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[ Preface ]

Accordingto Nationa Curriculum Framework 2005, good science educationisonewhichishonest
towardsthe student, towardslifeand towards science. This perspective acted astheguiding principleinthe
construction of class9 science syllabus and devel opment of thetextbooks.

Wetried to keepinmind not just the content but al so the different ways of teaching-learning science.
Teaching of science, to alarge extent, depends on whether we are abletolink the different topicsto the
experiencesand context of the child so that long-term learning takes place. But this does not mean that
topicsand content devel opment hasbeen neglected. Variousfacts, principles, theoriesand phenomenonhave
been used to understand concepts and this, in fact, isthe foundation of science. Thedifferent validities
(cognitive, content, process, historicd, environmental and ethical) described in the position paper on science
teaching (NCERT) have been kept in mindin the textbook.

During thewriting process, our writers struggled with theories and conceptsthat are not directly
related to the context of the child. Therefore, opportunitiesfor the studentsto estimate, try them out, reach
conclus onswere constructed through activities and projects. We request our teachersto not only actively
participateintheseactivitiesbut dso devisemore such moments so that thistextbook provesmoreuseful for
the students, teachersand the community.

During the entire process, we have especially focused on giving the students’ time to experiment,
discussand explore, and havetried to ensure that they do not feel mentally burdened.

The textbook has been written by teachers, teacher educators and members of associated
organizetions.

TheCouncil wishesto acknowledgead | thosewho weredirectly or indirectly involved in thetextbook
development process. VidyaBhawan Society (Udaipur), Eklavya (Bhopal) and Azim Premji foundation
made significant contributionsto thetextbook and we are grateful to them. Your suggestionswill help us
improvethisbook and they areawayswe come.

Dir ector

State Council of Educational Researchand Training
Raipur, Chhattisgarh
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Living organisms

Chapter 1

Prokaryote Eukaryote

Unicellular

Biodiversity and Classification 1{Jﬁ -

With cell wall Without cell wall

Animalia

can cannot
photosynthesize photosynthesize

|

Plantae Fungi

1.1 Biodiversity

We seedifferent groups of organismsall around ussharing similaritiesand differences. For ex-
ample, groups of animals includethose like horses, dogs, cats etc. while plantswould include neem,
banyan, jamun, pomegranate, etc. If we comparethe propertiesof each group, wewould find that members
of agroup sharemoresimilaritiesamongst themsel vesthan with membersof other groups.

Themembersof thesegroups may befurther grouped under even smaller groups such asgroups of
horses or dogs or catsor neem tree, dhatura, etc. If we comparethe characters of each of these smaller
groups, wewould find that, the members share several similar propertieswhich clearly separatethem from
the other smaller groups. These properties are found in the members of the group independent of the
habitatsaround theworld they might belivingin. All the propertiesare specific to agroup and the group that
sharesmaximum similaritiesisusually called "species'. Let ustakethe example of man: human species
consistsof groupsthat are present al over theworld and have same characterslikewell-devel oped brain,
sparsaly distributed body hair, etc. We may say that these properties are specific to humansand separates
them from membersof other groups.

. Discusswithyour friendswhether membersof same species always sharethe same properties?

Sofar, we have discussed the simil arities of members of the same species. Let usnow study them
and seewhether we may a so find somedifferences.

Activity-1
Observing neem plants

Collect two nearly smilar neem plantsfrom your surroundings. Observethem carefully andfill the
followingtable-
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Tablel
S.No. | Nameof Plant | Length of | Number of | Shapeand | Colour of | Edgeof | Venation
Sem of Leaves Sizeof Leaves | Leaves
L eaves

1 Neem plant -1

2 Neem plant- 2
. What differences did you observein thesimilar looking neem plants?
Activity - 2

Observing Humans

Thisactivity may bedoneinagroup of a least 10 children. All information asin thetable should be
collected and noted.

Table2
S.No.| Nameof Sudent | Height | Weight Lengthof | ThumbPrint Palm
Pointer Finger Length | Breadth

Which of thesepropertiesweresimilar (at leastin someindividuas)?
Which of theseweredifferentinadl individual s?

Could youfind any two individual s of your classwhose propertieswere exactly the same?

Youwill find that thethumbimprintsof al your classmatesdiffer. Thus, wemay say that thethumb
imprint isaspecific character of anindividud.

We can say on the basis of the above activitiesthat specieshavesmilar aswell asdifferent charac-
ters. Thesedifferencesarecalled "variations'.Variationshel p ustoidentify individual s of aspecies. Dueto
thesevariations, wefind different varietiesof organismsinaparticular area. The variety of organisms present
inaparticular areacomprisesthebiodiversity of that area.
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We shdl need aschemaof study, if westart by taking diversity asabasi sto makeasystematic and
detailed study of al substances and organismson earth (See page 281).

L et ustry to understand thisschemawith the hel p of some examples.
1.2 Grouping and Classification
Activity- 3
We observe several typesof thingsaround usdaily and categorizethem differently tousethemin

different ways. For example, thingsused inthekitchen, thingsused for play, etc. You have beengivenalist
of different things. Categorizethem onthe basisof their properties.

Plastic scale, book, pen, test-tube, wooden block, lens, plane mirror, piece of glass, pieceof plas-
tic, rubber ball, cricket bat, rope, needle, wooden scale, pencil.

Table3
S.No. | Nameof Group Thingsthat fall under thegroup
1 Woodenthings
2. Cuboidd things
3.
4.
5.
. What arethedifferent propertiesthat you kept in your mind to form groups?
. Inwhich group could you keep maximum obj ectstogether?

. Onthebasisof which specific property could you form agroup with minimum of thegiven things?

You may have observed that certain propertiesaresmilar within agroup. This property isconsid-
ered asthe character of the group. We could use arubber ball, acricket bat, arope and aplane mirror to
play. So, 'thingsused for play' could be acharacter of the group according to which they could be kept
under the same group.

We choose severa basesto identify the characteristic features of thethings mentioned inthe previ-
ous section. These could be shape of thething, materia of which thethingismade, itsuse, etc. Inasimilar
manner, we can identify other bases using some other properties. Thus, the process of categorizing onthe
basisof acharacteristic feature shared ssmilarly by the membersof agroupiscalled as"grouping”. Inthe
process of grouping, an object can be present intwo or more groupsasit could have characteristic features
related to two or more groups.
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Another process of grouping of thethingsof the samelist hasbeen given here.

Plastic scale, book, pen, test-tube, wooden block, lens, planemirror, pieceof glass, piece
of plastic, rubber ball, cricket bat, rope, needle, wooden scale, pencil

| | |

Things made of wood Things not made of wood
Wooden block, wooden scale, Plastic scale, pen, test-tube, lens,
cricket bat, pencil, book plane mirror, piece of glass,

piece of plastic, rubber ball,
rope, needle,

|
| |

Things made of glass Things not made of glass
Test-tube, lens, plane mirror, Plastic scale, pen, piece of plastic,
piece of glass rubber ball, rope, needle,

Fig. 1: Classification of things

A specia way of grouping hasbeenfollowed here. At each level, grouping has been done on the
basisof presenceor absence of acharacter in such away that members of one group do not belong to the
other. Things are grouped into separate classesthat are discrete while members of the same class share
smilar characterigticfeatures. Thisform of groupingiscaled "classification”.

Grouping and classification are used in al areas, whether they arethe grouping or classification of
elements, solutions, forcesor living organisms. Inthischapter, weshdl study about grouping and classifica-
tion by taking living organisms asexamples. We shdl comeacross other examplesinthefollowing chapters.

Now, et ustry to seehow different effortstowardsgrouping or classification had been carried out
over timeby observing thesmilaritiesand differencesof living organisms.

1.3 Former attempts of grouping and classification

According to historical accountswefind that over athousand years ago, Aristotle had made attempts
towards grouping organisms on the basis of their habitat. Thus, he grouped organismsasthose of land or
water. Perhaps, other attempts had a so been made towards grouping or classification; but, wehaveonly a
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few recordsavail ableregarding the same. Wefind that around theyear 1686, John Ray, an English naturalist
tried to classify plantson thebasi s of their external structures. After John Ray, it wasLinnaeuswhotried to
classfy dl plantson earth. Hismost important contribution is. the use of some specific observablecharacters
likethe presence of maleand fema e partsand their number to prepare asimple schemaof classfication. It
iscalled assexual system of classification. The description of thissystemisgivenin hisbook 'Systemae
Naturae' published intheyear 1735.

Linnaeus made comparative study of several specimensof plantsand anima sthat he collected. He
devel oped such aschemaof classification where speciesof plants and animals could be classified sepa-
rately. Theknowledgethat Linnaeus acquired about the structures of animalsand plantshad agreat impact
onlifesciences. According to hisschema, thewhol eliving world could bedivided into two categories-Plant
kingdom and Animal kingdom. Linnaeusfirst introduced hierarchy in hissystem. Organismswerearranged
onthebasisof their charactersand developmenta history inadefinite sequenceof groups. Like-

The Linnaean hierarchy for man is

Kingdom -  Animdia(Multicdlular, eukaryote, nutrition startswithingestion of food)
Phylum -  Chordata(vertebra column, paired appendages)

Class - Mammalia(hair onbody, external ear)

Order - Primate (opposablethumb, 5fingerseachin foreand hind palm)
Family -  Hominidae(Bipedd movement)

Genus - Homo(Well developed brain)

Species - sapiens
Thereweresomelimitationsin thetwo kingdom classification system. Linnaeus classified organisms

aseither plantsor animas, but several organismswere eventualy found to expressboth animal and plant
characters.

Do you know? Chloroplasts

Euglenais such an organism that shows both animal and plant
characters. It has chloroplasts, does not have acell wall and
acquiresfood both autotrophically and heterotrophicaly.

Euglena

Linnaeusdid not have the scopeto study theinterna structureof cellsduring histime. Thus, internal
cellular structuresdid not find any placein hisclassification schema. It was much later when microscopes
with higher magnification power wereinvented that variationsininternal cellular structurealsoformed a
basisof classfication.
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Astheknowledgeof internd structures of cellsincreased and new organismsdiscovered, thebasis
of classification wasalso modified. Different ways of classification started finding way. One such schema
was suggested by R.H. Whittaker in the year 1969.

Whittaker classified thewholelivingworldinto 5 kingdoms. Hisclassification was based on thefollowing
characters-

1 Theabsenceor presence of nuclear membrane (prokaryotic or eukaryotic)
2. Level of organization (unicdlular or multicdlular)
3. Processof acquiring nutrition (autotrophic or heterotrophic)

1.4 Whittaker's Classification

Ascompared to other former systemsof classification, Whittaker's appearsto be more devel oped.
Thereisabetter ingght regarding biodiversity inthissystem. Theentirelivingworld hasbeen divided into the

followingkingdoms
1 KingdomMonera 2. Kingdom Protista 3. Kingdom Fungi

4. KingdomAnimdia 5. Kingdom Plantae

Living or ganisms

l

N
Prokaryote Eukaryote

Unicellular l

N

, Unicellular Multicellular

Monera l

Protista \

, |
With cell wall Without cell wall

!
l l Animalia

can photosynthesize cannot photosynthesize
Plantae Fungi

Fig. 2: FiveKingdom Classification
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1.4.1 Kingdom Monera

1 Unicellular organismsthat lack anuclear membrane or are prokaryotes are classified under this
kingdom.
Organisms may beautotrophic or heterotrophic.
Cdl wall ispresent around thecell membrane.

Their cell wall isdifferent from that of plantsand ismainly made of peptidoglycan (acompound
formed of protein and carbohydrate).

Example: Bacteria, Cyanobacteria.

Do you know?

Inagram of fertile soil, wehavearound 100 croreand inamilliliter of milk wehave 3000 crore of

theseorganisms.
E. coli Bacillusanthracis iﬁi
(A) Bacteria (B) Cyanobacteria (Anabaena)
Fig.3
1.4.2 Kingdom Protista
1 All organismsof thiskingdom are unicellular with nuclear membranearound the nucleusor eukary-

oticcdls.
Organisms can be both autotrophic or heterotrophic.
All thelifeprocessesarecarried out withinthecell.

Example: Amoeba, Paramecium, Entamoeba, Euglena
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Entamoeba
Fig. 4
. Suggest acharacter onthe basisof which Monerans can be distingui shed from Protistants
1.4.3 Kingdom Fungi
1 Most fungi arefilamentous. They form networksof filamentsthat are called mycdium.
2. Organismsof thiskingdom are heterotrophic, unicellular or multicdlular eukaryoticforms.

3. Chloroplastsareabsent intheir cells.
Example: Mucor, Yeast, Agaricus (M ushroom), Rhizopus(bread mould), Aspergillus, Pennicilium

Rhizopus Pennicilium Aspergillus
Fig.5

You may have observed somefilamentoushair like structuresonrotting bread, in shoesduringrainy
Season or sometimesover pickles(that was not preserved well). These structuresarefungi. Mushroomsare
akind of fungi too. Fungi may be symbiotic, parasitic or saprophyticinmode of acquiring their nutrition.
Somefungi areharmful while someareuseful. Some cause diseaseswhile someare used in the production

of certainfood materiadsliketheyeast, whichisused in preparing bread and beer. Somefungi area so used
to produceantibiotics.
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. Thegrowth of which organismsis arrested by keeping food in therefrigerator?

Do you know?

Lichensareformed of symbiotic associationsof dgaeand fungi. They
remain so cl osdly associ ated that they appear assingle organisms. Fungi
usethefood produced by agae through photosynthesis, whileagae &
use the moisture and mineral s absorbed by thefungi. Litmusis pro-
duced from atypeof lichen.

1.4.4 Plant Kingdom

1 All organismsof plant kingdom aremulticdlular, eukaryoticforms.

2. Most plants have chloroplastsin their cells, that help them to photosynthesize thusthey are au-
totrophic.

3. Thesehaveacdlulosiccdl wall.

Example: Spirogyra(Algae)*, Funaria(Moss)* *, Fern*** | Cycas, Date palm, Neem, Whesat

Coconut palm

Fig.6



10 Science, Class-9

*Whittaker included multicellular dgaein plant Kingdom. The body of a gae cannot be differenti-
atedinto root, stemand leaves. During rainy seasons, we often find ashiny layer of scum aongthe sidesof
pondsand riversand sometimesonwet floors. Thislayerismainly dgae. Inloca languagethisiscaled'ka'.

**The body of moss can bedifferentiated into leafy structuresand root like structurescalled as
rhizoids. Rhizoidshelp indrawing in water and mineras. These have beenincluded under agroup caled
Bryophyta. Other examplesof thisgroup areRiccia, Marchantia.

*** Try tofind out fernsinyour area. This belongsto the group Pteridophyta. The body of most
plantsof thisgroupislikethose of flowering plants; thus, their body can bedifferentiated into root, stem and
leavesand they al so have vascular tissue. These are usualy non flowering plantsand thus do not produce
seeds. Marcd liaisanother exampleof thisgroup.

Do you know?

Amarbel or Dodder isamember of the plant kingdom. Thisisaparasitic
climber that wounds round ahost plant. It does not contain chlorophyll. It
acquiresitsfood from the host plant. Dodder has aspecia type of root that
hel psto absorb food materialsfrom the host plant.

Classification of flowering plants (exampleof the Plant Kingdom.)

Flowering Plants

! !

Seeds without cover Seedswith a cover
Gymnosperm Angiosperm
(Cycas) J,
More than one cotyledon One cotyledon(seed leaf)
Dicotyledon Monocotyledon
(gram, pea, lentil) (wheat, maize)
These have tap roots and These have adventitious roots
reticulate venation in leaves and parallel venation in leaves

Fig. 7: Classification of flowering plants
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Observetheleaves of someplantslike mango, rice, mahua, grass, maize. What istherel ation that
you findinthetypeof root and venation of |eaves?

1.4.5 Animal Kingdom

Organismsof thiskingdom aremulticellular, eukaryotic, heterotrophic forms.
Thesedo not haveacd | wall.
Thesedo not havechloroplasts.

Mode of nutritionismainly by ingestion. They haveaspecialized organ for intake of food. Asfor
exampl e butterflieshavejuice sucking tubes, humans have mouth, birds have beaks, etc.

Most of theanimalshave speciaized organsfor movement (locomotion: movement insuch away
that location changes).

Example: Lion, mynah, fish, man, hydra, tapeworm, earthworm, mussel, scorpion, star-fish, etc.

leech fish snail

snake bat
Fig.8



12

Science, Class-9

Followingisan exampleof classfication of animal kingdom considering only the vertebrates

Animal Kingdom

l

4

With vertebral column

l

Without vertebral column

Earthworm, leach, mosquito,
snail, ant, tapeworm

!

Hair present on skin

|

mammals
man, lion, cat, cow, bat

N
Hair absent on skin

N
fish, amphibian, reptile, bird

|

Feather s present on skin

l

birds

mynah, parrot, crow, hen

!

Feather s absent on skin

fish
amphibian, reptile
Skin with moisture Skin without moisture

| !

fish reptile
lizard, snake, tortoise

amphibian

l

!

Skin with scales
fish
Rohu sp., Catla sp.

!

Skin without scales

!

amphibian
frog, toad

Fig. 9: Classification of Animal kingdom
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. Writeamgjor difference between fishesand mammals.

1.5 Need and process of naming organisms

Namingisaprocessof assigning aproper placeto an organismintheschemaof classification. Thus
anorganismisassigned aspecific name.

Anobject or aliving organismiscdled by different namesin different placesduetothediversity in
language. Like'potato’ iscalled as'urullaikilanku' in Tamil, ‘batata in Marathi and aaloo in Hindi. Various
names of the same object posesdifficulty inidentifying an object. Addressing thisdifficulty,Linnaeus sug-
gested asystern of naming living organismsthat could beuniversaly followed. Thiswasasystem of scientific
naming according to him. According to this system, each organism would have aname comprising two
words. Thisisthe system of binomia nomenclature. Inthissystem-

1 Thefirst word of the namewoul d represent the genuswhil ethe second woul d represent the species.

2. Thefirst alphabet inthe name of genuswould bein capita letterswhiletherest would bein small
|etters. The name of specieswould beinsmall letters.

3. Both thewordsin of thenameareeither underlined or writteninitaics.

Thescientific name of some organismsisasfollows-

Organism - Scientificname
Frog - Ranatigrina

Lion - Panthera leo
Sparrow - Passer domesticus
Man - Homo sapiens

Certain species are wiped out from earth while certain new ones appear. This process goeson
continuoudly innature. Thus, no schemaof classification would besuccessful enoughinincludingal species
of organismsat atime. Even after Whittaker, there havebeen severa other syssems suggested for classifica-
tion of living organisms. Thus, it isapparent that even thefive kingdom classification cannot completely
includetheknown formsof diverse organisms present on earth now. Asmore and more organismswould be
discovered, the scope of biodiversity would expand and thebasisof classificationwould changed ong with
itssystem.

Keywords
Variations, biodiversty, grouping, classification, characters, species, genus, nomenclature
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What we have learnt

. Different types of organismsand substances are present on earth.

. Categorizing thingson the basisof their smilar charactersiscalled grouping.

. Scientistshave classified organismsonthebasisof their smilaritiesand differences.

. Classification he psusto distinguish between different organisms.

. Classficationisessentid for thestudy of different organismseedly, clearly and systematically.

. Linnaeusdivided thewholeliving worldinto two kingdoms (Plant and Animal).

. Whittaker classified living organismsinto 5 kingdomson thebasisof thefollowing characters-
1 Absenceor presence of nuclear membrane - prokaryotic and eukaryotic.
2. Organization of body of living organisms- unicdlular or multicdlular.

3. M echanism of nutrition - Autotrophic or heterotrophic.

. Onthebasisof the above charactersthe 5 kingdomsinto which organisms are categorized are-
1.Monera2. Protista3. Fungi 4. Animalia5. Plantae

. Onthebasisof increasing complexity of organization of the body of organisms, they have been
further categorized into different classes.

. The hierarchy of organizing the classes depends upon the different characteristic features of living
organisms.

. CarolusLinnaeus proposed the system of binomia nomenclaturein which thefirst word represents
genus and the next the species.

. Thebasisof classification and itssystem isbound to change due to the continuous extinction of

speciesaswell astheir evolution into new forms.

Exercise

1 Choosethecorrect option.
@) Inclassification -
@ Identifying charactersisnot essential
(b) Membersof aclasssharemaximum smilarities
(© Membersof aclassdo not have similarities
(d) Thereisnobasis
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(i)

(i)

10.
11.

A dicotyledonousplantis-

(@ Onion (b) Grass

(c) Banana (d) Mustard

A character not smilar to birdsandfishesis-

(@ Presenceof body compartments (b) Egglaying

(c) Presenceof vertebrae (d) Presenceof wings

Fill intheblanks-

(i) Itisimportant to select abasisfor groupingand..........ccceeeeeecevenesieiienens
(ii) Prokaryotic organismsareincludedin...........ccocccvvvevnnee. kingdom.

(11 gavethe5 kingdom classification.

Writetwo characteristic features of Kingdom Fungi that distinguishit from other kingdoms.
Writetwo differences between amphibiansand reptiles.

Cdl wall isfoundinorganismsof kingdom fungi yet they are not included under plant kingdom. Why
isitso?

What isthe basis of keeping snake and tortoisein the same group?

Why dowe need classification?

What do you understand by binomia nomenclature? How do wewritethe namesof organismsin
thissystem? Giveat least two examples.

What arethe similar characters of batsand rats?
What isthebasi sof fivekingdom classification? What arethekingdoms?Writein detail about them.
"If thebas schanges, the system of classificationwill dso change.” Justify this statement.
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Chapter 2
Matter : Nature and Behaviour

Arethereany smilaritiesbetween light, aniron nail, the sound of adholak, chairsandtables, smiles,
steam, etc.? What arethe similarities between them and what are the differences? Let usdo an activity totry
and understand this.

Activity-1

. Takeatrough or bucket and fill it 3/4" with water.
. No\{v takeaglassor gl ass peaker. Turnit | aser Torch /\
upside-down and placeit in the water as _ 8l
showninFig.1. ™
. Does the entire beaker get filled with ,
water? Bl 2l \water
. Isthe beaker empty? Glassbeaker
Trough
. Now shinelight onthebeaker using alaser
torch. (Note:laser torch beams can harm Fig. 1: Matter occupiesspace

your eyes so use it only under your teacher’s guidance).
. Arethelight beamsableto enter (goinside) the beaker?

Let ustry and understand why light was ableto enter the beaker but water could not. What isthere
insidethe beaker that stopswater from getting inside? We know that air, water, chairs-tables, etc. occupy
space. Water could not enter the beaker because air isaready presentinit. Air occupies spaceinsidethe
beaker.

You must have noticed that abottlefilled with water isheavier than an empty bottle. Theweight of
anobjectisdueto itsmass. The objects described above such asiron nails, chairs & tables, steam occupy
space and have mass. Whereas|light, the sound of adhol ak, smileetc. neither have massnor occupy space.
Sincelight doesnot need spaceit isableto enter the beaker. Anything that occupies space and hasmassis
called matter. Sincelight, the sound of adholak, smile do not havethis property therefore they are not
meatter.

Now, canyoutell : Amongair, water and light which can be called matter?
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2.1 Conservation of matter

If welook at matter around us, we seethat it undergo some changes. We can identify these by
looking for changesin colour or in smell/odour or in State.

L et ustry to understand thisthrough an example. When welight acandle, it burnsdown completely
after sometime. Think: What has happened to the components (wax and wick) of the candle? For along
timeit was believed that they get used up or destroyed in the burning process. L ater, attemptsweremadeto
understand the burning of acandle and werealized that it isachemical process where oxygen isalso
involved along with wax. During the process, carbon dioxide and water vapour are obtained as products
but thiswasnot known till welearnt to identify the gases being used or produced in areaction. When the
sum of the masses of al thereactantswas determined it wasfound to be equa to the sum of the masses of
al theproducts. Thiswasthefirst timeit becameclear that the reactantstaking part inachemical reaction
are converted into products and not destroyed.

Try this too

e Put 10mL hot milk in aclean, injection bottle and put the cap back on the bottle.
o Take2mLlemonjuiceinaninjectionsyringe.
* Insertthesyringeinthecap of theinjection

bottleasshowninFig-A. Weighthearrange-

ment. M ake surethat thereisno contact be-
tweenthemilk and lemonjuice.

*  Now presstheinjection piston dowly sothat
thelemonjuice fallsdrop by drop into the

milk Matter made
frommilk &

lemonjuice

«  Observethechangesinthemilkinthebottle. Warmmilk

*  Doyouthink achemical reaction hastaken

placehere? (A) Beforereaction (B) After reaction

M atter cannot bedestr oyed
*  Now, aganweightheentirearrangement and

notetheweight (Fig-B).
*  Werethereany changesin the masses of the gpparatus before and after the experiment?

Note: Correct conclusionscan be drawn from the experiment only if theweighing instrument is
accurate and measures correctly.
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Inthestudy of many other chemical reactions, it wasagain found that the sum of the massesof al
reactantsisalwaysequal to the sum of themassesof al the products.

Thisunderstanding was stated in the form of alaw: Mass can neither be created nor destroyed
during achemicad reaction. Thisisknown asthelaw of conservation of matter or thelaw of conservation of
mass. Thelaw wasformulated by Lavoisier.

Lavoisier's contribution
Attemptsto understand the nature of matter had been going on for centuries. But in the
absence of moderningtruments, several misconceptionsremained. At onetimeit wasthought that one
substance could betransformed into another. For example, when water wasdistilled in aglasscon-
tainer for along timethen fine, sand like particleswerefound in the container. Therefore, people
thought that when water isheated for along timeit getstransformed into earth.

Antoine Laurent Lavoisier (1743-94), aFrench chemidt, repeated the sameexperiment. He
carefully weighed the entire glass apparatus before the experiment and al so after ditillation. Heno-
ticed that the mass of the apparatus was decreasing. Thischangewasegual to the mass of the sand-
like particles. Herealized that the type of glassbeing used was slightly solubleinwater. Theglass
would dissolvealittlein water and after evaporation, itsparticleswould remain behind. He concluded
that water was not being transformed into earth. It wasonly after thisthat we could start building our
modern understanding of chemical reactions.

Questions

1 Identify matter from among the following —
water, air, chair, stone, scent of aflower, iron, thoughts.

2. 20g'A'and 40g 'B' give 259 'C', 15g'D' and 20g 'E' inareaction. Usethese observationsto explain
thelaw of conservation of mass.

2.2 Matter around us

Haveyou ever run amagnet through sand? When we put amagnet in sand and turnit around, iron
filings separate out and stick to themagnet. Similarly, when tap water kept inacontainer evaporatesit leaves
behind somewhiteresidue. Therefore, we can say that most of the matter around us exists as mixtures of
two or more constituents (substances) which can be separated.

Sea-water isamixtureof different saltsdissolvedinwater. Oneof the sats(sodium chloride) found
insea-water can be separated by evaporating thewater. Similarly, cold-drinksareamixture of sugar, salt
and carbon dioxidein water. The components of amixture can be separated by using physical techniques.
Therefore, we can say that amixture has more than one substance which can be separated from each-other
using simple physical techniques. When wetry to learn more about mixtureswefind that they are of many

different types.
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2.3 Types of mixtures

Different types of mixtures are formed based on the nature of their components and how the
componentsinteract with each other. Let usunderstand thisthrough someactivities:

Activity-2

. Form your studentsinto four groups'A’, 'B','C','D'.

. Ask group 'A'to take 100 mL of water in abeaker and add one spoonful salt toit.

. Ask group 'B' to take 100 mL of water in abeaker and add one spoonful sugar toit.

. Ask group 'C' to take 100 mL of water in abeaker and add one spoonful chalk powder toiit.
. Ask group 'D' to take 100 mL of water in abeaker and add one spoonful cooking il init.

. Each group should stir their mixturesusing aglassrod. Now |eave the beakersundisturbed for some
time
. Observeadl the beakersand try and answer thefollowing questions:

- Inwhich of the beakersare the components mixed compl etely and appear uniform?
- Inwhich of the beakers can the congtituents still be seen separately?

We seethat groups'A' and 'B' get mixtures whose components seem uniformly distributed. Such
mixturesare called homogeneous mixtures.

Inthemixtures obtained by groups'C' and 'D', the constituent substances can be seen separately.
Such mixtureswherethe constituent substancesare not uniformly distributed and can be seen separatdy are
called heterogeneous mixtures.

Let usdo an activity to try and understand the properties of homogeneous and heterogeneous
mixtures:

Activity-3

. Ask your studentsto form threegroups'A’, 'B'and'C'.

. Ask group 'A'to take 100 mL of water in abeaker and add one spoonful salt toit.

. Ask group 'B' to take 100 mL of water in abeaker and add one or two drops of either milk or ink
toit.

. Ask group 'C' to take 100 mL of water in abeaker and add one spoonful chalk powder toiit.

. Each group should stir their mixturewe | using aglassrod. Inwhich beaker arethe particlesvisible
separately inthewater?
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. Using alaser torch direct abeam of light through each beaker from the side. Observe the beaker
from above, that is, perpendicul ar to the direction of thelaser beam. In which beaker(s) isthe path
of lightvisble(Fig. 2)?

Path of light is not visible Path of light isvisible

(8) Mixtureof commonsalt  (b) mixtureof milk/  (c) mixture of chalk
and water ink dropsinwater ~ powder in water

Fig.2

. Now |eavethethree beakers undisturbed for 15 minutes. Then observeinwhich beakersthe mix-
tureisstableand in which the particles have started to settle down after sometime?

. Each group shouldfilter their mixture separately using filter paper (Fig.3). Which group hassome
residueleft behind on their filter paper?

Filter paper folded filter paper
\

) )

Decanted liquid on
filter paper

filter paper fold Filtered liquid

Fig. 3: Filtration

Based on the observed properties of thesethree mixtures, we can say that:

. Separate particlesarenot visiblein mixture'A' and the path of light isa so not seen. The condtituent
particlesdo not settle down at the bottom of the beaker and cannot be separated by filtration. Such
mixturesare caled sol utionsand herethe congtituent particlesareuniformly distributed.
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. Inmixture'B', separate particlesarenot visible. The constituent particlesdo not settledown at the
bottom of the beaker and cannot be separated by filtration. But unlikemixture'A’, the path of laser
light beam can be seen in mixture'B'. Such typesof mixturesare known ascolloids.

. The congtituent particlesof mixture'C' can befiltered and they settle down if left undisturbed. The
particlesinthismixtureare so big that not only can they be seen but they d so scatter abeam of light.
Such mixturesarecaled suspensions.

Wewill now try to understand sol utions, colloids and suspensionsin somedetail.

2.4 What is a solution?

We comeacross many solutionslikesodaweter, lemonade, etc. inour daily lives. Usualy, asolution
hastwo parts- solute and sol vent. The constituent of asolution whose quantity ismorethan any of the other
congtituents and which dissol vesthe other componentsinit iscaled the solvent. The congtituent(s) that are
inlesser quantity and which dissolvein the solvent are called solutes. Solutes and solvents can be solid,
liquid, or gas. The solute and solvent particlesare evenly distributed in asol ution. Because of theuniform
distribution of particles, if weexamineany portion of asolutionitspropertieswill be same. For example, the
solution of salt and water will taste the samethroughout. Therefore, sol utions are homogeneous mixtures.

You must have applied tinctureiodine on awound. Thesolution of iodine (solute) in alcohol (sol-
vent) isknown as'tincture of iodin€. Itiscommonly believed that sol utionsare mixtures of solids, liquid, or
gasesdissolvedinaliquid but solid and gaseous mixtures are a so known. For example, dloysaresolid
solutionsand air (nitrogen 78%, oxygen 21% and other gasesin trace amounts) iSagaseous mixture.

( Alloys

Alloysarehomogeneous mixtures of solids. Although the constituent particlesof alloyscan-
not be separated by physical means still we consider them as mixtures. For example, brassisa
mixture of 60-80% copper and 40-20% zinc. Alloysdisplay the properties of the metalsof which
L they are composed.

J
2.4.1 Properties of a solution
. Solute and sol vent together constitute asolution. A solution can have morethan one solute.
. The congtituentsof asolution areuniformly distributed at thelevel of atomsand molecules. Thatis,
itsparticlesarevery small.
. Because of very smal particlesize, the particles of asolution cannot be separated by filtration. Nor

aretheparticlesheavy enough to settle down.
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. Because of very smdll particle size, they do not scatter abeam of light passing through the solution.
So wedo not seethe path of alight beamin asolution.

2.4.2 Types of Solutions

Sol utions can be categorized based on the amount of solute present inthem. Let usunderstand this
further through an activity.

Activity-4

. Taketwo beakersand fill them each with 2100 mL water.

. In one beaker add aspoonful of sugar andin the other add aspoon of sdt. Mix well usngaglassrod.

. Keep adding sugar in thefirst beaker and salt in the second beaker with continuousstirring till no
more can be dissolved.

. Werethequantitiesof sugar and salt that dissolved same?

. Now heat both the solutionswith the help of aspirit lamp. Did the extrasugar and sat dissolve?

. Now add one spoonful sugar to thefirst beaker and one spoonful salt to the second beaker. Did

they dissolveinthesolution?

From thisactivity, we can concludethat at agiventemperatureasol vent is capableof dissolvinga
fixed amount of asoluteand cannot dissolvemorethanthat. If at agiven temperatureand for agiven volume
of solvent, itisnot possibleto dissol ve any more solute, then the solutioniscalled saturated solution. The
amount of solute present inthe saturated solution at thistemperatureiscalled itssolubility. If theamount of
solute present in asolution islessthan the saturation level, it iscalled an unsaturated solution. In activity-4,
wesaw that if the saturated sol ution of solute at agiven temperatureisheated, then more solute can be
dissolvedinit. Now, if wecool thissolution dowly thentheextrasolutewill remain dissolvedin the solution.
Thissolution at thelower temperature wherethe amount of solutedissolved ismorethanthe saturation level
iscalled a super-saturated solution. For example, chashni isasupersaturated sol ution of sugar in water.
Under appropriate conditions, the extrasol ute separates out ascrystals.

Onthebasisof activity-4 we can say that different substancesin agiven solvent can havedifferent
solubilitiesat the sametemperature. Canwedivide solutionsinto concentrated and dil ute sol utionsbased on
theamount of solute present? For thiswe need to learn about concentration of solutions. Let usunderstand
thisthrough an activity.

Activity-5
. Take two beakers and label them ‘A’ and ‘B’. Take 100 mL water in each beaker.

. Add Y2 spoon salt to beaker ‘A’ and 2 spoonful salt to beaker ‘B’.
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. Stir the contentsof both beakersvigourousy withaglassrod.  (+ Nutritional Facts g/100g )

. The quantity of salt in beaker “A’is less than the quantity of salt in g;? E,irr,]ydr ate j:g
beaker ‘B’. We say that the solution in beaker ‘A’ is dilute as ';Ztturate ig
compared to the solution in beaker ‘B’. The solution inbeaker ‘B” | 1ransFat ND
is concentrated as compared to solution in beaker ‘A’. Concen- ( CaloriesK cal 58 )
trated and dilutearerdlativeterms. Fig. 4: Percent concentration of

constituentsof milk
We can express concentration in quantitativetermsaswell. The

concentration of asolution istheamount of sol ute present in agiven amount (massor volume) of asolution.

We see many exampl es of concentrationsbeing usedinour daily life. For example, on apacket of
milk which showsthat thereis 3.0 g protein, 4.7 g carbohydrate and 3.0 g fat in 100 g of milk (Fig. 4).
M edicine bottlesa so show component concentrationsin percentages.

Thereare severd waysto describethe concentration of solution. Oneof themis:

Mass percentage of a solution = mass of solute x 100

mass of solution

Example-1: Findtheconcentration of asolution of 40 g common sat (solute) in 520 g water (solvent).
Massof solute(commonsdt) = 40g
5209
Massof solution = massof solute+ massof solvent
409 + 520g¢g
= 560g

Mass of solvent (water)

Mass percentage of a solution = mass of solute x 100

mass of solution

40
= ——x100 = 0,
560 7.14%

2.5 What is a suspension?

The mixture (chalk powder in water) obtained by group “C’ in activity-3 is an example of a
suspension. Muddy water whichisamixtureof soil inwater isanother example of suspension. Here, the
solute particlesdo not dissol ve and remain suspended in the medium (solvent). The suspended particlescan
be seen with the naked eye. A mixture of sand and water, haldi inwater etc. aread so examplesof suspensions.

We can identify thefollowing main propertiesof asuspension onthebasisour observations:



24

Science, Class-9

Suspensionsare heterogeneous mixtures becausethey show different compositionsindifferent parts.

Their particlesare so big that they can be seen with the naked eye and they can scatter abeam of
light. Thisshowsits path and a so showsthe particlesof themixture.

Theszeof the particlesinasuspensonissobigthat they start settling downif left undisturbed. The
particles can aso be separated using filter paper.

2.6 What is a colloid?

Is the mixture (milk/ink in water) obtained by group ‘B’ inactivity-3, a solution or suspension? If it

isnether, what isit?

Onthebasisof our observations, we can concludethat thisisatype of mixturethat isbetween

suspensonsand solutions. Such mixturesarecalled colloids. The particlesof acolloid are smaler than that
of asuspension. That iswhy they ook homogeneous but are actualy heterogeneous.

Thesizeof particlesof acolloid isso small that they cannot be seen by the naked eye. They cannot
be separated by filtration and do not settle down when left undisturbed. But they can be separated
by using centrifugal force. You must have seen butter being separated from curd using ahand-churn.
Herea so, the particlesare separated from acolloid using centrifugal force. If you haveacentrifu-
gation machinein your school, take somemilk in atest tubeand spinit for two minutes. Doesthe
cream separate out fromthemilk?

Theparticlesof acolloid easily scatter alight beam to show the path of light rays. Thiseffectis
known asTynddl effect (Fig. 5). Theeffect wasdiscovered by thescientist, John Tynda | (1820-1893).

Path of light beamisvisible
incolloid

colloid

Fig.5: Tyndall effect
Thiseffect can also beseeninadark roomwhen light entersit through

asmall opening. Thiseffect isdueto the scattering of light by dust and smoke
particles.

In acolloid, the solvent particles exert an unbalanced force on the
solute particles. Thiscausesthesolute particlesin thecolloid tomovein
azig-zag manner (Fig. 6). Thisevent was studied by Robert Brown
(1773-1858) in 1827 and such zig-zag motion of particlesiscalled
Brownian motion after him. Fig. 6: Brownian motion



Matter : Nature and Behaviour 25

Questions

1 Identify solutions, suspensions and colloids from among the given mixtures —
sat dissolved inwater, mud in water, milk in water.

2. Which amongst the following mixtures will show Tyndall effect —
sugar inwater, ink inwater, starch solution, salt solution.

3. 250 g of washing sodawasdissolved in 1 kg of water. Find theconcentration of the solutioninterms
of mass percentage.

4. When we add 1-2 drops of rice water (pasiya) in 100 mL water, what do we get—a colloid or a
suspension? Explainwith reasons.
We know that mixturesare of many typesand their components can be separated using different
separation techniques. On separation, if we get substancesthat cannot be further separated using ssimple
physical techniquesthen the separated substances are called pure substances.

Many new separation techniques are being devel oped. With the advancein separation techniques,
itispossiblethat what we consider asapure substancetoday may turn out to beamixture. For example, for
alongtimeinthepast, air was considered as a pure substance but now we know that air isamixture of
gases. Come, let usunderstand pure substancesin more detail.

2.7 What are the types of pure substances?

Pure substances can be classified as either e ements or compounds on the basisof their chemica
composition.
2.7.1 Elements

You know that e ements arethose substancesthat cannot befurther brokeninto smpler substances
by using chemical methods (hest, light, eectricity or reactionswith other chemica substances). Hydrogenis
andement. Similarly, sodium (Na), iron (Fe), copper (Cu) etc. area so elements. Can you add more names
tothislist of elements? How many more nameswereyou ableto add?

Lavoisier (1743-94) wasthefirst to givethe modern definition of elementsbased on experiments.
According to Lavoisier, element is a basic form of matter that cannot be broken down into simpler
substances by chemica methods.

An element cannot befurther broken into smpler substances becauseitismadeof only onetype of
atoms. For example, copper ismade of only copper atoms and ironismade of only iron atoms. Elements
arefoundinsolid, liquid and gaseous States.



26

Science, Class-9

Do you know?

The number of e ementsknown to usso far ismorethan 100. Of these, 92 are natural ly occur-
ring and the remaining are man-made.

Most of theelementsare solids.
Two elements — mercury and bromine —are liquid at room temperature.

The elements gallium and cesium become liquid at a temperature slightly above room
temperature (300 K).

Eleven e ementsaregasesat room temperature.

2.7.2 Compounds

Thereare many substances around usthat areformed by chemical reactions between two or more

elementsin afixed proportion. These substancesare called compounds. The propertiesof the compound
formed after achemical reactionisdifferent fromits constituent elements. For example, water (H,O) isa
compound whichisformed by reaction between an inflammable gas, hydrogen, and oxygen gaswhichis
needed for combustion. But water isneither combustible nor doesit hel pin combustion. Infact, it putsout
fires. Let usdo an activity to find theratio of the constituent el ementsin water.

Activity—6

Do this activity under your teacher’s supervision.
Takeaplastic bottlewith awide opening. Cut off itsbase. Fit arubber cork with two holesonthe
mouth of thebottle. Insert onegraphiterod in each of the holes. Set up your apparatusasshownin

thefigure. Oxygen Test tubes
Fill the bottle about two-thirdswith water and add
afew dropsof dilutesulphuricacidtoit.

Now placetwotest tubesover thegraphiterodsin
such away that they are completely filled with
water and thereareno air bubblesinside them.

7S] Carbon electrode

i
N

Connect thetwo electrodesto a9V battery.

Observethe gasesthat start collecting in thetest o/},
tubes. Istherate of collection of gasesthe samein ="
thetwo test tubes? o

When oneof thetest tubesiscompletdy filled with
thegas that is, nowater isleftinit then notethelevel and volumeof gascollected intheother test tube.

9 volt battery

Fig. 7: Electrolysisof water
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. Isthereany differencein the volumesof gas collected in thetwo test tubes?

. Removethegasilled test tube and replaceit with another test tubefilled with water, smilar tothe
previous set-up. Put alighted match-stick closeto the mouth of thetest tubefilled with gas. Ob-
srve.

. When the second test tube get compl etely filled with gas, removeit. Put alighted match-stick close

to themouth of thistest tube. Observe.

. What istheratio of thevolume of thegasthat helpsin burning (O,) tothevolume of gasthat itself
burns (H,)? What would betheir ratio by volume when they combineto form water?

On the basis of the above activity, we can say that water is acompound that is formed by the
chemical combination of hydrogen and oxygenintheratio 2:1 by volume. The propertiesof the compound
formed aredifferent from the properties of oxygen and hydrogen. The constituents of water can be obtained
by chemica methodssuch aselectrolysis.

If wetry to calculate theratio of hydrogento oxygeninwater by mass, wefindthat itisalways1:8
irrespective of the source of water. Thismeansthat if 9 g of water undergoese ectrolysis, wewill dwaysget
1 ghydrogen and 8 g oxygen. Similar resultsare obtai ned in case of other compoundsaswell. For example,
on analysing carbon dioxide, theratio of carbon to oxygen by masswas aways 3:8.

Based on such experiments, Proust (1754-1826), aFrench chemist, gavethelaw of definiteor
constant proportions. According to thislaw, acompound always contai nsthe same (fixed) proportion by
mass of itstwo or more condtituent elements. Ammoniaand baking sodaare someexampl es of compounds.
The condtituent el ements of these compoundsfollow thelaw of constant proportions.

Questions
1 Group thefollowing substancesinto e ementsor compounds:
potassium, limewater, sul phur, washing soda, carbon, lead, vinegar

2. We get awhite powder when we burn magnesium ribbon in air. Isthis powder an element or a
compound? Givereasonsfor your answe.

3. What is common salt —element, compound or mixture? Explain.

Keywords

Solution, colloid, sugpension, homogeneous mixture, heterogeneous mixture, solvent, ol ute, saturated
solution, unsaturated sol ution, supersaturated sol ution, concentration, solubility, Tyndall effect, Brownian
motion, centrifugal force.
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" What we have learnt

Matter occupies space and has mass.
Matter can bedivided into mixturesand pure substances.

A mixture contains morethan one substance mixed in any proportion and showsthe propertiesof its
constituents. Mixtures can be separated into its constituent components using appropriate
Separation techniques.

When the constituent components of a mixture are uniformly distributed then it is called a
homogeneousmixtureandwhen they arenon-uniformly distributed thenitiscaled heterogeneous mixture.

A solutionisahomogeneous mixture of two or more substances. The component of a solution
present inlarger quantity iscalled the solvent, and the one present in lesser quantity, the solute.

The concentration of asolutionistheamount of solute present in agiven amount of solution.

A mixturewherethe solute particlesareinsol ublein the sol vent and can be seen by the naked eyeis
caled asuspension.

Thesizeof particlesinacolloidistoo small to be seen with the naked eye, but isbig enough to
scatter light and show the path of light.

Pure substances can be elements or compounds. An element isaform of matter that cannot be
broken down by chemical reactionsinto smpler substances. A compound isasubstance composed
of two or moredifferent typesof e ements, chemically combinedin afixed proportion. Properties of
acompound aredifferent fromitsconstituent e ements.

During achemical reaction, the sum of the masses of thereactantsisequal to the sum of the masses
of the products. Thisisknown asthelaw of conservation of mass.

Inacompound, elementsareaways present in adefinite proportion by mass. Thisisknown asthe
law of definite proportions.

Exercises

1.

Choosethe correct option:

(i) Homogeneousmixtureis:
(@ iron (b) bronze
(c) 24 carat gold (d) oxygen
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(ii) Heterogeneousmixtureis

(@) purewater (b) concrete

(c) solutionof saltinwater (d) lime(calciumoxide)
(iii) Oxygenis

(&) andement (b) acompound

(c) aheterogeneous mixture (d) ahomogeneous mixture
(v)  Sugaris

(& aneéement (b) acompound

(c) aheterogeneous mixture (d) ahomogeneous mixture
v) Which of thefollowingwill show Tyndal effect

(8 solutionof saltinwater (b) starchsolution

(c) solutionof baking sodainwater  (d) vinegar

(vi)  Whichof thefollowingisnot apure substance

(@) ice (b) iron
(c) mercury (d) milk
2. Choose solutions from the given mixtures —

soil, seawater, air, sodawater, mixture of glueinwater, mixtureof milk inwater
3. Separate the following into elements, mixtures and compounds —

lemonade, rocks, copper, diamond, salt, neon gas, sdad, purewater, aluminium, silver, sogp, blood,

carbon dioxide, sodium
4. Choosetheappropriate optiontofill inthe blanks:
(i) Andementhas........ccccoeeereennee. type of particles(same/different).
(i) The scattering of light by colloid particlesiscaled..........ccocooveinnecnne. (Tyndall effect/
Brownianmotion).
(iii) Intinctureiodinesolution, iodineisthe..........cccovceeicenee. (solvent/ solute)
(iv)  Theparticlesina.....ccccoevenirennnn can be separated by filtration using filter paper.

(suspensiory calloid).
(v) Particlesina......cccvceeienenicce e cannot be seen with the naked eye (solution/
suspension).
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Explain the following with examples —

Pure substances, saturated solutions, colloid, suspension

Through an activity, demonstrate that the sugar dissolved in water isasolution.

What istheeffect of temperature onthe solubility of asolidin aliquid? Explain through an activity.
Writethedifferencesbetween solutions, colloidsand suspensions.

How will you differentiate between homogeneous and heterogeneous mixtures?

Seematook threesolids, A, B and C and madetheir saturated solutionsin 100 g water at different
temperatures. Theamountsof A, B and C used to form saturated solutionsare showninthetable:

Temperaturein K
Solute
293 K 313K 333K 353K
a 359 369 379 389
329 629 1069 1679
c 34¢ 409 469 g

(1) What aretheamounts of A, B and C needed to form saturated solutions at 293 K? What
can you conclude based on this observation?

(ii) Cdl culate the amount of solutesA, B and C needed to form saturated solutionsin 500 g
water at 313 K.

(iii) Find the concentration in mass percent of A and C at 353 K.



Chapter 3
Atomic Structure

When welook around uswe can see obj ects of different shapes, sizes, coloursand textures. All
these objectsare made of different substancesand all substancesaremade up of very tiny particles. Now,
thequestionis. How small arethese particles?

Whenweadd afew dropsof Dettol to aglassof water, al of it smellsof Dettol. Thesmell canbe
detected even when we keep on adding moreand morewater. Why isit so?

Let usdo an activity to understand:
Activity—1
. Dissolvetwo-three crystal sof potassum permanganatein 100 mL water (Fig. 1). Carefully notethe

colour of thesolution.

. Take 10 mL of thissolution and add it to 90 mL water.

. Now take out 10 of the second solution and add it to 90 mL water.
. Keep diluting thesolution for 5-8times.
. Isthefina solution ill coloured?
10 mL 10 mL 10 mL

Fig. 1: How small aretheparticlesin matter
To detect the col our of the diluted sol utions, place a piece of white paper behind the beaker and

comparewith abeaker of plain water.

Through thisactivity, we seethat afew crystals of potass um permanganate are sufficient to colour
alargevolumeof water. Just think, how many particlesaretherein onecrysta of potassium permanganate
and how small they must be.



32 Science, Clsss-9

Actually, the particles are so minute that the substance cannot have any smaller particles. These
particles are of two types —atoms and molecules. Atom is a fundamental particle. Atoms join together to
form mol ecul es. Peopl e have been trying to understand the atom for several centuries. How did wereach
our present understanding of theatom? L et usread moreabout it.

3.1 The story of the atom

Thestory of the attemptsto understand the atom isvery fascinating and beginsasearly as500 BC.
Thelndian philosopher Maharishi Kanad postul ated that if we go ondividing matter (dravya), weshall get
smdler and smaller particles.UItimatdy, atimewill comewhen further divisonwill not bepossibleandwe
will get the smalest particleswhichwould beindivisible. Anancient Greek philosopher Leucippusand his
student Democritus al so thought of what would happenif wego on dividing matter and believed that astage
would come when particles obtained could not be divided further. Democritus called theseindivisible
particlesatoms meaning thosethat cannot be split. Healso said that the entire universeis made of atoms.

But we know that scienceismorethan thinking and philosophizing. It needsdifferent experiments,
analysis, logic and theoriesto test ideas. Since Democritusdid not have any basisfor hisideasthereforehis
atomic theory did not become very popular. In 306 BC, an Athenian, Epicuruswrotein hisbook that all
things around us are made of atoms. Lucretius also mentioned atoms in his poem, ‘Nature of Things’.
Ultimately, these opinionsga ned experimentd validity when new techniquesweredeve opedin chemigtryin
theeighteenth century.

You haveaready read that the mass of matter remai ns conserved during achemical reaction. In
1799, the French chemist Proust postul ated thelaw of constant proportionsaccording towhichal chemical
compounds are made of elements and “in a chemical compound the elements are always present in definite
proportions by mass”. This law was experimentally verified by many scientists and it explained the formation
of many compounds. Thevariouseffortsto describethetwo lawsa so helped in building an understanding
of theatom.

John Ddtonwasaschool teacher and scientist in Britainwho explained why thedifferent lawswere
true and he gave us the atomic theory. Dalton’s efforts were published in the form of a book in 1808.
Dalton’s theory can be described as follows:

1. All matter ismade of atoms.

2. Atomsareindivisible, infinitely small particles, which cannot be created or destroyed in achemical
reaction.

Atomsof agiven element areidentica in massand chemicd properties.

4. Atomsof different e ements havedifferent massesand chemical properties.
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5. Atomsof different e ementscombineintheratio of small whole numbersto form compounds.

6. Therelaivenumber and kinds of atomsare constant in agiven compound.

Dalton’s law of multiple proportions

Dalton saw that 3 g of carbon reacts with 4 g of oxygento form
carbon monoxide and 3 g of carbon reacts with 8 g of oxygen to form
carbon dioxide. We can seethat 8 g oxygenisdoubleof 4 g oxygen. When
Dalton took moresuch examplesof el ementscombiningin different ratios,
hefound that their proportionswere alwaysin simplewholenumber mul - 5
tipleswhich meansthat each timethe atomisindivisible. Helater published il
thisresult aslaw of multiple proportions. So we can say that when two
elements combineto form more than one compound then theratios of the John Dalton
masses of one element combining with afixed mass of the second element are simplewhole
numbers. In the exampl e given above we see 4 and 8 g oxygen combiningwith 3 g of carbon to
give carbon monoxideand carbon dioxide respectively. So theratio of massof oxygen combining
is4:8or 1:2whichisasmple, whole number ratio.

3.2 Is atom indivisible?

Withtheideaof anindivisibleatom, chemistswere ableto explain chemical reactionsaswell as
describedifferent lawsand rules. But the concept of anindivisible atom did not last long as many experi-
mentswere conducted to understand the nature of matter which took the atomic theory into an entirely new
direction.

Ontheonehand, the nature of the atom was bei ng discussed and at the sametime experimentswere
a0 being conducted to understand reactivity of gases. The contributionsof the British physicist J.J. Thomson
(1856-1940) and the German scientist Goldstein (1850-1930) in the study of gases needs to be
appreciated. For example, Goldsteln observed that when asufficiently high voltageisapplied acrossthe
electrodesof aglasstubefilled with gasat low pressure, current flowsand astream of shiny raysareemitted
from the cathode. Goldstein called theseraysas cathoderays (Fig.2).

Thisexperiment wasrepeated |ater under many different conditions. The scientist Schuster placed
metallic plates on both sides of the path of cathode rays. When voltage was applied acrossthe plates, one
acted as cathode and the other asanode. He observed that when cathode rays passthrough these plates,
they bend (deflect) towardsthe positively charged platethat is, anode (Fig.3). Inthisway, it was confirmed
that the cathode rays are made up of negatively charged particles.
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Later, Thomson calculated the mass and Direction of Cathode rays
charge on these negatively charged particles and
found that the nature of the cathoderay particleswas
awaysidentical and it wasindependent of the cath-
ode material. He named these negatively charged
particleselectrons. Electronisasubatomic particle
of al atoms. Thus, Thomson challenged thelong-
held belief that atomisindivisble. J.J. Thomsonre-

ceived the Nobel Prizefor physicsin 1906 for his Fig. 2: Cathoderay
discovery of eectron.
Anode
Deflection plates—___ :
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Fig. 3: Bending of cathoder aystowar dstheanode

3.3 Goldstein and Canal rays

Just as cathoderayswerediscovered, positively charged rayswere a so discovered by Goldsteinin
1886 and werecalled canal or anoderays. Onthebasisof observationsfrom hisexperiments, it was seen
that cana rayswere made of positively charged particlesand their nature depended on thetype of gasinthe
glasstube. Goldstein saw that the charge and mass of different anode raysweredifferent. Fromthishe
concluded that therayswere being produced by theionization of thegasintheglasstube. Thus, thediscovery
of canal rays hel ped establish the neutral nature of atoms, that is, atoms have positively and negatively
charged particlesand the chargesbeing equa cancel each other.

3.4 Thomson’s Atomic Model

J.J. Thomson gave the plum pudding model of atom. According to this model, the atom hasa
spherical cloud of positive chargein whichthe negatively charged particlesare embedded in suchaway that
the charges are balanced. We can take the exampl e of awatermelon to understand thismodel. Thered
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portion of thewatermelonisthe positive cloud and the black
seedsarethe negatively charged e ectrons(Fig.4). Sincethe
positive and negative chargein an atomissamethereforethe
atomisdectricdly neutral.

Positive sphere

Theatomic theory underwent many changesbetween
1908 and 1913 as more and more new information became

avalablefrom different experiments. Let usread about these
. Fig. 4: Thomson'satomic model
experiments.

Electron

3.5 Alpha particle scattering experiment and Rutherford’s Atomic Model

E. Rutherford and his students Geiger and M arsden carried out experimentsto understand the
sructure of aloms. In one of the experiment, they bombarded athin gold foil with high energy dphaparticles
(Fig. 5aand 5b). Alphaparticlesarepostively charged and their massisequa to the massof helium atoms.

Thin goldfoil
o
- Deflected
Goldfail Deflected 9 9 W -particle
7 U -particle = ° -—
= a -
Stream of 6 e
W -particles o

|

7

Photographic plate

©

Deflected /:
“-partide &;\

Deflected

(a) Rutherford's scattering experiment (b) Schematic diagram of goldfail W-particle

Fig.5: Labled diagram of Rutherford'sscattering experiment

According to Thomson model, the mass of each gold atom in thefoil should have been spread
evenly over theentireatom. Therefore, Rutherford expected that the a pha particleswould change direc-

tions (deflect) only by asmall anglesasthey passed through thefoil but thisdid not happen. Rutherford
observed that:

1 Most of the a phaparti cles passed strai ght through the gol d foil without defl ecting which showsthat
most of the spaceintheatomisempty.
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Only asmall fraction of the alphaparticleswere defl ected which showsthat the positive charge of
theatomisconcentrated in avery small volume.

Only 1in 20,000 particleswas deflected by 180° and went back on the same path when it collided
withthegoldfail. If thea phaparticleisbouncing back then it meansthat the mass of theatomwas
densely concentrated in thisextremely small region and not spread out uniformly. Thismeansthat
themassof the atom was concentrated inavery small volume,

thefather of nuclear chemistry and received the Nobel Prizein 1908 for hisdiscov-
ery of thenucleusof theatom. Intheal phaparticle scattering experiment, he bom- _'
barded an extremely thin (100 nm thick) gold foil with high energy alphaparticles 4
and concluded from this experiment that the radius of the nucleuswas 10° times
smaller thantheradius of theatom. Rutherford

E. Rutherford (1871-1937) wasfrom New Zeaand. Heisalso known as

Onthebasisof these observations, Rutherford proposed that the positive charge and most of the

mass of theatom was densdly concentratedin an extremely smdll region. Hecalled thisvery small portion of
theatom nucleus. Electronsmove around the nucleusin different circular pathscalled orbits. Thus, Ruther-
ford came up with nuclear model of an atom on the basis of his experiments but did not describe the
distribution of eectrons. Thiswasdoneby aDanish scientist, NielsBohr.

Questions

1 Canthed phaparticle scattering experiment be carried out by using silver foil or extremdy thinfoils
of other dementsrather than gold? Explain your answer with reasons.

2. Onwhat basisdid Thomson chalengethetheory of indivisibility of aaom?

3.6 How are electrons distributed in different shells (orbits)?

According to Rutherford’s nuclear model, the atom can be described as having a small, positively

charged nucleusaround which e ectronsrevolvein circular paths. But thismodel doesnot explain how the
electronsaredistributed in theatom.Weknow that el ectrons are negatively charged. Then, should smilarly

charged el ectrons be repul sed by each other or will they collide N shell
with each other? What hol dstogether the sub-atomic particles - N Y o
inddetheatom?Nid sBohr, dongwith hisassodiate Bury, sruggled WL W K shell
withthese  questionsand cameup withamodel calledthe @ \ \ \ Nucleus
Bohr-Bury schemeto digtribute el ectronsin the atom. According

to the Bohr-Bury scheme, electronsrevolvein shellsaround the
nucleus and these shells are represented by the letters K,L,M,N....

Fig. 6: Atomic shells
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Theshdl or orhit closest to thenucleusiscaled the K shdl, the second shdll iscalled L and thenext

shells are labelled M, N ... respectively (Fig. 6).

3.7
1.

Bohr-Bury scheme and distribution of electrons

Themaximum number of eectrons present inashdl isgiven by theformula2r?, where ‘n’ is the shell
number. For K shell (orbit), n=1andfor L,M, N shellsn=2,3,4 respectively. The maximum number
of eectronsinfirst orbit or K-shell will be=2 X 12 =2 and similarly we can cd culatethe maximum
number of electronsin other shells. The el ectronspresent inthe outermost shell are called valence
electronsandthisshell iscalledthevaenceshdl.

Themaximum number of eectronsthat can be accommodated in the outermost shell is8 (exception
iIswhen K isthe outermost shell and the maximum number of el ectronsisthen 2).

Electronsare not accommodatedinagiven shell, unlesstheinner shellsarefilled. Thatis, theshdls
arefilled in astep-wise manner.

Even whenthe capacity of the penultimate shell ismorethan 8, aninth electronisplacedinit only
after 2 electronshave entered thelast shell. For exampl e, theatomic number of calciumis20but its
electronic configurationis2,8,8,2and not 2,8,9,1.

Theschematicatomic structureof thefirst 18 eementsasper the Bohr-Bury schemeisgiveninFig. 7.

) ©
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Fig. 7: Distribution of electronsin different shells

Similarly, canyou draw the atomic structuresof elementshaving 19 and 20 el ectrons?
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Someof theboxesin Table-1 have question marks, fill inthe correct information.

Tablel: Distributionsof electronsin different shellsand electronic configuration

Element | Symbol No. of Distribution of Electronic Valence
electrons electronsin orbits configuration electron
K L M N

Hydrogen H 1 1 1 1
Lithium Li 3 2 1 21 1
Carbon C 6 2 ? ? ?
Oxygen O 8 ? ? ? ?
Sodium Na 11 2 ? 1 2,81 ?
Aluminum Al 13 2 8 ? ? ?
Phosphorus P 15 2 8 ? ? ?
Chlorine d 17 ? ? ? ? ?
Argon Ar 18 2 8 8 ? ?
Potassum K 19 2 8 8 ? ? 1
Cdadum Ca 20 ? ? ? 2 ? ?

3.8 Atomic number and mass number

The canal rays discovered by Goldsteinin 1886 were positively charged. Theselater ledtothe
discovery of the second subatomic particle, proton. Proton ispositively charged and itschargeisequal in
magnitude but oppositeto that on an electron. In 1932, J. Chadwick discovered athird subatomic particle,
neutron. Neutron had no charge and its masswas nearly equal to that of aproton. Neutronsare present in
thenucleusof al atoms, except hydrogen.

We now know that an atom has different subatomic particles, namely protons, neutrons and el ec-
trons. Protonsand neutrons are present in the nucleuswherease ectrons arerevolvingin shellsoutside the
nucleus. Inaneutra atom, the number of protonsisequal to the number of € ectrons. Thetotal number of
protons present in an atom isknown asitsatomic number and isdenoted by theletter Z. Usudly, the mass
of an atom istaken asthe sum of the massesof the neutronsand protons present initsnucleusand iscaled
mass number. Theunit for massnumber isu (unified mass). The subatomic particles, neutronsand protons,
present inthe nucleusare aso caled nucleons.
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In general, electrons are represented by e, protons by p* and neutrons by n. An atom can be
represented usingitsatomic symbol, mass number and atomi c number, as shown below:

M assnumber

Atomic
symbol
Atomicnumber
For example, the atomic number of sodiumis 11 and itsmassnumber is23. Itiswrittenas > Na.
Thenumber of neutronsin lithiumand calciumis 3 and 20 respectively, epict theatomic number and mass
number of lithiumand calciuminsymbolicform.

In table-2 given below, the number of protonsin the atoms of some elements and their mass
numbersaregiven. Can you writedown the number of neutronsfor each?

Table2: Atomicnumber & massnumber

Element Symbol No. of protons Massnumber No. of neutron
Hydrogen H 1 1
Lithium Li 3 6
Carbon C 6 12
Oxygen O 8 16
Sodium Na 1 23
Aluminum Al 13 27
Phosphorus P 15 31
Chlorine d 17 35
Argon Ar 18 40
Potassium K 19 39
Cdadum Ca 20 40

You may know that the nucleusis 10° timessmaller than an atom. Wea so know that both neutrons
and protonsare present in the nucleus. Now, the size of the sodium atomis1.86 X 10°m. Can you answer
thefollowing questionsabout the sodium atom:

1 What will bethesizeof itsnucleus?

2. Keepinginmind theratio of thesize of thenucleusto the atomic size, how will you show asodium
atom? Canyou pictorialy depict asodium atom accurately?
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3.9 Isotopes, Atomic mass and Isobars

If welook at carbon in nature, it is seen that the mass number of carbon atomsin somecasesis 12
and in somecasesitis14. Why isthisso?Actually, carbon-12 and carbon-14 atoms have different number
of neutrons. While carbon-12 has 6 neutrons, the number of neutronsin carbon-14is8.

In nature, anumber of elementsare present whose atoms have the same number of protons but
different number of neutrons. The atomsof such elements, where the atomic number issame but mass
numbersaredifferent, are called isotopes of each other. For example, chlorine-35 and chlorine-37 aretwo
isotopesof chlorine. 1sotopes have many applicationsinour lives. For example, anisotope of cobaltisused
intreating cancer, anisotopeof iodineisused in goiter treatment, anisotope of uraniumisused asfud in
nuclear reactorsetc.

Relative atomic weight

Atomic weight is a fundamental concept in chemistry. Atomic weight is a means of
establishing arelationship between the absol uteweight of an e ement and the number of atoms present
init. Dalton knew that it was not possible to weigh asingle atom so he concentrated on finding out
relativeatomicweights.

Sinceat that time hydrogen wasthelightest  ement known, therefore he assigned oneasthe
mass of one hydrogen atom. Becausethe atomic weights of atoms of other e ementswere calculated
against theweight of the hydrogen atom thereforethey were called rel ative atomic weights. It was
al so seen that oxygen reacts with more el ements as compared to hydrogen so some peoplefelt that
oxygen should be made the standard. Nowadays, the atomic weights of el ements are cal culated
against oneatom of carbon-12.

We can now understand why the atomic number of most elementsare not wholenumbers. Thisis
becauseit may have morethan oneisotopein nature. We can understand thisthrough an example. Chlorine
occursin naturein two isotopic forms, chlorine-35 and chlorine-37 in theratio of 3:1 or 75% and 25%
respectively. Theaverageatomicweight can becaculated as:

[(75 % 35) + (25 x 37)] + 100 = 3550/100 = 35.5
Thus, theatomicweight of chlorineis35.5u.
Table3: Atomic weight of elements

1 2 3 4 5 6 7 8 9 10

H He Li Be B C N @) F Ne
1008 | 4003 | 6.941 | 9.012 | 1081 | 1201 | 14.01 | 16.00 19.00 | 20.18

11 12 13 14 15 16 17 18 19 20

Na Mg Al S P S d Ar K Ca
2299 | 2431 | 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95 39.10 | 40.02
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If we consider carbon-14 (anisotope of carbon) and nitrogen-14 wefind that their mass numbers
are same but atomic numbersare 6 and 7 respectivly. Atomsof different e ementswith different atomic
numbers but the same mass number, areknown asisobars.

Questions

1 If theatomic number of anatomis 15 and mass number is31 then what isthenumber of sub-atomic
particles presentintheatom?

2. If theK and L shellsof an atom arefull and the M shell has 2 el ectronsthen what isthe atomic
number of theatom?

3. Writetheelectronic configuration of thefollowing: 2 Na, ¥C, 5Cl

We learnt that a nucleus is present at the centre of the atom. Most of the mass of the atom is
concentrated inthe nucleus. Electrons are present around the nucleus. Attempts are continuously being
madeto observethe atom. You should al so usetheinternet, books, magazines and audio-video sourcesto
answer your questionsabout the atom.

Keywords

orbit or shell, atomic number, atomic weight, i sotope, isobar, cathode, anode,cand ray,sub- atomic, nucleon,
electron, proton, neutron, rel aive atomic weight, mass number, nucleus, law of multiple proportions

' What we have learnt

. Theearly mode sof theatom imagined that it wasindivisible.

. Datonwasthefirst scientist to talk about the shape and weight of anatom. In hislaw of multiple
proportions, Dalton said that the number of atomsof an element at theend of areactionisthesame
number at thebeginning (that is, atom cannot be destroyed).

. Accordingto J.J. Thomson, atom hasacloud of positive chargesinto which thenegatively charged
particlesare embedded.

. Rutherford’s alpha-particle scattering experiment led to the discovery of the atomic nucleus.

. Rutherford’s alpha particle scattering experiment established that the atom has a very small nucleus

and dectronsrevolvearound thisnucleus.

. Niels Bohr proposed that atoms have discrete shells designated as K,L,M,N...Electrons are
digtributed intheseshells.
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The outermost shell of an atom has 8 electrons (except for helium and hydrogen atoms). The
el ectrons present in the outermost shell areknown asvalence e ectrons.

The number of protons present in an atom isknown asthe atomic number.

The sum of thenumber of protonsand neutrons present in thenucl eusisknown asthe mass number.
Inaneutral atom, thenumber of electronsisequal to the number of protons.

Isobarsareatomsof different € ementshaving the same mass number but different atomic numbers.

Isotopes are atoms of the same element, which have same atomic number but different mass
numbers.

The average atomic wel ght dependson how many i sotopesof an eement are present in natureand
Inwhat percentages.

Exercises

1

Choosethe correct option:
(i) Isotopeshavedifferent:
(& eectrons (b) protons
(©) neutrons  (d) both éectronsand neutrons
(i) Whofirstincluded el ectronsin hisatomic mode ?
(a) Ddton (b) Thomson
(¢) Rutherford (d) Bohr
(i)  Whichof thefollowing statementsistruefor 5K atom

(& Theatomhas39eectrons (b) Theatom has 39 protons

() Theatomhas19 protons (d) Noneof theabove
Choosetheappropriateoptiontofill inthe blanks:
0] All atomsof aneementare..........c.coovveeececuennes (smilar/different)

(ii) Thenumber of ..., (electrons/neutrons) isequal to the number of
protonsinaneutral atom.

(i)  MCand N @r€..cccorrrrerreeeeenis (isotopes/isobars) of each other.

How wasthe atom proposed by Thomson different from the atom proposed by Dalton?
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10.

11

0 and N areisobars. Usethisexampleto explainisobars.

Bromine-79 and bromine-81 arefound in naturein theratios50.69 and 49.31. What will bethe
averageatomicweight of bromine?

Find out the number of valenceelectronsin ‘5O and *IN .

Describe Bohr’s atomic model.

Apart from oxygen-16, oxygen-17 and oxygen-18 are al so known to exist in nature. Arethese
atomsisotopesor isobars? Explain.

Explain Dalton’s atomic theory. What are its limitations?

What wasthea phaparticle scattering experiment carried out by Rutherford? What conclusionsdid
he draw from thisexperiment regarding the structure of an atom?

Writetherules proposed for electron distribution under the Bohr-Bury scheme. Usetherulesto
writethee ectronic configuration of given atoms. Also givethe number of neutronspresent ineach

stom. 3, %Mg, %S, 2P, %C



Chapter 4
Motion

You arefamiliar with theword'Motion'. In our day-to-day life, wefind severa examplesof motion,
for examplewaking, running, movement of vehicles, faling of afruit from atree, flight of birdsetc.

Fig.1: Exampleof Motion

Wead ready know that all thethingsin our surroundingsareawaysin motion and even weoursel ves
arenot stationary at al times. Motionisarequirement for severd activitiesandtranstionsand soitsstudy as
well asanaysisprovidesanswer to many fundamental questions. For instance, to understand seasonal
changesitisimportant to know about the motion of earth around the sun. Knowing thetimetaken by a
vehicleto reach from one position to another, a so showsthe understanding of motion.

Mostly wesay that abody isin motion only if its position changeswithtime. But isit possiblethat for
one person, the body seemsto bein maotion whilefor another the body is stationary? For example, if you are
dttinginamovingtrainthen, for you al other passengersand you yoursdlf areat stationary. But for aperson
standing outsidethetrain, you and thetrain, both arein motion.

If you are standing aside aroad, for you all thetrees around you seem to be stationary but while
travelling by abus, they appear to bein motion. Whether abody isin motion or isstationary dependson
who isdoing the observation and from which point. On thisbasiswe can say that abody issaidto bein
motion whenitsposition with respect to an observation point constantly changeswithtime. Any position can
be considered as an observation point and its called asareference point.

Itisnot easy to study thetypes of motion that wewitnessinour daily lives. When aperson walks,
aongwiththemotion of hislegs, different partsof hisbody like hands, head etc. a so move. Whenavehicle
isinmotion, al itsdifferent fittingsarea soin different motions. For example- while cycling, the motion of
your legs, themotion of itspedal, the motion of the chain and the motion of tyresareall different.
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Generally, different parts of abody areinamotionin different directionsand the distance covered
by the body can bevery largecompared toitssize. Inthissituation, to study thelinear motion of an object
we cons der following two smplifications-

1 A pointisconsidered asarepresentative of the
wholeaobject and themotion of thispoint donga
straight lineistaken into consideration.

2. We choosethis point such that the complete cen-
tre of massof the object seemsto belocated at
thispoint.

Themotion of atrainonastraight rail track, fall of astonefrom aheight etc areexamplesof linear
motion. Canyou add more examplesto thislist?

4.1 Description of Motion

Come, let's seethe changesin the position of amoving object. An object beginsits motion from
point O which can beconsidered asaninitia point.

First the object movesfrom Oto D, then D to C, and later from Cto B and B toA. Thelength of
the path from O to A covered by the object is, OA =50 km.

O D & B A

| I | | I | I | | I | I | I
I I I I I I I I | I I I | I
5 :

10 15 20 25 30 35 40 45 50 55 60 65 70

[
|
0
Now it returns back on the same path from B to C and reaches D. Thetotal length of the path
covered by theobjectis
=0OA+AD
=50+40=90km

Thetota length of the path covered by the object iscalled 'distance, whichis 90 km. here. But what
isthedifferencebetweentheobject'sinitia and find positions?

Initid positionofobject = O
Find positionofobject = D
Differencebetweeninitial and fina positionsof theobject =10 Km.

Here, thedifference between theinitial andfinal positionsof an objectis10km. Thisdifferenceis
caled 'displacement’. Now, |et'sunderstand distance covered and displacement in more depth.

To represent the distance covered by an object we only need anumeric value. Such aquantity is
caled ascdar quantity. Thenumeric valueof aquantity isits magnitude.
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To represent the di splacement of an object, along with magnitude we al so need the direction of
motion. Such aquantity iscalled vector quantity.

Inthe above example, if the object coversthedistanceonly from O toA, then
Distancefrom OtoA = 50km.
DisplacementfromOtoA = 50km.

Thus, the magnitude of displacement and distanceisequdl. If the object movesfrom O to A and
returnsback to O, thenthetotal length of the object's path is= OA + AO =50 km. + 50 km. =100 km. But
itsdigplacement iszero becausetheinitia andfina positionsaresame. Therefore, displacement can bezero,
evenif thedistance covered isnot zero. Let's understand di splacement and distance through another ex-
ample _

(West) 5 (North)

A manwaks3m. towardseast. Later, hemoves8 m. towardsnorthandthen 2
3 m. towardswest. (Fig. 3)

Itisclear that thedistancecoveredinthiscaseisAB+BC+CD=3m.+8m. 8m
+3m.=14m.

Magnitude of displacement =AD =8 m. and displacementistowardsnorth A~ 3m B (Eas)
fromA. Fig.3

4.1.1 Speed and Velocity

Activity-1
Somefiguresrelated to the motion of two busesA and B are providedintable 1.:-
Table1: Distance covered by busA and busB

Time Distance covered by busA | Distance covered by busB
(inkm.) (inkm.)
9.00am 10 10
9.15am 20 18
9.30am 30 25
9.45am 40 33
10.00am 50 40
10.15am 60 52
Observethesefigures. After observation, tell-
. Is, thetimeinterval for both the buses same?
. Which buscoversuniform distancein uniformtimeinterval ?

By observing table 1 given abovewefind that thetimeintervalsfor both A and B issame. BusA
coversuniformdisanceof 10km. inauniformtimeinterva. However, busB covers non-uniform distance
inuniformtimeinterval.
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Thetimetaken for covering agiven distance (say 30 km.) isdifferent for both the busesA and B.
BusA covers 30 km. distancein 45 minutes, while B coversthe samedistancein 60 minutes. Thus, we see
that A movesfaster while B movesdower.

Tocalculatetherate of motion of the buswemeasurethedistancetravelled in aunit time
by thebus. Thisquantity iscalled speed and in S| system itsunit ismeter/second (m/s). Another
unit for speed can bekilometer/hour (km/h).

The average speed of the busistheratio of thetota distance covered by the busand thetotal time
period.
Total distance covered
Tota Time period

Calculatethe speeds of BusA and BusB from activity 1.
From 9:00amto 9:15am (in ¥zhours)

Average speed =

10km
Averagespeed of BusA = %
= 10x4km/h
= 40km/h
Smilatly,
8 km
Averagespeed of BusB = %
= 8x4km/h
= 32km/h
Table2
Timelnterval BusA BusB
Distance Avg. speed Distance Avg. speed
(km.) (km/h) (km.) (km/h)
9:00-9:15am 10 40 8 32
9:15-9:30am 10 ? 7 28
9:30-9:45am 10 ? 8 ?
9:45-10:00am 10 ? 7 ?
10:00-10:15am 10 ? 12 48

The speed of BusA isconstant; thereforeit isin auniform motion. However, thespeed of busB is
changing, henceit isinanon-uniformmotion. Find out oneexample each of uniform motion and non-uniform
motion fromyour day-to-day lives.
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Letsunderstand speed through one example.
Examplel : If acar covers60 km. distancein 2 hours, what will beits speed?

Solution : Totd distance = 60km.
Time = 2h
Total distance covered
Average speed - Total time period
_ %0
-2
= 30km/h

Thisdoesnot mean that the car travelled thewhol ejourney at aconstant speed of 30 km/h. Itispossiblethat
it travelled with aspeed morethan 30 km/h for sometimeand a so lessthan 30 km/h for some other time.

Example2 : Anoaobject coversadistanceof 20 m. fromAtoB in 10s. It takes6 storeturnfrom B toA.
What isthe average speed of the object?

Solution  : Total distance covered by theobject=20m+20m=40m
Totd timetaken = 10st6s=16s
_ Total distance covered
Average speed a Total time period
= M s
= 1gs <PMB
Average speed of theobject = 2.5m/s

4.1.2 Velocity

We can represent the direction of an object along with itsspeed. Thedistance covered by an object
inthegivendirectioninaunit timeiscalled itsvel ocity. The changein vel ocity of an object dependsonthe
changein the speed of the object, direction of motion or changein both.

Displacement

Velocity of anobject = - 5

Ve ocity isavector quantity whosedirectionisinthedirection of displacement. Theunitsof velocity
and speed are same. Average vel ocity and average speed represent the different motions of an objectin
different timeintervals. They do not represent instantaneous speed or instantaneous vel ocity.

Example3 : A cartravelsfrom city A tocity B at aspeed of 40 km/h. The same car returnsback at a
speed of 60 km/h. Cd cul atethe average speed and vel ocity of thecar.
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Solution  : Letthedistance betweencity AtoBisxkm. .- Speed = Distance
« ' Time
Timetaken by car fromcityAtoB ist = — i
y ty . 0 Sotime = Distance
Speed
X
Timetakenby car fromcity BtoAist, = )
Total timet St = et
oaime “hTh T 407 60
_ 3X+2x 55X
120 120
Total distance covered by thecar is = X+x = 2X
But, thedisplacement by thecar is =x-x =0

Total distance covered 2X

average speed - Total timeperiod 5%20
_ 2xx120 240 _ 48 kmih
= T x5 _ooKm
Velodity of thecar inthisparticular fourney = 2iPacement 2=
ocity of thecar inthisparticular journey = Timeinteval 5%20
0 0x120
= 5X = =0
120 SX

4.2 Graphs of Motion
Until now wehaveonly talked about average speed and vel ocity. But can wefind out theinstanta-
neous speed or velocity of an object? come, lets understand thiswith the hel p of agraph-
Thefiguresrelated to Apoorvasjourney from hometo school isgivenintable number-3.

Table3: Distancetravelled and timetaken from Apoorva'shometo school
Time(min.) 2 4 6 8 10 12

Distance(m) 12 24 36 48 60 72

Inyour graph paper, put timeon the x axisand distance on they axisand decidetheir scales. Write
thescaleon the upper right corner of your graph paper. Now mark the points according to thegiven figures.
Draw astraight linejoining dl thesepointsusing ascae.
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Thisgraph showsApoorvasjourney from hometo school. Notethat the graph drawn hereand al
other graphsinthischapter arethe graphs of distance covered and time, and not the path of journey.

Now fromthisgraphtell-
. . . . . Scale :
. How much distance did Apoorvacover infirst 2 min- = Sk 1 i - e
i y-axis 1 cm. = 12 meter
Ut@ 72
. How much distancedid she cover innext 2 minutes? <0 c
. How much distance did she cover between 10-12 min- T 48
utes? E 36 2
. Areall thesedistances same? g 24
When an object coversuniform distancein uniformtime P
interval, itsmotion is said to be auniform motion. For such a " ’

motion thedistanceversestimegraphisastraight line.
Time (Minute)——3»
What wasApoorva's speed from hometo school ? How

canwecal culate thisfrom agraph? Let'sunderstand. Fig.4: Graph for auniformmotion

Todothis, chooseapoint Ainthedistancetimegraph (fig. 4). Draw alineAB pardld tox axisfrom
A andfromthepoint B draw alineparalel toy axiswhich meetspoint C and makesatriangleABC.

Now thelineAB inthegraph, showstimeinterval (t,-t,) while BC, showsthedistance(s;-s,). From
thegraph wecan seethat the object coversadistanceof (s,-s) fromAto B inatimeinterva of (t,-t ). Thus,
the speed of the object can be expressed asfollowing:

ve>2"S%
tz - t1
If wewant to know the speed of an object a an instant, then we can measure the scope of thegraph
at that particular point.

4.2.1 Uniform motions with different speeds

Drashti and Shrishti had aracefrom hometo school. Both ran at auniform motion but their speeds
weredifferent from each other. Fig. 5 showstheir motionsrespectively.

. Do thegraphs show uniform motion or non-uniform motion?
. By looking at the graph a one and without reading the numbers, can you tell whose speed wasmore.
. With theuse of the graphs, cal cul ate the speeds of Drashti and Shrishti.

. By comparing the speeds of Drashti and Shrishti, find out whether theanswer given by you without
looking at the numbersisright or wrong?
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Inthetwo uniformmotiongraphs,
wecanfind out whose speedismorefrom y
theslopeof thedrawn lines. Tofind out More angle Ec i i
the dlope, we observethe anglemade by 72 More slope - Drishti | Srishti
thegtraight lineontothex axisat thepoint
of origin. 60
If theangleisless, the slope of 48
thestraight linewill belessandthespeed =
of theperson will beless. By looking at % 36
the graph (Fig. 5) say amongst Drashti = 2
and Shrishti whose slope of themotion g 24
graphismore? é’ 12 Low slope, low angle
Will her speed be moretoo?
Do remember that such acom- ®) X
, 12083 4.5 .6
parison of speed can bedoneonly through
graphswhose sca es are same. We can- Time (Minute) »
not comparegraphshaving different sces
by just looking at them. Fig.5: Motion of Drishti and Shrishti

4.2.2 Graph of Halts

Suppose, ontheway to school Apoorvastopsfor 4 minutes after walking for 4 minutes. After this
shewakswith auniform motion and reaches her school. The graph showing her motion to reach school is
given(Fig. 6).

When Apoorvastopped after 4 minutes, she had already covered adistance of 24 meter. Now she
remained stationary for next 4 min. Duringthis, thetimeincreased to 8 minutes but the distance covered
remained 24 m. Therefore, the next point on the graph was marked at 8 min. and 24 m.

Whenever an object stops/halts after reaching acertain position, the time passesbut the distance
remainsthe same. Therefore, aswejust saw in thegraph, for astationary object, thedistancetimeplotis
parale tothetimeaxis.

Now, by looking at thegraphinfig. 6 find out what wasthe average speed of Apoorvain such type
of motion?What was her average speed when shereached school without ahalt? (seegraphinfig. 4 and
table 3).
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Distance (Meter) =———p»-

2 4 6 g 10121416

Time (Minute) m———pp-
Graphfig.6: Graph of Apoorva'shalt
. What i sthe difference between both these average speed.
. Givereasonfor thisdifference.
Question

Thedatardated toAnamikasjourney isgivenintable4.

Table4: Dataof Anamika’'sjourney
Time(inmin.) 2 4 6 8 10 12 14 16
Distance(m) 6 12 24 36 36 36 45 54

Based on thisdatadraw agraph for her motion and find out her average speed.
d Inwhich part of journey her speed will be maximum.
. Did shestop on her way?If yesthen for how long?

4.2.3 Graph for non-uniform motion

Until now wehaveonly studied about uniform motion. Now wewill learn about such motionswhich
arenot uniform. You must have seen abus starting from astation or stopping at astation. When abusleaves
fromadation, isitsmotionuniform?
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Such amotion wherethe speediseither increasing or decreasing iscalled asnon-uniform mation.

YN
40

36

28

24

20

Distance (in meter) =———p»-

Scale :
x-axis 1 cm. = 2 Minute
y-axis 1 cm, = 4 Kilometer

D

2 4 6 8 10

Time (in Minute) =——

Fig. 7: Graph of themotion of a vehiclehaving non-unifor m speed

Table5: Distancetravelled by Bus

Time(inmin.) | Distancetravelled (km.)
Oto4 2 km

4108 10 km

8to12

12to 16

16t0 20

Seethegraphgiveninfig.7 andfill theabovetable Also, answer thefollowing questions-

Now tdll if both the buses covered samedistancein sametimeinterval ?

Which section of the graph showsthe changein motion of the busand which part showsit'suniform

motion? In which section wasthe bus stationary.
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Look closely at the sections of uniform and non-uniform motion in the graph. Can you seeany
specific difference between thetwo?

The curveinthegraph showsthat the motion iscontinuously changingin that part. Look at theAB
section of thegraph. In this section, the speed of thebusisincreasing after |leaving from the station.
Questions
1 Writedown the differences between speed and vel ocity.

2. Inwhat situation will betheaverage vel ocity of an object be equa toitsaverage speed?
3. Draw avel ocity timegraph for auniform motion.

4.2.4 Acceleration

Ingenerd, what difference can you seein the carsthat run onroadsand aracing car that runsona
track?

Onemaindifferenceisthat aracing car hasavery high speed.

Second differenceisthat aracing car hasavery good pick-up. Pick-up shows how fast the speed
of acar increases. For this, atechnical word 'acceleration’ isused.

With thehelp of table 1, cal culatethe vel ocity of busA and B and completethetable 6.
(Intable 1, by converting thedistancein meter and timein seconds, cal culatethe vel ocity).

Table6: Calculation of velocitiesfor busA and B

Time Velocity of busA (m/s) Velocity of busB (m/s)
9.00
015 (20—10)x1000 _10x1000 _1111 (18-10)x1000 8000 889
' (15)= 60 900 1560 900
9.30 |- =111 | e
945 | - =111 | e
10.00 | --mmmmmmeee- =111
(52-40)x1000 12000
10.1 = =13.33
015 15x 60 900

Intable 6 we seethat during the motion of busA, the changeinvelocity iszero andin sametime
intervalstheve ocity isconstant. But inthe motion of busB, the changein velocity isdifferent at different
times. Therefore, to expressthe changein vel ocity of abuswe need to know about anew quantity. Therate
of change of velocity of thebusiscalled acceleration.
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Change in velocity
Timeinterval

Acceleration =

If anobjectismovingwithavelocity u, andintimetitsvelocity changestov, thenitsacceleration

Accelerationisdenoted by 'a. The Sl unit of acceleration ismeter/second? (m/s?). If accelerationis
inthedirection of velocity, thenitistaken aspositive. If it isintheoppositedirection of velocity, thenitis
considered asnegative andiscalled asdecel eration.

When the change of vel ocity with respect to timeisconstant, thenitiscaled asuniform accel erated
motion and itsaccel eration isconstant.
Activity-2

Thedistance covered by an object inatimeinterval of 2 seconds(s) isasfollows. Calculateits
velocity and accel eration and fill thetable 7.

Table7: Velocity and acceler ation of an object

Time(in sec.) | Distance(inm.) | Vdocity (m/s) | acceleration (m/s?)

0 0

, 1 1-0 _1_,. |15-05_1_, .
2-0 2 4-2 2
4-1 3
——=2-15

4 4 "5

6 < O R

8 £ [ O [

10 25 | e | e,

Intable 7, you seethat at every moment accel erationissame (ie. in sametimeinterval, thechange
invelocity issame). Therefore, the motion of the object will beauniformly accel erated motion.

After completing theabovetabledraw thedistancetimegraph, vel ocity timegraph and acceleration
timegraph for auniform accel erated motion.

Inauniform accel erated motion, accel eration is constant with time. Therefore, accel erationtime
graphisastraight lineparalld totimeaxis.

Areacovered by the accel eration time graph ontime axis between 4-8 sec. is.
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= Areafor ABML
= AL xLM

= 4m/s? x (8-4)s
= 4Am/sg x 4s

= 16 m/s

In this way, we can calculate velocity
through thearea covered under acceleration time
graph ontimeaxis.

Come, let'sseeave ocity timegraph for auni-
form accel erated motion.

Fromthegraph, Int, =2s,v =0.5m/s

Int,=6s,v=15m/s

v-u 15-05 1

ion= = === 0.25m/s’
acceleration= t,t, 6-2 4

We know that for an object movingwith uni-
form velocity, theproduct of itsvel ocity andtimegives
displacement. Inthefig. 9theareaof thefiddABCDE
inthegiventimeinterval showsthedisplacement.

thatmeans, s = ABCDE
= areaof rectangleABCD
+ areaof triangleADE

1
= (ABXBC)+E x (AD x DE)
1
s = (O.5><4)+§ x(4x1)

- 2
= 242

= 4m.
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Fig. 8: Acceleration - Timegraph of uniform
accelerated motion

15 fommmmmnns

Velocity (1m/s) =—3p-

{ | { ]
! >
SR EES SR T
tln t2

Time t (in sec.) ——P»

Fig.9: Velocity - Timegraph of uniform
accelerated motion

Theareacovered by vel ocity-time graph on thetime axis shows the measurement of displacement.
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4.3 Equation of Motion

When an object moveswith uniform acceleration, then it ispossibleto establish arel ation between
itsvelocity (v), acceleration (a) and travelled distance (s) inagiventimeinterval. Theseareknown asthe
equationsof motion.

Inthisequation-

t istimeinterval,

u isinitia velocity of the object,

v isfina velocity of theobject,

a isuniform acceleration of theobject intimet, and
s isthedistance covered by theobject intimet.

Velocity-time relation in a uniform accelerated motion

We saw avelocity-time graph for auniform
accelerated motioninfig. 9. A smilar graphisshownin
fig. 10. YN

From the graph we can seethat theinitial ve- v—=E
locity of the object isuwhichintimet, increasestov.
AtthepointA, theinitid velocity of theobjectisuand
at thepoint B itsfinal velocity isv. (fromthegraphin
fig. 10).

Velocity (m/s) m—p

BC=v-Uu ... M u—>A
We know that the accelerati _Bc_Bc ' >
eknow eacceleration, a= AC_ OD @) D X
vV—u Time t (in sec.) ———Pp»
a: _—
t
at=v-u ... (i) Fig. 10

v=u+at (thisisthefirst equation of motion)

Position time relation in a uniform accelerated motion

@ For auniform accel erated motion let usfind the areacovered by vel ocity timegraph onthetimeaxis
whichisequa to themeasurement of displacement (s).

Fromthegraph,s = areaof figure OABD

S areaof rectangle OACD + areaof triangleABC



58 Science, Class-9

1
= (OA xOD) + > (ACxBC)
1 L ,
= ut+ > (OD xBC)  fromequation (i) andfig. 11

TS
= u 5 (v=u)

1
= ut+§t(v—u)t

1
= ut+ 5 at.t fromequation (ii)

ut + 1 at?
2
We can a so find out s by one another method.
(b) (SinceOABD isaparallelogram)
Therefore,

s = aeaof pardleogramn OABD

S

1
s = 5 x (Addition of parallel sidesof theparallelogram) x height
1 .
s = 5 (OA +BD) x OD (Fromfig. 10)
1 , o
s = 5 U+v) xt Putting thevaueof t from equation (ii)
_ , ( v-u J
s = ’(V+u) x a
s - vZ-u?
- 2a
V2 - U2 = 2as Thisisthethird equation of motion

Accordingly, following arethethree equationsof mation.

vV = u+d
S = u 2

vi—u2 = 2as
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Example4 :

Solution

59

A body isin astate of motionwith avelocity of 4 m/s. If itsaccel erationis 2 m/s’ then what
will beitsvelocity after 5 s?Also find the distance covered by the body.

Giventhat,

velocityof body u=4m/s

acceleration a=2m/s

find velocity v="? and covered distances="?
time t=5s

By thefirst equationof motion, v. = u + at

4 + 2x5

4 + 10

= 14m/s

S = u 2

4x 5+%x 2x (5)?
- 20+%x 2x 25

= 20+25
= 45m

Therefore, itsvelocity after 5 sof timeis14 m/sand distance covered by itis45m.

Example5 :

Solution

A car travelsat auniform accel eration of 4 m/s. So, 10 safter starting the motion, how
much distancewould have been covered by it?

accderation a=4m/s?
initid vdocity u=0
time t=10s
distance s=7?

Weknow that, S = ut+1l/2af?

1
(0x35) + 7 x(4)* (107

S =

1
s = O+§><4><100
s = 200m

Therefore, thedistancetravelled by caris200 m.
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Example6 : A vehicleismoving at aconstant speed of 36 km/h. On applying the brakes, it causesa
deceleration of 0.5 m/s?. How much distancewould have been covered by the vehicle before stopping?
Solution giventha,
initid velocity of thevehidle u = 36km/h
36x1000
u = W S
u = 10m/s
decderation a = -05m/s? (herethe-vesignshowsdeceleration)
Fnd veocity v =20
distancetravelled s =7?
V2 = W+ 2as
(0> = (10)>+2x (-0.5) x s
0 = 100-1s
1s = 100
s = 100m.
Thus, the distance covered by thevehicleis 100 m.
Example7 : Thefollowing speed-timegraph showsthemotion of aparticleinagivendirection.

5]
F S

i 3
b2

Speed v (/s) =P

58

10s

Time t (in sec.) ——P»

Fig. 11: Speed-timegraph
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Find the distance covered between 0 to 10s and the average speed of the particle.
Solution (i) : s distance covered between0to 10s

areacovered by speed-timegraph onthetimeaxis

= areaof AOAB
1 . 1

= — basexheight=- 0B xAL
2 2

= 1 x 10 x 12

T2

= 60m

(i) Average speed of particlein0to 10s.
Distance travelled
Total time taken

a _@_ ;
(10_@—10—6ms

Question
1 Draw ave ocity-timegraph for auniform decel eration motion.
2. A car increasesitsvelocity from 18 km/hto 36 km/h in 5 sec, at aconstant acceleration. Find its

acceleration and distance covered by it.

3. A carismoving at aconstant vel ocity of 36 km/h. On applying brakesit stopsat adistanceof 10 m.
Calculate dece eration and timetaken by the car to stop.

4.4 Circular motion

We know that when the motion of an object isaccel erated, itsvel ocity changes. What aretheways
by which achangein velocity cantake place? There arethree possible situationsfor changein velocity-

1 Whenthereischangeinthevaueof velocity but thedirection of motionisconstant.
2. Whenthevalue of vel ocity isconstant but the direction of motion change.
3. When thereischangeinthevalueof velocity aswell asthe direction of motion of the object.

Now, canyouthink of circular motion, wherein auniform motion, theva ueof the velocity remains
constant but thereisacontinuous changein the direction of motion.

Find out how thedirection of thevel ocity and itsval ue changesin thefollowing examples.
(i) arunner, runningonacircular track. (i) motion of afan.
(iii) motion of handsof aclock.

You experiencecircular motionasoincircular..........coeeeevevreecenns Find out such other examples
of circular motioninyour dailylife.
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What we have learnt

. The changein position of an object with timeiscalled motion. It can be described by the distance
covered or by displacement.

. Thelength of the path covered by the object iscalled distance. Itisascaar quantity. ItsSl unitis

meters(m).

d Thedifferencein theposition of theobject iscalled displacement. Itisavector quantity. Its Sl unit
ismeter (m).

. Displacement does not depend on the path travelled, whereas, distance depends on the path trav-
dled.

. Thedistance coveredin unit timeiscalled speed. Its Sl unitismeter/second (m/s).

. Therate of changeof displacement iscalled velocity. It isknown asthedistancetravelledinagiven
directioninaunit time. Itsunit ismeter/second (nm/s).

. When an object coversuniform distancein auniform timethenitsmotioniscalled asuniform
moation.

. Inauniform motion, theve ocity-timegraphisastraight linepardld totimeaxis.

. Therateof change of velocity of an objectiscalled acceleration. Itisavector quantity. ItsSl unitis
meter/second? m/s*,

d Theaccd erationtimegraphinauniformaccel erated motion isastraight linepardld tothetimeaxis.

. When an object moves on acircular path, with a constant speed, thenitsmotioniscalled asa
uniformcircular motion.

Keywords :- Distance, Displacement, Speed, Vel ocity, Accd eration, Retardation, Uniform circular motion.

Exercise

1 Choosetheright option-

1
() If thedistance covered by abody is s=at + > bt*  then the accel eration of the body will
be-

(@ a (b) b (©) 2b (d) a+b
(ii) Theareacovered by velocity-timegraph onthetime axisis-
(@ m (b) m/s (©) m/g (d) Noneof these
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(iii) Below isthedistance-time graph for thetwo bodiesA
and B. Say which body hasmorevelocity.

@ A (b) B
(c) AandB (d) Noneof these

Distance (m) =——p

Time t (in sec.) =———pp

(v)  Whichoneof thefollowingisan exampleof uniform circular motion.
@ Motion of eartharound the sun.
(b) Motion of atoy trainaong alinear path.
© Motion of the second's hand of aclock.
(d) Motion of aracing car dongcircular track.
2. Fill inthefollowing blanks-
(i) A body ismoving at aconstant velocity, itsaccel erationwill be..........c.ccceevveeriennee.
(ii) Thedirection of velocity of abody dependson........................
(iii) If the speed of an objectis72 km/h, itsspeed INM/SIS.......cccevevinenerennene

(v) A person coversone round of acircular track of 2 m. radiusin 2 s. What will be his
displacement after 8 second.

What isthemeaning of auniform circular motion? Giveitstwo examples.
A body movesaround the sun at aconstant vel ocity. Isitsmotion auniform motion or anon-uniform
motion?

5. The displacement-time graph for an object is given below. What result can you find out for its
veocity?

A

Displacement i

Time —P
6. Thepostion-timegraphfor agivenobject isastraight linepardld toitstimeaxis. What canyou say
about itsmotion?
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10.
11.

12.

13.

14.

15.
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Define uniform motion and anon-uniform motion a so satetwo exampleof each.
Writedl thethree equations of motion and explain the symbolsusedinthem.

An athletecoversoneround of acircular track of 7 m. radiusis44 sec. How much distancewill it
coverin1minute? (Answer 60 m.)

Using thegraphical method derivethe second equation of motions= ut + Y2 at?.

Neerg reachesschool inacar at an average speed of 20 km/h. Whilereturning; his speed becomes
30 km/h dueto lesser crowd. What isthe average speed of Neergj's car for thewholejourney?

(24 km/h)
Abdl isdropped fromthetop of a20 m. hightower. If itsvel ocity isincreasing with an acceleration
of 10 m/s? then at what speed will the ball hit the ground? How much timewill it taketo hit the
ground? (20m/s)
A carismoving onastraight road a auniformacceleration. Theve ocity of thecar at different times

isgiven below. Draw itsvel ocity-time graph and cal cul ate its accel eration and a so find out the
distance covered by it in 30 seconds.

tTime(9) 0| 10|20 |3 | 4 | 50

vepeed(m/s)| 5 | 10 | 15 | 20 | 25 | 30

Inthefollowing figure, the position-timegraph for an object at different timesisshown. Calculate
the speed of the object.

()AtoB  (i)BtoC  (iii)CtoB

o
o)

=)
]
|

Distance (cm) =—p
%]
l
|

A

TR
T .
_,':_ o
tn

c\. ——

Time t(in sec.) =—pp
A train startsmoving from rest and acquiresave ocity of 72 kmv/hin5minutes. If thetrain movesat
aconstant accel eration, cal culatethefollowing-

(i) Accderation (0.06 M/s?)
(i) Distancetravelled by thebusto acquirethisvelocity. (3000 m.)
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Force and Laws of Motion ... . —-
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m, | ——{ Mgy i
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)

Inadaily lifewe seedifferent objectsaround us. Wefind that some objects appear to be stationary
while others seemto bein motion. How do webring any stationary object into motion? To rideabicyclewe
need to pedd it. When we stop pedding the speed of the bicycle decreases. To keep the cyclein motion we
need to peda again. Similarly, to bringaball in motion, we can push or throw it. On applying apush, does
theball get inmotion forever? or doesit cometo astop inawhile? What i sthe reason behind the ball to
stop?

Tobring aball in motion, weneed to push it and then it lowly comesto ahalt. How doesabal in
motion comestorest? Doesit stop onitsown or isthereafactor that causesit to stop?We haveread earlier
that to bring an object into motion or to bring it to rest we need an externa factor whichiscaled as'force.

Activity-1

Inthisactivity we need asmooth ball made up of awooden piece, two wooden planksof length 1 m. and 30
cm. each, aplastictray, sand and someail.

. By placingthesmaller plank at 45° anglefrom theground makeaninclined plane (fig.1).

. Placethelonger plank below theinclined plane,
touchingit asshowninthefigure.

. Placethewooden ball at thetop of theinclined
plank and leaveit.

. Measurethe distance covered by theball onthe
longer plank.

. Now replacethelonger plank withatray filled
with sand.

. Again, placethebal at thetop of theinclined plane and leaveit. now measurethe distance covered
by theball onthetray of sand.

. Similarly, repeat the above steps using asmooth plastic tray and some such objects which get
smoother after applyingoil.

. M easure thedistance covered by thewooden ball on al of these surfaces.
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Now try answering thefoll owing questions depending upon the above activity.

1 Did theball cover samedistanceonall the surfaces.
Arrangethedistance covered by the ball on different surfacesin aparticular order.
Inwhich situation did the bal cover maximum distance and why?

Intheearlier classes, we haveread about thefrictional forceswhich areresponsiblefor bringingthe
motion of an object to rest. Thevalue of frictional force changes according to the nature of surfacesin
contact. Theball coverslarger distance onthe surface onwhichit experienceslower frictiona force.

Onthisbasis, statewhich of the surfacesin thegiven activity appliesthesmallest frictional force?

Aswe saw, an object remainsin astate of motion for much longer on the surfaceswhich apply
lower frictiond force.

What would happen if thefrictional force on asurface becomeszero? Will the object ever stop?

According to Galeleo, in the absence of an external force of resistivity, an object moving at a
congtant velocity remainsinitsstate of motion and smilarly an object at rest remainsin the state of rest until
an externd forceworksonit. Therefore, wesay that an object remainsinitsstate of motion or rest unlessan
externa forcebringsachangeinitsstate. Thisisknown as'inertia’. We can witness several examples of
inertiainour daily lives. For example, on suddenly applying brakes of amoving vehicle, the person sitting
ingdeitinvoluntarily bendsin theforward direction and theitemsinthevehiclea so dideforward. You must
havefdt thistoo. Give somemore examples of such situations. Canyou tell why doesthis happen? Discuss
amongst yoursdlf.

A personsittinging deamoving vehicleisin motion aongwith thevehicle. Whenthevehiclecomes
toahalt, thelower body of the person whichisin contact with the seat comesto restimmediately whilethe
upper body remainsin motion duetoinertia.

Hence, the person sitting inside the vehicle bendsforward. Similarly you can tell why aperson
bends backwardswhen the vehi cle startsto move suddenly. Discussamong yourself and writethe answer
inyour notebook.

5.1 Inertia and Mass

From al| theexampl esthat are given uptil now, wecan seethat every object resstsany changeinits
state, whether itisat rest or in motion. It does not want to changeits state and wantstoremaininitsinitial
state of motion. Thischaracteristic of an object iscaled 'inertia. Several other questionsarisefrom this. For
instancewe can ask whether al the objects haveinertia? If yesthen on what factorsitsval ue depends upon
andistheinertiafor al objectssame? Comeletsunderstand thisthrough an activity.
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Activity-2

. Taketwo plastic bottles’A'and 'B'.

. Fill waterin bottle'B".

. Drop both the bottles by pushing them with your hand.

. Whichbottlefdl easily.
Youwill find that it was easier to push and drop the empty bottle as compared to thefilled one.
Similarly itiseasier to push an empty carton box ascompared to acarton filled with books.
We canthink of severa such other examples.

For examplewhenthereisjust onepersonriding abicyle, itiseasier tobring it to ahalt by gpplying
brakes. But whenafriend of your'ssitsbehind you, it isdifficult to apply brakesand bring thebicycletoa
hdlt.

Canyou explainthereason behind this? Discussamongst yourself.

To changethe state of afilled bottle, we need to apply moreforce ascompared to an empty bottle.
Inasimilar way, when asinglepersonrider abicycle, it iseasier to apply brakeswhilein case of two people
sitting on the bicycle, moreforce hasto be applied. Thismeansthat heavier objectshave more'inertia.
Inertiaisthat property duetowhichan object triesto remain initsstate of motion or state of rest. Massisthe
measurement of resistance of an object towards any changein its state. Which meansthat massisthe
measure of the property of inertiaof any object. If themassof an objectismore, itsinertiawill be greater.
TheS.1. unit of massiskilogram (kg.)

5.2 Balanced and Unbalanced Force

Activity-3

Take ablock of wood. On two opposite faces of thisblock, put ahook or anail on each. tiea
thread A and B of similar lengths on both the hooks, as shown inthefig.2. Now placethisblock onthetable
Now, if we pull only thethread A by applying aforce Pthen the block
shiftstowardstheright side. If only thethread B ispulled usng aforce Q,
theblock shiftstowardsleft. But if we apply similar forceson both the
threadsand pull them, then we seethat the block doesnot move. These
similar forcesba anceeach other and sothereisno changeintheposition g
of theblock. The baanced forcein thisexampleisshowninthefig.3
(WhereP=Q).

If both theforces are not equal, then the net force on the block
. Fig. 2
will be

=P-Q whereP>Q
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Net forceisthe calcul ated force gpplied on the block. To Q 5 A P
understand net force, wewill need to know al theforcesthat are
applied on the object along with their directions. To get the net Fig.3

forcewesumup all theforcesthat are appliedin onedirection
and subtract all thoseforcesthat are applied in oppositedirection. Thenet force applied ontheblock isa
vector sum of Pand Q. Thereforethe net force applied on theblock in astate of balanced forceis-

Net force (-P=Q)
=0
If theforce applied onthethread B ismorethan theforce applied on A, then the block will shift

towardstheleft side. Both theforcesare not balanced and so the motion of the object will betowardsthe
forcewith greater magnitudeie., towards B. (from figure number-3)

Force applied onthe block=Q-P

5.3 First law of motion

Newton presented thelaws of motion by understanding the rel ation between force and motion.
According to Newton, "every object remainsinitsstate of rest or astate of uniform motion until some
unbaanced externa forceactsuponit.”

Sowehaveread, inertiaisthat property of an object dueto which the object resistsany changein
itsstate. Therefore, thefirst law of motionisalso known asthe'law of inertia.

Canyou explainthefollowing examplesaccording to thefirst law of motion?
. On beating ablanket with arod, al dust particlesget removed.
. On shaking thetrunk of atree, thefruits hanging onitsbranchesdrop down.

Explainthereason behind these after discussing with your friends. Can you think of someother such
examples?

When wejump onthe samepositioninamoving train, wefal back onthe same position again. Why
doesit happen so?

5.4 Linear Momentum

Thefirst law of motion tellsusthat when an unbal anced external force acts on an object, thenthere
isachangein thevelocity of the object. Thischangein vel ocity depends upon the force applied on the
object. But how can we get to know the changein velocity? Letsdiscusson thisfurther.

If atenisball and acricket ball thrown at ahigh speed hitsyou, you will get more hurt by which of
thetwo balls?If acycleand atruck moving at the samevelocity hit awall, thewall will get destroyed more
dueto which of thetwo? Think of more such examplesand discussonit. To think more onthis, do the
followingactivity-4.
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Activity-4
. Takeabigtray.
. Fill it with sand or wet soil.

. Dropacricket ball and aplastic ball smultaneoudy from asameheight on thetray. What happens?
Istheeffect of both theballssimilar on the sand.

. If thecricket bal isdropped on thetray from different heights, what will beitseffect? Whenwill the
bal sink moreinto the soil?

Thisactivity showsthat theimpact of an object dependsupon itsmass. Theimpact of acricket ball
having greater massismore. Wea so seethat theball when dropped from agreater height, fallsonthe sand
with higher speed and sinksinto the sand more. Mainly, theimpact depends upon thevel ocity of the object
anditsmass. If any of thesetwo quantitiesisincreased in smilar canditions, then theimpact also increases.

The product of the massof an object anditsvel ocity iscalled'momentum’. The momentum P of an
object isdefined by the product of itsmass'm' and velocity 'v'. That means, P=mv.

Momentumisavector quantity which hasboth magnitude and direction. Thedirection of momentum
will besmilar to thedirection of velocity. The S.I. unit of momemtum iskilogram metre/second (kg. m/s).

Force and the change in momentum

Think of such asituation whereacar with aweek battery ispushed on aroad soasto moveitina
straight line. Thecar doesnot start initialy but on applying force constantly for sometime, the speed of the
car increases. Now the car's engine can beignited. We can say that by constantly applying force, the
momentum of the car soincreasesgradudly. It isclear through thisthat the changein momentum of thecar
does not only depend upon the measure of theforce but a so depends upon thetimefor which theforceis
applied. The changein momentum of an object depends mainly upon the amount of force applied and the
total timeof application of force.

5.5 Second law of motion
According to the second law of motion, "Therate of change of momentum of an object isdirectly
proportional to the unbalanced force applied on that object".

If Fisthe net unbalanced force applied on the object, Pisthe momentum, then according to the
second law of motion,

Fa p2 -pl
tz 'tl
whereP, istheinitia momemtum at timet, and

p, isthefind momemtum at timet,,.
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Fa i_? whereAp=p,~p,  (changeinmomentum)
At=1-1, (changeintime)
Toremovethesign of proportionality, we put hereaconstant of proportionality K.
F=K 2p
At
Ontaking K=1, _Ap
At
Ap
At
el
At
F= mﬂ { _ ﬂ}
At At
F=ma

Thisisthemathematical representation for the second law of motion.
If m=1kilogram (1kg.)

a=1meter/second? (1 m/s?)
then, F=1kilogram x 1 meter/sec? (kg.m/s?)

f =1 Newton (N)

1 Newton forceisthat forcewhich when applied on an object of 1 kg. produces an accel eration of

1 m/sec? tothemotion. Newtonisthe S.1. unit of force, it isrepresented using N.

Example-l. Theforceapplied onanobject of 3kg. changesitsvelocity from 2 m/sec. to 3.5m/sec.in
atimeperiod of 25 sec. Find the measure of theforce applied.

Solution: Mass of object m = 3Kkg.
initid velocity of object u = 2m/s
final vel ocity of object v = 35m/s
timeof gpplicationof forcet = 25sec.
tofind, F = 2
weknow that F o= B ; B mv;mu
m(v—u)
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_ 3(3.5—2)
25
o= 3x15 _ 3x15 a 45
- 25 250 250
F = 0.18N

Therefore, themeasure of applied forcewill be0.18 Newton.

Example-2.  Onapplying someforceonatrolley of 5 kg. an acceleration of 10 m/s?isproduced. Find
theapplied force.

Solution: Mass of thetrolley m = 5Kkg
acceeration producedonthetrolley a = 10ms?
Force applied onthetrolley F =72
F = m
F = 5x10
F = 50N

Forceapplied onthetrolley is50 N.

Example-3.  Thefigureshowstheve ocity-timegraph of a30 gmball movinginastraight lineon atable.
How muchfrictional force needsto be applied to bring theball to astate of rest.

Solution: initid velocity of theball u= 15cm/s= 0.15ms?
find veocity of thebdll v=20
time t = 5s
mass of theball m= 30gm = 0.03kg A
Frictiona forcegppliedonthebdl F = ? u:f,l.:z::t
F= m(v—u)
t
F :M =-0.0009 N t=3s T"“‘i
Fig.4
F=-9x10*N

Here, the negative sign showsthat thefrictional forceisappliedin an oppositedirectionto thedirection of
theinitid velocity.

Example-4. A forceof 10 Newtonisappliedfor 5 sec. on an object of 5kg. How much accelerationis
produced dueto thisforce? Al so ca culatethe changein vel ocity of the object.
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Solution: We know that the mass of the object m = 5Kkg.
Force applied on the object F = 10N
Time t = 5s
Wewant to know theaccelerationaand v—-u = ?
andthechangeinveocity
as, F = ma
that means, 10 = 5xa
a = 2mg
. a _ vou
t
) _ v-u
5
v-u = 2x5m/s
v-u = 10m/s
Changeinvdocity, v-u = 10m/s

Discuss

1 Why doesacricketer pull hishandsbackwardswhile catchingaball coming at ahigh speed?

2. When wejump from aheight on acemented floor we get hurt more as compared to when wejump
from the sameheight on abundleof hay.

3. A body moving at aconstant speed is made to stop in 0.25 sec. by applying aforce of 200 N.
Cdculatetheinitial momentum of thebody.

4. A force of 5N leadsto an acceleration of 8 m/s* on abody of mass m,. Same force causes an
accel eration of 24 m/s* on another body of mass m.,. If both the bodies aretied together, how much
acceleration will be produced by the sameforce?

5. If the net unbal anced force becomes zero, will themomentum al so become zero? Explain.

5.6 Third law of motion

Tounderstand thethird law of motion, let usunderstand thefollowing activity.

Activity-5

Takea spring baanceA and hang itsfixed end on awall withthe help of anail.
Pull thefree end of the spring balance and notetheforce applied.
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. Now connect another spring balance B withA, asshown action
infig.5. Reaction

—_—

. Pull both the springsA and B together and notedown the

applied force. 2.0 [0

. You find that both the spring balances show the same Fig.5
vaueof force. Why isit s0?

Inthe above example, the spring balance B exertsaforce on spring balanceA. Andasimilar force
isapplied by A on B but in the opposite direction. Thus, both the similar forces act upon two different
obj ects. When one body appliesaforce on the second body, the second body al so appliesthe same amount
of forceon thefirst body but in the oppositedirection. These pairsof forcesacting on bodiesarecalled as

action-reactionforces.

According to thethird law of motion "every action hasan equa and oppositereaction”. Actionand
reaction forcesawaysact ontwo different bodies. Therefore even when theseforcesareequa and opposite,
the net forceisnot equal to zero.

What happenswhen you wak?To start walking you need someforce which causes accel eration.
To produce accel eration we apply force on the ground through our foot, in adirection opposite to the
direction of our movement. Theground also appliesthe same amount of force on our foot in an opposite
direction which makesusmoveforward.

Noticethat evenif both the action and reaction forces have same magnitude, they do not cause
same accel eration as the masses of both the bodies onwhich action-reaction forces act are different. The
earth does not start moving backwards on getting pushed by our feet though it produces acceleration
required by usto moveforward.

If abody A applies aforce of F, on body B and body B applies a force F, on body A, then
accordingtothethird law of motion F =—F.,.

Thenegative sign here showsthat thedirection of force F, isoppositeto thedirection of F,.

Thefirst and second laws of motion are applied onthe same object whilethethird law of motionis
applied on two objectsworking together. Action and reaction represent those forces which act on two
different objectsat the sametime.

Think about some other exampleof third law of motion.
5.7 The law of conservation of momentum

Supposeyou havetwo balsA and B which havemassesM, and M, respectvely. Thesetwo move
inastraight lineat avelocity of u, and u,, respectively. Thereisno unbalanced force acting on them. Both
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these ballshit each other after atimet, theforce applied by A on B isF, . andtheforce applied by B onA
isF,. Thus, thevelocity of A and B now becomesV, andV , respectively.

my > M) —> A 3¢ B
A

. P —"F\ls
Before collision F, e— '
(a) (b)

m, —>(m, —»

After collision

(©)
Fig.6

Theforceapplied by each ball oneach other isequa and opposite, according to third law of motion.
Hence F,,=-F,,
Thereisachangein velocitiesof thebal lsdueto these applied forcesand hence changein momentum takes

place.
So, according to second law of maotion

Force =rate of changein momentum.

— mB(VB _UB)

IUNUNIUY)
Foa=—" At A

From third law of motion,

FAB:_ FBA

mB(VB — UB) — _mA (VA - UA)
t t

m, (Vg—ug)=-m, (v,—u,)

mBVB - mBuB == mAVA + mAuA
mAVA + rnBVB = mAuA+ mBuB
Momentum after collision=momemtumbeforecollison

Through thisequation wefind that when thereisan externa force applied on the ballsthen there
total momentum before and after collision remainssame. Thetotal momentum of both the ballsdoes not
changethoughtheir individua momentum doeschange. Thisisknown asthelaw of conservation of momentum.
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According tothislaw "Thetotal momentum of two objectsremains conserved inthe absence of an
external unbalanced force'.

Let usperforman activity for this.
Activity-6
. Takeahugebdloonand after fillingarinittieitsmouth

using athread. ) :

. Attach astraw on the surface of theballoon usinga /
cdlotape.

. Pull out athinand long thread accrossthe straw.

. Now tie both the ends of thisthread acrossthewalls. (asinfig.7)

. Now untiethethread put onthe mouth of theballoon.

. Assoon asyou untiethethread, theair filled insidethe balloon gushesout.

. Observethemotion of the balloon and the straw.

You can seethat thethird law of motionisappliedin thissituation. But can you say which arethose
objectsonwhichthislaw isbeing applied?

Find out more exampleswhichwork onthissimilar concept.

Example-5. Two bodiesof 40 kg. and 20 kg. masses are moving at avelocity of 10 m/sec and 50 m/
sec. Their direction aretowards each other. After acertain time period, they collideand stick to each other.
What will betheve ocity of thiscombined object.?

Solution : Giventhat,

Massof first spherical objectis m = 40kg
Mass of second spherical objectis m, = 20kg
Velocity of first spherical object u, = 10m/s
Vel ocity of second spherical object u, = 50m/s
Vel ocity of combined object after collision v =?
Accordingtolaw of consarvationof momentum (m, +m,) = mu+myu,
(40 +20) v = 40 x 10 + 20 x (-50)
60v = 400 - 1000
[-- Asobjectsaremoving towards each other u,=-50 m/s]
600
v = 60
% = -10m/s

Vel ocity of the combined object after collisionis10m/sandit will movetowardsthedirection of 20 kg.
object.
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Example-6. A bullet of 20 gmisshot from agun of 2 kg. at avelocity of 100 m/s. Find out therecoil
velocity of thegun.

Solution: mass of thegun m = 2kg

initid velocity of thegun u =0

mass of thebullet m, = 20 gm=0.02kg

initid velocityof thebullet  u, = 0

find velocity of gun v, = ?

fina velocity of bullet v, = 100m/s*

Accordingtolaw of conservation of momentum
myv, +my, = mu+myu,
2xv, +0.02x100 = 20x 0+0.020%x O
2v,+2 =0 or 2v,=-2
% = -1m/s

1
Therefore, thegunwill recoil withavelocity of 1 m/sbackwards.
Discuss
1 If theaction and reaction are always equal then explainhow abull isableto pull acart forward?
2. Themotion of arocket isbased on which concept?
3. A fireextinguisher ishurt by arubber pipethat throwswater at avery high speed. Explainthis.

Questions

1 Two bodiesof masses1 kg. and 2kg. aremoving pardle toalineinthe samedirection, a ave ocity
of 2m/sand 1 m/srespectively. Both the bodies collidewith each other. After collision, thevel ocity
of thefirst body becomes 1.5 m/s. Find the velocity of the second body after collision.

What we have learnt
. Forceisthat externa factor which causes achangein the state of motion or the state of rest of an
object or triesto cause achange.

. Accordingtothefirst law of motion™A body remainsinitsstate of rest or state of motion unlessan
external unbalanced forceactsuponit”.
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That property of an object duetowhichit resistsany changeinitsstate of rest or stateof motionis
cdled asinertia. The measure of inertiaof an object dependsupon its mass.

Theproduct of themassand vel ocity of an object iscaled momentum. Thedirection of momentum
issameasthat of thedirection of velocity of that object. The unit of momentumiskg ms™.

If thetimerequired for thechangein momentumisless, then the gpplied forcewill begreater. Insuch
asituation bringing amoving object to rest can hurt someone.

Accordingto thesecond law of motion, therate of change of momentum of an object isproportiona
totheunbalanced force applied onit andisinthesamedirection.

S.I. unit of forceiskgms? or Newton.

Accordingtothethird law of motion, every action hasan equal and oppositereaction. Both the
action and reaction act on two different bodies.

If thereisno externd force acting on an object then the momentum of the object remains conserved.

Keywords :- Baanced force, Unbaancedforce, Inertia, Linear momentum, Lawsof conservation of

linear motion.

Exercise

1.

Choosethe correct option-

(i) Thereasonfor inertiaof abody is-
(& only mass (b) only velocity
(c) massand veocity both (d) None

(i) A boy issitting on theuppermust berth of atrain. Just whenthetrainiscomingtoahalt, he
dropsamango in the open hands of hisbrother whoissitting on the seat right below him.
Wherewill themangofal?

(& rightinhisbrother'shand
(b) Somedistanceaway from hishand in adirection oppositeto thedirection of train.
(c) Somedistanceaway from hishandsinthedirection of thetrain.
(d) Noneof these.
(iii) The concept of rocket launching isbased on-
(8 Firstlaw of motion (b) Secondlaw of motion
(c) Law of conservation of mass (d) Law of conservation of momentum



78

Science, Class-9

(iv) A bal stopsin0.06 sec. when aforce of 500 N isapplied toit. Themomentum of the ball
IS

(@ 500N (b) 500 kgm/s (c) 30kgm/s (d) 30N
Fill intheblanks-
(i) Thelaw of conservation of momentumisappliedintheabsenceof ............cceveveveerinnene

(ii) Both the endsof abalanceare pulled with aweight of 20-20 kg. on each side. Thereading
onthebaanceis.......ccoevvvrivrerinene

(iii) Thefirst law of motionisalsoknown asthelaw of ..........cccceeeveieveeenene.

(iv) If the accel eration of abody isdoubled while keeping its mass constant, theforce becomes

v) FOrceiSa.....ccoovmrveneneneeceseenn quantity.

Discuss and Write

1

Three solidswhich are made up of aluminum, steel and wood respectively have same shape and
volume. Say which of these solidswill have moreinertiaand why?

Utensilsmade of glassbreak onfalling ontheground but not when they fal on sand. Why isit so?

Write down the mathematical representation of the second law of motion and write the meaning of
al thesymbolsusedinit.

Why does aperson get abackward push on usingagun.
Why istheluggage kept on theroof of abustied up witharope?

Provethat if the momentum of two bodiesis samethen the vel ocity of lighter body will bemorethan
theveocity of heavier body.

Accordingtothethird law of motion, when we apply aforce on abody, the body appliesequa and
oppositeforceon us. If that body isacar standing asidearoad, probably it will not getin motion on
the application of aforceby us. A student arguesthat both theforces here are equal and opposite
and hencethey cancel each other. Expressyour thoughts regarding thisargument and tell why the
car doesnot movein the oppositedirection.

Theveocity of abody of mass 50 kg. moving at auniform accel erration becomes 7 m/sfrom 4 m/
sin6sec. Calculatetheinitial and final momentum of the body and theforceapplied onit.

Afootbdl and atenisball areinasimilar motionwith samevelocity. Both of them collidehead on
with each other and after sometimethey cometo astop. If thetimeinterva of collisonis1 sec, then
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10.
11.

(i) Which of thetwo balswill be more affected by theforce?

(ii) Themomentum of which bal will changemore?

(iii) Theaccel eration of which ball will be grestest?

Provethat thetotal momentum of two objectsremains constant beforeand after their collision.

Theforce-timegraph of abody of mass 3kg. isdrawninthefollowingfigure. Find themomentum
of thebody during thetimeinterval of 0to 10 sec.
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Chapter 6
Fundamental Unit of Life : Cell

We have studied about the diversity in shape and size of cells of both unicelular and multicellular
forms of organisms. We al so studied that, in the year 1665, Robert Hook gave the name 'cell’ to those
compartmentsthat he observed in athin section of cork. Let usstudy thearrangement and functionsof cells
withthehelp of someactivities.

6.1 Observing Different Types of Cells

Wewould requirethefollowing thingsto carry out our observations.

Blade, dide, coverdip, matchsticks, Rheo | eaf, i ce-cream spoon, red ink, microscope
Activity-1
Observing cells in a section of matchstick.

Take amatchstick and soak it in water for about an hour. Now use asharp blade to cut athin
transverse section of it. Keep thissection on adrop of water, put acoverdip onit and observeit under the
microscope. M akeasketch of what you observe. Compare your observation / sketchwithfigure 1. This
figure shows usthe sketch that Robert Hooke madein the year 1665, after observing a section of cork
under the mi croscope.

Fig. 1: Section of cork
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Activity-2
Observing the outer layer of cells of a leaf

(Activity-2 and 4 may be donetogether)

Pedl off athinlayer fromthelower sdeof theleaf of Rheo. Kegpthisonadide, put afew drops of
water onit and spread it out evenly. Observe it under the microscope and try to make a sketch of your
observation.

Compareit withfigure-2 andtry to
answer thefollowing questions.

. Doall thecellsappear same?

. What partsarevisibleinthecell un-
der themicroscope?

You could do thisexperiment using
theleavesof amorphophallous (zimikand) or
chinarose (Jasone) in case you don't have
Rheo (The shape of stomatal guard cells & AL
would not match figure 2 if you use . - Sbe SR
Amorphophalous). Itwill behdpful if thelesf Fig. 2: Cellsinthepeel of Rheo |eaf
isthick sothat aped can betaken off easily. You could stain the ped using afew dropsof diluted redink or
safraninor dta

Activity-3
Observing cheek cells 5 , nucleus

Use an ice-cream spoon to gently scrape off a
layer(inside your mouth) from theinner walls of
your cheek. Do not scrapetoo hard. Spread the
scrapingsinadrop of water onadide. Useafew
dropsof dilutered or blueink, safranin or altato
stain the scrapings. Observe the slide under a
microscope.

. What arethesmilaritiesof cheek cdlsand

cdlsintheleaf ped?

. Write adifference that you observe be- Fig. 3: Cheek cells
tweenthem.




82 Science, Class-9

We often take the hel p of amicroscopeto observe cellsasmost of them arevery small. But there
aresomelarge oneslikethe unfertilized eggs of hen andfish, ajuicy hair inside alobe of citrusfruit like
orange etc.Following figure shows us sometypes of cellsof the human body.

Muscle cell

Nervecell

Bonecell

S 5 TR S 1Y
R e SR cniand .
&‘ ' . e Reproductive cells
-

Blood cells

Cellsof glands
Fig. 4: Different typesof cells

. What differencescould you find between these cells?

No matter how different cells appear, bethey unicelular organismsor multicelular forms, dl life
processes (nutrition, respiration, excretion, trangport and reproduction) occurinacell.

6.2 Studying Cells: The Typical Cell

Keepinginview certain smilarities of cells, scientists havetried to make model sand diagramsto
represent their structure. Theseare caled astypical cdlls. Thediagramsof typical anima and plant cellshave
been given here.
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cell wall

cell membrane
plastid (chloroplast)

endoplasmic reticulum

nucleus

golgi body

vacuole

cytoplasm

mitochondria

lysosome

(a) Typical plant cdll (b) Typical animal cell
Fig.5
. What arethesimilaritiesthat you seeamongthecells?
. Find out astructure present in plant cellsbut absent in animal cells.

Thediagram of atypica cdl isdrawn onthebas sof informati on gathered from various sources. Usuatly the
structureof itisdrawn asper theexisting knowledgeof cellsin such amanner that wemay get anideaof its
appearance. Thereare severa scientiststoday who treat unicellular organismsasmodelsor typical cellsto
study cell structureand function. Thishd psthem to get aliveand dynamic resemblanceto theformof cdls.
Such adiagram or amodel becomes necessary to study cellsand their interna structurewhether they be our
own body cells or those of any other organism.

Do you know?

Withinjust aperiod of 200 yearswe have been able to make microscopesthat can giveusan
enlarged view of cdllsranging from 10to 5 lakhtimesther actua size. Thetechnology of staining
hasa so improved to such an extent that we are getting deeper insights about the functioning of
cdls. Thestructureof cellsand their functioningisvery complex and our knowledgeregardingitis
till incomplete, thusresearch in thisareaisan ongoing process.
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Itisnot essentid that all the partsof cellsshowninatypica animal or plant cell may bepresent at a
timeindl actud cdls. Weoften seestructurd variationsin cellsdepending on thefunction that they carry ot.
The numbers of cellular parts are also not shown in atypical cell asfor example plant cells may have
hundredsof chloroplasts, but inatypica plant cell we see only one or two of them. Moreover al plant cells
do not have chloroplasts but we seethat the diagram of atypical plant cell alwayscontainsatleast one.
Somepartsareof coursepresentinall living cdls, but not dl partsasshowninatypica cell may be present
indl cdls. Apart fromthis, thediagram of atypicd cell isnot drawnto scale, that istheactua proportion of
different parts of the cell are not represented. If we make an attempt to draw asca ediagram of atruecell,
theproportion of thecell toits partscould besomewhat likethis- if the diameter of the cell is30 meters, that
of itsnucleuscould be 6meters, amitochondriawould be ameter acrossand aribosomemerely acentime-
ter across. Thisproportion variesfromcell to cell. Thusthe diagram of atypicd cell isonly arepresentative
oneshowingavirtua arrangement.

6.3 Organization of the Cell

Thecdl hasaninternal structurethat keeps changing. Regarding itspartswe have sofar cometo
know that someof them areformed from itsmembraneitsdf. We sha | sudy such partsunder endomembrane
system. There are some other parts that were formed due to the entry of an organisminto acell. The
symbiotic coexistence of thispart with the cell madeit animportant part of the cell. We shall study these
under endosymbiosis.

. Think and write about therelationsthat parts of cellshave among themselves.

6.4 Endomembrane System and Cell Parts

Endoplasmic reticulum, golgi body, lysosome, cell membrane, nucleusetc. fall under thiscategory.
These partsare membrane bound, enclose aspacewithin them that i s partioned off from the cytoplasm and
usually contain afluid that differsfromit. These parts have contacts and relationsamong themselvesin
variousways. One such pathway showing an arrangement of flow of substancesisgiveninfigure6. The
direction of arrowsrepresentstheflow of substanceswhich can bein both directions.

Nuclear membrane Lysosome
N
NE .
Endoplasmicreticulum = Golgi body
N
N
Cdl membrane

Fig.6: Theinterrelationship of someof the partsof endomembrane system
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. Writeany three routesthough which substances passto the cell membrane.
Let usnow try to know about the structures of some parts of thissystem in detail.
6.4.1 Cell Membrane
Activity-4
Observation of the cell membrane

Make aconcentrated sugar solution( say by dissolving two teaspoonful of sugar in half acup of
water). Put two dropsof thison afreshly prepared dlide of the peel of Rheo leaf(refer to activity 2). Leave
thedideasdefor sometime (minimum 5 minutes). Now observeit under the microscope.

"
e

cell membrane

cytoplasm
cell wall

Fig. 7: Shrinking of cytoplasmin thecell

Didthe pink color shrink to acorner of the cell? The outer edge of thiscolored portionisthe cell
membrane (refer to diagram of typicd cdl). Thecdl membranea ong with cytoplasm hasmoved away from
thecell wall. Thisoccurswhen the contents shrink and the processiscalled asplasmolysis.

. How do you think the cytopl asm may have shrunk?

Onereasonfor thisismovement of water out of thecell. Doesit have something to do with concen-
tration of fluidswithin and outsdethecdll?

Supposetherewasmorewater in thesugar solution than that insdethe cytoplasm of the cell, water
would havemoved into thecell. Thereversewould occur if concentrationswere changed. Thus, the move-
ment of fluids acrossamembrane dueto adifferencein concentrationiscalled asosmosis.

Something likethisoccurseven acrossthe cell membranewhich playsavery important roleinthe
passage of materiad sacrossit. Thestructure of the cell membraneisvisibleonly under the el ectron micro-
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scope. It iselasticin nature and made up of mainly proteinsand fatty, oily substancescalled aslipids. Itisa
bilayer membranethat formsaprotective covering of the cytoplasm giving ashapetothecell. Substances
aresdectively passed acrossthe cell membrane and thusit iscalled as sel ectivel y permeable membrane.

. What would betheeffect onacell if themembrane wasnot sel ectively permeabl €?

Do you know?

Therearecertain sitesof identification onthe cell membranethat hel p cellsto recogni ze each other.
Thishasalot of importanceinthelifeof organisms. Duringtheearly developmenta stages, ascdlls
of different layersareformed and displaced, cdll to cell connection isestablished with the hel p of
these sites. Cellsrecognize each other and connect to play an important rolein the formation of
tissuesand organs. Apart from this, the cells of the body of an organism are ableto identify any
foreign cellswiththe help of these sites.

We had tried to observethe cell wall and cell membrane separately with the hel p of plasmolysisin
plant cdllsinactivity-4. We shall now use an unfertilized egg(the common poultry egg) to observethe cell
membraneof ananima cell.

Activity- 5

Observing cell membrane in an egg

Wewould need, an egg, vinegar(circa), beaker, concentrated sugar solution and water for this
activity.

Keep theeggsin vinegar for 4-5days, turnit
regularly. The calcium carbonate present in the hard
shell would dissolve. A thin trand ucent covering would
bevisibleandyou could touchtofedl itstexture. This
smooth dastic coveringisthe cell membrane. Now put
itinthe beaker containing concentrated sugar solution
and leaveit for around 10 minutes.

concentrated sugar

_ solution
/

shrunken egg

~

Fig.8: Adeshelled eggkeptin
concentrated sugar solution

. What difference do you seeinthe egg now?What could bethereasonfor this?
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6.4.2 Cell Wall

Cdl wall isaspecial feature of plant cells. Animal cellsusually lack acovering outsidethe cell
membrane. Nearly al plant cdlshaveavery prominent mainly cellulosic cell wall that formsastrong cover-
ing over thecell membrane. Thisisaprominent distinguishing featureof plant cells.

Itisahard or elastic and porous covering that rendersaparticul ar shape, support and protection to
theplant cdll. Thislayer isformed fromthelivecell. The cellsthat Robert Hook saw in asection of cork or
those of thematchstick are dead cellsin which we can seethe cell wall.

. What isthedifference between cell wall and cell membrane?
. What doyouthink istheroleof cell wall inaplant cell?

6.4.3 Cytoplasm

Cédll membranedelimitsthe extent of the cytoplasm, forming aboundary of it. All other partsof thecell like
mitochondria, plastid, endoplasmicreticulum, nucleusetc. arefound inthe cytoplasm. Thusthecytoplasmis
abasicfluidinwhich, stored, secretory, excretory substances are present. Thewater content of cytoplasm
isusudlylarge.

6.4.4 Nucleus

Robert Brown saw astructurein the center of the cell which he named nucleusintheyear 1831. Thisisa
very important part of thecell.

. Observefigures5aand b and state whether the nucleusis alwayslocated in the center of thecell.
. Which typeof cell doyou think Robert Brown may have studied, plant or animal?

Do you know?

Somecellsdo not haveanucleuslikethered blood cellsin mammalsor atypeof cell of xylemor
phloem tissue(you will read about them in the next chapter) in plants. Actually these cellsdo
containanucleusintheinitia stages, that degeneratesand thereismore spaceavailablefor the
transport of substances.

Therearethread like structuresins de the nucleuswhich are called aschromatin. They aremainly
composed of genetic materia. These appear asrods during cell division and are called aschromosomes.
Charactersfrom parentsare carried to young ones by these structures.

Nucleuscontrolsand coordinatesall functions of thecell. It also determinesthe characteristic fea
turesof living organisms. Wefind abilayered nuclear membrane around thenucleusthat issimilar tothe cell
membrane, in most cdlls.
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Nucleusformsamajor basisof classification. Organisms having amembrane bound nucleusare

called eukaryoteswhilethose without the membrane are prokaryotes.

Do you know?

Experiment on Acetabularia

A German stientist named Joachim Hamerling
experimented onAcetabul ariaand showed for the
first timein 1934 that the nucleusdetermined al
the charactersof an organism.

umbrellahead

Thismarinealgaisunicdlular and hasabody
withthreecdearly disinguishableparts, anumbrella
likehead, astalk and abase. Different species of
theagahavedifferent typesof head, likeflower
shaped, intheform of areverseumbrellaetc. If
thehead iscut out, it growsagain onthestalk.

Hamerling took the base of the algawith a
flower shaped head and transplanted the stalk of
the algae with an umbrellashaped head. The head of thisalgahad combined featuresof boththe
flower headed and umbrellaheaded algae. Thus some substances from the base and the stalk
determined the form of head. He cut the head of thisnewly formed alga. The head that formed
now wasinthe shape of aflower. Thisshowed that certainly some substances passed on fromthe
nucleusthat determined the shape of the head.

Hamerling had aready observed that the base of algahad the nucleus. Hisexperimentsaong
with otherson nucleusand cdll formation confirmed that thenucleushad theinformationtoforma
cell of thebody of an organism.

stalk 6/ nucleus
N

— base

Canthenucleusbecalled acontrol center of thecdl?Why?

6.4.5 Endoplasmic reticulum

Youwill find an extensive network of tubesand vesi cles(smdl rounded bag like sructures) infigure

5aand b. When observed under the el ectron microscopeit appearsrough at some placesand smooth at
others. Thefigured so showsrough and smooth endopl asmic reticulum. Rough endoplasmic reticulum has
ribosomesonitssurface and helpsin the synthesisof proteins. Smooth endoplasmic reticulum helpsinthe
synthesisof fats. Substancesformed with the help of endoplasmicreticulum are constantly involvedinthe
process of membranerepair and synthesis.
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. Through which cellular part, can materia sbetransported from the nuclear membraneto the cell
membrane?( takethehelp of figure 6)

6.4.6 Golgi body

Thesewerefirst described intheyear 1898 by Camillo Golgi and arethe only partsinacell named
after ascientist. These are membranous bag like structures There are somefluid filled vesiclesalong its
edgesand around it. The proteins synthesi zed by ribosomes are sent to the golgi body for packagingin
vesiclesbeforetrangport to other sitesinsidethecell, or outsideit. Thenumber of golgi bodiesvary from cedll
to cell. Secretary cellsoften havelarge numbers of them.

6.4.7 Lysosomes

Thereare somelethal substances present inthe cellsthat havethe ability to digest theentirecell.
How isit that acell isnot affected by them normally? Thiscould be answered with thediscovery of lysos-
omes which were found to be membrane bound bodiesthat contained the lethal substances. Thusina
normal condition these substances were not in contact with other substances of the cell. Thelysosomes
destroy certain substancesthat are producedinthecdl or may gain entry intothemthat are harmful (they are
al so capable of breaking down larger mol eculesto smaller oneswhether they are harmful or not). Lysos-
omesthemsealves may be destroyed in thisprocess. They area so capable of digesting thewholecdl, thus
they arecalled assuicidel bagsof thecell.

. What doyouthink will betheroleof alysosomein acompletely infected cell?

6.4.8 Vacuoles
. Whichisthelargest part intheplant cell asseenin Figure5a?

Fluid filled bodies of various shapesthat usually contain storage products are called asvacuol es
(termvesiclesused earlier represent very small vacuoles). Usualy animal cellshavesmaller vacuolesas
compared to plant cells.

6.5 Function of the endomembrane system

L et ustake an exampl eto understand thefunction of thissystem. Thiswill giveusafurther ideaof
how partswithin acell work together to carry out acertain function.

Ribosomesattach to thewa I s of the endopl asmic reti culum during the process of protein synthesis.
The synthesized protein mol ecul e entersthe cavity of theendoplasmic reticulum. Small vesiclesform from
theendoplasmic reticulum that carriesthese protein moleculesto thegolgi body. Here packaging of these
mol ecul esare donein such amanner that more proteins may betransported together and they may not be
damaged during transport. Thesearethen transported to other partsof the cdl like nuclear membrane, cell
membraneetc. Theseare used for different purposeslikerepair or construction of different partsor may be
secreted out of thecell for other purposes.
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6.6 Parts formed by endosymbiosis

Scientists have found that some parts of the cell were formed dueto the entry of aunicellular
organisminto another. The cell that entered was bilayered membrane bound and had genetic materid init.
Astime passed these became symbi oticinhabitantsin thehost cell. They got shelterinthehost cell, whilethe
host cell got someimportant substances|ike nutrients and energy from the guest cell. These guest cells
formed mitochondriaor the chloroplast, Theformer mainly hel pedin providing energy tothehaost cell, while
thelater mainly provided someessentia nutrientstoit.

6.6.1 Mitochondria

Different cellshavedifferent shapes of mitochondriain them like spherical, rod shaped or branched.
Thesearenearly 6to 10 timesshorter than the nucleus. There can bearound 100 to 1000 mitochondriain
acdl. 15-20% of amammalianliver cell cons stsof mitochondria.

Mitochondriaplay animportant roleintherespiration of thecell. It functionsasan energy sourcefor
running life processeswithinthecdl. Mitochondria genetic materia passesfrom onegenerationtotheother
asmitochondriadividewithinthecell, during cell divison or otherwise.

Do you know?

Thereisadynamic reationship of endoplasmic ®)
reticulum and the mitochondria. It hasbeen >
observed that tubules of the endoplasmic
reticulum form a noose around the
mitochondriagtimulatingitsdivison. Thenoose
tightensasthe mitochondriadivideinto two parts each of which start functioning asanindividual
mitochondrion.

©9

. Why isit necessary for mitochondriato be present inlarge numbersinsideacel|?

6.6.2 Plastid

Thesearemainly foundin plant cells. Wedo not find themin anima cells(follow Whittaker'sclas-
gficationfor definition of animas)

Plastids may be of two typeson the basis of presence or absence of pigments.
They are-

1. Colorlessplastids- theselack pigmentsand are often found as starch filled bodiesin maize, potato and
radishcdls.
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2. Colored plastids- These contain various pigmentsand arefound in some cells seeds, flowers, leaves,
fruitsetc. of the plant. Thegreen colored plastidiscalled as chloroplast. It may be of variousshapeslike
disc, egg, ladder like, ribbon like, star shaped, ring shaped, reticul ate etc.

The diameter of a chloroplast is
nearly twicethat of amitochondrion. Itis
bounded by abilayered membrane. Apart
from thisthereisanother membrane that
formscoin shaped sac like structures called
asthylakoids and their interconnections.
Thylakoidsarranged inastack likemanner
arecalled asgrana.

Stroma is the substance filled
between the membranes.

Apparent 3D view of achloroplast

Photosynthesisoccursin plants cellsdueto the presence of chloroplasts.
. Think why? Thechloroplast isoften called asthe kitchen of the plant cell.

. How would theworking of acell beaffected if mitochondriawere absent?
. What werethe special featuresof organismsthat entered and started living symbiotically in ahost
cdl?

So far we had been studying eukaryotic cdls, that i s, those contai ning amembrane bound nucleus.
Now let usstudy prokaryotic cellsand their characteristic features.

6.7 Characteristics of Prokaryotic Cells

Thesecedllsarebound by acell wall and acell membrane. They lack some partsobserved inthe
eukaryatic cell likemitochondrion, endoplasmic reticulum, golgi body etc. Thefunctionsof thesepartsare
carried out in the cytoplasm itself. Some of thelife processes of these organismsare carried out ontheinner
sideof the cell membrane. These haveribosomesof asmaller size ascompared to eukaryotic cells. Most
bacteriaand cyanobacteriaare prokaryotic organisms.
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Genetic materia

Ribosome

(a) Bacteria (b) Cyanobacteria
Fig. 9: Prokaryotic organisms

. With the hel p of chapter 1 write other characteristic featuresof prokaryotic organisms.
. Writeat |east two differences between eukaryotic and prokaryotic cels.

All life processeslikerespiration, nutrition, excretion of waste productsetc. gooninthecdlls. All the
parts of the cell function in coordination with each other to carry out these processesproperly. It isjust asall
partsof our body function in coordination to carry out these processesin our body. Thuscellshave been
cdledthefunctiond unit of livingforms.

6.8 Cell Theory

Peoplebelieved for along timethat life originated spontaneoudy fromair, water and soil. Itisonly
acoupleof centuriesback, after long periods of research, that we cameto know that thiswasnot so. Only
living organismsgaveriseto other living organisms. But what wasthat unit fromwhich lifeformsand the
structure of all organismsare made of ? Nearly 200 yearsback researchin search of thisunit started. Some
scientistswho largely contributed towards thiswere M athai s Jacob Schleiden, Theodore Schwann and
Rudolf Virchow.

Theodore Schwann was azool ogist while Schleiden was abotanist. Both had extensively studied
cellsand found that cellswerethose unitsthat formed thebodies of living organisms. Nearly two decades
after this, intheyear 1855, Rudolf Virchow found that cellsdivided giving riseto new cells.

These scientiststogether proposed the cell theory that becameafundamenta theory of lifescience. Thecell
theory statesthat-

1 All living organismsaremadeup of cells, their communitiesand intercel lular substances.
2. Cdlsarethestructurd and functiona unit of living organisms.
3. Cdlsarisefrompre-existingcdlls.
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Itisimportant to notethat it took nearly 200 yearsfrom naming thecell to proposing thecdll theory.
How doescell theory establish our understanding of cells?

Canweattributeany theory of scienceto anindividua scientist only?\Why, why not?

Why are cells usually small?

Cédlsareusually so smal that it isnot possibleto see them without amagnifier.
Haveyou ever thought why cellsmay be so small?

What would happen if cellswerebig?

What arethe advantagesfor acell to haveasmall size?

Wehavestudied that thereisacontinuous exchange of materia slike nutrients, gasesand excretory

productsbetween thecd| and its surrounding. This happensthrough thesurface of thecdlls. If theexchange
occursacrosssmaller distancesit would requirelessenergy. It could only bepossibleif thesizeof thecells
weresmdll.

L et ustry to understand thiswith the hel p of somemathematica calculations-

If weconsider acell to be spherical then, asitsradiusdoubles, theincreasein surfaceareawould be

insquaresand that of volumein cubes.

Let usseethevauesgiveninthetable. Surface areaand volume have been calculated in each case

and presentedinthetable.

Tablel: Theratio of thesurfaceareatovolumeof aspherical cell

Radiugmm) 05 1.0 1.5 3.0 35
SurfaceArea(SA) 34 12.6 28.6 1134 153.6
Volume(V) 0.6 4.7 14.4 112.5 179.5
Ratioof SAtoV 6:1 31 21 11 081

Wemay find such relationsin different shapesof cellsaswell.

Observethetable and answer thefollowing questions.

Astheradiusof thecell increaseswhat differencedo you observein thesurfaceareaand volumeof it?
How doestheradiusaffect theratio of surface areaand volumeof cell?

Larger surfaceareawould increasethe areaof contact with resources outside acell and thereby

a so the chance of entry of more of theresourcesinto thecell.
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Anincreaseinvolumeof thecell would increase demand of moreresources. We have seenthat the
increasein surface areaislessas compared to thevolume. Thusas cell sizewouldincreasethedemand for
intake of resources from the surface would increase.A lesser surface areawould fail to meet up to the
demands. Thusthe paceof life processeswould decrease.

You have observed somelarge cellslikethat of theeggsof hen (theareawith theyolk). Thesehave
attained their maturity and their life processes have becomevery S ow. You may have now understood how
inspiteof their largesizethey remain dive.

6.10 Are Cells Flat?

Cellsappear flat or two dimensiona when we observethem under the microscope. No matter how
small they might be, cellsareactually three dimensional and have length, breadth and height. We may
observetheegg cell of birds, or ajuicy hair cell of an orangeto get anideaof this.

Key words

prokaryote, eukaryote, cell theory, nucleus, mitochondria, chloroplast, lysosome

What we have learnt

. Cdlsarethestructurd andfunctiona unit of living organisms.

. Cellswerediscovered by Robert Hooke.

. Cdlsarebounded by an e astic, sdectively permeable membrane.

. Plant cellshaveacel wall, around the cell membrane, made of cellulose.

. Eukaryotic cellshave membrane bound nucleus.

. Lysosomes are membrane bound organellesthat contain digestive enzymes capabl e of digesting

severd typesof substances.
. Packaging of substancesaredoneinthegolgi bodies

. Mitochondriaarethe power house of the cell.

. Pastidsarefound only in plant cells. They are of mainly two groups- colored and col orless.
. Chloroplastsare chlorophyll containing green colored plastids.

. Prokaryotes do not contain membrane bound organel les.

. Cdlsarenot flat they arethreedimensiond.

. Genetic material isfound inthenucleus, mitochondriaand plastidsof cells.
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Exercise

1

© N o g &~ W

10.

Choosethecorrect option

i) Name'cell' was given by oneof thefollowing-
(&) Robert Hooke (b) Robert Brown
(¢) Leeuwenhoek (d) Hemming

i) Cell theory was proposed by-
(@ Shleiden, Schwannand Virchow
(b) Watson and Crick
(c) Darwinand Wallace
(d) Mendel and Morgan
i) Singlelayered membraneisfoundin-
(@ Mitochondria (b) Chloroplast
(c¢) Lysosome (d) Noneof theabove
iv) Celulosiccdl wall isnot present in oneof thefollowing-
(a) Bacteria (b) Cdlsof Hydrilla
(c) Celsof Mango plant (d) Cdlsof Cactus
V) Prokaryotic cell hasone of these-

(@ Mitochondria (b) Ribosome
(c) Plastid (d) Lysosome
Draw atypica plant cell and label thefollowing parts-
(@ Cdlwadl (b) Nucleus (c) Chloroplast (d) Vacuole

Write adifference between cell wall and cell membrane.

Draw alabeled diagram of atypical animal cell.

How are prokaryotic cellsdifferent from eukaryotic cells?

Explain how thecell theory clarifies our understanding of the cell?

Writetwo smilaritiesand differences between mitochondriaand chloroplast.

Write the names of those plant partsthat contain colorless plastids, chloroplasts, other colored
plastids (those other than chloroplast).

Explain thefunction of endomembrane system.
Why arecdlsusualy small?
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We add salt while cooking vegetabl es. As soon aswe add salt we find water coming out. Explain
why thishappens.

What will happenif -

(i) Thereisnonucleusinacel

(ii) Plasmamembraneof thecell bursts

(iii) Boil aRheoleaf inwater and put it in concentrated sugar solution
(v)  Golgi bodyisremovedfromthecdl



Chapter 7
Multicelluar Structure : Tissue

We studied about cdlls, their structureand function in detail in the previous chapter. We know that
all living organismsare composed of cells. Thethin layer of cork that Robert Hooke observed under the
microscope cond sted of agroup of several cells. Hooke had named amember of the group, asacell. We
seegroupsof cellswhenwetry to observedifferent parts of animasand plants under the microscope, like
theleaf pedl, internd layer of cheek, muscleof fish/chick etc.

Let us perform someactivitiesto find out somefunctionsthat groups of cellsarecapable of doing.

Activity-1

Wewould need aglasstumbler, redink, cutter or blade, hand lensand aplant with soft temsor firm
leaf stalks (likeamorphophalousor jimikand/periwinkle/cannalmoneyplant) to perform thisactivity.

Wewould need two stalks of the plant. Take one stalk and cut the base uniformly to makeit flat.
Now observeit with hand lens(for periwinkleand money plant it would be better to cut atransverse section
of it and observeit under the microscope). Cut alongitudinal section of thestalk aswell. Youmay takethe
help of thefigure 1 for this. Make asketch of your observations. Add water to the cut sections so that they
don't dry up.

Transverse section Longitudinal section
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(a) Transverse section- (b) Longitudinal section-

stem of dicotyledonous plant stem of dicotyledonous plant
Fig. 1

Takean empty glasstumbler and fill 3/4th of it withwater. Add enough
red ink to get adark red solution. Place the other stalk of the plant inthe
tumbler and seetoit that the plant stands upright. Leavethe set upin sunlight
for two hours. Now cut transverseand longitudina sectionsof thisstalk and
observeit carefully. You may takethehelp of figure 1(a) and (b) for this.

. What mgjor differencedo you find while comparing your observa-
tion of boththe stalks?

. Why do you think only someareas arereddish in the second stalk?

. Canwesay that these areasareinvolved in conduction of water in S
thestem? Fig. 2: stalk of periwinkle

immersed inred ink solution
We can clearly seethat cellsin the colored areaarearrangedin a

manner different from those around them. These areas areinvolved usudly in upward conduction of water
inaplant.

Activity-2

For thiswewould requireaclean cotton cloth, gram/moong seeds, blade, 4 bowls, dide, coverdip,
red ink, microscope, candle, match box
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Soak around 30 seeds either of gram or moong in abowl for at least 6-7 hours. You may then
removethe seedsfrom the bowl andloosdly tiethem upin acotton cloth. Wet the cloth fromtimetotime so
that the seedsdon't dry up. The seedswould germinateand in 2-3 daysthey would have quitealongradicle.
Choose 10 seedsthat havealong clear radicle. Keep 5 of thesein bowl A. Put theother 5in bowl B. Now
measurethelength of al theradiclesof bowl A and B. You may useathread for the same. Thisislength for
first day. Cut around amillimeter of thetips of theradicle of bowl B and put the cut endsinbowl! C. Keep
them moi stened so that they do not dry. Let them grow for another 3-4 days. On thefifth day measurethe
radiclesonceagain.

@ (b) ©
Bowl (a) 5 germinated Bowl (b) 5 germinated seeds Bowl (¢) with 5 root tips
sead of moong with root tip cut
Fig.3
Tablel

Lengthof Radicle Bowl A Bowl B
First Day
Fifth Day

. Which bowl had longer radicles after the 5th day?

. Didtheradiclesgrow after their tipswere cut?

Activity-3

Wewill usethefreshly cut tips of bowl 3. You may do thisactivity as soon asyou cut thetipsof the
radiclesinactivity 2. Takeacut tip and placeit on afew dropsof water onadide. Heat thedideonacandle
flamefor sometime. Do not | et thewater dry up completely. Now add adrop of diluted red ink or safranin
and cover it with acoverdlip. Seeto it that no bubblesremain under the cover slip. Now gently tap the
coverdip with theback of your pen toflatten thetip. Observethe dideunder the microscope. Takethehelp
of Figure4 for your observation. Make a sketch of what you observe.
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Fig. 4: Arrangement of cellsin thetip of theradicle(circled area showsthefast growing cells)

. Inwhich of the bowlsthe growth of radicle continued?
. What do you think isthefunction of thetip of radicles?

You havethus observed that thetip of theradicle had the cellsthat were responsiblefor growth.
Oncethesewereremoved, thetipsdid not grow in bowl B, whileinA growth continued asthe cellswere
present.

We observed sofar in activity 1, 2 and 3 that there are some groups of cellsthat conduct water in
plantswhilethere are someothersthat carry out growthin plants. We a so observed that their arrangement
differed from those around them. We may thus say that cellsarearranged in living organismsin particular
patternsto carry out one or morefunctions. Such arrangementsof groupsof cellsarecaled astissue.

7.1 How did we come to know about tissues?

Thename'tissue wasgiven tointerwoven structuresby Marie Francois Xavier Bichat whilehewas
studying diseased partsin the human body. The mention of tissueisfound inabook hewrotein theyear
1799 giving adetail ed description of the composition of tissues of the human body. You may besurprised to
learn that, though the microscopewasin usein Bichat'stime he never usedit in hisobservations. Hisstudy
was based on hisobservation of animal tissueswhich heclassified mainly into three categoriesas-

1 Fibrousor thosethat werefiber like
2. Serousor thosethat werewatery fluid like
3. Mucousor thosethat weredlimy

Hefurther subdivided these categoriesinto 21 other typeswhich heidentified mainly on the basis of
their function. Almost al namesin classification of animal tissuesand most of their description comefrom
Bichat's classfication (including nervous, connective, muscleetc.).
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Bichat was not the only scientist studying tissues. e
About acentury before Bichat coined the name, scientists [ “ 4

had been studying, describing and naming themonthebas's
of the nature of their surface, composition and function. X
Nehemiah Grew(1641- 1712) wasoneof themwho, while .
studying plant matter, inferred that they were composed of w7
'pithy’ or soft and spongy, and 'woody' or hard parts. o \\1‘/\\ ) o S
Nehemiah Grew used theterm 'Parenchyma for thefirst = = ) |2 "~~~ 2B
timefor pithy cellshaving thinwallsthat appearedtohave 7 N\_\ % C o8
material pouredinto their spaces. Schleiden and Schwann , 24
also studied such groups of cellsand they found that the oo el
transverse section of shaft of birdfeather andtheliningof a - i =t
lamb's stomach had cellsthat weresimilar to parenchyma. 4 ' e, (.
Another scientist studyingtissueswasKarl VonNageli.He .= © I /3\ {
was abotanist who introduced the concept of formative -/ {’:’ f by { =~ ),
and stabletissues. He named formativetissuesas"Mer- [« A~ L ¢f ,\'“(__C{v:f}\. —
istem” or fast growing tissue. Hemademeticulousobser- \J5) /__r_‘ )_;" ::) 5
vationsand found that certain regionsliketipsof rootsand =% ;/ % ( ( \ i
stemsin plants, skinand bloodinanimalswerecomposed . " * P, .

. ) o Fig. 5: Sketchesof different typesof tissuesas
mainly of suchtissues. He a so named thetubeliketissues observed by Schwann

that conducted water, mineralsand food material in plants
asxylem (meaning wood) and phloem(meaning bark) on the basis of thedirectioninwhich they carried
water or food materials.

Schleiden and Schwann a so observed thefast growing tissuesand found that their cellsweresmall witha
prominent large nucleus, less cytoplasm and thin cell membraneor cell wall. Asthe cellsmatured, their size
increased, the size of nucleus decreased, theamount of cytoplasm increased and thewallsand membranes
becamethicker.

Thuswehave studied how over time scientists had been studying thearrangement of cellsintissues
minutely. Thebasisof al their detail ed study had been the structure and function of thetissues. They sudied
tissuesin both plantsand animal sto observethe similaritiesand differences between them. Therearesome
tissuesinour body that arevery similar to those of plantsand it may be very difficult for an experienced
scientist aswell to make out the differences. Usually mature animal tissues are softer than mature plant
tissues. Thecell theory was proposed on the basis of the similarities between plant and animal tissues.

. What arethe main statementsof thecell theory?

While comparing plant and animd tissueswewould find that most of the plant tissuesinvolvedin
conduction of materia sacrosslarge distances are composed of dead cellswhilethose of animal cellshave
more of living cells. Itisalso possibleto identify areas of fast growing cellsin plantsmoreeasily thanin
animas
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7.2 Grouping of Tissues

Scientists had been studying tissues and trying to name them on the basis of their characterslike
function, location, organi zation, arrangement, ability to divide etc. The processof grouping onthebasisof
these characters helped in the detailed study of tissues. We are now going to group animal and plant tissues
separately to facilitate abetter study of them. The mgor characters of each group and subgroupsare aso
included intheflow chartspresented here.

7.2.1 Grouping Plant Tissues
Anexampleof grouping of plant tissues can be donein thefollowing manner -

Plant Tissues
Onthe basis of division and
differentiation
Meristematic Permanent
(Composed of fast dividing cells (Composed of cells that have
Example, those at the tip and along lost the ability to divide or divide slowly
the sides of most stems and roots.)
lOn the basis of organization
Simple Complex
These are composed of layers of Each layer has different types of cells
similar types of cells (example: conducting tissues)
: On the basis of
On the basis of : .
location and function JJOCE\IIOH and function
l l conducting water conducting
and mineral salts complex
Dermal Ground usually from roots compounds
) o ) to other parts like glucose,
forming thelining supporting other proteins etc.
of al parts are mainly tissues and forming mainly food
protectivein the bulk of different Xylem
function plant parts often Phloem
function as storage tissue
Parenchyma
Collenchyma,
Sclerenchyma

Fig. 6: Grouping of Plant Tissues
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Parenchyma Sclerenchyma Collenchyma

Intercellular space

tracheid

xylem parenchyma/ '

Phloem parenchyma

Fig. 7: Different Plant Tissues

Thereisalimitation of the classification schemaof plant tissues as presented in figure 6. Permanent
tissuesare not just those that have completely lost the ability to divide. Parenchymaand collenchymain-
cludedinthiscategory are capable of dividing. Thuswe may seethat the names of the categoriesrepresent
stagesin the development of tissues. Thereareintermediary stagesaswell like permanent tissuesthat still
havetheability todivide.

7.2.2 Grouping of Animal Tissues
Let usnow try to study atype of classification of Animal tissues(mainly thosein humans).
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Animal Tissues

l On the basis of function
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\

Dermal

Mainly as
protective lining

v

Connective

Building different
body parts organizing,
connecting and
supporting them

helpsin Carrying

movement sensations

of body parts in the form of
stimuli and
eliciting
response

v N
Muscular Nervous

Forming skin and
internal linings of
parts like mouth,
blood vessels, tubes
of kidney and air
sacsin lungs etc.

Groups of nerve
cellsand intercellular
materialsin different
parts of the body.

l

l

l

Striated Unstriated Cardiac
Some of thosein Thosein our Present in heart
the hand, leg and blood vessels, not under voluntary
other areas of our food candl, air control function
body, functioning passages etc. not throughout life
under voluntary under voluntary
control control
\4
A\ 4 J’ N N
Interstitial Adipose Fluid Skeletal
Support help in maintaining helpin Forming
i ntgrpnal body temperature maintaining framework
oraans also protective in body temperature of body
\ 9 function usually usually conducting proctecting
found under skin gases (like oxygen and and helping
usually found carbondy oxide), in movement.
between interndl mineralswastes, cells
organs and around and materials that protect
muscular, dermal, body from diseases.
nervous and
other tissues

!

Bone

|

Blood

l

Lymph

Fig. 8: Grouping someanimal tissues

l

Cartilage
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scaly epithelial tissue

areolar tissue

(A) Dermal Tissue (B) Connective tissue

Striated muscle tissue Cardiac tissue

Unstriated muscle tissue

(C) Muscular Tissue (D) Nervous tissue

Fig. 9: Different typesof animal tissues
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So far we studied about how we cameto know about thetissues and some schemas of grouping
them. Let usnow observe some of them.

7.3 Observing some plant tissues

Takethehelp of figure 7 todo these activities
7.3.1 Dermal tissue of the leaf
Activity-4

Youwould need leaves of Rheo or similar plantsthat have epidermisthat stripsoff easily, micro-
scope, slidesand cover dips, blade/sharp scissor

. Tear apieceof leaf lengthwise and check for athin peel near the edges. Thisisdermal tissue.
. Takeapieceof thisand put it on afew drops of water on adide. Cover withacover dip.
. Observethisunder the microscope and makeasketch of what you see. You may takethe help of
figure 10for your observation.
. Write adetailed account on arrangement and structure of cellsthat you observed.
guarq cells

outer layer

dermal cells=_= .

chloroplast
Fig. 10: Cellsin thepeel of lower sideof leaf and stomatal guard cells

. Could you observechloroplast containing cells? Takethe hel p of thefigureto find out what they are
caled?

Thecdlsthat you observed under the microscope were of the outermost layer of |eaf tissuecaled
asdermal or rather epidermal tissue. Just likethose of animal dermal tissueitsmajor functionistoforma
protectivelayer. Theintercellular spaceisnearly absent betweenthe cellsof thistissue. Indry aress, lossof
water is prevented due to the presence of athickened epidermis. The presence of an oily layer over the
epidermisprotectswater plants. Cellsthat appear kidney shaped inthe epidermal layer in most dicotyle-
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donous plantsaretheguard cells. The pore between them isthestomata. These mainly helpin exchange of
air. Usualy largeamount of water passesout through them in severa plants. Thisaidsthe conduction of
water inthe plant body.

Ingtruction: You may useother leavespreferably fleshy, to takealeaf peel. You may stainthe pedl for
clearer observation.

7.3.2 Observing Parenchyma
Activity-5
For thiswewould need banana, petri dishes or watch glasses, dissection needles, iodinesolution,
microscope, slidesand cover dlips.
Instructions
1 Takeasmall pieceof the soft bananatissue. You may use the dissecting needleto.
2. Put the sampleonto apetri dish or watch glassand mash it dightly using the dissecting needle.

3. Takeasmall sample of thetissueonto adide, spread it out with aneedle and add afew drops of
iodinesolution. Placeacover diponthis.

4. Observethe cellsunder low power and find asection wherethe cellsarelying separate, not over
each other.
5. lodineturnsthe starch blue black and we see clustersof starch containing platidsinthecells.

Observethearrangement of these cellsunder higher power of the microscope.
Draw aneat and |abel ed diagram of your observation.

Thecdl inthistissue haveaprominent nucleus, usualy havegranular cytoplasm, largevacuoles, thin
cell wallsand membranes, and intercel lular space between them.

Parenchymahaving chloropl ast containing cellsarecalled chlorenchyma. Aqueatic plantshavelarge
air spacesbetween the cell sof parenchyma, such parenchymaiscalled as aerenchyma.

7.3.3 Observing Sclerenchyma
Activity-6

Wewould need soft, ripe guava, microscope, didesand cover dlips, iodine solution, dissecting
needlesor forceps

. Usetheforcepsor needleto takeasmall pieceof soft guavatissueonto your side.
. Add two dropsof iodine solution.
. Teasethetissuedightly to separatethe cdlls.

. Cover withacover dip and observeunder low power.



108 Science, Class-9

. You wouldfind groups of dark cellsamongst the rounded parenchymacells.
. These arepartsof sclerenchymatissue.

Dueto sclerenchyma, plant tissues become hard and strong. The cells of thistissueare usually
fibrons, thin and dead. A section of these would show thick lignified walls around the cellsthat lack a
nucleus. Ligninisachemicd substance (like cement) that rendersstrength tothe cells. Nointercel lular space
isseen dueto deposition of lignin. Coconut fibers, seed coat of mature orange seeds, fibersinadry bottle
gourd etc. are composed of sclerenchymatissue.

7.4 Observing animal tissues

7.4.1
Activity-7

. You havealready observed the cellsin theinner lining of your mouth by making dideof theminthe
previous chapter.

. You may observedandruff or thelayer of cell that pedlsoff from your hedls. All these represent the
outermost layer of dermal tissueof animalscalled asepithelium or epiderma layer.

. Write about your observation and aso makeasketch of it, kegpingin view thearrangement of cdls
of thistissueand their intercellular space( if any).

We have observed that epithelium formsthe outer and inner liningsof different partsof the body.
They usudly form aprotective covering. Thecellsareflat, usually with aprominent nucleus, joined to other
cellsand usually do not have any intercel lular space.

Other functionsof thistissue arelike conduction of sensation, secretion and repair.
7.4.2 Observing muscular tissue

We shall use permanent slide of cardiac muscle. Take out thedide of cardiac muscle providedin
your kitinyour lab and observe it under the microscope. Note your observation and makeasketch of it.
You may takethehelp of figure9for this.

. What arethe different functionsthat are carried out dueto the presence of muscular tissue?

All movementsin anima bodiesoccur with thehe p of muscular tissue. They may beexternad move-
mentslikemovement of hand, leg and trunk or interna like movement intheintestine, lungsand the heart.
7.5 Function of Tissues

We have so far studied that tissueisacommunity of cellsand intercellular substancesthat are
interacting in one or moretask.
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Do you know?

Tissuesand cells are surrounded by fluidsthat form their environment. A changein itscompositions
and volumeaffectsthe function of thetissue. Thetypeand concentration of minerd sand satsmust be
at levelscompatiblefor their proper functioning. All plant and animal tissuesrequireasuitablefluid
environment so that they may function effectively.

Most multicellular plantsand animal s have cells—tissues—organs—organ systemsthat distribute
thetask of survival. One arrangement functionsin reproduction whileanother in excretion. Thuswemay say
that the plant and animal body showsadivision of labour. Asfor examplewood and bone aretissuesthat
functionmainly in astructural support in plantsand animal srespectively. Xylem of wood also conducts
mineralsand water while bone protectsinterna organs. An organ hasat |east two tissuesthat are organized
in certain propositionsand patterns performing oneor more common tasks. Asfor exampletheleaf of plants
and theeyeof animalsare organs. A leaf carries out photosynthesi swith the hel p of light sensitive pigment
chlorophyll and gaseous exchange with the hel p of stomatawhilethe eye helpsin seeingwith the help of
somelight sensitive pigment. Thus, leaf or any other photosynthetic part of plantsand theeyeof animals
have certain ability that arelight dependent.

Not al tasksarecarried out by aparticular group of tissues. Sometissues carry out the function of
conduction of substancesfrom one part of amulticellular body to another.Sometissues are capable of fast
growth and division. Thesetissues may be present anywherein the body of amulticellular organism, for
exampleintheskinorindl suchtissuesthat formalining(beit thelining of digestivesystem or the skin of the
body) or dermd tissue. Thosethat form the bulk of abody or the ground substance might contain conduct-
ingtissuesor vascular tissues. Theseareusudly fibreliketissuesforming musclesof animasandfibersof the
conducting tissuesin plants both rendering support, flexibility and connection between certain parts. These
would aso havefast growing tissue so that the process of growth and repair goeson replacing ol der layer of
tissuewith newer ones.

. Writeabout smilar functionsof anima and plant tissues

Do you know?

After acertain period of timethe growth of certain tissuesstopsasthecellslosetheability to divide
and differentiate(ability to take other forms). But there are somecells called as stem cellsthat can
divideand differentiate constantly. Whenever cellsof an organ dieand fal off likethose of our skin,
thestem cdllsdivideforminganew layer. After eech divison asinglestem cell formstwo cells, one of
thesedifferentiateinto acell of the concerned partswhilethe other remainsasastem cell.

Scientistshave been ableto identify not only those stem cell sthat form aparticular organ but even
thosethat may differentiateto form different organs of the body. Such stem cellsin humanshave been
found mainly inthebone marrow and placenta. Damaged organs are bei ng reconstructed or replaced
withthe help of ssemcdlls.
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7.6 Relation of structure and function of tissues

Thestructural organization cells—tissues— organs — organ systems happened over along period
of time. Thereweresinglecdlular formsinthebeginning. Multicd lular communitiesformed fromthesesingle
cellular forms nearly 580 million yearsago. The structures and functions of the cellsa so changedinthis
process.

If wethink how the change of environment from water to land posed challengesto the body struc-
ture of plantswe would have someideaof how their structurerelatesto function. Plantsthat | eft aquatic
habitatsfound an abundance of sunlight and carbon dioxidefor photosynthesisand oxygen for respiration.
Asthey dispersed faster away from their aguatic dwelling, however, they faced anew challenge- how to
keep from drying out in air. When we observetheinternal structure of root, stem and leaves of land and
water plantswe seethat anetwork of long tubesfromroot to leavesare present inland plants, endinginthe
stomatathat open and closein waysthat help to conserve water.

Branching in roots hel ped to draw more and morewater and dissolved mineralsto sendit tolarge
distances. Tubelike structuresformed carrying substances over large distances. You have seenthesein
activity 1.

Similarly wemay understand theimpact of the change of environment from water toland in animal
cellsand their function. Gases can only moveinto and out of theanimal body by diffusing acrossamoist
surface. Thisoccursacrosstheir body surfacein animalsliving inwater. The surfaces started drying out as
animalsstarted inhabiting land. Thustheseanima swerefound to have specialized groups of cellsorganized
into tissues, organsand organ systemsto carry out gaseonswithintheir body with very little exposureto
environment. You may have understood that we aretalking about thelungs. Theinterna lining of lungsare
multilayered and highly folded facilitating large amounts of gaseousexchange.

Keywords

Tissue, division of labour, dermal tissue, ground tissue, vascular tissue, xylem, phloem, nervous
tissue, connectivetissue, muscular tissue

What we have learnt

. Tissuesaregroupsof cellsaongwith their environment(fluid) that carry out one or morefunctions.
. Tissue can have one or moretypesof cells.
. Similar groupsof cellsdevelop into different typesof tissues by division and differentiation.

. Distribution of work among different groups of tissuesistheir division of 1abour.
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Scientists have been studying thesimilaritiesand differencesamong different typesof groupsof cells
over timeand the cell theory had been proposed astheresult of astudy of similarities.

Tissues have been grouped as meristemati c and permanent on thebasis of their ability to divide.
Some permanent ti ssueslike parenchymaand collenchymahavethe ability to dividethough they are
grouped as permanent tissue.

Animdl tissueshave been groupedintofour categoriesonthebasisof their structureand function as
dermal, connective, muscular and nervous.

Structureof tissuesaffect their function.

Stem cells can be preserved and used later for replacement or reconstruction of damaged parts.

Exercise
1 Choosetheright option
(i) Grouping of plant tissueson the basi sof function of conducting substancesthrough them-
(@ xylemand parenchyma (b) xylem and phloem
(¢) phloem and dermal tissue (d) parenchymaand aerenchyma

O N o 0 M W

(i) Tissuesare
(@) groupsof cdls (b) cell and cytoplasm
(¢) groupsof cdlsandtheir surroundingfluid  (d) noneof these
(iii) Lignindepositsareseenin oneof thefollowing tissues
(8 parenchyma (b) collenchyma
(c) chlorenchyma (d) sclerenchyma
Fill intheblanks
() tissue carrieswater and minera saltsin plants.
(1) tissueisfoundintheinner lining of our mouth.
(i) e and.....ccoceeeennne tissuesrender support and movement to our body parts.
What aretissues?
Write about thefunction of any 3 typesof tissues.
Writeabout theimportanceof division of labour among tissuesof multicellular organisms.
Write some commonly observable examples of sclerenchymatissue.
Why isblood called aconnectivetissue?
Writeanote on the historic context of our knowledge of tissues.
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9. Completetheflow chart given bel ow-

Permanent

(Composed of cells divide slowly
or have lost the ability to divide)

basiS ....ccovvneee.
Simple Complex
Specia feature.................... Each layer has different types of cells
____________________________________________ (eXaMPLE: o)
On the basis of On the basis of
location and function |ocation and
Dermal Ground Phloem
Types-
Lo,
2 e
1 ST

10.  'Thereisadeep connection between the structureand function of tissues. Justify this statement.
11. Group plant tissues onthebasis of their charactersand function.

12. What arethe different groupsinto which animal tissues have been divided? What isthe basis of
suchagrouping?

13. What arethe other groupsinto which you may organize plant or animal tissues? What would bethe
bas sof your grouping?

Thought provoking
Why do you think human placentas are stored away in | aboratoriesthese days?



Chapter 8
Chemical Bonding

Inthe chapter on atomic structure, welearnt that the number of e ectronsin an atom of any element
isfixed. Wead solearnt that the number of e ectronsin ashell and the electronic configurationisa sofixed.
The number of electronsin an atomisequal to the number of protonsinitsnucleus. Sincethechargeona
protonisequal but oppositetothat on an eectron, thereforetheatomiselectrically neutral.

Itisobserved that some elementsfound in nature arereactive and othersare non-reactive or inert.
Thedifferencein reactivity can beexplained if welook at the e ectronic configurationsof elements. Itis
interesting to note that the chemical properties of an el ement are dependent on the number of electrons
present initsoutermost shell (valence electrons). It isseenthat elementsthat have eight el ectronsintheir
outermost shell (except helium, which hastwo d ectrons) generaly do not form compounds. Theseelements
arehelium, neon, argon, krypton and xenon and they exist as monoatomi ¢ gases. Sincethese gases do not
react they areknown asinert (noble) gases. Except for helium all other inert gases have eight electrons
(octet) intheir outermost shell.

8.1 lonic Bonds

Those el ements (except hydrogen) that havelessthan eight € ectronsin the outermost shell of their
atomstry to completetheoctet, thet is, they try to attaininert gasconfiguration by reacting with other atoms.
The other atom can be of the same element or from adifferent e ement.

Let ustry to understand the above statement by looking at sodium chloride, which youmay know
ascommon salt. Sodium chlorideisformed by the lements, sodium and chlorine. We know that theatomic
numbersof sodiumand chlorineare 11 and 17 respectively. Let uswritetheir electronic configurations:

sNa - 2,81
Ll - 2,87
By looking at the electronic configurations of the two elements, tell —
. How many electronsare present in the outermost (val ence) shell of each atom?
. In how many ways can the sodium atom compl eteits octet? In how many ways can the chlorine

atom attaininert gasconfiguration?
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OB-0©

Sodium atom Chlorine atom Sodiumion Chlorideion
(Na) (ch (Na) (cr)
(2,81 (2,8,7) (2,8) (2,8,8)
11 Proton = 11+ 17 Proton = 17+
10 Electron = 10- 18 Electron = 18
Tota charge = +1 Total charge = -1

Fig. 1: (a) Formation of sodiumchloride

We saw that the sodium atom has 2 electronsinitsK shell, 8intheL shell and 1 electroninthe M
shell. One possihility to attain the octet configuration isthat the sodium el ectron losesthe one € ectron
presentinitsM shell and thenit will beleft with 2 electronsintheK shell and 8intheL shell. Inthiscase, it
attainsthe configuration of theinert gasneon (2,8).

Thesecond possibility isthat the sodium atom accepts 7 el ectrons so that it has 2 electronsinits K
shell, 8intheL shell and8intheM shell. Inthiscasedso it attainsinert gas configuration (argon 2,8,8).

Theatomic number of sodiumis 11 which meansthat itsatom has 11 protonsin the nucleusand 11
electronsin shells. Canyou tell what will bethe charge on the sodium atomif it losesan eectronor gains7
electrons?

Anatomiselectricaly neutra because the number of positively charged particles (protons) inits
nucleusisegual tothe number of negatively charged particles (electrons) initsshells. If theatom gainsan
electron it becomes anegatively charged ion or anion. If the atom loses el ectronsit becomes positively
charged ion or cation. Thechargeon anionisequal tothe number of electronsgained or |ost.

Now, wewill consider the chlorineatom. Chlorine can also achieveinert gas configurationintwo
ways, either by gaining oneelectron or by losing seven eectrons. If chlorine acceptsan eectronthenit will
have2 dectronsintheK shell, 8intheL shell and 8intheM shell andit will form chlorideion (Cl). If itloses
7 electrons, thenit will have 2 eectronsintheK shell and8intheL shell andit formsCl™ ion.

Thenucleusof the sodium atom isnot capable of holding onto seven extradectrons. Smilarly, itis
difficult for the chlorineatom tolose seven electronsand form Cl™ ion. Thismeansthat itiseasier for the
sodium atomtolose an el ectron and for the chlorine atom to gain one electron. Therefore, sodium forms
Na' ion by losing an €l ectron and chlorineforms Cl- ion by accepting an € ectron.

Dueto opposite charges, sodium and chlorideionsare attracted to each other and are held together
by strong electrostatic forces of attractionto form sodium chloride.
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Thetype of bond formed inthisway iscalledionic bond or el ectrostatic bond. The compounds
formed inthismanner are called € ectrova ent or ionic compounds. It should be noted that sodium chloride
doesnot exist asasingle mol ecule but as an aggregate of oppositely charged ions.

Here, thebond isnot formed between one sodiumion and onechlorideion. Instead, athreedimen-
siona crystal isformedinwhich each positively charged sodiumion is surrounded by negatively charged
chlorideionsand smilarly each chlorideion issurrounded by positively charged sodiumions. The number of
sodiumions, inthecrystal, isequal to the number of chlorideions.

Cl- surrounded by Na 4 r(‘}
I~ -

I~

Na" surrounded by Cl-—___| >
>
o AP
—

Fig. 1(b) : Threedimensional structureof sodium chloride

TheAmerican chemist Gilbert Newton Lewisused € ectron dot configurations, aso called
Lewissymboals, to show the number of bonding electronsin anatom. Inthismethod, the el ectronsin
theoutermost shell of an atom areshown by putting an equal number of dots around the symbol of the
element.

L] o0 L]

*Ce «Cle Na :Mg

Now, we will look at some more ionic compounds. lonic bonds are also formed between
magnes um and chlorideions. Theaomic number of magnesiumis12. Writeitse ectronic configuration and
think of how it will ataininert gasconfiguration?

Weknow that for magnesium (2,8,2) to attain inert gasconfiguration (2,8), it will havetolosetwo
electrons but the chlorine atom needs only one el ectron to complete its octet. Think, how will thetwo
electronslost by magnesium be accommodated? Here, two chlorineatomswill take part in bond formation
with one magnesium atom. Therefore, each chlorineatom will accept one of thetwo el ectronslost by the
magnesium atom and attain inert gas(2,8,8) configuration. Thisiswhy the formulaof the compoundis
MgCl,.Canyoutell thevaueof the chargeonthemagnesiumion?
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xCl%
/‘(2’8’7) X X
(2M892): + — Mg" |:>'<x >I(§:| or MgCl,
1O, 2
(28.7)

Fig. 2: Formation of magnesium chloride

Now, let’s look at another ionic compound which is formed by calcium and oxygen. The atomic
numbersof calcium and oxygen are 20 and 8 respectively. Writedown their electronic configurationsand
think of how they will attaininert gasconfiguration?

We can seethat calcium hastwo electronsinitsoutermost shell and oxygen has6 electronsinits
outermost shell. Therefore, it iseasy for calciumto losetwo e ectronsand for oxygen to gain two el ectrons.
In thisway, oxygen acceptsthetwo electronslost by calcium and formsanionic bond. What will bethe
chargeson calciumion and oxideion, respectively, in cacium oxide?

./\xx ++ xx_
Ca + O —> {Ca} [®} or Cao

~__ "

(2,8,8,2) (2, 6) 2,88 (29
Calcuim Oxygen Calcium Oxide
atom atom atom ion

Fig. 3: Formation of Calcium oxide

So far, wehave seen that during bond formati on between elements, one or two eectronsarelost by
one atom and accepted by the other atom or atoms. Now we will look at a compound formed by the
dementduminium.

Theatomic numbers of duminiumand chlorideare 13 and 17 respectively. AICl, isformed by the
transfer of electrons between Al and Cl. Can you show the el ectronic structure of AlCl ;to complete the
equation given below?

Alx + CI — or AlCI,

Fig. 4: Formation of aluminium chloride
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Through the exampl es seen so far, we now know that sodium needsto |ose oneelectron to form
bondsand oxygen gainsor acceptstwo e ectrons. Inthisway thenumber of dectronsinthe outermost shells
of both atomsbecomeseight. Think, what will be theformulaof the compound formed by bonding between
sodium and oxygen? How will they form ionic bonds? Compl ete the figure bel ow by showing el ectron
transfer between sodium and oxygen.

Na' e
— + 0% or NaO
Na’

Fig.5: Formation of sodium oxide

8.2 Valency
We saw many different examples of how atoms of different el ementslose or accept electronsto
achieveinert gas configuration. Therefore, we can understand valency inthefollowing ways.

. Sodium hasoneé ectroninitsvaenceshell whichit losesto achieveinert gas configuration, there-
fore, thevaency of sodiumisone.

. Calcium losestwo dectronsfromitsvalence shdl soitsvaency istwo.

. Chlorinehas 7 dectronsinitsvaenceshdl and it gainsan e ectron to compl eteits octet, therefore,
thevalency of chlorineisone.

Valency tdlsushow many e ectronswill belost or accepted by the atom of any element to achieve
inert gasconfiguration. Inthisway, wefind that atomsof somee ementsloseatomsfromtheir valenceshell
and atomsof some other e ementsgain e ectronsto completetheir octet. Sofar, we haveidentified metals
and non-metal sbased on their physical properties. Now, we can say that duringionic bond formation, the
elementsthat |osed ectrons are called metal s and the el ementsthat gain eectronsare cdled non-metals.

Questions
1 Theatomic numbersof potassium and chlorineare 19 and 17 respectively:
@ Writethe r e ectronic configuration.
(b) In how many ways can thetwo el ementsachieveinert gas configuration? Describe.
(© Depict theionicbond in potassium chlorideusing Lewissymbols.
(d) What will bethe charges on potassium and chlorideionsin potassium chloride?

2. Theatomic numbersof lithium and fluorineare 3 and 9 respectively. Use el ectron dot structuresto
show theionic bond formation between lithium and fluorine.
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What isthevaency of oxygen?What isthevaency of potassum?Explain.

4. The number of electronsinthe M shell of anelementis7 anditsvalency is1. What will bethe
el ectronic configuration of theion of thiselement?

You know that duminium hasthreedectronsinitsvalenceshdl whichit losestoformAl*. Canyou
namethe e ement that hasfour e ectronsinitsoutermost shell?

8.3 Covalent bonds

Wewill now consder the element carbon whose atomic number is6 and € ectronic configurationis
2,4.1f carbon loses4 dectronsto attaininert gas configuration similar to helium (2) thenit will form C* ion.
Ontheother hand, if it gainsfour e ectronsto attain inert gas configuration similar to neon (2,8) then it will
form C*.

In both casestheionsformed are unstable so both are not possible. Then, how does carbon form
bonds? L et us see.

Onedyternativeisthat carbon sharesitsel ectronswith other el ements. What does sharing mean?
L et ustake theexampleof carbon tetrachlorideto understand this better. Carbon tetrachlorideisformed by
onecarbon and 4 chlorine atoms. Wea ready know that achlorine atom needsone € ectron to compl eteits
octet. Inthiscase, each chlorine contributesone of itsel ectronsto one atom of carbon and similarly carbon
a so sharesoneof itsfour e ectronswith each of the chlorine atomsto form bonds. Inthisway, carbon and
each of the chlorineatomsattain inert gas configuration (2,8 and 2,8,8). Both shared electrons are owned
equally by both the atomstherefore, they areincluded inthe octets of both atoms.

(o ;
.Co 4[22}}—» @Qg@@ or Cl—c::—CI
ipt

Fig.6: Covalent bond in carbon tetrachloride

Now wewill look at the compound methaneformed by carbon and hydrogen. We have seenthat it
iseasier for the carbon atom to shareits valence el ectronsrather than losing them or gaining additional
el ectrons. What about the hydrogen atom? Theatomic number of hydrogen isonewhich meansthat it has
oneprotoninitsnucleusand oneelectroninthe K shell. The nearest rare gasis helium which hastwo
electronsinitsK shell. When abond isformed between carbon and hydrogen, the carbon atom needsto
sharefour e ectrons but the hydrogen atom needsto share only one. So, oneatom of carbon and four atoms
of hydrogen share électronsto form CH, molecule.
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(1) y
. x x>
.C-+4 H —(HECH or  H-C—H
. <> |
) ;
Fig. 7: Covalent bondingin methane

Now, wewill look at another carbon compound, carbon dioxide. Itisclear fromthenameitsalf that
the molecule hastwo oxygen atoms (di- isasuffix that stands for two so dioxide impliestwo atoms of
oxygen). Previoudy, we have seen that usua ly oxygen acceptstwo e ectronsto form thedivalent ion, O*
but at the sametime carbon prefersto share el ectronsto form bonds. Can you tell how carbon and oxygen

will sharedectronsto form the stable compound carbon dioxide? It ispossible only when each oxygen atom
sharesitstwo valence e ectronswith two-two electronsof carbon (fig.8).

0% + :1C: + ¥O¥ —» @M@ o 0=C=0

Fig.8: Covalent bondingin carbon dioxide

By looking at the given structure, can you tell how many bonds are formed between the carbon
atom and the oxygen atom? In thiscompound, two pairs of (four) electrons of carbon combineswith one
pair of electrons of each oxygen atom to form adouble bond. In the previous example, carbon formed
CCl with chlorineand CH with hydrogen by sharing one-one electron to form single bonds. But in carbon
dioxide molecule, adouble bond is present between the oxygen and carbon atoms. Single and double
bonds between two atoms are shown by a single dash (=) or a double dash (=) respectively.

Such compounds where €l ectrons are shared between atomsto form bonds are called coval ent
compounds. It should be noted herethat two or more atomsattain the nearest inert gas configuration by
sharing of e ectrons. Such groups of atoms are known as molecul es or we can say that the mol ecul es of
cova ent compounds are made up of two or more atoms.

Water isacompound which isformed by combination of hydrogen and oxygen. We know that
hydrogen needsto share one el ectron and oxygen needsto sharetwo el ectronsto completetheir octet. Try
to makeastructure of water that sati sfiesthe vaence of both hydrogen and oxygen (figure-9).

He + xOx + «H —> or H—O—H

Fig.9: Covalent bondingin water
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Themolecular formulaof the compound anmoniaisNH.. Itisformed by nitrogen and hydrogen.
Hydrogen needs to share one electron and nitrogen needs to share three electrons to attain inert gas
configuration (fig.10).Can you draw the e ectron dot structure of ammonia?

%

x+ 3 H — or —H

X Z X
II—=z—1I

Fig.10: Covalent bondingin ammonia

Wewill now consider bonding in hydrogen. You may know that hydrogenisthelightest gas. If we
look at itsel ectronic configuration we can seethat itsoutermaost shell (inthiscase, K) hasonly oneéectron
and we also know that the hydrogen mol ecul e exists. Two atomsof hydrogen shares an electron each with
each other to form hydrogen molecule. We can show this by electron dot structures (figure-11).

He + He —> (H@H) or H —H
Fig. 11 : Covalent bondingin hydrogen
So weseethat moleculesareformed not just by atomsof different elementsbut also by atomsof the

samedement.

Thedement hydrogen exists asadiatomic mol ecule having single bonds (weknow that di- stands
for two and therefore diatomi c meanstwo atoms).

Isthereany element that existsas amolecule having double bonds? Let us consider the element
oxygen. We already know that the atomic number of oxygenis2, itselectronic configurationis2,6 and
thereforeit needstwo el ectronsto attain the nearest inert gas configuration. So, two atomsof oxygen each
contribute two el ectronsto form adoubly bonded oxygen molecule (fig.12).

:0: + 308 —» o 0=0

Fig. 12: Covalent bondingin oxygen

You will beastonished to |earn that carbon atoms can be linked to each other not just by single
bonds but even by double and triple bonds.

Let ustake C,H, (or H,C=CH,) asan example.Here, one atom of carbon sharestwo €lectrons
with another carbon atom to satisfy two valencies and the remaining two are satisfied by other atoms
(fig.13).
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Fig. 13: Covalent bondingin ethene

L —0O0—XI

Similarly, we can a so understand triple bond formation through sharing of e ectronsbetweentwo
atoms.

Now wewill consider nitrogen inwhich each nitrogen atom sharesthree-three el ectrons because
the atomic number of nitrogenis7 and itselectronic configurationis2,5. Since two atoms of nitrogen
combineto form amolecul ethereforenitrogen existsasadiatomic gas(fig.14).

IN: + xN¥ — or N=N

Fig. 14 : Covalent bondingin nitrogen

We have already seen how single and double bonds are formed between two carbon atoms.
Similarly, triple bonds are al so found between two carbon atoms. For example, amolecule of C,H, (or
CH=CH) hasthefollowing structure (fig.15).

G@é’eﬂ o Hocmcoh

Fig. 15: Covalent bonding in ethyne

In thischapter, we saw that the vaency of an e ement dependson how many electronsit acceptsor
losesfromitsvaence shell in order to attain the nearest inert gas configuration. We a so saw that elements
can also completetheir octet by sharing of el ectrons between its own atoms or with atoms of another
element. Therefore, we can understand valency as the number of electrons shared by the atoms of an
element in order to completetheir octet. If we take the example of carbon, sincethe carbon atom shares
four electronsto completeitsoctet, itsvalency isfour. The oxygen atom in cal cium oxide acceptstwo
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electronsfrom the cal cium atom but in carbon dioxide, an oxygen atom sharestwo e ectronswith the carbon
atom. What isthevalency of oxygen in thetwocases? Thus, the valency of an el ement isthe number of
electronsit loses, acceptsor sharesin order to form bonds.

Questions
1 Draw theelectron dot structure of ethane (C,H,).
2. Draw theelectron dot structure of any moleculewhich hasadouble bond.
3. Theatomic number of chlorineis17.
@ Writeitse ectronic configuration.

(b) Explaintheformation of chlorinemolecule using € ectron dot structures.

8.4 lonic and covalent bonds

We saw that covalent bondsareformed by sharing of eectrons between atomsandionic bondsare
formed when the val ence shells of atomsgain or lose el ectrons. The compounds having ionic bonds are
known asionic or € ectrova ent compounds and the compounds that have covalent bonds areknown as
cova ent compounds. Now, let uslook at the properties of the two types of compounds.

8.4.1 Properties of ionic compounds

1 Usudly, ionic compoundsare solublein weter.

2. Ionic compounds have high melting and boiling points becausethe oppositely chargedionsinthem
areheld together by strong electrostatic forces of attraction. More energy isrequired to break the
bondsformed by the string el ectrostatic forces.

3. lonic compoundsionizewhen dissolved in water or on melting and therefore, can conduct e ectricity.

8.4.2 Properties of covalent compounds

1 Usudly, covaent compoundsare not solublein water.
2. Their melting and boiling pointsarelow as compared to ionic compounds.
3. Covaent compoundsdo not conduct € ectricity because they do not formions.

Wewill now examinewhether different ionic and cova ent compounds conduct e ectricity or not.
Activity-1

Take four beakers and label them *A’, ‘B’, “‘C’and ‘D’. Take 100-150 ml water in each beaker and
prepare separate sol utions as described below:

1 Dissolve 2 spoonfuls common salt in beaker ‘A’

2. Dissolve 2 spoonfuls calcium chloride in beaker ‘B’.
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3. Dissolve 2 spoonfuls sugar in beaker ‘C’. Baltery gye———— Bulb
H .ﬁ— Switch
4. Dissolve 2 spoonfuls glucose in beaker ‘D’. :

First, insert two graphite rods in beaker *A’ (fig.16). ——
Thegraphiterodsact aselectrodes. Connect theserodsto i le——Beaker
abulbanda9V battery asshowninthefigureto complete 4—|— Graphiterod
thecircuit. Take carethat thetwo rods do not touch each L — ————
other or comein contact. <+—— Solution
. Didthebulblight up?

. Repeat this experiment with the other three L J
beakers and note your observations. Fig. 16: Testing if solutions of

compoundsconduct dectricity
Now answer thefollowing questions:

. Why did the bulb light up in case of beaker ‘A’ and beaker ‘B’?
. Why did the bulb light up in case of beaker ‘C” and beaker ‘D’?

. You must have understood now that e ectricity isconducted by salt and cal cium chloride because of
electrovalent bonds but not in glucose and sugar because they have cova ent bonds.

Questions

. Write down the differences between ionic and cova ent compounds.

. Explainwhy ionic compounds have high melting and boiling points.

Keywords

lon, cation, anion, ionic bond, covalent bond, sharing, valency, ionic compound, covalent com-
pound, nobleor inert gas, vaence shell, octet, e ectrostatic attraction, € ectron dot or Lewisstructures

' What we have learnt

. Duringionic bond formation, one atom losesel ectronsto form cations and another atom accepts
electronsto form anions. The oppositely charged ions are bound together by strong el ectrostatic
forcesof attractionto formionic bonds.

. Covaent bonds areformed by sharing of el ectrons between atoms.
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. When one-one el ectron is shared between two atoms asingle bond isformed. Doublebond is
formed by sharing of two-two e ectrons between two atoms and triple bondsareformed by sharing

of three-three € ectrons between two atoms.

. The number of eectronsin the outermost shell that are shared, accepted or lost inorder to attain

inert gasconfigurationiscalled the valency of theelement.

. lonic compounds are solublein water, have high boiling and melting pointsand conduct electricity

whenionized insolutionsor mdlts.

. Covaent compoundsdo not dissolveinwater, havelower melting and boiling pointsand do not
conduct el ectricity.

Exercises

1 Choosethecorrect option
(i) When sodium reactswith chlorine

(i)

(i)

(8 Each sodium atom acceptsan electron
(b) Each chlorineatom acceptsan el ectron
(¢) Each sodium atom loses seven electrons
(d) Each chlorineatom loses seven eectrons
A sodium atomand asodiumion:

(@ Arechemicaly same

(b) Havethe same number of protons

(c) Form covalent bonds

(d) Havethe samenumber of eectrons
Anionicbondisformed when

(& Thecombining atomsaccept éectrons
(b) Thecombining atomsloseé ectrons

(c) Oneatom losesand the second gainselectrons
(d) Whentwo metalsreact

Science, Class-9
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© 0 &M W

10.

(iv)  Whichof thefollowing € ementslosestwo e ectronsin order to ataininert gasconfiguration
smilartoargon?

(& magnesum (b) sodium
(¢) cdcium (d) sulphur
v) doublebondsarefound in which of thefollowing molecules:
(@ N, (b) CH,
(o) Cl, (d) CCl,
Fill intheblanks
(1) Sodiumatom.............. an dectronto attain the el ectronic configuration of theelement ..........
(i) Two atomsof nitrogenshare................... pairsof e ectronsto form anitrogen molecule.
(iii) The number of electronsin the outermost shellsof inert gasesis........cccoveeee. butincase
of heiumitis.....cocooevvrvenne.
(v)  Chlorinemoleculehas.................. bond but magnesiumchloridehas...................... bond.
v) lonic compounds are usualy .........cccceeeeveenenne in water but covalent compounds are
........................ inwater

What typeof bond isformed when el ectrons are transferred from one atom to another? Explain.
Draw theelectron dot structure of amoleculethat hasatriple bond.

Argon atoms does not formAr, mol ecule by coval ent bonding. Why?

Theédectronic configuration of dements X andY are:

X=288,2 Y =26

Explain thetype of bonding seenwhen X andY combine. Show through electron dot structures.
What istheroleof vaencedectronsin theformation of chemica compunds? Explain.

(i) Givethenumber of covaent bondsin onemolecule of anmonia

(ii) ‘Sodium chloride is amolecule’. Explain why this statement is not true.

Draw the el ectron dot structures of the given compounds and write the type of bonding seenin
each.

(1) Water (i) nitrogen
(iif) magnesumoxide (iv) caciumoxide

Writedown the properties of ionic and covalent compounds.
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11. Explain how thevalency of an dement isrelated toitselectronic configuration.
12.  Theatomic numbersof threeelementsare 6,7 and 8 respectively.
(1) Writethe e ectronic configuration of each element and givetheir vaency.
(i) What type of compounds (ionic/covaent) will beformed by each of theelements? Explain.
13. Separate ionic compounds and cova ent compoundsin the given group. Givereasonsfor your
choice.
14.  Which of thefollowing are possible? Givereasonsfor your answer.
(i) Mg, (i) MgCl, (iii) Cl,



Chapter 9
Chemical Formula and Mole Concept

Amadeo Avogadro
(1776 - 1856)

We know that compounds are formed when two or more elements react together. Compoundsare
formed by the combination of afixed number of atomsof different elements.We use sugar, salt, water,
baking sodaetc. in our daily livesand these areal compounds. We haveaready leant alittle bit about how
formulaeof compoundsarewritten. Now, wewill understand chemica formulae of compoundsinmoredetail.

9.1 Formulae of covalent compounds

In aprevious chapter, we saw many compounds such as carbon dioxide, water, anmoniaetc. that
show cova ent bonding. In carbon dioxide, two-two el ectrons each of acarbon atom are shared equally
with two-two el ectrons of two oxygen atoms(fig.1a).

€8>

Fig.1(a)
Suppose we add another oxygen atom to amol ecul e of carbon dioxide, then theadditional atom
will shareits e ectronswith which atom of themolecule?Therearetwo possibilities.

Fird, it can shareitsdectronswith the carbon atom and second it can shareits el ectronswith one of
the oxygen atoms. The additiona oxygen atom cannot shareitsel ectronswith the carbon atom because dl
the electrons on the carbon atom are already being shared with two oxygen atoms and it has already
atainedinert gasconfiguration (fig.1b). If weconsder sharing of additiond el ectronswiththe oxygen atom
of carbon dioxide (fig.1 c), thentoo it is not possi bl e because then the number of electrons on the new
oxygen atom will become eight but that on thefirst oxygen atom will become 10. That is, the number of
electronsin theoutermost shell of the oxygen atom will becomemorethan 8.

@{5@3 %{%

Fig.1(b) Fig.1(c)
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Since, sharing of e ectron with an additiona oxygen atom isnot possible, thereforethe compound
CO, isnot formed. A stable compound can be formed only between one carbon and two oxygen atomsand
itsformulais CO,. Similarly, we canwritethe chemical formulag of other compoundsif weknow the
symbolsfor different dementsand their valencies.

9.2 Molecular weights of covalent compounds

Weknow that atoms of an el ement or of different elements combinetogether toform molecules. We
can cal culatethe mol ecul ar wei ght of amolecule from the atomi c wel ghts of the elementspresent it. The
molecular weight of acompound isthesum of the atomicweightsof its constituent €l ements. For example,
one atom of oxygen combineswith two atoms of hydrogen to form amolecule of water. If weknow the
atomic weightsof hydrogen and oxygen, we can cal cul atethemol ecul ar wei ght of water. Sincetheatomic
welght of hydrogenis1 uandthat of oxygenis16u, thereforethemolecular weight of water =(2x 1) +16=18u

Come, let us calculate the molecular weights of some more compounds —

Thechemical formulaof sulphur dioxideis SO,. Theatomicweight of sulphur is32 u. Then,

Themolecular weight of sulphur dioxide = 32+ (2 x 16)
= 64u
Similarly, molecular weight of nitrogen = 2x14
= 28u

Unit Formulae of ionic compounds and formula unit mass

Sodium chloride does not have amolecul ar formulabecause ionic solids do not have discrete
mol ecules.The constituent particlesof sodium chloridearesodiumionsand chlorideionsarrangedina
three-dimensional structure. So the unit formulaof sodium chlorideisNaCl or Na"Cl-. Other ionic com-
pounds a so have similar unit formulae and these are used to cal cul ate their weights. Sinceweare using unit
formulaefor weight cal culation thereforeit iscaled unit formulamass of ionic compounds. For example, the
atomicweight of chlorineis35.5 uand that of sodiumis23 usotheunit formulamassof sodium chlorideis
35.5+23=585u

Questions

1 If theatomic weight of carbon is 12 u thenwhat will bethe molecular weight of carbon dioxide?
2 If theatomic weight of nitrogenis 14 uthenwhat isthemolecular weight of ammonia?
3. Cd culatethe molecul ar weight of hydrogen.
4 Cd culatetheformulaunit massof thefollowing ionic compounds:
Na,O, MgCl,, CaCl,, CaO
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9.3 Polyatomic ions

We know that the solutions of ionic compounds in water conduct electricity. In activity-1 of
chemical bonding chapter we saw that the sol ution of sodium chlorideinwater conductsel ectricity and that
itionizesto givesodiumions(Na’) and chlorideions (CI). If werepesat the same activity with asol ution of
sodium nitratein water, it too conducts el ectricity. On thisbasiswe can say that sodium nitrateisanionic
compound. It hasNa' ionssimilar to NaCl. Thisimpliesthat along with Na‘ions, the solution should also
have negatively charged ions. ThisionisNO, wherethe nitrogen and three oxygen atoms have asum
negative charge. Such groupsor clusters of atomsthat carry afixed charge are known aspolyatomicions.

NaNO, — Na'+NO,

3

Other ionic compoundsa so dissolvein water to give positively and negatively charged ions. For
example -

NHCl  — NH,+CI

Na,SO, —>» 2Na+ SOZ
Ca(OH), — Ca"+ 20H
Na,CO, —>» 2Na'+ CO2*

NH,*, SO,*, OH*and CO,> formed inthereactionsgiven above areal examplesof polyatomic
ions.
The charges found on ions is also their valency. Table — 1 gives the valency of some ions:

Table1: Valencies of ions

Monovaent Divaent Polyvaent
Na',Ag", NH, Cu*, Zn*, Fe*, Mg* Al
Br- (bromide) S (sulphide) PO,* (phosphate)
I-(iodide) CO,” (carbonate)
HCO," (hydrogencarbonate)
OH-(hydroxide)
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Radicals

Charged atoms and clusters of charged atoms are also known asradicals. Radicals are of
two types, positiveradicalsand negativeradicals.
Usually, the cations obtained from basesare known as basic radicals. For example,
NaOH —* Na'+ OH-
NH,OH — NH,"+OH
Ca(OH), —» Ca*+ 20H-
Inthe examplesshown above, Na‘, NH,*(ammonium) and Ca* are basic radicals.
Usually, the anions obtained from acids are known as acidic radicals. For example —
HCI —* H*'+ClI-
HNO, — H'+ NO,
H,S0, —* 2H'+SO,-
Inthe examplesgiven above, CI (chloride), NO; (nitrate), and SO, > (sulfate) areacidic radicals.

9.3.1 Chemical formulae of compounds having polyatomic ions

Now wewill useaspecial criss-cross method to write the chemical formulae using the charge
present onions(or theva ence of ions). Thegiven sepsarefollowed whilewriting the chemical formulae;

Example —ammonium carbonate

1 First of al, wewrite down the names of the constituent i ons keepi ng the symbol /formul ae of the
positiveion ontheleft sideand the negatively chargedion ontheright side.
NH, CO,
2. Thevaenciesof the constituent ionsarewritten bel ow them.
Symbol/Formulae NH, CO,
Vdencies 1 2
3. Thevaencies of theionsare criss-crossed to determinetheir ratio in the compound.
Symbol/ Formulae NH, CO,
Vaencies 1 2

Thismeansthat ammonium carbonatewill have 2 ammoniumionsand 1 carbonateion.
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4. The polyatomicionisenclosed in abracket and then the number that indicatestheratioiswritten as
subscript. In casethe number of polyatomicionisone, the bracket isnot required and 1isaso not
written.

(NH,),CO,
Therefore, theformulaof ammonium carbonateis(NH,),CO,

L et usunderstand thisthrough afew moreexamples:

. Sodiumnitrate
Symbol/ Formulae Na NO,
Vdencies 1><'

So, formulaisNaNO,

. Magnesium hydroxide
Symbol/ Formulae M><OI'{
Vdencies Z 1
So, formulaisMg(OH),

. Ammonium phosphate

Symbol/ Formulae N PO

==

5

X

Vaencies
So, formulais(NH,),PO,

. Sodium sulphate
Symbol/ Formulae Na SO,

Vdencies 1><;

So, formulaisNa,SO,
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. Cdciumsulphate
Symbol/ Formulae Ca SO,

Vdencies 2><;

So, formulaisCaSO,

When the charge on both ionsin the compound issame, theformulaissmplified. Therefore, here
Ca, (SO,),issmplifiedto CaSO,

. Aluminum sulphate
Symbol/ Formulae Al SO,
Vaencies 3 2

So, formulaisAl(SO,),

Questions

1 Complete the table—

Nameof compound radicalspresent No. of charges Formulaof
Positive | Nagative Positive Nagative compound

Ammoniumnitrate 1
Sodium carbonate 2 Na,CO,
Ammonium hydroxide 1
Magnesium carbonate 2 MgCQO,
I[ron phosphate Fe™

2. Use the criss-cross method to write down the formulae of the following ionic compounds —

ammonium chloride, cal cum hydroxide, magnes um sul phate, ammonium sul phate, cal cdum phosphate

9.4 Mole concept

What ismole? Moleisanumber. Come, let usread about why it isuseful and how it came about.
The story of themole startswith some chemical reactions. In 1799, it was discovered that elementsreact
with each other only infixed ratios. At first, thisfixed ratio was recognized asratio of weights. Thenthe
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scientist Gay-L ussac studied the chemical reactionsof different gases. Hesaw that at agiven temperature
and pressure, the gasesreacted with each other in smplerati os of their volumesfrom which hederived the
law of combining volumes. Daton in hisatomic theory had already described that e ementsreact with each
other in definite ratios by weight. But Dalton could not explain the reason behind Gay-Lussac’s law. Many
other scientists worked on Gay-Lussac’s law and finally Berzelius was able to give a simple explanation.
Accordingto Berzdius, equa volumesof gasesunder identica conditionsof temperatureand pressurehave
the samenumber of atoms. Thismeansthat the number of particlesin 1 litreof hydrogen gasisthe sameas
thenumber of particlesin 1 litreof chlorinegas. When 1 L hydrogen gasreactswith 1 L of chlorine gasthen
hydrogen chlorideisformed. Berzdliussaid that 1 litre of both the gasesreacted compl etely with each other
because the number of particlesin both were same. Around the same time, relative atomic weights of
different elementswere al so being cal culated and were being used to cal culate molecular weights. This
madeit possibleto cal culatethe density and wel ghts of gases. When theweights of atoms or mol ecul es of
gaseswere taken at afixed temperature and pressure, it was found they all had the same volume. For
example -

(i) At 0°C and 1 atmospheric pressure (1 atm), thevolume of 2 g of hydrogenwas22.4 L.
(i) At 0°C and 1 atmospheric pressure, the volume of 36.5 g of hydrogen chloridewas22.4 L
(i) At standard temperature and pressure, thevolume of 18 g of sseamwasaso22.4 L.

(v)  Similarly,if theweightsof severa gasesequal to their molecular weight in gramsaretaken, they are
found to occupy 22.414 L at 0 °Cand 1 atm.

After many cdculations, it wasfoundthat 22.4 L of any gasat standard pressure and temperature
containsthe same number of particleswhichisequa to 6.022 x 107, This was as per Berzelius’s statement.
6.022 X 10%is also known as Avogadro’s number and represented by N .

If werepeat thesecalculationsfor solidsor liquids, we can say that the number of particlesingram
atomic or molecular weight of any substanceisalso 6.022 x 107, (Here, the atomic and molecular weights
of substancesaretakenin grams).

In 1896, Wilhelm Ostwald proposed the term mole for Avogadro’s number. Mole is the Latin word
for heap or pile. Findly, in 1967 astandard definition was proposed for moleand it wasrecognized asthe
simplest way of describing extremely large numbers of atomsand molecules.

1 mole=6.022 x 10*(Avogadro’s number N )

Mole concept givesusthe number of particlesin adefiniteamount of any substance. For example,

23 g of sodium has 6.022 x 10% particlesand 1 mole sodium atoms. If we have 46 g of sodium thenit
meansthat we have 2 moles of sodium atomsand 12.044 x 107 particles.
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1 mole of carbon atoms

6.022x10%
atoms of carbons

12 g of carbon atoms

1 mole of hydrogen atoms

6.022x10%
atoms of hydrogen

1g of hydrogen atoms

1 mole of any particle

Relative weight of
the particles ()

6.022x10% particles

1 mole of molecules

6.022x10% molecules Molecular weight (g)

Fig. 3: Relation between mole, Avogadro'snumber and weight

9.5 Representing weight of substances in Mole

We know that € ements have atomic weight or gram atomi c wei ght and mol ecules have molecular
weight or gram molecular weight. Onthisbasis, we can cal culate the number of molesasfollows:

For elements—

Massgiven (m)
Number of moles(n) = - -
Gramatomicweight (M)
For compounds or molecules—
Givenmass(m)

Number of moles(n) = .
Gram molecular weight (M)
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Showing number of particles in moles

Thenumber of atoms/mol eculesionsisre ated to molesasfollows:

Number of particles(N)
Number of moles(n) =
Avogadro'snumber (N,)
Example-1
(@ 92gsodium
Solution: Number of moles(n) = ?
Massgiven(m) = 92¢g
Gram atomicweight (M) = 239
Formula— n=-12
M
. ®
23
=  4moles
(b) 36 gwater
Solution: Number of moles(n) = ?
Massgiven(m) = 369
Grammolecular weight (M) = 189
Formula— n=-12
M
_
18
= 2moles
2. Find thenumber of moles:
(@ In18.066 x 102 Oxygen atoms
Solution: Number of moles(n) = ?
Number of particles(N) = 18.066 x 10%
Avogadro'snumber (N,) = 6.022 x 102
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Solution:

Solution:

Solution:

N
Formula— N,
18.066x10%
n=——H-————
6.022x10%
= 3moles
(b) 6.022 x 10 oxygen molecules
Number of moles(n) = ?
Number of particles(N) = 6.022 x 10
Avogadro'snumber (N,) = 6.022 x 102
n= N
Formula— N,
6.022x10%
n=——=—=
6.022x10%
= 1mole
Find thenumber of particles:
(@ In10gN, molecules
Number of particles(N) = ?
Massgiven(m) = 10gm.
Grammolecular weight (M) = 28gm
Formula— N = nxN,
m
n=—
M
N — mx N,
M
N = 10x6.022x10%*
28
= 2.15x10%

(b) 2molesof carbon atoms

Number of particles(N) = ?

Science, Class-9
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Number of moles(n) = 2moles
Avogadro'snumber (N,) = 6.022 x 102
Formula— N = nxN,
= 2x6.022 x 102
= 12.044 x 10

9.5.1 Let us understand mole concept

We know that the mass of 1 mole (6.022 x 10%) particles of asubstanceisequal toitsrelative
atomic or molecular or formulamass, givenin grams. For gases, we can takevolumesinstead of weights. At
0°C and 1 atmospheric pressure, onemole of any gasoccupies 22.4 L of space.

Thisgivesusanother way of understanding and writing formulaeand chemical equations. Whenwe
say that carbon dioxideistaking part in areaction and depict it as CO, then arewe saying that onemolecule
of CQO, isinvolved?

Weknow that atoms and mol ecul esare extremely minute particlesandit isimpossibleto carry out
areactionwhereonly atom or moleculeof substances aretaking part. Thismeansthat when wewrite CO,
thenit can also stand for 1 mole of CO, molecules. Let us see how thiscan prove useful.

Thereaction of hydrogen and oxygen to form water can bewritten as:
2H,+0, —» 2H.O
Inthe given example, we can say that two molecul esof hydrogen combinewith one molecule of

oxygento form two molecules of water. But, can we havez2mol ecul e of oxygen aswritten below?What
doesit mean?

H,+ %0, —» H,0
We can understand the above reaction using the mole concept. Here, one mole of hydrogen

mol ecules combineswith half moleof oxygen moleculesto form onemol e of water molecules. Therefore,
whenwewrite H, it can havetwo meanings:

. 1 moleculeof hydrogen with relative molecular weight of 2 u.

. 1 moleof hydrogen moleculeswhosegram molecular weight is2 grams.
Let us take another reaction —
H,+Cl, — 2HCl
We can describethereaction in two ways-

. Two moleculesof hydrogen chloride areformed when wereact one molecule of hydrogenwith one
moleculeof chlorine.



138 Science, Class-9

. When one mole of hydrogen moleculesreact with one mole of chlorine molecules, 2 moles of
hydrogen chloride moleculesareformed.

Questions
Explain thefoll owing reactions using the mol e concept:

@ C+%0, — CO

(b) %AI203+3HCI — AICI3+1%HZO

Keywords

(molecular weight, empirica formula, unit formulamass, criss-crossmethod, mole, Avogadro number

' What we have learnt

. The chemical formulaof acompound isthe symbolic representation of itscomposition.

. The molecular mass of a covalent compound can be calculated from the atomic mass of its
condtituent e ements.

. lons (cationsand anions) are constituent particlesof ionic compounds.

. The positiveionsobtainsfrom bases are call ed basi ¢ radical sand the negativeions obtained from

acidsareknownaseacidicradicals.

. Clustersof atomscarrying afixed charge are known as polyatomicions.

. Inionic compounds, theva ency of each constituent ionisused to determinethe chemical formulaof
the compound.

. Theunit formulamassof ionic compoundsisdetermined by using thewe ghtsof their congtituent ions.

. The number of particles in one mole of any substance is called Avogadro’s number. The value of

Avogadro’s number is 6.022 x 10%.

International Mole Day
Every year, 23" October iscelebrated asinternational mole day. The day startsat 6:02
am and ends at 6:02 pm. The reason for choosing these timings is their similarity with Avogadro’s
number whichisequa t06.022 x 10%.
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Exercises

1 Choose the correct option—

(i) Themolecular weight of CH_OH is—
(@ 32u (b) 29u
(©) 25u (d) 20u

(i) Basic radical is—
(@) Positively chargedion (b) negatively chargedion
(c) neutra atom (d) noneof theabove

(iii) lons that have a negative charge are—
(@) Positively chargedion (b) Basicradicals

(c) Acidicradicals (d) Neutral atoms
(v)  Thevalue of Avogadro’s number is—

(3) 6.022 x 102 (b) 6.022 x 10%

(c) 6.022 x 10% (d) 60.22 x 10%
v) Thevolumeof any gasat 0°C and 1 atm pressure—

(@ 11.2litre (b) 22.41itre

(c) 100litre (d) 33.8litre

2. Fill intheblanks
(i) Unit formulamassisused for .........ccccvvvevecvesereecesesieene compounds.
(i)  Themolecular weight of CH,O IS .cccoomimriiiciiciicccc
(iii) Thenumber of elementsinPO,> ...,
(v)  Thenumber of atomsin onemoleof carbonis.......cccoeevevrinineniseseee

v) Themassof onemole of Water iS........cccvvverenierenniesere e

How doweget acidic and basic radicals?

4. What are polyatomicions? Giveexamples.

139
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10.

11

12.

13.
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Connect theappropriate pairs.
ColumnA ColumnB
0] Number of atomsinonemole 0] 14 gram
(ii) Acidicradica (ii) Mg
(i)  Badcradicd (i) SOz
(v)  Theweight of onemoleof nitrogen atoms (iv),  2madl
v) The number of molesin88gof CO, v) 6.022 x 10

What isunit formulamass? Cal culatethe unit formulamassof MgSO,
If theformulaof the carbonate of ametal isM 2C03then what will betheformulaof itsnitrate.

If theformulaof auminium sulphateisAl,(SO,), thenwhat isthechargeonAl ion and what isthe
formulacf zinc sulphate?

Theion X hastwo positive chargeson it. Writetheformul ae of the nitrate, sulphate and phosphate
of X.

Cdculatethe molecular weightsof thefollowing:

PCl,, H,0,, S,, HCI, NH,

Calculatethe massesof thefollowing-

5 molesof ammonia, 0.5 moles of water, 1.50 molesof Na* ions, 0.2 moles of oxygen atoms

Cd culatethe number of molesinthefollowing:

12gof O,, 22 gof CO,

Determinethechemical formulae of thefollowing using the crisscross method:

Iron sulphate, Copper nitrate, Sodium sul phide, M agnesium hydrogencarbonate



Chapter 10
Chemical Reactions and Equations

Look at thefollowing examplesfrom daily lifeand think about the changestaking place:
. Formation of curd/ yogurt from milk
. Burning of cod
. Food is cooked
. Rusting of ironnall
Intheexamplesgiven above, wefind that the natureand identity of theinitia materialshave changed

in someway. We have already studied physical and chemical changesin previous classes. Whenever a
chemical change occurs, we can say that achemical reaction hastaken place.

Let usperform someactivitiesto understand chemical reactions.
Activity-1
. Take amagnes um ribbon about 2 cmlong. Cleanit by rubbing with sandpaper.
. Hold it withapair of tongs. Burnit usinga
spirit lamp or burner and collect the ash so

formedinawatch-glassasshowninfig.1.
Dissolvethe ashin water and test it using
litmus paper.
. Dothisactivity with the hel p of your teacher \
and keep the burning ribbon asfar from your
eyesaspossible.

1 Didanew substanceform duringtheactivity?

Magnesium oxide
Watch glass

2. Wherethereany changesinthestate of mag-

nesum? i i S
Fig.1: Combustion of Magnesiumribbon

We saw that magnesium ribbon burnswitha
dazzlingwhiteflameandit changesinto awhite powder. Thispowder is magnesium oxidewhichisformed
dueto thereaction between magnes um and the oxygen present intheair. The solution of magnesium oxide
inwater isbasicand turnsred litmusblue.
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Activity-2

. Taketwo test tubes. In thefirst, prepare a solution of sodium sulphate by dissolvingitin water.
Similarly, prepareasolution of barium chloridein the second test tube.

. Inanother test tube, take 10 mL of the sodium sul phate sol ution and dowly add the barium chloride
solutiontoit.

1 Didyou get any precipitate?

2. Notethe colour of the precipitate?
Activity-3

. Takeafew zincgranulesinaboiling tube.
. Add somedilutehydrochloricacidtoit.

1 Do you observe anything happening
aroundthezincgranules(Fig.2)?

2. Touch the boiling tube. Is there any

changeinitstemperature?

3. What happenswhen you put alighted Dilute oy P

matchstick close to the mouth of the
boiling tube?

Inthethree activities given above, new substances are being formed. Further, one or more of the
following changesistaking place on the basi s of which we can determinethat achemical reactionistaking
place

Zinc granules

Fig.2: Formation of H, gasby theaction of dilute
hydrocholoricacid on zinc

. Changein gate

. Changein colour

. Evolution of gasduring thereaction

. Changeintemperature asaresult of thereaction.

We see many chemical reactionsaround usin which we can observe these changesin state, colour
etc. Inthischapter, wewill study someof thesechemical reactionsand their symbolic representation.

10.1 Chemical equations

In activity-1 when amagnesium ribbonisburnt in oxygen, it gets converted to magnesium oxide.
Thisdescription of achemica reactioninasentenceformisquitelong. Itissmpler towriteitintheform of
aword-equation.
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Theword-equation for the abovereactionis-

magnesium + oxygen =——> magnesium oxide ........ 1)
(Reactants) (Product)

M agnesium and oxygen are the substances that undergo chemical changeinthereactionand are
known asreactants. The new substance, magnesium oxide, formed during thereaction, isthe product.

A word-equation shows change of reactantsto productsthrough an arrow (—) placed between
them. Thearrowhead pointstowardsthe products, and showsthe direction of the reaction.The reactants
arewritten ontheleft-hand side (LHS) and products arewritten on theright-hand side (RHS). If the number
of reactantsor productsis morethan onethen they are separated by placing aplussign (+) between them.

10.2 Writing a chemical equation

Chemica eguations can be made more conciseand useful if we use chemica formulaeinstead of
words. Word-equation (1) can bewritten as:

Mg+0,——————> M@0 ..oooccc.... )

Let uscount and compare the number of atoms of each e ement ontheLHS and RHS of thearrow.
If the number of atoms of each e ement not same on both the sidesthen the equati on i sunbal anced.

From thelaw of conservation of mass, weknow that matter (mass) isneither created nor destroyed
during achemical reaction, that is, atomsare neither created nor destroyed during achemical reaction.

That is, thetota massof the elements present in the products of achemical reaction hastobeequa
to the total mass of the elements present in the reactants.In other words, the number of atoms of each
element remai nsthe same, before and after achemical reaction and theref orewe need to balance chemical
equations.

10.3 Balancing chemical equations

L et uslearn howto step-wise balance achemical equation.

Example- Thechemical reaction showing theformation of water from oxygen and hydrogen canbe
written asfollows:

Ht O, —————> HO oo ©)

Sep-1.  Tobadanceachemical equation, first draw boxesaround each formula Do not changeanything
ins dethe boxeswhile balancing the equation.

H |+ [0, ——— S{HJ e 4)
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Sep-2.  Listthenumber of atomsof different el ementspresent inthe unbalanced equation (4)-

Element Number of atomsin Number of atomsin
reactants(LHS) products(RHS)
H 2 2
O 2 1

Sep-3.  Inequation (4), the number of oxygen atomsonthe LHSis2whileitisonly oneonthe RHS.
Therefore, to balance the oxygen atoms-

Atomsof oxygen Inreactants In products
Initidly 2(in0,) 1(inH,0)
Tobalance 2 1x2

You must remember that to equalise the number of atomswe cannot change the formul ae of the
compoundsor eementsinvolved inthereactions. For example, to balance oxygen atomswecan multiply by
2 and write 2H,0 but not H, 0.,

Now the partly balanced equation becomes —

H,|+[0)] ————>2[HO] ........ (5)

Sep-4.  Sincethehydrogen atomsare not balanced therefore we need to balance them in the partly

balanced equation.
Atomsof hydrogen Inreactants In products
In partly balanced equation 2(inH,) 4(in2H,0)
Tobaance 2x2 4

To balancethe hydrogen atoms, multiply the LHS by 2. Now the equation becomes:

2|H,| +|[0] ———> 2[H,Q]....... (6)

To check whether the equation isbal anced, we compare the number of atoms of each element on
both sides of the equation.

2H+0, —— > 2H,0 balanced equation ......... (7)

Try to bal ancethe equation given bel ow using the same method-

Mg+0, ——> MO ... (8)
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L et ustake some examples of baancing equations-

NA4H, ————> NH,.....(9

Sep-1. Tobaanceachemical equation, first draw boxes around each formula. Remember, do not
change anythinging detheboxeswhilebaancing theequation.

N,|+|H,| ——> [NH] ... (10)
Sep-2.  Listthenumber of atomsof different el ementspresent inthe unbal anced equation (4)-

Element Number of atomsin reactants(LHS) | Number of atomsin products(RHS)
N 2 1
H 2 3

Sep-3. Ineguation(10), the number of nitrogen atomsontheLHSis2whileitisonly oneontheRHS.
Therefore, to balancethe nitrogen atoms-

Atomsof nitrogen Inreactants In products
Initidly 2(inN,) 1(inNH,)
Tobalance 2 1x2

Now the partly balanced equation becomes —

N,[ + [H, —>2 NH,| partly balanced equation ......... (11)
Sep-4.  Thehydrogen atomsare still not balanced.We need to balance them in the partly balanced
equation -
Atomsof hydrogen Inreactants In products
In partly balanced equation 2(inH,) 6(in2NH,)
Tobaance 2x3 6

To balancethe hydrogen atoms, multiply the LHS by 3. Now the equation becomes:

N, |+ 3[H,|————> 2[NH] oo (12)

To check whether the equation is balanced, we compare the number of atoms of each
element on both sides of the equation.

N, + 3H, ————> 2NH,  balanced equation......... 13
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Thenumber of atomsof e ements on both sidesof theequationisequa . Therefore, theequationis
bal anced. Thismethod of bal ancing equationsisknown as hit-and-trail method. Inthismethod, webalance
the equation by using the smallest whole number coefficient at first and multiplying it successively asre-
quired.

Questions
1 Writetheba anced chemica equationsfor thefollowing reections:

@ Hydrogen + Chlorine ———> Hydrogen chloride

(b) Sodium hydroxide + Sulphuricacid ———> sodium sulphatewater
2. Baancethegiven chemica equations:.

@) CH,+ 0, ——> H,0+CO,

(ii) Fe+0, ——> Fe0,

(i) KCIO, ——> KCI+0O,

10.4 Types of chemical reactions

Atomsare neither formed nor destroyed during achemical reaction. Chemicachangestakeplace
during chemical reactionsinwhich reactantsform new products. The propertiesof productsare different
fromtheir reactants. Actually, chemica reactionsinvol vethe breaking and making of bonds between atoms
to produce new substances. L et ussee different typesof chemical reactions-

10.4.1 Combination reactions
Activity-4
. Takeasmall amount of cal cium oxide or quick limein abeaker.
. Slowly add water to it.
. Touch the beaker.
. Do youfeel any changein temperature?

Water

Cdciumoxide
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Calcium oxidereactsrapidly with water to produce slaked lime (calcium hydroxide) releasing a
large amount of heat (figure-3).
Inthisreaction, calcium oxideand water combineto form asingle product, cal cium hydroxide.

CaO+H,0 —> Ca(OH), .......... (14)

Such areaction in which asingle product isformed from two or more reactantsisknown asa
combination reaction. Identify the type of reaction taking placein activity-1.
L et usdiscuss some more examples of combination reactions.
(i) Burning of cod
C(s) +O,(9) —> CO,9)
(i) Formation of water from H,(g) and O,(q)
2H,(g) + O(9) ——> 2H,0()

10.4.2 Decomposition reactions
Activity-5
. Takeasmall amount of baking soda (sodium hydrogencarbonate) in aboiling tube.

. Heat the boiling tube over aspirit lamp.
. Takealighted matchstick closeto the mouth of the boiling tube asshowninfigure-4.

. What do you observe?

Burnt-out match stick

hydrogencarbonate

spirit lamp

Fig. 4: Decomposition of sodium hydr ogencar bonateand evolution and testing of car bon dioxidegas
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Youwill observethat thelighted matchstick goes out. When we heat sodium hydrogencarbonate, it
breaks down into sodium carbonate, water and carbon dioxide.

2NaHCO, ——> Na,CO,+H, 0+ CO, ...... (17)

Inthisreaction you can observethat asingle reactant breaks down to givetwo or more products.
Thisisadecomposition reaction.\WWhen adecomposition reactioniscarried out by heeting, itiscalled therma
decomposition.

L et usdiscuss some more exampl esof decomposition reactions-

(i) Water decomposesinto hydrogen and oxygen when electric current is passed throughiit.
2HO —> 2H,+0, ... (18)
Thisisan exampleof ectrolytic decomposition.

(i) Decomposition of cal cium carbonate to cal cium oxide and carbon dioxide on heating isanimpor-
tant decomposition reaction used in variousindustriesincluding cement industry.

CaCO, ——> Ca0+CO, ........... (19)

10.4.3 Displacement reactions

Activity -6
. Takethreeiron nailsand clean them by rubbing with sand paper.
. Taketwotest tubesmarked as(A) and (B). Ineach test tube, takeabout 10 mL copper sulphatesolution.
. Tietwoiron nailswith athread and immersethem carefully in the copper sulphate solutionin test
tube B for about 30 minutesand for comparison,keep oneiron nail separately (Fig.5aand b).
. Stand —
Iron nail ;,j t_ Test tube

g{ O{ﬂ . » Thread

; Copper sulphate solution

6 Iron nail

Fig.5(a): Iron nail andiron nailsdipped in copper sulphatesolution

. After 30 minutes, take out both theiron nailsfrom the copper sulphate sol ution.
. Comparetheintensty of the blue colour of copper sulphate solutionsin test tubes(A) and (B).

. Comparethecolour of theiron nail sdipped in the copper sul phate sol utionwith theonekept separately.
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Iron nail 17 Iron nail which copper - o= test tube
| was taken out of sul phate — test tube stand
the copper soluton — — reaction mixture
v sulphate (test tube A) / - (test tube B)
soluton

Fig.5(b) : Comparison between ir on nail and copper sulphatesoluton beforeand after theexperiment

Think, why did theiron nail become brownish in colour and the blue colour of copper sulphate
solution fade? The following chemical reaction takes place in this activity—

Fe+CuSO, ——> FeSO, +Cu............... (20)
Inthisreaction, iron hasdisplaced or removed copper from copper sulphate solution and takeniits
placein the compound. Thisreactionisknown as displacement reaction.

L et ussee some other examplesof displacement reactions:

Po+CuCl, ——> POHCLACU oo (21)
Zn+2AgNO, ——> Zn(NO,), +2Ag ........... (22)

From the examples given above, weredlizethat iron and lead are more reactive as compared to
copper. They areableto displace copper fromitscompounds. Similarly, zincismorereactivethan silver and
it candisplacesiver fromitssilver compounds. Recall activity-3 where you had reacted zinc granuleswith
dilutehydrochloricacid.

1 Writethebalanced chemical equation for thisreaction.

2. Do youthink it isadisplacement reaction? Givereasons.

10.4.4 Double displacement reactions

In activity 2 we saw that awhite substanceisformed whichisinsolublein water. Thisinsoluble
substanceiscalled precipitate. In thisreaction, we get white preci pitate of barium sulphate when we add
sodium sul phate sol ution to barium chloride solution.

Na,SO, + BaCl, ——> BaSO, + 2NaCl ........... (23)

What doesthis happen? The white precipitate of BaSO, isformed by thereaction of SO, ~and
B&*. Theother product formed issodium chloridewhichisformed by combination of Na" and Cl- ionsand
which remainsin the sol ution. Such reactionsin which thereisan exchange of ionsbetweenthereactantsare
called doubl e displacement reactions.
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Some other exampl es of doubl e displacement reactionsare:

(i) When wemixsolutions of lead nitrateand potassum iodide, then ayellow precipitate of lead iodide
isobtai ned d ong with potassium nitrate ol ution. Such reactionsareknown as preci pitation reactions.

Pb(NO,), + 2KI ———> Pbl, + 2KNO, ..cccoe00ee.. (24)

(i) Inthe reaction between sodium hydroxide (base) and hydrochloric acid, H+ and OH- ionscombine
toformwater and Na+ and Cl- ions combineto give sodium chloridewhichremainsdissolvedin
water. Thisreaction between acid and baseisa so known as neutralization reaction.

NaOH + HCl ———> NaCl +H, O ................ (25)
Questions
0] Writethebalanced chemica equation for each of thefollowing reactionsand dsoidentify thetype of
chemicd reactiontaking place:

@) Zinc carbonate ———> zinc oxide + carbon dioxide
(ii) Sodium hydroxide + sulphuricacid ———  sodium sulphate + water
(iii) Potassium bromide+ bariumiodide ——— potassiumiodide + barium bromide

(ii) Why doesthe colour of copper sul phate solution changewhenanironnail isdippedinit?

10.4.5 Oxidation and reduction reactions

Activity-7

. Takeabout 1 g copper powder inachina
dishand hest it asshowninfigure6.

Chinadish Copper powder

Wire gauze
. What do you observe?
. Thesurface of copper powder becomes Tripod
coated with ablack layer. Why hasthis Burmer
black substanceformed?

Thisblack layer iscopper oxidewhichis
formed by the reaction between copper and
oxygen. Fig. 6: Oxidation of copper

2Cu+0, ——> 2CU0 ........ (26)

If hydrogen gasis passed over thisheated material (CuO), the black coating on the surfaceturns
brown asthe copper oxidelosesits oxygen and copper isobtained.

CUO+H, —> Cu+HO ... 27)
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If asubstance gains oxygen during areaction, it issaid to undergo oxidation. If asubstanceloses
oxygen during areaction, itissaid to bereduced or undergoes reduction.

During thisreaction (27), copper oxideislosing oxygen and isbeing reduced. Thehydrogenis
gaining oxygen andisbeing oxidised. In other words, onereactant getsoxidised whiletheother getsreduced
during thisreaction. Such reactions are called oxidati on-reduction reactionsor redox reactions.

Oxidation

[ v
CuO+H,— %u +H,0
[

Reduction

Some other examplesof redox reactionsare

Zn0O+C ——> Zn+CO ... (28)
MnO, + 4HCl ———> MnCl,+2H,0+Cl, ... (29
Inreaction (28) carbonisoxidised to CO and ZnO isreduced to Zn. Inreaction (29), oxygenis

being lost by manganese oxide, that is, it isgetting reduced and the hydrogen of HCI isgaining oxygen and
getting oxidised towater.

From the above exampleswe can say that if during areaction, asubstance gainsoxygen or loses
hydrogen it isoxidationand if asubstanceloses oxygen or gainshydrogenitisreduction.

Canweexplan reduction-oxidation (redox) reactionson thebasisof € ectron transfer?

Inactivity-1, themagnesi um ribbon burnt in oxygen to form awhite powder of magnesium oxide.

2Mg+0, ——> 2MgO ..o (30)

We can say that magnesium oxideisformed by the oxidation of magnesium. If wetry to understand
thisreaction by looking at the el ectronic configurations of magnesium and oxygen then wefind that a
magnes um atom hastwo el ectronsinitsoutermost shell whichitlosesto form apositivemagnesiumion.

Mg ——> Mg +2e ... (31)
Thiselectrons are accepted by oxygento form the oxideion whichisnegatively charged.
O+26 —> O~
or O,+4&e —— 207 ... (32

Inthisway, lossof dectronsby magnesiumiscalled oxidation and accepting e ectronsby oxygenis
called reduction. Since both oxidation and reduction are happening s multaneoudly in the above example,
thereactioniscalled aredox reaction.
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So far we have looked at different types of reactions on the basis of the reactants or products
formed inthem. Let usreconsider some of the activitiesdone so far inthe chapter.

In activity-4, we saw that theformation of calcium hydroxideisaccompanied by thereleaseof a
largeamount of heat. Such reactionsareknown asexothermic reactions.

Recal activity-1 whereamagnesium ribbon wasburnt using aspirit lamp.
(i) Wasit acombination reaction?

(ii) Isoxidation or reduction taking place?

(iii) Isit exothermic?

Recdl activity 3wherezin granuleswerereacted with dilute hydrochl oric acid. Isthisdisplacement
reaction aso an exothermic reaction?

Somemoreexamplesof exothermic reactionsare given bel ow-

1 Combustion of natura gas

CH,+20, —> CO,+2H,0 + hedt ............. (33)
2. Theformation of manuresand respiration areal so exothermic reactions.
Activity-8
. Takeasmall amount of lead nitrate powder in aboil - \\QQ]‘
ingtube. 7

Test tube holder
Boiling tube
Lead nitrate

. Useatest tube holder to hold the boiling tubeand heat
it over aflame(figure?).

. What do you observe? Note down thechange, if any.

You will observethe emission of brown fumes of ni-
trogen dioxide. Thereaction that takesplaceis:

2PB(NO,), ——> 2PDO +4NO,+ O, ...ocec. (34)

Inthisreaction, heat isrequired for the decomposition
of thereactant. Thereactionsin which heat isabsorbed are
known asendothermic reactions.

Do the following activity

Take about 2 g barium hydroxideand 1 g of ammonium chloridein atest tubeand mix with
thehelp of aglassrod. Touch the bottom of thetest tubewith your pam. Can youfeel any changein
temperature? Isthisan exothermic or endothermic reaction?
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Activity-9
. Takeabout 2 g silver chloridein achinadish and noteitscolour.

. Placethischinadishin sunlight for sometime (Fig.8). Observe and notethe colour of thesilver
chlorideafter sometime.

P —— - —
[ g
S —

Sunlight
] —

Fig.8: Inthepresenceof sunlight silver chloridebecomesgrey and for mssilver metel

Youwill seethat whitesiver chlorideturnsgrey insunlight. Thisisdueto thedecomposition of silver
chlorideinto silver and chlorineby light.

2AQCl ——> 2Ag+Cl, ..o (35)

Thisreaction takes placein the presence of sunlight. Such reactions areknown as photochemical
reactions.

All suchthedecomposition reactionsthat requireenergy either intheform of hest, light or electricity
for changing thereactantsinto products are known asendothermic reactions.

10.5 Making chemical equations more informative

Chemical equations can be made moreinformative by including thefollowing properties of the
reactantsand products: -

1 Physica date 2. Changein heat 3. Evolution of gas

4. Precipitation 5. Different conditions

1 Mentioning the physical states- To make achemical equation moreinformative, the physical
states of thereactantsand products can be mentioned a ong with their chemical formulae. Thegas-
eous, liquid, aqueousand solid states of reactants and products are represented by the notations
(9), (), (ag) and (s), respectively. Now the unbal anced equation (34) can berewritten as-

2PB(NO,),(5) —t=S 2PDO(s) +ANOL(Q) + O,(Q) .vvvrrrveee (36)
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2. M entioning changesin heat- Heat isrel eased during exothermic reactions and absorbed during
endothermic reactions. Seethefollowing examples:

C(9+0,(g —> CO,g)+ Q Exothermic ............. (37)

N,(9) + O,(9) —> 2NO(g) -Q Endothermic ............. (38)

Inexothermic reactions, the heat rel eased (Q) isadded to the product sideby usingaplussign (+).
In endothermic reactions, aminussign isused to show the heat absorbed.

3. Showingtheevolution of gas- If thereactioninvolves evolution of agasthenitisshownusingan
upward arrow (T1).
Zn(s) + H,80,(aq) —> ZnSO,(aq) + H, T eooeeeeece (39)
4. Showingthefor mation of a precipitate- If aprecipitateisformed during areactionitisshown
using adownward arrow ().
AgNO,(ag) + NaCl(ag) ——> AgCl L + NaNO,(aq) ....cvvevnee. (40)
5. Mentioning different reaction conditions— Sometimes different reaction conditions such as

temperature, heat, catays, pressure etc. can bementioned above or below thearrow inthe equation.

sunlight
6CO,(g) + 6H,0(1) W CH,0,(a0) +60,(Q) w.ovveveeens (41)
2AgCl(s) =S 2AQ(S) + ClL(Q) oo (42)
Similarly, try to makethe different equations givenin thechapter moreinformative.
Questions
1 Identify which substanceisgetting oxidized and which isbeing reduced in thefollowing reactions
2. How are changesin heat (rel ease, absorption) shown in chemical equations. Explain using ex-
amples.
Keywords

reactant, product, combination reaction, decomposition reaction, displacement reaction, double
displacement reaction, oxidation, reduction, exothermic, endothermic,redox

' What we have leant

. A new substanceisawaysformed during achemical change.

. Chemica equationsareaway of showing chemical reactions.
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. A completechemica equation representsthereactants, productsand their physica satessymbolicaly.

. According tothelaw of conservation of matter, achemical equation must be balanced so that the
numbersof atomsof each element involved inachemical reaction are the same on thereactant and
product sidesof the equation.

. In acombination reaction two or more substances combineto form anew single substance.

. Decomposition reactions are opposite to combination reactions. In adecomposition reaction, a

single substance decomposesto givetwo or more substances.

. A displacement reactionisonein which an e ement displaces another element from its compound.
. lons are exchanged between reactantsin doubl e di splacement reactions.

. Oxidationisthegain of oxygen or lossof hydrogen or loss of e ectrons.

. Reductionistheloss of oxygen or gain of hydrogen or gain of eectrons.

. Reactionsin which heat isgiven out aong with the productsare called exothermic reactions.

. Reactionsinwhich energy isabsorbed are known asendothermic reactions.

Exercises

1 Choosethecorrect option:

(i) Which of thefollowing reactions staking place when hydrogen chlorideisformed by reac-

tion between hydrogen and chlorine
(&) Decomposition (b) Displacement
(c) Combination (d) Doubledisplacement
(ii) Fe,0,+ 2Al ——> Al O, + 2Fe Thisreaction isan example of
(@ Combination (b) Decomposition
(c) Displacement (d) Doubledisplacement

(i) 2PbO(s) + C(s) — 2Pb(s) + CO,(g) Which statement istrueabout thisreaction
(1) Leadisundergoing oxidation
2 Carbon dioxideisundergoing oxidation
(3) Carbonisgetting oxidized to carbon dioxide
4 Lead oxideisbeing reduced tolead

(@ land2 (b) 3and 4
(c) 2and 3 (d) 4l
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(v)  NaCl(ag) + AgNO,(ag) ——> AgCI{ + NaNO,(aq)
Thegivenchemica reectionis
(& Displacement (b) Combination
(c) Decomposition (d) Doubledisplacement

Fill intheblanks

@ Substancesonthe LHSinachemical equationarecalled...........coccooveeceveevvneneee. andthose
ontheRHSareknown as...........ccooevereieeenene

(b) isanexampleof ........cccecvveeverienen. reaction.

© The arrow between the reactants and products in a chemica equation shows the
.................................... of areaction.

(d) The type of reactions where heat is absorbed during the formation of products are

.................................. reactions.

What isachemicd equation?Why should chemical equations be balanced?

Write balanced chemical equationsfor thefollowing reactions:

@
(b)
©
(d)

Potass um metd reacting with water to give potass um hydroxide and hydrogen gas.
Nitrogen gas combineswith hydrogen to form ammonia
Hydrogen sulphidegasburnsinair to givewater and sul pur dioxide.

Barium chloridereactswith a uminium sul phateto giveasol ution of auminium chlorideand

aprecipitate of barium sulphate.

Baancethefollowing chemica equations.

0]

(i)
(i)
i)

CH,+O, ——> H,0+CO,
C6H1206 —_— CZHSOH + CO2

Hg(NO,),+KI ———> Hgl,+KNO,
HNO,+Ca(OH), ——> Ca(NO,),+H,0

Writethebaanced chemica equation for thefoll owing andidentify thetypeof reactionin each case.

@
(b)
©
(d)

Magnesium + iodine ———> magnesiumiodide

Magnesium + hydrochloric acid ———> magnesium chloride + hydrogen

Zinc + copper nitrate ———>» zinc nitrate + copper

Sodium hydrogencarbonate ——— sodium carbonate + carbon dioxide + water



Chemical Reactionsand Equations 157

10.
11.
12.
13.
14.

Why are decomposition reactions cal led the opposite of combination reactions? Write equationsfor
thesereactions.

Write one equation each for decomposition reactionswhereenergy issupplied in theform of hest,
light or electricity.

What isthe difference between di splacement and doubl e di spl acement reactions?Write equations
for thesereactions.

Givetwo examplesof redox reactions.

Explainthe chemica reactionsthat take placeinthe presenceof sunlight.
What do you understand by precipitation reactions? Explain usng examples.
Explain exothermic and endothermic reactionsthrough examples.

Hanif burnt amagnesium ribbon using aspirit lamp and on thebasis of hisobservationshe said that
thetypeof chemical reaction taking placeiscombination aswell asexothermicaswell asoxidation.
Do you agreewith Hanif? Givereasonsfor your answer and explain.



Chapter 11
Gravitation

In the chapter of force and motion, you have come across several such exampleswhere an object
movestowardsthe surface of earth. Likewhen astoneisthrown upwards, away from the surface of earth,
it comesback to the earth's surface. Dropsof rain, dry leaves, dust particles, everything fallsback onthe
surface of earth. Have you ever thought why doesevery object fall back on earth?

Why doesthevelocity of apebbleincrease on reaching the surface of earthwhenitsthrownfroma
height abovethe earth's surface?

Youlearntinearlier classesthat severd earth-like planetsin solar system revolvearound thesun and
moon-like satellitesrevolve around the planets. In such asituation, why does earth not fall onthe sun or
moon doesnot fall onthe earth?

Activity-1

Tieawooden block with athread. Hold the
freeend of thethread with your handswhileyou drop
down the other end whichistied to theblock. What
happend?

Now slowly move the block in acircular
motion, asshowninthefig.1l. Moveit faster and see
what happens. Do you fed more pull onyour finger?

If you drop thethread whilemoving the block
fastly or if thethread breaks off, to which direction
doestheblock go? Doestheblock keepmovingina
circular path even after the thread breaks off? Have you thought about the direction of motion of theblock?
Discussamongst yoursdlf.

Fig. 1: circular motion of thewooden block

Experiment carefully and find out what happensif we gradualy reduce the speed of the motion of
theblock.

1.1  Concept of Gravitation

Intheabove activity you saw that athread holdsthe block movinginacircular path evenwhenit
movesinavery high speed. But thereisno such strong thread between the earth and the moon which keeps
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themoon connected. Then what istheforce which causesthe moon to revolve around the earth continu-
oudy?

For along time people thought that attracting the moon and other objectsisacharacteristic prop-
erty of earth and thatswhy themoon and dl other sarsrevolvearound theearth. But thisbelief did not agree
with various observation of our solar system and other planets. It a so did not coincidewith the coppernicus
theory of sun centric solar system or with kepler'slawswhich were based on several observationsof solar
system. Accordingtothem, if sunisat the centreand planetsarerevolving around it just likemoon revolves
around theearth, thenwemust believethat theway earth attractsmoon, sun must aso atract earth towardsit.

Inthisregard, Sir Isaac Newton studied variousworks of other scientists and made several obser-
vationsto concludethat theforce of attraction doesnot only exist between the earth, moon and the sun but
a so betweendl small-bigthingsof thisworld. Stones, dust particles, water molecules, planets, starsetc. dl
exert aforceof attraction on each other dueto their masses. Thisproperty of attraction dueto massiscalled
asgravitationd force.

According to Newton, theforce of attraction existing between any two bodies of the universe
depends upon their masses and the di stance between them.

Asshowninfig. 2, consider that two bodiesA and B are placed at a'distancer' from each other.
They are attracting each other with aforceof attraction'F. Themasses of bodiesA and B are'm,, and'm,
respectively. Accordingto Newton'slaw theforce acting between them must bedirectly proportiona tothe

product of their masses.
< r >
@f F z
A B
Fig. 2: Gravitational for ce between two bodies
That means, Fam, xm, ................ D

Also, the force between the two bodiesis inversely proportional to the square of the distance
between them.

1 The value of G was unknown at the
Fa PR 2 time of Newton. In 1797, Cavendish
placed two bodies of known masses
m.xm at acertain distance and found out the
Fo———=% . ®3 force of attraction between them. Us-
r ing the eq. (4) he then calculated the

m.xm value of G.

F: G 1 2
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HereGisauniversa gravitationa constant. Thevaueof Gin Sl unitsis6.67x10 Nm?#/kg?.

Supposethat the distance between two bodiesis doubled, then what will betheforce betweenthe
two?And what happenswhen thedistancei strippled?\We can seethat theva ue of force decreaseswiththe
increasein distance.

. Canyoutdl what effect will theincrease or decrease of theva ueof G haveon our daily lives? What
would have happened if therewas no gravitational force? Discusswith your friendsinagroup.

Examplel. Themassof earthis6x10* kg and the massof sunis2x10* kg. If the average distance
between the earth and the sunis 1.5x10" mthen cd culatetheforce exerted by the sun on the earth. What
will betheforce exerted by earth onthe sun?

Solution: Theforce exerted by earth on the sun and the force exerted by sun on earth areequal. By
calculating one of thetwo forceswe can find the other.

According to eq (4), theforce of attraction between the earth and the sun,

m.xm,
r2

F=G

Where m_ = massof earth =6 x 10* kg,

m_ = massof sun =2 x 10¥kg;

r = average distance between earthand sun = 1.5 x 10" m; G = 6.67 x 10" Nm?#/kg?
Hence;

Fe 6.67x10™x6x107*x2x10%
(1.5x10™)>2

6.67x6x2x10!x10*x10%
F: 2 1\2
(152x10%)

_ 6.67x6x2x]Q 1202

1.5 N

_6.67x6x%x2
1.52

Thereforethe earth and the sun attract each other with aforce of 35.57x10% N.

x10%'N = 3557x10%N

Activity-2
Calculatetheforce of attraction between you and afriend sitting at adistance of 1 m fromyou. Do
you feel thisforce?If not thenwhy?
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11.2 Gravitational acceleration 'g'

In the chapter on motion you read that when abody is subjected to aforce, an accelerationis
produced in the body. The acceleration produced in abody dueto earth'sgravitational forceiscalled as
gravitationa acceleration. Gravitational accelerationisdenoted by 'g'.

From eg. (4) and with the hel p of Newton'slaw of motion we can find out thevaueof 'g'. Suppose
that abody of mass'm’ isplaced on surface of earth. Earth exertsaforce of 'F on that body.

Fromeq. (4)

M : massof earth, R = distance of earth'ssurfacefrom its centre, m = massof the body
How much accelerationwill be producedinthe body dueto the gravitational force?

Accordingto second law of motion by Newton, if theaccelerationis'g' then,

With the hel p of eg. (7) we can calculatethevaueof 'g. Massof earthisM =6 x 107 kgand radius
ISR=6.4%x10°m.

Oncdculating, wegetthevaueof g= 9.81 m/s?. For smplificationwewill put thevalueof gas
10for all mathematicd calculationsinthischapter. Isthevalue of 'g' sameat dl placeson earth?

Doesthevaueof 'g' depend on the mass of the body, volume, nature, density, position abovethe
surface of earth or the distance from the centre of earth? Which all factorsamongst theseare moreimpor-
tant?

Isthevalue of 'g' on the equator of earth and the poles same? Where will itsvalue be greater?
Discusswithyour friends.

11.3 Free fall

Asshowninthefig. 3, aboy throwsabal upwardsfrom the surface of earth. The path of the ball
moving upwards and then downwardsisshown asABCDE. HereA istheinitia position of theball P, Cis
itsmaximum height and E isitsfina pogtion.
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0

.m\
o
o

E
Fig. 3: Thepath of themotion of ball P
. Canyou statewhich forcesareapplied ontheball P at the positionsB,C,D and E.
. Other than gravitationd forceisthere any other forceworking onthebal Pwhichisresponsiblefor
themotion of theball?
. Isthesameforce exerted onthe ball whenitiskicked? If yes, thenfor how longisit applied?

. How much accelerationis produced onthe ball duetothisapplied force?If inthispath, theball Pis
subjected to only gravitational force by earth then why isthe path of themotion of thebal asshown
inthefigure?All these questionsareobvious.

Itisalwaysconsdered that if abody isin motion, theremust be aforce applied on thebody inthe
direction of motion. But thisisnot waysthe case. You have seen in thechapter of forceand motion that it
isnot necessary that if abody isin motion then there must alwaysbeaforce acting on it. From the second
law of motion we also saw that the force exerted on abody isdirectly proportional to the changeinits
momentum. But it isnot necessary that it isalwaysin thedirection of momentum. If itisinthedirection
oppositeto momentum it will decreasethe momentum.

Inredlity, every moving object issubjected to aforce exerted by wind in the opposite direction.
But thisforceisvery littleand thereforeit isalways negected by usfor smplicity.

When we apply aforce on an object to throw it upwards, we actually provideit with aninitial
veocity. Thisinitid vel ocity and momentum requiresforce. We exert aforcein thebeginning whilethrowing
theobject, but the question isdoesthisapplied forcetill exist onthe object after it leavesour hand?

Accordingtofirstlaw of motion, application of force producesmotion and duetoinertiathe body
keepsmoving upwards. After it leaves our hand, the only force acting on the body isgravitational force.
Thus, the accel eration produced in the body isonly dueto thisgravitational force.

That Stuationinthemotion of an object where only the gravitationa forceexistsiscalled asfreefdll.
Canyou think of more such situationswherethebody isin astate of freefal? Discussin agroup.

You haveread about the equations of motion in the chapter on motion. Onreplacingtheaccelera
tion'a by 'g' inthose equations, we show that thisaccel eration is produced dueto earth'sgravitational force.
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Equationsof motionwith gravitational acceleration.

1. v=u+gt
2. v2=u?+ 2gh, (h=height of object from the surface of earth)
1
h=ut+ = gt
3. 5 g

Let usunderstand this using some exampl es. Suppose you drop down two objectsA and B having
different massesfrom aheight of 100 m. abovethesurface of earth. Themassesof A and B are 2 kg. and 10
kg. respectively. What will betheir speeds after covering adistance of 10 m?After coveringthenext 10m
what will betheir speeds? Cal culatetheir speeds after every 10 m distance and fill inthefollowingtable 1.

Tablel: Position, timeand speed of objectsduringfreefall.

Travelled Speed of Speed of Timetakenby | Timetaken by
distance object A object B object Ato cover |Object B to cover
thedistance(s) | thedistance(S)
0
10 J2
20 20 (approx)
100 20./5 2./5

Onthebasisof thistabledraw agraph between position-time, speed-time and position-speed of
the object.

Doesthemass of an object affect its speed?

Example2. A stoneisdropped from thetop of a20 m. tower. What will beitsvelocity just before
touching the surface of earth? Calculatetimetaken by the stoneto reach the earth's surface. Tekethevaue
of 'g' as 10m/s?.

Solution:(i) Height of tower, h=20m
initial velocity of the stone u=0
g=10m/¢

1
s=ut+ — gt
29
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= 2020><t+%10t2

=5t2=20
=>#2=4
=>%=25
Hence, time taken by the stoneto reach the earth's surfaceis 2 sec.
(i) Velocity of the stone-
v=u+gt
=u+10x2m/s (u=0)
=20m/s
Hence, the speed of stonereaching the earth'ssurfaceis20ms™.
Example3.  Aball thrownupwardsverticaly comesback to thethrower in 6 sec. Tell-
1 What wasthevelocity of theball thrown?
2. What wasthe maximum height reached by the bal | ?
3. Position of theball after 4 sec.?
Solution:(i) initia velocity of bal,u="?
fina velocityof ball,v=0
Timetaken by the bal to reach the maximum height t = 3 sec.
Object goesupwardsinfirst 3 sec., andin next 3 sec. it comesdownwards
So, total timetaken by the ball to cover thecompletedistanceis=3s+ 3s=6s
Ve ocity of theball
v=u-gt
0=u-10x3m/s
u=+30m/s
(i) Maximum height attained by theball.
1
s= ut-Egtz

:3O><3—%><10><32m

=90-45m
=45m
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(iii) Distance covered by theball in 1 sec. of returning.

1
S=ut+— gt
5 g

= O+%><10x12m

=5m
So, position of ball after 4 sec. is45m-5m=40m.

Question ® Maximum height (h)

1 An object of mass'm'isdropped from aheight
'h" abovethesurface of earth. What will beits
velocity just before reaching the surface of
earth? upwards

2. Asshowninthefig. 4. Throw abdl verticaly ldownwards
upwards with a speed of 5 m/s. How much
height will theball reach and after how long
will it return back to your hands. In which po-
sition of theball, its speed will be minimum
andwhat will beitsvalue?

Fig.4: Speed of ball

11.4 Mass and Weight

You know that inertiadepends upon mass. Thetota quantity of materia inan object isknown asits
mass. If thetotal measure of the quantity of the object remains unchanged then the mass of that object
remainsconstant at al positions. M ostly we measure an object onthe basis of itsmass, for example, 2kg.
of rice, 1 kg. of pulses, 3kg. of sugar etc. If wetake 2 kg. massof riceto themoon, wewill find that the
mass of ricewill remain 2kg. onthemoon aswell. The Sl unit of massiskilogram (kg.)

Theforceby which an object isattracted towardsthe earth is called theweight of an object. The S
unit of weightisNewton (N).

From the eqg. (6) we know that the earth exertsaforce 'mg' on an object of mass'm' kg. placed at
acertain position on earth. That means, the weight of the object having 'm' kg. masswill be'mg' on that
particular position on earth.

Do you think theweight of an object will besameat al positionson earth? Will theweight of the
object remain constant on the earth, moon and the sun?
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Question

1 Massof themoonisM __ =7 x10%kg. anditsradiusisR___ =1700km. Usingtheeq. (7), find
out the value of accel eration on the surface of moon for an object of mass'm'.

2. Comparetheweight of an object of mass'm’ onthe surface of earth and the moon.
3. The distance between the centres of earth and themoonis 3.84 x 10° km. How much force will
they exert on each other?

Activity-3
Find out the masses of three of your classmates. Cal culate and find the force exerted on them by
earth. How will theforces exerted on them changeif they weretaken to themoon?

11.5 Centre of Gravity

You might have seen achild or aperson walking on athick ropein afair or somewhere near your
house. How doesthat person balance himself on that rope?

Whilewalking on therope, he spreads both of
hishands or takes support fromahorizanta stickinhis
hand. Have you ever wondered why he doesthis?
Activity-5

Can you get up from achair without bending?

Sit comfortably onachair asshowninthefig.6. Z
Now without bending your legstry to get up from the
chair.
. Areyou ableto doit?If not then why?

Activity-6
Try to balance along bamboo stick on your palm.
Inwhich stuationisthispossible?
Herewewill introduce you to the concept of ‘centre of gravity'.

Theaverageor balanced position of weight distribution isknown ascentre of
gravity. Thispoint wherethetota weight of the obj ect appearsto be concentrated at
iscalled ascentreof gravity.
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Activity-7

Tofind thecentreof gravity.

~

A\ upward force on
balancing fingure

Takeametrescale. Now using your index finger try to
balanceit horizontally at different points. What do you see?
Canyou baancethe scaleat itsmiddle point? Why doesthis === ! ‘
Thecentreof gravity of an object havingfixed shapeis
at itscentre. The completeweight of the scaleisconsidered to
be concentrated at that point. By just giving asupport to that
particular point, the compl ete scale can be supported.

r = = — s
F

weight

We can easily find the centre of gravity of an object by Fig.7
balancingit. Thesmall arrowsshowninthefigurerepresent the
gravitational forcesacting onthescae. thesum of al thoseforcesisequiaent totheresultant forceat the
centreof gravity.

The completeweight of thescaleisconcentrated at thisparticular point. Thusasingleforceacting at
thispoint in upward direction balances out the metre scale.

. How canwefind out the centre of gravity of any object?

The centreof gravity of afreely suspended object isright below its
suspension point.

If avertical line passing through the point of suspensionisdravnthen
the centre of gravity would lie somewhere on thisline. To know its exact
position suspend the obj ect from some other point and draw another vertical
linefromthat point. Thepoint of coincidence of thesetwo linesisthe centre of
gravity.

Similarly the centreof gravity of apersonwalkingonaropeisrightin
his centre. By taking support from along wooden stick hetriesto shift the
centre of gravity downwards (towards hisknee or legs) so that he can easily
walk ontherope.

Activity-8
Tofind out the centre of gravity of aring.

Intheaboveactivity itisexplained that how tofind centre of gravity. On thesamebasiswe canfind
out thecentre of gravity of aring.

. Wherewill bethe centre of gravity of aring?
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. Can abody haveitscentreof gravity outsideit?
. Canthecentreof gravity be somewhere wherethereisno mass?
Stability

Itisessential to know the centreof gravity for stability. Draw aline vertically downward from the
point of centreof gravity for any object having any shape, if thelinelieswithinthebase of the object, thenthe
object will remain stable.

But if the centre of gravity isouts dethe base of the object than the object will beunstable.
Activity-9
Changein centreof gravity anditsaffect.

Fig.9

Whereisyour centre of gravity when you are standing straight?

Try touching your toe. Try doing the samewhile standing closeto awall (asshowninthefig. 9 (b).

. Inthe position showninfig. 9 (b) are you ableto touch your toe? If not then why?
. Inboth the caseswhat difference do you seein the centre of gravity of your body?
Think

. Wherewill bethe centreof gravity of asphere and atriangular table?

. Can abody have more than one centre of gravity?

. Why doesthe leaning tower of pisanot fal?

. Why do you bend forward when you lift aheavy load on your back?



Gravitation

169

What we have learnt

. Dueto their masses, al the objectsin the universe exert aforce of attraction on each other. This
property of attraction dueto massiscalled asgravitational force (Itisacentra force).

. The universal gravitational constant is denoted by G. The value of G is 6.67x10-" Nm#/kg?.

. Thevaueof gravitational accelerationis9.81 m/sandisdenoted by g.
. A fredyfaling body falson earthwith an acceleration'g'.

. Themassof abody is constant. But theweight of abody depends uponthegravitational accelera
tionactingonit.

Keywords :- Gravitation, Universal gravitationd constant, Mass, Free path, Centre of gravity..

Exercise

1 Multiplechoicequestions-

@

(i)

i)

Thegravitational force between two bodies does not depend on-
@ Thedistance between both the bodies.

(b) Product of their masses

(© Sum of their masses

(d) Gravitational congtant

Thevaueof Gis

(@ 7.67 x 10"'*Nm?/kg? (b) 6.67 x 10"Nm?kg

(c) 6.67 x 10-*'Nm?/kg? (d) 5.67 x 10"Nm?/kg?
Thevalueof gravitational acceleration onthesurfaceof earthis-
(@ 9.8m/s? (b) 8.8 m/s?

(c) 4.8m/s? (d) 8.9m/s?

Accordingto universal law of gravitation, theforce acting between two bodies of masses
m, and m,placed at adistanceR is-

mm m
@ F=G 5" (6) F=G o

(c) F=Gmm,/R (d) F= G%
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v) A body ismoving upwards opposing thegravitationa pull of earth. What will beitsvel ocity

at thehighest point reached?

@o (b) u¥2g

(c)hit (d) 2gh
Fill intheblanks-

(i) On earth, theweight of abody having 10 kg. masswill be..........ccccocvvvverieneeee.

(ii) A body faling fromrest fromaheight hwill haveavelocity Of ...........ccceeeveienrccerienene.
(i)  Vaueof universal gravitationa constant is.........ccceeveeerereeeviereenene.

(v)  Thevalueof gravitational accelerationin Sl UNitSiS.......ccocvveereevieerecerenen

v) If two objects of different masses are dropped from a same height, they will reach the
surfaceof earthat ..........ccccvvercviinnne. time.

What will bethe gravitational force between earth and an object of 1 kg. placed onitssurface.
Here, themass of earth is6x10? kg, and distancefrom the earth to the earth's surfaceis 6400 km.

What will bethegravitationa force between two objectsif-

(i) Themass of oneobject isdoubled.

(ii) The distance between the objectsistripled.

(iii) Mass of both the objectsisdoubled.

Why doesasheet of paper fall dower than aball made up of that sheet.
What istheimportance of theuniversa law of gravitation.

Why doesearth not travel towardsthe moon, if moon attractsthe earth?
A ball isthrown vertically upwardswith aspeed of 49 m/s. Caculate-

(i) Maximum height of theball

(ii) Total timetaken by theball to reach the earth's surface.

If abody isthrown vertically upwards at aspeed of 10 m/sthen after how much timeand with what
velocity will it reach back to us?

Theforce of gravitation between two bodiesisF. In what situation will theforce between thetwo
become4 F?

Why do two obj ects having different massreach the surface of earth smultaneoudy?Istheforce of
gravitation acting on both of them equd ?

Derivean equation to find the accel eration produced dueto earth onan object of mass'm'. Alsofind
itsvalue,
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Work and Energy

Intheearlier chapterswe have discussed about some main concepts of sciencelike-motion of an
object, motion dueto force, lawsof motion and gravitation. Work and energy are al soimportant concepts
of sciencewhichlet usto understand severd natural phenomenon and aso hel psusto describethem. Inthis
chapter wewill study about them.

Inour daily lifeweusethewords‘'work' and 'energy’ in severa contexts. For example, heworksin
thefields, heisvery energetic etc. Energy isneeded to perform any kind of work. Humans and machines
also use energy to do work. For example- astudent usesenergy to ride abicyclefrom hishouseto his
school. Inthe sameway, electric bulb usesenergy to producelight.

Think
. Where doesthe consumed energy go?
. Canwedo awork without consuming energy?

Wewill try to understand such questionsin thischapter.

12.1 Work

Generally any kind of useful physical or mental hardwork inour daily lifeis
considered aswork. For example- A student spendsalot of timein studying during
exams. He reads books, solves question papers, discusses with classmates etc. In
common language, hedoesalot of hard work. Similarly singing asong, talking with
friends, playingin school, having discussionsetc, al are considered aswork.

But thedefinition of work intermsof scienceisdifferent.

In science, to do work, following two conditions are necessary
. aforce must be applied on the object. Fi_ 1: Thinking s
. The object must bedisplaced or itsposition must change. not physical work

Physical work takes place only when somedisplacement occursin the presence of applied force.
So all other types of work are not physical work. Similarly saying that aperson isenergetic, isatotaly
different concept from energieslike electrica energy, heat energy or kinetic energy. Inthischapter wewill
only study about physica work and physical energy.
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Examples of physical work

Pick up abook. For thisyou need to apply someforce and the position of the book gets changed.
Thereforein thelanguage of science, it can be called aswork. Theforce applied to pick up thebook acts
against thegravitational force and thatswhy the motion of the book changes.

Now letsthink about such daly lifeexampleswhich arecalled
aswork inour common language. During exams, astudent worksvery
hard. But according to the scientific definition of work, herethe condi-
tion of application of forceand displacement arenot fulfilled. Hencethis
hard work done by a student will not be considered aswork donein
termsof science.

Similarly, snging asong, discussionsetc. will asobenot con-
sidered aswork intermsof science. For exampleif you hold up achair
for 10 minutes, are you doing any work? From your tirednessyou might
say that you haveworked alot. But according to the definition of physi-
cal work you have not done any work on the chair while you keep
holdingit at one position. Offcourse you applied someforceto keep the chair lifted up, but heredid not
occur any displacement inthe position of that chair. And since no displacement of the chair took placesothe
force applied by you did not do any work on the chair.

When you picked up the chair, the position of chair did change, and so some physica work did take
placeat that time. But after that, no physica work took placeto hold the chair inits position.

Following are somesituations. In which of thesework istaking placeand inwhichitisnot?Also
state your reasons.
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You pushed avery large stone, but it did not move.

You reached the second floor of abuilding by climbing airs.
A travdler pullshisluggageto somedistanceon aplatform.
Stoppingamovingbicycle.

Ll A

Activity-1
. You can see somechairs, tables, benchesetcin your classroom. Pick up al these one by one, and
raisethemto acertain height. To raisewhich oneof theseyou had to do the most work and why?

Work done by a constant force

If weknow theamount of force applied and the displacement, we can cal culatethe work done.

Supposethat on applying aconstant force F on abody it movesfromitsinital point to adistance S,
asshowninthefig. 5.

l¢<— 5 —l

According tothescientific definition of work, the magni-
tude of work isthe product of gpplied force and the displacement =
of object inthedirection of applied force. A

So, work done = force x displacement of object in the
direction of force.

W =FS
Thereforework doneisascalar quantity.

We know that the SI unit of forceisNewton (N) and that of displacement ismetre (m). So, theunit
of work donewill be Newton x metre (Nm). It isalso known as Joules (J).

If we put F=1 Newton (N) and S= 1 metre (m)
intheequation W = FS
F 1 Newton (N)

Fig.5

S = 1metre(m)
W = FS
W = INx1Im
= 1Nm(Newton-metre)
or 1 Joule(J)

Hence, 1jouleisthat quantity of work which isdonewhen 1 Newton forceisappliedand 1 m
displacement takes placein thedirection of force.
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Examplel: A girl appliesaforceof 4.5N onabook kept on atable. The book moves 30 cminthe
direction of applied force. Calculate the work done on the book by the applied force.

Solution: Forceappliedonthebook F =

displacementinthedirectionof force S

S =

S
Work done W
W =
W =

45N
30cm.

30
ﬁ m
0.3m
FxS
45N x0.3m
1.35J

Example2: A personpicksup an object of mass 20 kg. to aheight of 3 m. Calculatethework done by

him on that object. (g=9.8 m/sec?)

Solution: massof object m = 20Kkg.
disgplacement S = 3m.
force F = mg
= 20kgx 9.8 m/sec?
= 196N

Work done W = FxS

= 196N x3m

= 588J

W =FS.

displacement on application of force.

A box filled with booksisplaced near awall. even after sev-
era effortsby you the box doesnot move. (accordingtofig.
6). Calculate the work done according to the equation

Think about severa other such situationswherethereisno

Canyouthink of such asituationaswell wherethereisdis-

placement in the absence of any force? Discusswith your teachers.
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Think about one another situation-

Supposethat you apply aforce F on an object and it moves adistance Sbeforeit stops.

& : 3
< S >

GO

Fig.7

1 When you exert aforce (F) onthe object, it displacesinthe direction of force. Herethework done
by theforceispositive. Hence, W=FS.

2. A forceof friction (f) actson the object inadirection opposite to the direction of itsmotion. Dueto
this, theobjectsstops after adistance S. In thissituation, thework done by frictional force on that
object isnegative. Here, the angle between both of themis180°.

Hence, W =S

Therefore, if theforce applied and displacement arein samedirection, thework doneispositive
whileif the displacement isin opposite direction to the applied force, thework doneisnegative.

Example3: Onrolling aspherical object, it displacesto adistance of 4 m. A frictional force of 15
Newton actsonit. Calcul ate thework done by thefrictional force.

Solution: Frictional forceappliedontheobject f=15N
Displacement of object S=4m

Sincethedirection of frictional forceisoppositeto thedirection of displacement, thereforework
done by thefrictional force-

W = —(fxS)
W = —(15x4)Nm
W =  -60J

Example4: A womanof 60kg. climbs20 stairstoreachthefirst floor of abuilding. The height of each
stair is23 cm. Calculatethework done by the gravitational force on thewoman.

Solution: mass of thewoman = 60kg.
gravitational forceacting on her = 60kg. x 9.8 Nm/s?
: : 23
height of each air =

100 ™
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I
N
o
X
3

Tota height of 20 tairs h

Work doneby gravitational force W

E

= 60><98><20><£
- ' 100

= -2704.8Nm
= -2.70KJ

Activity-2

Throw aball upwards. For this, you will need to apply someforce. A forceof gravitation continu-

oudly actsonaball moving upwards, and thisforceis oppositeto thedirection of motion. Think and tell-

1 Which forceacting on the ball doespositivework?
2. Which forceon theball doesnegativework?
3. Support your answer with reasons.
1. A student picksup an object of mass'm'invertical direc-
tiontoaheght hand movesadistance'd' horizontally (as
showninfig. 8).
How muchwork will be doneby the student inthegiven
Stuation.
Come, letstry to understand this-
Work doneby the student in picking the object of massm
toaheighth
w=mgh................ (1) (herethedirectionsof forceand
displacement aresame) Fig. 8: Sudent picksup an object
When the student walksin horizontal direction whileholding thebox, and hismotionisuniform,
then, theaccel eration of box iszero. So theforce acting onthebox inthisdirection will bezero
and work doneonthebox will beW =0................. (i)
12.2 Energy

You must have seen that working of e ectric bulb, tubelight, television, electricfans etc. requires

electricity. Torunatrain, bus, car, motorbike etc. we need to use petrol, diesel etc. Haveyou ever thought-
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. Why do el ectrical equipments stop workingwhen theflow of eectricity stops.
. Why do vehiclesnot movewithout petrol, diesel etc.

. Why can't plants cook their food in theabsence of sunlight.

. What istherelationship between energy and work?

You haveread about 'energy’ inyour previous classes. Wefind energy in several forms-like e ectri-
ca energy, light energy, sound energy, mechanica energy, chemical energy, nuclear energy etc. Electrical
equipmentsgain energy from electricity. Similarly vehiclesgain energy from petrol and diesel. Plants get
energy fromthelight coming from the sun and so maketheir food.

Inthischapter, wewill study only about mechanical energy. Mechanica energy are of two types.

(i) Kineticenergy (i) Potentia energy

12.2.1 Kinetic energy

Activity-3

1 Takeaheavy ball of metal.

2 Dropit fromaheight of 20 cm. on atray filled with wet sand.
3. M easurethe depth of the pit formedin the sand.
4

Now repest thisactivity by dropping thebal from aheight of 40 cmand
100 cm one by one.

5. M easure the depth of the pit formed in each case.
Try answering thefollowing questions based on thisactivity-

1 Theball formsapit in the sand dueto which reason?

2. Arrange your observations based on the depth of the pit formed by dropping theball from different
heights. Doesthe depth of pitincrease onincreasing theheight fromwhich ball isdropped?

3. Ondropping theball from which height isthe pit formed deepest?

Theenergy of an object duetoitsmotioniscalled kinetic energy. Thekinetic energy of an object
changeswith its speed. An object moving at higher speed has more kinetic energy than the object of same
mass moving a alower speed. For thisreason when aball moving at ahigh speed strikesthewickets, the
wicketsarethrown away at adistance Whereasaball coming slowly does not throw away the wickets.
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Mathematical representation of kinetic energy

Thekinetic energy of any object at rest iszero. Thereforekinetic energy of amoving object isdue
toitsmotion. We can seethat the kinetic energy of amoving object isequal to thework done on the object
toachieveitsvelocity.

Fig. 10: Amoving object

Kinetic energy and work done

An object of mass'm'isplaced at ahorizontal surface. On applying aconstant force'F, the object
displacesadistance'S. Then, thework doneontheobjectis

Let the acceleration created on the body be 'a due so the applied force. We have studied the
equations of motionin our previouslesson. Followingisare ation between the constant acceleration 'a of a
moving object whenitsinitia velocity is'u’, find velocity is'v' and displacementis's.

V-P=285 e (i)
Vi —u?
s= e e (iii)

Weknow from the second law of motion,

F=ma (iv)

Putting thevalueof Sand Ffromeq. (iii) and (iv) into eg. (i),
Wecanwritethework doneas:-

V-7
wW=max
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1 2 2
==-m(v°-u
If the body startsfrom rest thenu =0,

So W—}m\/2
' 2

Supposethework doneisequivalent to the changein kinetic energy. If the object startsfrom rest
then thework doneisegual tothekinetic energy.

We can say that the kinetic energy of abody of mass'm' moving at avelocity 'V'is-

2

Sl unit of energy isJoules.

Discuss

1 Canthekinetic energy of an object be negative?

2. Which of thetwo iseasier to stop; atruck loaded with more goods or atruck |oaded with lesser
goods?
3. Whenwill thekinetic energy of acar changemore: Whenthevel ocity of car changer from 10 m/sto

20 m/sor when it changesfrom 20 m/sto 30 m/s.

Examples5: A body of mass20kg. isat aconstant motion with avelocity of 5m/s. What will beits
kineticenergy?

Solution: massof object = 20kg.
Vel ocity of object = 5m/s
Kinetic energy = 5 mv?

= 1><20><52
2
= 250J

So thekinetic energy of objectis250 J.

Example6: If themassof car is200 kg. then how much work will bedonetoincreaseitsvelocity from
36 km/hto 72 km/h.

Solution : massof car m

200 kg.
40 km/hr.

initid velocity of car u
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(convertal thevauesin Sl units)

smilarly, fina velocity of car

initia kinetic energy of car

k1

fina kinetic energy of car

k2

k2

So, thework done= changein kinetic energy

(36x1000)m
(60 60) s

360

—— =10 m/sec

36

(72x1000) m
(60 60) s

720
36
20m/s

m/sec

1
—mu
2

%x 200 (10)

%x 200x100

10000 J

%x 200 (20)°

%x 200x 400

40000 J

Ekz - Ekl
40000 - 10000
30000 J
30KJ

Science, Class-9
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Discuss

1 What do you mean by kinetic energy of an object?

1
2. o N . o ; o Emvz.lf itsvelocity isdoubled,

then how muchwill beits kinetic energy?

3. If the velocity and mass of an object istwice the velocity and mass of another object, then how
muchwill betheratio of their kinetic energies?

12.2.2 Potential energy
Activity-4
1 Takeatoy car.

2. Rotateitskey for onceor twice.
3. Now placeit onthefloor,
. Doesit start moving? If yesthenwhy?

. What happensif werotatethe key 4-5 times?

According to thefigure shown, when weplaceaball on aspring attached to awall horizontally (Fig.
12 &) and pressthe spring, it contracts (Fig. 12 b). Now when you remove your hand from the spring, the
ball isthrown off (Fig. 12 c).

@ (b)
Fig. 12 Fig. 13

Something similar happensin aspring balance. on attaching aweight, the springispulled and on
leavingit, it getsback to original shape.

Seefig. 13. On pulling acatapull, the rubber of the catapult al so getsback to ano pull position just
likeapressed spring. For thisit throwsastoneto avery far off distance.

A body storesenergy dueto work done. Thisstored energy iscalled potentia energy of the object.
Therefore, the energy stored in an object dueto its positioniscaled its potential energy. Thisenergy
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convertsinto other formsof energy and enablesthe body to do itswork. When you pressaball against a
spring, you are bringing achangein the position of the spring. Thisenergy getsstored inthe spring, inthe
form of potentia energy. Thisgets converted into kinetic energy and allowsthe spring to throw away the
bdll.

. Canyou explain the process of throwing astone using acatapult?

Gravitational potential energy

When we place an object above the surface of earth, then the potential
energy of that object increases. To raisethe object upwards, work isdone against
the gravitational force of earth. The work doneto raise the object to acertain T
height isstored asitspotentia energy. Theenergy stored dueto work done against h
gravitational forceiscalled asgravitationd potentia energy.

If someforceisneeded so raisean object of massm upwards, themini- T
mum required forcewill be equa to theweight mg of the object. Theenergy stored
intheobject increases according to thework doneinraising it. Supposethat the
work done against gravitational forceto raisethe object toaheight his'w'.

Fig. 14
Then,workdone w = Forcex displacement
= mh
Sincethework done on theobject ismgh, so the potentia energy of the object isasomgh. Wewill
cdl thispotentia energy E.
E, = mh
Example7: A body of mass50kg. israisedto aheight of 8 m. abovetheearth'ssurface. Calculatethe
energy stored inthisobject. Hereg=9.8 m/s?

Solution: massof anobject m = 50Kkg.
Height of displacement h = 8m
gravitationa accelerdtion g = 98m&
equation : potentia energy E = mgh

= 50x9.8x8
= 3920Joules

So, the potential energy is3920 Joules.
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Also know this

same object w.r.t. someother surface.

Potential energy of an object depends on the earth's surface or the zero-level chosen by you.
Thepotentia energy of an object w.r.t. one surfacewill bedifferent than the potentia energy of the

Example8: A body of mass5kg. isplaced at acertain height from the surface of earth. If the potential

energy of thebody is400 J, then find out the height of the body w.r.t. earthg=9.8 m/<.

Solution: mass of object m

height of displacement h

Potentia energy of object

gravitationd accderdtion g

potential energy of object Ep
5x9.8xh

h =

h =

5kg

?
mgh=400J
9.8m/s?
mgh=400J
400

400
49
8.16m

Objectisplaced at aheight of 8.16 m.

Question

1 Find out the potential energy of abook placed at there positionsA, B and C asshowninthefig. 15.
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2. A cuboidal box isshown inthefigure 16. Itswidth and height are 2 h and h respectively. What will
bethe potentia energy of an object of massm placed on thebox in thefollowing two situations?

T 2h
h
<€ 2h > T N ,
@ (b)
Fig. 16
Disscus
1 Inthe process of using abow and arrow, why do we haveto pull the arrow backwardsby using a
thread or rubber?

2. Canthegravitationa potentia energy of an object be negative?

12.3 Law of conservation of mechanical energy

Suppose an object of massmismadetofal fully fromaheight of h. Initial potential energy of the

object ismgh and kinetic energy iszero asitsinitial velocity iszero.

Inthisway, thetotal energy of theobject ismgh. b, =10 5=

Whenthisbody fals, its potential energy changesinto kinetic en- o

ergy. If theve ocity of an object at agiventimeisy, thenkinetic energy will

1
be 5 mv?. Asthe object startsfdling, its potential energy dropsdown and A

kinetic energy increases. When the obj ect isabout to reach the earth's sur-
faceitsfind veocity isv and thisisitsmaximum vel ocity. So, now thekinetic m
energy ismaximum and potentia energy becomesminimum. Weknow that gz 7 T p,=0,K, =
thesum of kinetic energy and the potential energy onall pointsissame. That /////A

means, Fig. 16

1
potential energy + kinetic energy = constant or, mgh + 5 mv? = congtant
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The sum of kinetic energy and potentia energy of an object isitsmechanica energy. We can seethat
inafredly falling body, the decreasein potential energy at apoint isequivaent to theincreaseinkinetic
energy of that object.

Through severa such examples, observations and argumentswe can state that energy can neither
be created nor destroyed. It can only be converted from one form to another. Thus, the total energy of
universeremainsconstant. Thisisthelaw of conservation of energy.

Come, letstry to understand it through an activity.
Activity-5

A body of 30kg. fdlsfredy from aheight of 5m. Caculatetheval ue of potential energy and kinetic
energy a dl thepointsandfill thefollowingtable.

g=9.8m/s’

(Cdculateve ocity at different hel ghts using the equations of motion.)

Height of body Ve ocity of body Potential energy | Kineticenergy | Total energy

1
(Metre) (at different heights) E,=mgh E=% mv? E+E

k k

N|lW|hr~]Ol

0
2
4
5

If we seetheresults of aboveactivity, we seethat thetotal mechanica energy of the body remains
congtantindl thesituations.

Discuss

What would have happened if the conversion of energy wasimpossible?Accordingto onebelief, life
on earth could have been impossible without energy conversion. What do you think? Do you agree
withthis?

Do in a group

A person of mass m jumpsin aswimming pool from aheight of 10 m. (fig.18) Using thelaw of
conservation of mechanical energy, calculatethevelocity of theman when heisat aheight of 5m. fromthe
surface of water.
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5.0m4

12.4 Power

Thewater tank at Ramesh's and Rakhi'shouse are of same shape and height. Both of them make
useof eectric motor tofill water intheir tanks. Thetank at Rakhi'shousefillsquicklier than Ramesh'stank.
What could bethe reason behind this?

Sometimeswe seethat it takesmoretimeto grind pulsesin thegrinder at our house, ascompared
to our neighbour'sgrinder. Why isit so?

Isthetotal work donein both the cases different? Or aretheabilitiesof both thegrindersto grind
isdifferent?

Itispossblethat different machinestakedifferent amount of timeto do somework. Thismeansthat
their rate of doing work isdifferent. Thisrate of doing work iscalled power. Wetak about the power of
machineslike motorbike, motorcar, el ectric pump, € ectric bulbs, tubelight, € ectric saw, fodder cutter,
tractorsetc. Their power show that how quickly they convert their energiesand do work.

Therateof doingwork or rateof energy conversioniscalled power. Wewill writeitin mathematica
formasfollows.

Power =work/time

P=wi/t

Theunit of power iswatt (w). If aperson does 1 Joulswork in 1 second then therate of energy
consumptionis1J/sand poweris1lwatt. So, 1watt=1J/s

Or lwatt = 1Js
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If the power islarge, wemeasureit in kilowatts.
1kilowatt = 1000 watt
1 kw = 1000 watt or 1000 J/s

If wewant to find out how much energy isconsumed by amachinethenwewill haveto seewhat is
its power and for how longisit working.

Energy consumed p = wit
e, w = p Xt
If p=1kw andt=1hthenenergy consumedislkwh.

That means 1 kwh (kilowatt hour) isthat quantity of energy whichisconsumed to useasourceof 1
kw for 1 hour. Theenergy consumed in houses, workshops, industriesetc. isgeneraly expressed in kil owatt
hour (kwh). For exampl e, the el ectric energy consumed in one month isexpressed in units. Here, 1 unit
means 1 kwh.

lkwh=1kwx1h =1000w x 3600 sec.

= 3600000 J
=3.6x10%J
Example9: A woman completesawork of 300 Jin 5 sec. How much energy did she spend?
Solution : Work done by woman 300J
Timetakento dowork 5 sec.
Therefore, power spentbywoman p = wit
= 300/5
= 60W

Example10: A boy of 50kg. massclimbs30 stairsin 10 sec. If the height of each stair is15 cm. Then
caculate hispower. g= 10 m/s

Solution: mass of boy = 50kg
mg = 50x50x 10
= 500kg. m/s?
Tota height of 30 stairs
h = (30x15)/100
= 450m
Timetakentoclimb stairs = 10s
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Power p = workdonetime
= mgh/t
p = (500x4.50)/10
= 225W
Power is225W.

Question
. What do you mean by power?
. Define 1 watt power.
. If abulb consumes 990 Joules el ectric energy in 10 sec, how much will beits power?

Examplell: A bulbof 60wattisused dailyfor 10 hours. Calculatethe unitsof energy used by bulbina
day.
Solution : Power of electricbulb = 60 watt 0.06 kW

Usagetime = 10hours
Thus, energy spentbybulb = power x time of usage
= 0.06 kw x 10h
= 0.60kWh
= 0.60units

So, bulbwill consume 0.60 unitsof energy daily.

Activity-6

. Observe carefully the electric meter used inthe dectric circuitsat your home. Notethereading on
your metreeveryday at 7 am.

. How many unitsare consumed each day?

. Tabul ate your observations each day for amonth.

. Compareyour observationswith your monthly bill.
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What we have learnt

1 Work done on an object is equal to the product of measure of the force applied on it and the
displacement caused inthedirection of applied force. Unit of work doneisJoule (J).

2. If the direction of applied force and thedirection of displacement are same, then thework donewill
be positiveandif the direction of applied forceand direction of displacement are opposite, thenthe
work donewill be negative.

3. Energy givestheobject, the ability to do work. Unit of energy isJoule (J).

4. Theenergy containedin an object dueto itsmotion, iscalled kinetic energy. Thekinetic energy of an
object of massm, moving with avelocity v will be % mv’

5. Theenergy contained in an object dueto the changeinitsshapeor positioniscalledits potential
energy. The potential energy of an object of massm, raised to aheight hiscalled gravitational
potential energy 'mgh'.

6. According to thelaw of conservation of energy, energy can neither be created nor it can be de-
stroyed. It can only be converted from oneform to another. Thetotal energy beforethe conversion
and after the conversion remains constant.

7. Therateof doingwork or therate of energy conversioniscalled power. The Sl unit of power iswatt
(w).

8. 1 kwhisthat quantity of energy whichisspent inusing asourceof 1 kw for 1 hour.

Keywords

work,energy, kinetic energy, potential energy, energy conservation, power

Exercise

1

Pick an appropriateoption

(i) If an object displaces2 minthedirectin of 10 N applied force, thework done ontheobject
by theforceis,

(@ 15J (b) 20J (©) .20 (d)5J
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(ii) A body of mass5 kg. isinaconstant motion at 2 m/s. What will beitskinetic energy?
(& 10 Joule (b) 15 Joule (c)5Joule (d) 20 Joule

(iii) A body of 12 kg. massisplaced a acertain height from the surface of earth. If itspotential
energy is480 J, thenwhat will beitsheight w.r.t. to earth'ssurface?

(@) 6 meter (b) 9 meter (c) Smeter (d) 4 meter

(iv)  Youburnabulbof 100w daily for 5 hours. What will bethe energy spent inunitsby the
bulb in oneday?
(@ 0.4 unit (b) 0.5 unit (¢) 0.05unit (d) 0.01 unit

Fill intheblanks-

(i) Sl unit of WOrk is.......cccovevneerinininns
(i) lkwhisequivalentto........c.coovcerecennene joules.
(iii) Thetotal energy of anobjectremains...........cccccocvveveeneeee.

(iv) If thedirection of applied forceof an object and its displacement are oppositethen itswork
WIll D e

What do you understand by kinetic energy? Establish the equation for kinetic energy for an object
inmotion.

Theenergy consumed at ahouseis 250 unitsin onemonth. How much will it bein Joules?
@ What isenergy conservation law? Explain.

(b) The potentia energy of afredly falling body drops gradualy. Doesit contradict thelaw of
energy conservation? Explainwith reasons.

Explain potential energy and establishitsequation.
@ If thevelocity of aparticleisdoubled, what will beitskinetic energy?
(b) If thework doneon theparticleiszero, then what will beitsvelocity?

On applying brakes of acar whichismoving at aspeed v, it stops after covering adistance d.
Calculate, what will be the distance covered by the car after applying brakesif it wasmoving at a
speed of 2 v.

A man holds a sack of rice on his head for 30 minutes and getstired. Has he done any work?
Explainyour answer with reasons.

On applying aforce of 8 Newton on abody, it movesin thedirection of motion and displacesfor 4
m. Cal culatethework done.
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11. A body of 10 kg. massisraised against the gravitational force of earth to aheight of 20 m. How
muchwork isdonein thiscase?

12.  Twobody of masses 10 kg. and 15 kg. areraised to aheight of 5m. and 2 m. respectively above
the surface of earth. Calculatethe changeinthelr potential energies.

13. By usingtheinformation giveninthefigurecdculatetheve ocity of thebdl at theposition D. (usethe
law of conservation of mechanica energy).

14.  Onapplyingaforceof 15N for 6 sec. aman displacesabox by 8 m. Calcul ate his power.

15.  Tochangetheenergy of abody of 0.5kg. by 1 joule, wewill havetoraiseit towhat height? (g= 10
m/'s’).



Chapter 13

Our Health

13.1 Meaning of Health

Did it ever happen to you that in spite of yearning to do something of your choice you did not
managed to do it because you werenot feding well? Like- participatinginacricket match, going to watch
amovie, goingtoafair or participating in any programmeof your schoal.

We often usetheterm health knowing or unknowingly in our expressionslike-'My healthisnot well
today' or ‘my mindisnot healthy enough for any work.'

Let ustry to understand, what hedlthis.

Fig. 1

. Discusswith your friendsand makealist of dl such situationswhen you do not feel hedlthy.

Generaly wesay that feding hedthy isfeding good. Being healthy for usisbeing ableto do our daily
work properly. Thushealthissuch astate of well-being mentally and physically that enablesusto perform
our dutiesskillfully, ably and efficiently.

13.2 Health and disease

Staying healthy would have different implicationsfor different people.'Good health' for adancer
may mean being ableto dance properly with graceful postures. On the other hand, good health for aperson
who playstheflute may mean having enough breathing capacity in his’her lungsto control thenotesfrom hig/
her flute. A player who can perform efficiently evenin adverse conditionsishedthy.
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We can be unhealthy often without there being asimple causein theform of anidentifiable disease.
Wewould say that the personsinvol ved in the above mentioned work are unhedthy if they failed to perform
them properly.

If thisiswhat we mean by 'health’, what do we mean by 'disease? The word is actually self-
explanatory - wecan think of it as'disease or disturbed ease. Disease, in other words, literally meansbeing
uncomfortable. However, thewordisused inamorelimited meaning. Weta k of diseasewhenwecanfind
aspecific and particul ar causefor discomfort. Thisdoes not mean that we have to know the absol utefinal
cause; we can say that someoneis suffering from diarrhoeawithout knowing exactly what has caused the
loosemotions.

. Differentiate between being heathy and unheslthy.
13.3 Factors that affect health

Our health depends upon our home, neighborhood, organismsand condition of the environment
around us.

. Doesevery houseinyour locality haveasupply of clean drinking?
. Whereisthewaste generated from your housethrown?

. How isthewaste generated in your colony managed?

. How often aretheroadsand drains of your colony cleaned?

Weall need to conscioudly try to keep our surroundingsclean. Consider what would happenif no
agency isensuring that waste s collected and disposed. What would happen if no onetakesresponsibility
for clearing the drains and ensuring that water doesnot collect in the streetsor open spaces? So, if thereis
agreat ded of wastethrownin streets, or if thereisopen drainwater lying stagnant around wherewelive, the
possibility of poor health increases. These situationsincreasetheincidenceof being unhealthy.

Thusharmful organismslike certain bacteria, viruses, fungi, helminthes and nematodes may bethe
causeof our ill health. Natural calamitieslikeflood, earthquakeand famine may a so affect our health.

13.4 Expression of diseases on the basis of symptoms

Let usnow think alittle more about diseases. Inthefirst place, how do we know that thereisa
disease? In other words, how do we know that there is something wrong with the body? There are many
tissuesinthebody, aswehave studied in the Chapter- ‘'Multicellular Structure: Tissue. Thesetissuesmake
up physiological systemsor organ systemsthat carry out body functions. Each of the organ systemshas
specific organsasitsparts, and it has particular functions. So, the digestive system hasthe stomach and
intestines, and it hel psto digest food taken in from outsidethe body. The musculoskel etal system, whichis
made up of bones and muscles, holdsthe body partstogether and hel psthe body move.
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When thereisadisease, either the functioning or the appearance of one or more systems of the
body will changefor theworse. These changesgiveriseto 'symptoms and signsof disease. Symptoms of
diseasearethethingswefed asbeing ‘wrong'. So, having aheadache, cough, |oose motions, awound with
pus; areall symptoms. Theseindicatethat there may be adisease, but they don't indicatewhat the disease
is. For exampl e, aheadache may meanjust examination stressor, very rarely, it may mean meningitis, or any
oneof adozen different diseases.

Signsof diseasearewhat physicianswill 1ook for onthebasisof thesymptoms. Signswill givealittle
more definiteindication of the presence of aparticular disease. Physicians suggest for teststo confirm the
diseasefurther.

13.5 Confirmation of Disease

Unhealthy conditionsare expressed by symptoms. Symptomslike having paininlimbsor feeling
weak do not confirm the presence of adisease. Confirmatory tests can only ascertain thetype of disease.
Nowadays several formsof testsare possible medically and by such tests on certain samplesof our body
like mucousof cough(sputum), blood, urineand stool adisease may be confirmed.

. Find out from adoctor what all can be determined from test of mucous, blood, urineand stool.

One disease many symptoms

1l state of our body can be expressed in many wayslike having cough, cold, fever, loose motion,
headache, stomach ache, paininlimbsetc. These symptomsindicate adiseased condition. Diseases can
have morethan one symptom for exampl ethe symptoms of Tuberculosis(T.B.) are- cough and cold, head-
ache, paininlimbs, feding of breathl essness, lossof weight etc..
One symptom many diseases

A symptom most often can be dueto different types of diseases. Headache can be dueto tubercu-
losisor dueto migrane or just common cold.
Activity-1

Find out thefollowinginyour locdity (makeatableto collect information)

. The persons suffering from adisease (writetheir namesin acolumn, writethe names of the disease
that thedoctor hastold them they are suffering fromin the next)

. Writethe symptomsof thediseasesinathird column

. What arethe diseasesthat people with the same symptom have?

13.6 Grouping of Diseases on the basis of duration of infection

Oftenwhenwehaveafal whileriding abicycleor whileplayingand get hurt, theinfectionthere
healswithin afew days. Similarly common cold dsolastsonly for afew days. Thereare somediseasesthat
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takealong for exampleif our normal cut would become badly infected it would takealongtimeto hedl.
Thuswe may group diseases on thebasisof duration of infection asfollowing -

13.6.1 Acute diseases

Some diseasesthat | ast for very short periods of time or with treatment they are cured in ashort
period of time. In general, hedthisnot affected adversdy dueto them. Thesearelikecommon cold, flu etc.

13.6.2 Chronic diseases

Ailmentsthat can last for along time, even after prolonged treatment often lasting alifetime are
chronic diseases. An exampleis T.B. Dueto prolonged infection the patient |osesweight, feel sweak,
devel opsbreathing problemsetc.

Without proper treatment in proper time an acute disease may also turn to achronic one. For
exampleif cough and cold becomes persistent, it may taketheform of akind of asthma.

13.7 Disease and its causes

There can be several causes of diseases. They may be mainly grouped asimmediate or contribu-
tory.

If asmall childin acertain areais suffering from loose motions, we may say that it may have been
caused by polluted water containing avirus. In such asituation theimmediate causeisthevirus present in
water. But other children of the areadrank the same water and did not haveloose motion. Thereason for
thiscould bethat the child suffering from the disease did not have immunity against thevirus.

Thus, when the child camein contact of the virus she/he devel oped the disease. Now why did the
child not haveimmunity?A reason for this could be ma nourishment i.e. the child did not have proper food
to devel opimmunity. The body of the child may thus havelack of nutritional ingredients. It could also be
possiblethat some charactersinherited by the child renders her/him more proneto thevirus. Thuslack of
food and heritable causeswhich do not causethediseasein thelack of thevirusare contri butory causes Another
contributory cause may have been the conditionsdueto which the child did not get clean water. Thismay
have been becausethefamily livesin aplace where dueto lack of cleanliness, water may have become
polluted.

. Didyou or any of your family membersever suffer from diarrhea?
. Makealist of reasonsfor having diarrhea.
. Separate out theimmediate causes from the contributory ones.

13.7.1 Infectious(communicable) diseases and its causes

Other than the duration of theinfection, diseases may also be grouped on the basi s of the mode of
spread of the cause. Infectious and non-infecti ous di seases come under this category. You are often asked
to stay away from the patient so that you may not get infected.
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We had studied inthe example of the child having diarrheathat theimmediate cause could have
beenavirus. Therearesevera other organismsthat areimmediate causes of diseaseslikebacteria, proto-
Zoa, fungi, wormsetc. Peoplewho comein contact with apatient who i ssuffering from adisease caused by
any of these organismsmay a so get infected and contact the disease. Thusthese are call ed infectious causes
or agents of the disease. Most of the diseases caused by such agents are called asinfectious diseases.
Common cold, T.B., cholera, plague, skin diseasesetc. are examplesof infectious diseases.

. Doctorsnursesand other health workersare morein contact with patientsthan other people. Find
out how they keep themsealves safefrom getting infected.

L eishmania- the protozoan causing kala-
azar. The organismsare oral-shaped, and
each has one long whip-like structuroe.
Adividing organism has been shown by
arrow andthecdll of immue system (lower
right has griped its whips to destroy it.

Trypanosoma: the protozoan respon-
sible for slegping sickness. The or-
ganism is lying next to a saucte-
shaped red blood cell to giveanidea
or shape.

Staphyloccci, the bacteria which can
cause acne 5 micrometer scale is shown
at top left.

Adult roundworm (ascarislumbriciodes)-
Itisfoundinour smdl intestine. Theruler
next to it shown four centimetersto give
us anidea of scale.

Fig. 2: Different infectiousagents

13.7.2 Non infectious(non-communicable) diseases and their agents

Thereare somediseasesthat are not caused by infectiousagentsbut their causesvary. They are not
caused by externd causeslikemicrobesthat can spread inthe community. Instead, theseare mostly caused
by interna, non-infectious causes. For exampl e, sickle cdl anemiaand sometypesof cancersare caused by
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genetic abnormalities. Similarly, high blood pressure can be caused by excessiveweight and lack of exer-
cise. You can think of many other diseaseslike thiswhere aperson who comesin contact with a patient
suffering from these diseases does not get infected. Thusthesediseasesare called asnon- infectiousdis-
€8Ses.

. Discusswith your friendswhether itisfair to always stay away from aperson suffering from a
disease?

Do you know?

Peptic ulcers and the Nobel prize

[
For many years, everybody used to think that peptic ulcers, which ¥,
causeacidity- related pain and bleeding inthestomach and duode- ‘
num, were because of lifestylereasons. Everybody thought that a
stressful lifeled to alot of acid secretion in the stomach, and
eventually caused peptic ulcers. Then twoAustraliansmade a
discovery that abacterium, Helicobacter pylori, wasresponsible
for peptic ul cers. Robin Warren (born 1937), apathol ogist from Perth, Australia, saw these small
curved bacteriainthelower part of the stomachin many patients. Henoticed that signs of inflamma-
tionwere dways present around these bacteria. Barry Marshd| (born 1951), ayoung clinical fellow,
becameinterested inWarren'sfindings and succeeded in cultivating the bacteriafrom these sources.
Intreatment studies, Marsha | and Warren showed that patients could be cured of peptic ulcer only
when the bacteriawerekilled inthe ssomach. Thanksto this pioneering discovery by Marsha | and
Warren, peptic ulcer diseaseisnolonger achronic, frequently disabling condition, but adiseasethat
can becured by ashort period of treatment with antibiotics. For thisachievement, Marshall and
Warren (seeninthe picture) received the Nobel prizefor physiology and medicinein 2005.

13.8 Means of Spread of a disease

We had studied that when we comein contact with apatient suffering from aninfectiousdisease, the
possibility to get infected increases.
. How doinfectious diseases spread from an affected person to someone el se?

Infectious diseases may spread through various mediumslikeair, water, food and sexua contact.

Diseaseslike common cold, pneumoniaand tubercul osis can spread through theair. Thisoccurs
through thelittle dropletsthrown out by aninfected person who sneezes or coughs. Someone standing close
by can breathein these dropl ets, and the microbes get achanceto start anew infection.
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Areaof small droplictsfrom
sneeze of a patient.
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Fig. 3: Transmission of air bor neinfectionsand the distance of maximum infection

Wedl have had the experience of sitting near someone suffering from acold and catchingit our-
selves. Obvioudly, the more crowded our living conditions are, and |ess ventilated our homes, itismore
likely that such airborne diseaseswill spread.

Infected or undercooked food like undercooked meat can a so be acause of several infections.
Food affected with fungi may be acause of severefood poisoning.

Individua
direct contact

Healthy person
Infected person Byair
@

Mosquito,
vector

Fig. 4: General meansof spread of infection
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Some diseases spread mainly by sexual contact like syphyllis, and AIDS(Acquired Immunodefi-
ciency Syndrome) caused by Human Immunodeficiency Virus(HIV). AIDS can a so spread through bl ood-
to-blood contact with infected people by blood transfusion or useof AIDSinfected needlesduring injection
or other surgica instrumentsduring an operation or from aninfected mother to her baby during pregnancy or
through breast feeding.

. How do non-infecti ous di seases occur in humans?

13.9 Organ specific and tissue specific manifestation

Wehavestudiedthat disease-causing micro organismsenter thebody through air, water, food and
physical contact. Where do they go then? They may go to any part of our body. There are many possible
places, organsor tissues, wherethey could go. Do al microbes go to the sametissue or organ, or do they
go to different ones? Different species of microbes seem to haveevolved to different partsof the body. In
part, thisselectionisconnected to their point of entry. If they enter fromtheair viathe nose, they arelikely
togotothelungs. Thisisseeninthebacteriacausing tuberculosis. If thisbacteriareachesour bonesvia
blood they cause breakdown of bonesweakening them and causing thediseasecalled asboneT.B. If they
enter through the mouth, they can stay inthegut lining liketyphoid causing bacteria. Or they cangotothe
liver, likethevirusesthat cause hepatitis.

Aninfection by HIV, that comesinto the body viathe sexua organs, will spread to lymph nodesall
over thebody. Ma aria-causing microbes, entering through amosquito bite, will go to theliver, and thento
thered blood cells.We can imaginewhat the symptomsand signsof aninfectionwill beif weknow what the
target tissue or organis, and thefunctionsthat are carried out by thistissue or organ. If thelungsarethe
targets, then symptomswill be cough and breathl essness. If theliver istargeted, therewill bejaundice. If the
brainisthetarget, wewill observe headaches, vomiting, fitsor unconsciousness.

Inadditionto thesetissue-specific effects of infectious disease, therewill be other common effects
too. Most of these common effects depend on the fact that the body'simmune systemisactivated inre-
sponsetoinfection. An activeimmune system recruits many cellsto the affected tissueto kill off thedisease-
causing microbes. Thisrecruitment processiscalled inflammation. Asapart of thisprocess, therearelocal
effectssuch asswelling and pain of theinfected part, and genera effects such asfever and swelling of lymph
nodes.

Do you know?
Immune System

All thelife processesinvolved inidentifying unwanted partsand infection causing agents and destroy-
ing them categorically without affecting the healthy cellsand tissues of the body comprisetheimmune
system. Thissystemworksagainst different disease caus ng agents (from virusestoworms) and hel ps
in proper functioning of thebody.
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In certain Situationstheinfected tissuesmay show an extremegenera effect. LikeinHIV infection,
the virus goesto the immune system and damages its function. Thus, many of the effects of AIDS are
because the body can no longer fight off the many minor infectionsthat we face everyday. Like common
cold can become pneumonia. Similarly, aminor gut infection can produce mgor diarrhoeawith blood | oss.
Ultimately, it isthese other infectionsthat kill people sufferingfromAIDS.

Itisasoimportant to remember that the severity of disease manifestations depend on the number of
microbesin thebody. If the number of microbesisvery small, the di sease manifestations may be minor or
unnoticed. If thenumber of the microbeislarge, the disease can be severeenough to belife-threatening. The
immunesystemisamajor factor that determinesthe number of microbessurvivinginthebody.

. ‘Immune system playsamajor rolein prevention of diseases.’ Explain this statement with respect to
AIDS

Weliveinanenvironment that isfull of many other creasturesgpart fromus. It isinevitablethat many
diseaseswill betransmitted by other animas. Theseanima scarry theinfecting agentsfrom asick personto
another potential host. These animalsare thustheintermediaries and are called vectors. The commonest
vectorsweall know aremosguitoes. In many speciesof mosquitoes, thefemales need highly nutritiousfood
in the form of blood in order to be able to lay mature eggs. Mosquitoes feed on many warm-blooded
animals, including us. In thisway, they can transfer di seasesfrom person to person or from other animalsto
humans,

13.10 Prevention and Treatment

Based onwhat we havelearnt so far, it would appear that there aretwo waysto treat an infectious
disease-
1. by reducing the effects of the disease 2. by killing the cause of the disease.

For thefirst, we can providetreatment that will reducethe symptoms. The symptomsare usually
because of inflammation. For example, we can take medicinesthat bring down fever, reducepain or arrest
loose motions. We can take bed rest so that we can conserve our energy. Thiswill enable usto havemore
of it availableto focuson hedling. But thiskind of symptom-directed trestment by itself will not destroy the
infecting microbe and the disease will not be cured and may recur. For exampleif wetake medicineto
reducefever caused dueto aninfection thefever goesaway for sometime only to recur again.

For that, weneed to be abletokill off themicrobes(virus, bacteria, fungi) by identifyingthem. These
daysthereareseverd waysof testing that can give very specific results. Thus by testing the sputum(mucous
of cough), blood, urineor stool etc. theinfective agent is determined and the doctor prescribes medicines
accordingly. For exampleblood tests confirm the presence of maariaand the patient isthen given acertain
dosage of drugsthat can curemaaria. It isessential to takeacompletedosage of thedrugsfor aparticular
timeperiod for completecure.
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13.11 Prevention of diseases

We can lead ahedlthy lifeif we make conscious effortsto take such measuresthat woul d reduce
chancesof having diseases.

. Write about somewaysthat can prevent usfrom having adisease.

Leading ahedthy life beginswith aclean environment. Thusit isimportant to keep our surroundings
freefrom dirt and filth so that we may keep acheck on severd disease causing agents. Sufficient amount of
proper food and regular exercisewill also keep ushedlthy.

Wehave studied inthis chapter that diseaseshaveadirect effect on theimmune system of our bodly.
If theimmune system of our body is strengthened, we can remain healthy for along period of time. These
daysseverd effortstowardsways of strengthening theimmune system are being made so diseases may be
ward of even beforetheir infection. You may have heard about vaccination which isone of theways of
strengthening our immunesystem.

Do you know?
Developing immunity

Traditional Indian and Chineese medicina systems sometimesdeliberately rubbed theskin crusts
from smallpox victimsinto the skin of healthy people. They thushoped to induce amild form of
smallpox that would create resi stance against the disease. Two centuriesago, an English physician
named Edward Jenner, realised that milkmaidswho had had cowpox did not catch smallpox even
during epidemics. Cowpox isavery mild disease. Jenner tried deliberatel y giving cowpox to people
(ashecan beseendoinginthepicture), and found that they werenow resistant to smallpox. Thiswas
because the smallpox virusisclosely related to the cowpox virus. 'Cow' is'vacca in Latin, and
cowpox is'vaccinid. From theseroots, theword 'vaccination' has comeinto our usage.

. Were you ever vaccinated? Find out from your parents the
vaccinesthat wereadministered to you.

Vaccination isthe process by whichimmunity towards specific
diseaseisdevel oped in our body. A mild controlled amount, usually in-
activeform of the disease causing microorganismisintroduced inthe
body that a ertstheimmune system making it produce enough of agents
that canfight againgt the di sease caus ngmicrobeduring anactud infection.

Fig.5: Oral vaccination of Polio
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What we have learnt

Hedthisastate of physical, mental and socia well being when apersonisableto do oneswork
efficiently accordingone'sability.

Disease meansdisturbed ease.

Public cleanlinessisimportant for individua hedth.

Acutediseaseon treatment iscuredin ashort period of timelikefever dueto aminor injury while
chronic diseasesrequire prolonged treatment and last for along time; exampletuberculosis.

Contributory causesfor having adisease may be contaminated water or lack of nutritiveelementsin
food.

Diseases caused by infective agents are called asinfecti ous diseases. For example- Cholera, ty-
phoid, AIDS,TB

Wesakening of theimmune system by AIDS eventually |eadsto death of the patient.

Theimmune system keeps the body healthy by categorically destroying unwanted and disease
causing agents.

Immunity towards diseases caused by bacterial or viral infection like tetanus. whopping cough,
diphtheria, polio, mead es can be devel oped.

Vaccination can prevent the cause of severa infectiousdiseases.

Exercise

1

Choosethecorrect option
(i) Which of thefollowingisaninfectiousdisease-
(@ Nightblindness  (b) Diabetes (c) Blood pressure (d) Cholera
(i)  What causesAIDS
(& Virus (b) Bacteria () Fungus (d) Heminth
(i)  Whichdiseaseisnotinfectious-
(@ Typhoid (b) leprosy (c) Smdll pox (d) blood cancer
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2. Suggest two conditions necessary for having good hedlth.
Writeany two causes of diseases.
4. During the past oneyear how many timesdid you fall sick?What wasthe disease?
@ What changeswould you makein your daily routineto ward off these diseases?
(b) What changeswould you liketo bring in your surroundingsto saveyourself from havingthe
diseaseonceagain?
5. A childfailstotel whether sheissick. How will youfind out-
(& whether sheissick? (b) what her sicknessis?
6. What isthe difference between infectious and non -infecti ous di seases? Give an example of each.
7. Inwhich of thefollowing situations you have maximum chance of faling sick -why?
(1) During your examinations.
(ii) You havetravelled by busor train for two days.
(iii) Your friendissufferingfrommeades
8. What isimmunity? How doesit affect our health? Explainwith an example.

0. Givean exampletojustify that 'Prevention isbetter than cure.

Annexure
Warning

Il effectsof smoking- Smoking affectsthelungsadversaly. Nicotine of tobacco affectslungsfataly. The
internal lining of aveoli isruptured, the gaseous exchangeisaffected asmore carbon dioxideis produced
and thelayer of gaseousexchangeisaffected. Thiscreates pressure on the heart and theincidence of heart
failureincreases.

Tobacco isprepared from the extracts of theleaves of Nicotinumtabaccum. Taking tobaccoin
any form can cause cancer onlips, internd lining of mouth, tongue, inthetrachea, lungsetc.

[l effectsof drinking- People oftenfaint after consuming too much alcohol. Alcoholism causes|oss of
concentration, affectstheliver adversdy and hasill effectson the brain among severa other adverseeffects.
A person may havejaundice, hepatitisand liver cancer.

Other intoxicating substanceslike ganja, bhang, opium, cocaineared| dangerousto hedlth asthey
cause halucinations, mental agitation, hypnosisand lossof memory. The addi ction towardsthese hasbe-
come achronic problem of society these days.



Chapter 14
Sound

Inour daily life, we hear severd sounds, likethe sound of birdsand animal's, the sound of machines

and vehicles, thesound of T.V. and telephone, etc. Some sounds are such that we human cannot hear them,
but someanimalsand birdsare ableto hesr it.

Thereare several questionsrelated to sound like-

1 What issound?How isit produced?

2. How does sound produced by asource reach our ears.

3. A person standing outside cannot hear clearly the sound of aperson sittinginsideaclosed car, a
closed busor aclosed room. But when you knock on the door or window of acar, the sound can
be heard on both the sides. Why isit so?

In this chapter, we will try to find answer to all such questions. Also, wewill do activities and
experimentsrelatedtothis.

14.1 How is sound produced?

Acitivity-1

1 Takeameter scale.

2. Press one end of the scale on atable for sometime,
keeping 40 cm of the scalefree. (asshowninfig. 1).

3. Now pressthe free end of the scale and leaveit. We
seethat the scale startsto vibrate and asound is pro- o

) o _ Fig.1: Vibrationinametrescale

duced. Now repest this activity by keeping 30 cm, 20
cmand 10 cm of scaefree. What did you experience? Doesthe length of scaleleft free affect the
sound produced?

Activity-2

1 Tieamatalic wiretightly between two hooks (as %-\,! ‘u—%
showninfig. 2). Notethat there should not be any

knot inthewire. Fig.2: Metallicwiretied between two hooks
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2. Vibrateit using your finger.
Canyou hear some sound?If yes, thenisthissound different than the sound produced in activity-1.

Activity-3

1 Takeatunning fork.

2. Vibratethisfork by beating it once on arubber pad.

Canyou hear itssound? Touch onesideof thevibrating
tunning fork with your finger. What did you experience? Dis-
cusswithyour friends.

3. Bring thevibrating tunning fork closeto your ear. &

Intheaboveactivitiesyou saw that sound is produced
inabody dueto vibrations. Different types of soundsare pro-
duced indifferent typesof objects(materids). Sound dependson thedasticity of amaterid. Elagticity isthat
property of amaterial, duetowhichit resistsany changeinitsshapeor size. That means, when an object
changesitsshapeor size, or triesto changeit dueto applied force, thenthe object triesto resist thischange
and triesto get back toitsoriginal shapedueto itsproperty of elagticity.

Fig. 3: Vibrationsin atuningfork

Themoreédasticamateria is, it will try to get back to itsoriginal shape quicklier. For example,
matallic objectsaremore e astic as compared to objectsmade of rubber. Henceitisdifficult to pull, bend or
changetheir shapein comparision with rubber. Thisproperty of material affectsthe sound produced from
them.

Thelength of vibrating objectsa so affectsits sound. We cannot listen to the sound of vibration of an
object below itsminimum required length.

14.2 How does sound reach us?

We saw that sound isproduced from vibrating things. When acertainthing vibrates, it exertsaforce
on the particles of nearby mediawhich arein direct contact withit. So the particles of thismedium get
displaced from their balanced position or position of rest and start exerting force on the particles of other
medium intheir vicinity. After displacing the nearby particles, theinitia particlesget back totheir origina
position. Inthismanner, energy getstransferred from one particleto another and soundtravelsforward. This
same process continues until sound reachesour ear.

Issound aform of wave?

Come, letsunderstand thisbased on the activity-3 done earlier.
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Inactivity-3whenyou vibrateatunning fork, thearmsof tunning fork start to vibrate towards| eft
and right respectively. When they vibrate towards| eft, they create an areaof high pressure by pushing the
particlesof air surrounding it. Thisareaiscalled compression (Fig. 4). Now whenthey again vibrate back-
wards and return they create an areaof low pressurewhichiscalled ararefaction.

Fig.4: L Seriesof compressionsand rarefactionsin avibrating tunning fork.
(C showscompression whileR showsr ar efaction)

When atunning fork vibrates continuoudy, aseries of compressonand rarefactionisformedinair.
Thesecompressionsand rarefactionsform awavewhich transmitsthrough amedium.

Asenergy istransferred from one particle to another during the transmition of sound therefore,
sound isatype of mechanical wave.

Doessound transmissionin solids, liquidsand gasesoccur smilarly?
Activity-4

1 Put one ear near thetop surface of one of the ends of awooden bench.

Fig.5: hearing sound through asolid medium
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2. Ask your friend to knock on the other end of the bench.
Can you hear the sound?
Inthis case sound reaches your earsthrough which medium?

3. Now raiseyour ear away from the bench, and ask your friend to knock on the bench once again.
Inthissituation, sound reached you through which medium?

What was the difference between the sounds produced in both the situations? Discuss with your
friends.

Discuss
1 The sound of amotor boat can be heard louder under thewater as compared to abovethe surface
of water.

Transmission of sound depends upon the density of the particlesof the medium. If thedensity is
more, the pressure devel oped in themedium dueto vibration will be more and so thetransmission of sound
will bequicklier. Theparticlesin solidsand liquids are closer ascompared to gases. Their dengity isgreater
than gases, therefore the displacement of particlesdueto vibrationisquicklier and energy wastage during
energy transmissionislesser. For thisreason sound travel sfaster in solidsand liquids ascompared to gases.
Inasimilar way, transmission of sound in solidsisfaster ascompared toliquidsand energy lossis|lower,
hence weare ableto hear the sound clearly.

Intermsof easticity, such substancesin which force of attraction between particlesismore, are
moredadticasitisdifficult to bring any changeinthe positionsof such particles. On creating any disturbance
insuch particles, they quickly try to comeback to their origina positionsand those particleswhich quickly
come back to their origina positionsare again ready to move vibrate faster. Such mediumswhich have
higher dasticity (eg. steel) have sound transmission faster as compared to mediumswith lower elasticity
(eg.- rubber). For thisreason, the sound transmissionin solidsisfastest and in gasesit isslowest.

Discuss
1 What effect will be produced on sound if we move upwardsabovethe surface of earth.
2. Can you hear sound in space? Give reasons.

3. Onarainy day, we hear the sound of thunder after we seethelightening, why isit so?
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Sound and Medium
—> Electric current

Until now we studied that transmission of sound = suitch
dependsuponthedensity of different mediums. Think vz ——> Cork
what will happenif thereisno medium. Will thesound . > Bdljar

reachyou? Thefollowingexperiment wasdonetotest this ———+—> Electricbell

Experiment

An electric bell and aglass belljar wasused, as
showninfig. 6. Thebel washunginsidethebdlljar and
it was connected to avacuum pump. On pressing the
bell switch, itssound washeard. Whentheair insidethejar was 9 owly pumped out using thevaccum
pump the sound got lower, eventhough the sameamount of € ectric current waspassed throughiit.
When thecompleteair insidethebell jar was pumped out, no sound could be heard.

——xw———> Vacuumpump
Fig. 6: Experiment of Belljar

Theconclusion madethrough thisexperiment wasthat sound can | Sound waves do not travel in

. . vacuum because there are no par-
not travel invacuum and hencewe alwaysneed somemediumto hear | 4, s present in vaccum for com-

sound. pression and rarefaction.

Think

If thereisno atmosphere onthe moon, will astronauts be able to speak to each other.

14.3 Types of waves (on the basis of direction of vibration)

We know that when transmission of waves occur, thereisno transfer of particlesof medium. They
only vibrate with respect to their mean position. On the basis of the direction of vibration of particleswith
respect to the direction of wave propagation, waves can be of two types-

1. longitudind waves 2. transversewaves

Activity-5

€) Formation of longitudina waves.
1. Tekeadinky (plastic spring toy).

2. Hold both the ends of dinky and pull and <
push them to and fro one by one.

IGGU(I{OUM%H(IUOOOMHH)O
> K € R
3. Now mark apoint anywhereonthedinkey

and repeat the above steps. Notice the Fig. 7: formation of longitudinal wavesin thedinky
(hereCiscompression and R israrefaction)
mark carefully.
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Inthisactivity you saw that on pushing and pulling the dinky to and fro, themark onthedinky aso
movesinadirection pardld tothedirection of propagation of displacement.

Hence, thewavesin which thevibration of particlesof themediumisinadirection parallel tothe
direction of wave propagation, are called aslongitudinal waves. The transmission of sound wavestakes
placeinasimilar way. Hence, sound waves are also longitudina waves.

Activity-6

(b) Formation of transversewaves-

1 Takeadinky (spring plastictoy).

2. By keeping oneend of thedlinky fixed, movetheother

GE2)1))0J00) U )O00CODNO o E

. &
2SO, Nl
end up and down. ﬁiﬂ ) &&W‘ %) ?/Z)JO}*\}\\ _;
Isthewaveformed inthisactivity different fromlongi- Fig.8:
tudina wave?

Onmoving thedinky up and down, thevibration of particlesisvertical to thedirection of wave
propagation. Thewaveformedinthisactivity iscaled transversewave.

Hence, thewavein whichthe particlesof themedium vibrate ontheir mean positionsin adirection
vertical tothedirection of propagation of waveiscalled transversewave.

14.4 Characteristics of sound waves

The nature of waves can be defined based on four measures- wavelength, frequency, amplitudeand
veocity.

Following isapicture showing the sound waves.

Density ——>

‘ NV VAR VA Trough

Distance ——>

Fig.9
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Weknow that in asound wave, compression and rarefaction occur consecutively. Thedensity of air
particlesin compressionismaximumwhileitisminimuminrarefaction.

Thisgraphisdrawn for longitudinal waves between the density of particlesin amedium and the
distancetravelled by awave. Thepart PQinthegraphiscompressonwhile QR israrefaction. Similarly the
raised part in atransversewaveiscalled crest and the deep pitiscalled asthrough.

Variousdefining wordsrel ated to awaveareasfollowing-

1. Wave length
The distance between two consecutive compressions (or crests) or two consecutive rarefactions
(or throughs) iscalled wavelength. Its Sl unitismetre. Itisdenoted using A (Lambda).

VAN AN A2V
VA VANV A

Distance ——>

Density —>

Fig. 10 Wavelenthin density - distancegraph

2. Amplitude

When asound wavetravel sthrough air, the particles of air vibrateforming areas of compressonand
rarefactions. Asaresult of this, thedensity of air in an areaincreasesbeyond normal and reachesits maxi-
mum or sometimesit reduces bel ow the normal and becomes minimum. Therefore, the maximum or mini-
mum densities of particlesat the mean position of themediumiscalled amplitude. It isdenoted using the
letter A. Theloudness or softness of sound mostly depends on the amplitidue of the sound wave.

SN N N N N
NV VAV V4

Distance ———>

Density —>

Fig.11 Amplitudein density - distancegraph

3. Time period

Thetimetaken by two consecutive compressions or rarefactionsto passthrough apointiscalled
time period of thewave. In other words, thetimetaken for the compl etevibration of adensity of amedium
iscalled thetime period of the sound wave. It isdenoted using theletter T. Its Sl unit issecond.
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4. Frequency

We know that when sound travel sthrough amedium, thedensity of medium changes between the
maximum and minimum va ues. Onevibrationiscompl eted when thedengty movesfrom maximum va ueto
minimum valueand then reaches back to maximum value.

Density —

Distance —>

Number of vibrationsin 1 second = 4

Fig. 12

Thetotal number of suchvibrationsinaunit timearecalled asfrequency of the sound wave.

If we count the number of compressionsand rarefactions passing through thewaveinaunit time,
then we can find out the frequency of thewave. Itisgenerally denoted by the greek letter v. Its Sl unitis
hertz (Hz). The sharpness (pitch) of sound depends upon itsfrequency.

Examplel: Findthetimeperiod of awave of 500 Hz.

Solution: According to thequestionv =500 Hz

Asweknow, time period T =1lv
=1/500
=0.002 seconds
5. Speed of sound waves

Thedistance covered by one compression or onerarefactioninaunit timeiscalled the speed of
waves.

We know that speed = distance/time

Thedistancetravelled by awaveto completeonevibrationisequal toitswavelengthandtimeis
equa totimeinterval.

Hence, v = NT
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) =UT
So, speed =uv A
That means speed = frequency x wavelength

Remember that the speed of sound waves only depends upon the nature of medium and does not
depend onitswavelength or frequency.

Example2: A soundforms40,000 compressionsand 40,000 rarefactions per second while passing
through agaseous medium. If thefirst compressionisformed at adistance of 1 cm from thesource, thenfind
theveocity of thewave.

Solution: We know that frequency isequal to the number of compressionsand rarefactionsin one
second.

Hence frequency uv = 40000Hz

Waveength A = igancebetween two compressionsor two rarefactions
= 1lcm-21/100 m.

asvelocityofwaves v. = v A
= 40000 x1/100
= 400m/s

14.5 Hearing range

Onthebasi sof hearing range, sound can bedivided into following 3 categories.
1. audiblerange, 2.infrasoundrange, 3. ultrasound range

Audiblesound- Wecannot hear soundsof dl frequencies. The hearing range of soundinhumanis20Hzto
20 KHz. We can only hear sound having frequencieswithin thisrange. Children bel ow 5 years of ageand
dogs can hear upto 25 Khz.

I nfrasound- Thesound having frequency below 20 Hz is called infrasound. For exampl e, the sound pro-
ducedinsidethe earth's core at thetime of earthquake, chemical and nuclear reaction sounds, etc. If we
wereableto hear at infrasound range, we could hear the vibrations of apendulum just likewe can hear the
vibrations of flapping of wingsby abeehovering near our ear.

Ultrasound- Thesounds above 20 KHz are called as ultrasounds. Such soundsare produced by dol phins,
bats etc. The hearing organs of insects and moths are very sensitive. They can hear the sound of high
frequency produced by bats and thus can protect themsel vesfrom bats around them and avoid becoming a

prey.
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14.6 Applicationis of Ultrasound

Ultrasounds are waves of high frequency. These waves can travel in astraight path eveninthe
presence of obstacles. Ultrasoundsarewiddly used inindustriesand medical fields.

Ultrasoundisgenerally used to clean partslocated in hard to reach places, for exampl e, odd shaped
parts, electronic components etc. Objectsto be cleaned are placed in acleaning solution and ultrasonic
waves aretransmitted into the solution. Dueto the high frequency, the particlesof dust, greeseand dirt get
detached and drop out. The object thusgetsthoroughly cleaned.

Ultrasounds can be used to detect cracks and flawsin metal blocks. Ultrasoundsarealsousedin
the technique of ‘echocardiography'. In thistechnique ultrasonic waves are madeto reflect from various
partsof the heart thereby forming animage of the heart.

Ultrasonography

Ultrasound scanner isan instrument which uses ultrasonic wavesfor gettingimagesof internal organsof the
human body. A doctor can get animage of the patient'sorganssuch astheliver, gall bladder, uterus, kidney
etc. It helpsthe doctor to detect abnormalities, such asstonesin thegall bladder and kidney or tumorsin
different organs. In thistechniquethe ultrasonic wavestravel through tissues of the body and get reflected
from aregion wherethereisachange of tissue density. These waves are then converted into electrical
signalsthat are used to generate images of the organ. Theseimages are then displayed on amonitor or
printed onafilm. Thistechniqueiscaled 'ultrasonography’. Ultrasonography isa so used for examination of
thefoetusduring pregnancy to detect defectsand growth abnormalities. Ultrasound isal so used to break
small 'stones formed inthekidneysinto smaller parts.

SONAR (Sound navigation and Ranging)

Sonar isadevicethat usesultrasoni c wavesto measure the distance, direction and speed of under-
water objects. Sonar consistsof atransmitter and adetector installed on aboat or ship (asshowninfig. 13).
Thetransmitter producesand transmitsultrasonic waves. Thesewavestrave through water and after strik-
ing the object on the sea-bed, get reflected back and are sensed by the detector. The detector convertsthe
ultrasonicwavesinto e ectrica signds. By finding the speed of soundinwater andthetimeinterval between
transmission and reception of ultrasound we can find the distance of the object. Let thetimeinterval be-
tween transmi ssion and reception of ultrasound signa bet and the speed of sound through water bev. The
total distance 2d travelled by the ultrasoundisthen2d=v x t

Time=distance/velocity

_a
v

t
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Hence, depthd = —

Water surface

> Recelver

> Transmitter

> Sea-bed

Fig. 13: SONAR

Example3: Aninvestigatingteamtransmitsan ultrasound signal to the seabed. Thesignal isreceived
back in 6 sec. If thevelocity of soundin seawater is 1500 m/sthen find out the depth of sea?

Solution : Suppose depth of seais'd' m.

So, thedistancetravelled by signd = 2d
andtimeteken = 6s

speedof sound = 1500m/s

asSpeed = Distance

Time
So,distance = speed xtime
2d = 1500 x 6
d = (1500%6)/2

Hence, depth of sea d =4500 m =4500/1000 km =4.5km
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What we have learnt

. Thevibration of asource produces sound.

. Soundtravdsinamediumintheformof |ongitudina wavesassucocess vecompressonsandrarefactions.

. In sound propagation, only the sound energy travelsforward, not the particles of medium.

. Sound cannot travel in vacuum.

. The distance between two consecutive compressionsor two consecutiverarefactionsiscalled the
waveength.

. Thetimetaken by thewavefor one complete oscillation of thedensity of themediumiscalled the
timeperiod, T.

. Thenumber of complete oscillations per unit timeiscalled thefrequency (v), v= %

. Speed of sound =frequency x wavelength (v =v A)

. The audible range of hearing for human beings is in the frequency range of 20 Hz-20 KHz.

. Sound waves with frequencies below audible range are called 'infrasonic’ and above audible range

are called 'ultrasonic’. Ultrasound has many medical and industrial applications.

. SONAR technique is used to detect things hidden under the surface of sea.

Keywords

disturbance, wave, wavel ength, hearing range, amplitude, freequency, timeperiod, compression, rarefaction

Exercise

1 Choosethe correct option-
(i) When sound waves propagate through amedium, then from one position to another-
(8 Particlesof themediumtravel
(b) Transfer of energy from one particleto another takes place.
(¢) Transformation of energy takesplace.

(d) Noneof these.
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(i)

(i)

i)

)

(Vi)
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Sound below the frequency of 20Hz iscalled-

(@ amplitude (b) inaudible/infrasound

(¢) ultrasound (d) noneof these

Thedistance between consecutive compressionsor rarefactionsiscalled-

(& amplitude (b) frequency

(c) speed of wave (d) wavelength

Establish arelation between velocity of transferred wave (v), itsfrequency and wavel ength.

@ V= (b) v=ul

I
(o v= n (d) noneof these

Sound wavesdo not travel in-

(@ solids (b) liquids

(c) gases (d) vacuum

If thetime period of avibrating object is0.05 s, the frequency of waves produced will be-
(8 5Hz (b) 20Hz

(c) 200Hz (d)2Hz

Fill thefollowing blanks-

@

(i)
(i)
i)

Thehearing range of sound inhumansis.......................
Sl unit of wavelengthis.......ccccveveeereienene.
Distance between consecutive compression or consecutiverarefactionsiscdled..................

Velocity of sound dependson..........cccceeeveeeeernenene.

What happenstotheve ocity of sound inamediumiif the sound wavefrequency isdoubled?

Thefrequency of sound produced by sourceA istwice to the frequency of sound produced by
source B. Compare the wavel engths of both the sounds.

Which characteristic of sound hel psyou toidentify your friendsby hisvoicewhilesttingin another

room?

Sound isproduced by colliding twometds, firstinair, thenin water. Say whichmediumwill produce
louder sound when both meta sare collided from same distance.
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7. What issound and how isit produced?

8. Explain compressionsand rarefaction with hel p of diagrams.

0. Explainwith help of an activity that sound propagation requiresamedium.

10. Explainthat sound wavesarelongitudina waves.

11. Writenoteson (i) ECG (ii) ultrasonography (iii) Sonar

12. Explanwith diagramsve ocity, frequency and wave ength of waves. Al so establish arel ation between
them.

13. A soundwavetravelsat aspeed of 3329 nv/s. If itswavelength is1.5 cm, what isthe frequency of
thiswave?Will it beaudible?

14.  Thespeedof soundinair at acertaintemperatureis 340 m/sand itswavelengthis0.017 m. If the
same sound sourceisdipped in water what effect will be produced onitswave ength?If the speed
of soundinwater is 1480 m/s, calculate.

15. What stepswill you taketo reducethe pitch of the sound produced by a'sitar'?

16.  Alongitudinad wavewhosewavdengthis1cm, propagatesinair at avelocity of 330 m/s. Calculate
thefrequency of wave. Can anormal human being hear this sound wave?



Chapter 15
Hydrocarbons

J

We read about different covalent compounds in the chapter on chemical bonding. We were
introduced to covalent compounds of hydrogen with different e ementslike nitrogen, oxygen and carbon.
Recdll that the covalent compound of nitrogen and hydrogen is called ammoniaand water isone of the
covalent compoundsof hydrogen and oxygen. What arethe names of the coval ent compoundsformed by
hydrogen and carbon?We saw some of them in the previous chapter such as methane, ethane, ethene etc.
In fact, there are many more compounds formed by carbon and hydrogen and not just these three. The
compoundsof carbon and hydrogen are known as hydrocarbons. Nitrogen, oxygen etc. make oneor two
cova ent compoundswith hydrogen but carbon makesalarge number of hydrocarbonswith hydrogen. Let
ustry to understand why carbon forms such alarge number of covalent compoundswith hydrogen.

15.1 Catenation

Methaneisthe simplest compound of carbon. The molecular formulaof methaneisCH, and its
structurd formulaisdepictedinFig.1.

i
H—Cli—H
H

Fig.1: Sructureof methanemolecule

Here, oneatom of carbonisbonding with four hydrogen atoms.If we removeahydrogen atom from
methanewe get the methyl group whichiswritten as-CH,. What if we replace one hydrogen of methane by
amethyl group?Wethen get thefollowing structure (Fig.2).

7§
H—?—H i H—?—(E—H
H +(-CH,) H H

Fig.2: Sructureof ethanemolecule

This moleculeis ethane and its molecular formulais CH,. In ethane too, we can replace one
hydrogen atom by amethyl group. The molecul e obtained will have achain of three carbon atoms.
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¥} 1
=g
H H H

Fig.3: Chain havingthreecarbon atoms

In thisway we can keep extending the chain by increasing the number of carbon atomsinit. This
property of an element whereits atomsbond with each other to give long chainsisknown as catenation.
Sulphur and silicon also show catenation but they form shorter chains, not to the extent formed by carbon.
Only carbon is known to be capable of forming very long chains of its atoms. One of the reasons for
catenation in carbonisthat carbon formsstrong bondsnot only with hydrogen and many other e ementsbut
asoitsalf. Because of thiscatenation property of carbon, the number of hydrocarbonsisvery large.

15.2 Using condensed structural formulas to represent hydrocarbons

So far we have been using structural formulaeto show the structures of hydrocarbons. In structural
formulas, asingle bond between carbon atomsis shown by adash (Fig.1,2.3), adoubledash (=) isused to
represent adoublebond (Fig.4a) andthreeparallel dashes (=) are used to represent atriplebond (fig. 4b).

i
H—-C=C—H H-C=C-H

Fig.4:aandb

These structurestake alot of space and it isnot always convenient to draw them. So, weusea
simpler way of showing structures known as condensed structural formulas. In thesestructuresall single
bonds between aomsareomitted, that is, not shown. Thenthestructure of ethane can bewrittenasCH.CH...
We cansmplify theformulasevenfurther if wehavetwo or moreidentical groupsof atomsinthemolecule.
For example, CH,CH,CH,CH,CH,CH, can bewritten as CH, (CH,), CH_.Theidentical group or the
group being repeated isplaced ins de abracket and the number of timesit repeatsiswritten asasubscript
outsidethebracket. Thus, the number after the bracket givesthe number of timesthe groupisfound at that
positioninsdethat molecule. The doubleand triple bonds are shown in condensed structurd formulassothe
formulaof etheneisH,C=CH,and that of ethyneisHC=CH.

15.3 Alkanes

We know that methaneisthe simplest hydrocarbon. We get ethaneif we extend thiscarbon chain
by one. We can get keep extending the carbon chain to get longer and longer straight or continuouschains.
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Table-1: Condensed structures, molecular formulaand namesof alkanes

No. of carbon Condensed Molecular Name

atoms(n) structure formula Root + Suffix = Name
n=1 CH, CH, Meth + ae = Methane
n=2 CH,CH, CH, Eth + ae = Ethane
n=3 CH,CH,CH, C,H, Prop +  ae = Propane
n=4 CH,(CH,),CH, CH,, But + ae = Buae
n=5 CH,(CH,),CH, CH, Pent +  ae = Pentane
n=6 CH,(CH,),CH, CH,, Hex +  ae = Hexane

Look carefully at themolecular formulasof the structuresgivenintable-1. Do you seeany relation
between themol ecular formulaswith the number of carbon atoms, nAWefind that al these hydrocarbons
havethe general molecular formulaC H, .. Compoundswith thisgeneral formulaare called alkanes.
Alkanes are compounds of only hydrogen and carbon without any double bonds or triples bonds. The
atomsin alkanesare connected to each other by singlebondsonly.

15.4 Naming of straight chain alkanes

Anakane(infact, any hydrocarbon) is named according to the number of carbon atomspresent in
the carbon chain. The names of any continuous chain akanecan bedivided intotwo parts. Thefirst part or
theprefixgivesthenumber of carbon atomsin thelongest continuouscarbon chain. Thelongest chainisaso
known astheroot or parent chain. The second part isthe suffix which tellsusthetype of bonds present
between the carbon atoms ofthe hydrocarbon. Let usunderstand through afew examples.

In alkaneswhere n=1, that iswherethe number of carbon atomsisone, theroot ismeth- and the
suffix is—ane. Thus, the name of the alkane is meth+ane= methane. Similarly, if the alkane has the number of
carbon atomsinthelongest chain, n=2,3,4,5 or 6, then eth-, prop-, but-, pent- and hex- are used asroots
and —ane is the suffix (table-1).

Questions

1. Draw the structural formulaof an dkanewheren=3. Nameit.
2. Writethe condensed structural formulaof CH,CH,CH,CH, CH,
3. C,H, iscaled heptane. Identify theroot part and suffix inthe name.
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L ook at the mol ecular formulaof methane, CH, and ethane, CH,.. They differ by a—CH,—group.
Again, look at structurd formulaof ethane CH,CH, and thenext member inthe series, propane CH,CH,CH..
Itis clear that they also differ by a—CH,— (methylene) group. You can verify this for other pairs of adjacent
alkanes, such as propane and butane, butane and pentane, pentane and hexane aswell. Each time, the
molecules differ by a -CH,— group. A series of compounds related in this manner is said to form a
homologous series. Aswehave seen, dkanesal havethegenera formulaC H, ., (wherenisthenumber of
carbon atoms) and successive members differ by a -CH,— group. So, we can say that akanes form a
homologousseries.

Cd culatethe molecular weights of methane and ethane and find the difference between them. Also
find the differencein molecular weight between ethane and propane, propane and butane, and butane and
pentane. Canyou see any rel aion between themol ecular weightsof membersof homol ogousseriesof akanes?

15.5 Trends in physical properties

We have seen that the mol ecular wei ghtsof membersof homologousseriesof dkanesdiffer by 14 u.
Doesthishaveany effect ontheir physical properties? Let uslook at thetable showing theboiling points of
someakanes-

Table-2: Boiling pointsof thefirst six alkanes

Name of alkane Boilingpoint °C
Methane -162
Ethane -89
Propane —42
Butane -0.5
Pentane 36
Hexane 69

We can seethat the boiling pointsof theadkanesaregradudly increasing asweincrease the number
of carbon atoms. We can say that straight chain alkaneswith longer chainshave higher boiling pointsthan
shorter chains and that the boiling point of the alkane depends on its molecular weight. In general, the
physical propertiesof homologous members show agradud and regular change.

Questions
1 What isahomol ogous series? Explainthrough examples.

2. Which among butane, propane and pentanewill havethehighest boiling point? Explain.
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15.6 Branching and Structural Isomerism

So far, we extended the carbon chains by replacing ahydrogen from aterminal carbonatomwitha
methyl group. The hydrocarbons so formed involve continuous chains of carbon atoms. But we can aso
form branchesin the alkanes. When acarbon atom in an alkaneis bonded to more than two other carbon
atoms, abranchin carbon chain occurs at that position. Let usgo back to the example of CH,CH,CH,,. It
hasthree carbon atoms, two of them areterminal and oneisinthemiddle. Thetwo termina carbon atoms
arechemically equivdent. Toincreasethe carbon chain we can replacethe H from elther the middle carbon
or thetermina carbon. That iswe can extend thechain intwo ways. If wereplacethe hydrogen atom from
theterminal carbon we get the structure showninfig.5 and if we replacethe hydrogen fromthemiddle
carbon weget the structureshowninfig. 6.

H H H
H H H H I I |
L. 4. 4 | H+— =i — 1t —H
H—-C—C—C—C—H | L
R | O H H=C=H H
H H H H |
H
Fig.5: Butane Fig. 6: 2-methylpropane

Both of thesehavethesamemolecular formulaC H, , that is, thesamenumber and type of atoms.But
their structures aredifferent which meansthat they represent molecules of different compounds. Existence
of many different compoundswhich havethe samemolecular formulaiscalled asisomerism. Thedifferent
compounds are called isomers of each other. We can see that there are two possibleisomers with the

molecular formulaC H.
Oneof themiscalled butane (fig.5). How do we nametheother (fig.6) compound?

Wefirgt try to find thelongest, continuous chain. It need not be straight, but it should bethelongest.
Inthestructuresshowninfig.7, thelongest chain hasthree carbon atoms. Notethat althoughit looksasif the
structuresaredifferent, both moleculesare same.

H,C — CH 4 CH, HC — CH — CH,
| I
CH, CH,

Fig.7
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We seethat thelongest chain (al so called the parent chain) in the second structure hasthree carbon
atoms and so the root will be prop—. Then, we look for the branching point where the substituent is attached
and namethe substituent at the branching point. Hereit ismethyl group. Now, we start numbering the
carbon atomsinthelongest chain so that the branching carbon getsthe lowest number. Inour example, it
doesnot matter from wherewe start counting because the branch position will alwaysbeat carbon number
2 (Fig.8).Theposition number of theakyl groupis2.

1 2 3 2 1
H.C - CH + CH, H,C — CH — CH,
! E
CH, CH,

3

Fig.8: 2-methylpropane

Now, we can name our compound. When writing the name of the compound,wefirst writethe
number of the branching carbon to whichthe substituent i sattached followed by adash (-). After the dash,
the name of the alkyl substituent iswritten followed by the root to which the suffix isadded at the end.
Therefore, our compound is2-methylpropane.

We have already discussed that compounds having the same molecular formula but different
structuresarecaled structural isomers. Structural isomerism can be of many types. Thetypesof isomerism
seen in butane and 2-methylpropaneis called chain isomerism becauseit arisesfrom differencesin the
parent carbon chain.

Questions
1 Draw theisomersof C.H_,. (Hint: - threeisomersare possible)

Similarly, sx isomersare possi blefor hexane. Thenumber of possibleisomersfor agiven molecular
formulaincreaseswith the number of carbon atomspresentinit.

15.7 Alkene and alkyne

We havea ready seen homol ogous series of alkanes. Let us explorewhether hydrocarbonshaving
double or triple bonds a so make homol ogous series. The ssmplest hydrocarbon with double bond that we
have seen sofar isethene (al so commonly known asethylene). Thestructural formulaof etheneisCH,=CH,
andthemolecular formulaisC H,. Notice that the prefix in ethene is eth— which denotes two and the suffix
is—ene. We can replace one of the hydrogen atoms of ethene by a methyl group. We will get CH,.=CHCH,,.
Itisknown as propene and hasthemolecular formulaC H... In general, hydrocarbons containing carbon-
carbon double bondsare known as alkenes.

We can seethat ethene and propenediffer by amethylene group. Just asin the case of alkanes, one
way of extending the carbon chainsin akenesisby substituting ahydrogen at aterminal (end) carbonby a
methyl group.
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Table-3: Condensed structures, molecular for mulaand namesof alkenes

No. of carbon Condensed Molecular Name
atoms(n) structure formula Root +  Suffix = Name
n=2 H,C=CH, CH, Eth + ene = Ethere
n=3 H,C=CH CH, CH, Prop + ene = Propene
n=4 H,C=CHCH,CH, | CH, But + ee = Buee
n=5 H,C=CH(CH,),CH,| C.H, Pent + ene = Pentene
n=6 H,C=CH(CH,),CH,| CH, ?

It is clear from the table that alkenes have the general formulaC H,, . They also differ by a
methylene group and hence can be said to form ahomologous series.

While naming alkenes, we follow the root-suffix rule where the suffix —ene is used to denote alkenes
and theroot givesthe number of carbon atomsin the parent chain of the alkene. So butenemeansan alkene
(-ene) with 4 carbon atoms (but-). Can you give the name of a six carbon alkene?

We can do something similar with ethyne (commonly called acetylene). It is the simplest
hydrocarbon having atriple bond. Hydrocarbons having triple bonds between carbon-carbon atoms are
called alkynes. Their naming is quite simple as we use the prefix-suffix rule where the suffix is—yne and the
root givesthe number of carbon atomsin the parent chain. Thus propyne would mean an akynewith three
carbonsatoms.

Inthetablegiven below, the namesof first three alkynes have been given. Try to completethetable
using what you havelearnt sofar.

Table-4: Condensed structures, molecular formulaand namesof alkynes

No. of carbon Condensed Molecular Name
atoms(n) structure formula Root + Suffix = name
n=2 HC=CH CH, Eth + yne = FEthyne
n=3 CH,C=CH CH, Prop + yne = Propyne
n=4 CH,CH,C=CH CH, But + yne = Butyne
n=5 ? ? ?
n=6 ? C.Hy, ?
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From table-4 it is clear that alkynes follow the general molecular formulaC H,_,. Since two
successivemembersof theakynefamily differ by a-CH,- group thereforealkynes a so form ahomol ogous
series.,

15.8 Isomerism in alkenes and alkynes

Try todraw thestructure of the alkene C,H,. Wherewill you place the double bond betweenthe
carbonatoms?Itisclear that the doublebond can bein two different positions. We can either haveadouble
bond between thefirst and second carbon atoms (Fig.9a) or between the second and third carbon atoms
(Fig.9b).

H H H H H
PR P 1/ I+ 3 2
H=-C=C—=C=C H=C—=C=(—C=H
RN [ I
H H H H H H H
(&) but-1-ene (b) but-2-ene

Fig.9: (@)and (b)

Boththestructures arefor alkenes and have the same molecular formulaC,H,but the position of
atomsisdifferent, so thetwo molecules areisomers of each other.

Thistype of isomerism arising from difference in position of adouble bond iscalled position
isomerism. Just like chainisomerism, positionisomerismisal so atype of structural isomerism. Here, the
molecular formulaof both compoundsissame but their propertiesare different because of differencein
structures. Their namesarea so different.

Structure showninfig.9 aiscalled but-1-ene. For naming the alkene, thefirst part indicatesthe
number of carbon atomsin the longest continuous chain. Thisisfollowed by anumber, inthiscase 1,
showing the position of the double bond which is followed by —ene showing that the hydrocarbon belongs to
theakenefamily. Numbersand wordsare separated by dashes. Similarly, structureshowninfig.9biscaled
but-2-ene.

Positionisomerismisalso seenin akynes. For example, C,H, (Fig.10 aand b) hastwo position
isomers.

H H H H
P PSR P
H H H H
(a) but-1-yne (b) but-2-yne

Fig. 10



226 Science, Class-9

Thetwo structures shown above are position isomers. Thefirst part of their name, but- showsthat
the longest continuos chain in the molecule has four carbon atoms and —yne shows that it is a member of the
akynefamily. The number in between showsthe positon of thetriplebond inthemolecule.

15.9 Types of hydrocarbons on the basis of bonding

So far we have studied about three types of hydrocarbons- akanes, dkenesand akynes. We saw
that alkenes have adouble bond between any two carbon atoms and alkynes have atriple bond between
two carbon atoms. The number of doubleor triple bonds can be more than one. However, in akanesonly
single bondslink the different atoms whether carbon to a carbon or carbon to ahydrogen. We usethis
differenceintypesof bondsasameansto classify hydrocarbons. Hydrocarbons having multiplebondsare
called unsaturated hydrocarbons. Therefore, akene and akynes are unsaturated hydrocarbons wheress,
alkanesare called saturated hydrocarbons.

All structuresthat we have studied so far have either continuous chains or branched chains of
carbons. However, itisaso possiblefor carbon atomsto join together and form rings. The smallest carbon
ring that can be formed hasthree members (Fig.11).

CH, W o W
P |7
CHz_ CH: CHZ—CHZ
Fig. 11: Cyclopropane Fig.12: Cyclobutane

Inthismolecule, each carbonisbonded to two other carbon atoms and two hydrogen atoms. The
molecular formulaof thismoleculeis C H.. Isthemolecular formulasimilar to themolecular formulaof an
akene?Wecan dso have a4 membered ring withtheformulaC,H (Fig.12).

In both the molecules, the carbon atoms are arranged together to form ringsand only havesingle
bonds between the different atoms. The genera formulaof these can bewrittenasC H,, . Thisclass of
hydrocarbonsisknown ascycloakanes. CH, isknown as cyclopropaneand C H.isknown as cyclobutane.
Notethat the molecular formul as of cycloakanesand some akenesare samethereforeitisimportant to
know the structure of acompound beforewe can nameit. Many more similar cycloalkanesare possible.

Questions

1 How many straight chainisomersare possiblefor themol ecular formulaC.H, . Draw thelr structures.

2. Group thefollowinginto saturated and unsaturated hydrocarbons.



Hydrocarbons 227

Keywords

hydrocarbon, catenation, bond, a kane, alkene, akyne, isomerism, saturated, unsaturated, homolo-
gous series, chain isomerism, position isomerism, (—) hyphen, suffix, structural formula, parent chain

' What we have learnt

. Covaent compounds of only carbon and hydrogen are called hydrocarbons.

. Thevalency of carbonisfour and it forms covalent bonds with other atoms. The properties of
carbon compounds aresimilar to each other.

. The property of e ementsby which itsatomslink to one another forming long chainsisknown as
catenation.
. A family (series) of carbon compoundswith the samefunctional group wheretheformulasof two

adjacent members differs by —CH_~ is called a homologous series. The members of the
homol ogous seriesare homol ogues of each other, have the samegenera formulaand show aregular
gradationintheir physical properties.

. Compounds having samemolecular formulabut different structuresareisomersof each other and
thisproperty iscalledisomerism.

. Isomerismarisng fromdifferencein the parent chain of carbon compoundsiscalled chainisomerism.

. Isomerism arising from differencein position of thefunctiona group or adoubleor triplebondinthe
carbon chainisknown as positionisomerism.

. Alkanesonly have C-C and C-H singlebondsand havethe general formulaC H, ..

. Alkeneshave C=C bondsand havethegeneral formulaC H,, .

. Alkynes have C=C bondsand havethe general formulaC H, ..

. In cycloa kanesthe carbon atoms of theroot part are arranged in rings and they have the general

formuIaCnHan
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Exercises

1 Choosethe correct option that fitsthe descriptions given bel ow:-
(i) Thishydrocarbon only hassingle bonds.

(i) Carbon hasthe ability to form strong bondswith atomsof other elements. But what ismore
specid isitsability to bond strongly with other carbon atoms.

(iii) Mol eculeshaving samemolecular formulabut different structures.
(iv) Butaneand 2-methyl propane exhibit thistypeof isomerism.
v) Isomerism that can be exhibited by al kenes and alkynes but not alkanes.
(Vi) Membersof this seriesshow aregular gradationintheir physical properties.
(Position isomerism, homologous series, alkanes, isomers, chain isomerism, catenation)
2. Fill intheblanks
0] Hex-1-ene and hex-2-eneare .............ccveeennnen. isomers.
(ii) The boiling point of butaneis ................ than propane.
(iii) The number of carbon atoms in the parent chain of 2-methylpropaneis.........
(v)  Thenumber of hydrogen atoms in cyclobutaneis..................
V) CH,CH,, CH, are membersofthe.................... homologous series.
3. Draw thestructuresof thefollowing:
2-methylbutane, prop-1-yne, pent-2-ene
4. Writeany three characteristics of thealkanefamily.
Differentiate between position and chainisomerismwith examples.

6. What istherelation between the boiling pointsand number of carbon atomspresent in straight chain

adkane? Explain.

7. Alkanes, alkynes and alkeneswith three or less carbon atoms do not show structura isomerism.
Explan.

8. How many structures/isomersare possiblefor themolecular formulaC,H,? Draw their structures.

(Hint—three are possible).



Chapter 16
Coal, Petroleum and Petrochemicals =

We need energy to carry out our daily activitiesand for doing all kinds of work. Thisenergy is
obtained from many different sources. For example, weneed dectricity to run machinesinfactoriesand fue
(diesd, petrol and CNG) isneeded to run vehicles. Different types of fuelssuch aswood, keroseneoil, LPG
are used to cook food.

Have you ever wondered from wherewe get these fuelsespecially coal, petrol and diesel ?Are
thesefuelsproduced in laboratories or factories? Where arethey made and how?Actually, thesefuelswere
formed from theremains of dead plantsand animalsthat were buried under the earth'scrust millionsof years
ago andtherefore, they arecaled fossi fuels.

16.1 Origins of coal and petroleum

About 2810 36 crore years ago, during the Carboniferous period, the dead bodies of animalsand
plants got buried under the soil. Slowly, more and morelayers of soil were deposited over them. Deep
insidethe earth, in the absence of oxygen, they were subjected to high pressure and temperatureand were
transformed into coal. However, many people believethat coal wasformed mainly from plants. Thereis
some evidenceto support thisargument in theform of thelarge number of fossilsfound in coal beds. Most
of thesefossIsareimpressions of leavesand other fragile partsof plants(Fig. 1).

Fig. 1: Imprintsof leavesin layersof coal
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Itisbelieved that petroleum wasformed from some organisms (plankton) livinginthe sea. Asthese
plankton died, their bodies got deposited at the bottom of the ocean and were covered by morelayers of
sand and soil. Over millionsof years, in the absence of oxygen and under high pressure and temperature,
they weretransformed into petroleum.

16.2 Types of Coal

You must have seen wood charcod. Thisisablack coloured,

brittle substancethat isformedin very littletimewhenwood isburnt Peat
inan insufficient supply of oxygen. However, thecoal that weare &5
talking about inthis chapter isalso black in colour, but hard asstone.  [F o

We havelearnt that coal isformed by the decomposition of Honte
dead plantsthat get buried degpinsidetheearth. Thedecomposed % Bitumen
plantsarefirst converted into peat and because of continuous high
pressures and temperatures are subsequently converted intolignite, Anthracite

bitumen and anthracite cod (fig.2).

Coal ismostly made up of carbon anditscompounds. Coa  Fig, 2: Different categoriesof coal
isdivided into thefollowing categories based on the percentage of
carboninitscomposition:
1 Peat - Thisisthefirst stageinthetransformation of dead plantsinto coal. Peat has 25-35% car-
bon. It ismostly used asfuel.

2. Lignite- Itisalsoknownasbrown cod. Lignite has 35-45% carbon. Itisused in thermal power
plantsto produce el ectricity.
3. Bitumen - Thisisthe most abundant type of coal found in nature. Bitumen isused morethan any

other typeof cod. It has45-85% carbon. It ismostly utilized in therma and cement plants, in paper
manufacturing units, and in automobile and garment industries. The coke usedin sted manufacturing
plantsisbitumen. Bitumen hasmore sulfur than any other cod.

4. Anthracite- Thisisan excellent typeof cod and also known ashard coa. Theamount of carbon
inanthraciteismore than 85%. Because of the high carbon content it burnsfor avery longtime. It
isused ashousehold fuel becauseit produces very little smokeand ash.

Inthetypesof cod given above, we saw that classification was on the basi s of increas ng amount of
carbon content. You may think that only carbonispresent in coal but thisisnot true. Along with carbon, coal
aso hasmositure, hydrogen, air (oxygen, nitrogen, sulphur) etc.
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The amount of heat produced when equal quantities of coal areburnt iscalled heat or calorific
content. Commercial grading of coa isdone onthebasisof heat content.

16.3 Grades of coal

Grade (G) isused to measurethe heating power of codl. Itisgivenin Gross Calorific Valuewhose
unitiskca/kg.

Tablel: Gradesof coal

Grade (GCV) (kcal/kg) Grade (GCV) (kcal/kg)
G-1 Above 7000 G-10 4301 - 4600
G-2 6701 - 7000 G-11 4001 - 4300
G-3 6401 - 6700 G-12 3701 - 4000
G-4 6101 - 6400 G-13 3401 - 3700
G5 5801 - 6100 G-14 3101 - 3400
G-6 5501 - 5800 G-15 2801 - 3100
G-7 5201 - 5500 G-16 2501 - 2800
G-8 4901 - 5200 G-17 2201 - 2500
G-9 4601 - 4900

Different gradesof coa areused in different activities. Our state of Chhattisgarh produces many
different gradesof coal. Let usfind out theregionsin our statewherein coal isfound.

16.4 Coal in Chhattisgarh

Chhattisgarh holds an important positionin Indiain termsof coa mining and production. Under-
ground and open coa minesarefoundin Korba, Raigarh, Sargujaand Koreain Chhattisgarh. Inthedistrict
of Korba, G-4 and G-5 grade coal is found in the mines of Rajgamar, Bagdeva, Surakachhar and
Bankimongra. Further, G - 11 grade coal isfound in mines of Gevra, Dipkaand Kushumunda. National
Thermal Power Corporation (NTPC) and Chhattisgarh State El ectricity Board (CSEB) have set up thermal
power plantsin Chhattisgarh. Thesetherma power plantsusecoa. Apart from this, thea uminium plant at
Balco, the steel plant at Bhilai, thermal and steel plantsin Raigarh and other industrial plantsin Siltara
(Raipur) dsousecod. Becauseof itsgreat utility and large number of uses, coa issometimescalled black
diamond.
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Questions
1. What arefoss| fuels?

2. How iscoal formed?
3. Whichtypeof cod has maximum sulfur content?

Sofar wehavelearnt about thefoss| fuel cod. Let usnow study about another fossil fud- petroleum.
16.5 Petroleum

Theword petroleum hasitsorigin in two words - petra (which meansrock) and oleum (which
meansail). So, petroleum means oil fromrocks. We have a ready read about how petroleumisformedina
previous section. Petroleum isan oily, dark-col oured liquid with avery distinctive odour. It isusually found
at great depthsunder the earth's surface.

Petroleum isamixture of many hydrocarbons so it doesnot have afixed chemical formula. The
different hydrocarbonsin the petroleum mixture cannot be separated using simpledistillation methods
therefore, agpecid techniquecalled fractiond distillation isused for separation.

16.5.1 Fractional distillation of petroleum

You must have seen vapours being formed when water isheated in acontainer. If we cover the
container with alid, we see some water droplets on theinner surface of thelid. Thisprocessisknown as
distillation. Wewill first try to understand the distil lation of amixtureof twoliquids. Indidtillation, if amixture
of two liquidsisheated then both of them are convertedinto their vapour form . When we cool thevapours,
they are converted back into theliquid form.

All liquids continuoudly evaporate even at room temperatures but on heating theamount of vapour
being formed startsincreasing. Theamount of vapour being formedisinversely proportional totheboiling
point of theliquid. Thismeansthat morevapour will beformed for theliquid which hasalower boiling point
and lessvapour will beformedfor theliquid with the higher boiling point. When we cool down thisvapour
mixture, then we get more of theliquid which hasalower boiling point and lessamount of liquid which has
the higher boiling point. We can understand thi sfurther through thefollowing example of liquidsA and B:

o o on heating on cooling o
LiqudA + LiquidB » Vapour » liqud
(Lower (higher (morevapours of A, (moreA,
boiling point) boiling point) less vapours of B) less amount of B)

If wewant to completely separatethesetwo liquids, wewill haveto repesat the ditillation process
againand again.
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Petroleumisamixture of many different hydrocarbonswhaose boiling pointsarevery closeto each
other. Itisvery difficult to separate such mixturesusing smpledistillation methodsthereforewe haveto use
a techniquefor thisseparationwhich requiresaspecid apparatus caled afractionating column. Thismethod
of separating amixture of two or moremiscibleliquidswhoseboiling pointsarevery closeto each other is

known asfractiond digtillation.
Petroleum gas (Butane, propane)
(LPG fuel, Tyre industry)

Petrol

(Fuel for motors, cars, dry-cleaning)

Naphtha

(170°C) (For making chemicals)
Kerosene

(Domestic fuel, fuel for jet planes)
(20°C)
Gas oil (Diesel)

(Heavy vehicles, fuel for train engines,

generators)

(340°C)
Hot crude oil

—p

Lubricating oil and wax

vaseline, grease, shoe polish)
(500°C)
Fuel oil

(Fuel for ships, furnaces, boilers)

Residue

(Tar for making roads)

\ (Lubricating oil for machines, candles,

Fig. 3: petroleum at different levels

Infractiona distillation of petroleum, first of al the crude oil isheated inafurnace and thevapours
aredirected towardsthelower part of the fractionating column. Thismixture of vapoursrisesupinthe
column and then condensesinto liquid and comes down. Asmoreand more hot vapours areintroduced into
the column, the condensed factions again changeinto vapours. Thus, the distillation processisrepeated
continuoudly. In thisway, the compoundswith lower boiling points get condensed in the upper part of the
column and then are coll ected separately. Aswe move down the column, liquidswith higher boilingspoints
are separated and collected. Thisis how fractions having different boiling points are separated from
petroleum at different levels(Fig. 3).
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We have seenthat fractiona distillation of petroleum yields many important substancesat different
temperatures in the column. These substances are known as petrochemicals and are used in various
industries. Many of theindustriesin modern times are compl etel y dependent on petrochemicals.

Questions
1. What isfractiond digtillation?

2. Why isfractiona distillation of petroleum necessary? What type of gases are obtained in the upper
part of thefractionating column?

3. Why does petroleum not have achemical formula?

16.6 Petrochemicals

The chemica sobtained from petroleum are called petrochemicals. The story of theinitia attempts
to use petrochemicalsisvery fascinating. A long time ago, in the Gulf region, petroleum would seep out
dowly, onitsown, insmdl pits. Many of the componentsof this petroleum mixture could form vapours. So,
after sometime most of the mixture would evaporate, leaving behind a sticky substance. This sticky
substance was used for waterproofing boats. People also used it to join together bricksand stoneswhile
constructing houses. About 200 years ago, kerosene oil was separated from petroleum and fromthenonit
started being used extensively asa fud and for lighting.

Inmid-nineteenth century, ajelly obtained from petroleum was used to trest burnsand other wounds,
especidly by factory workers. Thiswasthebasisfor using petroleumjelly in cosmetics. Today, petrochemicas
areused inindustria production of detergents, fibres (polyester, nylon, acrylic etc.), polythene and other
man-madeplastics.

Our world has been revol utionized by the use of plastic productsin variousfields. The plastic
industry playsanimportant rolein our country'seconomy. Theimportance of plasticsisincreasing day by
day with thewide-spread use of plastic objects.

16.7 Recycling plastic

Plastic objects arethrown away oncethey are used but they do not get decomposed in the soil. So
it becomes necessary to either break-down plastics or make them suitable for reuse. The process of
converting waste plastic objectsinto useful productsisknown asplastic recycling.

In 1988, different types of plasticswere given identification codes by the Society of the Plastics
Industry (SP1). Beforerecycling, plasticitemsare separated according to their identification codes. There
aresevenidentification codes.

Identification codes are in the form of anumber enclosed by clock-wise arrows arranged in a
triangle (Table-2). The plasticswhich havethe sameidentification code are recycled together.
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Table2: plasticidentification code

235

|dentification /-P' 9 /3\' /A} A A A
R NAA RN EARNEARYLARNEARY LA IA
Nameof |Water bottle|Water pipes, | PV C pipes,
objects Colddrink Toys, Juice
bottles, Juice bottles
Jamjars bottles,
Shampoo
& cream
containers
Activity-1
. Notetheidentification code of various plastic objectsaround you.
. Group objectsaccording to their identifi cation codes.
. Did you find objects from each of the seven codes? L ook at the codes of objects collected by your
friendsand discuss which onesare more common..
. Maketable 2 inyour copy. Write down the names of objectswith identification codes4-7 inthe
appropriate column of thetable.
. Collect information about recycling plastic from different sources. Discussinthe classroom.
16.8 Combustion of fuels

Weknow that al objectsneed oxygento burn. Burningin presenceof oxygenisknown ascombustion.
Heat i sreleased during combustion, thereforeit isan exothermic process.

The combustion of coal mainly produces carbon dioxide and heat.

If coal isburnt ininsufficient oxygen then carbon monoxideisproduced.

C+0, —> CO,+ heat

C+%0, — CO +heat

Ashisthe solid | eft behind when coal isburnt. We find that burning of fuels produces carbon
dioxide, carbon monoxideand ash and an excess of dl these pollute the environment.
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16.9 Effect of increasing use of fossil fuels on the environment

If we continue usingfossil fuelsat thisrate, the environment will beadversaly effected.

A part of thecarbon dioxide produced during burning of fossi| fuelsisused by plantsin photosynthesis.
But most of it isnot used and thisisone of the causes of thegreenhouse effect whichisleadingtoan
increaseinthe earth'stemperature.

The carbon monoxide produced during combustion of fuel sisapoi sonous gasbecauseit combines
with hemoglobinintheblood at afaster rate than oxygen. If theamount of carbon monoxideinthe
blood exceedsacertain amount, it can cause death.

Theash produced during combustion of coal isknown asfly ash becauseit fliesout of the chimney
(?) and settlesdown in nearby areas. It caninfect and harm lungsand causesilicosis.

Nitrogen and sulfur area so found infossil fuels. On combustion of thesefuel s, oxidesof nitrogen
and sulfur area so formed. These oxidesdissolveinrainwater and causeacidrain.

16.10 Conservation of fossil fuels

It takesmillionsof yearsfor fossi| fuel sto form. But the current reservesof fossil fuelswill last for

only about a hundred years. So we must try to stop the misuse of fossil fuels. If wewant fossil fuelsto be
availableto future generationswe must useit in aba anced manner.

Thecommunity must beinformed about waysto prevent misuseof fossil fuds.

New scientific methods must be used in coal mining so that maximum gquantity of coal can be
obtained and thereisno unnecessary |oss.

CNG (Compressed Naturd gas) must be given preferenceas afud for vehiclesbecauseit doesnot
contain nitrogen or sulfur.

Plastics must beused in moderation.

Effortsmust bemadefor complete overall maintenance of vehiclesto minimizeuse of petroleum
products by vehicles. The petroleum conservation and research association (PCRA) of Indiagives
varioustipsto savefud whiledriving. For example: -

- Asfar aspossible, driveat auniform and medium speed.

- Switch off theengineat traffic lightsor anytimeyou haveto wait.

- Check tyre pressureand ensureregular maintenance of vehicles.

Questions

1.
2.

What do we mean by therecycling of plastics?
What iscombustion? Explain.
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Keywords

Fossil fuel, cod, petroleum, fractiond distillation, recycling, combustion, conservation, plankton,
fly-ash, acidrain

What we have learnt
. Foss| fuelsareformed by thetransformation of theremainsof dead animalsand plants. Coal and
petroleum aretwofossi| fuels.

. Cod isformed from the dead bodies of plantsand animalsand petroleumisformed from the dead
bodiesof seacreaturescalled planktons.

. Theproduct obtainedinthefirst stage of coal formationispeat. The best quality cod isanthracite.

. For commercia purposes, coalsaredivided into grades according to their heating potential .

. Petroleum does not have afixed chemical formulabecauseitisamixture of various hydrocarbons.

. Fractiona digtillationisused to separateamixture of liquidswhose boiling pointsarevery closeto
each other.

. Petroleum gasis obtained at thetop-most part of thefractionating column and viscousfluid (tar) is

obtained at thelowermast part.
. Variousplagticsusedindaily activitiesared| petrochemica products.

. Theprocessof converting usel essplastic objectsinto useful productsisknown asplastic recycling.
Exercises
1 Choose the correct option:—
(i) Cod isproduced from theremains of
(@ Plants (b) Animds

(¢) Bothplantsand animals (d) Noneof these

(i) The conditionsnecessary for formation of fossi| fuesare:
(@ Hightemperature (b) High pressure
(c) Absenceof oxygen (d) All of theabove
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(i)  Whichtypeof coa hasmaximum carbon content

(@) Peat (b) Lignite
(c) Bitumen (d) Anthrecite

(v)  Whatistheidentification codefound on objectsmadeof PVC?
(@ 1 (b) 2
(c) 3 (d) 4

2. Fill intheblanks
(i) Coal and petroleumare ................... fuels
(i) During formation of coal, .............. isformed inthe firststageand .................... IS

formedinthelast stage.
(iit) Theleast carbon contentisfoundin ............cccveeveennee typeof coal.

(iv) Fractional distillation is carried out when there is a very small difference in the
.......................................... of liquidsinthemixture.

v) Petroleum isacombination of twowords- ...........cccceeveevvrenee and ..o
How arefoss| fuelsformed?

Describethedifferent typesof coa indetail.

Describetheenvironmental effectsof the excessiveuseof fossil fuels.

The conservation of fossi| fuelsisabig necessity. Explain.

What products are obtai ned by thefractiona distillation of petroleum?What aretheir uses?

N o o &~ W



Chapter-17

Habitat

17.1 Meaning of Habitat

Wehave K otumsar caves near thebanksof Kanker river at Jagda pur in our state. Long thin conical
structures hanging from theroofsand rising from the floors of the cavesareformed aslimewater trickles
down (SeeFig.1).

These cavesareover akminlength and arelocated about 35 meters bel ow the surrounding aress.
A handtorch carried downinto the caveif switched off would result in pitch darknessin the cave.

Theamount of oxygen insdethecaveislesscompared tothat outsdeit. In spite of such adverse conditions,
some organismslikebats, atype of fish, insects, millipedes, snails, bacteria, arefound etc. inthe cave.

Y. ’ fi -‘_ | R i 1 ¥ .:I \‘h\ i ; R -4 - ".'-..-L |

& i :
Fig. 1: conical structures, thestalactitesand stalagmitesof Kotumsar caves.

Thetemperatureinsdethe cave ranges between 25°C- 32°C throughout the year. Thetemperature
of water insidethe caveranges between 22°C - 30°C. Thisimpliesthat thetemperature of water and air
insdethecaveissimilar. During rainy season, the cave getsflooded.



240 Science, Class-9

A particular speciesof fishisfoundinthese caves. Thelength of thefishis2-4cm. Itseyesarevery
smdl. Theloca peoplecal it "kaani machri”. Other varietiesof thisfisharefoundinmountainousstreams. It
feeds on microscopic organisms, insects and molluscs. It also feeds on dead and decaying remains of
animalsand plants. Thusit may be called asascavenger. Thesefishesusualy livein burrows under the soil
of the caves. Though their gaseousexchange occursinwater (withthehelp of gills) asmost other fishes, they
often cometo the surface of water tofill their mouthswith air(sincethey aso haveair/swim bladders). They
lead their wholelifein these caves. They reproduce here and die here. Thuswe may say that water of the
Kotumsar cavesisthe habitat of thesefishes.

Fig. 2: kaani machri

. What special features of Kotumsar caves have been described inthissection?
. Suppose kani machri flows out from the cave during floods, how do youthink it will survive?
. How do Kotumsar fishesdiffer from other fishes?

Thefishesand other living organisms, arethe biotic components of Kotumsar. Thetemperature,
water, limedeposits, air, etc. are the abiotic components. The biotic and abiotic componentsin ahabitat
affect thesurviva of organismslivingthere.

17.2 The Interrelationship between Natural Components in a Habitat

Let usfind out about theinterrelationship of living and non-living componentsin ahabitat.
Activity-1

Makealist of everything that you do asyou wakeupinthemorning till you go to bed at night.

Makesuretoincludeeverything such asar you breathe, thetoothbrush you use, milk or teathat you
drink. Writethe source from which you acquire these products. Like- the cotton clotheswewear are made

of yarn that weacquire from the cotton plant. Thisisthe source. Similarly, your plastic dippersare made of
plastic whichisobtained from the petrochemical industry.
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Tablel
S.No. ltems What it ismadeof? Source
1 Cotton kameez Yan Cotton plant
2. Slippers Hastic Petrochemical industry
3.

Theabovetable has been prepared based onitems of daily use. If thisisextended toamonth or a
year, it would becomeclearly evident that there are severa thingsboth living and nonlivingin nature, which
we depend upon.

. What arethe nonliving componentsindispensablefor us?
. What are theliving componentswithout which we cannot survive?

You may have now realized that we depend on many living organisms some moreimportant while
othersless. Lifeof organismsdependson many others; thus, thereisan interrel ationship among organisms.
Whether itisyou or theroseplant, thelion or fungi al are dependent on other organisms. Each organismis
part of acommunity and dependent upon severa living and non-living components.

17.2.1 Interrelationship of Living Components

You have seen that organi sms are dependent on each other dueto either their reproductive, shelter
or food related needs. Food and the energy acquired from them form the main basi s of interrel ationship of
organisms.

L et ustake an exampleto understand this-

Thebisonisfoundintheforestsalong rivers, marshy areasand wetlands of Chhattisgarh. It feedson
grasses and other plants. Food chain (energy flow) showsthe dependence of the bison on grass. Food is
prepared by grass by the process of photosynthesis. Thus, theflow of energy isfrom grassto bison(mindit,
it cannot bereversed). If alion feedson bison, therel ation can be shown asfollows:

Bison
Figurenumber-3: Food Chain
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. Make afood web including several organismsalong with grass, bisonandlion.
. What would betheimpact on thisfood web if the bison becomesextinct?
. Draw two food chainsincluding yourself and state theinterrel ation between them.

Trophic Level

Thereare organismsin thefood chain that are capabl e of producing food by the process of photo-
synthesis. Thesearecalled as"producers’. There are othersthat depend on these producers (mainly plants)
and other organismsfor their food. These arethe consumers, likethe bison andthelioninthisfood chain.
Herethebisonisthe primary consumer and thelion the secondary. . There can be other consumersinthis
chain aswdll, ending with organismsthat woul d feed on dead and decaying matter, hel pingin their decom-
position. Thesearethe'decomposers. They break down complex organic matter to smpler oneswhichare
requiredin nature.

Thefood chain may thusbewritten as-

Grass = Bison = Lion =  Decomposers

(producers) (primary consumers) (secondary consumers)

* decomposers could be at any level of thefood chain depending onwhat they decompose

Eachlevd of thefood chain hereisknown asatrophiclevel.

. Makeafood chainincluding organismsof Kotumsar caves

Do you know?

During floods, the caves of Kotumsar areflooded with micro producersand consumers, plant
parts, etc. Then the kanimachri feeds onthesemicro plantsand animals. Thefish of thiscave otherwise
feedson theremains of dead organismspresent here (detritus). Asthefood chain startswith dead and
decaying matter rather than producers, itiscalled asdetritusfood chain.

Dead organismsand their remains — kanimachri — bat

17.2.2 Interrelationship between Biotic and Abiotic Components

Theflow of energy and nutrients appearstobelinear while "™
observing afood chain. However, nutrientsflow in nearly circular cow
pathways (representing their reuse or conversioninto other forms).

nutrients

Herewe comeacrossthebiotic componentslikegrass, cow,  for grassin soil

man, microorgani smsand abiotic componentssuch assunlight, fud, K cow dung

soil, decomposed substances, etc. The arrowsinthe diagram de- dempmposition

notethedirection of nutrient flow aswell astherelationship of the of remains used by man as
k manure, fuel,

components. plasterring

Fig. 4: Acycleof nutrient flow
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17.3 Diversity in Habitat

So far we have discussed the habitat of kani machri, let usnow discussthe habitats of some other
organisms.
Activity-2

You may have observed some plantsthat commonly grow inyour area. Thetendu (ebony), mahua,
mango, jamun, babool, neem, ashok, etc. aresomeexamples.

Choose any such plant and collect thefollowing information regarding the same-
. Wheredid you seethe plantsof the speciesthat you chose?

(intheforest/inafield/on hills/near ariver/far from awater body/ any other place)

. Write adescription on the various € ements such asthe soil, temperature, water, etc. of theplace
wherethese plantsgrow..

. Write about some needs of the plant like how its pollens, seedsand fruits are dispersed etc. Your
description can aso include organismsthat feed on thefruitsof the plant.

. Couldyou now find out the habitat of the plant chosen by you?

. Try todraw adiagram of the plant.

. Makealist of someorganismsfrom your surroundingsthat you seein larger numbersas compared
to others.

Do you know?

Our intestineisahabitat for somemicro organisms. Wewould not have been ableto digest our food
without their help. Theremova of theremicro organismsfrom our intestinewould affect their survival
and our hedlth.

17.4 Changing Habitats in a Life Span

Now weshall discussabout an organism that inhabits different placesduringitslife.

Brahmi duck isonesuch bird commonly known by other nameslike, Chakwa- Chakwi, Surkhaab,
etc. Itisnot only foundin India, but other Asian countries, Africaand Europe. InIndia, itisusually found
during the summer monthsin the Himalayan regions of Laddakh, Sikkim and Arunachal Pradesh. Thisis
whereit breeds. During winter, the Brahmi duck |eavesthese colder regions of our country and other
countriesand isusually seen inthewarmer regions of Central and Southern India. During thistimethe
brahmi duck isal so seen in Chhattisgarh. These birds thus change habitats with changing seasons.The
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change of habitat in thelifespan of an organism asit travel sfrom one habitat to another inayeariscalled as
"migration”. After acertain period of time, the organism returnstoits previous habitat (often called asthe
"permanent habitat").

Fig.5: Brahmi Duck

The breeding groundsof Brahmi duck are usually near rivers, marshy areas, grass ands, fresh or
saltwater |akeslocated up to around 5000meters above sealevel. A secure shelter to lay eggsand more
nutrition isrequired during the period of reproduction. The duck getsthesefavorable conditionsin the
Himalayan areas. Grass, ceredsand other seeds, prawns, frogs, insects, etc. of thisareaareitsfood. Asthe
food resources deplete with the onset of colder months, the Brahmi duck setsout to other areasrichinfood
resources. Group consistsboth of older and younger ducks.

. What isthe habitat of abrahmi duck?

. Can brahmi duck be considered asamigratory organism?Why?

17.5 Adaptation to a Habitat

How are organismsadapted to their habitat?

We observethat organismsliving and reproducingin aparticul ar habitat have certain characters
favorablefor their surviva. Thisisadaptation and thereare severa examplesof it. For examplefishesliving
inunderground cavesareoften blind (just likethekani machri). A research doneon such afish, "theMexican
Tetra' hasreved ed several facts about the adaptation of thefishtoitshabitat. One of thefactsisthat the
changesin salinity (kharepan) of thewaters of the resource have an effect onthe size of their eyes. The
detailed account of the research hasbeen given in Annexureto this chapter.
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Fig.6: Mexican Tetra

We have studied so far that all living populationsinhabit ahabitat that fulfillsits basic needs of
nutrition, reproduction and shelter. An organism in ahabitat is dependent on other organismsand asothe
non- living componentsthere. A changein the environmental conditionswould causeachangeinthelife
style of the organism. Presently, we are changing our environment at avery fast pacewhichisnot only
affecting us but also the other organisms coexisting with us. Someof these changes are causes of serious
problemsfaced by the earth.

Keywords

Habitat, migration, biotic component, abiotic component, interrelationship, food chain, food web,
trophicleve, producer, consumer, decomposer, scavenger

What we have learnt

. Thebasi ¢ needsof any organism are- food, shelter and reproduction.
. Habitat isthat areafor an organismthat fulfillsall itsbasic needsduringitslifetime.
. Therearesevera organismsthat lead their lifein different placesand their habitatsincludedifferent

environments.
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. Thereare someorganismsthat aremigratory in nature, i.e., they spend somemonthsof ayear inan
areaand othersin another.

. An organism adapted to ahabitat will successfully surviveand reproducethere.

. A food chain showsthe rel ationship of an organism anditsfood, representing theflow of energy. It
isasequenceof eating and being eaten that startsfrom producersand proceedsto thefina consum-
ers. Theultimate source of energy isthe sun (producersaswe know fix solar energy).

. Producers, consumers and decomposersare thedifferent trophic levelsof afood chain.

. Organismsa so haveare ationship with abiotic components of ahabitat.

Exercise

1 Choosethecorrect option
0] Wefind kani machri, insects, snails, millipedes, remains of dead organismsand batsin

Kotumsar caves. A correct food chain based on thisinformation would be -
(@ bats- millipede- kanimachri
(b) remainsof dead organisms- kanimachri - bats
(¢) bats- remainsof dead organisms- kanimachri
(d) insects- bats- snails
(ii) Migratory organisms-
(@ Leadtherlifeinoneplace
(b) Liveinanew placeevery year
(¢) Liveafew monthsinayear in oneplaceand othersin another placeregularly.
(d) They changetheir habitat onceintheir lifetime but do not return to their permanent
habitat.
(i)  Weusudlyfindthefollowing at thefirst trophiclevel-
(&) Producers (b) Primary consumers
(c) Decomposers (d) Secondary consumers
2. Explain thebiotic and abiotic components of the habitat of an organism of your choice.
3. Writean essay on: "what will happen if you reach such anidand wherethereareno biotic compo-

nents other than you?”
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4. If humanswere sent to themoon to livethere- what al would have to be sent along with them?
Makealist of dl suchthings.

5. Make afood chainincluding abear. Connect thiswith other food chainsto form afood web.

Annexure

A group of American researchers carried out astudy on acave dwelling fish named "Mexican
Tetra'. How thefishes may have reached the cave? They specul ated that during floodsthe ancestors of the
fish may have entered the cave waters. Thisis how they may have been exposed to anew environment
insdethecave.

First of al, theresearcherstriedto find out the difference in temperature, pH, dissolved oxygen,
sdinity, etc. of cavewatersand that outsidethe cave. They found that salinity differed most. The cavewaters
werelesssaline ascompared to that outside.

Theresearcherscreated cave water like conditionsin thelab and grew embryos of the Mexican
tetrawhich werenot cave dwellersand found alot of variation in the size of theeye of thefishesgrownin
cavelikeconditions. Somefisheshad largeeyes, whilesomehad very smdl. Therewere severd intermedi-
atetypesaswell. Whenthefisheswith small eyeswere breed, their young onesaso had small eyes. It was
not that variation did not exist beforein the population that were not cavedwellers. It wasjust that the new
environment of the cave may haveincreasedit.



Chapter 18
Waste and its Management

Wastes that

Wastes that
Wil not rot

will rot

18.1 Notion of Waste
We generate different types of wastesin our daily activities. What could thesewastesbe? You are
given atable below, draw the samein your copy and extend it. if required.
Tablel
0.| Wastesgenerated at home
Vegetableand fruit peels
Padtic

g MNP (Z

Look at your list carefully.

. Select thosethings of your list that you can reuse.
. Also select thosethat others may reuse.

While doing thisexercise you may have noticed that
the thingsnot useful for uscan be of usefor others.Takefor
example, old newspapersthat arewastesfor us, areraw ma
terialsfor paper mills. Similarly, plastic and cardboardsthat
wethrow away areasourceof earning for peoplewho collect
wastes. Thusthenotion of wastesisdirectly relatedtowhether = &= ZsL <+ _
somethingisuseful or not. | B (=
Fig. 1: sortingwastes
18.2 What waste and how much?

L et usfind out how much wastewe generatein aday.
Activity-1

Take amedium sized bucket. Collect most of thewastes generated at home. Thisisthe quantity of
waste generated by your family,per day. Now, you may make an estimate of the amount of waste generated
by al the peopleinyour locdlity, colony/city/village.
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. Imaginewhat would happenif thisamount of waste generated daily accumul atesat aplace?
. What arethedifferent problemsthat would arise out of this?
. How would weresolve problemsarising out of thiswaste or do away withthewasteitself?

You may have observed that most of your household wasteis composed of vegetableor fruit peels
or any |eftover food material.

. Do suchtypesof wastesremain assuch for along period of time?

You must have noticed that these kinds of materialsusually rot quickly. The processof rottingis
medi ated by microorganisms. Microorganisms convert complex organic moleculesto simpleones. This
process of conversion of complex organic moleculesto simpleones mediated by microorganismsiscalled
as decomposition. Wastesthat can be decomposed in thismanner are call ed biodegradabl e.

We a so have several such materialsin our household waste that do not rot or decompose evenif
left assuchin naturefor along time. Takefor example, materialsmadeof plastic, metds, glassand eectronic
devices. Thusmateria swhich are not decomposed by microorganismsare caled non-biodegradablewastes.

. What do you think happensto such wastes?
Usually weeither throw away such wastesor sell them to peoplewho collect waste.

So far we have discussed about wastes generated at home. There are placesother than our homes
fromwherewastesare generated inlargeamountsdaily. Theseareindustrial centers, hospitalsand other
government or private organizations.

. The person who collects wastes, takes away wastes from our homes but what do you think hap-
pensto wastes generated from such organi zations?

. What do you think the peoplewho collect waste do with the waste they collect from our homes?

Fig. 2: Pileof wastes
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18.3 Waste Management

18.3.1 By composting

Wastes generated at home contain nearly 50% or even more amount of biodegradable wastes.
Why not start managing such wastes at home itself? If we have a space around our homes, we could
convert suchwastesto useful manure. All we haveto doisdigasmall shallow holewherewemay collect
our kitchen wastesfor sometime. Then cover thisholewith alayer of soil and leavethe wastesto rot.
Ensureto turn thewastes over every 2-3 days. Thiswould turnto manure, called compost, duetotheaction
of organisms. This could take from one month to some years depending upon the type and amount of
waste. Thistype of manureincreaseswater retentionin soil and adds nutrientslike nitrogen, phosphorus,
potassium to the soil enabling proper growth of plants. Earthworms may also be used to convert |eaves,
rotten fruits and vegetables peelsaswell as other waste food materialsto compost.

Do you know?

Composting withthehel p of earthworms- A shaded areais chosen for thisand thefollowing three
layersarelaid.

First layer from bottom - Nearly 15cm thick layer of soil
Second layer - Nearly 10cm thick layer of chopped grass
Third layer - Nearly 15cm thick layer of cow dung

Water issprinkled regularly on thisand agood breed of earthwormsare added and allowed to grow.
Astheearthwormspassto thelower layers, the pileis covered with gunny bagswhich are kept wet
by sprinkling water at regular intervals. After around 15 daysthis mixtureis spread out over alarger
area. Biodegradablewastesare now added and mixed with this. Theareais covered by gunny bags
onceagain and water issprinkled for another 20 to 30 days. The process of producing compost with
thehelp of earthwormsiscalled vermicomposting.

. Can all wastes generated at home be converted to compost?Why, why not?

18.4 Efforts made towards waste management

18.4.1 Waste management in a city

Surat isoneof thecleanest citiesof Indianow. Itislocated inthe state of Gujarat. Plague spreadin
thiscity intheyear 1994. The disease caused by abacterium spreads mainly through ratsand rat fleaswhich
arevectorsof thedisease. Ratsand fleas multiplied in great numbersdueto filthy conditionsin thecity.
Widespread contamination of food, air etc. hel ped the diseaseto spread even faster and thewhol e city was
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affected by the epidemic. People put thewhole blame of thisonthe Municipa Corporation. It wassaid that
filthy conditionsin the city had caused the epidemic to spread at afast pace. The municipal corporation
accepted thisand made working plansfor cleaning the city and disposing off wastes. Thecity wasdivided
Into 6 zones and acommissioner was appointed for each of these. The department of solid waste disposal
in each of these zonesissued cardsto thecitizens. Thesecitizenswrotetheir grievancesand gaveittothe
department which took action of waste coll ection and disposal within 24 hours. The card wasreturned after
due action wastaken inthe area. Therewas also aprovision to levy afine on peoplewho spread dirt and
filth. These actionshel ped to clean the city within just aperiod of 18 months.

18.4.2 Waste management in a locality

Threewomen of asmall town named Domloor of Karnatakastarted adifferent kind of campaign
for waste management. They started adoor to door campai gn ensuring that people classified and segre-
gated wet and dry wastes at home. Wet wastes were given away to the people who collected wastesfrom
homes, to be carried away for further treatment. The dry waste was further segregated once every week
with the help of other members of the community into different classesand passed over to the respective
recycling units. Peopleinvolved in the campai gn say that previoudy wasteswere dumped in an areabut now
most of thewastes are disposed off from thearea. All that remainsin the areaare mostly biodegradable.

18.4.3 Waste management initiated by an individual

Problem of waste management doesnot end in just cleaning up an areaand dumping wastes el se-
where. Itisrelated to several other aspects. In aproper system of waste management solutionsto several
problemsare present. A proof of thishasbeen laid down by Srinivasfrom Ve loredistrict of Tamil Nadu.
After graduating in mathematics, Srinivaswaslooking for ajob. That was exactly when he noticed the
increasing amount of wastein hislocality, increasein wasteland and unemployment. Heacquired an area
near theold busstand in hislocality that was now adump yard from the panchayat and district administra-
tion. Srinivas started categorizing wastesinto 18-20 categories. Paper, cardboard, iron, aluminum, plastic
etc. were sorted out and sold to thewaste coll ectors. Rest of the waste that would largely decomposewas
also sorted out into groups. He started keeping animals and fed most of the waste that could be eaten
by them.

A solutionto disposal of wastethisa so provided richmanureintheform of dung. A part of thisdung
was used to produce fue with the help of agobar gasplant. Some of it wasused directly asmanure and the
rest was mixed with the portion that animals did not eat and was converted to vermicompost using earth-
worms.
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Thosewastesthat still remained unused were openly left torot. Seeing the possibility that thiscould
giverisetoincreasein population of flea, mosquito or other organisms, hetook the help of hens, frogs,
lizards etc. Water generated in al the processesthat he carried out was passed into asmall pond wherehe
introduced fishesand ducks. He aerated the water of thepond and used it to irrigate croplands.

Dung cakes (upley) were d so made and the ashes of them mixed with lemon and orange peel swere
used to produce soap.

Egg shellswereground to be used asfertilizer asthey mainly contain calcium carbonate. Even bones
were grinded and used in the same manner. Hair sorted out from waste was sold away to buyers.

According to thementioned processes, Srinivasnot only managed to recycle wastesand makethe
city of Veloreclean, hisprocesshas successfully eiminated wastesfrom 40 villages across4 digtricts of the
state. It isexpected to spread to another 6 districts of the state soon.

. Among the mentioned efforts, which onedid you like most? Why?
. What can you do to managewastein your |locality based on the given exampl es?

18.4.4 Waste Management - Our Initiatives

We have observed how waste can be managed in different ways after collection. If we could make
an effort such that waste does not collect in largeamounts, then it would be more hel pful to addressthe
problem of wastedisposal.

. Can wemakean attempt to reduce production of waste?

Comelet usmakealist of such materialsthat wethrow away by using them just oncewhilewe
could have used such materialsintheir placethat could be used over and over again.

Table?2

S.No. Materialsthat can be used once M aterialsthat can be used several times

1 Pasticcup Sted or glasscups

By following theaternatives suggested in thetabl e, you coul d take ameaningful initiativetowards
waste management.
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By using the4 R'swe can effectively contributein reducing waste such that |essamount of waste may
gotolandfills. Pollution of our environment and ground water resources can bereducedin thismanner.

4 R's towards waste management

Reduce - Reduce amount of waste production at its source. Asfor example ensureto use every
page of your copy inwriting, useyour textbook with careand hand it over to your juniorsinthe
forthcoming year.

Refuse- Asfor examplerefuseto use plastic bags
Reuse- Asfor examplereuse plastic or glass bottles over again for different purposes.

Recycle-Usevegetableand fruit peelsasafeed for animalslike cow, goat etc.

What we have learnt

Wasteis defined according to whether themateria isuseful or not.
Categorizing wasteshelpsinitsdisposa.

Thosewastesthat can be degraded by living organisms are called biodegradabl e and those that
aren't are called non- biodegradable.

Most of waste generated at home are biodegradable

Some of thewaste generated at home can berecycled

Waste management at homeisessentia

Manure produced by composting isvery useful for agriculture

Wemust mainly use4 R'sto deal with the problem dueto generation of wastes-

R- reduce, R- refuse, R- recycle, R- reuse

Keywords

Biodegradabl e, non-biodegradable, compost/bio fertili zer, decomposition
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Exercise

1 Choosethe correct option -
(1) Whichisthebest leve of sorting out wastesamong thefollowing?
(a) Atsource (b) Atcommunity collectionarea
(o) Atlandfill (d) sorting out not required
(ii) Which substances can be decomposed easily using  microorganisms?
(@ Substances made of metal (b) biodegradable substances

(c) eectronic substances (d) Plastics
(iii) Organism hel pful for compostingis

(& Earthworm (b) frog

(¢ lizard (d) hen
What iswaste?

Writeanote on the process of decomposition.

Why should sorting out of wastebe done at the sourceitself?

Write about at least 3 problemsthat will arise dueto collection of wasteat an area.
Definerecycling of wastesand write about its advantages.

What arethe substances needed to prepare compost?

© N o g &~ wWw DN

What al did you learn about the ways of waste management from the example of Srinivasfrom
Vdlore?



Answer key

Chapter 1. Biodiversity and Classification

1 ()b (i) d (i d

2. (i) Peptidoglycin (i) Monera  (iii) R.N. Whitaker

Chapter 2. Matter : Natureand Behaviour

1 ()b (i)b (i)a (iv)b
V)b (vi)d

4. (i) Sametype (ii) Tyndd effect (iii) Solute (iv) Suspendion
(v) Solution

Chapter 3. Atomic Sructure

1 (i)c (ib (i) c

2. (i) Same (i) Electron  (iii) Isobars

Chapter 4. Mation

1 ()b (i) a (i) b (iv) d

2. (i) Zero (i) displacement (i) 20m/s (iv) Zero

Chapter 5. Forceand Lawsof Motion

1 (i)c (i)c (i d (iv) c

2. (i) Externd force (i) Zero (i) Inertia (iv) Double
(V) Vector

Chapter 6. Fundamental Unit of Life: Cell

1 (Ha (iha (iii)d (ivia

(V)b
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Chapter 7. Multicdluar Sructure: Tissue
1 ()b (ihc (ii)d
2. (i) Trangport/xylem (ii) Epithilid (iif) Muscular and connective
Chapter 8. Chemical Bonding
1 ()b (ib (i) c (iv)c
(V)b
2. (i) Loses, neon (ii) Three (1) 8,2 (iv) Covdent, dectrovalent

(v) Soluble, insoluble

Chapter 9. Chemical Formulaand M ole Concept
1 (ia (ia (iii)c (iv)a
(V)b
2. (i) lonic (i) 342 (i) 2 (iv) 6.022 x 10%
(v) 18
3. (i) 6.022x10% (i) SO, (iliyMg* (iv) 149
(v) 2moles
Chapter 10. Chemical Reactionsand Equations
1 (i)c (i)c (iii)b (iv)d
2. () Reactants, products (i) Decomposition (i) Direction  (iv) Endothermic
Chapter 11. Gravitation
1. (i)c (i)c (iia (ivia
(v)a
2. (i)98N (ii)v2=2gh (iii) 6.67 x 10" Nm?/kg? (ivym/s

(v) Same(if frictionduetoair isnegligible)
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Chapter 12. Work and Ener gy

1 ()b (iha (i)d (iv)b

2. (i) Joules (i1) 36 x 10°J (iii) Congant  (iv) Negative
(V) Yamgh

Chapter 13. Our Health

1 (id (iha (iii)d

Chapter 14. Sound

1 ()b (i)b (i)d (iv)b
v)d (vi)b

2. (i) 20Hzto 20 kHz (i) Metre (iif) Wavelength (iv) Medium

Chapter 15. Hydrocarbons

1 ()Alkane (i) Catenation(iii) Isomers  (iv) Chainisomers
(v) Pogitionisomerism (vi) Homologous series

2. (i) Pogtion  (ii)More (iii) Three (iv) Eight
(v)Alkane

Chapter 16. Coal, Petroleum and Petrochemicals

1 (i)c (ihd (iii)d (iv)3

2. (i) Fossl (ii) Pest, Anthracite (i) Pest (iv) Bailing
(v) Petra, oleum

Chapter 17. Habitat

1 ()b (i)c (i)a

Chapter 18. Waste and its M anagement

1. ()a (i)b (ii)a



Scheme of Practical Examination

(Class—9)

Time: 3hrs.
1 Any threeexperiments

(Oneexperiment each from biology, chemistry, physics)
2. Oral questionsrelated to experiment (Viva-voce)
3. Practical records
4. Project (doneduring the session)

Totd

Distribution of marks for Biology
1 List of materialsrequired
Method and labeled diagram

Presentation

A W DN

Result, precautions
Totd

Distribution of marks for Physics and Chemistry
1 List of materiasrequired
2 Theory and formula, |abeled diagram
3. Observetion, calculation
4 Result, precautions
Tota

Total marks: 25
15 marks (5+5+5)

02 marks
03 marks
05 marks

25 marks

01 mark
02 marks
01 mark
01 mark

05 marks

01 mark
01 mark
02 mark
01 mark

05 marks
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Practical Work
Biology

S.No. | Title

1 Observing cellsinalesf ped.

2. Observing human cheek cdlls.

3. Observing thearrangement of cellsinthelongitudina and transverse section of the plant stem
and correlaingittofunction.

4, Observing plant parenchymatissue.

Chemistry

S.No. | Title

1 Preparation of colloidsof starch/gum/milk and testing theformation of colloid using Tyndd|
effect.

2. Studying displacement reactions using an aqueous sol ution of copper sulphateand iron meta
(ironnail/ awlpin).

3. Studying doubledi splacement reaction using theexampleof reaction between sodium sul phate
and bariumchloride.

4, Studying exothermic and combination reactions using the example of reaction between
anhydrouslime (Ca0) and water.

Physics

S.No. | Title

1 Using vernier caliper to measure thelength/internal and external diameter/depth of ahollow
cylinder.

2. Using ascrew guageto determinethe diameter of awire.

3. Using asimple pendulum to determine therelationship of time period(T) to thelength(L) of
pendulum and drawingal vs T2 graph.

4, Studying thetype of motion by drawing position-time graph using asset of given valuesrelated

to motion.
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Practical Work

Biology

Practical Work (Fundamental Unit of Life : Cell)

Objective

MaterialsRequired :

M ethod

Questions:

Instruction

Precautions:

1
2.

Observing cdlsof theleaf
leaf Rheo/Bryophyllum/etc. dide, cover dip, redink, microscope.

TakeaRheo leaf. Tear itin astroke. Seethetorn portionsagainst light. You
would find aviolet trand ucent layer. Takeasmall portion of thison adrop of
water onaslide. Gently cover thiswith acover dip(seetoit that no bubbles
remain add afew moredrops of water for this).

Observethisunder low magnificationfirst tolocatethematerial try to makea
sketch of this, thenincreasethe magnification to observethecdlsclearly (try to
draw thisaswell).

What werethe new thingsthat you could see under higher magnification? Does
it match with thefigure giveninyour textbook in the chapter on cell(seethe
chapter to compare).

Label the sketch made by you withthe help of figure-2 of chapter, " Fundamen-
ta Unitof Life Cdl"

Write about the structures and arrangement of cellsasyou observethem under
themicroscope. You could keepin mind thefollowing pointswhile making your
note- shape of the cells, presence or absence of intercellular space, presence
or absence of chloroplast, other structures.

You could do thisexperiment with other leavesaswell, athick flesny leaf will
help you to get abetter layer of ped.

You may stainthemateria withink, dta, safranin etc.
Bubblesshould not bethereinyoudlide.

Wash out excessstainif you stain your sample.

Practical Work (Fundamental Unit of Life : Cell)

Objective

MaterialsRequired :

Obsarvecheek cdls.

Slide, cover dip, ice- cream spoon, redink/ata/safranin, microscope.



Practical Work and Project Work

M ethod

Question :

261

Usean ice-cream spoon to gently scrape off alayer (inside your mouth) from
theinner wallsof your cheek. Do not scrapetoo hard. Spread the scrapingsin
adrop of water onadide. Useafew dropsof dilutered or blueink, safraninor
altato stain the scrapings. Observethedide under amicroscope. Try to draw
asketch of what you see. Label it with the help of figure-3 of the

M akeanoteof thesimilarities and differences between cheek cdisand cellsin
theleaf ped.

Practical Work (Multicellular Structure: Tissue)

Objective

MaterialsRequired :

M ethod

To observethe arrangement of cellsin thetransverse section and longitudinal
sectionsof stem of aplant and try to relateit to function.

A plant with soft sem(moneyplant/ smd| periwinkle/ marigold), aglass, redink,
blade, handlens

Taketwo stemg/stalks of the selected plant (nearly 5-6 inchinlength). Small
rooted plantswould a so be agood sample. Observethetransverse and longi-
tudind section of any oneof the stems/stalks. Observethearrangement of cells
in these sectionsand make anoteof it. You may use ahand lensor amicro-
scopefor your observations. You may takethehel p of figure-1aand b of Chap-
ter-7"Multicelular Structure: Tissue' for this.

Now fill upto 2/3rd of the glasswith water. Mix red ink such that the water
becomes deep red. Now keep the other stem/stalk in thisand leavethe set up
inthesunfor around 2 hours. Takethis stalk out of thewater and observeits
longitudinal and transverse section onceagain. Compareyour observations of
sections of both the temsand write the differencesthat you observe.

Take careto observetheveinsand edges of theleavesof theplant kept inred

water. Doyoufind red colour inthese areasaswell? Seeif the base of theleaf
aso hasthe colour.

Question: What do you think isthe pathway of water from the base of the stem
tothetip of theleaf ? M ake a sketch to show the same.

Practical Work (Multicellular Structure: Tissue)

Objective
MaterialsRequired :

Observing theplant tissue: parenchyma.
Banana, petri-dish/watch glass/ any bowl, iodine solution, dide, coverdip, mi-
croscope
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Precautions: 1.
2.
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takeasmall portion of bananapulp inawatch glassand spread it outinathin
layer with aneedle. Takeasmall portion of thison adrop of water onadlide.
Spread it out inathinlayer. Add afew dropsof iodineto thisand cover it with
acoverdlip. No air bubbles should remain under the coverdip. Now observe
thisunder the microscope and try to make asketch of this. You may takethe
help of Activity-6 of Chapter 7 "Multicellular Structures: Tissue” for this.

If thereareextradropsof iodine, washiit off using water.

Observeyour dideunder both low and high magnification of your microscope.

Chemistry

Practical Work (Matter : Nature and Behaviour)

Objective

MatrialsRequired

Theory

Procedure

Concluson

Precautions: 1.

Prepare colloids of starch/glue/milk and check colloid formation by Tyndall
effect.

Beaker (250 mL), test tubes, glass rod, burner, tripod stand, wire gauze,
droppers, laser light, starch powder/glue/milk and water.

Thesoluteparticlesinacolloid are so small that we cannot seethem through
naked eyes. These particles do not settle at the bottom of the vessel and we
cannot even filter them. The particles of acolloide have atendency to disperse
light raysdueto which we can seethe path of light rays. Thiseffectisknown as
Tyndall effect. Thiseffect isnot shown by asolution.

Fill atest tubewith water upto haf level. Mix about 0.5 g starch powder inthe
test tube and form a paste. Take 100 ml water in another beaker and boil it.
Add 2-4 dropsof the pastefrom thetest tubeinto the beaker, dowly, and stir
itusingaglassrod. Boil thismixturefor 5 minutes and then allow it to cool
downdowly.

Shinealaser torch being on the mixture made by this method. Observethe
Tyndall effect from adirection perpendicular to thedirection of light raysand
concludewhether the prepared mixtureisacolloid.

Write down the nature of the prepared mixture and give reasons for your
concluson.

Test tubes should be clean.

Whilemixing the pasteinto water, keep strring the mixture continuoudy witha
glassrod.
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3. Thecolloid must bealowedto cool downsowly.

4. TheTynddl effect should be seemfrom adirection perpendicular tothedirection
of light rays.

Preparingacolloid of glue:

Toformacolloid of glue, grind the solid glue. After this, take 100 ml of water in abeaker and mix
2 g of gluepowder intoit. Keep stirring it with aglassrod. Warm it once or twice. After the mixture has
cooled, shinealight beam onit using alaser torch. Observe Tyndall effect.

Note: Instead of using solid glue, you can aso use 15-20 drop of liquid glue.

Precautions: Along with the precautions mentioned above, follow the given measures as
wdll.
1. Usegluepowder solidor liquid glue.

2. Warmthecolloid lightly and then alow it to cool down. Only then observe
Tyndall effect.

Preparingacolloid of milk :

To prepareacolloid of milk, take 100 ml water in abeaker and add 3-4 dropsof milk toit. Stir it
with aglassrod. Usealaser torch and observethe Tyndall effect.

Practical work (Chemical Reactions and Equations)

Objective : To<tudy displacement reactions using aqueous sol ution of copper sulphateand
iron (ironnail, awlpin).

MaterialsRequired : Testtubes, 3iron nailsor allpins, sandpaper, thread, test tube stand, copper
sulphate, water.

Theory : Areactioninwhich one d ement displaces another e ement from the aqueous
solution of itscompound is call ed di splacement reaction.

Fe(s) + CuSO,(ag) —» FeSO,(ag) + Cu(s

In the reaction, iron displaces copper from the aqueous sol ution of copper
sulphate and takesits place, thereforeit isadisplacement reaction.

Procedure . Take3nailsof iron or 3awlpinsand clean them using sandpaper. Now mark
thetest tubesasA and B. Take 10 ml copper sul phate solution in both thetest
tubes. Tie2 nailscarefully with athread and drop them into the copper sulphate
solutionintest tube B and keep for atleast 30 minutes. For comparison, keep a
separatenall outsidethetest tube. After 30 minutes, take out boththenailsfrom
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the copper sul phate solution. Comparethe colours of both the copper sulphate
solution (in test tubes A and B). Also compare the colour of iron nail kept
outsidewiththeiron nail dropped in the copper sulphate solution. Note your
observationsinthefollowingtable.

Observation Table

S.No.

Test tubeA Test tube B Result
(nail taken for Before After
comparison) experiment| experiment

1. | Colour of copper sulphate solutoin

2. Colour of ironnail

Result :

. A layer of which product and of which color got deposited inthenail?

. What changedid occur to the color of copper sulphate sol ution and why?

. Inthisdisplacement reaction, whichion displaced what ion? Explain it with an equation.
Precautions:

. Test tubes should be clean.

. Nails should be cleaned using sandpaper, before the experiment.

. Nails should bekept totally dipped in copper sul phate solution.

. Copper sulphate sol ution should not be saturated or concentrated, otherwisethe col our of solution

will not change.

Practical work (Chemical Reaction and Equations)

Objective

MaterialsRequired :

Theory

To study doubl e displacement reaction using the reaction between sodium
sulphate and barium chloride.

Four test tubes, dropper, test tube stand, barium chloride, sodium sulphate,
filter paper.

A reactioninwhich exchangeof ionstakes place between thereactantsiscaled
doubl e displacement reaction.

Doubledisplacement reacti on takes place between sodium sulphateand barium
chloride. Exchange of ionstakes place between theions of both the solutions.
Following reaction ocurrs:
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Na,SO,(aq) + BaCl(ag) — 2NaCl(ag) + BaSO,(s)
colourless colourless colourless whiteprecipitate

Procedure . Prepare an agueous sol ution of sodium sulphate and barium chloridein two
separatetest tubes. Fill atest tube awith sodium sulphate solution and with
thehelp of adropper add few drops of barium chloride solutiontoit. Mix the
solution continuoudy. Add barium chloride sol ution until you get aprecipitate.
Filter thisprecipitate and divideinto three parts. Dissolvethesein dilute HCI,
dilute HNO, and dilute H,SO, respectively. Note your observations in
followingtable.

Observation Table

S.No. Experiment Observation Result

1 Onadding few dropsof barium
chloride sol ution to sodium sul phate sol ution.

2. Adding moredropsof barium chloride solution
to sodium sul phate solution.

3. Ondissolving whiteprecipitateindil.
HCI, dil. HNO, and dil. H,SO, respectively.

Result :

1 Write down the name, col our and state of the product formed by the reaction between sodium
sulphate and barium chloridesolutions.

2. Writedownthe solubility of thewhite precipitate of barium chlorideindil. HCl, HNO, and H_SO,.
3. Explain double displ acement reactionsusing equations.

Precautions:

1 Fill only ¥apart of test tubewith sodium sulphate solution.

2. Continuoudy gtir the sol utionwhile adding barium chloride sol ution.

Practical work (Chemical Reactions and Equations)

Objective : Tounderstand combination reactionsand exothermic reactionsusing thereaction
between calcium oxideand water.

Materialsrequired : Testtubes, 250 ml beakers (borosil), dropper, dry calcium oxide.
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Theory : A reaction in which 2 or more than 2 reactants form a product is called
combination reaction. A reaction in which heat is produced during product

formation iscalled an exothermic reaction.

Procedure . Takeaclean and dry 250 mL beaker and add 5 g of calcium oxide powder to
it. Touch the beaker and note your observation. Take somewater in adropper
and add 5 mL of water to beaker every minute. Observethereaction and write
down your observations. Repeat the procedure 5 times. Everytime, touch the
beaker from outside and write your experience of temperature changeinthe
followingtable. After half an hour, writethe observation of the solution formed

inthefollowingtable:
Observation Table

Science, Class-9

S.No. Experiment Observation Result
1. Onadding 5 ml of water first timeto
cdcumoxide.
2. Onadding 5 ml of water every minuteto
cacumoxide.
On touching the beaker beforethereaction.
4, Ontouching the beaker after reaction.
On observing the solution after half an hour.
Result :
. Onthebasisof thereaction and the heat produced which type of reactionisthis? Explain boththe
reactions.
. Described the abovereaction with an equation.
Precautions:
1 Beaker should beclean. Alwaysuseborosi| glassbeaker for thisexperiment.
2. Addwater carefully.
3. Do not touch calcium oxide with wet hands, you may get blisters. Always handlethe pieces of

calciumoxideusing forceps.

Note: You can get calcium oxidein solid forminashop selling paints. Alwayskeep calcium oxideina

seded glasscontainer.
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Important equipment used in the lab

Vernier Callipers

Normally we can measure upto 1 mm length by ameter scale. For measuring even smadler lengthsa
french scientist Pierre Vernier developed Vernier calipers.

5 G 7 8 9 10
iy i | cH

Fig.: Vernier Calliper

1 Construction- Vernier cdlipershasfour main parts.

() Main scale- Vernier callipersismade up of steel whose one sidehascm. or mm. scaleand another
isininches. Itisdenoted by M inthefigure.

Internal Diameter

Main Scale

Inner Jaw — g = Screw M / l\étrip
o 5 6/7 g8 9 |lo
i ¢ V]
Outer Jaw D Vernier Scale (V)

—— Outer diameter of cylinder

Fig.: Measuring diameter of aglassmarbleby usingapair of Vernier Callipers

(i) Vernier Scale- Thissca e can bemoved on main scalewith thehelp of ascrew and can befixed on
themain scaleat any placeto takereading. Itisshown asV inthefig.
(i)  Jaws- Vernier calipershastwojaws. Oneisfixed asshowninfigure PCand secondjaw QD is
fixed onvernier scae(frame). Outer jawsor lower side areused tofind out thelength or outer radiusof any
objcet (Rod and Cylinder) and upper jaws(internal) are used to find out internal radiusof hollow cylindrical
objects. Withthehelp of strip N, depth of any part can be measured.
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(iv)  Screw- JawsQD canbemoved inany direction with the help of screw 'S.
2. Principle-

The smallest quantity which an instrument can mearuseiscalled itsleast count. Thereforethe
difference between thelength of 1 division of main scaleand thelength of 1 divison vernier scaleiscalled
Vernier Constant or Least Count. It isthe smallest |length that can be accuratel y measured by thisinstrument.

Thevdueof 1 divisonof mainscaeis'S unit and vaueof 1 divisonof vernieris'V' unit. Suppose
the value of "n" parts or divisions of vernier scale is equal to (n—1) of main scale.

(n-1)s=nv
ns—s=nv
ns—nv=s
n(s-v)=s
s—v=s/n
Value of division of main scale
Total no. of divisions of vernier scale

Thisiscalled vernier constant or least count. Tota reading of vernier scaleisobtained by multiplying
least count withtota no. of vernier scale. Total no. of vernier scalewill beequal toitstota no. of mainscale
and total no. of vernier scale.

If thevalueof 1 divison of main scale S= 1 mm and total number of divisionsof vernier scanen=
10, then least count of vernier calliperswill bes/n=1/10=0.1 mm=0.01cm.

If thelength PQ of any object isto be measured by vernier callipersthen the said object must be
fixedin betweenthejaws. Now takethereading of vernier scaleasfollowing.

So thelength PQ of theobjectis=

Reading of mainscae+ valueof 5"division of V scaex least count.

=12cm+5x0.01 cm.
=1.2cm+0.05cm.
=1.25cm.

Thusthelength PQ of given objectis1.25cm.
3. Zeroerror

On coinciding both thejaws of Vernier callipers, the zero of vernier scale and main scale do not
meet with each other then their error iscalled "Zero Error' of instrument. It isof twokinds:

(i) Positive zero error.

(ii) Negative Zero error.

Least count =
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() PositiveZeroError
On coinciding both thejaws, if the zero of vernier scalelieson theright side of the zero of main
scale, thentheerror iscalled Positive zero Error. Tofind values of zero error, we observe which division of
vernier scalecoincideswithwhich divison of main scae Thisvaueof divison of Vernier scaleismultiplied
with least-count and thenit issubtracted from total reading aongwithitssign.
True Reading = Total Reading - (Zero error) Main scale
Positive Zero Error =6 x 0.01 cm. 4
=0.06 cm.
If Total Readingis1.25cm. Then
True Reading =1.25 - (+0.06)
=1.19cm.
(i) NegativeZeroError
On coinciding boththejaws, if thezero of vernier scaleliesontheleft sideof the zero of mainscale,
thentheerror iscalled Negative Zero Error. It iscal culated samelike positive zero error and thevalueis
subtracted from the previous reading to get thetrue reading.
True Reading = Total Reading — (Zero Error)
Negative Zero Error =7 x 0.01
=0.07cm
If readingis1.25cmthen

True Reading = 1.25-(-0.07)
=1.18 cm. Fig. NegativeZeroError

Fig. PositiveZeroError

Main scale

4. Reading of Vernier Scale

For reading of vernier first we check what isthereading on main scalebeforezero of Vernier. Then
we check whichdivision of vernier matcheswith which divison of mainscale. Thedivisonof vernier, which
matcheswith divisionof main scae, isthen multiplied with least count of vernier and weget vernier reading.
Inthegivenfig. () zero of main and vernier scaeboth are matching and 10 division of vernier isequa to9
divisonsof main scae. Then by above mentioned method least count 0.1 mm or 0.01 cm. ismeasuredinfig.
Zero of vernier isnearest to 4 mm division of main scaleand 4" division of vernier scaleismatching with
samedivisionof mainscae. Sodifferenceisequa to4 divisonsonly.

Vernier scale Vernier scale
TH}T}HT‘I‘HWHH“HWH HHT}HUHT\FHWHH‘H
0 1 2 ‘ ’o 1 2 ‘
(@ Mainscae (b) Main scale

Fig.
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Differencefor 1 divison=0.1mm.
For 4 divisons=0.1x4=0.4mm.
Totd reading = Reading on main scale + Reading on Vernier scale.
=4mm+0.4mm=4.4mm.
In short, to measureagiven length by vernier callipers, thefollowing procedure should be adopted.
1 Least count of thevernier shold be calculated.
2. Vaueof asub-division of main scale should befound out.
3. Zero error should befound out.
4. Main scale reading should betaken
5. Vernier scaereading should betaken.
5. Usesof Vernier Callipers
(i) Length, breadth and thickness of any object can be measured.
(ii) Tofindtheinterna and externa diameter of asolid or hollow vessdl.
(iii) Tofind the depth of ahollow vessdl.
Screw Gauge
We know that with vernier calliperswe can measureup to 0.01 cmor
0.1 mm acurately but sometimeswe haveto measure even smdler quantity like
0.001 cm or 0.01 mm. For thiswe use even micro measuring instrument than
vernier, itisknown asscrew gauge. It isbased on principleof micro-meter screw
and withitshel p we can measure up to third decimal accuracy.
Principleof screw gauge
When ascrew with uniform threadsrotates clockwise through anut, its
tipmovesforwardsand backwardinastraight line. Thislinear displacementis
directly proportional to the circular displacement rotated by screw.
For one competerotation of screw head the distanceitsscrew tip coversiscalled pitch or thread
internal of screw gauge. It isthe distance between two threads of screw.
Least count- Supposein one completerotation of screw head distancetravelled by screw tipisS. So pitch
or thread-interval to screw gaugeisS. If therearen number of divisonon circular scale of screw head then-
Pitch or thread interval
Number of divisions on circular scale of screw head
Normally thread interval in screw gaugeis1 mmandtotal number of divisionsoncircular scaleis

Fig.Ringinterval

Least count =

100.
L east count of
Screw Gauge = 1/100 mm = 0.01 mm = 0.001 cm.



Practical Work and Project Work 271

Construction of Screw Gauge
Screw gauge hasmainly three parts-
0] U-shaped meta frame.
(i) Screw and Mainscale
(iii) Head Scaleor circular scale.

)] U-shaped metal frame- In U- shaped metal frame, insidethe extreme arm afixed small metal
block ‘A’ called stud. In other arm of theframe athreaded holeis present though which screw 'B'
didesforward and backward.

(i) Screw and Main scale- Itismaor part of thisinstrument. It istubular hub denoted by 'C'inthefig.
Itisextendsfrom theright side of theframeand hassmall divisonaof anmm or half millimeter.

C Circular Scale Ratchet
SCreéw Main Scale H
N v R
1o
s
Frame A L ~
Marked lines

Hollow cylinder

(ii)  Head Scaleor circular scale- Screw can be moved forward and backward using along screw
head. Itislikeacircular head whichisdividedin 100 divisionsin circular manner soitiscalled
circular scale.

Modern screw gaugesare provided with aratchet 'R’ to keep the scaletight.

PossibleErrors- Whileusing Screw Gaugefollowing errorsarepossible-

(i) Backlasherror (ii) Zeroerror

Backlash Error
Weknow theprincipleof screw that thelinear distancetravelled by ascrew, onmoving forward and

backward, isdirectly proportiona to therotation of the head. But dueto continuoususe of screw gauge, its

threads are worn out dueto friction and screw becomes|oosein the nut and in such caseif we movethe
screw forward suddenly, it goes backward and head scal erotates and screw tip doesnot moveforward or
backward. Thiserror iscalled backlash error.

For removing this error screw should be moved in one direction only. If it is needed to move
backward then it should be rotated backward more and again rotated forward.

ZeroError
When screw tip ismoved up to stud and istouching it, and in this condition base line of themain

scaledoes not match with Zero (O) of head scalethenthereisZero error intheintrument. It isof two types-
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() Positive Zero error- If zero of head scale is below the
reference of main scal e after touching the screw tip to stud
thenthiserror isknown aspositive zero error. 0 0
To determine the magnitude of zero error we check which

division of head scaleisexactly in front of referencelineof main

scaleand number of thisdivisionisthen multiplied with least count, theval ue so obtained ispositive Zero

error. Thisvaueissubtracted from observed reading. Positive zero error isshowninthefig. 4.8.
Supposeinfront of referencelineof main scaleahigher division of circular scale comesthen,

Positivezero error = n x |east count
Wheren=No. of divisionsabove zero.

(i) Negative Zero error- When after touching the screw tip 0
with stud. referenceline of main scaleisbel ow the Zero of
head scal e then thereis negative zero error in the screw
gauge.

For determining value of thiserror we check how many
number of divisionsof head sca e arebe ow zero which matchesthereferencelineof mainscale. Thenthese
number of divisionsismultiplied withleast count. Thevaue so obtained is added to observed reading.

PositiveZeroerror

%0

NegativeZeroerror
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Objective

MaterialsRequired :

273

Physics
Practical Work (Measurement)

Measurement of length/internd or externd diameter/depth of ahollow cylinder
withthehelp of vernier callipers.

Vernier cdlipers, hollow cyliner.

labelled Diagram

é_ Internal Dlsimeter For depth of cylinder
Inner Jaw —— g' rew |

0 SN 5 G 7 8 g 10

J 1 i1all [ CM
L I
Outer Jaw—3? g S
Vernier Main Scale b
Scale (V) (M)
—— Outer diameter of cylinder

(:O Cylinder inlength

Theoretical formula :

Procedure

@
(i)

Least count of vernier calipers(L.C.)

Magnitudeof 1division Main Scale
Total no.of divisonsinVernier scae

Least Count =

Procedurefor measuring length/diameter/depth with the help of vernier calli-
persissamefor al.

If cylinder ishollow thenfor itsinternad and externa diameter measurement we
take reading by fixing the cylinder as per fig. 3 and for measuring depth of
cylinder itiskept asper fig. and correct reading is noted.

Observation tablesfor length/diameter/depth are smilar. Here measurement of
length of cylinder by vernier callipersisexplained.

First of al least count of vernier iscal culated.

If apparatus hasany zero error then itstype and magnitudeis measured.

(iii) Now given cylinder isput between jawsin such manner that itslength should be

paralle tomainscae.
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(iv) Inthiscondition by tightening thescale, cylinder istaken out from both thejaws.
(v) Now takethereading on main scalewhichisahead of thezero of vernier. This
iIsmain scaereading.
(vi) Them check whichdivison of vernier matcheswith somedivisonof mainscade.
Thisdivisonof vernier isthen multiplied with least count.
(vii) Sum of main scaereading and vernier sca ereading will bethelength of cylinder.
(viii)  Thisexerciseisdonefor few timesand their averageistaken.
(iX) Fromthisaveragevalue zero error issubtracted dong with sign. Thisisactua
length of cylinder.
Observation Table:
Least count of apparatus=...........cc.cceeuuee cm.
S.No. | Readingof main scale Reading of vernier scale Total reading
(incm.) No. of divisions | No. of division x least count (incm.)
L e | e | e, Xotiiieireenas N IR
2. e | e | e, b U S I
3o e | e | e, b U S I
Ao [ | e | e, b U S | v
5. [ | e | e b U S | v
Average ZeroError=........cccocoeeenee. cm.
Observation Tablefor Length of Cylinder
S.No.[ ManScaleReading Vernier ScdeReading Totd Reading
(incm.) No. of divisons No. of division x |east count (incm.)
Lo e oereeeseneeeseneseseneeiens | evesenieens L ST =R IR
2. e e | e L ST =R IR
3. e [ | e b ST =SS ERSRSRR
A, e [ | e Xotiirerreees R TR
o T O PR UUPPPO RPRRTURRTROTPRS IR b ST R TR
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Actual length = observed length — (Zero error with actual sign)

Result : Actud lengthof cylinder ...................... cm. (smilarly vaueof diameter or depthis
a so measured).
Precautions 1 Cylinder must be properly tightened between jaws.

2 Reading should betaken from different positionsof cylinder.
3. Whiletaking areading, eye should be perpendicul ar to the scale.
4 After calculating zero error it should be adjusted with main scale reading.

Practical Work (Measurement)
Objective . Tomeasurediameter of wirewith thehelp of screwgauge.

MaterialsRequired : Screw gauge, wireetc.

labelled Diagram
C
q e Head Scale Rachet
Stu v
N Mainsca R
s
A L] 2
Basdline
—— Frame Hollow cylinder ©

Thread Interval of screw gauge
Total no. of divisions on circular scale

Theoretical Formula ;  Least count =

01
100

0.001 cm.

Procedure :  Beforeusing screw gaugefor measuring diameter of wirewefirst calculatezero
error. After thiswefind least count whichisgeneraly 0.001 cm.

Now experimental wireistightened between screw and stud by rotating the
cap and main sca ereading isnoted.

Reading on circular scaleisa so noted. (Here we observe which division of
circular scaleisinfront of main scae)



276 Science, Class-9

By putting the valuesin observation chart diameter of wireiscalculated and
actud diameter iscal culated by deducting zero error value.

Observation tablefor zeroerror

S.No. | Main Scale Reading Readingon Circular Scale Total Reading
No. of divisions | No. of division x least count (incm.)
above/bdow
basdine

S USRIV ISR ISR L ST St | e

20| e | s [ e Xoeeeeeeeeens S reereeee | e

B | e [ e | e L SO S reereeee | e
Average Zeroeror = 4 ....cccoceeeeernenne

Observation Table of Diameter of Wire
S.No. | Main Scale Reading Readingon Circular Scale Total Reading
No. of divisions | No. of division x least count (incm.)
matching baseline

Lo s | e [ L SO e | e

2. | e [ [, L ST St | e

3 | e [ [ L ST St | e
Averagediameter of wire=..........cccce...... cm.
Calculation : 1. Actual diameter of wire = Observed diameter — (Zero error along with

sgn)
2. Radiusof wire= Diametezr of wire T s cm.

Result :  Thusdiameter of givenwireis.................. cm.and Radiusis................ cm.
Precautions . 1. Wireshould not be over tightened.

2. Reading should betaken at different placesof wire.
3. Rachet must be used.
4. Screw should berotated in onedirection only.
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Objective

MaterialsRequired :

Principle

labelled Diagram

Procedure
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Practical Work (Sound)
To study the changein time period with respect to length of simple Pendulum
and draw agraph of length (Time period)?
Simplependulum, thread, Vernier-Callipers, stop watch etc.
Accelerationdueto gravity isdifferent at different places. If accel eration dueto
gravity at any placeisg. time period of simple pendulum at that placeisT,

length of smplependulum aso known aseffectivelengthisL thenaccordingto
law of smple pendulum Timeperiodisdirectly proportiona toitslength.

Thread (L)

1. Firstof dl, withthehep of Vernier Callipers, radiusof pendulumismea-
sured or pendulum of known radiusisused.

2. Lengthof hook ismeasured withthehelp of scale.

3. Length of thread istaken as such that the sum of radius of ball, length of
hook and thread |ength should cometo thesimple multipleof 10.

Ex.- Radiusof ball + hook length + thread length
=12+14+774

=80cm.

Thislengthisknown astotd length or effectivelength.

4. Inthisway lengthischangedto 80, 90, 100......cm.
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5. Bytakingdifferent length and giving 15to 20 oscillationstimetakenis
noted by stop watch.

6. Lastly agraphisplotted between length and square of time period.
Observation Table
1 To measureradiusof ball with thehelp of vernier callipers.

Table-1
S.No.| Readingof Main Scale (x) Reading of Vernier Scale Diameter
No. of division | No. of div. x Least count | Total reading
) xX+y)
1
2.
3.
Zeroisdeducted from diameter
Redius = Diameter of wire
2
Radius=......cccceovrvrenen. cm
Table-2
S.No.| Hook length Radius Thread Effective Ogcillation T?
) (b) Length(I) | Length (at+b+1) | Period(T)
1
2.
3.
Result . Straight lineobtained inthe graph verifiesthat T oc YL or T2 L whichmeans

square of timeperiodisdirectly proportiona to effectivelength.
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Precautions

Objective

MaterialsRequired

Principle

Procedure

Observation Table

Result

Precaution

279

Second
T2
w

80 90 100 110 120
L (cm.)

1. Least countof Vernier Callipersand stop watch should be cal culated and
simultaneoudly zero error correctionsisa so necessary.

2. Motion of smplependulum should besimpleharmonic motion.
Displacement of pendulum should be 4°-5°.
4. Effect of fraction should beleast on the motion of s mple pendulum.

Practical Work (Motion)

Todraw position-time graph using thefigures of motion and to understand the
typeof motion.
Figures of position and time, graph paper, pencil, scaeetc.

When an object movesnon uniform distancein uniformtime, thenitsmotionis
cdled asnon-uniform motion. When abody moves uniform maotionin uniform
timethenitsmotioniscalled asuniform motion. Theposition timegraph of a
uniformmotionisdraightline.

1. Accordingtothegivenfigures, choose asuitable scalefor position and
time

2. Now placetimeon x axis, and position ony axisand draw agraph.

Time 0 1 2 3 4 5 6 7

Postion| 2 6 12 | 12 12 18 22 29

ThelineAB and CB in thegraph show uniform motion while BC showsnhon-
uniformmotion.

1. Choosethescaescarefully sothat it isappropriate.

2. Taketimeonxaxisand positiononyaxisonly.



Project Work

Important instructions related to project work-—

1.
2.

A W NP

Projectscan bedonein small groupsof students.

Itiscompul sory for each student to do aminimum of 3 projects, one eachin physics, chemistry and
biology.

Project writing should follow a sequence. You can include pictures, paper cuttings, graphs,
collections, photographs and other exhibitsto elaborate.

During practical examinations, it iscompul sory to conduct oral assessment of project work and
experiments.
Project work may a so bedoneon local issues.
Biology
Understand the process of classification.
Understand thedifferent ways of treatment/testing/identifying symptomsof diseases.
Study the habitat of aplant.
Identify biodegradable and non-biodegradabl e wastes.

Chemistry

Collectingand making alist of different mixturesused indaily lifeand categorizationinto solutions,
colloidsand suspensions.

Makingalist of dements, compoundsand mixturesfound around you and writing two usesof each
oneof them.

Understand therole of plastic codesin therecycling of objectsmade of plastics.

Ask 5 personsinvolved in different occupationsin the locality of your school, whether their

consumption of fossil fuels(coal, L.P.G. petrol, kerosene) hasincreased or decreased over time.

Discussindetail. Alsofind out the stepstaken by them to reducefossil fuel consumption.
Physics

Making acomparativestudy of examplesfrom daily liferelated to acceleration, velocity and retar-
dation.

Cd culating theamount of el ectrica energy consumed daily a home/school.
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Biology

Project work (Biodiversity and classification)

Objective
Materialsrequired

Question :

Understand the process of Classification

Plastic scale, wooden scale, pencil, wooden block, apin, rubber ball, cricket
bat, key, rope, chalk, book, rubber, cycletube, apiece of glass, planemirror

Process. Writedown the names of all these objects on the blackboard. Form
two groupsto start playing thisgame. Thenumber of membersof ateam should
not exceed 15. Choose aleader for each team. Asyou start playing, theleader
of oneof theteams must discusswith theteam membersand writethename of
an object fromthelist on apiece of paper and hand it over to theteacher. The
membersof theother team should not get any idea of the chosen object. They
haveto find out the name of the object by asking appropriate questionsthe
answer towhich should bein'yes or 'no' only likeisthe object used for playing
games? Thequestions must be asked by proper discussionwithin group mem-
bers. Both groups should get aturn each in deciding the name of object. The
group that asksaminimum number of questionsto find out the object wins.

. What werethe charactersthat were made basisfor asking the questions?
. Makeaflow chart of classification of the objectsby taking thehelp of Figurel

of the chapter(Biodiversity and Classfication).

Project Work (Our Health)

Objective to conduct asurvey to find out the number of peoplewhogofor confirmation of
disease before treatment (rai se awareness towards need of tests and proper
lineof treatment).

. Contact any five peoplewho are sick. Collect information from them on the basisof thefollowing

tableand answer the questions givenin thissection.

Nameof thesick
person

Symptomsof the | Didthepatientundergo | Nameof the Trestment

discase test for confirmation? discase
(Yes/NO)




282

Science, Class-9

. How many patientsresorted to confirmatory testsfor the disease?
. How many patients underwent treatment?
. What werethe different waysadopted for treatment?

Project Work (Habitat)

Objective
Materialsrequired

M ethod

Questions:

To study the habitat of aplant

copy, pencil, rubber, sharpener, rope, hand lens, matchbox, bottle, paper bag
€tc.

Divideinto groupsof 3-5 members. Let half of the group study Parthenium
p.(ggarghas)/grassand the other half study railway creeper(besharam)/Dhatura.
Includethefollowing pointsessentially to collect information-

What were the plants found around an area of one square meter of the plant
under study? Note their number. Animal sfeeding on these plants, try to collect
someevidencesintheform of theinsect itself(be careful not to hold theinsect
rather collect thewholeleaf onwhichtheinsect may befound tofeedinapaper
bag) or aleaf eaten by insect. Notethe namesof animalsif you know, takethe
help of your teacher aswell.

Describethekind of soil that you find inwhich the plant grows(like dry/wet,
redsoil/blacksoil/etc.,sandy/clayey/etc.)

Useof theplant if any.
Collect any other information you find notable and worth observing.

Try to makeasketch of the plant that was studied.

Get back to the classand sharetheinformations collected with your friends.

1.

What werethes milaritiesand differencesfound whilecomparing your obser-
vaions?

There can besome differencein the habitat of the same species. Discussthis
aspect on thebasis of your findings.

Project Work (Waste and its Management)

Objective
Materialsrequired

Identify biodegradable and non- biodegradable wastes

8-10 earthen pots, soil, plain paper, gum, water, natural and human generated
waste likevegetableor fruit peds, toffee papers, nails, glass pieces(be careful
whilehandling them) or glassballs, coversof bottlesetc.
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Follow thefollowing method to find out about biodegradable and non-biode-
gradablewastes.

Fill soil upto acertainlevel indl theearthen pots. Add water to retain moisture.
Separate out thewaste materials and add them to the soil in the potslike add
fruit and vegetable ped sin one, abottle cover in another, anail inthethird one
etc. now cover up the material swith soil and add water over the same. Label
the pots by writing the date and thetype of wastein it. Keep the potsin a
shaded areafor 3to 4 weeksand | eavethem aside(remember to sprinkle water
onthem tokeep the soil moist).

Digout thewaste materia of al the pots after four weeks, observe the condi-
tion of thewaste materials and write areport of your observation(use rubber
glovesto carry out your work with soil). You could takethe help of thefollow-
ingtablefor this.

S.No. of Pot | Nameof object(waste) | Fullydegraded | Partially degraded | No change

1
2
3.
4

. What wasthenature of objectsthat werefully degraded?
. What kind of wasteisit?

Chemistry

Project work (Matter : Nature and Behaviour)

Objective
Theory

Classify themixturesusedin daily lifeinto solutions, colloidsor suspensions.

Solutionisahomogenous mixture. The particlesof asolution areso small that
they cannot be seen through naked eye and we cannot seperatethe particles of
asolutefrom asolution by the process of filtration. Asthe particlesare very
small they do not disperselight rays. Therefore, we cannot observethe path of
light raysinasolution.

Suspension isaheterogeneous mixture. We can seeitsparti clesthrough naked
eye. Thesedisperselight rays and hence we can seethe path of light rays. We
can seperateitsparticlesthrough the process of filtration.
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A colloid isaheterogenousmixture. Itsparticlesare so smdl that we cannot see
then by naked eyes. But they arelarge enough to disperselight rays. We cannot
seperateitsparticlesthroughfilteration.

Procedure Makealist of dl themixturethat you useinyour daily life.
S.No.| Substance Solution/Colloid/Suspension Basisof classification
1 Lemonade Solution Cannot seetheparticlesand cannot
seperatethem by filtration.
2.
3.
4,
5.
6.
1.
8.
9.
10.

your project report.

Discussyour observation in the classroom and on thisbasi swrite down point wise conclusionsin

Note: Takeexamplesof solution/colloids/suspension from your surroundingsand items such asmedicinesetc.

Whilewriting down the project report, includethedifficultiesfaced by you and their solutions. If you
had to make any changesin the procedure, do mentionit. Also mention thethingsyoulearnt during thisproject.

Project work (Matter : Nature and Behaviour)

Objective

Theory

Classify theitemsinyour surroundingsinto € ements'compoundsand mixture
and write down 2 uses of each.

Andement isafundamental form of matter and cannot be divided into other
simpler substancesthrough chemical reactions. Elementscan beclassified as
metalsand non-metals. Meta s have lustre, are good conductors of heat and
electricity, ductile, malleableand produce metallic sounds. Non-metal sdo not
show these properties. Non-meta sare of different colour, are bad conductors
of dectricity and are brittle. Compoundsare madefrom chemica combination
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of 2 or mored ementsin aspecificratio. Propertiesof acompound aredifferent
fromitscondtituent e ements. Mixturesaremadefrom two or mored ementsor
compoundsmixed in any ratio. Chemical reactionsdo not take placeduring the
formation of mixtures. They possessthe propertiesof constituent e ements.

Procedure Formyour surroundings, dassfy itemsinto € ements/compounds/mixturesbased
on their properties and note your observations in the following table—
S.No. [ Example| Element/ | Constituents Basisof classification Uses
Compound/
Mixture
1. | Ironnal | Blement Iron Cannot bedividedinto ssimpler
sushstances.
2. | Water Compound | Hydrogen & Formed by chemical combination
Oxygen
3. | Brass Mixture Copper and Zinc| Chemical reaction doesnot take
place during formation.
4,
5.
6.
7.
8.
9.

Project work (Coal, Petroleum and Petrochemicals)

Objective

Theory

To understand theroleof plastic codesintherecycling of plasticitemsusedin
dailylife.

Inrecent times, theplagtic industry hasrapidly grown ashasthe petrochemicals
industry.We useavast number of plastic objectsin our daly life. Onthebas sof
its property, plasticis coded and the code is mentioned on theitem. We can
eas |y seethecode on plastic objects. Recycling of plasticisdoneonthebasis
of these codes.
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Formation of groups of students should take place under the supervision of
teachers.

Each group should visit at least 5 houses in their surrounding and gather
information about the plastic items used by them and their plastic codes. Note
down theplastic codesin your notebook. Discuss about therecycling of plastic.

Studentscando thissurvey intheir locdity.

After the survey, discussyour observationsand form atable of al theitems
under plastic codes 1 to 7 respectively.

Makeareport ontherecycling processof all thesetabul ated items.

Tak with the person of your neerby junkyard and collect information about the
importanceof plastic codesfor them.

Thegrowing useof plasticsishazardousfor our health. With the help of your
head teacher arrange adiscussion on thistopic and include the pointsin your
report.

Project work (Coal, Petroleum and Petrochemicals)

Objective

Theory

Procedure:

To know about the work done for conservation and use of fossil fuels. To
encourage oursalves and soci ety for the conservation of fossil fuels.

Fossi| fuelsareasource of energy whichtakesmillionsof yearsto form but our
current storeswill last only another 100 years. Therefore, we should try to stop
misuseof fossl fuels. It will beavailablefor futuregenerationsonly if weuseit
wisely. We may faceenergy crisisinfuturethereforeitisnecessary to motivate
society and community to usefossi| fuel swisdly.

Formation of groups should be done by the teacher.

Each group must visit 5 houses near there school and haveadiscussionwith 5
personsoccuped in 5 different occupetions. Gather information about their fossl
fuel (coal, LPG petrol, Kerosene) utilization. Ask whether their consumption
hasincreased or decreased in last 5 years. Ask whether they take any stepsfor
the conservation of fossil fuels and write down about it after a through
discussion. Suggest them your own ideasabout fossi| fuel conservation. Note
down your discussionin your project report.
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Project Work (Physics)

Motion
Objective . Tostudy velocity, acceleration and deceleration using daily lifeexamples.
Materialsrequired : Stopwatch, different typesof vehicles (cycles, motor-bike, car, auto), paper,

pen, pencil, tape etc.

|
| |

<— Smooth surface —>€— Curved surface —><—— Rough surface —>

Theory :  Distancecoveredinagivendirectioninaunit timeby an object in motor is
caled velocity.

velocity = displacement / time
Acceleration :  Rateof change of velocity inanon-uniform motioniscalled accel eration.
accderation = changeinveocity/timeinterva

Procedure: 1. Form a group of 4-5 members to study daily life examples of velocity,
acceleration and decel eration.

2. Choose a path which has some part as plane surface, some part as curved
surface and somerough patches.

3. Makapoint a somefixed distance. Ask oneof themembersto Sand a that point.

4. Notedownthedistance and timeof travel taken by variousvehiclesandfill in
thetable. Measurethe distance using metre scale or tape and measure thetime
using astopwatch.

Observethefigurescarefully and study them.

S.No. | Description Walking | Cycle | Auto | Bike | Car
1. Timetakento cover 20 m. of plane surface.
2. Timetakentocover 20m. of ......... surface.
3. Timetakento cover 20 m. of rough surface.
Result : By doingacomparative study of thevelocity, accel eration and decel eration of

various vehicleswe concludethat accel eration takes place on plane surface
while decel eration takes place on rough surface.
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Safety measure:

Objective

Materialsrequired

Science, Class-9

1. Useacommon sca ewhilemarking distances so that wefind regular distances

and error freeresults.

. Stand at asafer place ontheroadside. to calculatethetime. Beaert to avoid

any mishappenings.
On the samebasisyou can take another example of walking on plane surface,
climbing on stairsand climbing downfrom stairs.
Project work (work and energy)
Calculatethe energy spent daily in your house/school.
Watch, variousdectrical equipments, multi-meter etc.

Theory We cdl culatethedaily expenditure of energy usingthefollowingformula
Totd energy expended daily = No. of equipments x power of equipments (wetts)
x time(in hours) / 1000
Procedure Cdculatetheenergy spent daily at your houseor school usingtheaboveformula.
Observation table
S.No.| Nameof No. of Power of Timespent when the Energy | Total
equipment | equipment | equipment equipment wason spent | energy
spent
Calculation:: . Dalyenergy=
. Monthly energy = daily energy x no. of days
. Energy expenditure=tota energy spentinmonth/ rate.
Result Energy spent daily inyour house/school iS........ccceevveveeeeenicceneeene

Safety measures:

Futurescope

. Takeproper safety measuresfor electricity use.
. Don’ttouch any electrical equipment when it is on.

. Stay away from equi pmentswhen they arein running condition.

What measures can you taketo avoid el ectrica energy wastage?
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