bit over generations? But how can each
intermediate change be selected for? There are a
numhber of possible explanations. Even an
intermediate stage (Fig. 9.11), such as arudimentary
eve, can be useful to some extent. This might he
enough to give a fitness advantage. In fact, the eye -
like the wing - seeims to be a very popular adaptation.
Insects have them, so does an octopus, and so do
vertebrates. And the structure of the eye in each of
these organisms is different — enough for them to have
separate evolutionary origins.

Also, a change that is useful for cne property to
start with can become usehuil later for quite a different
function. Feathers, for example, can start out as
providing insulation in celd weather [Fig. £.12). But
later, they might become useful for thight. In fact,
some dinesaurs had feathers, althcugh they could
not fly using the feathers. Birds seem to have later
adapted the feathers to flight. This, of course, means
that birds are very closely related to reptiles, since
dincsaurs were reptiles!

It is all very well to say that very dissimilar-
looking structures evolve from a comimon ancestral
design. It is true that analysis of the organ structure
in fossails allows us to make estimates of how far back
evolutionary relationships go. But those are guesses
about what happened in history. Are there any
current examples of such a process? The wild
cabbage plant is a good example. Humans have, over
more than two thousand years, cultivated wild
cabbage as a food plant, and generated different
vegetables from it by selection (see Fig. 2.13). This is,
of course, artificial selection rather than natural
aelection. So some farmers have wanted to select for
very short distances between leaves, and have hred
the cabbage we eat. Some have wanted to select for
arrested flower development, and have bred broceoll,
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Flgure 9.11

A fledriarm normed Plonario has very simple
‘epes” it cre really fust eye-spafs which
defert light.

Thi= is 5 sioall Feather imprinis wers

dinosaur from preserved along s dinosaars
the Drromdesaur bones. Here we can see [eiathers
family. on the forearm.

This dinosaur could not fy, and it 46 posaible that the
evolution of feathers had nothing to do with Dight

Figure 9.12
Dhinosairs and the coolution of femifiers

or for sterile flowers, and have made the cauliflower. Some have selected
for swollen parts, and come up with Kohlrabi. Some have simply looked
for slightly larger leaves, and come up with a leafy vegetahle called kale.
Would we have thought that all these structures are descended from the

same ancestor if we had not done it ourselves?
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Broceoi Cabbage Red cabboge
Figure 9.13 Evolutian of wild cobboge!

Another way of tracing evoluticnary relationships depends on the
original idea that we started witl. That idea was that changes in DNA
during reproduction are the basic events in evolution. If that is the case,
then comparing the DNA of differenit species should give us a direct estimate
of how much the DNA has changed during the formation of these species.
This method is now extensively used to define evoluticnary relationships.
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Muolecular phylogeny

We have been discussing how changes inthe DNA durtng cell division would lead to changes
in the prateins that are made from this new DNA, Another point that has been made is that
these changes would agcumulate trom one generation to the next. Could this be used to
trace the changes in DNA backwards in time and find cut where each change diverged
from the other? Molecular phylogeny does exactly this. This approach is based on the idea
that organisms which are more distantly related will accumulate a greater mumber of
differences in their DNA. Such studies trace the evolutionary relationiships and it has been
. phylogeny match the classification scheme that we learnt in Class X

Q U E S TTI O N S

1. Give an example of characteristics being used to determine how close
twn species are in evolutionary terms,

2. Can the wing of a butterfly and the wing of a bat be considered
homalogous organs? Why or why noi?

3. What are fosslls? What do they tell us about the process of evolution?

9.6 EVOLUTION SHOULD NOT BE EQUATED WITH
‘PROGRESS'’

Ir1 an exercise of tracing the family trees of species, we need to Temember
certain things. Firstly, there are multiple branches possihle at each and
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every stage of this process. So it is not as if one species is eliminated to
give 1ise to 2 new one. A new species has emerged. But that does not
necessarily mearn, like the heetle example we have been thinking about,
that the old species will disappear. It will all depend on the environment.
Alszo, it is not as if the newly generated species are in any way 'better’
than the older one. It is just that natural selection and genetic drift have
together led to the formation of a population that cannct reproduce with
the original cne. So, for example, it is not true that human beings have
evolved from chimpanzees. Rather, both human hedigs and chimpanzees
have a common ancestor a long time ago. That commeon ancestor is likely
to have been neither human or chimpanzee., Also, the first step of
separation from that ancestor is unlikely to have resulted in modern
chimpanzees and human beings. Instead, the two resultant species have
probably evolved in their own separate ways to give rise to the current
forms.

In fact, there is no real ‘progress’ in the idea of evolution. Evolution is
simply the generation of diversity and the shaping of the diversity by
environmental selection. The only progressive trend in evolution seems
to be that more and more complex body designs have emerged over
time. However, again, it is niot as if the clder designs are inefficient! So
many of the older and simpler designs still survive. In fact, one of the
simplest life forms — bacteria — inhabit the most inhospitable habitats
like hot springs, deep-sea thermal vents and the ice in Antarctica. In
other words, human beings are not the pinnacle of evolutior., but simply
yet another species in the teeming spectram of evolving life.

9.6.1 Human Evolution

The same tocls for tracing evolutionary
relationships - excavating, time-dating
and studying fossils, as well as
determining DNA sequences - have
been used for studying human
evolution. There is a great diversity of
human ferms and features across the
planet. So much so that, for along time,
people used te talk about human
‘races’. Skin colour used to be the
commonest way of identifying these so-

called races. Some were called yellow,

some black, white or brown. A major question debated for a leng time
was, have these apparent groups evolved differently? Cver recent years,
the evidence has become very clear. The answer 1s that there 13 no
biclagical basis to the notion of human races. All hnmans are a single
gpecies.

Not only that, regardless of where we have lived for the past few
thousand years, we all come from Africa. The earlieat members of the
human species, Homo sapiens, can be traced there. Our genetic
faotprinis can be traced back to cur African roots. A couple of hundred
thousand years ago, some of our ancestors left Africa while others stayed
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on. While the residents spread acroas Africa, the migrants slowly spread
across the planet — from Africa to West Asia, then to Central Asia. Eurasia,
South Asig, East Asia. They travelled dawn the 1slands of mdonesia and
the Philippines to Australia, and they crossed the Bering land bridge to
the Americas, They did not goin a single line, so they were not travelling
for the sake of travelling, obvicusly. They went forwards and hackwards,
with groups sometimes separating from each other, sometimes coming
back to mix with each other, even moving in and cut of Africa. Like all
other species on the planet, they had come into being as an accident of
evolution, and were trying to live their lives the best they could.

Q UESTTION S

Why are human beings whao logk so different from each other in terms
of size, colour and loogks sald to belong to the same apecies?

2. In evclutlonary terms, can we say which among bacterla, spiders, fish
and chimpanzees have a ‘better’ body design? Why or why not?
S ™
®m  Varlations arising during the proecess of reproduction can be inherited.
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These variations may lead to increased survival of the individuals,

Sexually reproducing individuals have two copies of genes for the same trait. If the
copies are not identical, the trait that gets expressed is called the dominant trait
and the other is called the recessive trait.

Traits in one individual may be inherited separately, giving rise to new combinations
of traits in the offspring of sexual reproduction,

Sex i3 determined by different factors in various species. In human beings, the sex
of the child depends on whether the paternal chromosome is X (for girls) or Y (for
haoys).

Variations in the species may confer survival advantages or merely contribute to
the genetic drift.

Changes in the non-reproductive tissues caused by environmenial facters are not
Inherftable.

Spedation may take place when variation is combined with geographical isolation.
Evclutionary relationships are traced in the classification of organisms.

Tracing commeon ancestors back in time leads us to the idea that at some point of
time, non-living material must have given rise to life.

Evalution ¢an be worked out by the study of not just living species, but also fossils.
Complex organs may have evolved because of the survival advantage of even the
intermediate stages.

Organs or features may be adapted to new functions during the course of evolution.
For example, feathers are thought to have been initially evolved for warmth and
later adapted for flight.

J
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= Evolution cannot be said to ‘progress’ from "lower” forms to ‘higher forms. Rather,
evolution seems to have given rise to more complex body designs even while the
simpler body designs continue to flourish.

®  Study of the evolution of human beings indicates that all of us belang to a single
species that evolved in Africa and spread across the werld in stages.

1. A Mendelian experiment consisted of hreeding tall pea plants bearing violet flowers
with short pea plants bearing white flowers. The progeny all bore viclet flowers,
bt almost half of them were short. This sugfests that the genetic make-up of the
tall parent can be depicted as

a0 TIWW
b  TTwe
) TEWw
d] Ttww

2. An example of homologous organs is
(a) ourarm and a dog's fore-leg.
(b) our teeth and an «lephant’s tuslks.
[} potato and runners of grass.
[d} all of the above.
3. Inevoluticnary terms, we have more in conumon with
[a) aChinese schoal-boy.
[b) achimpanzee.
i) aspider.
(d} abacterlum,

4. A study found that children with light-coloured eyes are likely to have parents
with light-coloured eyes. Om this basis, can we say anything about whether the
light eye colour trait is dominant or recessive? Why or why not®?

How are the areas of study — evolution and classification — interlinked?

Explain the terma analogous and homologous crgans with examples.

Outline a project which aims to find the dominant coat colour in dogs.

Explain the importance of fossils in deciding evolutionary relationships.

What evidence do we have for the origin of life from inanimate matter?

10. Explain how sexual reproduction gives rise to more viable variations than asexuaal
reproduction. TTow does this affect the evalution of those orgarisma that reproduce
sexually?

11. Howis the equal genetic contribution of male and female parents ensured in the
progeny?

12. Only variations that confer an advantage to an individual organisim will survive in

a population. Do you agree with this statement? Why or why not?

@ e oo
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| CHAPTER 1 0
n | Light — Reflection and
Refraction

e see a variety of objects in the world around us. However, we are
unable to see anything in a dark room. On lighting up the room,
things become visible. What makes things visible? During the day, the
sunlight helps us to see objects. An object reflects light that falls on it.
This reflected light, when received by our eyes, enables us to see things.
We are able to see through a transparent medium as light is transmitted
through it. There are a number of common wonderful phenomena
associated with light such as image formation by mirrors, the twinkling
of stars, the beautiful colours of a rainbow, bending of light by a medium
and so on. A study of the properties of light helps us to explore them.
By ohserving the common optical phenomena arcund s, we may
conchide that light seems to travel in straight lines. The fact that a small
source of ight casts a sharp shadow of an opague ohject points to this
straight-line path of light, usually indicated as a ray of light.

AYAYAYAYATATAYATATAYAVATAYATYATAVATAVAVAYATAYATAVAVAYAYATY,

If an opaque object on the path of light becomes very small, light has a tendency to
bend around it and not walk in a straight line — an effect kmowr as the diffraction of
light. Then the straight-line treatment of optics using rays fails. To explain phencmena
such as diffraction, light is theught of as a wave, the detalls ef which you will study
in higher classes. Again, at the beginning of the 20t century, it became known that
the wave theory of light often becomes inadequate for treatinent of the interaction of
light with matter, and Hght ofien behaves somewhat like a stream of particles. This
confusion about the true nature of light contitied for some yvears till a modern
quantum theory of ight emerged in which light is neither a ‘wave’ nor a ‘particle’ —
the new theoy reconciles the particle properties of ight with the wave nature. |

In this Chapter, we shall study the phencmena of reflection and
refraction of light using the straight-line propagation of light. These basic
concepts will help us in the study of seme of the optical phenomena in
nature, We shall try to understand in this Chapter the reflection of ight
by spherical mirrors and refraction of ight and their application in real
life situations.

10.1 REFLECTION OF LIGHT

A highly polished surface, such as a mirror, reflects most ef the light
falling on it. You are already tamiliar with the laws of reflection of Hght.



Let us recall these laws —
il The angle of incidence is equal to the angle of reflection, and
() Theincident ray, the normal to the mirrer at the point of incidence
and the reflected ray, all lie in the same plane.

These Iaws of reflection are applicable to all types of reflecting surtaces
including spherical surfaces. You are familiar with the formation of image
by a plane mirror. What are the properties of the image? Image formed
by a plane mirror is always virtual and erect. The size of the image is
equal to that of the ebject. The tmage formed 13 as far behind the mirrar
as the object is in front of it. Further, the image is laterally inverted.
ITow would the images be when the reflecting surfaces are curved? Let
us explore.

Activity 10.1

Take a large shining spoon, Try to view your face in its curved
surface.

Do you get the image? Ia it amaller or larger?

Mawve the spoon slowly away from your face. Observe the image.
How does it change?

Reverse the spoon and repeat the Activity. How does the image
look Uke now?

Compatre the characteristica of the lmage on the twg aurfaces.

The cunved sunrface of a shining spoon could be ccnsidered as a conrved
mirror. The most commanly used type of curved mirror is the spherical
mirror. The reflecting surface of such mirrors can be considered to form
g part at the surtace of a sphere. Such mirrors, whose reflecting surfaces
are spherical, are called spherical mirrors. We shall now study about
spherical mirrors in some detail.

10.2 SPHERICAL MIRRORS

The reflecting surface of a spherical mirror may be curved inwards or
outwards. A spherical mirror, whose reflecting swrface is curved inwards,
that is, faces towards the centre of the sphere, is called a concave mirror.
A spherical mirror whose reflecting surface is curved outwards, is called
a comrvex muirror. The schematic representation of these mirrors is shown
in Fig. 10.1. You may note in these diagrams that the back
of the mirror is shaded.
You may now understand that the surface of the spoon
curved inwards can be approximated to a concave mirror
and the swaface of the spoon bulged cutwards can be
approximated to a convex mirror.
Before we mnove further on spherical mirrors, we need to
Tecognise and understand the meaning of a few terms. These
terms are commonly used in discussions about spherical e Concavemirror B Convex mirror
mirrors. The centre of the reflecting surface of a spherical  pgure 10.1
mirror is a point called the pole. ItHes on the surface of the  Schemaiic represeniation of spherical
mitror. The pole is usually represented by the letter F. mirrors; the shaded side ts non-reflecting.
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The reflecting surface of a spherical mitror forms a part of a sphere.
This sphere has a centre, This point is called the centre of curvature of
the spherical mitror. It is represented by the letter C. Please note that the
centre of curvature is not a part of the mirror. Tt lies cutside its reflecting
surface. The centre of curvature of a concave mirror lies in front of it.
ITawever, it lies hehind the mirror in case of a convex mirror, You may
note this in Fig.10.2 (a) and [b]. The radius of the sphere of which the
reflecting surface of a spherical mirror forms a part, 1s called the radius
of curvature of the mirror. It is represented by the letter R You may note
that the distance PC is equal to the radius of curvature. ITmagine a straight
line passing through the pole and the centre of curvature of a spherical
mirror. This line is called the principal axis. Remember that principal
axis is normal to the mirror at its pole. Let us understand an important
term related to mirrors, through an Activity.

Activity 10.2

CAUTION: Do not look at the Sun directly or even intg a mimor
reflecting sunlight. It may damage your eyes.

Hold a concave mireor in your hand ated direct its reflecting aurface
towards the Sun.

Direct the light reflected by the mirmor on to & sheet of paper held
cloze to the mirmor,

Mowve the sheet of paper back and forth gradually until you find
on the paper sheet a bright, sharp spot of light,

Hold the mireor and the paper in the same position for a few
minutes. What do you cbserve? Why?

The paper at first begins to bum producing smake. Eventually it
may even catch fire. Why does it burn? The light from the Sun is converged
at a point, as a sharp, bright spet by the mirror, In fact, this spot of ight

is the image of the Sun on the sheet of paper. This point is

Al
infinity

B

B B

M
D the focus of the concave mirrar, The heat preduced due to
A the concentration of sunlight ignites the paper. The distance
T of this image from the position of the mirror gives the

approximate value of focal length of the mirror.

Let us try to understand this cbservation with the help
of a ray diagram.

Observe Fig, 10.2 (a) closely. A number of rays paralicl
to the principal axis are falling on a concave mirror. Observe
the reflected rays. They are all meeting/intersecting at a
point on the principal axis of the mirror. This point is called

Figure 10.2

{a) Concoue mimmar
{8 Conmex mirmor
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the principal focus of the cencave mirror. Similarly, observe
Fig. 10.2 [b). How are the rays parallel to the principal axis,
retlected by a convex mirror? The reflected rays appearto
come from a point on the principal axis. This point is called
the prineipal focus of the convex mirror. The principal focus
is represented by the letter F. The distance between the
pele and the principal focus of a spherical mirror is called
the focal length. It is represented by the letter £

Science



The reflecting surface of a spherical mirror is by and large spherical.
The surface, then, has a circular outline, The diameter of the reflecting
surface of spherical mirror is called its aperture. In Fig. 10.2, distance
MN represents the aperture. We shall consider in our discussion only
such spherical mirrors whose aperture is much smaller than its radius
of curvature.

Is there a relationship between the radius of curvature R, and focal
length {, of a spherical mirror? For spherical mirrors of small apertures,
the radius of curvature is found to be equal to twice the focal length. We
put this as R = 2f. This implies that the principal focus of a spherical
mirror lies midway between the pole and centre of curvature.

10.2.1 Image Formation by Spherical Mirrors

You have studied about the image formation by plane mirrors. You also
know the nature, position and relative size of the images formed by them,
How about the images formed by spherical mirrors? How can we locate
the image formed by a concave mirror for different pesitions of the chiject?
Are the images real or virtual? Are they enlarged. dimindished or have
the same size? We shall explore this with an Activity,

Activity 10.3

You have already learnt a way of determining the focal length of &
concave mirrgr. In Activity 10.2, you have seen that the sharp bright
spot of ight vou got on the paper is, In fact, the image of the Sun. It
was a tiny, real, Inverted image. You got the approxdmate focal length
of the concave mirrer by measuring the distance of the image from
the mirror.
Take a concave mirmor. Find out its approximate focal length in
the way described above. Note dowmn the value of focal length. [You
can alsp find it out by obtaining image of a distant object on a
sheet of paper)
bMark a line on & Table with a chalk. Flace the coneave mirmor on
a stand. Place the stand cer the Tine such that its pole lies over
the lne.
Draw with a chalk two more Hnes parallel to the previous line
such that the distance hetween any two successive Tines is equal
to the fopal length of the mirror. These lines will now correspond
to the positions of the points P, F and C, Tespectively. Remember —
For a spherical mirror of small aperiure, the principal focus F les
mitd-ireiyy betiveen the pole P and the eentre of curoarure C.
Keep a bright object, say & burning candle, at a position far beyond
C. Flage a paper scresn and move 1t in front of the mirror H1 you
obtain a sharp bright image of the candle flame ¢n it.
Observe the image carefully. Note dowm its nature, posifion and
relative size with respect 10 the object size.
Eepeat the activity by placing the candle - (a) just beyond C,
[b) at C, ] between F and C, (d] at F, and [e) between P and F.
In one of the cases, you may not get the Image on the screen.
Ientify the position of the gbject in auch a case. Then, look for its
virtual image in the mirrer itself.,
Mote dowm and tabulate your observations.

Light — Reflection and Refiraction
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You will see in the above Activity that the nature, position and size of
the image formed by a concave mirror depends on the position of the
object in relation to points P, F and C. The image formed is real for some
positions of the aobject. It is found to be a virtual image for a certain other
position. The image 13 either magnified, reduced or has the same size,
depending on the position of the object. A summary of these observations
is given for your reference in Table 10.1,

Table 10.1 Image formaticn by a concave mirror for different positions of the object

Position of the Poaition of the Size of the Nature of the
object image image image

At infinity

Beyond C
At C

Between € and F

At F

Between P and F
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At the focus F Highly diminished, Real and inverted
point-sized

Between F and C Diminished Real and Inverted

At C Same slze Real and inwverted

Beyond C Enlarged Real and inverted

At infinity Highly enlarged Real and inverted

Behind the mirrar Enlarged Virtual and erect

10.2.2 Representation of Images Formed by Spherical
Mirrors Using Ray Diagrams

We can also study the formation of images by spherical mirrors by
drawing ray diagrams. Consider an extended cobject, of finite size, placed
in front of 2 spherical mirror. Each small porticn of the extended cbject
acts like a point source. An infinite number of rays originate from each
of these points, To construet the ray diagrams, in erder to locate the
image cf an cbjeet, an arbitrarily large maumber of rays emanating from a
point could be considered. Tlowever, it is more convernient to consider
only two rays, for the sake of clarity of the ray diagram. These rays are
so0 chosen that it is easy 1o know their directions after reflection froin the
mirror.

The intersection of at least two reflected rays give the position of image
of the point cbject. Any two of the following rays can be considered for

locating the image.

e i A ray parallel to the
‘"'"ml prinetpal  axis, after

il A reflection, will pass through
e, . . .

[\ '\_‘ oy the principal focus in case of

[ F ra a corcave INrTor of appear

to diverge from the principal

focus in case of a convex

” mirrar, This is {Thastrated In
Figure 10,3 Fig.10.3 [a) and [b).

Science



(i} A ray passing through the
principal focus of a concave -
mirror or a ray which (s ey

directed towards the
principal focus of a convex

mirror, after reflecton, wAill
emerge parallel to the
principal axis. This 1is
llustrated in Fig.10.4 [a)
and [b). {of

(i) A ray passing through the Figure 10.4
centre of curvafure of a

mirror, after reflection, 1s

reflected back along the

same path, This 1is

llustrated 1n Fig.10.5 (a)

and [b). The light rays come @
back along the same path

because the incident rays

fall on the mirror along the

normal to the reflecting

surface.

concave mirror or directed
in the direction ef the centre \ 4
of curvature of a convex B T,
C F T
B
B

ivi A ray incident obliquely fo
the principal axis, towards
a point P [pole of the mirror),
on the concave mirror
[Fig. 10.6 (a)] aor a convex :

mirror [Fig. 10.6 (b)], i3 C FI F C
reflected obliquely. The
incident and retlected rays
follow the laws of reflection
at the point of incidence

(point '), making equal Figure 108
angles with the principal axis.

Remember that in all the above cases the laws of reflection are follawed .
At the point af iIncidence, the incident ray is reflected in such a way that
the angle of reflection equals the angle of incidence.

(a)] Image formation by Concave Mirror
Figure 10.7 illustrates the ray diagrains for the formation of image
hy a concave mirror for various positions of the object.
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Figure 18,7 Roy divgrams for the Image formaiion by o concone mirror

Activity 10.4

Drmaw neat ray diagrams for each position of the object shown in
Table 10.1.
You may take any two of the rays mentioned in the previous sectom

for locating the image.

Compare your diagram with those given in Fig. 10.7.

Describe the nature, position and relative size of the image formed
in each case

Tabulate the results in a convenient format.

Uses of concave mirrors

Concave mirrors are commonly used in torches, search-lights and
vehicles headlights to get powerful parallel beams of light. They are
often used as shaving mirrors to see a larger image of the face. The
dentists use concave mirrors to see large images of the teeth of patients.
Large concave mirrors are used to concentrate sunlight to produce
heat in solar furnaces.

b} Tmage formation hy a Convex Mirror
We studied the image formation by a concave mirror. Now we shall
study the formation of image by a convex mirror.,
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Activity 10.5

Take a convex mitror. Hold it in ¢ne hand.

Haold a pencil in the upright position in the other hand.

Obaerve the image of the pencll in the mirror. ls the Image erect ar
inverted? Ia it diminished or enlarged?

Move the penell away feom the mirror slowly. Does the image
become smaller or larger?

Repeat this Activity carefully. State whether the image will mone
closer to or farther away from the focus as the object is moved
away from the mirror?

We consider two posftions of the ebject tor studying the image formed
by a convex mirror. First is when the object is at infinity and the second
position is when the object 1s at a finfte distance from the mirrer. The ray
diagrams for the formation of image by a convex mirror for these two
positions of the object are shown in Fig. 10.8 [g) and [b), respectively.
The results are summmarised in Table 10.2.

[ . ) _* — .
Eﬁnﬂr ‘ I\N -

Figure 10.8 Formation of imadge by o contex mirror

Table 10.2 Nature, position and relative size of the image formed by a convex mirror

Poaition of the Position of the Size of the Natore of the
ohject image image image

At Infinity At the focus F, Highly diminished, Virtual and erect
behind the mirror polnt-alzed

Between infinity Eetween F and F, Diminished Virtual and erect

and the pole P of behind the mirmor

the mirmar

You have so far studied the image formation by a plane mirror, a
congave mirror and a canvex mirror, Which of these mirrers will give the
full image of a large cbject? Let us explore through an Activity.

Activity 10.6

Cbserve the image of a distant object, say a distant tree, in a
plane mirrar.

Could you =ee a full-length image?
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Try with plane mirrors of different sizes. Did you asee the entire
cbject in the image?

Repeat this Activity with a concave mivror.  [dd the mirmor show
full length image of the object?

Now try using a convex mitmor. [id you succesd? Explain youar
obaervatipns with reason.

You can see a full-length image of a tall building /tree in a small
convex mirror. One such mirror is fitted in a wall of Agra Fort. If you visit
the Agra Fort, try to observe the full-length image of a distant, tall
building /tomb in the wall mirror. To view the tomb distinetly, you should
stand suitably at the terrace adjoining the wall.

Uses of convex mirrors

Convex mirrors are commonly used as rear-view [(wing) mirrors in
vehicles. Thege mirrors are fitted on the sides of the vehicle, enahling the
driver to see traffic behind him /her to facilitate safe driving. Convex
mirrors are preferred because they always give an erect, though
diminished, image. Also, they have a wider field of view as they are curved
outwards. Thus, convex mirrors enahle the driver to view much larger
area than would be possible with a plane mirror.

Q U E S TTI ON S

Defing the principal focus of a comcave miTToT,

The radius of curvature of a apherical mivror 1s 20 cm. What s ita focal
length?

Name a mirmor that can give an erect and enlarged image of an cbject.
Why do we prefer a convex mirror as a rear-view mirror in wehicles?
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10.2.3 Sign Convention for Reflection by Spherical Mirrors

While dealing with the reflection of ight by spherical mirrors, we shall

follow a set of sign conventions called the New Cartestan Sign

Corrention. [n this convention, the pole (19 of the mirror is taken as the

origin. The principal axis of the mirror is taken as the x-axis (XX) of the

coordinate system. The conventions are as follows -

(il The object is always placed to the left of the mirror. This implies
that the light from the object falls on the mirror from the left-hand
side,

i) Al distances parallel to the principal axis are measured from the
pale of the mirror,

{fif) All the distances measured to the right of the origin (along
+ x-axis) are taken as positive while those mneasured to the left of
the origin (along - x-axis) are taken as negative,

(iv] Distances mneasured perpendicular to and above the principal axis
(along + y-axis) are taken as positive.

(v] Distances measured perpendicular to and below the principal axis
(along —v-axis) are taken as negative.
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The New Cartesian Sign Converntion described above is illustrated in
Fig.10.% for your reference. These sign conventions are applied to obtain
the mirror formula and solve related numerical problems.

10.2.4 Mirror Formula and Magnification
In a spherical mirror, the distance of the

object from its pole 1s called the object — OhWect on theleht u
distance (11]. The distance of the image from [Hreclon of %
the paole of the mirror is called the image A “Incident Ight H.,
distance (). You already know that the |
- Halght '
distance of the principal focus from the pole pelent Distance towards | puioe oands
is called the focal lengih (f). There is a [+ve) the left ive] | engtire
relationship between these three quantities | ¥
given by the mirror formula which is E B |
expressed as |
Heaght !
1+l=i 10.1) dowriwards [ val IIlI
U u f [ £l ﬁ- II|III
This formula is valid in all sitmations for all Mireor—"F
spherical mirrors for all positions of the n

object. You must use the New Cartesian Sign  Figure 10.9

Convention while substituting numerical The New Carteslan Sign Convention for spherical mirrors
values for w, v, f, and R i the mirror forrmala

for sclving problemns.

Magnification
Magnification produced by a spherical mirror gives the relative extent to
which the image of an abject 13 magnified with respect to the object size.
It is expressed as the ratio of the height of the itnage 1o the height of the
object. Tt 13 usually represented by the letier m,

If his the height of the object and h’is the height of the image, then
the magnification m preduced by a spherical mirror 1s given by

Height of the image (")
"= Height of the object [h)
hr
h

The magnification m is also related to the object distance (1) and
image distance (). It can be expressed as:

Magnification (m) = % = —5 (10.3)

You may note that the height of the abject 1s taken to be positive as
the abject is usually placed above the principal axis. The height of the
image should be taken as positive for virtual images. However, it is tobe
taken as negative for real images. A negative sign in the value of the
magnification indicates that the image is real. A positive sign in the value
of the magnification indicates that the image is virtual.

m = (10.2)
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Example 10.1

A conveX mirror used for rear -view on an automaohile has a radius of
curvature of 3.00 m. If a bus iz located at 5.00 m from this mirror,
find the position, nature and size of the image.

Solution

Radius of curvature, 2 = + 3.00 m;
Object-distance, u =-500m;
Image-distance, v="7

Height of the image, h'="

3.00
Focal length, f= R/2 =+ ——— = + 1.50m
rt1_1
Since 7t G
111 1 1 1 1
O w7 Ff uT%150 {500 ~ 1507500
500 1.50
- 750
+7.50
V= 550 =+ 1.15m
The image is 1.15 m at the back of the mirror.
. . R e 1.15m
Magnification, m= h- u- " 500m
=+0.23

The image is virtual, erect and smaller in size by a factor of 0.23.

Example 10.2

An object, 4.0 em in size, 13 placed at 25.0 cm in frant of a cencave
mirror of focal length 15.0 em. At what distance from the mirror
should a screen be placed in order to obtain a sharp image? Find
the nature and the size of the image.

Solution

Object-size, h= + 4.0 cm;
Object-distance, u=-25.0cm;
Focal length, f=-15.0 cm;
Image-distance, v="
Image-size, h'=?

From Eq. (10.1}):
1,11
v ou f
11 1 1 1 _ 1 .1
O v f u -150 -250 150 250
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1_-50+30_ 20
e 750 7o "
The screen should be placed at 37.5 cm from the mirror. The image

is real.

v=-37.6cm

Also, magnification, m= % = —5
,  wvh (-837.50m] [+4.0cm)
or, fi'=—-"-= (~25.0 cm)

Height of the image, h'= - 6.0 cm
The image is inverted and enlarged.

Q UESTTION S

1. Find the focal length of a convex mirmor whose radius of curvature is
32 cm.

2. A concave mirror produces three times magnified (enlarged) real Image
of an object placed at 10 cm in front of it. Where 15 the image located?

10.3 REFRACTION OF LIGHT

Light seems to travel along straight-line paths i a transparent mediom.
What happens when light enters frem one transparent medium to
ancther? Does it still move along a straight-line path or change its
direction? We shall recall some of our day-to-day experierices.

You might have cbserved that the bottom of a tank or a pond
containing water appears to be raised. Similarly, when a thick glass slab
is placed over some printed matter, the letters appear raised when viewed
through the glass slab. Why does it happen? Have you seen a pencil
partly immersed in water in a glass tumbler? It appears to be displaced
at the interface of air and water. You might have observed that a lemon
kept in water in a glass tumbler appears to be bigger than its actual
size, when viewed from the sides. How can you account for such
experienees?

Let us consider the case of the apparent displacement of a pencil,
partly immersed in water, The Hght reaching you from the portion of the
pencil inside water seems to come from a different direction, compared
to the part above water, This makes the penell appear to be displaced at
the interface. For sitmilar reasons, the letters appear 1o be raised, when
seen through a glass slab piaced over it,

Does a pencil appear to be displaced to the same extent, if instead of
water, we use liguids Nke kerosene or turpentine? Will the letiers appear
to rise to the same height if we replace a glass slab with a transparent
plastic slab? You will find that the extent of the effect is different for
different pair of media. These observations indicate that light does not

Light — Reflection and Refiaction
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travel in the same direction in all media. It appears that when travelling
obliquely from one medinm to another, the direction of propagation of
Light in the second medium changes. This phenomenon is known as
refraction of light. Let us understand this phenomenon further by doing

a few activities.

Flace a coln at the bottom of a bucket filled with water.

With your eve to a side above water, try t0 pick up the coin in ¢ne
g0, Id you succeed in picking up the coin?

Repeat the Activity. Why did you not succeed in deing it in one go7?
Ask vour friends to do this. Compare your experlence with theirs.

Activity 10.8

Flace a large shallow bowl an a Table and put a celn in it

Move away slowly from the bowl. Stop when the coin just
disappears from wour sight.

Agk a friend to pour water gently into the bowl without disturhing
the ooin,

Keep lpoking for the coin from your position. Does the ooin becomes
visible again from your position? How could this happen?

The coirn becomes visible again on pouring water into the bowl. The
coin appears slightly raised above its actual position due to refraction of

light.
Activity 10.9

Draw a thick straight line in ink, gver a sheet of white paper placed
an a Table.

Flace a glass slab over the line in such a way that one of s edges
makes an angle with the line.

Look at the portion of the Tme under the slab from the sides. What
do yom gbserve? Does the Tme under the glass slab appear to be
bent at the edges?

Next, place the glass slab auch that it 18 normal to the llne. What
do you observe now? Loes the part of the line under the glass slab
appear bent?

Look at the line from the top of the glass slab. Does the part of the
line, bemeath the slab, appear to be raised? Why does this happen?

10.3.1 Refraction through a Rectangular Glass Slab

To understand the phenomenon of refraction of light through a glass
slab, let us do an Activity.
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Activity 10.10

Fix a sheet of white paper on a drawing board using drawing pins.
Flace a rectangular glass slab ¢ver the sheet n the middle.
Diraw the outline of the slah with a pencil. Let us name the outline
as ABCIL

Take four identical pins.

Fix two pins, say E and F, vertically such that the line joining the
pins iIs Inchined to the edge AB.

Look for the images of the pins E and F through the opposite edge.
Fix tw0 other ping, say G and H, such that these pins and the
images of B and F lie on a straight line.

Remove the ping and the slab.

Join the positdons of Hp of the pins E and F and produce the line
up to AB. Let EF meet AB at 0. Shmndlarly, join the positdons of Hp
of the pins G and H and produce it up to the edge CI. Let HG
mneet CI at O

Jain O and G° Alsa produce EF up to P, as shown by a datted lne
in Fig. 10.10.

In this Activity, you will note, the light ray has changed its direction
at points O and O°. Note that both the points O and Olie on surfaces
separating two transparent media. Draw a perpendicular NN’ to AB at O
and another perpendicular MM to CD at O’ The light ray at point O has
entered from a rarer meditm to 2 denser medium, that is, from air to
glass. Note that the light ray has bent towards
the normal. At O, the light ray has entered E
from glass to air, that is, from a denser
meditim to a rarver medium. The light here
has bent away from the normal. Compare the F
angle of incidence with the angle of refraction n
at bath refracting surfaces AB and CD.

In Fig. 10.10, EQ is the incident ray, 00~
is the refracted ray and O H is the emergent
ray. You may observe that the emergeni ray  giues— o
is parallel to the ditection of the incident ray.  =lsb
Why does it happen 567 The extent of bending
of the ray of light at the apposite parallel faces
AB [(air-glass interface] and CD [glass-air
interface) of the rectangular glass slab is C
equal and opposite, Thia is why the ray
emerges parallel to the incident ray. However,
the light ray is shifted sideward slightly. What
happens when a light ray is incident pigure 10.10
normally to the interface of two media? Try  Refraction of light through o rectanguior glass siob
and find out.

Now you are familiar with the refraction of light. Refraction is due to
change in the speed of ight as it enters from one transparent mediom to
another. Experiments show that refraction of ight oceurs according to
certain laws.

{ilars
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The following are the lmos of refraction of light.

iy The incident ray, the refracted ray and the normal fo the
inferfrice of fivo transparent media af the point of incidence, all
lie In the same plane,

(i) The raHo af sine of angle af incidence o the sine of angle af
refraction (s o constant, for the Hight of a given colour and for
the given patr of media. This law is alse known as Snell's law of
refraction.

If iis the angle of incidence and »is the angle of refraction, then,

sini
ginr

This constant value i= called the refractive index of the second medhom
with respect to the first. Let us study about refractive index in some detadl.

10.3.2 The Refractive Index

You have already studied that a ray of light that travels obliguely from
one transparent medinom into another will change its direction in the
second medium. The extent of the change in direction that takes place
in a given pair of media is expressed in terms of the refractive index, the
“‘constant” appearing on the right-hand side of Eq.[10.4].

The refractive index can be linked to an impertant physical quartity,
the relative speed of propagation of light in different media. It tums out
that light propagates with different speeds in different media. Light travels
the fastest in vacuum with the highest speed of 3x10°m s~'. In air, the
gpeed of Hght i3 only marginally less, compared to that in vacoum. Tt
reduces considerably in glass or water. The value of the refractive index
for a given pair of media depends upon the speed of light in the two
media, as given below,

Consider a ray of light travelling from medium 1 into medium 2, as
shown in Fig. 10.11. Let 1, be the speed of light in medium 1 and v, he
the speed of light in medium 2. The refractive index of medium 2 with
respect to medinm 1 is given by the ratio of the speed of Hght in medium
1 and the speed of light in medium 2. This is usually represented by the
symbol n_ . This can be expressed in an equation form as

= consfarnf (10.4)

Medium 1 light i ; 1
Mod um n, = Speed t:nfu‘gh‘i, .ﬂ l'l’lEtil:uIﬂ 1 _w» (10.5)
Speed of light in medium 2w,
f}"jﬂ;:f" 2 By the same argument, the refractive index of medium
1 with respect to medium 2 is represented as n_. It is given
by
B " _Speed of light iIn medium 2 _ (10.6)
Figure 10,11 '*" Speed of light in medium 1 v, ’

fmedinm 1 is vacuum cor air, then the refractive index of medinm 2
is considered with respect to vacuum. This is called the absohate refractive
index of the medium. It is simply represented as rz,. If cis the speed of
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Hght in air and vis the speed of light in the medium, then, the refractive
index of the medium n_is given by

n - Speed of light in air ¢ 10.7)
™" Speed of light in the medium v ’

The absohute refractive index of a medium is simply called its refractive
index. The refractive index of several media is given in Table 10.3. From
the Table you can know that the refractive index of water, n_ = 1.33.
This means that the ratic of the speed of light in air and the speed of
light in water is equal to 1.33. Similarly. the refractive index of crown

glass, n_=1.52. Such data are helpful in many places. However, you
need 1’1{)% memorise the data.

Tahle 10.3 Absolute refractive iIndex of some material media

Canada

Halsam
Tce 1.31
Water 1.33 Rack salt 1.54
Alcohol 1.36
Kerosene 1.44 Carhion 1.63
disulphide
Fused 1.46
quartz Dense 1.65
flint glass
Turpentine 1.47
oil Ruby 1.71
Benzene 1.60
Sapphire 1.77
Crown 1.5%
glasa DHamond 2432

Note from Table 10.3 that an optically denser medium may not
possess greater mass density. For example, Kerosene having higher
refractive index, is optically denser than water, although its mass density
i# less than water.
A |.L| lhk Jﬁ TATAYA -'r N r ATATAVA _f(_'- 'I-:_i. r'_\[ -'H_ __ﬂ" r_ \l- 'n" l'ﬂ-'I .h N .-‘. rﬁ"| A .it: ATATA'

= AT LTATATATATATA __....,..._,__ Vi e e = S N N
f ¥ T' -9- J— r I ] ! 1 1 WE Y

The ahilit_v ofa mf:dium 1o refract light 15 alag expmssﬂd n tﬂrms of its Uptical densitj,r
Optical density has a definite connotation. It is not the same as mass density. We have
been using the terms ‘rarer medium’ and ‘denser medium’ in this Chapter. It actually
means ‘optically rarer medium’ and ‘optically denser medium’. respectively. When can
we aay that a medium is aptically denser than the other? In comparing two media, the
one with the larger refractive index is optically denser medium than the other. The other
medium of lewer refractive index is optically rarer. The speed of Hight is higherin a rarer
medium than a denser medium. Thus, a ray of light travelling from a rarer mediom to a
denser medium slows down and bends towards the narmal. When it travels from a
denser medium to a rarer medium, it speeds up and bends away from the normal.
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statement?

1. Aoty of Hght traveling in alr enters obligquely into water. Does the light
ray bend towards the normal or away trom the normal? Why?

2. Light enters from air to glass having refractive index 1.60. What 1a the
apeed of Hght in the glass? The apeed of Ught In vacuam is 3 x 10° m s,

3. Find out, from Table 10.3, the medium having highest optical density.
Alsg find the medium with lowest optical density.

4.  You are given kergsene, turpentine and water. In which of these does
the light travel fastest? Use the informaton glven in Table 10.3.

5. The refractve index of diamond 1= 2.42. What is the meaning of this

10.3.3 Refraction by Spherical Lenses

You might have seen people using spectacles for reading. The
watchmakers use a small magnifying glass to see tiny parts. TTave you
ever touched the surface of a magnifying glass with your hand? Is it
plane surface or curved? Is it thicker in the middle or at the edges? The
glasses used in spectacles and that by a watchmaker are examples of
lenses. What is a lens? ITow does it bend light rays? We shall discuss

the=e in this section.

Figure 10,12
{a) Converging acfon of a convex; l2ns, i) diverging
action of G conoaixe lems

A transparent material bound by two
surfaces, of which one or both surfaces are
spherical, forms a lens, This means that alens is
bound by at least one spherical surface. In such
lenses, the other surface would be plane. Alens
may have two spherical surfaces, bulging
outwards. Such a lens is called a double convex
lens. It is simply called a convex lens. It is thicker
at the middle as compared to the edges.
Convex lens converges light rays as shown in
Fig. 10.12 {a). TTenge convex lenses are called
converging lenses. Similarly, a double concave
lens is bounded by two spherical surfaces,
curved inwards. It is thicker at the edges than at
the middle. Such lenses diverge lght rays as
showm in Fig. 10.12 [b). Such lenses are called
diverging lenses. A double concave lens is simply
called a concave lens.

Aldens, elther a convex lens or a concave lens,
has two spherical surfaces. Each of these surfaces
forms a part of a sphere. The centres of these
spheres are called centres of curvature of the lens.

The centre of curvature of a lens 13 usually represented by the letter C.
Since there are two centres of curvature, we may represent them as C,
and C,. An imaginary straight line passing through the two centres of
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curvature of a lens is called its principal axis. The central point of a lens is
its optical centre. It is usually represented by the letter O. A ray of light
through the optical centre of a lens passes without sutfering any deviation,
The effective diameter of the circular outline of a spherical lens is called its
aperture, We shall confine our discussien in this Chapter to such lenses
whose aperture is much less than its radios of curvature. Such lenses are
called thin lenses with amall apertures. What happens when parallel rays
of ight are incident on a lens? Let us do an Activity to understand this.

Activity 10.11

CAUTION: Do not look at the Sun directly or through a lens while
doing this Activity or otherwlze. You may damage your eyea if you
do s0.

Hold a convex lens In your hand. Mrect it towards the Sun.
Focus the light from the Sun on a sheet of paper. Obtain a sharp
bright image ot the Sun,

Hold the paper aned the lens in the same position for a while. Keep
obeerving the paper. What happened? Why? Recall your experience
in Activity 10.2.

The paper begins to burn produeing smoke. Tt may even catch fire
after a while. Why does this happen? The light from the Sun constitutes
paraliel rays of light. These rays were converged by the lens at the sharp
bright spot formed on the paper. In fact, the bright spot you got on the
paper 1s a real tmage of the Sun. The conecentration of the sunlight at a
point generated heat. This caused the paper to bur.

Now, we shall consider rays of light parallel to the principal axis of a
lens. What happens when yvou pass such rays of light through a lens?
This 1z fltusirated for a convex lens in Fig.10.12 (a) and for a concave
lens in Fig.10.12 (b).

Observe Fig. 10.12 {a) carefully. Several rays of light parailel to the
principal axis are falling on a convex lens. These rays, after refraction
from the lens, are converging to a point on the principal axis. This point
on the principal axis is called the principal focus of the lens. Let us see
now the action of a cancave lens,

Observe Fig.10.12 (b) carefully. Several rays of light parallel to the
principal axis are falling on a concave lens. These rays, after refraction
from the lens, are appearing to diverge from a point on the principal
axis. This point an the principal axis is called the prineipal focus of the
concave lens.

If you pass parallel rays trom the opposite surface of the lens, you
get another principal focus on the opposite side. Letter F is usually used
to represent principal focus. TTowever, a lens has two principal toci. They
are represented by F, and F,. The distance of the principal focus from
the optical centre of a lens is called its focal length, The letter f is used to
represent the focal length. How can you find the focal length of a convex
Iens? Recall the Activity 10,11, Tnn this Activity, the distance between the
position of the lens and the position of the image of the Sun gives the
approximate focal length of the lens.

Light — Reflection and Refiaction
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10.3.4 Image Formation by Lenses

Lenses form Images by refracting Tight. TTow do lenses torm images?
What is their nature? Let us study this for a convex lens first.

Activity 10.12

Take a convex lens. Find its approximate focal length in a way
described in Activity 10,11,

Draw five parallel straight lines, using chalk, on a long Table such
that the distance between the successive lines is equal tn the
foeal length of the lens,

Flace the lens on a lens gtand. Plage it an the central line such
that the aptical centre of the lens lies just aver the line.

The twa Unes on elther side of the lens correspond to F and 3F of
the lens respectively. Mark them with appropriate letters such as
2F,, F, F, and 2F,, respectively.

Flace a burning candle, far beyond 2F, to the left. Obtain a ¢lear
sharp tmage on a screen on the opposite side of the lens.

Note dowm the nature, positon and relative size of the iImage.
Kepeat this Activity by placing cbject just behind 2F , between F,
and 2F, at I, between I, and O. Note down and tabulate your
observatons.

The nature, position and relative size of the image formed by convex
lens for various positicns of the object is summarised in Table 10.4.,

Table 10.4 Nature, position and relative size of the image formed by a convex lens for various

positions of the object
Position of the Position of Relative size of Nature of
ohject the image the image the image

At infinity At focus F, Highly diminished, Real and inverted
point-sized

Beyond 2F, Between F, and 2F, Diminished Real and inverted

At 2F At 2K, Same slze Real and inverted

Between F, and 2F, Beyond 2F, Enlarged Real and inverted

At focus F, At Infinity Infinitely large or Real and inverted
highly enlarged

Between focus I Cn the same side Enlarged Virtual and erect

and of the lens as the

aptical centre O object

Let us now do an Activity to study the nature, position and relative
size of the image formed by a concave lens.
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Activity 10.i3

Take a concave lena, Place it on a lens stand.

Flace a burning candle on one side of the lens.

Look through the lens from the gther alde and observe the image.
Try to get the Image on a screen, If possible. I not, observe the
image directly through the lens.

Note down the nature, relative sive and approximate position of
the image.

Mowe the candle away from the lens. Note the change it the size
of the image. What happens to the asize of the image when the
candle 1= placed too far away from the lens.

The summary of the above Activity is given in Table 10.5 below.
Table 10.6 Nature, position and relative size of the image formed by a concave lens for various

positions of the object

Position of the Fosition of Relative size of Nature of

object the image the image the image
At Infindty At focus F Highly diminished, Virtual and ereet

point-sized

Between infinity and Between focua F. Diminisherd Virtual and erect
optical centre O and optical cenire O
of the lens

What conclusion can you draw from this Activity? A concave lens
will always give a virtual, erect and diminished image, irrespective of the
position of the abject.

10.3.5 Image Formation in Lenses Using Ray Diagrams

We can represent image formation by lenses using ray diagrams. Ray
diagrams will alsc help us to study the nature, position and relative size
of the image formed by lenses. For drawing ray diagrams in lenses, alike
of spherical mirrors, we consider any two of the following rays -

i) Arayoflight from the object, parallel to the principal axis, after
refraction from a convex lens, passes through the principal focus
on the other side of the lens, as shown in Fig. 10.13 (a). Incase of
a concave lens,
the ray appears
to diverge from . A
the principal u\\
focus located * .
on the same o U AN 3
side of the lens,
as shown in @

Fig. 10.13 (b).

2

Flgure 10.13
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Flgure 10,14

Figure 10.15

lii) A ray of light passing

through a principal
focus, after refraction
from a convex lens, wili
emerge parallel to the
principal axis. This i3
shown in Fig. 10.14 [a).
A ray of Hght appearing
to meet at the principal
focus of a concave lens,
after refraction, will
emerge parallel ioc the
principal axis. This is
showmn in Fig. 10.14 [h).
A ray of light passing
through the optical
centre of a lens will
emerge without any
deviation. This is
llustrated in Fig. 10, 15(g)
and Fig.10.15 (b).

The ray diagrams for the image formation in a convex lens for a few
positions of the object are shown in Fig. 10.16. The ray diagrams
represeriting the image formation in a concave lens for varicus positions
of the ohject are shown in Fig. 10.17.
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Figwre 10,16 The pestiion, size and the nafure of the image formed by

a contex lens for partons posttions af the olyect

iy =

L}

v

Figure 10,17 Ngture, position and relative size of the tmage formed by a concave lens

10.3.6 Sign Convention for Spherical Lenses

For lenses, we follow sign conventions, similar to the one used for
spherical mitrors. We apply the rules for signs of distances, except that
all measurements are taken from the optical centre of the lens. According
to the conventian, the focal length of a convex lens 13 positive and that of
a concave lens 13 negative. You must take care to apply appropriate
signs for the values of 1, v, f, object height h and image height K.

10.3.7 Lens Formula and Magnification

As we have a formula for spherical mirrors, we also have formula for
spherical lenses. This formula gives the relatlonship between objeet-
distance [id, image-distance (1 and the focal length (). The lens formula
is expresszed as

R

w  F (10.8)
The lens formoula given above is general and is valid i all sitnations

tor any spherical lens. Take proper care of the signs of different quantities,

while putting numerical values for solving problems relating to lenses,

1
U
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Magnification

The magnification produced by a lens, similar to that for spherical
mirrors, is defined as the ratio of the height of the image and the height
of the object. T 13 represented by the letter m. Tt his the height of the
object and h"is the height of the Image given by a lens, then the
magnification produced by the lens is given by,

_ Height of the Image #’ (10.9)
" Height of the object R '
Magnification produced by a lens is also related to the object-distance
i, and the image-distance ©. This relationship is given by
Mapgnification iml=h/h=vfu (10.10)
Exzample 10.3
A concave lens has focal length of 15 om. At what distance should

the abject fram the lens be placed so that it forms an image at 10 cm
from the lens? Also, find the magnification produced by the lens.

Solution
A concave lens always forms a virtual, erect image on the same side
of the object.

Image-distancev = -10cm;
Focal length f = 15 cm;
Object-distancenr = 7?
111
Sinee ;7 7
111
ar. =L 7
.t _t.,1
w -10 ¢15) 10 15
1842 1
u 30 80

or, u=-30em
Thus, the chject-distance 13 30 cm.
Magnification m=uv/u
-10em 1
o ————=—=+0233

M= "30em 3
The positive sign shows that the image is erect and virtual. The image
i3 one-third of the size of the object.

Example 10.4

A 2.0 cm tall ohject is placed perpendicular to the principal axis of a
convex lens of focal length 10 em. The distance of the object from the
lens is 15 cm. Find the nature, position and size of the image. Also
find its magnification.
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Solution

Height of the object h = + 2.0 cm;
Focal length f = + 10 cm;
object-distance u = -15 cm;
Image-distance v =7
TTeight of the image K’ = ?

111
SlnDeU u f

L
ar, v u f

i+t . t,1

¢ (-158} 10 15 10

1 2+3 1

p 80 30

0T, v=+30cm

The positive sign of v shows that the image is formed at a distance of
30 cm orn the other side of the optical centre. The image is real and
inverted.

1)
Mapgnification m = o

or, R=hivi
Height of the image, ¥ =(2.0) (+30/-15) =- 4.0 cm
Magnification m= v/ut

Fle

+3Dcrn_
_15an

or, M= -

The negative signs of mand i show that the image 1s inverted and
real. T is formed belew the principal axis. Thus, a real, inverted image,
4 cm tall, is formed at a distance of 30 ¢m on the other side of the
lens. The image is two times enlarged.

10.3.8 Power of a Lens

You have already learnt that the ability of a lens to converge or diverge
light ray=s depends on its focal length. For example, a convex lens of
short focal length bends the light rays through large angles, by focussing
them closer to the optical centre. Similarly, concave lens of very short
focal length causes higher divergence than the one with longer focal
length. The degree of convergence or divergenice of light rays achieved
by a lens is expressed in terms of its power. The power of a lens is defined
as the reciprocal of its focal lengih. Tt 13 represented by the letter P, The
power P ot alens of fecal length fis given by

p= (10.11)

L
£
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The ST unit of power of a lens is 'dioptre’. It 1s dencted by the letter D,
If f1s expressed in metres, then, power is expressed in dioptres. Thus,
1 dioptre is the power of a lens whose focal length is 1 metre, 1D = Lm?.
You may note that the poter of a eonvex lens is positive and that of a
comedire lens 18 negative.

Opticians prescribe corrective lenses indicating thelr powers. Letus
say the lens prescribed has power equal to + 2.0 D. This means the lens
prescribed 13 convex, The focal length of the lens 1s + 0.50 m, Similardy,
a lens of power — 2.5 D has a focal length of - 0.40 m. The lens is concane.

i Lt a s & th e bheddd e s dd
Many optical instruments consgist of a number of lenses, They are combined to Increase
the magnification and sharpness of the image. The net power [(P) of the lenses placed
In contact is given by the algebraic sum of the individual powers P,, P, P, ... as
P=P +P,+P+..

The use of powers, instead of tocal lengths, for lenses is quite convenient for oplicians,
During eve-testing, an optician puts several different combinations of corrective lenses
of known power, in contact, inside the testing spectacies’ frame. The optician calculates
the power of the lens required by simple algebraic additicn. For example, a combination
of two lenses of power +2.0D and +0.25 Dis equivalent to a single lens of power + 2.25 D,
The simple additive property of the powers of lenses can he used to design lens systems
to minimise certain defects in images produced by a single lens. Such alens system,
consisting of several lenses, in contact, is commonly used in the design of camera
lenses and the objectives of microscopes and telescopes.

Q U E S TTI O N S

Define 1 dioptre of power of a lens.

A convex lens forms a Teal and inverted image of a needle at a distance
af 50 cm from it. Where g the needle placed in front of the convex lens
if the image 16 equal ta the size of the abject? Also, find the power of the
lens.

Find the power of a concave lens of focal length 2 m.

183

Light seems to travel in straight lines.

Mirrors and lenses form images of chjects. Images can be either real or virtual,
depending on the position of the object.

The reflecting surfaces, of all trpes, obey the laws of reflection. The refracting
surfaces obey the laws of refraction.

New Cartesian Sign Conventions are followed for spherical mirrors and lenses.
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®  Mirror formula, - +E:T . fives the relationship beiween the object-distance (1),
image-distance (v}, and focal lengih (f} of a spherical mirror.
The focal length of a spherical mirror is equal to half its radins of curvature.
The magnification produced by a spherical mirror is the ratio of the height of the
image to the height of the object.

= A light ray travelling chliquely from a denser medium to a rarver medivim betids
away from the norinal. A light ray bends towards the normal when it travels obliquely
from a rarer to a denser mediam.

= Light travels in vacuum with an enormons speed of 3x10°m ='. The speed of light
is different in different media.

®m  The refractive index of a transparent medium is the ratio of the speed of light in
vacuum ito that in the medium,

= In ¢ase of a rectangular glass slab, the refraction takes place at hoth air-glass

interface and glass-air interface. The emergent ray is parallel to the direction of
incident ray.

11 1

®  Lens formula, ;_E:?' gives the relationship between the object-distance (4,

image-distance [, and the focal length () of 2 spherical lens.

= Power of a lens is the reciprocal of its focal length. The SI unit of power of 2 lens
is dioptre.

1. Which one of the following materials cannot be used to make a lens?
[al Water [b] Glass ic] Plastc (d) Clay

2. The image formed by a concave mirror is observed to be virtual, erect and larger
thar the object. Where should be the position of the object?

fa)l Between the principal focus and the centre of curvature
b) At the centre of curvature

(€l  Beyond the centre of curvature

(dl Between the pole of the mirror and its principal focus.

3. Where should an object be placed in front of a convex lens to get a real image of the
size of the object?

(@ Atthe principal focus of the lens
{b) At twice the focal length
o) Atinfinity
{dl Between the optical centre of the lens and its principal focus.
4, A spherical mirror and a thin spherical lens have each a tocal length of -15cm. The
mairror and the lens are likely to be

(al both concave.
\. (b)] both convex. J
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[c] the mirror is concave and the lens is convex.
(d] themirroris convex, but the lens is concave,

No matter how far you stand from a mirrer, your image appears erect. The mirrer
13 likely to be

(al plane.
(b concave.
(] comvex,

id) either plane or convex.

Which of the following lenses would yvou prefer to use while reading small letters
found in a dictionary?

{al A convexlens offocal length 50 cm.
(b} A concave lens of focal length 50 cm.
[ Aconvexlens of focal length 5 cm.
(d] Aconcave lens of focal length 5 em.

We wish to cbtain an erect image of an object, using a concave mirror of focal
length 15 cm. What should be the range of distance of the object from the mirror?
What is the nature of the image? Ts the image Jarger or smaller than the object?
Draw a ray diagram to show the image formation in this case.

Name the type of mirror used in the following situations.
(al Headlights of a car.

(b] Side/rear-view mitror of a vehicle.

(el Saolarfurhace.

Support yvour answer with reason.

9. Omne-half of a convex lens is covered with a hlack paper. Will this lens produce a
complete image of the object? Verify your answer experimentally. Explain your
chservaticns.

10. An agbject 5 em in length is held 25 em away from a converging lens of focal length

10 em. Tiraw the ray diagram and find the pesiticn, size and the nature of the
image formed.

11. A concave lens of focal length 15 em forms an image 10 cm from the lens. How far
is the ohject placed from the lens? Draw the ray diagram.

12. An object is placed at a distance of 10 cm from a convex mirror of focal length
15 cm. Find the position and nature of the image.

13. The magnification produced by a plane mirror is + 1. What does this mean?

14. An object 5.0 cm in length iz placed at a distance of 20 cm it front of a convex
mirror of radiug of curvature 30 cm. Find the position of the image, its nature
and size.

15. An object of size 7.0 cm is placed at 27 om in front of & concave mirror of facal
length 18 cm. At what distance from the mirror should a sereen be placed, so that
a sharp focussed image can be obtained? Find the size and the nature of the image.

16. Find the focal length of a lens of power — 2.0 D. What type of lens is this?

17. Adoctor has prescribed a corrective lens of power +1.5 D. Find the focal length of
the lens. Is the prescribed lens diverging or converging?

\. S
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CHAPTER1 1
The Human Eye and
the Colourful World

ou have studied in the previous chapter about refraction of light by

lenses. You also studied the nature, position and relative size of
images formed by lenses. ITow can these ideas help us in the study of
the human eye? The human eye uses light and enables us to see objects
arcund us. It has a lens in its structure. What is the function of the lens
in a human eye? How do the lenses used in spectacles correct defects of
vision? Let us consider these questions in this chapter.

We have learnt in the previous chapter about light and some of its
properties. In this chapter, we shall use these ideas to shudy some of the
optical phenomena in nature. We shall also discuss about rairtbow
formation, splitting of white light and blue colour of the sky.

11.1 THE HUMAN EYE

The human eye is one of the most valuable and sensitive sense organs.
It eriables us to see the wonderful world and the eolours around us. On
closing the eves, we can identify objects to some extent by their smell,
taste, sound they make er by touch., It is, however, impossible to identify
colours while closing the eyes. Thus, of all the sense organs, the human
eye is the most significant one as it enables us to see the beantiful,
colourful world around us.
The human eye is like a camera. [ts lens

through a thin membrane called the cornea.  Aauecous

humour -

system forms an image on a light-sensitive
screen called the retina. Light enters the eye  Crystalline ;m,f.{ /-.—4\

It forms the transparent bulge on the front
surface of the eyeball as shown in Fig. 11,1, IWU—-
The eyeball 1s approximately spherical in shape
with a diameter of about 2.3 cm. Most of the
refraction for the light rays entering the eve
oceurs at the outer sinface of the cornea. The
crystalline lens merely provides the finer
adjustment of focal length required to focus
cbjects at different distances on the retina. We find a structure called #ris
hehind the cornea. Iris is a dark muscular diaphragm that controls the
size of the pupil. The puplil regulaies and controls the amount of light
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Figure 11.1
The human eye
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entering the eyve. The eye lens forms an inverted real image of the object
on the retina. The retina is a delicate membrane having enormouis
number of light-sensitive cells. The light-sensitive cells get activated
upon illumination and generate electrical signals. These signals are
sert to the brain via the optic nerves. The brain interprets these signals,
and finally, processes the information so that we perceive ohjects as

they are.

Damage to or malfunction of any part of the visual system can lead to significant loss
of visual funictioning. For example, if any of the structires involved in the transmission
of light, like the cornea. pupil, eve lens, aquecus humour and vitreous humour or
those responsible for conversion of light to electrical impulse, like the retina or even
the optic nerve that transmits these impulses to the brain, is damaged, it will result
in visnal impairment. You might have experienced that you are riot able to see objects
clearly for some time when you enter from bright light to a room with dim light. After
sometime, however, you may be able to see things in the dim-lit room. The pupil of
an eye acts like a variable aperture whose size can be varied with the help of the iris.
When the light is very bright, the iris contracts the pupil to allow less light to enter
the eye. However, in dim light the iris expands the pupil to allow more light to enter
the eye. Thus, the pupil opens completely through the relaxation of the iris.

11.1.1 Power of Accommodation

The eye lens is composed of a fibrous, jelly-like material. Its curvature
can be maodified to some extent by the eilary muscles. The change in the
curvature of the eye lens can thus change its focal length. When the
muscles are relaxed, the lens becomes thin, Thus, its facal length
increases. This enables us to see distant objects cleatly. Whern you are
looking at objects closer to the eye, the eiliary muscles contract, This
increases the curvature of the eye lens. The eve lens then becomes thicker.
Consequently, the faeal length of the eye lens decreases. This enables
us to see neatby objects clearly.

The ability of the eve lens to adjust its focal length ia called
accommmodation. However, the focal length of the eye lens cannot be
decreased below a certain mintmum limit, Try to read a printed page
by halding it very close to your eyes. You may see the image being blurred
or tegl strain in the eye. To see an chject comforiably and distinctly, you
must hold it at about 25 cm from the eyes. The minimum distance, at
which abjects can be seen most distinctly without strain, is called the
least distance of distinet vision. It is also called the niear point of the eye.
For a young adult with normal vision, the near point 1s about
25 cm. The farthest point upto which the eye can see cbjects clearly is
called the far point of the eye. Tt is Infinity for a normal eye. You may
note here a normal eye can see objects clearly that are between 25 cm
and infinity.

Sometimes, the crystalline lens of pecple at old age becomes milky ard
¢loudy. This condition is called eataract. This cavses partial or complete
loss of vision. It is possible to Testore vision through a cataract surgery.
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Why do we have two eyes for vision and not just one?
There ate several advantages of our having two eyes instead of one. It gives a wider
field of view. A human being has a hortzontal field of view of about 150° with one eye
and of about 180° with two eyes. The ability to detect faint cbjects is, of course,
enhanced with twa detecters instead of ane.
Some animals, usually prey animals, have their two eves positioned on opposite sides
of their heads to give the widest possible field of view, But our two eyes are positioned
on the front of our heads, and it thus redueces our field of view in favour of what i=s
called stereopsis. Shut one eye and the world looks flat — two-dimensional. Keep both
eyes open and the world talkes on the third dimension of depth. Becanse cur eyes
are separated by a few centimetres, each eye sces a slightly different fmage, QOur
brain combines the two images into one, using the extra information to tell us how
clase or tar away things are.

11.2 DEFECTS OF VISION AND THEIR CORRECTION

Sometimes, the eve may gradually lose its power of accommeodation.
In such conditions, the person cannot see the objects distinctly and
comfortably. The visior: becomes bharred due to the refractive defects
of the eye.

There are mainly three commeon refractive defects of vision. These
are [i] myopia or near-sightedness, (ii) Hypermetropia or far-
sightedness, and (iii) Presbyopia. These defects can be corrected by
the use of suitable spherical lenses. We discuss below these defects
and their correction.

() Myopia
Myopia is also known as near-sightedness. A person with myopia
can aee nearby objects cleariy but
cannot see distant objects distinetly.

A person with this defect has the far S e RS
point nearer than infinity. Such a : i
person may see clearly upta a (al Far point of & myopte eye

distance of a few metres. In a myopic

eye, the tmage of a distant object 1s /—\
formed in front of the retina o — = 7 [ ﬂ}:}

[Fig. 11.2 b)] and net at the retina - - - - A

itself. This defect tnay arise due to ) Myopic Eye

(i) excessive curvature of the eye
lens, or (i) elongation of the evehall.

|

L A

This defect can be corrected by o === —
using a concave lens of suitable --———9-‘{:::__;“___ ol
power, This 1s illustrated in T ”

Fig. 11.2 (c]. A concave lens of fe} Corvection_for myoptoe

suftable power will bring the tmage  peanre 11,2

back o to the retina and thus the  (q), &) The mwopic eye, and (e} correction_for myopta with o
defect is corrected. conecve lens
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{a) Near point of @ Hypermetroplc eye

N N
{b} Hypermetropic eye
e
N [

lc) Correction for Hypermetropic eye

Figure 11.3
for), B The hypermetropic eye, and [of correciion

Jor hypermetrapic

(b} Hypermetropla

ITypermetrepia 1s also knewn as far-sightedness. A
persen with hypermeirepia can see distant objects
clearly but carmot see nearby objects distinetly. The
near point, for the persen, is farther away from the
normal near peint (25 cm). Such a peraon has to keep
a reading material much beyond 25 cm from the eye
for comfortable reading. This is because the light rays
from a closeby object are focussed at a point behind
the retina as shown in Fig. 11.3 (b). This defect arlses
elther because (i) the focal length of the eye lens 1s too
Iong, or (1) the eyeball has become too small. This defect
can be cotrected by using a convex lens of appropriate
power, This is llustrated in Fig. 11.3 ic). Eve-glasses
with comverging lenses provide the additional focussing
power required for forming the image on the retina.

(c) Presbyopia

The power of accommodation of the eyve usually
decreases with ageing. For most people, the near poiit
gradually recedes away. They find it difficult to see
nearhy objects comfortably and distinctly without

corrective eyve-glasses. This defect is called Presbyopia. It arises
due to the gradual weakening of the ciliary muscles and diminishing
fexibility of the eye lens. Sometimes, a person may suffer from
both myopia and hypermetropia. Such pecple often require bi-
focal lenses. A common type of bi-focal lenses consists of both
concaye and comvex lenses. The upper portion consists of a concave
lens. It facilitates distant vision. The lower part is a convex lens. It
facilitates near vision.

These days, it is possible to correct the refractive defects with
contact lenses or through surgical interventions.

Q U E

S T I O N §

Vision?

vislon?

carrected?

1. What is meant by power of accommodatiom of the eye?
2. & persom with a miyople eye cannot see objects beyond 1.2 m distinetly.

What should be the type of the commective lens used to restore proper

3.  What is the far point and near point of the human eye with normal

4. A student has difficulty reading the blackboard while sitting in the last
row. What could be the defect the child 1s suffering from? How can it be
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Think it over

- 1

Youl falk of wondrows things you see,
You say the sun shines bright;
1 feel him warm, bl howt can he
Or make it day or night?
— &, Cienen
Do you know that our eyes can live even after our death? By donating our eyes after we
die, we can light the life of a blind persor.
About 35 millicn people in the developing world are blind and most of them can be
cured. About 4.5 million people with corneal hlindness can be cured through corneal
transplantation of donated eyes. Out of these 4.5 million, 60% are children below the
age of 12. 5o, if we have got the gift of vision, why not pass it on to somebody who does
not have it? What do we have to keep in mind when eyes have to be donated?

Eve donors can belong to any age group or sex. People who use spectacles, or those
operated for cataract, can still donate the eyes. People whao are diabetic, have
hypertension, asthima patients and those without commumicable diseases can also
donaie eyes.

Eves must be removed within 4-6 hours after death. Inform the nearest eyve bank
immediately.

The eye bank team will remove the eyes at the home of the deceased or at a hospital.

Eve removal takes only 10-15 minutes. It is a simple process and does not lead to
any disfigurement.

Persons who were infected with or died because of AIDS, Hepatitis B or C, rabies,
acute leukaemia, tetamis, cholera, meningitis or engephalitis cannot donate eyes.
An eye bank collects, evaluates and distributes the donated eyes. All eves donated are
evaluated using sirict medical standards. Those donated eyes found unsuitable for
transplantation are used for valuable research and medical education. The identities of
both the donor and the recipient remain confidential.
One pair of eyes gives visior. to TWO CORNEAL ELIND FEQOPLE.

11.3 REFRACTION OF LIGHT THROUGH A PRISM

You have learnt how light gets refracted through a rectangular glass
slab. For parallel refracting surfaces, as in a glass slab, the emergent ray
is parallel to the incident ray. However, it is slightly displaced laterally.
How would light get refracted through a transparent prism? Consider a
triangular flass prisim. It has two triangular bases and three rectangfular
lateral surfaces. These surfaces are inclined to each other. The angle
hetween its two lateral faces is called the angle of the prism. Let us now
do an activity to study the refraction of light through a triangular glass
prism.

The Human Eye and the Colourfiil World 191



192

Fix a sheet of white paper on a drawing hoard using drawing pins.
Flace a glasa prism on it in such a way that it reats on ita triangalar
bage. Trace the outline of the prism using a pencil.

Draw a straight line PE inchned to one of the refractng surfaces,
say AB, of the prism.

Fix two pins, say at points P and (}, on the ling PE as shown in
Fig. 11.4.

Lagt:rk for the images of the pina, fixed at P and @, through the
other face AC.

Fix two more pins, at points K and 5, such that the pins at R and
5 and the images of the pins at P and (} e on the same straight
line.

Remove the pins and the glass prism.

The line PE meets the boundary of the prism at point E
[gee Fig. 11.4). Similarly, join and prodoce the points R and 5. Let
these Ines meet the boundary of the prism at E and F, respectvely.
Join E and F.

Draw perpendiculars to the refracting surfaces AB and AC of the
prism at points B and F, respectively.

Mark the angle of incidence (1), the angle of refraction [£1) and
the angle of emergence (£ as shown in Fig. 11.4.

PE — Incident ray £ - Angle of Incidence

EF — Refracted ray £1 - Angle of refraction
FS — Emergent tay e — Arylle of emergence
L4 — Angle of the prism 1 — Angle of deviation

Figure 11.4 Refroction of light through a tringular glass prism

ITere PE is the incident ray, EF i3 the refracted ray and FS is the
emergent ray. You may note that a ray of light is entering from air to
glass at the first surface AB. The light ray on refraction has bent towards
the normal. At the second surface AC, the light ray has entered from
glass to air. ITence it has bent away from normal. Compare the angle of
incidence and the angle of refraction at each refracting surface of the
prism. Is this similar te the kind of bending that oecurs in a glass slab?
The peculiar shape of the prisin makes the emergent ray bend at an
angle to the direction of the incident ray. This angle is called the angle of
deviation. In this case 2D is the angle of deviation. Mark the angle of
deviation in the above activity and measure it.
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11.4 DISPERSION OF WHITE LIGHT BY A GLASS PRISM

You must have seen and appreciated the spectacular colours in a rainbowr,
How could the white light of the Sun give us various colours of the
rainbow? Before we take up this question, we shall first go back to the
refraction of light through a prism. The inclined refracting surfaces of a
glass prism show exciting phenomenon. Let us find it out through an
activity.

Activity 11.2

Take a thick sheet of cardboard and make a small hole or narmow
slit in its middle.

Allow sunlght to fall an the narrow slit. This ghves a narrow beam
of white light.

Now, take a glass prism and allow the light from the slit to fall on
one of its faces as showm In Fig. 11.5.

Turmn the prism slowly until the light that comes out of it appears
on a nearby screen

What do vou cbserve? You will find a beautiful band of calours.
Why does this happen?

The prism has probably split the incident
whiie light into a band of calours, Nete the
colours that appear at the two ends of the
colour band. What is the sequence of colours
that you see on the screen? The varicus
colours seer are Violet, ndigo, Blue, Green,
Yellow, Orange and Red, as shown in
Fig. 11.5. The acronym VIBGYOR will help White light

heam
vou to remember the sequence of colours.
The band of the coloured components of a Glass prism
light beam is called its spectrum. You might Figure 11.5 Dispersion of white lighi by the glass prism
not be able to see all the colours separately.
Yet something makes each colour distinct from the other. The splitting
af light inte its companent colours is called dispersion.

You have seen that white light 13 dispersed into its seven-colour
components by a prism, Why do we get these coleurs? Different colours
of ight bend through different angles with respect to the incident ray,
as they pass through a prism. The red light bends the least while the
viclet the most. Thus the rays of each colour emerge along different
paths and thus become distinet. It is the band of distinet colours that
we see in a spectrum.

Isaac Newton was the first to use a glass
prism to chtam the spectrum of sunlight. He
tried to split the colours of the spectrum of
white light further by using another similar
prism. However, he could not get any more
colours. He then placed a second identical
prism n an inverted position with respect to )
the first prism. as shown m Fig. 11.6. This Fisre 1LE Recombination of the spectrumaof white light
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Figure 11.7
Ratnbaw in the shy

Sunlght

allowed all the colours of the spectrum to pass through the
second prism, TTe found a beam of white light emerging from the
other side of the second prism. This chservation gave Newton
the idea that the sunlight is made up of seven colours,

Any light that gives a spectrum similar to that of sunlight i=s
cften referred to as white light.

A rainbow 12 a natural spectrum appearing in the sky after a
rain shower [Fig. 11.7). Tt is caused by dispersion of sunlight by
tiny water droplets, present in the atmosphere. A rainbow iz
always foarmed m a direction oppasite to that of the Sun. The
water droplets act like small prisms. They refract and disperse
the ncident sunlight, then refiect it iInternally, and finally refract
it again when it comes out of the raindrop (Fig. 11.8)]. Due to the
dispersion of light and tnternal reflection, different eclours reach
the observer's eve.

You can alse see a rainbow on & sunny day when you look at
the sky through a waterfall or through a water fountain, with the
Sun behind you.

11.5 ATMOSPHERIC REFRACTION
You might have observed the apparent random wavering or

flickering of objects seen through a turbulent stream of hot air rising

gbove a fire or a radiator. The air just above the fire becomes hotter than
the air further up. The hotter air is lighter (less dense) than the cooler air
gbove it, and has a refractive index slightly less than that of the cooler
alr. Since the physical conditions of the refracting medium (air) are not
stationary, the apparent position. of the object, as seen through the hot
alr, fluctuates. This wavering is thus an effect of atmospheric refraction
{refraction of light by the earth’s atmosphere) on a small scale in our
local environment. The twinkling of stars is a similar phenomenon on a
much larger scale. Let us see how we can explain it.

Flgure 11.8
Rainbow formation
Apparent
Star i

.~ slar position

Ray path

Refractive index
increasing
Y
Flgure 11.9

Apporent stor poasttion
due to aimospheric

refraction
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Twinkling of stars

The twinkling of a star is due to almospheric refraction of
starlight. The starlight, on entering the earth's atmosphere,
undergoes refraction continuoasly before it reaches the earth.
The atmospheric refraction oceurs in 2 medinm of gradually
changing refractive index. Smce the atmosphere bends
starlight towards the normal, the apparent position of the
star is slightly different from its actual position. The star
appears slightly higher [above) than its actual position when
viewed near the horizom (Fig. 11.9). Further, this apparent
position of the star is not stationary, but keeps on changing
slightly, since the physical conditions of the earth’s
atmosphere are not stationary, as was the case in the
previous paragraph. Since the stars are very distant, they
approximate point-sized sources of light. As the path of rays
of light coming from the star goes on varying slightly. the

apparent position of the star fluctuates and the amount of
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starlight entering the eye flickers —the star sometimes appears hrighter,
and at seme other time, fainter, which is the twinkling effect.

Why dom't the planets twinkle? The planets are much closer to the
carth, and are thus seen as extended sources. we congider a planet as
a collection of a large number of point-sized sources of light, the total
variation in the amount of Hght entering our eve from all the individual
peint-sized sources will average out to zero, therehy

nullifying the twinkling effect. Apparent posttion
Advance sunrise and delayed sunset eS| --"‘3\;:%-
The Sun 1s visible to us about 2 minutes before the T

actual sunrise, and about 2 minutes after the actual =~ .77 ‘
sunset because of atmospheric refraction. By actual ’ i"—\“ﬁ\.,%n
sunrise, we mean the actual eressing of the horlzen by o L j‘:";’g
the Sun. Fig. 11.10 shows the actual and apparent . :

positions of the Sun with respect to the horizon. The )

time difterence between actual sunset and the apparent 1

sunset is ahout 2 minutes. The apparent flattening of ) .

the Sun's disc at sunrise and sunset 13 also due to the —

same phenomencn. Atmasphere

11.6 SCATTERING OF LIGHT e ehens refraction
The interplay of light with objects arcund us gives rise to several Emﬂnems at sunrise and

spectacular phenomena in nature. The bhae colowr of the sk, colour of
water in deep sea, the reddening of the sun at sunrise and the sunset
are some of the wonderhul phenomena we are familiar with. In the previous
class, you have learnt ahout the scattering of light by colloidal particles.
The path ot a beam ot Tight passing through a true solution is not visible.
However, its path becomes visible through a colloidal sohition where the
size of the particles is relatively larger.

11.6.1 Tyndall Effect

The earth’'s atmosgphere is 4 heterogeneous mixture of minute particles.
These particles iInchade smoke, tiny water droplets, suspended particles
of dust and melecules of air. When a beam of light strilkes such fine
particles, the path of the beam becomes visible. The light reaches us,
after being reflected diffusely by these particles. The phenomenon of
scattering of light by the cclloidal particles gives rise to Tyndall effect
which you have studied in Class IX. This phenomenon is seen when a
fine beam of sunlight enters a smoke-filled rcom through a small hole.
Thus, scattering of ight makes the particles visible. Tyndall effect can
also be cbserved when sunlight passes through a canopy of a dense
forest. Here, tiny water droplets in the mist scatter light.

The colour of the scattered light depends on the size of the
scattering particles. Very fine particles scatter mainly blue light while
particles of larger size scatter light of longer wavelengths. If the size
of the scattering particles is large enough, then, the scattered light may
even appear white,
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11.6.2 Why is the colour of the clear Sky Blue?

The molecules of afr and other fine particles in the atmosphere have size
smaller than the wavelength of visible light. These are more effective in
scattering light of shorter wavelengths at the blue end than light of Tonger
wavelengths at the red end. The red light has a wavelengih about 1.8
times greater than blue light. Thus, when sunlight passes through the
atmosphere, the fine particles in air scatter the blue colour (shorter
wavelengths) more strangly than red. The scatiered blue light enters
our eyes, If the earth had no atmosphere, there would not have been
any scatiering. Then, the sky would have looked dark, The sky appears
dark to passengers flying at very high altitudes, as scattering is not
prominent at such heighis.

You might have observed that 'danger’ signal lights are red in colour.
De you know why? The red 1s least scatiered by fog or smoke. Therefere,
it can be seen in the same colour at a distance.

11.6.3 Colour of the Sun at Sunrise and Sunset

Have you seen the sky and the Sun at sunset or sunrise? Have you
wondered as to why the Sun and the surrounding sky appear red®? Let
us do an activity to understand the blue colour of the sky and the reddish
appearance of the Sun at the suririse or sunset.

L e
MALLIY

Place a strong source [S) of white light at the focus of a converging
lens (I.). This lens provides a parallel beam of light.

Allew the light beam to pasa through a transparent glass tank (T)
containing clear water,

Mlow the beam of light to pass through a circular hole (] made in
a cardboard. Obtain a sharp image of the circular hole on a screen
MN] using a second converging lens [I..]), as shown in Fig, 11,11,
Dissolve about 200 ¢ of sodium thicsulphate (hypo) in about 2 L of
clean water taken in the tank. Add about 1 to 2 mL of concentrated
sulphurc acid to the water. What do you gbaerve?

You will find fine microscopic sulphur particles precipitating in about
2 to 3 minutes. As the sulphur particles begin to form, you can observe

o

L
o

L 4

L

w

w
L

-
L
w

v thebluelight from the three sides
/
the transmitted light from the

w

k

L 3
w

/T of the glass tank. This 13 due to
C m
tourth side of the glass tank tacing

Figure 11.11

L 4

w
L 4

L,
(}\ seattering of short wavelengths by
\ \ the circular hole. It is interesting

minute ¢olloidal  sulphur
% particles. Observe the colour of
to oheerve at first the orange red
colour and then bright crimson

T - N

An arrangemen for ohserwing scoltering of light in colloidal solution red colour on the screen.
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This activity demonstrates the scattering of E "if Sun nearly
light that helps you to understand the bluish i;' cverhoad
colour of the sky and the reddish appearance of '

the Sun at the sunrise or the sunset.

Light from the Sun near the horizon passes gﬁf:;mﬁi lirvlant
through thicker layers of air and larger distance W
in the earth’s atmosphere before reaching omir eyes 4. n:a:%”& e | 2
(Fig. 11.12). horsen Observer '
However, light from the Sun overhead would s \
travel relatively shorter distance. At noor, the Sun / .

appears white as only alittle of the blue and viclet  Figure 11,12

colours are scattered. Near the horizon, most of Reddening of the Sun at sunrse gnd sunset
the hlue light and shorter wavelengths are

scattered away by the particles. Therefore, the light that reaches our

eyes is of longer wavelengths. This gives rise to the reddish appearance

of the Sun.

| . . | c N

= The ability of the eve to focus both near and distant objects, by adjusting its focal
length, 1s called the accommaodation of the eye.

= The smallest distance, at which the eye can see ocbjects clearly without strain, is
called the near peint of the eye or the least distance of distinet visien. Fora young
adult with normal vision, it is about 25 cm.

= The common refractive defects of vision include myopia, hypermetropia and
presbyopia. Myopia [short-sightedness - the image of distant objects is focussed
before the retinal is corrected by using a concave lens of suitable power.
Hypermetropia [far-sightedness — the image of nearby cbjects is focussed beyond
the retina) is corrected by using a convex lens of suitable power. The eye loses its
power of accommodation at old age.
The splitting of white light nteo its component colours is called dispersion.

Scattering of light causes the blue colour of sky and the reddening of the Sun at
sunrise and sunset.

1. The human eye can focus objects at different distances by adjusting the focal
lengih of the eye lens. This is due to
(a) presbyopia.
b] accommodation,
c) near-sightedness.
{dl far-sightedness.
. 7
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2. The human eye forms the image of an object at its N
[a) cormea. (b) irls. () pupil. (d] retina.

3. The least distance of distinct vision for a young adult with normal vision is about
] 25 m. (b) 2.5 cm. ic] 25 ¢cm. (d) 2.5m.

4. The change in focal length of an gye lens is caused by the action of the
[a) pupil {b) retina.

(€] ciliary muscles. (d] iri=.

5. A person needs a lens of power —5.5 dloptres for correcting his distant viston. For
correcting his near vision he needs a lens of power +1.5 dioptre. What is the focal
length af the lens required for correcting (1) distant vision, and (if) near vision?

6. The far point of 2 myopic persorn is 80 cm in front of the eye. What is the nature and
power of the lens required to correct the problem?

7. Make a diagram to show how hypermetropia is corrected. The near point of a
hypermetropic eye is 1 m. What is the power of the lens required to correct this
defect? Assume that the near point of the normal eve is 25 em,

8. Why is a normal eye not able to see clearly the objects placed closer than
25 em?

9. What happens to the image distance in the eye when we increase the distance of an
chject from the eye?

10. Why do stars twinkle?
11. Explain why the planets do not twinlkle.
12. Why does the Sun appear reddish «arly in the morning?
L 13. Why does the sky appear dark instead of blue to an astronaut? D
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craper 1 2
Electricity

kb

lectricity has an important place in modern society. It is a controllable

and convenient form of energy for a variety of uses in homes, schools,
hospitals, industries and so on. What constitutes electricity? How does
it flow in an electric circuit? What are the factors that control or regulate
the current through an electric circult? In this Chapter, we shall attempt
to answer such questions. We shall also discuss the heating effect of
electric current and its applications.

12.1 ELECTRIC CURRENT AND CIRCUIT

We are familiat with air current and water current. We kmow that flowing
water constituie water current In rivers, Stmilarly, if the electric charge
flows through a conductor (for example, threugh a metallic wire), we
say that there is an electric current in the conductor. In a torch, we
Enow that the cells (or a battery, when placed in proper order] provide
flow of charges or an electric current through the torch bulb to glow. We
have also seen that the torch gives light only when its switch is orz. What
does a switch do? A switch makes a conducting link betweern the cell and
the bulb. A continugus and closed path of an electric current is called an
electric cireuit. Now, if the circuft is broken anywhere (or the switch of the
torch is turned off]. the current stops flowing and the hulb does not glow.

How do we express electric current? Electric current is expressed by
the amount of charge flowing through a particalar area in undt time. n
other words, it is the rate of flow of electric charges. In circuits usng
metallic wires, electrons constitute the flow of charges. However, electrons
were not known at the time when the phencomenacn of electricity was first
observed. So, electrie current was considered to be the flow of posttive
charges and the direction of flow of positive charges was taken to be the
direction of electric current. Conventionally, in an electric circuit the
direction of electric current is taken as opposite to the direction of the
flow of electrons, which are negative charges.



If a net charge @ flows across any cross-section of a conductor in
time ¢, then the carrent I, through the cross-section is

-2 (12.1)

t

The S unit of electric charge is coulomhb (C), which is equivalent

to the charge contained in nearly 6 x 10! electrons. (We know that

an electron possesses a negative charge of 1.6 x 10-¥ ) The electric

current is expressed by a unit called ampere (Al, named after the

French scientist, Andre-Marie Ampere [1775-1836). One ampere is

constituted by the flow of one coulomb of charge per second, that

is. 1 A=1C/1 s Small quantities of current are expressed in

milliaunpere (1 mA = 107 A] or in microampere

[l pA = 10° A). An instrument called ammmeter

L

[Z 8

—HF

L

measures electric current in a circuit. |t is always
conmected in series in a circuit through which

¢+ the current is to be measured. Figure 12.1 shows
GD the schematic diagram of a typical electric circuit
comprising a cell, an electric bulb, an ammeter
+ and a plug key. Note that the electric current
flows in the circuit from the positive terminal of

Of-

Figure 12,1

F
i

the cell o the negative terminal of the cell through
the bulb and ammeter.

A schematic diagram of an elecirlc clircutt
comprising — cefl, electric buth, ammeter and.

Hug key

Example 12.1

A current of 0.5 A is drawn by a filament of an electric bulb for 10
minutes. Find the amount of electric charge that flows through the
circuit.

Solution

We are given, I=0.5 A; t= 10 min =600 s,
From Eq. [12. 1], we have

R =1

0.5 AxGB00 s

= 300 C

Q U E S TT1T O N S

1. What does an electric circuit mean?
2, Deting the unit of current,
3. Calculate the number of electrons constituting one coulomb of charge,
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‘Flow' of charges inside a wire
ITow does a metal conduct electriciity? You would think that a low-energy electron
would have great difficulty passing through a sclid conductor. Tnside the solid, the
atoms are packed together with very little spacing between them. But it fums out
that the electrons are able te ‘travel” through a perfect solid crystal smoeothly and
easily, almost as if they were in a vacaum. The ‘motion’ of electrons in a condactor,
however, is very different from that of charges in empty space. When a steady current
flows through a conductor, the electrons in it move with a certain average ‘drift speed’.
One can calculate this drift speed of electrons for a typical copper wire carrying a
small current, and it is found to he actually very small, of the order of 1 tnim s, How
is it then that an electric bulb lights up as soon as we turn the switch on? It cannot be
that a current starts only when an electron fromm one terminal of the electric supply
phy=ically reaches the other terminal through the bhalb, hecause the physical drift of
electrons in the conductng wires is a very slow process. The exact mechardsm of the
current flow, which takes place with a speed close to the speed of light., is fascinating,
bt it is beyond the scope of this book. Do you feel like probing this question at an

advanced level?

12.2 ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE

What malkes the electric charge to flow"? Let us consider the analeogy of
flow of water. Charges do not flow in a copper wire by themselves, just as
water in a perfectly horizontal tube does not flow. I one end of the tube
is conmected to a tank of water kept at a higher level, such that thereisa
pressure difference between the two ends of the tube, water lows out of
the other end of the tube. For flow of charges in a conducting metallic
wire, the gravity, of course, has no role to play; the electrors move only
if there is a difference of electric pressure — called the potential difference -
along the conductor. This difference of potential may be produced by a
battery, consisting of one or more electric cells. The chemical action within
a cell generates the potential difference across the terminals of the cell,
even when no cutrent 1s drawn from 1t, When the cell 1s connected toa
conducting circuit element, the potential difference sets the charges in
motion in the conductor and produces an electric current, In order to
maintain the current in a given eleciric circuit, the cell has to expend its
chemical energy stored In if.

We define the electric potential ditference beiween two points in an
electric circult carrying some current as the work done to move a unit
charge trem one point to the other -

Potential ditference (V) between two polnts = Work done (W) /Charge (G}

v = W/Q (12.2)

The ST unit of eleciric potential difference 1s volt (V), named after
Alessandro Volta [1745-1827), an Italian physicist. One volt is the
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potential difference between two points in a current carrying conductor
when 1 joule of work is done to move a charge of 1 coulomb from one
point to the other.

1 joule
Therefore, 1 volt = 1 conlomb (12.3)
1V =101

The potential difference 1s measured by means of an instrument called
the voltmeter. The voltmeter is always connected in parallel across the
points between which the potential difference is to be measured.

Example 12.2
How muich work is done in moving a charge of 2 C across two points
having a potential difference 12 V9

Solution

The amount of charge £, that flows between two points at potential
differenice Vi= 12 V) is 2 C. Thus, the amount of work W, done n
moving the charge [from Eq. {12.2)] 13

W = V@
12Vx2C
24 J.

Q UESTTION S

Name a device that helps to0 maintain a potential difference across a
conductor.

What 16 meant by saying that the potental difference betwesn too polnts
is 1 v?

How much energy is given to each coulomhb of charge passing through a
& V battery?

12.3 CIRCUIT DIAGRAM

We lmow that an eleciric efrcuit, as shown in Fig, 12,1, comprises g cell
{or a battery), a plug key, electrical component(s), and connecting wires.
It is often convenient to draw a schematic diagram, in which different
componeiits of the circudt are represented by the symbols convendently
used. Conventional symbols used to represent some of the most
commnonly used electrical components are given in Table 12.1.
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Table 12.1 Symbhaols of some commonly used components in circuit diagrams

E

An electric cell =

2 A battery or a combination of cells : | ! I =

3  Plug key or switch [ppen) —{ —
4 Flug key or switch [closed) _(.)_

5 A wire joint

1] Wires crossing without joining

8 A resistor of resistance R

7 Electric bulb () or T_@
_AAMAA

a Varlabhle resistance or rhepstat _/\/\¢(‘/\A_ or ,. ; ; A A

10 Ammeter @
(W
\7

11 Voltmeter

12.4 OHM'S LAW

Ia there a relaticnship between the petential difference across a conductor
and the current through it? Let us explore with an Activity.

Activity 12,1

Zet up a dreult as shown In Fig, 12.2, oonsisting of & nichrome wire XY of length, say 0.5
m, an annneter, a voltmeter and four cells of 1.6 ¥ each. [Nikchrome 1s an alloy of nickel,
chromium, manganese, and iron metals.)
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First use only one cell as the source in the
circuit. Note the reading in the ammeter [,
for the current and reading of the volimeter
V for the potential difference acroms the
nichrome wire XY in the circult. Tabulate
them in the Table given.

MNext connect two cells in the circuit and
note the respective readings of the ammeter
and voltmeter for the values of current
through the nichrome wire and potential
difference across the nichrome wire.
Repeat the above steps using three cells
and then four cells in the circuit separately.
Calculate the ratio of Vto I for each pair of

M

w

EAnEAAAY —>—+®"—(If)—-

Ty

=
Figure 12.2 Fleriric rircuii for sindiying Ohm's oo

potental difference V¥ and current L

5. | Number of cells | Current through | Potentlal difference Vi
No. usexl i the the nichtrome across the (volt fampere)
clreuit e, T nichrome
[ampere) wire, Vv [volt]

1 1

2 2

3 3

4 4

Flot a graph hetween V and I, and observe the nature of the graph.

Lo
[=]
T

,_.
h
T

AN

=
e
™,

Totential dillerence (W] —
= :
tn
%,

1 L L 1 L 1
a0l 0.2 o3 04 05 0O
Curtent (4] —

Figure 12.3

V-I graph for a nichrome twire. A
Sfroightt line plot shaws fhat as e
curredlt throtgh o tuMre increases, e
poiential difference acrass the wire
inerecses Mnecrly — this (s Ohan's b,
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Il this Activity, you will find that approximately the
game value for V/Iis obtained in each case. Thus the VI
graph is a straight line that passes through the origin of
the graph, as shown in Fig. 12.3. Thus, V/Iis a constant
ratio.

In 1827, a German physicist Georg Simon Ohm
(1787-15854) found out the relationship between the currernt
I, flowing in a metallic wire and the potential difference across
its terminals. He stated that the electric current flowing
through g metallic wire 1s directly propertional te the
potential difference V, across its ends provided its
temperature remains the same. Thiz 1s called Ohm's law. In
other words -

Ve T Plg—':-j
oT V/f = constant
= R
oT v = IR (12.5)

n Eq. (12.4), Ris3 a constant for the given metallic wire
at a given temperature and is called its resistance. Itis the
property of a conductor te resist the flow of charges
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through it. lts SIunit is chim, represented by the Greek letter Q. According
to Ohm's law,
R=v/I (12.6)
It the patential ditference across the two ends of g conductoris 1V
and the current throngh itis 1 A, then the resistance R, of the conduetor

1 wvolt
is 1 0. Thatis, 1 ohim = 1 ampere ampere

Also trom Eq. (12.5) we get

I=V/R (12.7

It is obvious from Eq. (12.7) that the carrent through a resistor is
inversely proportional to its resistance. If the resistance is doubled the
current gets halved. In many practical cases it is necessary to mcrease
or decrease the current i an electric circuit. A component used to
regulate current without changing the voltage source is called variable
resistance. In an electrie cirenuit, a device called rheostat is often used to
change the resistance m the circuit. We will now study about electrical
resistance of a conductor with the help of following Activity.

Activity 12.2

Take a nichrome wire, a torch bulb, & 10 W bulb and an ammeter [0 — 5 A range), a plug

key and some conmecting wires.

Set up the ¢irenit by connecting four dry cells of 1.5 V each in series with the ammeter

leaving a gap XY in the ¢ircuit, as shown in Fig, 12,4,

-
X Y

o— & &
13 W bulb
I Michroones wire
_ E Tarch tulh
—IHHH! )
Flgure 12.4

Complete the circuit by commecting the nichrome wire in the gap XY, Plug the key, Note
down the ammeter reading. Take out the key from the plug. [Note: Ahways ake oul the key

Jrom the plug affer measvuring tie current through the clredt)

Replace the nichrome wire with the torch bulb in the clrcult and find the current through

it by measuring the reading of the aanmeter.
Now repeat the abowve step with the 10 W bulb in the gap XY.

Arg the ammeter readings differ for different components conmected in the gap XY? What

da the above ohservations indicate?

You may repeat this Activity by keeping any material component in the gap. Observe the

ammeter readings in each case. Analyse the observationas.

In this Activity we observe that the current is different for different
components. Why do they differ? Certain components offer an easy path
for the flow of glectric current while the others resist the flow. We kmew
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Activity 12.3

that motion of electrons in an electric circuit constitutes an electric
current. The electrons, however, are not completely free to move within a
conductor. They are restrained by the attraction of the atoms among
which they move. Thus, motion of electrons through a conductor is
retarded hy its resistance. A component of a given size that offers a low
Tesistance is a good conductor. A conductor having some appreciable
resistance is called a resistor. A component of identical size that offers a
higher resistance is a poor conductor. An insulator of the same size offers
even higher resistance.

12.5 FACTORS ON WHICH THE RESISTANCE OF A
CONDUCTOR DEPENDS

Complete an elegtric clreult consisting of a ¢ell, an ammeter, a nichrome wire of length |
[say, marked [1]] and a plug key, as shown 1o Fig. 12.5.

" i K
/ 0 * {=
2D
]|
C—
o i4] e
= I+ +," A=

Figure 12.5 Flertric rircuil [o sindy the faciors on which the resistanee of conducting wires depends

Now, plug the key

. Mote the current in the ammeter

Replace the nichrome wire by ancther nichrome wire of same thickness but twice the
length, that is 2f [marked (2] in the Fig. 12.5].

Note the anuneter reading.

Now replace the wire by a thicker nichrome wire, of the same length [ [marked (3]]. A
thicker wire has a larger cross-sectional area. Again note down the current through the

clircult,

Inatead of taking a ndchrome wire, connect a copper wire [marked [4) in Fig. 12.5] in the
circult. Let the wire be of the same length and same area of cross-section as that of the
first nichrome wire [marked (1)]. Note the wvalue of the current.

Notice the difference in the current in all cases.

Does the current depend on the length of the conductor?

Daes the current depend on the area of cross-gection of the wire used?

206

It iz ghserved that the ammeter reading decreases to one-half when
the length of the wire is doubled. The ammeter reading is increased when
a thicker wire of the same material and of the same length is used in the
circuit. A change in ammeter reading 13 cbserved when a wire of different
material of the same length and the same area of cross-section is used.
On applying Ohm’s law [Eqgs. [12.5) — (12.7]], we observe that the
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resistance of the conductor depends (i) on its length, [{i) on its area of
cross-sectior, and [iii) on the nature of its material. Precise measurements
have shown that resistance of a uniform metallic conductor is directly
proportional to its length (1) and inversely proportional to the area of
cross-=section [A). That i=,
Rel [12.8)
and Rel/A (12.9]
Combining Eqga. [12.8) and {12.9) we get

L
Ree —
A

CT, E=p % (12.10)
where p irho) is a constant of proportionality and is called the electrical
resistivity of the material of the conductor. The 51 unit of resistivity is
£2m. It is a characteristic property of the material. The metals and alloys
have very low resistivity in1 the range of 1077 Qm to 109 L m. They are
good conductors of electricity. Insulators like rubber and glass have
resistivity of the order of 10' to 10'7 2 m. Both the resistance and
resistivity of 8 material vary with temoperahare.

Table 12.2 reveals that the resistivity of an alloy is generally higher
than that of its constituent metals. Alloys do not oxidise (bum) readily
at high temperatures. For this reason, they are commonly used in
electrical heating devices, like electric iron, toasters ete. Tungsien is used
almost exclusively for tilaments of electric bulbs, whereas copper and
aluminium are generally used for electrical transmission lines.

Table 12.2 Electrical resistivity* of some substances at 20°C

S | Matertar | Resistivity (0 m)

Conductors Sihrer 1.60 x 107®
Copper 1.62 x 107®
Aumininm 263 x 107
Tungsten 5.20 x 107
Mickel 5.84 x 10*
Trcm 10,0 % 10*
Chromium 12.9 x 10°®
Mereury 94.0 x 107
Manganese 1.84 x 1{r%

Alloys Constantan 44 x 10%
{alloy of Cu and MNi]
Manganin 44 x 10
falloy of Cu, Mn and Ni
Nichrome 100 x 108
fallow of Ni, Cr, Mn and Fe)

Insulators Glass 10— 104
Hard rubber 10— 1'%
Ebonite 100%— 1007
Hamond 100 - 10w
Faper [dry] 10

* You need nol memerise hese vabies, You oan use (hese valees for solving numerioond
problems,
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Example 12.3

{8} Tlow much current wAll an electric bulh draw from g 220V souree,
if the resistance of the bulb filament is 1200 Q72 (b) How much
current will an electric heater coil draw from 2 220 V source, if
the resistance of the heater coil i 100 Q7

Solution
(a) We are glven V=220V: R= 1200 £

From Eq. [12.6), we have the current I=220V/120002 =0.18 A,
{b) We are given, V=220V, R=1001Q.

From Eq. (12.6), we have the current I=220V/100 2 =22 A,
Mote the difference of current drawn by an electric bulb and electric
heater from the same 220 V source!

Example 12.4
The potential difference between the terminals of an lectric heater is
60 V when it draws a current of 4 A from the source. What current
will the heater draw if the potential difference is increased to 120V?

Solution

We are given, potential difference V= 60V, current =4 A,
¥V B0V

According to Ohm's law, R = T 1A " 15 L),

When the potential difference is increased to 120 V the current is
given by
v 120V
=—=——=8A
current " 15 .

The current through the heater becomes 8 A

Example 12.3

Resistance of a metal wire of length 1 mis 26 L at 20°C. If the diameter
of the wire is 0.3 mm, what will be the resistivity of the metal at that
temperature? Using Table 12,2, predict the material of the wire,

Solution

We are given the resistance R of the wire = 26 L2, the diameter
d=0.3 mm = 3 x 10~ m, and the length 1 of the wire = 1 m,
Therefore, from Eq. [12.10], the resistivity of the givern metallic wire is

p = (RAS1) = (Rrd?/4l)
Substituton of values in this gives
p=184x10°0Qm

The resistivity of the metal at 20°C is 1.84 x 107 Q m. From
Table 12.2, we see that this is the resistivity of manganese.

Example 12.6
A4 O resistance wire 1= doubled on it. Caleculate the new resistance
of the wire.
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Solution
We are given, K=4 £
When a wire is doubled on it, its length would become half and
area of cross-section would double. That is, a wire of length { and
area of cross-section A becomes of length {/2 and area of cross-
sectionn 2A. From Eq. [12.10)], we have

!
R=p A

(243
where R, is the new resistance.

Therefore, — R UEIF’——l

R A 4

R -’-l:!.l
or, R=—=—=10(,
a4

The new resistance of the wire is 1 L.

Q U E S T T O N S

1. On what factors does the resistance of a conductor depend?

2. Wil current flow more easily through a thick wire or a thin wire of the
same material, when gonnected to the same agurge? Why?

3 Let the resistance of an electrical component remains constant while
the potential ditference across the two ends of the component decreases
to half of its former value. What change will gecur in the current through
1z

4, Why are colls of electric toasters and electvic rons made of an alloy
rather than a pure metal?

9. Use the data in Table 12,2 t0 answer the following —
(2) Which among ron and mercury 1s a better conductor?
(b)] Which material 15 the best conductor?

12.6 RESISTANCE OF A SYSTEM OF RESISTORS

In preceding sections, we leartit about some simple eleciric circuits, We
have noticed how the current through a conductor depends upon its
resistance and the potential difference across its ends. In various electrical
gadgets, we often use resistors in various combinations. We now therefore
intend te see how Ohm's law can be applied to combinations of resistors.

There are two methods of joining the resistors together. Figure 12.6
shaws an electric circuit in which three resistors having resistances R,
R and R, respectively, are joined end to end. Here the resistors are said
to be connected in serles,
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—H HH ——— :

Figere 12.8 Resisiors in series

Figure 12,7 shows a combination of resistors in which three resistors
are connected togethier between points X and Y. Here, the resistors are
said to be connected in parallel.

R,

e
A AL

] ———o—e—();
Pigure 12.7 Resisiors in parollsl

1€2.6.1 Resistors in Series

What happens to the vahue of carrent when a number of resistors are
connected In serles in a circuit? What would be their equivalent
resistance” Let us try to understand these with the help of the following
activities,

Join three resistors of different values In serlea. Connect them
with a battery, at ammeter and a plug key, as shown in Fig, 12.6.
You may use the resistors of values ke 1 £, 2 £, 3 L2 etec., and a
battery of 6 V for pericrming this Acthvity.

Flug the key., Note the ammeter reading,

Change the position of ammeter to anywhere in between the
reslatars. Note the ammeter reading cach time.

Do you find any change in the value of current through ihe
ammeter?
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You will observe that the value of the current in the ammeter i= the
same, independent of its position in the electric circuit. It means that in
a series combination of resistors the current is the satne in every paot of
the citcuit or the same current through each resistor.

Activity 12.5

In Activity 12.4, Insert a voltmeter acroas the ends X and ¥ of the
series combinatipn of three reslstors, as shown in Fig, 12.8,
Plug the key in the circult and note the volimeter reading. It
pghves the potental difference across the serles combinaton of
resistors. Let it be V. Now measure the potential difference across
the two terminals of the battery. Compare the two values,

Take put the plug key and disconnect the voltmeter. Now insert
the voltmeter acrpss the ends X and P of the first resistor, as
shown In Fig. 12.8.

i

—HHH! ——(

Figure 12.5

Plug the key and measure the potential difference across the frat
resistor. Let it be V..

Similarly, measure the potentlal difference across the other two
Tesistors, separately. Let these values be V, and V, respectively,
Deduce a telatiomship between V, V), V, and V.

You will obaerve that the potential difference Vis equal to the sum of
potential differences V,, V,, and V.. That is the total potential difference
across a combination of resistors in serles is egual to the sum of potential
difference across the individual resistors. That is,

V=V +¥V, +V, (12.11)
In the electric circuit shown in Fig. 12.8, let I'be the current through
the circuit. The current through each resistor is also L 1t is possible to
replace the three resistors joined in series by an equivalent single resistor
of resistance R, such that the potential difference V across it, and the
current [ through the circuit remains the same. Applying the Ohm's law
to the entive circuit, we have
v=IR (12.12)
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On applying Ohm's law to the three resistors separately, we funther

have
V, = IR, [12.13{a)]
vV, = IR, [12.13(h)]
and V, = IR, [12.13(c)]

From Eq. (12.11),
IR=IR +IR,+ IR,
or
R =R, +R,+R, (12.14)

We can conclude that when several resistors are joined in series, the
resistance of the combination R_equals the sum of their individoal
Tesistances, R, R, R, and is thus greater than any individual resistance.

Example 12.7

An electric lamp, whose resistance is 20 £}, and a conduactor of 4 £
resistance are conmected 1o a 6 V battery [Fig, 12.49). Calculate (a) the
total resistance of the circudt, (b) the current throwgh the circait, and
ic) the potential difterence across the electric lamp and conductor.

— A > @,

1L 3

L 4

—1HHHF (D

Figure 12.9 An electric lamp connected In serles with
aresistoraf 4 U toa 6V baftery

Solution

The resistance of electric lamp, R, =20 L2,

The resistance of the conductor connected in series, R, =4 Q.
Then the total resistance in the circuit

R =R, +R,

R =200+40=240,
The total potential difference across the two terminals of the battery
V=6V.
Now by Ohm’s Iaw, the current through the circuit is given by
I = VR
= GV/240
= (Q.25A,
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Applying Ohim’s law to the electric lamp and conductor separately,
we get potential difference across the electric lamp,

V, =200x0.25A

and,

that across the conductor, ¥V, = 4 Qx 0,25 A

=1V

Suppose that we like to replace the series combination of electric
lamp and conductor by a single and equivalent resistor. Its resistance
must be such that a potential difference of 6 V across the bhattery
terminals will cause a current of (.25 A in the circuit. The resistance
R of this equivalent resistor would be

R = V/I

G6V/0.20A

= 2443}

This i3 the total resistance of the series cireuit; it 13 equal to the sum
of the two resistances.

Q U E S§ TTIT O N S

T, Uraw a schewatic dagram of a covcuit coosisting ol a baltery of thoee
cells of 2 ¥ each, a 5 £ resistor, an 8 £ resistor, and a 12 £ resistor, and
a plug key, all comnected in series.

2, Redraw the circuit of Question 1, putting in an ammeter to measurs
the current through the resistors and a voltmeter to measure the
potential difference acrpss the 12 £ reslstor. What would be the readings
in the ammeter and the voltmeter?

12.6.2 Resistors in Parallel

Now, Tet us consider the arrangement of three resistors joined in paraliel
with a combination of cells [or a battery), as shown in Fig. 12.7.

A a9 Ma.. 410 F
ACLIVILY 1£.0
Make a parallel combination, XY, of three
resistors having reslstances R, R, and R,

respectively. Connect it with a battery, a
plug key and an ammeter, as shown in
Fig. 12,10, Also connect a voltmeter in
parallel with the combination of resistors,

Flug the key and note the ammeter reading,
Let the current be [ Also take the voltmeter  iq.
reading. It gives the potental difference ¥
across the combination. The potential

kT

difference across each resistor is also V. This . K ~
can be checked by connecting the voltmeter —HHH! {*) =z
across each Individual resistor (dee )

Fig. 12.11). Figure 12.10
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Take out the plug from the key. Remove the ammeter and voltmeter from the circuit.
Insert the ammeter in series with the reslstor R, as shown in Fig. 12.11. Note the ammeter

reading, I.

L 4

W

b3 R, T

Filgure 12.11

Similarly, measure the currents thrcugh R, and R, Let these he I, and I, Tespectively.
What is the relatiomship between I I, I, and 17

It is observed that the total current I, is equal to the sum of the
separate currents through each hranch of the combination,

I=sL+T,+1, [12.15)

Let R be the equivalent resistance of the parallel combination of
1esistors. By applying Ohm's law to the parallel combination of resistors,

we have
I=V/R, (12.186]
Omn applying Ohm's law to each resistor, we have
L=V/R; i,=V/R;andi =V/R, (12.17)

From Eqs. [12.15) ta (12, 17), we have

V/R,=V/R, + V/R, + V/R,
or
1/R,=1/R, +1/R,+ /R, (12.18)

Thus, we may conchide that the reciprocal of the equivalent resistance
of & group of resistarnces joined in parallel is equal to the sum of the
reciprocals of the individual resistances.

Example 12.8

In the circult diggram given in Fig. 12,10, suppoese the resistors K,
R, and R, have the values 5 Q, 10 Q, 30 £, respectively, which have
been connected to a battery of 12V, Caleulate (a) the current through
each resistor, [b) the total current in the cirenit, and (c) the total cirenit
Tesiztance,

Solution
R =54 R =104 and R, =30 Q.
Potential difference across the battery, V=12V,
This is also the potential difference across each of the individual
reglstor; therefore, to calculate the current in the resistors, we use
Ohin's law.
The current [, through R, = V/ R,
I, = 12W 5480 = 2.4A,

4 Sclence



The carrent, [, through R, = V/ K,
L=12V/100 = 1,24,
The current I, through R, = V/R,
I,=12Vv/30Q = 0.4A.
The total current in the circuit,
=L+ +1
=24+1.2+04 A
=4 A

The total resistance RP, is given by [Eq. [12.18]]
1 1 1 1 1

R, 5 10 30 3
Thus, RP:SH.

Example 12.9

IfinFig. 12.12, R =10Q,. R, =40Q, R =30Q. R, =20Q, R_=60Q,
and a 12 V battery is connecied to the arrangement, Calculate
(a) the total resistance in the circuit, and (b) the total current owing
in the circuit.

Solution W\

Suppose we replace the parallel resistors R and R, by an b

equivalent resistor of resistance, R’ Similatly we replace —-—-‘WIENL#

the parallel resistors R, R, and R hy an equivalent single i

resistor of resistance R”, Then using Eq. (12,18), we have

1/ R =1/10+ 1740 = 5/40;thatis R’ =54 +_'L

Similarly, 1/ R™ = 1/30+ 1/20+ 1/60 =6/60: T (ﬁj

that is, R =10 1), X ol

Thus, the total resistance, R=R +R"= 18 Q. )

Ta calculate the current, we use Ohm's law, and get D

I=V/R=12V/180 =067 A 1'_1}_‘ ,'ﬁ. _

We have seeri that in a series cirewdt the current is constant —(—v‘wgs%—-—
threughout the electrie circuit, Thus it is obvigusly impracticable to
connect an electric bulb and an electric heater in series, because they if-?“m Izéﬁuitshmumg
need currents of widely different vahues to operate properly (see Example a.. .obination of serles
12.3). Another major disadvantage of a series circuit is that when one  and parallel reststors

componernt fails the circuit is broken and none of the componernts works.
If you have used 'fairy lights’ to decorate buildings on festivals, on
muarriage celebrations ete., you might have seen the electrician spending
lot of time in trouble-locating and replacing the ‘dead’ bulb — each has
ta be tested to find which has tused or gone, On the other hand, a paraliel
circuit divides the current through the electrical gadgets. The total
resistarice in a parallel circult is decreased as per Eq, (12,18), This is
helpful particularly when each gadget has different resistance and
requires different current to operate properly.

Electricity
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Judge the equivalent resistance when the following are conmected in
parallel —[a) 1 Q and 1¢FQ (b) 1 Qand 104 Q, and 108 Q.

An electric lamp of 100 0, a toaster of realstance 50 02, and a water filter
of resistance 500 £ are connected in parallel to & 220 V source. What 1s
the resistance of an electric iron connected to the same source that
takes as much current as all three appliances, and what is the current
thronagh it?

What are the advantages of ¢connecting electrical devices in parallel
with the battery Instead of connecting them in series?

How can three resistors of resistances 2 0, 2 Q, and 6 Q he commected 10
give a total resistance of (a) 4 £, (b 1 Q7

What ia {a) the highest, [b) the loweat total resistance that can be aecured
by combinatlons of four oolls of resistance 4 Q, B £, 12 Q, 24 Q7
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12.7 HEATING EFFECT OF ELECTRIC CURRENT

We know that a battery or a cell i3 a source of electrical energy. The
chernical reaction wittin the cell generates the potential difference between
its two terminals that sets the electrons in motion to flow the current
throngh a resistor or a system of resistors connected to the battery. We
have also seen, in Section 12.2, that to tnaintain the carrent, the source
has to keep expending its energy. Where does this energy go? A part of
the souree energy In maintaining the current may be consumed into
useful work (like in rotating the blades of an electric fan). Rest of the
s0Urce energy may be expended in heat to raise the temperature of
gadget. We coften observe this in our everydaylife. For example, an electric
fan becomes warm if used continuously for longer time ete. On the other
hamnd, if the electric circuit is purely resistive, that is. a configuration of
reqisiors anly connected to a battery; the souree energy continually geis
dissipated entirely in the form of heat. This is kmown as the heating
etiect of electric current. This effect 13 utilised in devices such as electric
heater, electric iron ete.

Consider a current [ flowing through a resistor of resistance R. Let
the potential difference across it be V(Fig. 12.13). Let tbe the time during
which a charge J flows across. The work doneg in moving the ¢harge O
through a potentizl difference Vis V. Therefore, the source must supply
energy equal to V@ in time £ TTence the power input to the circuit by the
source is

p=vE-v (12.19)
Or the energy supplied to the circuit by the source in tme f1a Px {,
that is, Vit. What happens to this energy expenided by the source? This
energy gets dissipated in the resistor as heat. Thus tor a steady
current I, the amount of heat H produced in time tis
H=VI (12.200
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Applying Ohin's law [Eq. (12.5)]. we get
H=PFRt (12.21]

H
This is known as Joule's law of heating. The > :-SRPVY Py Y9! HEN
law implies that heat produced in a resistor is ¥ ~ 4 +
li) directly proportional to the square of current e

for a given resistance, (ii) directly proportional to
resigtance for a given current, and (i) directly %
properticnal to the time for which the current flows
through the resistor. n practical situations, when
an electric appliance is connected to 2 kmown " +
voltage source, Eq. [12.21) is used after —% I
calculating the current through it, using the  Figure 12,13

relation F=V/R. A stegdy current ina purely resisioe efaciric circtdt

Example 12.10

An electric fron consumes energy at a rate of 840 W when heating is
at the maximnum rate and 360 W when the heating is at the mindtnum.
The voltage is 220 V. What are the current and the resistance in each
case’?

Solution
From Eq. (12.19), we know that the power input is
P=VTr
Thus the current F=r/V
(al When heating is at the maximum rate,
I=840W/220V=3582 A;
and the resistance of the electric iron is
R=V/1=220V/3.82 A =57.6010).
(b] When heating 13 at the minimum rate,
I=360W/220V=1.641A;
and the resistance of the electric iron is
R=V/=220V/1.64 A=134.150.

Exzample 12.11
100 J of heat are produced each second in a 4 Q resistance. Find the
potential difference across the resistor.

Solution

H=100J, BE=4L, t=15, ¥="

From Eq. [12.21) we have the current through the resistor as

I \(H/Rf)

Y[1DO J/[4 Q% 1 8]

EA

Thus the potential difference across the resistor, V[from Eq. (12.5)] s
Vv = IR

BAx40

20V,
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Why does the cord of an electric heater not glow while the heating element
does?

Compute the heat generated while transferring 96000 coulomb of charge
in ane howr through a potential difference of 50 V.

An electric itom of Tesistance 20 £ takes a cumrent of 5 A, Calculate the
heat developed In 30 s.

218

12.7.1 Practical Applications of Heating Effect of
Electric Current

The generation of heat in a conducter is an inevitable consequence of
electric current. In many cases, it is undesirable as it converts usefl
electrical energy iito heat. In electric circuits, the unavoidable heating
can increase the temperature of the components and alter thelr propertics.
However, heating effect of electric current has many useful applications.
The electric laundry iron, eleciric toaster, electric oven, electric kettle and
electric heater are some of the familiar devices based onJoule's heating,

The electric heating is also used to produce light, as in an lectric
bulb. Here, the filament moust retain as much of the heat generated asis
possible, sothat it gets very hot and emits light. £ must not melt at such
high temperature. A strong metal with high melting point such as
tungsten (melting point 3380°C) is used for maling bulb filaments. The
filament should be thermally isolated as much as possible, using
insulating support, ete. The bulbs are usually filled with chemically
inactive nitregen and argon gases to proleng the Tife ef filament. Mest of
the power consumed by the filament appears as heat, but a small part
of it i= in the form of light radiated.

Ancther common application of Jeule's heating is the fuse used in
eleciric circuits. Tt protects circuits and appliances by stopping the tlow
of any unduly high electric current. The fuse is placed in series with the
device. It consists of a piece of wire made of a metal or an alley of
appropriate melting peint, for example aluminium, copper, iron, lead
etc. f a current larger than the specified value flows through the citcnit,
the temperature of the fuse wire increases. This melts the fuse wire and
breaks the circuit. The fuse wire is usually encased in a cartridge of
porcelain or similar material with metal ends. The tuses used for domestic
purposes arerated as 1 A, 2 A, 3 A, b A, 10 A, ete. For an electric iron
which consuimes 1 KW electric power when operated at 220 V, a carrent
of (1000/220) A, that is, 4.54 A will flow In the circuit. In this case, a5 A
fuse must be used.
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12.8 ELECTRIC POWER

You have studied in your earlier Class that the rate of doing work is
pawer. This 13 alse the rate of consumption of energy.

Equatior (12.21) gives the rate at which electric energy is dissipated
or consumed in an electric circuit. This is also termed as electric power.

The power Pis given by
P=Vr
Or P = FR=V3/R (12.22)

The SI unit of electric power is watt (W). It is the power consumed by
a device that carries 1 A of current when operated at a potential difference
of 1V, Thus,

TWw = lvoltx 1 ampere =1V A (12.23)

The unit ‘watt’ is very small. Therefore, in actual practice we use a
mauch larger unit called ‘kilowatt'. It is equal to 1000 watts. Since electrical
energy is the product of power and time, the unit of electric energy is,
therefore, watt hour (Wh). One watt hour is the energy consumed when
1 watt of power is used for 1 hour. The commercial vmit of electric energy
is ldlowatt hour (kW h), commonly knowr as "umnit”.

1 EWh = 1000 watt x 3600 second

= 3.6 x 10° watt seccnd
3.6 x 10¥ joule [J)

~y AT A W i e T e W W e Tl W e W ol WF e W e W ol O e O . OF il o Wl W e o s W

Many peaple think that electrons are consumed in an electrie circuit. This is wrong)
We pay the eleciricity board or elecirle company to provide energy to move electrons
through the elecirie gadgets like eleetric bulb, fan and engines. We pay tor the energy

that we use,

Ezxample 12,12
An electric hulb 1s connected to a 220 V generator. The current is
0.50 A, What is the power of the bulb?

Solution
r = vr
= 220V x0.504A
110J/3
= 110W.

Example 12.13

An electric refrigerator rated 400 W operates 8 hour/day. What is
the ¢ost of the energy to operate it for 30 days at Rs 3.00 per KW h?

Electricity
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Seolution
The total energy consuimed by the refrigerator in 30 days would be
400 W x 8.0 hour /day » 30 days = 96000 W h
=96 kW h
Thus the cost of energy to operate the refrigerator for 30 days is
06 kW h x Rs 3.00 per kW h = Rs 288.00

Q U E 8§ T T O N S

1. What determings the tate at which energy is delivered by a current?

2, An electric motor takes 5 A from a 220 V line. Determine the powser of
the motor and the energy consumed in 2 h.

@ W 2 le )

m A stream of electrons moving through a conductor constitutes an electric current.
Conventionally, the direction of current is taken opposite to the direction of flow of
electrons.

B The 51 unit of electric current is ampere.

m  Toset the electrons in motion in an electric circuit, we use a cell or a battery. A cell
generates a potential difference across its terminals. It is measuared in volts [V).

»  Resistance is a property that resists the flow of electrons in a conductor. It contrals
the magnitude of the current. The SIunit of resistance 13 ohm (€],

s Ohm's law: The potential difference across the ends of a resistor is directly
proporticnal to the current through it, provided its teroperature remains the same.

B The resistance of a conductor depends directly on its length, inversely on its area of
crass-section, and alsa on the material of the conductor.

m  The equivalent resistance of several resistors in series is equal to the sum of their
individual resistances.

= A setof resistors connecied in parallel has an equivalent resistance R given by

1 1 1 1

—==t—t—t..

R, R R, H,

m  The electrical energy dissipated in a resistor is given by
W=Vuxixt

®  The unit of power is watt [W). One watt of power is consumed when | A of current
fiows at a potential difference of 1V,

m  The commercial unit of electrical energy is kilowatt hour (KWh).
1 KW h=23,600,000J=36x 10%.1.

\ J
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1. A pilece of wire of resistance R is cut into five equal parts. These parts are then
connected in parallel. If the equivalent resistance of this combination is R, then the

rato RfR"is —
[a) 1/25 ) 1/5 €} 5 id] 25

2. Which of the fellowing terms does not represent electrical power in a circuit?
(a) PR ) IR? (c) VI id) V¥/R

3. An electric bulb is rated 220 V and 100 W. When it is operated cn 110 V, the
power consumed will be -
(a) 100W b 76 W €] 50W d) 25 W

4, Two conducting wires of the same material and of equal lengths and equal diameters

are first connected in series and then parallel in a circuit across the same potential
difference. The ratio of heat produced in series and parallel combinations would be —

la) 1:2 ) 2:1 (c) 1:4 id) 4:1
5. Tlow i3 a voltmeter connected in the circuit to measure the potential difference
between two points?

B. A copper wire has diameter 0.5 mm and resistivity of 1.6 x 107 {2 m. What will be
the length of this wire to make its resistance 10 27 How much does the resistance
change if the diameter is doubled?

7. The values of currertt I flowing in a given resisicr for the corresponding values of
potential difference Vacross the resistor are given below —
flamperes] 0.5 1.0 2.0 3.0 4.0
V (wolis) 1.6 3.4 6.7 10.2 12.2
Flot a graph between Vand I and calculate the resistance of that resistor.

8. Whern a 12 V battery is connected across an unknown resistor, there is a cunrent of
2.5 mA in the circuit. Find the value of the resistance of the resistor.

S, A battery of & V is connected in series with resistors of 0.2 2, 0.3 Q, 048, 0.5 0
and 12 £, respectively. How muuch current would flow through the 12 £2 resistor?

10, Tlow many 176 0 resisiora [in parallel) are required to carty 5 A on a 220 V Iine?
11. Show how you would connect three resistors, each of resistance 6 0, so that the
combination has a resistance of (1} 9 @, (1) 4 Q.

12. Several electric bulbs designed to be used on a 220 V electric supply line, are rated
10W. How many lamps can be connected i parallel with each other across the two
wires of 220 V line if the maximum allowable current is 5 A7

13. Ahot plate of an electric oven connected to a 220 V line has two resistance coils A
and B, each of 24 G resistance, which may be used separately, m series, or in
parallcl. What are the currenis in the three cases?

14. Compare the power used in the 2 2 resistor in each of the following circuits:
(il 2 BV battery in series with 1 £) and 2 f) resistors, and [if) a 4 V battery in parallel
with 12 £ and 2 Q resistors.
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15,

16,
17.

Two lamps, one rated 100 W at 220V, and the ather 50 W at 220V, are connected
ir1 parallel to electric mains supply. What current is drawn from the line if the supply
voltage is 220 V7

Which uses mare energy, a 250 WTV set in 1 hr, ora 1200 W topaster in 10 minuies?

Ar electric heater of resistance 8 @ draws 15 A from the service mains 2 hours.
Calculate the rate at which heat is developed in the heater.

18. Explain the tollowing,
[a) Why is the tungsten used almost exclusively for filament of electric lamps?
(bl Why are the conductors of electric heating devices, such as bread-toasters
and electric irons, made of an alloy rather than a pure metal?
i) Why is the series arrangement not used for domestic circuits?
(d} Tlow does the resistance of & wire vary with 1is area of cross-section?
[e) Why are copper and aluminium wires usually employed for electricity
transmission”
v
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CHAPTER 1 3

. Magnetic Effects of
\ Electric Current

In the previous Chapfer on '‘Electricifyy’ we learnt about the heating
effects of electric current. Wheat cowtld be the other effects of eleciric
current? We knows that an electric current-carmying wire behaves fike o

megnet. Let us perform the folloirtng Activlfy fo reinforce 1F.

Activity 13.1

Take a strafght tivick copper wire and
plaee it betiveart the points X and Y i an
electric cireuit, as shown in Fig. 13.1.
Place a small compass near to this oopper
wire, Seer the posilion of s needie,
Pass the cwrmenl (hiough the effcnil by
inserting the key o Hwe plog.

Observe the change in the posttion gf the
compass needle.

AR
{F - x

T

~ ¥

Figure 13,1
Compass neadle s deflected on passing an electric
crerrent through a metaiie conductor

We see that fhe needle Is deflected, What does it mean? It means ffuat
the electric current through the copper wire has produced o muignetic
effect. Thus we can say that eleciriciy and moagnefism are linked o each
cother, Then, what about the reverse possibility of an eleciric effect of
maoving magnaits? Inthis Chapter we will shudy magnatic flelds and such
eleciromagnetic effects. We shall also study aboiit electromignets and
electric mators which inuolue fhe magnetic effect of electrlc cument, and
electrie generators which involve the electrie effect of mowing megnets.

Hans Christian Oersted, one of the leading scienfists gf the 19%
cenfury, played a cruclal role it understanding electromcgtietism.

In 1820 he accidentally discoverad that a compass needle got deflected
when an electrie ciirrent prassed tirotigh a metaillic wire placed neartay.
Through this observation Qersted showed that electricify ond
magnetism were relafed phenomenid. His resedrch Idter created
technologies such as the ridio, television and fiber aptics. The unit of
megnetie fleld strengith is named the Qersted in his honor




13.1 MAGNETIC FIELD AND FIELD LINES

We are familiar with the fact that o compass needle gets deflected when
brought nedr o bar magnet. A compess needle 1s, i fact, a small bar
magnat. The ends of the compass needls poinf approxtimaotely towards
tiorth cinied south directions. The end poliiting toweards notth (s called northt
seeking or north pole, The oiher end that points towards south (s called
seriift seckitug or south pole. Through varlous activifles we have chserved
that ke poles repel, while uniike poles of magnets attract each other,

Q U E § T 1 O N

L Wity does a compass needle get deflected when brought neor

& bar magnet?

Activity 13.2

Fix a sheet of wrhite paper on a drawtng

board using some

Place a bar magnel in the cendre of il
Sprinkle some tron filings uniformly
eround the bar magher [Flg. 13.2]). A
salt-sprinkier moay be used for this

PUrpOSE.

adhesive material.

Nowr tap the board gently.
Wha! do you shseroe? Figure 13.2
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fron fifings near the bar magred align
thermselves afong the field tines.

The Tron filings arrange fhemselves (n g pattern as shown
Fig. 13.2. Why do the iron filings armange in such a pattern? What does
this pattern demonstrate? The moagnet exerts lis mfluence it the reglon
surrounding it. Therefore the ron filings expertence d foree. The force
thus exerted makes iron filings te arrange in d pattern. The reglion
surrounding o magnet, in which the foree af the magnet can be defected,
is saild to have d magnetic fleld. The lines along which the iron fillings
align themselves represent magnetic field lines.

Are there other ways of obtaining magnetic_field lines around a bar
magnst? Yes, you can yourself draw the field lines of a bar magnet.

Activity 13.3

Take q small compass and a bar magnel.

Place the magnet on d sheet of witdie paper fived on o draiting
boord, using some adhesive materigl

Marlk the boundary of e magnet.

Hlace the compass near the north pole of the magnet. How does
it behane? The south pole of the needle polnis towards the north
pale af (he magnel. The north pole of (he compass is direcied
away from the north pole of the magnet

Selence



Mark the position of o ends of the needie.
Nown move the needie to 4 new posfifon
such that tis south pole oocuples the
position previously oceupted by s norlh
pole.

In this way, proceed step by step Gl you
reacht the southt pole of the magnet as
shown in Fig, 13.3.

Join the poinls marked on the paper by a
smooth curve. This curve represents
et fleld line.

Repeat the abooe procedure and drenn os
many lines as you can. You will gel a
pattern shown in Fig. 13.4. These lines

o =

F -

Sif KL

T
Figure 13.3

Draroinug a mdgrietic fald fne wiif e ielp of a
CeRTRLSS tieeddis

,a-"“___-‘-—__“"-m,_
,fﬂ,.-"_""““'-m \"\
-

represent the magnetic field around the
magnet. These are kaown os mognetic
field lines.

Obzerve (he deflection in (he compass
needle as you move it along a fleld line.
The deflection fncreases as the needle is
moverd imbards the poles.

PFigure 13.4
Freddd lines arovred o Ber muagree!

Maognetic field is a quanfify that has both direction and magnifude.
The direction of the magnefic fisld is faken to be the direction in which o
north pole of the compass needls moves inside it. Therefore it is faken
by convenfion thot the fieid lines emerge from north pole and merge at
the south pole (note the arrows marked on the fleld lines in Mg, 13.4}
Inside fhe moagnet, the direction of field lines is from s south pole fo s
north pole. Thus the magnetic fleld lines are closed curves,

The reiaiive strength of the magnetic fleld is shown by the degree of
closeness af the field lines. The field is sironger, that is, the force acting
on the pole of another magnet placed (s greater where the fieid lines are
crowded {see Fig, 13.4}

No twe field-lines are found to cross each other, If they did, i would
mean that af the peint of intersecton, the compass needle wonld point
towards twe directions, which is not possible,

13.2 MAGNETIC FIELD DUE TO A CURRENT-CARRYING
CONDUCTOR

in Activity 13.1, we hdve seen that an elecirie current through o
metallie conducior produces a meagnetic fleld dround If. In order to
find the direction of the field prodiuced let us repeat the activity in the
Sollowing wray —

Magnetic Effects gf Electric Crorant
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Actlvity 13.4

Figure 13.5 A simple elecine cirewst in which o stragght copper wire is ploced porailsl o ond over a compass
nzedie, The deffoction in the recdls Beoomes opposite i e dinsction af B ceoreml (5 reversed.

2286

Take a long straight copper wire, hwo or three cells of 1.5 V each, and a plug key. Connect
el of them in serles as showen in Fig, 13.5 fa).

Place the siraight wmre parallel to and over a compass needle.

Flug the key in the elfreuir,

Observe the direction of deflection of the north pole of the needle. If the current flows from
norik 1o soulf, as showm in Fig, 3.5 (gl the norlh pole of (he compass needle wondd mote
towrards the east.

Replace (e cell conneclions in (he circuil as shown in Fig, 3.5 (B, This wonld resull in
the change of the direction of curreni through the copper wire, that is, from south to
nort.

Ohserve the change in the direction of deflection af the needle. You will see thet now the
nesdle moves in oppostle direclion, (hai is, eands the wesl [Fig, 13.5 (BN Il meons ithat
the direction of magnetie field produced by the electrie current is also reverserd

o} = .\ iE_a__s-_L ) -
KJ . K_.r Wcat.f.
™ N
I
3 3
" HHH~ » =

&/ i/

13.2.1 Magnetic Field due to a Current through a Straight
Conductor

What determines the paffem of the magnedic field generated by a current
thretgh a cotducter? Does the patiern depend on the shape of the

eonductor? We shall investigate this with an activily.

We shall firsi consider the pattern of the magnetic fleld drournd a

straight conductor earmying eurrent.

Activity 13.5

Take a ballery (12 V], g varable restsiance for a rheosiall, an
ammeler (0-5 A), o plug ey, and a long slraighl (hick copper
Lirire,

Insert the thick wire through the centre, normal o the plone of o
rectangular cardboard. Take care that the cardboard (s fixed and
does not slide up or dowr.
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Connecl the copper unre verlically belireen e
points X and Y, as shown in ffig. 13.6 (o), in

serles with the baitery, o plug and ey,
Sprinkle somie iron filings uniformly on the
eardbodard. (You meey use o sait sprinkder for this
purposea.f

Keep the variable of the rheostat at o fived
postlion and nole (he currend through the
Crmeter,

Cilnse the key so that a eurreni flowss through

the wire. Ensure thal (he copper wire placed
between the points X and Y remeins verticallny
siratght,

Gently top the cardboard a fewr imes. Observe
the pottern of the fron filings. You would find
that the fron filings afign themselves showing
et pattertt af conecenirie cireles around the
copper wire (Fig. 13.6),

What do these coneentric circles represeni?
They represeni the magnetic field lines.

How ean the directlon of the magnetic fleld be
found? Pince a compass at o poitt sy Pl over
a circle. Obserpe the direclion of the needle, The
direction of the north pole aof the composs
needle would give the direction of (he field lines .
produced by the electric current through the Figure 13.5

stralght wire ai polit P Shoir the divection by
€l QIO

Does the direction of magnetie fleld lines gei
reversed if the direction of current through e

fat A patiern of oonceriiric circles indicoting
the field lines of a mogretic ffeid amnnd a
straigld corducting wire The arrowes i e
cincles showr the direetion gf the ficid lines,
(Bl A close up af the patiern obfained

straight copper wre is reversed? Check 1.

What happeiis to the deflection of the compass needile placed it d
given point if the current in the copper wire is changed? To see this, vary
the current in the udre. We find that fthe deflection in the needle also
changes. In fact, if the current is increased, the deflection also increases.
It indicates that the magnitude of the magnetic field produced dt a giuen
point increases ns the current through the wire increases.

What happens to the deflection af the needle if the compass is moved
{rom the copper wire but the current through the wire remains the same?
T see this, noir place the compass dt o farther peint from the conducting
wire (say at peint ). What change do you obserue? We see that the
deflection in the needle decredses. Thus the magnetie fleld produced by
a given current in the conductor decreases as the distance from it
nereases. From Flg. 13.6, it can be noticed that the concentric circles
representing the magnstic field around a current-carrying straight wire
became larger and larger ds we move auray from it

13.2.2 Right-Hand Thumb Rule

A conventent way of finding the direction of magnetic field assoclated
with a current-carrying conductor is —

Magnetic Effects gf Electric Crorant
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Imdgine that you are holding o curreni-careying straight
conductor in your right hand such that the thumb points towards
the direction of current. Then youwr fingers will weap dround the

g:ﬁlﬁ“ﬂ conductor in the direction of the field lines of the magnetic fleld, as
shaebrt tn Fig. 1.3.7. This 1s known as the vight-hond thumb rule®.

Cume, | EXBmple 13.1
Figure 13.7 A current through a horizontal power line flows in east to west
Righi-Frnd thuand reder direction. What (s the direction of magnefic fleld at a point directly
belowir it and af a potnt directly above 7
Solution

The curventt s In the edsi-west directon. Applying the righi-hard
thumb rule, we gef that the direction of magnetic fieid af a point
belowr the wrre is_from north to south. The direction of magnetic fleld
at a pont directly above e wire (s _from south fo nortin

Q U E S T 1T O N S

Drawr magnetic fleld lines around a bor meagret,
a2, List the properties of magnetle lines of force.
Why don'l o magnelic lines of fivee tnletsecl oach olfer?

bt

o

13.2.3 Magnetic Field due to a Current through a
Circular Loop

We hawe so frr ohserved the paifern of the mognetic fleld Hnes

produced around a current-carrying straight wire, Suppose

this straight wire Is bent (0 the _form of a circular loop and o

currertt is passed through it. Houw would the magnetic field

fines look ihe? We know that the magnetic fleld produced

5 by a current-carriging straight wire depends inversely on the

distance from iE Similariy af every point of a current-carrying

circular loap, the concentric circles representing the magnetic

field arocund it world become lnrger and larger as e move

avray from the wive g, 13.8). By fhe time we reach af the

cenire af the clracular loop, the ares of these big circles would

Figure 13.8 appear as straight lines. Every point on the wire carmying

Magnetic fleld iines of the fleld  current would give rise to the magnetic field appearing as

pmdtmeminby @ CUrreni-caryiily  giraight lines at the center of the loop. By applying the right

hand ride, it is easy to check that every section of the wire

coniribufes to fhe magnetic fleld lines in the same direction
within the loop.

¥ TR rtile is also oafled Mavaoell s corkscrers rude., [ oe consider onirseives dritdg o
corfcscrers i e divection of the oirrent, then thie diveciion of the corfsorey is the
direction of e magnetic fiefd.
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We knowr that the muignefic fleld prodiced by d current-corijing
wire at a given point depends directly on the current passing through i,
Therefore, if thete (s d dretilar coil having n turmis, the fleld produced s
n times as large as that produced by a single furn, This Is because the
cutrretit in edch clreuiar furn has the same direction, dnd the feld due fo

each fum then just adds up.

Activity 13.6

Take o rectanguiar cardboard hoeviing twg holes.
Insert ¢ ctroular ooll haoing large nomber Of turns
through them, normal o the plane of the cordboard.
Connect the ends of the cotl in series with a baitery,
a key and a rtheosinl, as shown in Fig, 13,90
Sprinkle fron _filings uniformly on the cardbogrd,
Flug the key.

Tap the cardboard gently a few times. Note the
pattern of the tron filings that emerges on the
cardbooard.

-l ) —

Figure 13.9
Magnetle field produced by a ewrrent-

Cetrring efrotiiar cod,

13.2.4 Magnetic Field due to a Current in a Solencid

A cotl of many circular tumns of insulated copper wire wrapped
closely in the shape of a cylinder is called a solenoid. The pattem
af the magnetic field lines around a current-carrying solenoid is
shown in Fig, 13.10. Compare the paitern of the fleld with the
magnetic figld around a bar magnet (Fig. 13.4}. Do they look
stmilar? Yes, they are similar. In fact, one end af the solenoid
behrmres as a magnetic north pole, wrhile the ofher behaves as the
south pole. The fleld lines inside the solenoid are in the form of
parallel straight lines. This indicates that the magnetic figld is
the same af all polnts nside the solenold. That is, the fleld is
uniform inside the solenoid.

A strong magnetic fleld produced inside q solenald can be
userd fo mognetise a plece of magnetic material, like soft fron,
when placed inside the coill (Fig. 13.11}. The magnet so formed (s
called an electromagnet.

Q UESTTION S

L Consider a cirasdar loop of wire lyng in
the plane of the able, Let (he curmend
pass though the oop clockasise, Apply
the right-hand rule to find out the
direction of the magnetie fleld inside
and outside the loop.

2, The magnelic field in o given region is
uniform, Iy a dingram lo reprosend i

Maognetic Effects of Hectrle Crerrent

Figure 13,10

Fleld dnes of the magnetic feld
tfrogh and arournd @ current
CEITLG Solenard.

il e
\_*

- 4 K
———

Figure 13.11

A carertrorrring solerusd ool
i psed o ragretise sieel o
fnisede i — an electromogre,
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3.

Chonge (he correct oplion,

The magneric fleld inside a long siroight solenoid-corrying current

fa}l {5 zero.

fb)  decregses as we move lowands iis end,
fof  fereases s e move tonlerrls s el
fdl s the same at all points.

13.3 FORCE ON A CURRENT-CARRYING CONDUCTOR
IN A MAGNETIC FIELD

We hdve learnt that an elecirie current flowdng through a condiictor
produces a mognetic fleld. The fleld so produced exerts o force sn o
rdgnet placed i the vicinity of the conductor French sclenfist Andre
Marie Ampere (1 775-1836] suggested that the magnet must also exert
ail equcl and appasite force on the current-carrying eondiictarn The force
due to a mognetic fleld acting on a currend-carrying conductor can be

demoristrated through the _follouing activtiy.

Activity 13.7

230

Take g small aluminium rod AR (of aboul 5 cm). Using
g connecling wires suspend L hornizonially from o
stond, as shown in Fig, 13.12.

Plrice a stronyg horse-shoe magiet i suclt o wrayy that
the rod Ues behiween the fwo poles with the magnetic
field directed vypoards. ffor this put the north pole of
the magned verlically belww and sowlln pole verlically
abore (he aluminium rod (Fig,. 13,127,

Connect the aluminiem mod in serfes with a bottery,
a key and g rhenstat.

Now pass a current through the aluminium rod from
end B to end A.

Wha! do you obserie? N is ghserued thal the rod is
displaced {mpards (he lefl. You will nolice thal (ke rod
gets displaecerd

Reverse the direction of current flowing througit the
rod and observe the directon of its displacement. It {5
niowr toroards the right.

Why does the rod gel displaced?

Figure 13.12

A crarrerienyitg vod, AR, expericnices
eI jorce perperidicidar to its lengift and
the magnetic field.

The displacerment af the rod In the abeve actiinty suggests that a
farce is exerfed on the current-carrying aluminium rod when i is placed
in a moagnetic field. ¥ also suggests that the direction of force is also
reversed when the direction of current fhrough the conductor (s revearsed,
Now change the direction of field to vertically deuwnwards by
interchanging the ik peles af the magmet. It is once agein chserved that
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the direction of force acting on the current-camying rod gets reversed. It
shows that the direction of the force on the conductor depends upon the
direction of current dnd the dirvection of the magnetic field. Experimentis
have shoum theat the displacement of the rod s largest for the magnitide
af the force is the highest] when the direction of cumrent is af right angles
fo the direction of the magnefic field. In such a condition we can use o
simple rule to_find the direction of the force on the conductorn

In Activity 13.7. we considered the
direction of the curvent and that of the magnetic
field perpendicular to each cther and found
that the force is perpendicular to both of them.
The three directions can be illustrated tirough
a simple rule, called Fleming's lefi-hond rule.
According to this rule, streich the thumb,
forefinger and middle finger of your left hand
such that they ore mutually perpendicular
Fig. 13.13]. If the first finger points in the
direction of magnefic ficld and the second
finger in the direcfion of current, then the
thumb will point in the direction of mofion or
the force acting on the conductor

Ficld

Thurmnb - Molivn

Current

Figure 13,13
Flemng's laf-fuand nade

Devices that use cwrent-carrying conductors and magnetic fields
include electric mofor, eleciric generafor, loudspeakers, nrcrophones
ard measuring nstrumernts. In the next fewr sections we shall sty

abaiit electric mofors and generdtors.

Example 13.2

An electron enters a magnetie fleld it vight angles to it, as shown
in Fig. 13.14. The direction of force acting on the electron uill be

{a) to the right.

(&) tothelefl

{c] out af the page.
{d} inio the page.

Solution

»
———t———{ Magnctic ficld
_4}
\ J
Electron
Figure 13,14

Ansuwer Is option [d}. The directlon of force (s perpendicuiar to the
direction of magnetic fleld and current as given by Fleming's leff hand
riile. Reeall theat the direction of current 1s taken oppostte fo the direction
of mation of electrons. The foree 15 therefore directed into the page.

Q UESTTION S

{a) mass b =speed

fol  wvelocity

Maognetic Effects of Hecirle Crerrent

L Which of the jfollowing properiy of o proton can change while it moves
Jrealy in g magnetic fizld? Thete may be more than one oovrecl ansiuer)

fd] momentum
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a2, In Activity 13.7, how do we think the displacement of rod AR il be
affecied i ( currend in rod AR is increased; (i) o sironger horse-shoe
magnel s used; and (i) lenglh gf (he rod AB is increased?

3. A positively-charged parlicles (alpha-pariicls) projected louards west 15
deflected towards northh by o magneile fleld. The direction of magrstie
fleld is
fa)  towards souih fb)  torpewrds ecast
{o}  doinitard fd]  uptierd

A
= :
Magnetism In medicine

An electric curent alivays produces a magnetic field. Even weak ion currents that
fravel alomg the nerve cells in aur body prodiuce magnetic flelds. When we fouch
something, our neTves carry on electric impulse to the muscles we need fo use. This
mpiidse prodiices d temporary magnetic field. These flelds are very weak anid are about
one-hiffionth of the earth’s magnetic field. Twwo mrain organs in the human body where
the magmetic field produced is signiffcant, are the heart and the brain. The magnetic fleld
insire the body forms fhe brsis of ebfnining the images of different body parts. This is
done using d technigue cdlled Magnetic Resenance Imaging (MR, Andlysis of these

imrges helps in medical diagnosis. Magnefism has, this, got imporfemt uses in medicine.

13.4 ELECTRIC MOTOR

R

An eleciric motor 1s a rotating devire that converts elecirical energy to
mechanical energy. Electric motor is used as an imporfant componsnt
in glectric fans, refrigerafors, mixers, washing machines, compufers, MP3
players etc. e you know howr an electric mofor works?

An electric motor, as shown in Flg. 13.15, consists of a rectangular
coll ABCD of insulated copper wire. The coll is placed between the tive
pales of @ magnetic field such that the arm AB and CD are perpendicular

={HHHH = {'}

Figurs 13.15
A sinple electrio motor
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to the direction gf the magnetic field. The
ends of the cofl are connected fo the twe
haives P and O of o split ring. The Inner sides
af these halves are insulated and attached
to an mxde. The external conducting edges af
F and { touch twoe condiicting stationdary
brushes X and Y, respecitively. ds shotr in
the Fig. 13.15.

Current in the coil ABCD enfers from the
source battery through conducting brush
X dnd flotes back to the baftery theough
brush Y. Notice that the curvent in arm AR
af the coll flowes fom Ao B. Inam CD &
fows from C te D, that is, cppasite to the
direction af currenit through arm AB. On
appliying Fleming's left hand rile for the
direction of force on a current-carrying
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conductor in a magnestic field fsee Fig. 13.13). We find that the force
acting on arm AB pushes it doumiards while the foree deting on arm
D pushes it upwards, Thus the coll and the axde O, mounted free o
turn about an axis, rotate anfi-clockawise, At half rotation, @ makes
confact with the brush X and P with brush Y. Therefore the current in
the roil gets reversed and flows along the path DCBA. A device thet
reverses the direction of flowr of currerntt through a clretdt 1s cclled a
conuritator, In electric motors, the splif ring acts as a commutaion, The
reversal of current also reverses the direction of force acting on the fibo
arms AR and CD. Thus the arm AE of the coil that was earfier pushed
dotim is nowt pushed wp and the arm CD previously pushed up is now
pushed down. Therefore the coll and the axde rotate half g fum more in
the same direction. The reversing of the cumrent {s repeated af each half
rotation, giving rise to a continuous rotation of the coil and to the axde.

The cormmereial motors wse [ an electromeagnet in place of permanernt
magnet; (i) large number of furns of the conducting wire in the current-
carriing cotl; and (i) a soft ron core on which the coll {s wound. The
sqgft iron core, on which the coil is wound, plus the coils, is called an
armaiure. This enhances the pouwer af the motor:

Q U E S TTIT O N

L State Fleming's left-hand rule.
a2, What is the principle of an eleciric motor?
3. Whai iz the tole of (e split ring in an electric moloe?

13.5 ELECTROMAGNETIC INDUCTION

We hove studied that when a current-carmying conductor is ploced ina
magnetic field such thaf the direction of current is perpendicular to the
magnetic field, it experiences a force. This force causes the conducior fo
move. Now lef us imagine a situation in which a conductor is moving
inside a magnetic fleld or a magnatic field (s changing around o fbed
conductor, Wheit unll happen? This was first studied by English physicist
Michasl Faraday. In 183171, Faraday made an impartant breakthrough
by discovering howr o moving mognef can be used to generate electric
currents. To ohserve this effect, lef us perform Hhe following activity.

Activity 13.8

Take a coil of wire AB Rauing o large number of tums.

Connecl e ends af the coil o o galvanometler s shouwn in
Fig. 13186,

Take a strong bar mognet and moee its north pole twards the
ered B gf the coil. Do you find any change i the galoanomster
needle?

Maognetic Effects of Eecirle Crerrent
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There s o momentary deflection in the needle of
the galvanomealet, say bz e righl. This indicolzs
the presence of o curtend in (e coil AR, The
deflection begomes zero tie momert the motion
of the meagnet stops.

Nowr withdroo the north pole of the magnet aroogy
from the coill. Now the galvanometer is deflected
loumard fhe lefl, showrdng thal e current is nowe
sl up in (he direclion opposile o (he first.
Place the maghet stabtiornry at g point Reor 1o
the goll, keeping fts nortit pole towards the end
B of the cotl. We see that the galvanometer neadle
deflects tmoard the right wwhen the coll is moved
lowands e norlh pole of e magnet, Similariy
the needle moves Louard lefl when the ool is
muverd it

When the cofl is kept statlonary width respect to
the magnet, the deflection of the galvanometer
drops to zero. What do you conclude from this
activily?

(T () e

Mozt & medgnet fowards o ol sefs up
cRirrenil i thie ool offordll, as dfocied By
deflection i the galfuariometsr needie.

A galvanometer is cn tinsfrument fhat can detect
the presence of a current (na clrcull. The pointer
renwiing af 2era (the cenbre of the scalel for zero
current flowring through . It can deflect either
to the leff ar to the tight of the Zere mark

depending on the direcHon of current.

You can also check that if you hed moved south pole of the magnst
tewards the end B of the call, the deflections in the galvanometer wortld
_just be ocppasite to the previous case. When the coil and the mognet ore
bath stationdry. there Is no deflection in the galvanometer. It (s, thus,
clear from this activity that motion of o magnet with respect fo the coil
produces an induced pofential difference, which sets up an indueed

electric current in fhe circuit.

Michrsl Faradoy was an experimental physicist. He had no farmat
education. He worked in d book-binding shop during his edrly years.
He used to read books that come for binding. This way Faradoy
developed his interest in science. He gof dn epportunity to Hsten to
some public lectures by Humphrey Davy of Royal Instibide. He made
carefiil notes of Davy’'s lectures and sent them fo Davy. Soon he wads
mirirle an assistant in Dmny's Inboratory at the Royal Institutfe, Faraday
mede several path-brealdng discoveries that include elecfromagnetic
induction and the laws of electrolysis. Several universities conferred

ont him the honorary degrees but he tumed doum such honours. Faraday loved his
science wark more than any honour.
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Let ws now perform o vartafion of Activity 13.8 in wwhich the mouing
magnet Is replaced by a current-carrying cofl and the current (n the coil
can be varled.

Activity 13.9

Take twao different coils of copper wire having
large number of tums (say 50 and 0 loms
tespectivelyl. fnserl them ot o non-conducting
cytindricd roll, as shown e Flg. 13.17. (You megy
use o thick paper rall for s purpose.}
Caonnect the coll-1, having larger number of
turns, in sertes with o baitery and a plug key.
Alsa connect the olher <oil-2 with a
galugnomesier as shown. C
Phug in the key. Obserpe the galvanometer. Is

there a deflection in its needie? You will obssroe

that the needle of the galvanometer instantly

Jumps to ore side and just as quickly reiurns 1o

Coil-1

e, indicgling o momentary current 1 ooil-2, o —{

Bisconnect coil-1 from the ballery. ¥You will
obserpe that the needle momeniorily moves, bui

Cudl-2

I

to the opposite side. It means that Aow the Pigure 13.17
current floos in the opposite direction in oofl-2. Crrrerd is fndvced in ool 2 when curerd
freepdl-§ is clarged

In this activity we chserve that as scon as the current in coll-1 reaches
either a steady value or zero, the galvanomster in coil-2 shows no
deflection.

From these observations, we conciude that a potential difference is
induced in the coil-2 whenever the electric current through the coil-1
is changing (starfing or stopping). Coil-1 is called the primary coil and
coil-2 is called the secondary coil. As the current in the first cofl changes,
the magnetic fleld dssocicted wWith it also changes. Thits the megnetic
fleld tines around the seconddryy cotll dlso change. Hernee the change
magnetic fleld lines dssociated with the secomdary eoll {5 the eaiise of
tnduced electric current tn i, This process, by which a changing
magnetic fleld 0 d conducior induces a current in dncther conduetor,
is called electromagnetic nducHon. In praciice we can induce curvent
in a coil either by mowving it in a magnetiz field or by changing the
magnstic field around i, It is convenient In most situatlons o move
the cofl in a magnetic fleld,

The induced current (s _found fo be the highest when
the direction of moHon of the coll is ot right angles to the

magnetic field. In this sttuation, we can use a simple rule WMagnetc ficld

fo knowr the direcHion of the induced cumrent. Stretch the
thumb, forefinger and middle finger of right hand so that .
they are perpendicular to each other, as shown in P
Fig. 13.18. If the _forefinger indicates the direction of the I conductor
magnetic field and the thumb showos the direction of motion

af conducior, then the middls finger will show the direction

of induced current. This simple ride 1s called Fleming's

Hghi-haind ride.

Maognetic Effects of Hecirle Coerrent

Worcment of
conductor

Motlon

TField
Induced current

Figure 13.18
Flemuirug s rigfu-fuared ride
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Q U E § T 1 O N

L Explain different ways to induce current it a coil

13.6 ELECTRIC GENERATOR

Buased on the phenomenon of electramcagnetic induction, the experimenits
sturdied above gensrate induced current, which is usually very small.
This principle is dlse employed fo produce large eurrents for wise tn homes
aned tndustry. In an electric generator, mechanical energy is used fo rofate
i eetiducior in a magmetic fleld to preduce electricity.

An electric generator, as shouwn in Fig. 13.19, consists of o rofafing
rectangiilar coll ABCD placed betireen the fio poles of a permanent
magnet. The hre ends of this coil are connected to
the twe rings R, and R,. The inner side of these
rings are maode insulated. The two conducting
stationary brushes B, and B, are kept pressed
separately on the rings R, and R_, respectively. The
ire rings R, dnd R, dre fnternally attached to an
axte. The axle may be mechanically rotated from
ouistde to rotdte the coll inside the magnetic_fleld.
Outer ends of the tuwo brushes are connected to
the gelvanometer to showr the flow of current in the
(ll given external circuif,

When the dxle aticached to the two rings is
o rotated such that the arm AB moves up fond the

Flgure 13.19
filustration of the
principle of eleetric

genteretion
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b G 4 arm CD moves dotir) in the mognetic Reld produced
by the permanent magnet. Let us say the coil ABCD
is rofatfed clockwise in the arrangernent showen in Fig. 13.18. By dpplifing
Fleming's right-hand rude, the induced currents are set up in these arms
tdotig the directions AB and Chx. Thus dn nduced curvert flows in the
direcHion ABCD. If there are larger numbers of turns in the coil, the current
generated in each fum ddds up to give a large curvent through the eoll,
This menns that the current in the external circuit flows from B, to B,
Affer half a retation, arm CD starts moving wip aned AB moing dotimn.
As a result, the directions gf the induced currents in both the arms
clidnge, giving rise o the net induced current in the direction DCBA.
The current in the external circuit now flows from B, to B,. Thus after
every half rofafion fhe peldarity of the current in the respective drns
changes. Such a current, which changes direction affer equal infervals
af time, 1s cdalled an alternating current (abbreviated s AC). This device
is cralled an AC generatan
To get a divect current (DC, which does not chdnge its direction with
time}, a split-ring f1ype commutator must be used. With this arrangement,
aiie brish is af all imes in cornfact with the drm moving wp tn the fleld,
while the ather is in confact with the arm moving dowrn. We have seen
the warking of a split rng commettator it the case of an electric motor
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{see Fig. 13.15}. Thits a unidirectional current Is pradiiced. The generator
is thus called a DC generaicr,

The difference befibeen the direct and cdlternating ciirvernts 1s fht the
direct current alivays flows In one direction, whereas the allemating
cirrent reverses fs direction pericdically. Most polwer stations
construataed these doys produce AC, In India, the AC changes direcfion
after every 17100 second, that 15, the frequency ¢f AC is 50 Hz. An
important advanfage of AC over DC s that eleciric power can be
fransmitted over longg disfances without much loss of energiy.

Q U E S T 1 O N S

I Slale (he principle of an eleciric generalor
Noume spme sources gf direct current.

Which sources produce alternating current?
Chooge the cormect oplion.

A rectanguiar coil of copper wives s rotated in a magnetie fleld. The
direction of the tnduced cwrrent changes once in each

Lol

fa) o revolulions ) one revolulion
fe}  hualf revolution {d] one-fourth resoluilon

13.7 DOMESTIC ELECTRIC CIRCUITS

In our homes, we recaipe supply of electric power through a main supply
{also called meins), either supported through overhend electric poles or
by underground cables, One of the wires in Ehis supply, usually with
red insulation cover, is called live wire for posifive). Another wire, with
black insulation, is called neuitral wrre for negative). In owr courntry, the
patentiol difference between the two (s 220V,

At the metre-bornrd in the house, these wires priss into an electricify

meter through a main_fiise. Throtgh the main suditch they dre connected
fo the line wires in the house. These wires supply electricity fo separate
cireutlts within the house, Offen. o sepdrdte cireniis dre wsed, one of
15 A curvent rating for applianees with higher power ratings such as
geysers, air coolers, etc. The other circuif is of 5 A current rating for
biilbs, fans, efc. The edrth wire, which has inswiation of green coloiir;, is
usually connacted to a metal plate deep 0 the earth nagr the house,
This is used as a sdafety medsure, especially for those appliances thet
have g metallic body, for example, eleciric press, toaster, table fan,
refrigerator, efc. The metallic body is connecterd fo the earth wire, which
provides a low-resistance conducting path for the currernd. Thus, i
ensures that any leakage of current to the metallic bady of the appliance
kzeps its potential to that of the earth, and the user may not gef a severe
electric shock.

Maognetic Effects of Hecirle Crerrent
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Figure 13.20 A schematic dicgram of one of e comuman domestic cirenils

Figure 13.20 glves a schematic diagram of one of the common
domestic cireuits. 'n each separafe circult, differerdt applianees can be
connected acrass the live and neutral wires. Each appliance has a
separafe switch to "'ON'/OFF the flow of current through i In order
that each appliance has equal potential difference, ey are connected
parallel fo each othern

Electric_fuse Is an impartant component of all domesHe clreuiis, We
have already studied the principle and working of a_fuse in the previous
chapter (see SecHon 12.7]. A fuse In g clreull prevents damage to the
appilances and the circult due fo overlpading. Querloading can ocour
wwhen the Hee wire and the neutral wire come info direct contact. {This
acciirs when the insulafion af wires (s damaged or there is a fault in the
appliance.] n such d sttuation, the current in the clreult abruptiy
increases. This is called shortcireudting. The use of dn electrie fuse
preventis the electrle circuidt dnd the applionce from a possible damage
by stopping the flow of undiily high electric current. The Joule heafing
thet takes place in the fuse melis it fo break the electric cireitt.
Ouerlodding can also cocur due to an accldental hike in the supply
voltage. Sometimes overlodding is caused by connecting foo meangy
applianees fo o stngle sccket.

Q UESTTION S

I, Mame (w0 safely megsures commonly osed in elecliie circnuils and
applionees.

2 An electrie oren of 2 KW power raiing {s operaied in o domestic electre
circudt (220 V) that has a4 corrent rating of 5 A, What result do you
expect? Explain

3. Wha!l precauiion shonld be lalen 0 aooid (he cuetlonding of domeslic
elecitic cirenits?
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® A compass needle 15 d small magnet. Its one end, which points fowdrds north, 18
called a north pole, and the other end, which points towards south, s called a
south pale.

m A magnetic field exists in the region sumounding o magnet, in which the force of
the magnet cdn be detected.

m Fleld lines are used to represent a mogmetie fleld. A Reld fine {s the path along
which a hypothefical free novth pole would fend fo move. The direction of the
magnetic field at a point is glven by the direction that o north pole ploced ot that
point would take. Field lines are shown closer together where the magnetic field is
greater.

m A metallic wire carrging an electric current has dssoclated with T o magnetic feld.
The field Unes about the uire consist of a series af conceniric circles whose direction
is given by the right-hand rufe.

m  The pattern of the maognetic field around o conductor due fo an electric curent
Aowing through ¥ depends on the shape of the conductor. The magmetic fleld of a
solenoid carrying o current {s stmilar te that of a bar meagnet.

B An electromagnet consisis of a core of soft ron wrapped arcund with a coll of
insulated copper wire,

m A current-camying conductor when placed in a magnetic field experiences a _force.
If the direction of the fleld and that of the ewrrent are mutually perpendicilor to
each other, then the force acting on the conductor will be perpendicular to both
and will be given by Fleming's left-hand rule. This (s the basls of an elecirle motor,
An electric motor is a device that converts electric energy into mecharnical energy.

m  The phenomenon of electromagnetic induction is the production of tncduced current
in a eoil placed in a region where the meagnetic fleld changes with Hine. The meagnetic
fleld may change due fo a relative motion betiveen the coll and a magnet placed
near fo the coil. If the coll is placed near to a current-carrying conducior, the
magnetic field may chrange etther due fo a chrange in the current through the
conductor or diue to fhe relaffve mofion between the coll and conductor. The
direction of the induced current is given by the Fleming's right-hand nuele.

® A genergior converts mechanicgl energy into elacitrical energy. It works onthe basis
af electromagnetic inductior.

»  Inour houses we receive AC electric power of 220 Vwith a frequency of 50 Hz. One
of the uMres tn this supply is udth red insuldafion, called lHve wire. The other one (s of
black insulation, which is a neutral wire. The potential difference betireen the tuwo
Is 220V The fhird s the earth wire that has green insulafion and this is connected
to a metallic body deep inside earth. It (s userd as a safety measure to ensure that
cryy ledkage of curvent fo o metallic body does not give dny severe shock to o user:

m  Fuse s the most inporfant safety device, used for profecting the oireults die to
short-circuliing or cverloading of the clrcults.
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Which of the foliowing correctly describes the magneiic field near a long
straight wire?
fal  The fleld consists of sfraight lines perpendicildr to the wire.
fhi  The Reld consisis of stralght Hnes parcdllel to the wire.
fc} The field consists of radial lings originating from the wire.
fdl The field consists of concentrie circles cendred on the wire,

The phenomencn of electromagnetic inducton (s

fal  fthe process of chdrging a bodiy.

fbl the process of generdting magnetic field due fo a current passing
through o coil

fc  producing induced current In a coll due to relative mofion between o
magnet and the coll.

fdl ihe process of rotafing a coll of an eleciric mator,

The detire used _for producing electrie current is called a

faj generatorn

fbl gaflvanometer

ol ammeter,

fdi mofor

The esseniial difference between an AC generaior and o DC generafor is theat

faj AC generanfor hos an electromagnet while a DC generator has
permnanent magnet.

fb) X generator will generate o higher voltage.

fe AC generator will generafe a Righer voltdge.

fl  AC generafor has slip rings while the DC generafor Ros o comrimilidaton

. Af the fime of short circuit, the current in the circuif
fal  reduces subsianfaliy.
fb)  does not change.
fel  tncveases heoily).
fdl wvary corfinuoushy.

State whether the follourning stafements are true or false.
fal  An electric motor converts mechanical energy into electrical enangy.
fhi An electric generdtor worlkes en the principle of electromagnietic inductHon.
fef  The fleld at the cenire of a long circular coll carrying curvent will be
perdllel straight lines.
fdl A wire with a green insulation is usually the live wire of an electric suppliy.
List three sources af magnetic flelds.
/

Selence



8. How does a solenoid belicve like a magnet? Can youl defermine the north and
south poles of a curreni—carrying solenoid with the help of a bar magnet? Explain,

9. When is the force experienced by a curment—carrying conductor placed in a magnetic
feld largest?

1{). Imagine that you are sitfing in @ chamber with your back to one wall. An electron
Feam, moving hortzontally from back wall fowdrds the framit wall, 1s deflected by a
strong magnetic field to your right side. What is the direction of mognefic field?

11. Drenr a luabelled dicgram of an electric mofor. Explain {fs principle and working.
What is the function of a split ring in an electric motor?

12, Name some devices in which electric motors are used.

13. A coll of insulcfed copper wire (s connected fo d galedanometer. What will happen if
a bar magnet is (i) pushed indo the coil, fii) uithdram from inside the coil, {fi} held
stationary nstde the coll?

14, Two elrerlar colls A and B are placed closed to each ather. If the cumrent in the coil
A 1= changed, UMl some current be induced in the coll B? Give redson.

15, State the rule fo determine the direction of o () magnetic fleld produced around a
straight conductor-carrying current, {ii} force experienced by a curment-carmying
straight conductor placed in o magnetic fleld which is perpendicudar o i, and
fiif) curent induced in a coil dus to ifs rotation in a magnetic field.

186, Explain the underiying principle and wworking of an elecirie generafor by drdising
a labeiled diagram. What is the function of brushes?

17. When does an electric short clreult oceir?

18, What 1s the function of an earth wire? Why is if necessary to earth metalllc
appliances?
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CHAPTER 1 4

Sources of

g Energy

Iﬁﬂasslx, e leamt that the tofol energy during o physical or chemioal
process is conserved. Whyy, then, do woe hear so much abortt the ensrgy
crisis? If enemgy can neither be created nor destroyed, we should hrhve
no warries! We should be able to perform endless activifies without
thirding about energy rescurces!

This rddle con be solved if we recall what else we learnt about energy.
Energy comes in different forms and one formecan be converted fo another,
For example, If we drop a plate from o helght, the potential energy of the
plate 1s converted mostly fo sound energy when i Rifs the ground. If we
light a candle, the process is highly excthermic so that the chermical
energiy in the wex is converted fo heat energyy and Hghit energy on Buriing.
Wit ofther prodiicts are obtained when we burn a candle?

The total energiy durtiug d physieal or cheriedl process remuins the
same bul suppose we consider the burming candle dgaln - eon we
somehowr put together the hieat and light genermted afong with the products
of the reaction to get back the chemical energy in the form of wax?

Let us consider another example. Suppose we take 100 mil of water
which has a temperature gof 348 K (75°C} and lenve it in a room where
the temperature is 208 K (25°C), What will happen? Is there any way of
collecting all fhe heat lost to the environment and making the water hot
ange if has cooled down?

In any example that we consider, we will see that energy, in the usable

Jorm, is dissipated fo the surroundings in less usable forms. Henee, any
soiiree af enery e use, to dowork, 1s consumed and eonnot be diserd agati

14.1 WHAT IS A GOOD SOURCE OF ENERGY?

Wit can then be considered o good source of energiy? We, tn our deily
lives, use energiy_from variows sources_for doing work. We use diesel o
tin our trains, We use electricity fo light our sfreet-lamps. Or e use
ensrgy in our muscles fo cycle to school.

Activity 14.1

List four forms of energy that you use from morning, when you
wake wp, Hil gou recch e school

Fram where do we get these different forms of energu?

Cuan e cal these ‘sonirces’ of enemgy? Wi or whiy Aoi?



The musclar energy for carrping out physical work, electricdl energy
Jor runniing varlows dpplidnces, chemical energy for cooking food or
runing d vehicle all come from some souree. We need to knowt howr do
e select the sotiree needed for obfaining the energy i its usable form.

Activity 14.2

Constder e parcus oplions we hare when o choose o fuel for
cooldng our food.

Whet are the criteria you wooidd constder wien trping 10 categorise
sometiing os a good fiel?

Wonld pour chotee be differend i you lived

fal iR a forest?

fhl in o remote mountain village or small island?

fo} it Neiwr DelfRi?

fdi lived five centuries ago?

Hoar are the factors different in each case?

After going through the two activities above, we can see that the
particular source of enargy, or fuel, we select for performing some work
depends on many different factors. For exomple, while selecting o fuel,
we would ask curselves the following guesitions.,

I How much heat does i release on burning?

i} Does it produce a lot of smolke?

{ifi} Is it easily avatoble?

Can you think of three more relevant guestions to ask about g _fuel?

lven the range of fuels we have nday, what are the factors which
would Uik our cholces when i comes to o particular task like cooking
ocur food? Would the fuel selected also depend on the waork to be done?
For example, wauld we choose one fuel for cooking and ancther for
heating the room i uinter?

We cottld then say that a good souree of energiy wotild be one
which would do a large amount of work per unit voluime or mess,
be easily aecessible,
be edsy to store and fransport, and
pertips moest importantly, be econormnical.

Q U E S T 1T O N S

L What 1s a good source of energy?
a2, What i5 a good fiel?

tiagdded yowe wse and why?

3. I o conid wse any sounce of energy for healing gowr food, which one
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Flgure 14.1

Fre-chen? showvdng the
HUfor Soiees of ereny
JOr oL requirernenis i
Tl

14.2 CONVENTIONAL SOURCES OF ENERGY

14.2.1 Fossil Fuels

In ancient imes, wood was fhe most commen source of heat energy. The
energy of Aoceing weater cned wined was also wsed for imited activifies. Can
pou think of some of these uses? The explotiction of codl as d source aof
energy made the industrial revolufion possible. Increasing
industriclisartion hes led fo a better gquality of e all over the world. it hos
mlso caused the global demond for energy to growr af a fremendous reate.
The growing demand for ensergy was largety met by the fossil fuels - coal
and pefroleurn. Our technologies were also developed for using these
ensrgy sources. Buf these fuels were formed over millions of years ago
and there are only limited reserves. The fossil fuels are nan-renewable
sources of energy, so Wwe nged o conserve

H Coal them, If we were to contfnue consuming these

B Fetroleum and Katueal Gas  S0Urces af such alarming rates, we would
soon run ouf af energy! n order fo avold this,

B finiro alierncife sources of energy were explored.
[ Nuclear But we continue to be largely dependerit on
[ wind Jessil fuels for most of our energy

reguirements (Fig. 14.1).

Burning fossil fuels has other disadvantages foo. We learnt in Clrss IX
mbout the air pollution caused by burning of coal or petroleum products.
The oxides af carbon, nitrogen and sulphur thrt are released on buming

Jossil fuels are actdic cxddes. These lead to acld rain which affects our
water and soll resources. n addition o the problem of air pollution,
recall the green-house effect of gases like carbon dioxide,

Howe woudd our Hves change (fwe could no longer geat eleciriciiy suppiy?
The quailability of electrical energy to each individual in q country (s one of the
parameters to measure the growih of the coundry.
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The pollution comserd by burning fossil fiels crm be somewhat reduced
by increasing the efficiency of the combustion pracess and using various
technigues to redice the escape of harmful gases and ashes o the
surroundings. Besides being used directly for various purpases — in gas
stoves and vehicles, do you know fossil fuels are he mafor fuels usead for
generating electricify? Let us prodiuce some electricity at our oum small
pleit in the class and see what goes nto producing owr favourite form

af etieray.

Activity 14.3

Teke o table-teruvs ball ard make Hwee slits inio 1t

Put semictronlar (=} fins cut out of a metal sheet into these slifs.
Pivot the tennis ball on an axle through its centre with a siralght
melal wire fixed o q rgid supporl. Ensure thal the lennis ball
tolales freely aboul (he axde.
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Nowr connect a cyde dyname to this.

Connecl a bulh in series,

Birect a jel of waler o slcom produced in o pressune cooles al the
fins [Fin. 14.2). What do gou obserpe?

Steam plpe

Pressure—-
coaker

Tentuls ball Mtied
Heat with melal sheets

Figure 14,2 A mode! v demansirale the process of thermoefectric production

This {5 our turbine for generating electricity. The simplest turbines
have one moving part, a rator-blade assembly. The moving lid acts on
the blades fo spin them and impart energy to the rotor, Thus, we see
thet basically wee need to move the fan, the rotor blade, with speed which
woudd turn the shajt of the dynamo and conwert the mechartical energy
info electrical energy — the form of enengy which has become a necessify
in fodaiy’s seerdrle. The varlous ways tnwhich this can be done depends
upan availabilify af the resources. We will see howr various sources of
energy con be hamessed to run the turbine and generate eleciriciiy in
the follouring secHons.

14.2.2 Thermal Power Plant

Large amount of fossi fusls are bumit every day in power stations fo
heat wp wwdter fo prodice steam which fusrther runs the turbine o
generate electricify. The transmission of electricityy is more efficient than
ransporting coal or pefroleum over the same distance. Thergfore, many
thermudl powber plants are set up near codl ar oil flelds. The ferm thermed
poter plant is used since fuel is burmt fo produce hent energy which is
converted info electrical enangy.

14.2.3 Hydro Power Plants

Another fradifional source of energy was the kinetic energy of flowing
wheter or the pofential energy of water at a height. Hydre power plants
convert the pofentinl energy of falling water into electricity. Since there
are very few water-falls which could be used as q source of potential
eneragy. hydre potver plants are dssoctafed with dams. fin the last cendiory,
a large number of dams were built all over the world. As wpe com see from
Fig. 14.1, a quarter of our energy regquirement i India s met by hydro
poier pldnits.
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In order to produce hydel electricity,

P — high-rise dams are constfructed on the river
to obstruct the flow of water and thereby

collect wafer in larger reservoirs. The water

Shalen Fowethouse | rowerfines  [2U€L Fises and In this process the kinetic
gates > energy of flowing water gets transformed into
Groeratnr patential energy. The water from the high

level in the dam (s carried fhrough pipes, to

the turbine, af the botiom of the dam
Turbins {Fig. 14.3). Since the waler in the reservolr
woiild be refilled each fime it rains fhiydro

T river
Rl o et ot of e e
would not have to worry dbout hydro

Figure 14,9 eleciriciiy sources getting used up the wway
A sehematlc wew of @ Jossll fuels would get finished one dayy.
fadro porwer plant But, consfructions of hig dams have certain problems associated

with it. The dams can be constructed only in a timited number of places,
preferably in hifly ferrains. Large areas of agriculfural land and human
hrbitaficn are to be sacrificed as they get submerged. Large eco-sysfems
mre destroyed when submenged under the water in dams. The vegefation
which is submerged rots under anasrobic conditions and gives rise o
large amounts of methane which (s alseo a green-house gas. If creates
the problem of safisfactory rehabillitation of displaced peopie. Opposition
ta the construction of Tehri Dam on the river Ganga and Sardar Sarovar
profect on the river Nammada are due to such problems,

14.2.4 Improvements in the Technology for using
Conventional Sources of Energy

Blo-Mass

We merntfioned edrlier that wood has been used ds a fuel for o long time.
If ive can ensure that enough frees are planted, a confinuous supply of
Jire-wood can be assured. You must also be familiar with the use of
cowr-dung cakes as a fuel. Given the lnmge live-stock population in India,
this can also assure us a steady source of fuel. Since these fuels ore
plant and animal products, the source of these fuels is said to be
bio-mass. These fuels, however, do not produce much hent on Gurning
and o lot of smoke 15 glven out when they are burmf. Therefore,
technological iInpuis to Improve the efficlency aof these fuels are necessary.
When waod s burntf in g imifed supply of oxygen, waler and volatile
materials present in it get removed and charcoal (s l2ft behind as the
resiclue. Charcoal burns withaut flames, is comparatively smolieless and
has a Righer heat generation efficlency.

Strflarly, cowr-dung, various plant meaterials ke the restdue dfter
hrvesting the crops, vegetable waste and selbare dre decormposed in
the absence of axygen fo give oas. Sinee the starting medaterial s matnly
courdung, it is populady knowen as ‘gobargas’. Blogas is prodiced in
el peinit cis shotm in Flg, 14.4.
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The plant has a dome-like sfructure tuilt with
bricks. A slurmy of cow-dung and weater is made in
the mixing tank from wrhere it is fed info the digester.
The digester is a sealed chamber inwhich there s no
cxygen. Anaerobic micre-organisms thaf do not
reguire oxygen decompose or break down complex
compounds af the couwr-dung siurry. It takes o few
days for the decompasiiion process #n be complete
and generate gases ke methane, corbon dioxide,
hydrogen and hydrogen sulphide. The Bo-gas is Plgure 14.4
stored tn the gas tank above the digester from which : .
they are drawn theough pipes for use. Sehematic diagrain of a bio-gas plant

Bin-gas is an excellent fuel as i contains up fo 75% methane, I

bums without smolke, lerves no residue likke ash in wood, charcoal and
coal burning. lis heating capacity 1s Righ. Ro-gas (s also used for lghting.
The slurry left behind is removed periodically and used as excellent
manure, rich in nitrogen and phosphorous, The large-scale utilisation
gf biourasts and sewage material provides a safe and efficient method gf
waste-disposal besides supplying energy and manure, Do you think
that bic-tnass s a renewnble source of energy?

Wind Energy

We sawr in Class IX how unequcdl heating of the landmess
and wrater bodies by solar radiation generdtes mir movermsnt
and eauses winds to Blow. This kinetlc energy of the wirnd
can be used fo do work. This energy was hamessed by
windmills in the past to do mechanical work, For example,
in a water-lifting pump, the rofatory mofion of windmiflf is
uflised to U water from a well. Today, wind energy is also
userd to generate electricity. A windmill essentinlly consists
of a structure similar to a large elecirle fan that s erected at
some height on a rigid support (Fig. 14.4}).

To generate eleciriciiy, the rotafory motion of the windmill
is used to furn the turbine of the electric generafar. The
cuiput of a single windmill is guife small and connot be used
for commercinl purposes. Therefore, a number of windmills
are erected over o lorge areq, which (s known as wind energy
farm. The enerqy oufput of each windmilf in a fiorm is coupled
together fo get electriclty on a commercial scale,

Figure 14,55 A tofrdmul
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Denimari: is called the country of ‘winds . More than 25% of their electricliy needs are
generdted through a vast nefbork of windmills. In termns of tofal output, Germny is
the leader, while India is ranked fifif: in harnessing wind energy for the production of
electricifyy. It is estinated that nearly 45,000 MW of electrical powver can be generated if
India’s wind poteniial (s fully explofied. The largest wind energy farm has been
established near Kanyakumarl tn Tamil Nadue and @ generates 380 MW of electricify.
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Wind energy (s an environment-friendly and efficlent source of
rencwable energy. It requires no recurring expenses for the production
af electricity. But there are metry) mitations in harnessing wind energy.
Firstly, wind energiy farms can be established only af those places wwhere
wind blowes_for the greater peart aof a yedr. The wind speed shoiild also be
higher than 15 km/fh to malnfain the required speed of the furbine.
Furthermore, there should be some back-up frcilities (like storage cells]
to fake= care of the energy needs during a period when there is no wind.
Establishment of wind ensmgy farms requires large aren of land. For a
I MW generator, the farm nseds about 2 hectares of land. The inifial
cost af establishment of the farm is guite Righ., Moreover, since the fower
and Blades are exposed to the vagaries of nature like rain, Sun, storm
and cyclone, they need a high level of malndienance.

Q UESTTION S

=T

What are the disadvantages of fossil fuels?
Why ere we looking at alternate sources gf energy?

3. Houir fres the tradivioned use of wuind and weter energy been modifled for
OUr convenlence?

ba

14.3 ALTERNATIVE OR NON-CONYENTIONAL
SOURCES OF ENERGY

With fechnological progress, our demand for enermgy increases deayy by
day. Our life-sfyles are also changing, we wuse machines to do more and
more of our fasks. Our basic requirements are also increasing as
industrialisafion improves our living standmords.

Activity 14.4

Fined ot froent gour grand-perents or otfear elders —

fal  houwr did they go o school?

il Fuourr dind tfeg get wetber fiw thetr delly needs when they were goung?
frd  whai means of enlerlginment did they nse?

Compare the above answers with howr you do these tasks now.
Is there o difference? If pes, it which cose more energy from
external sources is consumed?

As our demand _for energy increnses, we need to look for more and
more sources qf energy. We could develop the fechnology fo use the
available or knoum sources of enemgy more efficiently and nlso took to
new sources of ensmgy. Any rew source of energy we seek to exploit
would rieed specific devices developed with that souree i mind. We shall
now look dt some of the lafest sources of energy thet we seek fo fap, arnd
the technology designed to capture and sfore energy from that sorce.

Some people say that if we start Huing as our ancestors, this would conserve energy and
our ecosystem. Do youl think this idea s fedsible?
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14.3.1 Solar Energy

The Sun has been radiaiing an enormous amount of energy of the present
reite for neddy 5 Miflon yedrs and will continue radicting at that reate for
aboiit 5 Billlom years more. Only o small part of solar energy redches the
outer layer of the earth's atmosphere. Nearly half of it is absorbed while
passing through the aimosphere and the rest reaches the earth’'s surface.

~OOAAAANNNNNNNAGANAANAAAAANANANAN |

India (s cky to receilve solar energy for greater part af the year, It is estimated that
during a year India recelpes the energy eguivalent to more than 5,000 rillionn KWHh,
Under elear (cloudless) sk condditions, the daily average vartes from 4 fo 7 kWh/m®.
The solar energy reaching unif aren af outer edge of the enrth's atmosphere exposed
perpendicularly fo the rays of the Sun at the average distrance betineen the Sun and
eqrth 15 kcnown as the solar constant. It s esfimated to be approximaotely 1.4 kJ per
secondd per square metre or 1.4 KW/me,

Actlvity 14.5

Tadee hira conleal flasks and patni one white and the other black
Fill both with water,

Place e conical flasks in direcl sunlight jor half” an hour (0 one
hour,

Touch the coniced flasks, Which one s hotter? You cowld also
measure the temperaiire of the waiter in the fivo conieal flasks
with a thermometer.

Can ot think of ways in which this finding cowdd be used i your
daily Tfe?

A black surfrce absorbs more heat as
compared to o white or a reflecting surfoce
under identical condifions. Solar cookers
{Fig. 714.8) and solar wafer heaters use this
property in their working. Some solar cookers
achieve a higher temperaiure by using mirrors
fo_focus the rays of the Sun. Sclar cookers ore
covered with a giass plate, Recall wha we have
learnf about the green-house gffect. Does this
explain why o glass plate 1s used?

Activity 14.6

Sludy the stroclure and workdng of o
salear cooker cnd/or o soldr tdater-Redter,
particularly with regard to how it is Figure 14,6 A safarcooker
insuleted cnd mesdrman Reai absorpiion

15 ensured.
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Design end build o solar cooker or water-heater using lo-Cost
rmaterial avaldable and check what femperatures are achleved in
Leailr SYSTer.

Disruss what would be the advaniages and limitations of ustng
the solar (uoker or water-heater.

It 1s edsy to see that these devices dre useful enly at cerfain times
during the day. This Umiffation of using solar energy s overcome by
using solar cells that convert solar energy into electricity. A fypical cell
develops n voltage gf 0.5—1 V and can produce about 3.7 W of electricity
when exposed fo the Sun. A lange number of solar cells are, combined
in an arrangement called sclar cell panel (Fig. 14.7) that can deliver
enaugh electricity for practical use.

The principal advantages associated with solar cells are that they
have no moving parts, require liftle maintenance and work quife
satisfactorily without the use of any focussing device. Another advantage
is that they can be set up in remote dnd inaccesstble hamlets or very
sparsely nhcabited areas in which laying of d power transmission fine
iy be expensive and not commerclally vicble.

Sthicont, which is used for making solar cells, {s abundant in ndtre
but availability of fhe special grade silicon for making solar cells is timited.
The enfire process of manufacture s still very expensive, silver used for
interconnection of the cells in the panel further adds fo the cost. In spite
af the high cost and low efficiency, solar cells are used for many sciendific
and technclogical applications. Artificial satellites and space probes like
Mars erbiters use soiar cells as the main source of energy. Radio or
wireless transmission systems or TV reloy stations in remate locations
use solar cell panels. Traffic signals, calculators and many toys are fitted
writh selar cells. The solar cell panels are motinted on specially desigmerd
inclined roaf tops so that more seldr enermgy s Mcldent aver 1it. The
domestic use of selar cells {s, however, imited due to s high cost.

14.3.2 Energy from the Sea

Tidal Energy

Diie fo the gravitafiondl pull of mainly the moon o the spinning earth,
the level of wdter in the sed rises and falls. [fyou live near the sea or ever
travel to seme place near the sed, try and ebserve how the seda-level
chrnges during the day. This phenomenon is called high and lour tides
and the difference in sea-levels gives us tidal energy. Tidal energy is
hrmnessed By constructing a dam across o noorow opening to the sea. A
turbine fixed af the openting of the dam conuverts tidal energy to electricity.
As you can gueass, the locafions where such dams can be built are limited.

Wave Energy

Sirflarly, the Kinefic energy possessed by huge waves near the sea-
shore can be trapped n a simdlar manner to generdfe electrictty.
The wxives are generdted by strong winds blowing across the sea. Wove
energy would be a viakie propesition aily where waves dre very strorg.
A uride varlety of devices have been developed to trap wave energy for
rotation gf furbine and production of electricify.
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Ocean Thermal Energy
The water af the surface of the seq or ocean (s heated by the Sun while
the water in deeper secfions s relafively cold. This difference in
femperdfure 1s explofied fo obtain energy in ocedan-thermal-energy
coriversion plants. These plants can operaie {f the lemperature difference
betireen the water i the surfoce and weter at depths up to 2 ko s
283 K {20°C} or more. The warm surface-weter is used fo boil a volatile
liquid fikce ammonia. The vapours of the liquid are then used to run the
turtiine qf generaftor. The cold water from the depth of the ocean is
pumped up and condense vapour again fo Hquid.

The energy potential from the sea Hdal energy, wave energy and
ceean thermal energyl (s quite lorge, but efficlent commercial explotiaton

s clifficult,

14.3.3 Geothermal Energy

e 0 geolagical changes, molten rocks formed in the deeper hot reglons
of earii’s crust are pushed upward and trapped incertain reglons called
‘fuot spots’. When underground waoter comes in contact with the ot spot,
steqim is generated. Sometimes hot water fFom thet region finds outlets
af the surfare. Such oitlets are knoum ds hot springs. The steam frapped
in rocks is rowfed trough a pipe to a turbine and used to genercdfe
electricity. The cost of production would not be much, but there are
very few commercinlly viable sites where such energy can be explotted.
There are number of power plants based on geothermal energy
operational in Newr Zerland and United States of Americo

14.3.4 Nuclear Energy

How is nuclenr energy generafted? In a process called nuclear fission,
the nucleus of a heavy afom (such s uranium, plutorrium or thorumy),
when bombarded with lour-enengy newdrons, can be split apart info lighter
nuclet. When this is done, a tremendous amourt of energy is released if
the mass qf the original nucleus is just a liitle more than the sum of the
masses of the individual products. The fission of an afom of uraniuem,
for exampie, produces 10 million tmes the energy produced by the
combustion of an atom of carbon from coal. In a nuclear reactor designad
for electrie power generation, such ncledar fuel’ can be part of o self-
sustaintug fAsston chain reaction that releases energy df o confrolled
refe. The reledsed energy can be used fo prodiuce steam and _finrther
genercte electricity.

B AT AYAYAYAYATAVAYAVAYATAVAVAVAYAVAYAY,

| |
{ | 1 { I } 1 | 1 i I 1 |

I'n a nuclear fission, the difference in mass, Ar, betiveen the original nucleus and the
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product nuclel gets converted to energy E at a rate governed by the famous eguation,

E=Amc2

first dertved by Albert Einsteln in 1805, wwhere ¢ is the speed of Hght in vdctiiom. In
rivcledr science, energy 1s often expressed in wniits of electron volts feV): 1 eV = 1.602
» 1077 foules. It is easy to check from the above equidtion that 1 afortc mass Ll iy

is equivaient to about 331 mega electron volts (MeV) of energyy.
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Nucledr power reactors located at Tardapur (Maharashival, Rana Pratdap Sagor
{(Rajosthan), Kalpatdoaum (Tamil Nadw), Narora (UP), Kahrapar (Gujarat) and Kaiga
{Karnatukal hiave the installed capactty of less than 3% af the tofal electricity generdtion
caprcify of our couniry. However, many industrialised counfries are meeting more
thart 30% of thetr electrical pober needs from nuclear reactors.

The rutfor hazard of nucledr powrer generdtion is the storage arnd
disposal of spent or used fuels — the urantiuom still decaying nto hewemfid
subatomic parficles (radiations). Fnproper nuclenr-waste sforage and
disposal result in ernwironmental contamination. Further, there is a risk
of accidental leakrge of nuclenr radintion. The high cost gf installation
of a nuclear power plant, high risk of environmental confamination and
limited aquallabilify of uranium makes large-scale wse of nuclear enamgy
prohibitive,

Nuclear energy was first used for destructive purposes before nuciear
power stations were designed. The fundamental physics of the fission
chain redetion in o nuclear weaporn 18 similar to the physics of a condrofled
nucledr redactor, but the fuwe types of device dre engineered gquite

cffferentlyy.
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Nuclear fusion

Cuwrrently all commercial nuclear reactors are based on nuclear fission. But there s
another possikility of nuclear ensrgy generafion by o safer process called nuclear
Jusion. Fusion means foining lighter nuclel to moke a hequier nucleus, most commoniy
hydrogen or hiydrogen (sotopes to create helfum, such as

‘H+?H - *He (+ nj
It releases a fremendous amount of energy, decording fo the Einstein eqiidtion, as
the mass gf the product 1s ifle less than he sum of the masses of the original incividual
nuclet.
Such nuclear fusion reactions are the source of energy i the Sun and other stars. It
takes considerable energy to force the nuelel fo_fuse. The conditions needed for this
process are extreme — millions of degrees of temperature and millicns of pascals of
pressure.
The hydrogen bomb is based on thermonuclear fusion reaction. A nuclear bomb based
an the fission of wranium or plutcnium s placed of the core of the hydrogen bomi.
This nuciear bomb is embedded in a substance which contains deuterium and Hthium,
Whei the nuclear bormb {based on flssion} (s detoncted, the femnperature gf this subsfance
s raised to 1(F K in a _few microseconds. The high temperaiure generaies sufficlend
energiy for the light nuclel fo fuse cand a devdastabing amociit of energy (s reledsed.

Activity 14,7

Discuss in class the quesiion of what is the wWtmate source of
enetgy for bio-mass, wind and ocegn thermal encrgiy,

Is geothermal energy and nuclear enatgy differend in [his respeact?
Wiy?

Where wxrded you place higrdro electrieiiy and tvve energy?
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Q U E 8§ T 1 O N S

3.
4.

What kind of mirror — concarve, convex or plain — would be best suited
Jor use in o solor cooker? Why?

What are the lmitations of the energy that can be obtatned from the
oCeans?

Wha! iz geothermal energy?
What are the advantages of nuclear energy?

14.4 ENVIRONMENTAL CONSEQUENCES

We hove studied vorious sources of energy in the previous sections.
Exploiting any source af energy disfurbs the enwiranment in some wey
or the other. In any given stinafion, the source we would choose depends
on _factors such as the ease of extracting energy from that saurce, the
economics of extracting energy from the source, the efficiency of the
fechnology dodilable dnd the emironmental damege that will be cdised
by using that source, Though we falk of ‘clean’ fuels ke CNG, it would
be more exarct to say that a particular souree 15 cledner than the other.
We have already seen that burning fossil fusls causes air pollufion. In
some cases, the actual operation of o device like the solar cell may be
pollution-free, but the assembly of the device would have caused some
envirerimenial danmage. Research confinues in these areas fo prodiice
longer lasting devices that will cause less damage throughout thelr iife.

Activity 14.8

Cather information about varions energy sources ond fin each
one dffects tie environmernt,

Debate the merits and demerits of each source and select the
best source of energy on this basis.

Q U E S TTI O N S

L
2,

Can any source gf energy be pollution-free? Why or why not?

Hydrogen has been nused as q rockes! fuel, Woold you consider i o oleaner
Juel (han CNG? Why or why not?

14.5 HOW LONG WILL AN ENERGY SOURCE LAST US?

We st eqirlier that we eannot depend on the fossil fuels for miich longer:
Such sources that will get depleted some day are said to be exhiaustible
sotirees or non-renetnble sources of energy. On the other hand, if we
manage bic-mass by replacing the trees we cut douwmn for fire-wond, we
cetrt be assired af a constant supply of energy at o parficular rate. Such
energy sources that can be regenerafed are called renewable sources of
energy.

Sources of Energy
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Renewdble energy is doallable in owr nafural encicoronent, i the
Jorm of some continuing or repetitive curmenis of energy, or (s skored in
suich large underground reservolrs that the rate of deplefion of the
reservoir because of extraction of usable energy is practically negligiile,

Activity 14.9

Debate the follmoing fivo {ssues in class.

fa) The estmated cogl reserves are satd to be enough to last us
Jior grother (v hundred gears, Do yone Uink use need o woorry
aboul coal gelling depleled in this case? Wy or wiy ol?

fb) It is estirmeted theat the Sun il Tost for angther floe billion
years., Do we fwtve 10 warry ohout solar energy getting
exhansted? Why or why nat?

On the basis gf the debate, decide which energy sources can be

considered (i) exhaustible, [{) nexhauslible, (i rensuable and

fivd mom-tenswoable, Give your reasons for each choice,

Q UESTTION S

Name hoo energly sources that you wowld oonsider o be renewable. Give
feasons o your choices,

Give (he nomes of o energy sowrces ol you would comsider (o be
exftausifble. Clve reasons for your ciwices.

Our energy requirements nerease with our standard of living.

In order to fulfil our enemgy requirements, we fry to improve the efficiency of ensrgy
usage and also try and explolt new sources of energy.

We ailsao need to look for new sources of enengy because the conventionel sources of
energiy like fossil fuels dre in danger of getting exhausited soorn.

The energy source we select would depend on factors ke the ease and cost of
extracting energy from the source, the efficiency of the technology available for
using that source af energy and the environmental Impact of using that source,

Many of the sources ultimately derive their energy from the Sur
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. A solar weiter heater cannot be used to get hot water on

fd @ sunny day. (B} acoudy day.
fc} ahotday. fd] awindy day.
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2. Which of the following 1s not an example of a blo-mass energy) source?
f)  wood b} gobargas
fc} nuclear ensrgy {cl coal
3. Most of the sources of enengiy wbe use represent stored solor energy. Which of the
Jolloiring is not uitimately derived from the Sun's energy?
fal geothermal energy fhi windenergy
fc} nuclear energy fd} blo-moss,
4, Compare and confrast fossil fuels and the Sun s direct sources of energy.
5. Compdare diid comirast Blo-mdss dnd higdeo electrlelty ds sotrces of energiy.
6. What are fthe limffafions of extracting energy from—
fal fhe wind? (&t LMES? {c}  tides?
7. On what basis would you classifiy energy sourees ds
fa  renswabie and non-renewable?
fb} exhrustible ond inexhoustible?
Are the options glven it (o) and (b the same?
What are the qualities of an Ideal source of enargy’?

9. What are the advantages and disadvantages of using a solar cooker? Are there
Pleces where solar cookers world have mited vty ?

180, What are the envirenimental consequences of the increasing demand for energy?
Wit steps would you studgogest fo redice energy consumption?

‘o
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CHAPTER 1 5

Our Environment
N

e have heard the word ‘environment’ often betng used on the
television, in newspapers aned by people around us. Our elders fell

us that the ‘environment’ is not what it used fo be sarlier; others soy that
we should work in a heafthy ‘environment’; and global summits inuoluing
the developed and developing couniries are reguilarly held to discuss
‘enwirorumendal’ issues. n this chapter, we shall be studying how various
Jactors in the environment interact with each other and how we Impact
the environment. In Class IX, we saw haw different moteriais are cycled
in the environment In separate biogeochemical cycles. In these oycles,
essenttial nubrents ke nitrogen, carbon, oxtgen did watfer are changed
from one form to anciher. We shall nour see hotr hioman activtfles dffect

these cijcles.

15.1 WHAT HAPPENS WHEN WE ADD OUR WASTE TO
THE ENVIRONMENT?

I our daily activities, we generate a lot of material that are thrown
away. What are some of these waske materials? Whaot happens affer we
throw them away? Let us perform an activity to find answers fo these
quesiions.

Activity 15.1

Collect weasie meateriad from gouwr homes. This could inchude all
ihe waste generated during o day, like latchen waste (spotlt fbod,
vegeiable peels, used tea leaves, milk packets and empiy cartons),
umasie paper; emply medicine boliles fsirps fbubble pocks, old and
iorn clodhes and broken foolumearn

Bury this rmuaterial in o pli in the school garden or if there is nRo
space apailoble, you con collect the marertal in an pid bucketf
flower pot and cover with at least 15 o of soil.

Keep this material moist and observe at 15-day interpals.

Whal are (he malerials thal remain onchanged ouer long periods
o time?

What are the materials which change their form and strocture
ouer timea?

Qf these materials that are changed, which ones change the
fostest?



We hove seen in the chidpfer on Life Processes’ that the food we eaf {s
dligested by varicus enzymes in our body. Have you ever wondered why
the scme enzyime does not breaf-dotn everything we edi? Enziyimes are
specific in their action, specific enzymes are needed for the break-dourn
of a peorfetlar substance, That (s wwhy we udll not get any energy if we
fryy to et coal! Becruse of this, marny humeon-made materials like plastics
will not be broken dowmn by the action af bacteria or other scaprophytes.
These materials will be acted upon by physical processes like heat and
pressure, but under the ambient conditions found i our enviromment,
these persist for a long time.

Substances that are broken doum by Hological processes dre said
fo be biodegradatle. Howr marny of the subsfances you buried were
bivdegradable? Substances that are not broken down in this manner
are said to be non-bicdegradable. These substances may be nert and
simply persist i the enmrorument for d long Hime or mdiy harmt e oarlous
members of the eco-system.

Activity 15.2

Lise the Ubrary or internet to find out more about biodegradable
and non-bicdegradable substances.

How long are varions non-bindegrodable substonces expeclad 1o
lasl in our enwironmend?

These days, reu igpes gf plastics widolt cre soid 10 be Podegradable
are aodailebie. Find out more about such materals and whether
they do or do not harm the environment.

Q UESTTION S

! Why are some substanees bindegradable and some non-bicdegnodable?

3, G anry two wrays i which blodegradable substances would affect ihe
SrHroAment.

3. Gire any two ways in which non-blodegradable substances wrouwld affect
the environmend.

15.2 ECO-SYSTEM — WHAT ARE ITS COMPONENTS?

All organisms such ds plants, andmels, microorgantsms and homean
beings as well as the physical surroundings interact with each cther
arid maidntain a balance n nature. All the interacting organisms in dn
areq fogether with fhe non-lving constiiuents of the environment form
an ecosystem. Thils, an ecosystem consists of bilotle componenis
comprising living organisms and abloflc components comprising
physical factors liee temperdfure, rainfall, wind, sofl and minerals.

For example, if you visit o garden you will find different plants, such
as grasses, frees; flower bearing plarnds ke rose, jasmine, sunflower:
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aiied antmals like frogs, insects dnd bBirds. All these Hliing organisms
interact with edach other and thetr growth, reproduction dnd other
activities are affected by the ablofic componenis of ecosystent. So dgarden
is an ecosystem. Other fypes of ecosystems are foresis, ponds dnd lakes.
These are dtural ecosysiems while gardens and crop-flelds are humen-
tcide {ertificial} ecosystems.

Activity 15.3

You might hare seen an agquariem. Let us try to design one.
Whatt are Hre things thot we need to keep i mind when we crecate
an aguorium? The fish would need a free space for swoimmifng (i
aoild be g large jar), waler, cxygen and food.

We can provide oxugern through an oxygen pump (aeraior] and
fish food which is awailable in the market.

If tee add a feuws aguetie plonts and ardmeds it con Beoome o self-
susiaining system. Con you dhink Rowr Lthis hoppens? An aguartiim
i an example of @ human-mads ecosyslam.

Can we leave the aquarium as such after we set it up? Why does
it here to be cleanerd once 11 o whlle? Do we Rave io clean poneds
or leakes in the same monner? Wiy o wfy) not?

We hdve seent in edrlier classes ot omganisims can be grovped as
producers, consumers and decomposers according to the manner in
trhich they obtain thetr susfenarnee from the endroniment. Let us recall
it we have learnt trough the self sustaining ecosystern created by
s above. Which organisms can meake organie compounds like sugar
aiied stareh from norgantc substances wsing the radiant enemgy of the
Surnt in the presence of chlorophyli? All green plants and certain bliie-
green algae wwhich con produrce food by photosimthests come wnder this
ceitegory and are called the producers.

Organisms depend on the producers eitther directly or indirectiy for
their sustenance? These organisms (which consume the food producerd,
either directly from producers or indirecty by feeding on other consumers
mre the consumers. Consumers can be cassed variously as herbivores,
camivores, omnivores and parasites. Can you give examples for each of
these categories of consumers?

Imagine the sttuation where you do nof clean the aquonium ard
some fish and plants have died. Have you ever thought urhat
happens when an organism dies? The microorganisms, comprising
bacterin and fungi, breal-doum the dead remmins and waste
products gf organisms. These microorganisms are the decomposers
as they break-down the complex organic substances info simple
inorganic substances that go info the soll and are used up once
more by the plants, What will happen to the garbage, and dead
animals and plants in fheir absence? WLl the nafunal replenishment
of the soil fake place, even If decompaosers are nat there?
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Actlvity 15.4

While creating dart diuariiim did gou tetbee ooire Aot to pret ot gt
endmad which would ear oithers? What would hove happened
gifieruise?

Make groups and discuss how each of the above groups of
organisms are dependend on eqoh olher

Wrile (he ggualic emanisms in order gf whe eals whom and _form

achﬂmofaﬂaastthmesteps.[ |—>[ ]—}[ ]
Would you consider any one group of organisms to ke of primary

importance? Why or why not?

15.2.1 Food Chains and Webs

mActivify 15.4 we have formed a series of organisms feeding
oil otie another. This series or organisms taklig poet dl varlous
bictic levels form a food chain (Fig. 15.1].

Each step or level of the food chain forms a trophic level.
The quictrophs or the producers are af the first trophic level.
They fix up the solar energy and make if avallable for
heferotraphs or the consumers. The herbivoeres or the primery
cornsumers come at the second, smrll camivores or the
secondary consumers af the third and larger carndvores or
the fertiary consumers_form the fourth trophic level (Fig. 15.2].

We knowr that the food we eaf arts ds o fiuel to prowide us
energy fo do woerk. Thus the interacHons among varous
components gf the enwironment invalues flow of energy _from
onge compongnt of the system fo anather. As we have studied,
the autotrophs capfire the energy present i sunlight and
convert it into chemical energy. This energy supports dll the
activities of the hring world. From autetrophis, the ensrgy goes
to the heterotrophs and decomposers. Howeter as we saw (n
the previous Chapter on ‘Sources of Energy’, when ong form
of energy ts changed fo another, some energy ts lost to the
envirgrument i _forms which cannot be used again. The flow
of energy behieen various components of the emuirorrment
has been extensively studied and it has been found that —

,ﬁ Sk
o "ﬁfg%
{

The green plards in o terrestrial ecosystem capiure about
1% af the energy of surlight that falls on their leaves and
convert it into_food enerqy.

When green plants are eaten by primary consumers, d great
deal af energy is lost as heat to the environment, some amound
goes info digestion and in dotng work and the rest goes
towards grourth and reproduction. An average of 10% of the
food eaten is turned into its own body and made available for
the next level of consumers.
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Figure 15,1

Food chain in _Ratune
fod i forest, fh in
grassiond and o ina
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Producors

Therefore, 108 can be faken ds the average value for the
amount of organic matter fhat s present at each step arnd
reaches the next lzvel of consumers.
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m  Since so liftle enengy is availlable jor the
next level of consumers, food chains
gensrally consist of only three or four
steps. The loss af energy ateach step is
so great that very litfle usable ensmgy
remains after four frophic levels.

m  There are generally a greater number
af individuals at the lower trophic levels
of an ecosystem, the gremfest number
is of the producers,

m The length and complexity of food
chains vary greatly. Each organism Is
gensrally saten by tuo or more other
kinds of arganisms which 0 fum are
erten by severdl other organisms. So
instead of a straight line food chain, the
relationship can be shoumn as a series
af branching lnes called a food web
(Fig. 15.3}.

From the energy flow diagram (Flg. 15.4),
fwa fhings become clear. Firstly, the flow of
energyy is unidirecional. The energy thet is
captured by the autotrophs does not revert
brck to the solar input and the energy trhich
passes to the herblvores does nat come back
Figure 15.3 fo aufotrophs. As it moves progressively
Flooxd weh, cortsisting of ity Jood eRcins through the various frophic levels i (s no
longer avdllable to the previous level.
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Figure 15.4 Diggram shocoing focn of ensrgy i an ecosysiem
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Another interesting aspect of food chain is how undmowingly some
harmjul chemicrls enfer our bodies through the food chain. You have
redid in Class IX howt weater gets poliuted. One of the reasons (s the use of
several pesiicides and ofther chemicals o profedt our crops from diseqases
and pests. These chemicals are etther washed down info the soil or info
the weter bodies. From the sofl, these are absorbed by the plants cdlong
with water and minerals, and from the water badies these are taken up
by aguatic plants and animals. This is one of the ways it which they
enter the food chain. As these chemicals are not degradabls, these get
accirmtletted progressively af edch trophic level. As Ruiman beings cooupy)
the top level in any food chain, the maximum concenfration of these
chemicals get accumuinted in our bodies. This phenomenon is known
as bologieal magniflcation. This is the reason whiy our food grains stich
a5 wheat and Hce, vegetables and fridls, dnd even meat, eontaln oarying
amounts of pesficide residues. They cannct always be removed by
washing or other menns.

Actlvity 15.5

Neiwrspaper reporis abaut pesticide levels in ready-made food ttems
are ofien seen these dags and some siales ave bonned (hese
products, Debale in groups the need v such bans.
Whet do geowe think would be the source of pesticides in these food
items? Could pestirides get into our bodies from this source firmough
other food products too?

Discuss what methods could be agpplied to reduce owr intake af
pesticides.

Q UESTTION S

! Whal are trophic levuels? Give an example of a foed chamn and siale e
differeni trophic levels in il

2, What is the role of decomposers In the eposystem?

15.3 HOW DO QUR ACTIVITIES AFFECT THE
ENVIRONMENT?

We dre an infegral part aof the envirorvment. Chdnges in the envirorniment
affect us dnd our actiifites chidnge the environment around us. We huave
clready seen in Class IX how ouwr gctivities pollufe the encironnment. In
this chapter, we shall be looking ai two of the envlronimental problems
in detedl, that {s. depletion of the ozone layer did waste disposdal.
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15.3.1 Ozone Layer and How it is Getting Depleted

Ozone (0} is a molecule formmed by three atoms of axygen. While O,
which e normally refer fo as oxygen, is essenfial for all aerobic forms of
life. Ozone, is a deadly poison. However, at the higher lsvels of the
atmasphere, ozone performs an essentlal functon. I shields the surface
af the earth from ultravioiet (UV] radiafon from the Sun. This radiation
is highly damaoging to organisms, for example, it is known to couse skin
caneer n human beings.

Ozome af the higher levels of the afmosphere s a product of UV
radiation acting on oxygen (0,) molecule. The higher energy UV
radiations split apart some moleculer oxygen (0} ito free oxygen (O}
atoms. These dtoms then combine wWith the molecuilar oxygen to form
ozZone as shouwmn—

0, — = 30+0

0+0, =0,
[Czome)

The amount of ozone in the atmosphere began to drop sharply in
the 1980s. This decrease has been linked to synthetic chemicals like
chilorgfiueroearbons (CFCs) which dre used as refrigerants and in _fire
extinguishers. In 1887, the United Nafions Envirgnment Programmse
fUNEF] succeeded in_forging an dgreement to freeze CFC production ai
1986 levels,

Activity 15.6

Find out from the library, nternei or newspaper reports, which
chemicals are responsthle for (he deplelion of (he ozome layet.
Find out i the regulations pul in place o conirmed the emission of
these chemieals frave succeeded in reducing the damaoge o the
azone lger. Hes the size gf the hole in the oeoiee ger chaanged in
recent years?

15.3.2 Managing the Garbage we Produce

Visit any fown or clty, and we are sure o find heaps of garbage all cver
the plrce. Visit oy ploce of fourist inferest and woe are sure to find the
place littered with empiy food wrappers. In the earier classes we have
trlked about this problemn of denling with the gorbage that we generate.
Let us now look at the problem a B more deepiy.

Activity 15.7

Find qui whet haeppens o the waste generared of home. Is tihere a
system In place to collect this wraste?

Find oui fow the local body {panchayat, muntcipal corporation,
resident welfaore associaglion) deals wilh the wasle, Are there
mechianisms in place (o ireal he bindegradable and non-
blodegradabie 1oostes separateiy?
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Activity 15.8

Calcudale four much wasie 5 genenated al home in o day.

Hown mmirch of this wasite is blodegradabie?

Calculate how muech waste is generated in the classroom
it & dayy.

Haowr much gf this uasie is biodegradabls?

Suggest ways of dealing it s waste.

Actlvity 15.9

Find out how the seiwrage tn your locality is treated. Are there
mechanisms in place o ensure (hal local water bodies gre el
poiluted by undrealed seoage.
Fined ouit hows the loced industries in your locedity treai thelr 1oostes.
Are there mechanisms in place to ensure that the sall and water
are nat polluted by this waste?

Improvements (n our life-style have resulted in greater amounts of
waste materinl generation. Chranges in affifude alsoe have a role to play,
with more dnd more things we use becoming disposable. Changes in
paciaging hove resulted n much of our waoste becoming non-
bicdegradable. What do you think will be the impact gf these on our
enuirenmeant ?

Disposable cups in trains

If you ask your parents, they will probably remember a time when tea in trains wos
served in plastic glasses which had fo be returned to the vendor. The introducHon af
disposable cups 1pas hailed as a step forward for reasons of hygisne. No one at that time
perhaps thought about the impact caused by the disposal of miftions of these cups ona
drily basis. Some time back, kulhads, that is, disposable cups meade of clay, were
suggested as an alternafive. Buf a little thought showed that maldng these faithads on
a large serle would result in the loss of the ferfile top-soil. Now disposable paper-cups
are being used. What do you think are the advantages of dispasable poper-cups opear
disposable plastic cups?

Actlivity 15.10

Seareh the internet or Hbrary to find ot whar hagardous mdteriols
have to be dealt with while disposing of elecironie ftems. How would
these materials affect the environment?

Find onl how plaslics are recycled. Docs (he recycling process
hame gny impacl on (e environmeni?
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Q U E S TTI1T O N S

1. Wit {5 ogone dnd howd does 1 affect anyy ecosystem?

a2, How can you help in reducing the problem of waste disposal? Glve any
o methods.

B The varicus components of an ecosystem are nterdependent.
B The praducers make the energy from sunlight avaflable fo the rest of the ecosyskam,

m  Thereis a loss of energy as we go _from ane traphic level fo the next, fhis imits the
number of traphie levels in a food-chain.

»  Human activities have an impact on fhe environment.

m  The use of chemicrls like CFCs hrs endangered the ozone layer. Since the ozone
layer profects ageainst the wltraviclst radiation from the Sun, this could damage
the envirorzment.

m The waste we generate may be bodegradabie or non-bhicdegradaoble.

B The disposal of the waste we genarate is causing serlous environmenial problams.

_ /

¥)s E X E R C I S E ¢ 2

I. Which of the following groups contain only biodagradable items?
fal  Grass, flowsers dnd leather
fhi Grass, wwood and plastic
fc] Fruift-peels, cake and lime-juice
fdl Crke, irood and grass
2. Which of the following constiiute o food-chain?
fal Grass, wheat and mango
fhi Grass, gedt and Rimen
fc] Goaf, cow and elephant
fdl Grass, fish and goet
3. Which of the _following are envirenment-friendly practices?
fal  Camying coth-bags fo puf purchases in while shopping
fhi  Suiiching off unnecessary lights and fins
fc}  Walldng fo schodl instead of getting your mother to dropr you on her scooter
fdt  Afl of the aboue

\. J
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What will happen if we kAl all the organisms i one frophic level?

5. Wil the tmpdct of removing dll the organisms in a trophic level be different for
different trophie levels? Can the organisms of any trophie level be removed trthout
ealstng dny damege o the ecosystem?

£. What is biological magnification? Will the levels of this magnification be different af
different levels of the ecosysfern?

7. What are the problems caused by the non-biodegradable inastes that we generate?

8. If all the wasfe we generate (s bindegradable, will his hove no Impact on the
environment?

9. Why is damage to the czone ldyer d cause for concern? What steps are belng tafken
i it this damage?
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CHAPTER 1 6
Management of

o 3
ki Natural Resources

leariit in Class IX, about some natural resources like soll, air
mnd water and how various components are cycled over and over
again in roture. In the previous chapfer we also learnt about fhe pollution
of these resources because of some of our activities. In this chrapter, we
shall look bt some of our rescurces ard how e are using them. May be
we should also think about how' we ocught to be using our rescurces so
as fo susian the rescurces and conserve our environment, We shall be
tnoking af cur natural resources like forests, wild-lfe, water, coal and
petroleumn and see whaot are the issues af stake n deciding how these
resources dre to be managed for sustatndable development.

We aftent hear or read dabouf environmenital problems. These are often
global-level problems and we feel helpless to make arny changes. There
are nternational laws dand regulations, dnd then there dre our oum
rictional laws dnd dcts for environmenfal proteciion. There are also
nirifional and infernational organisations working towards profecting our
environmernt.

Activity 16.1

Find ool abond the inlernadional normes o regulale the emission
of carbon dioxide.

Hauve g discussion in class gbonl o uwe cgn eondrbule owards
rmeeiing those norms.

Activity 16.2

There are a number gf orgonlsations thar seek to spreod duyireness
aboul our enpironmend and promode golivities and aliftodes (hat
lead to the conservation of our enviranmenit and Rattral resources.
Find our abour the orgardsationfs) active in gour nelghbourfiond f
village/ toron f clty.

Find ot froed gou con contribute tmbards the same cause,

Awrnreness about the probiems croused by unthinkingly exploifing
our resources has been a fairly recent phenomenon in our society. And
once this aisarensss rises, some action is usually taken. You must hrive
heard about the Ganga Action Flan. This mulf-crore project came about
in 1885 because the guality of the water in the Ganga was very poor



{see Fig. 16.1). Coliform Is a group of bacteria, found in human rdestines,
whose presence in waler indicates contamination by disease-causing

nHcroorgarnisms.
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Figure 16,1 Total axffform count fevels in the Ganga (1993 FO04)

Source: Anon 15996, Water Chealify — Status and Siatisties (1993 & 1904),
Central Pollutlon Control Board, Pelhl, p. 11,

As you can see, there dre some measurable fuctors which dre used

Pollution of the Ganga
The Ganga runs its course of over 260( lon _from Gangotri in the Himalayns to Ganga
Sagar it the Bay of Bengal. IE 1s being turmned into a drain by morve than o hanedred
toums and citfes in Uttar Pradesh, Bihar and West Bengal that potir thetr garbage
arnd excretd Gifo . Largely unfredfed sewrdge s dumped into the Ganges every
dayr. In addition, think of the pollufion caused by other human dctivifies like
bething, wwashing of clothes and immersion of ashes or unbuernt corpses. And then,
industries contribufe chemical effiuents fo the Gangd's pollution load and the
toxicity kills fish in large sections of the river.

fo gudntifiy pollution or the quelify of the wefer that we use for trarious
activities. Some of the pollitants are harmfil even wohien present in very

smell gquantities and e require sophisticated equipment to measure
therm. Buf as we learmit in Chagter 2, the pH of water is something theat
can easily be checked using universal indicator,
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Activity 16.3

Check the pH of the water supplied to your house using universal
indicator or Hrmus paper.

Alsg check (he pH of the walsr in (he local waler body (pond, river;
lake, sireaniy.

Can you say whether the water 1s polluted or not on the basis gf
your ohserpoifons?

But wxe need not_feel powerless or overwwhelmed biy the seele of the
problems because theve are meny things we cdn do fo make a difference.
Youl must have come acrnss the three R's (o save the eriifronment: Recduce,
Recycle and Reuse. What do they refer to?

Reduce: This means thoat you use less. You save electrictfy by switching
aff unnecessdary Hghts and fans. You save weader by repairing
leaky taps. You do not waste feod. Can you think of other
things that you can reduce the usage of ?

Recycle: This means that you collect plasHe, paper, glass and metal
tems and recycle these maferials to make required things
instead of synthesising or extrocting fresh plastc, poper; glass
or metal. In order o recycle, we first need to segregafe our
wastes so that the material that can be recycled is not dumped
along with ether wastes. Does your village / town/cify have a
mechanism in place for recycling these materiafls?

Reuse: This is acfually even betfer than recycling because the process
of recycling uses some ensmgy. In the reuse’ strategy, you
stmply use things again and dgain. instedd of throwing dieddiy
used entvelopes, yott cdil reverse I and use I again. The plastic
pottles in which you buy various food-items ke fam or pickle
can be used for stortnug things tn the Kitchen. What other ifems
COn e reuse?

Buf even wohile meaking everyday cholees, we can ke envtrammernt-
friendly declsions. For dotrg this, we need fo knout more abotit howt? ot
choices affect the environmertt, these effects moy be immediaie or long-
term or lang-ranging. The concept of sustaindble development
encourages forms of growith thot meet current basic human needs, while
preserving the resaurces for the needs of fuiure generafions. Economis
development is linked to envirenmenial conservation. Thus sustainagbie
development implies a change in all aspects of life. It depends upon fhe
willingrness of the people to change thelr percepiions of the soclc-economis
and environmerntal conditions around them, and the readiness of each
individual fo alter their present use of notural resources.

Activity 16.4

Harve yon evet visiled a loum or village aficr a_feuwr gears of absence?
if so0, have You naticed new roads and Rouses that have come up
since pou were there lost? Where do gou think the materiods for
making these roads and butldings ame come from?

Try and malee o lst of the materials and thelr probable sources.
DMscuss the st you have prepared with gour glassmaies. Con
you think of weays in wibdch the wse of these muaterials be reduced?
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16.1 WHY DO WE NEED TO MANAGE OUR RESOURCES?

Not _just roads and uldings, but all the things we use or consume—
food, clothes, books, foys, furnifure, tools and vehicles — are obtained
from resources on this earth, The only thing we get from outside Is energy
which e receive from the Sun. Even this energy 15 processed by livlng
orgarnisms and variows phiysical and chemical processes on the earth
before we make use of it.

Why do ioe need to use our resources carefully? Because these are
not unlimited and with the human population noereasing at a
fremendous rate due fo Improvement in health-care, the demand for all
resourees s inrreasing df dn exponential rate. The management of
natural resources requires a long-ferm perspective so that these unll
last for the generations to come and will not merely be exploited to the
it for short term gains, This management should also ensure equifable
distribufion of resources so that all, and not fust a handful of rch and
powerfil people, benefit from the development of these resources.

Ancther factor to be considered while we exploit these natural
resources is the damage we cause to the environment while these
resources are efther extracted or used. For example, mining caQuses
pollution because of the large amount of siag which is discarded for
every tonne of metal exfracted. Henee, susfalnable natural resouree
mandgement demdands that we plan for the safe disposdl of these
wastes foo.

Q UESTTION S

1. What changes con gou make i gour Trbits 10 become more erirormerntd-
[friendiy?

2. Whet wrould be the adeantages of explofting resounces uHth short-term
cins?

3. How would these adoantages differ from the adoaritages gf wstng o lovg-
term perspecifve n managing our resources?

4, Why do gou think there should be eguitable distrbution gf resources?
Whai forges wondd be warking oagoefnst an equitahle distribution gf our
resources?

16.2 FORESTS AND WILD LIFE

Forests are ‘biodiversity hot spats’. One measure of the bicdiversity gf
an aren is the number of species jound there. However, the range gf
different life forms {(bacteria, fungi, ferns, flowering plants, nematodes,
insects, birds, repfiles and so onj is also important. One of the main
aims of conservation Is fo try and preserve the bodiverstfy we huve
inhertted. Experments arnd fleld studies sugogest that a loss of diverstfy
rety lead to a loss of ecologieal stabilffy.
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16.2.1 Stakeholders
Activity 16.5

Meice a list of forest prodiuce that gou use.

What do you think o persor thiing neor d forest woudd wse?
What do you think a person Uming in a _forest would use?
Discuss with your classmates how these needs differ or deo not
differ and the teasons for the same,

We all use warious forest prodiice. But our dependency on forest
resources vartes. Some of us have access te alfernatives, some do not.
When we consider the conservation of forests, we need to look af the
stakeholders who are -

fil the people tbhe Hue in or around forests are dependent on forest

produce for various aspects of their life {(see Fig. 16.2}.

fif the Forest Depdrtiment of the Governiment which owns the land
and controls the resources from forests.

fiili the tndusiralists — from those who use ‘tendil’ leaves to ke
birddis to the ones with paper mills — who use various forest produice,
bt dire not dependent on the forests in any one ared.

fiv the wild life and nature enthusiasts who want to corserve nafure
in its pristine form

Let us take a look at wwhat each of these groups
needs/gets ouf of the ferests. The local people
neerd lamge quantities of firewrood, small Hmber
ard thatfel. Bamboe (s used to ke slats for huts,
and baskets for collecting and storing food
mciterials. Implements for agricultiore, Ashing aried
hunting are largely made of wood, alsc forests
are sites for fishing qnd hunting. In addifion to
peaple gathering fruifts, nuts and medicines from
the foresis, thelr cattle dlse grazge in forest dreds
or feerd on other fodder which is collected from

' farests.
méfi;mﬂ e Do you think such use of forest resources would lead to the
" exhaustion of these resources? Do not_forget that before the British came
ansd took over most gf our forest areas, pecple had been tiving in these
forests for centuries. They had developed practices to ensure that the
resources were used in a sustainable mannern After the British fook
cortfrol of the forests fwhich they explolfed ruthlessly for thelr oum
purposes), these people were forced to depend on much smaller arens
aiiel _forest resourees storted becoming over-exploited to seme extent.
The Forest Department in independent India tock over from the British
biit Tocal knowdedge and loeal needs continued te be ignored in the
manngement practices. Thius vast tracts gf forests have been converted
te monoculdtives of pine, teak or evcalyptus. In order fo plant these
trees, huge arens are first cleared of all veqetation. This desfroys a lorge
crount of Moediversity in the ared. Not enly this, the vdried needs of the
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local people — leaves for fodder, herbs for medicines, frulls and nds for
food = can no longer be met from such forests. Such planfaficns are
wseful for the indusires to decess specific prodiicts dnd are an imporfant
source of revenue for the Forest Depariment,

Do youl keowe honk! mary industrles are based on forest produce? A
short count reveals timber, paper, lac and sports equipment.

Activity 16.6

Find out abowut any tuwo forest produce that are the basis for an
indusiry.

Biscuss whethetr this indusiry is suslginable in the long run. Or
do we need 0 contrel our conswmpiion of these products?

Industries woild consider the forest ds merely a souree of row
reterial for its factories. And huge niterest-groups lobby the govermmernt
for access fo these raw materials ol artificially low rafes, Since these
industries have o gremfer reach than the local people, they are not
inferested in the sustainabilify of the forest in one particular arer. For
exdample, affer cuffing doum dll the teak frees in one area, they will get
thelr teak from a forest farther away. They do not have any stake in
ensuring that one particulor area should yield on optimal amount of
some produce for all gensrations to come. Wheat do you think will sfop
the local peaple tn belidelng n d stmilar mornner?

Lastly, we come to the nafure and wildlife enthusiasts who are in fo
way dependent on the forests, but who may hove considerable say in
fheir memagement. The conservationists were iniftinlly frleen up with large
animals like liorts, tigers, elephants and rhinoceros. They now recognise
the need to preserve blodiversity as a whole, But showldn’t we recognise
peaple as forming part of the forest system? There have been enough
instances of local people working tradifionally for conservaiion of forests.
For example, the case gf the Bishnot community in Rajasthan, for whom
coniservation of forest and wildlife has been d religious tenet. The
Governument of India has recently instituted an ‘Anwitd Deol Bishinol
National Award for Wildlife Conservafion’ In the memary of Amrita Devl
Bishnoi, who in 1731 sacrificed her life along with 363 others for the
protection of ‘khefri’ trees in Khejrali villnge near Jodhpur in Rajasthan.

Studies have shown theat the prefudice against the traditional use of
forest areas has no basis, Here Is an example - the greaf Himalayan
National Park cornfains, within its reserved area, alpine meadows wwhich
were grazed by sheep in summen Nomadic shepherds drove their flock
up from the valleys every sumimer. When this natfoneal park was formerd,
this practice was put fo an end. Now If 15 seen that without the reguilar
grazing by sheep the grass first grows very tall, and then falls over
preventing fresh grourth.

Management of profected areas, by keeping the local people oiit, by
using force cannat possiy be successful in the long run. n any case, the
damrge croused to forests cannot be aftributed to only the local people —
ciie cannat i a blind eye to the deforestafion coaised by lnduwstrial
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tieeds or development profects ke Bflding rodds or dams. The damage
causead n these reserves by fourists or the armangements made for their
convenience is also fo be considered.

We need to accept that human fervention hos been very much a
part of the forest landscape, What has fo e managed in the nature and
extentt of this infervention. Forest resources ought fo be used in a mannsr
that s both erwtronmenially and developmertealiy sound - in offer words,
while the environment is preserved, the benefifs of the controlled
exploitation go to the local people, a process in which decenfralised
economic growith and ecologicol conservation go huand in hand., The idand
of economic and social development we want will ulimately determine
wrhether fhe envirorvment will be eomserved or further desfroyed. The
environment must not be regarded as a prisfine collection of plants and
animals. If is a vast and complex entity that offers a range of natural
resourees for our use. We need to use these resources with due eauiion
Jor our economic and secial growth, and to meet our moferial aspirations.

16.2.2 Sustainable Management

We need to consider If the goals af ol the above stakeholders with regand
to the management of the forests are the same. Forest resources ore
aften nadde avdailable for industrlal use ai rafes far below the murket
valie while these are denied o the Tocal people. The Chiplo Andoian
{'Hug the Trees Movemsant'} was the result of o grassroot tevel effort to
end the alfenafion of peaple from thetr forests. The movemernt originated
Jrom an tncident in a remote village called Rend in Garfuwal, Righ-up in
the Himalayrs during the early 1870s. There was a dispute between the
local villagers dnd a logging contractor who hdad been dallowed to fell
trees in a forest close to the village. On aq particular day, the condractor's
wrarkers dppeared n the forest to cut the trees while the men folk were
absent. Undeterrad, the women qf the village reached the forest quickly
anisd clasped the tree trunics thus preventing the workers from felling the
trees. Thus thuaried, the coniractor uid fo uithdron.

Imherent in such a competition to control @ natural resource 1s fhe
conservation of a replenishable resource. Specifically the method of use
s belng called into question. The contractor wotild have felled the
trees, desfroying them forever, The commumnifles traditionally lop the
branches and pluck the lenves, allowing the resource to replenish over
time. The Chipho movement guickly spread deross communities aned
madin, and forced the goverrument, to whom the Jorest belongs, to refhink
their priorifies in the use of forest produce. Experience has faught peaple
that the destruction of foresis affected nat fust the quailability of forest
products, but also the guality of soil and the sources of weter.
Participafion of the local people can indeed lead fo fhe efficient
management of forests,

An Example of People’s Participation in the Management of Forests
In 1972, the West Bengal Forest Department recognised its failures in
reting the degraded Seaf forests in the southuwestemn districis of the
state, Tradifional methads of surveillance and policing had led to a
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‘vomplete alferdfion of the people from the administration’, reswliing in

frequent clashes behween forest officials and villagers. Forest and land
relrfed conflicts in the region were also a major factor in_fuslling the
miilifarnt peasant movements led by the Noxalites.

Accordingly, the Department changed its strategy, making a
beginning in the Arabari forest range of Midndapore district. Here, af the
instance of @ for-seetng forest gfficer; AK. Danerfee, villagers weng involved
in the protection of 1,272 hectares of badly degraded sal forest. nrefurn
for help in profection, villagers were given employment in both silviculture

ard Ratruesting operations, 25 per cent of the findl harvest, dnd allowed
fushwvoad and fodder collection on payment of a nominal fee. With the
active and willing parficipation of the local community, the sal forests of
Arabarl underwent a remarkable recovery — by 1983, o previously
worthless forest was valued Rs 12.5 crores.

Actlvity 168.7

Liebate the damage caused to foresis by the followotng -

fal Butllding rest Rouses for tourisis in national parks.

fhi Grazing domesiic animals in national parks.

frd Tourisis (himoing plaslic bollles foovers and olfer llder in
rrational porks,

Q U E S TTIT O N

L Wi should we conserve forests and wiildiife?
a2, Suggest some approaches towards the conservation of forests.

16.3 WATER FOR ALL
Activity 16.8

Villages suffering from chrontc walsr shonage surmound a unader
theme park in Mafmrashirg, Debale whether this is the oplimom
use af the aoailable weter.

Water s a basic necessity for all terrestricl forms of life. We studied in
Class IX about the imporiance of wafer as o resource, the water cyele
crid howt human tfervention pollufes watfer bodies. However, Rurwin
infervention also changes the availlabiiiy of water In varlous regions,

Actlvity 16.9

Siudy the rainfall patlemns in ndin _from an atlos,
Ideniify (he regions where wals is ghundant and the regions of
LNITET SCELRCTELY.
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Affer the above actiuify, would you be very surprised to learmn that
regions of water scarcily are closely correlafed to the regions of acule
poverty?

A study of rainfall patterns does nat reveal the whele truth behind
Hhe wdater availability in various regions in ndid. Reains tn ndia dre largely
due to the monscons, This means that most of the rain falls in q _few
momths of the yedr, Despite nature’s monsoon bounty, fatlure to sisiain
water avallability underground s resulfed largely from the loss of
vegetation cover, diversion for high wdater demonding crops, and pollufion
Jom indusirial effluents and urban wastes. Irrigaiion methads like dams,
tarikes arnd candls have been used in varowus parts of Indid stnee anclent
times. These were generally local interventions managed by local people
cred assured that the basic mintmum requiremernts _for both dgriculfure
and daily needs were met throughout the year, The use of this stored
wreiter s strictly regulcaded and fthe optimum cropping patferms based
an the water availabiith) were arriuved at on the basis of decades / cenfuries
af experience, the mdalntendnce of these trrigafion systems was also a
local affairn,

The arrfival of the British chidnged these systems as i changed meoiy
ather things. The conception of lorge scale profects — large dams and
cericils fraversing large distances were first conretved and mplemented
by the Orifish and carmed on with no less gusto by our newly formed
independent government. These mega-projects led to the neglect of the
local trrigation methods, and the government also increasingly took over
the dadministration of these systems ledding to the loss of confrol over
the local water sources by the local peaple.

Kulhs In Himachal Pradesh

Parts of Himachal Pradesh had evoluved a local system of canal irmigation called Azdis
over foiur hundred years ago. The water flowlng in the streams weds diverted into
man-medde channels which took this water to numerous villages doumn the hillside.
The mandgemenit of the water flowing in these kedfis s by common dgreemmerit aromng
aft the villnges. Interestingly, during the planfing season, water was first used by the
iilage farthest aipay from the source of the keddh, then by villages progresstvely higher
upz. These faidifis were managed by two or three people who were paid by the villagers.
In dddition to frrigafion, water from these koalfts also percolated into the soll and fed
springs at various points. After the kadhswere talien over By the Irrigation Deparfment,
most of them became defunct and there 1s no dmicable sharing of water as before.

16.3.1 Dams

Why do we seek to build dams? Large dams can ensure the storage of
adequate weter not fust for irrigation, but alse for generdating electricity,

as discussed in the previous chapiter. Canal systems leading from these
dams can transfer large amounts gf weter great distances. For excaimple,

the Indira Gandht Coanal has Brought greenery fo conisiderable areas of
Rajasthan. However, mismanagemesnt of the water has largely led to the
benefits being comnered By o few pecple. There is no equitable distribution
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of wrater, thus people close to the sounce grow waker ntensive crops ke
sugarcane and rice while people farther downstream do not get any water
The woes aof these people who hdve been promised benefits which never
arrived are dddded fo the disconferdment among the people who have
been displaced by the butlding of the dam and #fs canal netuork.

In the previous chapter, we mertioned the reasons for apposition fo
the consfruction of large dams, such as the Tehri Do on the river Ganga.
You must have read about the protests by the Narmuada Bachao Andolan
{'Save the Narmrada Movement') about raising the height of the Sardar
Sarcvar Dam on the river Narmrda. Crificistns about large dams address
three problems In parficular -

I Social problems because they displace large number of peasanis

and tribals without adequate compensation or rehabilitation,

i} Economic problems because they swallow up uge amountis of

piblic money uithowt the generafion of proporticndte benefits,
it} Erdrorumenial problems becaise they contribute enormoiisly
fo deforestation and the loss of Hologleal diverstiy.

The people twho have been displaced by varliows development projects
are largely poor tribals who do nat get any benefits from these projects
and are alienated from their lands and forests without adequate
compensation. The cusfees of the Troa Damn builf in the 1970s are still

fighting for the benefits they were promiser.

16.3.2 Water Harvesting

Watershed management emphasises scientific soil and water
consersation in order fo increase the biomass production. The aim is fo
develop primary resources of land and water, fo produce secondary
resources of plands and andmaols for use ina manner which will nat coause
ecologioal imbalance. Watershed management not only increases the
production and income of the watershed communify, buf also mitigates
droughis and _foods and increases the life of the downsiream dam and
reseruotrs. Various organisafions have been working on refuvenaiing
ctiictent systems gfwaler harvesting as an alternative fo the ‘mega-projects’
like dams. These commurniites haie used hundreds of indigenous weater
saving methods fo capture every trickle of weater that had fallen on fheir
land; dug small pits and lakes, put in place simple watershed systems,
built small earthen dams, consfructed dykes, sand and limestone
reservoirs, set up rogflop water-collecting units. This has recharged
groundwater levels anrd even brought rivers back fo life.

Water harvesting is an age-old concepf in Indin. Khadins, tanks
and radis in Rafasthan, bandharas and fals in Maharashira, bundhis
in Madhya Pradesh and Uttar Pradesh, afars and pynes in Bl
kafhs in Himachal Pradesh, ponds in the Kandi belt of Jommu region,
and erfs (tanks) in Tamil Nadu, swrongams in Kerald, and kaifas in
Karmaiaka are some of the anclent walter harvesting, meluding water
conveyaice, structures still in use today fsee Fig. 16.3 for an
examplel. Water harvesting technigues ave highly locale specific and
the benefits are also localised. Giving people control over their local
water resources ensures thraf mismanagement and cver-exploifation
af these resources is reduced f removed.
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Figure 16,3 Tradiffonal wwater frgriesiing system — an fdeal serting of the Kudin siystem

In largely tevel ferrain, the water harvesting structures are moinly
arescent shaped earthen embankmments or low, stralght concrete-and-
tithble “check dams” bullt across seasonally flooded gullles. Mornisoon
rains fill ponds behind the structures. Only the inmgest sftructures hold
water year round, most dry up six moniths or less gfter the monsoons,
Their main purpose, however, 1s not fo hold surface water but to recharge
the ground water beneath. The advantages of water stored in the ground
are many. it does not evaporate, but spreads out to recharge wells and
provides motstire for vegelfon over a uhde area. In addifion, it does
not provide breeding grounds for mosguitoes like stagnant water collected
in ponds or artificiol lakes. The ground-water is also relatively protected
Jfrom comdamnination by huimean and aniiel waste.

Q U E S TT1T O N S

Find out about the traditional systemns of water harvesting/ management
in your tegion.

Compare the above sysiem with the probable systems in hilly/
mounlainous areas oF plams of plalegu fegions,

Find out the sounce f water in gour region/ locality, Is water from this
source avaflable to all people liming in that area?

iTE

16.4 COAL AND PETROLEUM

We have seen some of the issues uolved n the conservation and
sustailnabie wse of resources Hie foresis, wild-life and weater. These can
meet our needs perpetunlly if we were to use them in o sustainable
mannen Now we come fo yet another important resource — fossil fiels,
theit is, codl dnd petrolewn, which are important sources of energy for
us. Since the industrial revolution, we have been using incredsing
amaunts af energy o meet our basic needs and for the manufaciure of o
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large number of goads upon which cur ves depend. These enargy needs
have been largely met by the reserves of coal and pefroleinm.

The management of these energy sources nvolves slightly different
perspectives_from fhose resources discussed earlier. Coal and petroleum
were formed from Hhe degradation of bio-mass milllons of years ago and
hence these are resources that will be exfuausted in the future no maffer
hour ecirefilly we use thent And then we wotild need to look for dlternative
souirces aof energy. Varlous estimates as to o loig these resourees will
last us exist and one is that at present rates of usage, our Knoum
petfroleum resources will last us for about forty years and the coal
resaurces will last for anather two hundred years.

Biit looking to other sources of enetgy 15 not the endy consideration
wwhen we look at the conswmption of coal and pefroleinm. Sinee coal and
petroleurn have been formead from bio—mriss, in addifion fo carbon, these
contain hydrogen, nitrogen and sulphur, When these are burnt, the
products are carbon dioxide, water, oxides of nifrogen and axides of
sulphir When combustion takes place in insufficient atr foxygery, then
carbon monoxide 15 formed instead of carbon diaxide. Of these produicts,
the axides of sulphur and nitrogen and carbon monoxide are poiscnous
at high concentrafions and carbon dioxide is a green-house gas. Another
way of looking af coal and pefroleum (s that they are huge reservolrs of
cetrbon and If all of this carbon (s converted to carbon dioxide, then the
ot aof carben diondde in the afmosphere (s going to eredse leading
fo infense global warming. Thus, we need to use these resources
Judiciously.

Actlivity 146.10

Coadl is wsed in thermal power stations oand petrolewrn prodocts
lilee petrol and dissel are used n means of transport like motor
vehicles, ships and aeroplanes. We cannot really imagine life
without a number of elecirical applignces and constant use of
transporiation, S oo youo think of waps in whidt our comsumplion
af coal and pelmoloum products be rediced?

Some simple choices can make a difference in our ensThy consumption
patteriis. Think over the relative ddvantages, disadoanfages drnd
environument-friendliness of the following —

{1 Tuaking d bus, using your personal vehicle or walking f eyeling.

it Lising bulbs or flucrescent tubes in your homes.

ity Using the Nt or taking the stairs.
fiy Wearing an extra sweater or using a heating device (herter or
s’} on eold days.

The management of coal and pefroleurn also addresses the efficiency
of our machines. Fuel is most comnonly used in termal combustion
engines for transportation and recerntt research in this_fisld concentraftes
on ensuring complete combitstion tn these engines in order to increase
efficiency and also reduce air pollution.
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Actlvity 16.11

Your rrust heave hedard of the Eurn I and Euro IF norms for ernission
Jrom vehides. Find out how these norms work towards reducing
air pollution.

16.5 AN OVERVIEW OF NATURAL RESOURCE
MANAGEMENT

Sustatnable moanagemnent of nedtiral reseurces is a difficult task. In
addressing this issue, we need fo keep an open mind with regard fo the
interests of variows stakeholders. We need to aceept that peaple will act
with their oum best interests as the priority. But the realisation that
stich selfish gedls will ledd to misery for o large number of peaple and a
tatal destruction of our environment is sloudy grouning. Going beyond
lawes, rides and regulations, we need fo tailor our reqgufrements,
individunily and collectively, so that the benefits of development reach
everyone nour and for all generations te come.

n  Qurresources like forests, wild life, water, coal and petroleunt need to be used ina
sustrninable manner

m We can redure pressure on the envireniment by sincerely applifing the maxim of
NReduce, Reuse and Recycle' in our lives.

m  Muandgement af forest resourees hds o tafe ffo decownit the nterests of varlous
stakeholders.

m  The hamsssing of weater resources by building dams has socinl, economic ard
erwironmental implications. Alternafives to large dams exist. These are locale-specific
and may be developed so as to give local peopls control over their locrl resources.

n  The fossil fuels, coal and petroleum, will witbmately be exhausted. Becaiise of this
and becruse their combustion pollites our envirenment, we need fo use these
resaiirces fudiclously.

1. Whiaii changes world yout suiggest in your home in order to be environment-fHendly?

. Can gou suggest some changes in your school which woudd make i envirenment-
friendiy?
3. We saw in this chapter that there are four main stgkesholders when it comes to
farests and wildlife. Which among these should hhoe the authority fo decide the
management of forest pradiuce? Why do you think so?

\. J
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4, How can you as an indindurnd contribute or mehe a difference to the managemenit
of faf forests aned wildiife, (b water resources and (o} coal and petroleum?

5. What con you as an individual do fo reduce your consumption of the various
natural resources?

6. List five things you have done over the last one week fo —
{al conserve our natural resources.
fh} incredse the pressure on our nafurdl resources.
7. Onihe basis gfthe issues raised In this chapter, what changes would you incorporate

in your life-sfyle in 0 move towards a sustainable use of our resources?
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Chapter 11
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6. Concrve lens; —1.20 D
7. Convex lens; +3.0 0D

Chapter 12
1. {d) 2. b 3. {d) 4. {c}
5. Paraliel 6. 122.7 m: 1% fimes
7. 3.33 8 8 4.8 ki g 0.67 A
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