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Paeéace

When we started working on this textbook, there were some questions that needed to be
addressed like what can be done to make the book more interesting, readable and useful? Why
should a concept or unit be included in the book? What sort of skills do we want to develop in
the children? Can the book help to increase the participation of children in the process of
learning mathematics.

While pondering over these questions, a lot of ideas came which were kept in mind
while selecting the units. Then the chapters were decided, which were regularly reviewed.
Every time some issues were encountered and the chapter was rewritten. In the present edition,
simple colloquial language is used. The technical terms been contextualised for the
understanding the meaning. Secondly, no rule or principle has directly been stated. Effort has
been made to keep the thought process going. While reading the chapters the children are
encouraged to discuss logically, listen to each other and then go ahead. We have tried
incorporate the historical background so that the children might be acquainted with the growth
and development of mathematics in almost all the units.

Most of the chapters begin with some interesting examples related to real life. The
concepts have been developed gradually and follow an interactive mode. Simple questions
based on a concepts have been solved to explain those concepts, then new situations have
been created, which connect them to more difficult concepts, so that children are able to
understand the concepts and apply them when needed. In this whole process a lot of
mathematical skills like, understanding the abstract ideas, expressing them through
mathematical symbols, explaining logically, giving proof, reaching to a conclusion,
understanding and using appropriate language while defining, etc., have been developed.

Besides these there are several important things that help making the textbook useful.
We have tried to incorporate those in this book. Please read and recognize them. If you feel
there is a need to improve something, please do inform us. Your suggestions will help to make
the book more useful.

We have received ample guidance and help from Vidya Bhawan Society, Udaipur,
Saraswati Educational Institute, Chhattisgarh and Azim Premji Foundation in preparing this
book. The council is grateful to them.

Director

S.C.E.R.T. Chhattisgarh
Raipur



Nete &oa e Teacken...

The secondary classes being the final period of general education, the expectation would
be a to integrate the mathematical understanding and capability that we want to have in
all citizens. The National Curriculum Framework enlarges the scope of this to include
aspects of mathematization as an ability not restricted to solving mathematical problem
given in the textbook. It goes beyond the obvious utility in daily life and is expected to
enrich the scope of thought and visualization available to the student.

The Secondary school mathematics, therefore, on the one hand, needs to focus on
consolidation of the conceptual edifice that has been initiated in classes 6 to 8 but also take
it forward to help the child explore wider connection and deeper understanding.

The logical formulation and the arguments included in each step along with the
precision of presentation are of value to engage with the world in more forceful manner.
The broad description of purpose of mathematics for secondary classes, therefore,
includes elaborating and consolidating the conceptual edifice, the ability to make logical
arguments, the precise and concise formulation of ideas, ability to perceive rules and
generalization and mechanisms to prove them. They must have a sense how to
understand the notion of proof and the need for organized arguments. It also seeks to
expand the ability to visualize, organize and analyze space and spatial transformations.
Going beyond numbers to understanding number system in the abstract, forming general
rules about numbers, understanding variables and equalities and learning to understand
what solutions mean. These are just a few examples of the areas that are covered in the
syllabus.

If we talk about the portion of mathematics mentioned in the N.C.F. 2005, we find
it impresses on the need to develop an understanding of mathematics and ability to use it
in all situations. It also means developing abilities in the learner that would influence
his/her life in wider spheres. Mathematics has to move from expecting children to do
unnecessarily complex calculations and move toward expecting her/him to reason
logically because as a mathematics student she/he needs to understand how mathematics
works rather than become an adept calculator or efficient book keeper. Not only she/he
must engage with concepts but also enjoy the problems she/he is solving and the tasks that
she/he is undertaking. Her/his ability to understand problems and find a way to solve
them needs to be built upon so that she/he develops a confidence of being able to attempt
any new problem she/he comes across. This does not mean that exercises given in the book
or in the classrooms are those that go along the beaten track and are replete with different
degree of mechanical complexity rather than they help the child explore the concepts and
develop framework for it.



To develop the capacity to solve problems at this stage is important. While it has
already been said that the learner should enjoy solving a problem, it also needs to be
emphasized that the objective of solving a problem is not to find one correct answer by
one correct method. It is also important for teachers to help the children find different
approaches to solving problems and learn to realize that many problems have a variety of
solutions. Situations need be created in the classrooms that ask children to construct their
own problems and bring forth their own definitions so as to be able to understand the
question and be able to choose the appropriate concepts and algorithms.

One of the many important things that emerge from the N.C.F. is about how a
mathematics classroom should be. Along with that one point that needs to be mentioned
is the importance of allowing children to share, exchange and develop ideas in a group
jointly. The classes at the secondary stage are particularly important for this because
children at the stage like to interact in groups and if these groups can be formed to
encourage discussion on interesting issues arising from mathematics, then they will be able
to form connections of what is learnt in the school with the real life experiences.

Mathematics in the secondary classes, therefore, has to keep in mind that learners
are being prepared for formulating logical ideas and therefore be given tasks that help
them understand the notion of proof, help them build the ideas necessary to prove
something, understand and absorb basic concepts of mathematics and develop such a
level of confidence in their capability that they learn the mathematical ideas and also use
them.

Key ideas that you as a teacher should have in mind below entering a mathematics
classroom:

« Mathematics is not a subject which should be transacted in the classroom where a
teacher is the active entity and students are passive. Students should be given an
environment where they can talk, share their thoughts and construct their
knowledge.

» Giving the opportunity to students to talk is also a crucial from point of view of
learning the language. Students should not only be able to communicate their
mathematical ideas using their words and language but should also be able to move
forward in the use of formal language of mathematics using symbols, graphs etc.

» The mathematics that students deal with in secondary level might be abstract but
they should understand the concepts and form connections between them. They
should also be able to make sense of the abstractness to connect with the subject.

» For teachers, textbook should be used as a tool to refer to and it shouldn't become a
tool which guides the whole learning process. The teacher should decide themselves
of how best they can use this textbook.

Authors
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HISTORY OF MATHEMATICS

Itisdifficult totell exactly whereand in what form mathematicscameinto existence. Even
beforetheexistence of oldest written documents, we come acrossafew picturesor symbols
which indicate towards basi ¢ knowledge of math. For example, Palaeontol ogists have
discovered Ochrerocksinthe caves of South Africawhere somegeometrical patterns can
be seen which have been madeby etching. Itisbelieved that Ishango bonenear Nile River
in Congoistheoldest representation of aseries of primenumbers. Thismight be 20, 000
yearsold.

Around 5000 B.C., some geometrica spatial designswere depicted by the people
of Egypt. In ancient India, the oldest known knowledge of Mathematics goes back to
3000-2600 B.C. Indus Valley civilization of
North India developed a system of same
weights and measures. We al so get the proof
of asurprisingly advanced brick techniquein
which ratio and proportion was used. Roads
which cut each other at right angles, cuboidal,
conica and cylindricd, circular and triangular

shapesindicatethat math washighly developed : == T
at that time. Mohan-jo-daro

Theoldest example of Chinese M athemati cs goes back to Chang Dynasty (1600
1046 B.C) whereetched on the shellsof atortoise werefound. We al so get the proof of
written mathfrom Sumerian civilization that deve oped the ol dest civilization of M esopotamia
They had devel oped avery complicated method of measurement science around 3000-
2500 B.C.

Ancient civilizationsof Egypt, Greek Babyl on and Arabiahave contributed agreat
dedl inthefield of Math. After Christ, math has been devel oped continuoudy in different
partsof theworld. Thisknowledge hasbecomericher by sharing with each other.

The story of development of math can be gathered from different sources. In class
9", wehaveinduded apart of the devel opment of Indian mathematics. Hopeit will motivate
you to see and understand how mathematicswas devel oped in theworld.



History of Mathematics
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H st ory of Mit henat i cs

Mathematicsisthebackboneof Scienceand Technology. Hence, inVedang Jyotish,
Rishi Lagadh haswritten:

A= RRIT=RR =T TTH=AI =TT |
A=A TA=TRTA=E RerT ||
M eaning, mathematicsadornsthe head of all Vedang Shastras(Sciences) likethe
plume on top of apeacock’'s head or the bead on top of the cobra's head.

When we seethe history of mathematics, the contribution of Indiahasbeen very
digtinctive and famous. Work on the various branches of mathemeati cshave been donesince
theancient timesin India. Wewill discussthe samebriefly.

Arithmetic: Arithmeticisthemain branch of mathematics. Itsusagecanbeseena
lot intheday to day affairs. The basisof Arithmeticisthe Number system inwhich zero has
aspecia postion.

Discovery of zero: The concept of zeroisvery much apart of theVedas. Inthe
Richaof Ygurveda, chapter 40, Verse 17 'Aum kham brahma has used theword 'kham'.
Theword 'kham' indicates the sky and a so Shunya (zero). So in bookslikethe Jyotish, the
word 'kham' has been used toindicate zero.

Bhaskaracharya, in his book Lilawati has used 'kham' as a zero in Shunya
Parikarmaashtak (SI-HRGATEH).

R eI, =213 e, =TT ==T1T: |
B =T, T4, TR =9 =faell | |

Onadding any number to zero, the sumisthenumber itself. The square,cubeetc. of
zeroiszero. If any number isdivided by zero, thedenominator of that numericiszero. On
multiplying anumber by zero, theproduct iszero.

Note: Shlokashavejust been given in context of theVedic hymn and sowould not
bedesirableto ask to bequoted in the examination.
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Thecredit of conceptudizing zero, hasbeen givento thegreat Sanskrit Grammarian,
Panini (500 B.C.) and to Pingal (200 B.C.) Wealso find areference to the discovery of
zero being made by Vedic Rishi Grutsamad.

Thefirst proof of the symbol assigned to zero has been found in the Bakshaali
Pandulipi (300- 400AD). The existence of zero and its symbol in the number system of
ancient Indiahave been the most important contribution.

Prof. GB.Ha stead has said:-

" Noneof theconceptsin M athematicshave proved tobeasimportant aszerofor
thedevelopment of thebrain and brawn.”

Number System: Sinceancient times, various countries have been using different methods
of representing numbers. Devnagri, Roman and Hindu-Arabic systemsare somewhichwe
have studied before. Wewill now seethe historical background of these.

Prof.Guinsberg says. Around 770 C.E. aHindu Scholar by the name of Kank was
invited to the famous court of Baghdad by Abbasayyed K haleefaAlamansur. Inthisway
the Hindu numeric system came to Arabia. Kank taught Astrological Science and
Mathematicsto theArab Scholars. With Kank's help, they al so trand ated Brahmagupta's
"Brahmasphut Siddhanta’ intoArabic.

Thediscovery of French Scholar, M.F.Nau, provesthat in the mid 7th century,
Hindu numericswerewe |l knownin Syriaand they were considered praiseworthy.

B.B.Duitt says. "The Indian number system went slowly from Arabia, Egypt and
Northern Arabiatowards Europeand by € eventh century it had compl etely reached Europe.
Europeansreferred to them asArabic numbersbecause they had got them from Arabia, but
the Arabswere unanimousin acknowledging them as Hindu Numbers (Al- Arkaan Al -
Hindu). Theseten numberswerereferred to by theArabsas"Hindsa"."

PlaceValue: To expressany number using ten digits, including zero and to give each digit
afacevaueand placeva ue hasmadethisnumber system scientific. Theplacevauesystem
isthe specidty of the modern number system( the Hindu-Arabic system).

Thegreat French Mathematician, Pierre Laplace haswritten: It wasIndiathat gave
usan excd lent system of expressing every number using theten digits( whereeach digit has
afaceand aplacevalue). The base of the decimal system isten. That isthereason this
systemiscalled the Metric or the Decima number system.

History of Hindu Numeralsand big numbers: The Hindunumeralsdevel oped asfollows:
* Kharoshthi System (fourth century b.c.)  Brahmi system (third centuryb.c.)

« Gwalior system(ninth century) « Devnagri system(eleventh century)

* Modern system
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From fourth century B.C. to second century A.D., one can find the use of the
Kharoshthi system. Inthe Brahmi system, besidesten, multipliersof tentill hundred and
multipliersof hundred upto nine hundred have been found.

InYgjurveda Samhita, Ramayan and religious bookstheresfter have given numbers
from 1to 10 different names:

* Niyutam 10  Utsang 10% » Hetuheelam 10
* Nitravaadyam 10% * Tallakshana 10

Introduction to Coded Numbers (6¢i@): When an aphabet is used to represent a
number, itiscalled a"coded" number. Ancient M athemati cians had used this concept to
express numbers. The use of which can be seen intheAstrology and other vedic books.

« Alphanumeric (aorid) system » Shabdank (3re7eh) system
 Wanjanank (&T-Td) system

Algebra: Therearequiteafew smilaritiesintheformation and principlesof Algebra
andArithmetic. Themgor differenceinthesetwoisArithmetic ded swith expressed (known)
quantitiesand Algebradeal swith unexpressed (unknown) quantities. By unexpressed
quantities we mean quantitiesthat are not known in the beginning. Thisisknown asan
a gebraic quantity, and so the branch isUnexpressed Mathematicsor Algebra.

Theuseof Algebracan beseenin eraof Shulvsutraswhen there cameup severd
problemswhileconstructing of Ygnaatars(vedis), requiring the use of finding solutionsto
linear and infinite equations. The contribution of Aryabhatt iscreditablein both thefiel ds of
Arithmeticaswell asAlgebra Algebradevel oped asan independent branchright duringthe
time of Brahmagupta. It isa so known as Coded Mathematicsor Implicit Mathematics.
Mathematician called Pruthudak swami (860 CE) named it Beg Ganit.

Geometry: When we seethe history of Indian Mathematics, werealize that the base of
Geometry had been dready laid during the Vedi ¢ Period. We get to seethemathematicsin
aVedang named "Kap" intheform of Shulvasutras. Theropeused in measuring theatars
was known as shulva. Sutrameansto expresstheinformation inthe preciseform. The
shulvasutraswere named after their creators - Baudhayan, Aapstambha, K aatyaayan,
M aanav, Maitraayan etc. The shulvasutras contain theinformation of how to makevedis
(altars) of different shapes: ¢ Garun Vedi » Koorma Vedi « Shri Yantra

Theexamplesof the shulvasutras geometry areasfollows:-

Theformation of triangles, squares, rectangles and other complicated geometrica
shapes, forming such geometrical shapeswhose areaareequal to the sum or difference of
the areas of somegiven shapes.

The contributions made by Aryabhatt (476-550 CE), Brahmagupta (600 CE),
Bhaskar first(629 CE), Mahavir (850 CE) inthefield of Geometry havebeen commendable.
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Baudhayan Theor em

A=A R R8I U= oo =R = =A== |
BRE DR AT BN RESENENINE MIREEEIRL T

| |=A8=(1)==R=%]ca=7 | |

M eaning: Theareaof the square drawn on the diagonal of arectangle is
equal to the sum of the areas of the squares drawn on thetwo sides of the
rectangle. Weknow that thediagond of therectangledividesitinto tworight
angledtrianglesandin sucharight angledtriangle, thesquareof thehypotenuse
isegual to the sum of the squares of theremaining two sides.

Thisrelation between the sides of theright angled triangle hasbeen known asthe
Pythagoras Theorem. However, in the book by Dr. Brijmohan - History of Mathematics
(page 243), there is areference that now alot of historians agree that this Pythagoras
Theorem wasknown to the shulvasutrawriters some hundreds of yearsprior tothebirth of
Pythagoras. Thelife of the Greek philosopher Pythagorasisbelieved to have been from
572 B.C.t0501 B.C. WhereasIndian M athemeti cian Baudhayan has described thistheorem
ingreat detall severd yearsbeforethat. Hencethistheoremisinfact the Baudhayan Theorem.
Or a so known as ShulvaTheorem.

Indian history of Pi (p) :

@) Aryabhatt (476 - 550A D) wasthefirst Mathematician to give areasonably close
estimate of thevaueof Pi (r) whichistheratio of thecircumferenceand diameter.

IR HHAZTTHC V=g T T AT=T AT |
RYAE I I RIS~ =g =T RUTg:=| |
Add 4 to 100, multiply the sum by 8 and add it to 62000. This sum will be

approximately the circumference of acirclewhosediameter is 20000 that isacirclewith
20000 diameter will haveacircumference of 62832.

Circumference = 62832

Pi = =
() Diameter 20000

Thus, accordingto him, Pi = 3.1416, whichiscorrect upto four decimaseventoday.
2 Bhaskaracharya (1114-1193AD) hasgiventhevaueof Pi inhisGranth Ledaweti.
A=A =gd=aad=Ea=|3: =R ==& |

g =fIgd seR el =R Al SUaRITG =AqeR=4 17 | |

If you multiply the diameter by 3927 and dividethisby 1250, we get the precise
circumference. Or if we multiply the diameter by 22 and dividethat by 7 we get auseable
approximate vaueof the circumference.
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(3) Swaamibharti Krishnateertha(1884-1960A.D.) hasgiventhevaueof pi/10in
thewel | knownAnushtup verses, using thea phabetsas codes:

TfI=Hraagara—s e Ao |
Wﬁﬁ:ﬂﬂldlqjldéldlﬂ‘{‘mﬂzl |

According to swamiji, there can bethree useful interpretations of theseverses. In
thefirstinterpretation, itisapraise of the Lord Krishna. In the second interpretation, it can
be consdered thepraise of Lord Shivaand thethird interpretationisthat itisthevaueof pi/
10 correct upto 32 decimal places.

n/10=031415926535897932384626433832792

4) ShrinivasRamanujan (1887-1920 AD) Thefirst research paper publishedin
Europe by Ramanujan wastitled "M odul ar equation and approximationto =" He
found severa formulaeto get the approximatevaue of .

Trigonometry: Trigonometry isthat branch of Mathematicsinwhich therel ation between
thesidesand angles of atrianglearestudied. Thisisavery old and important branch of
Mathematics. Theuse of thisknowledgeismadein cal culating the positions of theplanetsin
Indian astrology and astronomy.

Theancient Indian MathematicianslikeAryabhatt, Varahmihiraand Brahmagupta
made significant contributionstothisfied.

You can seethe description of thetrigonometric concepts, formulaeand statements
in"SooryaSiddhanta'(400AD), inthePanch Siddhantaby Varahmihiraandin Brahmasphoot
Siddhanta(630 A D) by Brahmagupta.

Thereisaclear referenceinthebook by Dr. Brijmohan, "History of Mathematics'
(Page 314), that thereisno doubt that three of thetrigonometric functions have been defined
first by theHindus.

Aaryabhatt wasthefirst to have used theword 'jya (around 510AD). Hewasa so
thefirstto givethetablesrelated to jyaand utkram jya(ujjya).

So theword 'jya went from Indiato Arab countries, whereit became 'Jeeba. After
awhilethisbecame'Jaib'. InArabic ‘jaib' means 'breast’ or 'bust’. When thetranslations
weremadeinto Latinin 1150AD, 'jaib' wasreplaced by 'Sinus, which hasthe samemeaning
inLatinisalso breast.

Brahmaguptaused theword 'kramjya toimply jya. It was so named to differentiate
it from'utkramjya. InArabicthiswasthen converted to 'karg'. Alkhwarijamee a so used
'karg)". Indian jyaand kotijyaabecame sine and cosinein European languages.

Theuseof trigonometry isseeninAgrol ogy, Astronomy, Engineeringand Navigation
asasointhestudy of heightsand distances.
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Excercise- 11
Q.1. Matchthefollowing:

Bharti Krishnateertha Brahmasphoot Siddhanta
Varahamihira SiddhantaShiromani
Brahmagupta Aaryabhatiya
Bhaskaracharya Panch Siddhanta
Aaryabhatt Vedic Mathematics

Q.2. Fillintheblanks:
1 Theword used for the sky and zero was
2. Tallakshanawas used to denote the number

3. Thealphanumeric system was used by the Mathematician
in hisbook

4. was also known asImplicit Mathematics.
5. Vedic Mathematicshavethe Sutras.
Q.3  Writetheimportance of the Modern Number system.

Q.4  Writeafew pointson thediscovery of zero.

Q.5 Giveabrief description of theAlphanumeric system.

Q.6  What isthe Baudhaayan Theorem?

Q.7  Writethecontribution of Aaryabhatt i n the estimation of .

Q.8  Writethenameof the creator of Vedic Mathematics. Also giveabrief description of
itscontents.

Activity:
(1) Form aMathemati cs Society in your school.

2 Makeacollection of Mathematica booksinyour school.
©)] Develop aMathematica Laboratory inyour school.

Simpletechniquesfor multiplication: Weare going to study somesimple multiplying
techniques, beforewhichweshall obtain abrief introduction of thebook and itsresearcher
mahemdtican.

The unparaleled mathematician, Swami Bharti Krishna Teertha Shankaraachrya
Govardhanmath Jagganaathpuri (1884-1960AD) created abook named "Vedic Mathematics'
and thusmade an innovative contribution.
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In thisbook, he has described 16 exceptional sutrasand 13 upsutras with their
properties and experiments. Thisbook has40 chapters. It hasbeen presented with avery
uniqueviewpoint.

Digit sum (dI51i®): Whenyou obtain asingledigit after adding thedifferent digits
inanumber, that isknown asitsDigit sum.

ExavpLe-1.  FindtheDigit sumof 10, 11, 321and 78

SoLuTtion :  Digitsumof 10> 1+0 > 1
Digitsumof 11> 1+1 > 2
Digitsumof 321> 3+2+1->6

Digitsumof 78 > 7+ 8 — 15, but 15isnot aDigit sum, so we haveto add
thesedigitsfurther 1+ 5 — 6, hencetheDigit sum of 78is6

ExavpLe-2.  FindtheDigit sum of 8756904
SOLUTION :
Method 1:  Addal thedigitsof thegiven number.

8+7+5+6+9+0+4=239, again adding thesewe get 3+ 9 =12,
further adding, we get, 1+2 = 3, whichistheDigit sum.

Method 22 Consecutively keep adding thedigitsuntil you get asingledigit number.

8+7—>» 15-» 1+5-> 6+5—-> 11— 1+1-> 2+6—-> 8+9-> 17—

1+7-> 8+0—-> 8+4-> 12— 1+2- 3istheDigitsum.

M ethod 3: Inspect thedigitsof the number 8756904, Add the digitsbesides0,9 and other

pair whichaddstogive9i.e4+5,s08+7+6—> 21 »>2+ 1 —->3istheDigit sum.
Pointsto benoted when findinga Digit sum:

Q) Assoonasyou add thedigits, if you get atwo digit number, add thedigitsfurther to
obtaintheDigit sum.

2 Adding 0and 9 or leaving them out, will not affect the Digit sum.

(3) TheDigit sum of anumber isactudly theremander [ eft when you dividethe number

by 9. Thusfinding aDigit sumisthe sameasdividing the number by 9 and finding
theremainder.

4 A number whoseDigit sumis9, iscompletely divisibleby 9. Inthat casethe Digit
sum of the number is9 not 0.

(5) We can a sotest thedivisibility of anumber by 3. So anumber which hasaDigit
sumof 3, 6 or Qwill bedivisibleby 3.

(6) You can a so test the sol ution you have obtained using Digit sum, hence one needs
to have an adequate knowledge of finding Digit sumsorally.
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Excercise- 1.2
Q.1  What doyoumean by Digit sum?
Q.2 FindtheDigit sumof thefollowing numbers:
15, 38, 88, 99, 412, 867, 4852, 9875, 24601, 48956701
Q.3 What should be added to thefollowing numbersto makethem divisbleby 9?
241, 861, 4441, 83504
Q.4  Writetheusefulnessof Digit sums.

Useof Digit sumsin checking the solutions: InVedic Mathematicsthere are severa
ways of checking the correctness of asolution. Wewill see herehow Digit sum helpsin
checking the correctness of asolution.

Adding:

Check for additions: Thedigit sum of the numbersto be added should be=to the sum of
thedigitsinthesolution.

ExavpLE-3.  Findthe sum of 3469, 2220 and 1239 and check if the solution isright
usingDigitsum.

SorLution:  Check

3469 | 4 (1) TheDigit sumsof thenumbersarerespectively 4, 6and 6.
2220 | 6 (2) TheDigitsumof theDigit sumsof thenumbersis
+ 1239| 6 4+6+6=16~> 1+6—> 7

6928 | 7 (3) TheDigit sum of thesum of thethreenumbersis

6+9+2+8=25—> 2+5->7
(4) Sincethe Digit sum of both (2) and (3) is 7, hence the
solutioniscorrect.
Subtraction:

Check for subtraction : Inthisthe Digit sum of subtracting (below) number +the Digit
sum of theanswer = Digit sum of the upper number.

ExampLe-4. 7816 - 3054. Solvethisand check theanswer.
SorLution:  Check
7816 4 (1) Thedigit sum of thequantity being reduced(lower) is3
- 30541 3 AndtheDigit sum of theanswer 4762 is1.
4762 | 1 (2) Thesum of thetwodigitsumsis3+1=4
(3) Thedigit sum of theupper quantity 7816is=4.




(4) Sinceboth(2) and (3) have4 astheir digit sum, theanswer
iscorrect.

Multiplication:

Check for multiplication: Digit sumof first hnumber x Digit sum of second number = Digit
sum of the product of thetwo numbers.

ExampLe-5. 456 x 814. Find the solution and check the answer.
SOLUTION :
456 x 814 (1) 6x4=24,thedigit sum of whichis6
1824 (2) Theproduct of numbersis371184, the Digit sum of which

4560 IS6
364800 (3) Since(1) and (2) arethesamedigit sumsthat is6, the
371184 answer iscorrect.

Another way of puttingthisis

Digit sumof the Digit sumof
product 6x4=24
ofaandb=c iS6

Digitsumof
theFirst
number ‘a’

Digit sumof the
second number ‘b’

Digitsumof
the answer ‘d’

If ‘c’ and “d’ are different then the answer is definitely wrong.
Division:
Check for division : Digit sum of thedividend = ( Digit sum of divisor x digit sum of
quotient) + Digit sum of remainder
ExavpLe-6. 7481+ 31. Find the solution and check your answer.

SOLUTION :
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Divisor dividend quotient

31) 7481 (241
—62
128
—124
0041
-31
10

Digitsumof dividend> 7+4+8+1->20->2

Digit sumof divisor x digit sum of quotient + digit sum of remainder
(7x4)+1-> 28+1-> 29->11-2

Since abovetwo areequal, theanswer iscorrect.

\edi c Mt hodstomul tiply

Q) UrdhvaTiryak Vidhi, usingthesutraUrdhvatiryagbhyam.
Themeaning of thesutraisUrdhva= Vertical (1)

Andtiryak = diagonal N7 =%

ExAmPLE-7. 41
x 38
SOLUTION : 41 Formula: Urdhwatiryagbhyaam
x 38 (2) Firstcolumn (multiplication of unitsplacewith unitsplace)
15(5|8 1 T Urdhwaguna
3 x8 (Vertical multiplication)

8
1558 (answer) andwritetheproduct inunitspostioninthesolution.

(2) First and second column (unitsand tens place)

41 Multiply diagonally and add
%38

(4x8) + (1x3)
32+3=35 (5 of the 35iswritten in tens place and 3 is carried to
hundredsplace)




ExampLE-8.

SOLUTION :

ExampLE-9.

SOLUTION :

@

e

©)

(3) Second column (tensplace)

4
x3
12

T Vertical multiplication

+ 3 (carried over) = 15 (writethisasit isto theleft)

56
x 82
56
x 82

5|11

231

Formula Urdhwatiryagbhyaam (observe and understand)
55 6 6

451 9]2  Vettica I >< 1 Vertical multiplcation

multipliction 8 8 2 2

|

Add after doing Diagond multiplication
Solveusing formulaUrdhwatiryagbhyaam.

x 425

231
x 425

2
9/ 8l1]7|5 T >K
1| 2[1 442 423

w
[EEN

2 3 2 31

a—

N
(63}

frist column (unitsplace with units place product)

1

x5 TVerticd multiplication

5

First and second column (unitsand tens place product)

15+2

31 >< Diagond multiplication
x 25
(3x5+(1x2)

=17 (writethe 7 intensplace and carry over 1)

Firgt, second and third column (units, tensand hundreds place)

231
x425

(2x5)+(1x4)+(3%2)

Asshown by arrows, product of first by third digit
of thesetwo numbers and addit tothe
product of second by second digitsof both.
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10+4+6=20 X

20+ 1 (carried over) = 21 ( keep 1 in hundreds place and carry over 2)
4 Second and third column ( drop the units place)
23
x 42
(2%2) + (3x4)

4+12=16 ><

16+ 2 (carried over) = 18 ( write 8 inthethousands position and keep 1 as
acarry over)

(5) Third column (drop the unitsand tens place)

2 Verticd multiplication
x4
8
8+ 1 (carried over) =9 (write9intheten thousands place)
Exercise- 13
Find thefollowing productsus ng formulaUrdhwati rygbhyaam:
1) 23 2 44 3 92 4 55
x32 x 52 x 37 x 55
5) 123 6) 414 (7)) 504 (8 812
x 321 x 232 x 618 x 453

(2) Ekanyunena Poorvena Vidhi (method) (meaning onelessthan before) : This
formulaisused when one of thenumbersismade up of 9s. Therearethree conditionsthat
occur between themultiplier and multiplicand:

1.
2.

Thenumber of digitsissame.

Thenumber of digitsismoreinthemultiplier thanthemultiplicand that isthereare
more9s.

Thenumber of digitsislessinthemultiplier thanthemultiplicand thet isthereareless
Os.
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Condition 1;
ExampLE-10.

SOLUTION :

ExampLE-11.

SOLUTION :

Condition 2.
ExampLE-12.

SOLUTION :

ExampLE-13.

SOLUTION :

Condition 3:
ExampLE-14.

SOLUTION :

Solve 63 x 99 using Ekanyunenapoorven method.
63 x 99 (1) Therearetwodigitsinboth.
62| 37 (2) Theleft sideof theanswer is1lessthanthe
multiplicand. i.e. 1 lessthan 63is62.
(3) Theright side of theanswer is99 - 62 =37
3452 x 9999
3452 x 9999 (1) Leftsdeof theanswer 3451 ( 1lessthan 3452)
3451 | 6548 (2) Rightsdeof theanswer is9999 - 3451 = 6548
Find the product 43 x 999 usi ng formulaEkanyunenapoorvena.
043 x 999 (1) Addazerototheleft of 43, tomakethedigits
042 | 957 equa
(2) Theleftsdeof theanswerisllessthan043ie
042
42957 Answer (3) Theright sideof theanswer is999-042 = 957
Solve 347 x 99999 us ng theformula Ekanyunenpoorvena.
00347 x 99999 (1) Addtwo zerostotheleft of 347 and makethe
00346 | 99653 digitsequa
(2) Theleft sideof theanswer is1lesstha00347
is00346
34699653 Answer (3) Theright sideof theansweris 99999
- 00346
99653
Solve 438 x 99 using Ekanyunenapoorvena.
438 x 99 (1) Reduce438by 1 andkeep99asitisfollowing
43799 this. Then subtract 437 from thisnumber to
- 437 get thesolution. Thussubtract 437 from 43799

43362 to get 43362
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Exercise- 14
Solveusing formula Eknyunenapoorvena ( a so check your answers):
(1) 57 x99 (2) 4378 x 9999 (3) 87 x 999
(4) 345 x 99999 (5) 48x9 (6) 9457 x 999

(3) Ekaadhikena poorvena Vidhi (method) : Here the use of the sutra
Ekaadhikenapoovenaand Antyayordeshakepi ismade.

Thismethod isused when the sum of the unitsplacedigitsof thetwo numbersis 10
andtheremainingdigitsarethesame.

ExampLE-15.  Findtheproduct 12 x 18.

SoLuTion @ 12x 18 Formula Ekaadhi kenapoorvenaand antyayordeshakepi
2 | 16 (1) Left side of the answer ( one more than the

tensplacex tensdigit) =2x1=2
(2) Right sideof theanswer = product of units

digits=2x8=16
5. 12x18=216
ExavpLE-16. 21 % 29
SoLuTtion: 21 x 29 Formul a Ekaadhikenapoorvenaand Antyardeshkepi.
6 | 09 (1) Left sideof theanswer ( one morethan tens

digitx tensdigit)=3x2=6
(2) Right sideof theanswer = product of theunits
digits=1x9=9
o 21 x 29 =609

Note: Thesum of theunitsdigitsis10. Sotheproduct of theseunitsdigitsshould
havetwo digits, sincethereisonly one, weadd a 0 before9.

ExampLe-17. Solve 102 x 108

SoruTtion : 102 x 108 Formul a Ekaadhikenapoorvenaand Antyardeshkepi.
110 | 16 (1) Leftsideof theanswer (1 morethan 10 x ten)
=11x10=110
(2) Right sideof theanswer = product of units
digits=2x8=16

..102 x 108 = 11016
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ExampLE-18.  Solve 194 x 196.
SoLuTion : 194 x 196 Formul a Ekaadhikenapoorvenaand Antyardeshkepi.
380 | 24 Q) L eft side of the answer = (1 morethan19x19)
= 20x19=380
2 Right side of theanswer = product of units
digits. = 4x6=24
. 194 x 380 = 38024

Exercise-1.5

Usetheformula Ekaadhikenapoorvenaand Antyardeshkepi to find theanswersand check
usngDigitsums

(1) 13x17 2) 22x28 (3) 3436 (4) 91x99
(5) 35x35 (6) 42 x 48 (7) 72x78 (8) 93x097
(9) 104 x 106 (10) 105 x 105 (11) 203 x 207 (12) 405 x 405
(13) 502 x 508 (14) 603 x 607 (15) 704 x 706 (16) 905 x 905
(17) 193 x 197 (18) 292 x 298 (10)392x 3908  (20) 495 x 495

Nikhilam Vidhi : Thismethod isused to find products, when the numbersareclosein
valueto the base or the sub base.

Base: 10,100,1000............ etc. arecalled bases
Sub base: 20,30,......200,300, etc. are called sub bases.
Deviation from the base:
(1) Firstly find thebasewhichisa power of 10 and isclosest to the number.

2 If the given number isgreater than thisbase, subtract the basefrom the number and
writethedeviaionwithapostivesign.

©)] If the given number islessthan the base, then subtract it from the baseand write the

deviaionwithanegativesgn..

Number Base Deviation
12 10 +2

9 10 -1

104 100 +4

98 100 -2

1002 1000 +002

992 1000 -008
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GunaaNikhilam: Base
ExampPLE-19. Solvel2x 14

SOLUTION :

Number Deviaion

12 +2 (1) Both numbershaveabase 10
x14 +4 (2) Thedeviationof 12from 10is+2
16 8 (3) Thedeviationof 14from10is+4

(4) Theright sideof the answer isproduct of the
deviations,2x4=8

168 Answer. (5) Theleft sdeof theanswer = (First number +
deviation of the second number) or (Second
number + deviation of thefirst number)

=12+ (+4) or 14 + (+2)
=16

Note: In this method we keep the same number of digitsin theright side of the
answer asthenumber of zerosin thebase

ExampLe-20.  Solve 16 x 15 using Nikhilam Formula
SorLutioN:  Number  Devidion
16 +6 (1) Boththenumbershavethe samebase 10.
x 15 +5 (2) Thedeviationof 16from 10is+6
24 0 Thedeviationof 15from 10is+5
(3) Theright sdeof theanswer
= Product of thedeviations
=6x5=30
(4) Theleft sideof theanswer
= Onenumber + deviation of other
=16+5+ 3 (carried over) =24
Or=15+6+ 3 (carried over) =24
Thusanswer is240
ExampLe-21.  Solve8x 13 usingtheformulaNikhilam.
SoLuTion : Number Deviation
8 -2 (1) Baseis10
x 13 +3 (2) Right sideof answer =Product of the
11 6 devidtions

=-2%x(+3)= -6
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ExampLE-22.

SOLUTION :

ExampLE-23.

SOLUTION :

ExampLE-24.

SOLUTION :

(3) Left side of the answer = One number +
deviation of other

=8+(+3) =11
Or=13+(-2) =11
Henceanswer is110- 6 =104
UseNikhilam Sutratofind 104 x 108
Number Deviation

104 +04 (1) Thebaseis100. Thishastwo zeroshencethe
%108 +08 right Sdeof theanswer will dsohavetwodigits.
112 32 (2) The right side of the answer = product of
deviations
Answer is11232 = 04x08=32

(3) Theleft side of the answer = One number +
deviation of other

=104 + (+8) = 112
or = 108 + (+4) =112
Solve 103 x 101 using Nikhilam Sutra.
Number Deviation
103 +03 (1) Theright sideof theanswer = Product of
x 101 +01 deviaions
104 03 =3x1=3

(2) Thisright sdewill havetwo digitsasthebase
hastwo zeros, hencewetakeit as03

(3) Theleft side of the answer = One number +
deviation of other

Henceanswer is10403 =103+ (+1) =104
Or =101+ (+3) =104

SolveusingtheNikhilam sutra: 92 x 107

Number Deviation

92 -08 (1) Thebaseis100andthedeviationsare
x107 +07 respectively, -08 and +07.
99 56 (2) Theright sideof theanswer = Product of
deviations

=-8x (+7) =-56 0r 56
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(3) Theleft side of the answer = One number +
deviation of other

=02+ (+7) =99
Hence answer is9900 - 56 = 9844 Or =107+ (-8) =99
ExampLE-25.  Solve 1014 x 994 using Nikhilam Sutra.
Sorution:  Number Deviation
1014 +014 (1) Baseis1000. Thedeviationsarerespectively,
x994 —-006 +014, -006 .

1008 084 (2) The right side of the answer = Product of
deviations
=14 x (-006) = -084 = 0g4
(3) Theleft side of theanswer = One number +
deviation of other
= 1014 + (-6) = 1008
Or = 994 + (+ 014)= 1008

(4) Thereare 3 zerosin the base so there hasto
bethreedigitsintheright sideof theanswer,
so wetakeit as 1008000.

Answer is1008000 - 084 = 1007916

Exercise 1.6
Find the productsusing Nikhilam Sutraand verify the answersusing Digit sums:
(1 13 (2 104 (3) 105 4 98
x 13 x 102 x 106 x 94
(5) 122 6) 96 (7) 1012 (8) 998 (9 1016
x 102 x 107 x 1004 x 974 x 998

Square

We have seen four methods of finding aproduct:

(1) Urdhwatiryak Method (2) EkanyunenapoorvenaMethod (3) Ekaadhikenapoorvena
Method (4) Nikhilam M ethod. We could usethese easily to find the square of anumber.

Wewill now find the square of anumber using Ekaadhikena poorvenamethod and some
other specia methods.
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(1) Ekaadhikenapoorvenaand Antyardeshkepi : We can find the square of numbers
that have5intheunitsplaceoradly.

ExampLE-26. Find 65%
SoLuTion: 65?2 =65 x 65 UsingtheformulaEkaadhikenapoorvena

42| 25 (1) Leftsdeof theanswer =tensdigit x onemore
thantensdigit = 6 x7 = 42

(2) Right sideof theanswer= 5x5 = 25
Henceanswer is4225

Exercise- 17
Find thefollowing squares ordly, using Ekaadhi kena Poorvenamethod:
15?% 25?% 35?% 45% 55%, 75?, 85%, 95%, 1057, 115°

(2) AnurupyenaVidhi : Thismethod isused normally to find the square of atwo digit
number. We know that (a+ b)? = & + 2ab + b?, which wewill writeasfollows:

(a] b) 2=2a2| 2ab | b? and using thisfor thetwo digits of the number to be squared, we start
with the digit in the units place and keep one digit in each of theright and middlemost
columnsand carry the other digitsto theleftmost column.

ExampLE-27.  Find 642
SoLution :  64?will besolved using (a| b)?=&2 | 2ab | b?
(1) b?=42=16
2) 2ab=2x6x4=48
48 + 1 (carried from 16) =49
@) &=62=36
36 + 4 (carried from 49) = 40
642 = 36| 48| 16
= 36 49 6
40 9 6 Answer

ExavpLE-28.  Find 482
SoruTtion:  Wewill use (a| b)?=2?| 2ab | b?
48 = 42| 2x4%x8|8&
=16 | 64 | 64
=16 70 4

=23 0 4 Answer
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Exarcise- 18

Use(a+b)>=a& +2ab + b? ((a| b)>= 2| 2ab | b?) to find the following squares.
(1) 342 (2) 19 (3) 542 (4) 642 (5) 922

(3) Yaavat oonam taavat ooneekrutyavargam ch yojayet Sutra- Inthismethod, we
find the deviation of thenumber (whosesquareonehastofind) fromitsbase. If thedeviation
isless, wereducethat from thenumber and if itismore, we add it in the number to get the
left sdeof theanswer. Theright sideis obtained by squaring the deviation.

We cantake hel p of thefollowing formulato get the square:
Number? = number + deviation | (xdeviation)?
Example 13? =13+ 3] 3?(13is3 morethan base 10)
=169 Answer.
Example 72 =7-3| 3 (7is3lessthanbase 10)
= 49 Answer
98 -2 | (02)?
96 04 Answer (04 because the base hastwo zeros)
106 +6 | 6°
112 36 Answer

Example: 982

Example 106?

Exercise- 19
Solve using the Formul a: ITaa=s-=Tad=81 1= =4 =g ......
122,147, 1022, 105?% 108% 942, 996,

SquareRoot

We already know the methods of finding square root of a number using prime
factorization and division method. We shall now see how we can find the squareroot using
VilokanamVidhi.

Vidhi -Vilokanam: We can find the squareroot of afour or fivedigits perfect square by
ingpection. Observethefollowing table:
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Number 1 2 3| 4 5 6 7 89 |10
Number? | 1 4 916 |25 36| 49| 64| 81 |100
Digitsum 1 4 9 7 7 9 4 1 9 1
Memorizethefollowing:

Unit placeof squarenumber - 1 4 5 6 9 0
Unit place of squareroot - 1 2 5 4 3 0
or9 or8 or6 or7

Note: (1) If theunitsplaceof asquarenumberis2,3,7 or 8, they arenot perfect squares.

(2) Thenumber of pairsthat you can make in the square number, those many
digitswill bethereinthe squareroot of the number.

(3) Numberswhosedigit sumis2,3,5,6 or 8 are not perfect squares.
ExampLE-29.  Findthesquareroot of the perfect square 6889 using Vilokanam vidhi.

SOLUTION : /6889 sutravilokanam

/6889 =83 o0r 87
Q) You can maketwo pairsin the square number, hence squareroot will havetwo
digits
2 Theright pair (89) decidestheunitsplace and theleft pair(68) decidesthetens
digit.
©)] Since unitsplaceof squareis9, hencetheunitsplace of squareroot will be3or 7.

4 Theleft pair(68)hel psdecide thetensplace. The closest squareroot tothatis8 as
82=64 and 9> =81, whichisdefinitely more than 68. So wetaketensplacedigit
as8.

(5) Theanswer could be83 or 87.
(6) As 6889 issmaller than 7225 whichisthe square of 85, hencethesquareroot is

83. /6889 =83
Exercise - 1.10

Find the squareroot of thefollowing using Vilokanam Vidhi:
(1) 9409 (2) 7569 (3) 8281 (4) 3249
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Algebra
Multiplication (by Urdhwatiryak Vidhi): Thisformulaisused inArithmetic but works
equally well with multiplication of agebraic expressons.
ExampLe-30.  Multiply 3x + 1 with 2x + 4 and check the product.
Sorution :  Urdhwatiryak Vidhi (1) FirstColumn

3x+1 +1 T Vetidemultiplication
xX2X + 4 X +4
6x* + 14x + 4 +4

(2) Firstand second column
x+1 Diagond multiplication
X 2X+4 ><
adding (Bxx4) + (2xx1)
=12x + 2x = 14x
(3) Thirdcolumn
3X

x2X
6x? T Vertidemultiplication
Answeris6x? + 14x + 4

Check: Digit sum of ( digit sum of numericd coefficientsof thefirst expressonx digit sum
of numerical coefficients of the second expressions) = Thedigit sum of the numerical
coefficientsof theanswer.

(1) 4 x 6 =24, whosedigitsumis6
2 6 + 14 + 4 =24, whosedigit sumis6

As(1) and (2) givethesamedigit sum, our answer iscorrect.
ExampLe-31.  Solveusing Urdhwatiryak Vidhi (2x +y) x (3x + 5y)

SOLUTION : 2X+y
x 3x-5y 22X 2x +y +y
w1 X

3x 3x -5y -by

ExavpLE-32.  Find theproduct of polynomiasx2+ 3x + 2 and 5x2 + x + 1 using Urdhwa
tiryak Vidhi.



SOLUTION : X2+ 3X+ 2 formulaUrdhwatiryagbhyaam
x5+ x+1 (1) Frstcolumn
BXé+ 163 + 1432+ 5x + 2 2 T Vertical multiplication
+1
+2
(2) Firstand second column
+3X + 2 ><
X +x+1 Multiply diagonally and add
(3x x1) +(xx 2)
3X +2Xx = 5%
(3) First, second and third column
2 +3x+2 as per signs,multiply
, first with third terms
oxx+l diagonally and second
(¢ x1) +(5% x 2) +(3x X X) by second vertically
= %2+ 10x2 +3x2 =14x2 and add.

(4) Thirdand second column
X2 + 3X
x 52+ X >< multiply diagonally and add
(%% x X) +(5x2 x 3x)
X3+ 15x3 = 16x°
(5) Thirdcolumn
X2
x 5x? T Verticd multiplication

5x*

@

©)

4x+1
X X+5
Xe+2x+1

x X2+3x+4

(2) 4x+2y 3 x=3y 4 x+4
X 3x+§)£ X x+§)£ X X+4
(6) 2x*+3y-4

X 3x+4y+5
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Division
ParaavartyaVidhi: DivisoninArithmeticand Algebraisdoneusing ParaavartyaVidhi.
ExampLE-33. Divide 7x2—5x+ 3 by x+ 1

SoruTtion :  Divisorx+1 7x> - bX +3
Modified divisoris—1 +7 -5 +3

-7 + 12

+7 =12 | +15

(1) Writethedividend and divisor intheir respective places. Thedeviation
of thedivisor x + Lis+1 and theinverse(revised value) of thisis-1, so
themodifieddivisoris-1

(2) Writethecoefficientsof thetermsof thedividend withitssigns.

(3) Sincemodifieddivisor hasonedigit, henceweleaveonedigitinthe
unitsplace of thedividend and makethelinefor divison.

(4) Thefirstdigit of thedividendthat is7 isthefirst digit of theanswer.
Writeitdownasitis.

(5) (Firstdigit of answer x modified divisor), the product of thesetwois
written below -5.

+7 % (1) =—7
(6) (-5) +(-7) =-12isthe second digit of the answer.

(7) Thesecond digit of theanswer x modified divisor, the product of these
two iswritten below +3 of thedividend.

-12 x (1) = +12
(8) Now wehavebeen crossed thedivisonline. Hence +3+12=+15
(9) Thequotientis7x - 12 and theremainder is+15

ExampLe-34. Dividex®+2x+12by x+ 2.

SorLuTioN:  Divisorx+2 X2+ 02 +2X +12
Modified divisor -2 +1+0 + 2 +12
-2
+4 -12
+1-2 +6 0
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ExampLE-35.

SOLUTION :

(1) Thedivisorisx +2andthedeviationis+2, hencethemodified divisor
istheinverseof this, thatis-2.

(2) Writethedividendinthereducing power of x. it doesnot havetheterm
X2, so wewritethe coefficient of thisasO.

(3) Modified divisor hasonedigit, sowedraw thedivisionlineleavinga
digit fromtheunitsplaceinthedividend.

(4) Thefirst coefficient of thedividend, +1, isthefirst digit of theanswer.

(5) Firstdigit of the answer x modified divisor = +1 x (-2) =-2 is written
below 0.

(6) +0+(-2) =-2, isthe second digit of the answer.

(7) Second digit of the answer x modified divisor = -2 x (=2) =+ 4, is
written below +2.

(8) +2+ (+4) =+6isthethird digit of the answer.

(9) Third digit of the answer x modified divisor = +6 x (-2) = -12, is
written after the line for division below +12. =12 + 12 = 0 is the
remainder after divisonline.

(10)Hence, the quotient +1 -2 +6 is written in the increasing order of the
powersof x from unitsplace.

Quotient =x2-2x+6

Remainder=0

Divide 4x3 — 5x-9 by 2x + 1.
divisor dividend dividend inthereducing power of x
2x+1 4x3-5x-9 E+0x2-5x-9

(1) Dividethe divisor by 2, so we get 1 as the coefficient of x, as the
maximum power of x in divisor needsto have acoefficient 1 for this
method.

Hence 2X+l= X+1
2 2

Dividend writtenwith thesignsof the coefficientsin thereducing power
of x




ExampLE-36.

SOLUTION :

@
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1
New divisor X+ E +4 +0 -5 -9
e 1
Modified divisor 5 -2 +1 +2
+4 -2 —4 -7

(1) Frstdigitof answeris+4

(2) Firstdigit of the answer x modified divisor =% x 4 =2, is written
below O.

(3) +0-2=-2, isthe second digit of the answer.

(4) Second digit of the answer x modified divisor =—%2 x -2 = 1, is written
below -5.

(5) -5+ 1 =-4isthe third digit of the answer.

(6) Third digit of the answer x modified divisor = -4 x (-%2) = +2, is
written after thedivisonline, below -9

(7) -9+ 2 =-T7 isthe remainder.

(8) In the quotient, +4 — 2 — 4, we have to divide by 2 because we have
divided the divisor by 2, hence the quotient is +2 — 1 —2 which when
writtenwith xis, 2x% —x—2

Remainder is—7.
Divide p(x) by g(xX) whenp(X) =x*+ landg(x) =x+ 1
dividend
xt+1
Wewritethedividend in thereducing power of x, and write the coefficient

Divisor
Xx+1

of thosetermsthat are not thereasO.

Dividend
x+1 X*+0E+0x+0x+1

Writethe coefficientsof thedividend withthesigns

Divisor

Divisor x+1 +1 +0 +0 +0 +1
Modified divisor -1 -1 +1 -1
+1

+1 -1 +1 -1 +2



Quotient x3—x2+ x -1 (we write the quotient along with xasx?inunits, xt inthetensand
soonintheincreasing power)

Remainder=2
Check of theanswer :

Digit sum of thedividend should be=Digit sum of ( product of thedigit sum of thedivisor
x digit sum of the quotient) + digit sum of remainder

LHS=2
RHS=(2x0)+2=2 Since LHS=RHS, theanswer iscorrect.




ALGEBRA

Let usknowt hehi storyof arithneti candal gelra. . .

If you look carefully at the things, events and phenomena around you and think about them, you will discover that all of
these are in some way related to mathematics. Whether we are buying or selling building something, setting our daily
routine or planning something big- we are using mathematics every where.

Relationship of mathematics and the world around us is not something new. Along with evolution of human
civilization journey of maths has also evolved. In this process of evolution human has tried to find solutions by using
numbers, along with awhol e range of symbols. As aresult of these attempts only this branch of mathematics, which we
call algebra, wasborn.

Algebraisthat branch of mathematics where numbers are represented using a phabets. However, the signs of
mathematical operationsremain asthey arein arithmetic.

Although modern symbolism of algebra was introduced only a few centuries ago, but the quest of solving
equations is ancient. Even 2000 years before the Chrishian Era also people guessed at how to solve equations.

The tradition of expressing algebraic equations in symbols started in the following order. It is estimated that
around 300 to 250 CE term algebrawas used in popular conversations. for example, x + 1 = 2 was said as “By adding one
to something, we get two.” In around 250 CE, we see shorthand symbols being used in Diophantus's ‘Arithmetica’.
Brahmgupta’s Brahmasfut Principle also enumerates similar things. This would have been written as- “when 1 is added
to x, we would get 2.”

It was in the 7" century that we started expressing variables and constant by way of symbols. Suchas- x+ 1 =
2 can be written in expanded form as: ax + b = c wherex isvariableand a, b and ¢ are constant numbers.

To learn how this must have happened, let ustry to solve ariddle that is often asked by the elderly in villages.
Look at this-

BT, BT, BT, arE!

It means- Inagroup of elephants and birds, we have atotal of 72 eyesand 100 feet. Now say how many of them
are elephants and how many of them are birds?

How will be solve this? We can solvethisby hit and trial method, like by guessing if there are 20 elephants, there
would be 80 feet. Inthat casewewill have 10 birdsto give usthe remaining 20 feet. So, inall we have (20 + 10) 30 animals,
which will give us 50 eyes. But, eyes we have 72! So, there must be some other solution.

Clearly, we will have to reduce the number of elephants. Think why.
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We can also start from this end- if there are 72 eyes, there must be 36 animals. If number of elephants is ‘E’, then
number of birds will be 36-E. Now, if we are to add the feet of ‘E’ elephants and (36-E) birds we know we will get 100. That
means, Ex4 + (36 - E) “ 2= 100. That is how we get asimple equation which will help us get the value of E.

We find evidences according to which between 800-500 BC, shulv- sutras (zrce: =) were created in India
These shulv sutras were used in creating vedis of different kinds. These sutras hold solution to the problems like how
to make vedis of different designs and shapes, keeping the area the same. Look at one example- how can we make a
rectangle that has an areaequal to a square? Although thislookslike a problem of geometry, we can also solveit with the
help of algebraic expressions. Suppose we have a square with side of length ‘a’. If we make a rectangle with a fixed length
‘I’ and we also know that its area is equal to that square. Then, what will be breadth of that rectangle? To solve this, we
get an equation:

axa=I|xh.

It isnot the case that thiswas solely developed in India. There were othersin all parts of the world who studied
this new branch in mathematics. Around 500-300 BC. Archimedes had figured out sum of the square of natural numbers.

A lot of work related to writing of arithmetic and number groupsin expanded form was donein Indiain the 6"
century BC. Similarly in 5" and 6" century AD Aryabhatt and Brahmgupta discovered different types of general sums of
number series.

They also figured out many different types of solution of general binomial and simple equations.

In India we get many examples of playing with numbers and discovering many general and specific waysin
which numberswork.

Therewasalot of exchange of ideasrelated to mathematics of I ndianswith Greek and Arabic mathematicstoo.

In 12" century Indiaagain alot of work wasdoneinthefield of derivatives, micro, mean valuetheroem etc. Later
on in 14" century further work was done in infinite series for sine and cosine. But this work could not be presented
systematically and other people could not understand its importance.

Today the algebrawe have isaresult of acombination of avaried efforts made in different countries.

Thisis not the complete history of airthmetic and algebra. The information presented here is collected from various
texts. Students and teachers can get more information about algebra from other sources too.




Inaclass, studentscame up with these numberswhen asked to think of al possibletypesof

numbers.
8, -108, 12 205
0.15, -0.37, 0 2
3 10 17 7
7k 9 19° 55
-3 105 -75 3.2323

Doesit cover al kindsof numbers?
Canyou giveexamplesof any other kind of number?

Discusswith each other and giveexamples.
How will weclassify thesenumbersonthebasisof their properties? Which properties
do wetake? Can we classfied these numbersas even-odd numbers? Can they beclassified

by any other method? How many different ways of classifying them, can therebe?

From\atural toRati onal

Manishaand Sdmaclassfied thesenumbersasN (Naturd numbers), W (Whole numbers),
Z (Integers) and Q (Rationa numbers) asfollows-
N w z

Q

0,8,105,12, 205,

0,8,105, 1,-3,-108,-55,

2 3

8105, 0,8,105, 12,205, =203,
12,205, 12,205, 1-108, 10 17
1 1 55 32323 -75, —,
9'19

-3

0.15

You writethreemorenumbersin al these boxes.
Aretheresomenumberswhich aretherein al theboxes?




1. Writethosenumberswhichyou haveinQbut notinN.

2. Writethose numbeswhich you havein Z but notin N.
3. Writethose numberswhichyou havein W but notinN.

All numbersthat aretherein box Q, can bewrittenintheform g .Inthispandqare

integersand g = 0, that means p can be any integer and q can be any integer except zero.
Theseared| rationa numbers.

Rashmi said that natural numbers, whole numbers, Integersareasoincludedin

rational numbers becausethey can bewrittenintheform s

Do you agree? Reshmagave some exampleslikeasfollows-

58 g% 00
1 1 1

Canyou look for such integerswhich can not bewritten inform of rationa numbers?
So we can say that the group of natural numbersareincluded in integersand the group of
integersareincludedinrationa numbers.

Natural numbers (N) and Integers(Z) followsonerule. Each number isonemore
than the previous number or the number onitsleft side; or onelessthan the next number or
thenumber onitsright side. That means distance between any two consecutive numbersis
awayssame, that isoneunit.

Nunfoer Li ne

To show whole number on number line, draw alineand mark pointsat equal intervals.
f——t——4——4—+—+—+—> Assumingany onepoint O, writel,2,3, ..... a

A

oFigll zZ 3 4 5 equa intervalsontheright hand side.

Nunfoer Li nefor I ntegers

: : : —» To show integers on number line, write

|

|

-2 -1 F_°2 1 2 3 4 -1,-2,-3,.e ontheleft hand sideof (Fig.1)
9 number lineasshowninFig.2.

We can seethat aswemoveto theright side, thenumber exceedsby oneand aswe
moveto theleft side the number decreases by one.



y TryThs

1. Show onnumberline—2,:43,:+4 2. How many stepsahead +2 isform -3?

Show ngRat i onal Nunfer s on Nunfber Li ne.

Canyou show rationa number g on number line?

158
Can you show 3'3'3 etc. onanumber line?

Rashmi showed them on number lineasfollows-

v v v
:9:-8:7:6:5:4-3 -2-1 12 345 6 7 829
3 33 3 3 33 3 3 3 3 33 3 3 3 3 3
& I | | I | | I | | I | | I | | I | | I | | I | I »
- | | | | | | | | | | | | | | | | | | | | | | | | =
-4 3 2 -1 0 1 2 3 4
Fig. 3

Inthis, shedivided each unit in three equa partsand then showed the numbers.

- 711 2
Smﬂarly,youdsotrymdshow5,3,—5.

4 Think and di scuss
2

-3281
What will you haveto doto show 5’555 etc. on number line.

Equi val ent Rati onal Nuntoer s &Nunfoer | i ne

1 2 4
Just as 5 isrational number, smilarly 2 g area sorational numbers. How to
we showsthem on number line? Let ustry and see.

-2 -1

-2 -1 1 2 3 4
2 2 2 2 2 2
« | | | | | | | | | >
| ' | ' | ' | ' |
-2 -1 0 1 2
-4 -3 -2 -1 1 2 3 4 5 6 7 8
4 4 4 4 4 4 4 4 4 4 4 4
P [ | | | | | L | | | [ | | | .
< B 1 — 1 1 — 1 1 1 . 1 1 | >
-2 1 0 1 2

Fig. 4 (i), (ii)



-8-7-6-5-4-3-2-1 12 3 45 6 78
88 8 88 8 88 8 8 8 88 8 88
< | I R T T N SR N A B R A B R | .
< | L L L | >
-2 -1 0 1 2
Fig. 4 (ii)
Thenpl 1:1 ber lineisasoth f E dESOlzﬂ
eplace o 2 on numper lineisaso the samertor 4 an g 2’4’8

which are equivaent rational numbers, occur at the same point on the number line.

How many rational number exist between tworational numbers— Whenwetakeany
two integers, we can find the number of integersthat lie between them.

TryThis A

1. How manyintegersliebetween5& 15.

2. How many integerslie between-3 & 8.

Canwedo similar counting for therationa numbers?

1 1
How many rational numberslie between 5 and 2 ? Discusswith each other.

3 1 1
Reshma said— Looking at the number line, 3 lies between 5 and 7

oo 1)
8meanshalfof > 72

3 1 31
Samasaid that between therational numbers§ and E,Wi” lie half of (§+§j which

L Againthemidpointof = and = is —
meanslG. ganthemi p0|n016an 2I532.

1 1
All theserational numbersliebetween 2 and 5 Similarly we can find more

rational numbers between thesetwo numbers.
Canyouthink that how many rationa numberswill lie between thesetwo?

Discusswith each other and find somemorerational numbers.

Weseethat asmany timesaswetry, wecan find new rational numberslying between
theserationa numbers.
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1
Now we can say that there are so many rational numbers are between 2 and

1
5 that we can not count them.

Thisistruefor any two rationa numbers.

| nnuner abl e Nunfer s bet ween Rat i onal Nunfber s

a, bareany tworationa number inwhicha<b
then a +a<b+a
2a<b+ta
or a<¥ ()
Agan a<b
atb<b+b
atb<2b

a+b
b ..
5 < (D)

a+b . ] a+b
Hence o ishetweena and b.i.e a< - <b

If we take any two rational numbersaand b, then there alwaysisone rational

a+b a+b
number S in between them and thereisa so a rational number between - anda

So wecan say that there areinnumerable numbers between any two rational numbers.

H ndi ngRat i onal Nunfer s bet ween Two G ven
Rat i onal Nunfoer s.

6

5
Wetaketwo rationa number azi and b:I'

Although there areinnumerable numbers between them, we can find
somenumbersusing thismethod.

. o 5 6 a+b 5+6 11
A rational number which liesbetween 1 and 1 :T:T:E




5_95x2_10

1 1x2

(equwalent rational numbers)

6_6x2_12
1 1x2 27

10 11 12
2 2 2

) 11 . 10 12
We can seethat therational number > liesbetween > and >

Similaty

5 5x3 15
1 1x3 3°

6_6x3_18
1 1x3 3°

Rational berEglbet EdE
i.e. Rational num $73 73 liebetween — and

Thus, we can find several numbers between two given rational numbersby using

5 6
equivaent rationa numbers. For examplewhenwe multiply 1 and 1 by 11, wefind 10

new rational numbers between thesetwo.

1 2
If wehaveto find 3 rational numbers between 5 and g,wewill multiply the

denominator and numerator of both rational numbersby one morethanthreei.e.:3+1:=4.

11><4 4

5 5x4_ 20 : (equivaent rational number)

2 2x4_ 8
5 5x4 20

14 5 6 7 8 _2

=< —<—<—<—=
5 20 20 20 20 20 5

Sothreerational biﬁllbetwldg
reerational number -, -4, o liebetween - and -




Find any 5 rational numbersbetween

1
Find 3 rational numbersbetween —

1
Find 11 rational numbersbetween—

5

3

g2
7an 7

1

and 7

gz
anZ.

Fropertiesof Rati onal Nuntoers

(i) WholeNumbersand Integers

Once again discussabout propertiesof numbersin brief. Start with closure property.

Completethetable given below by discussion. Pleasegivere evant exampleinthis

table.
Numbers Operations
Addition Subtraction Multiplication | Divison
Whole a+biswhole Itisnot closed Itisclosed Itisnot
numbers |numbersfor any two| because5-7=-2 |—————— closed
wholenumbers isnotawhole  |—————— because
5
a& b, whichmeang number. 5+8: = 3
itisclosed under isnota
addition whole
(X0 —— number
Integers | —6+4=:—2 isa Itisclosedbecausel 5x 9=45 Itisnot
integer. Integers abisasoan -5%x 9 =-45 closed
areclosed under integer for any and because
theaddition. twointegersa—b. -5 x(-9)=45  [—————
(o U aedlintegers.  [—————
[=Xo RS Generdlywecan

Bay@hat aG® isan
integer for any
twointegers

a& b.eg....




(1) Rational numbers- ClosureProperty

(& Addition
) 2 5

Assumetwo rationa number 71

g N § _16+35 g

7 8 56 56

51 . . )

Theresult 6 isagainarationa number.

-19 o
8+ - )= Isit rational number?
2 2 i .
2 + - = Will theresult bearational number?

Check this property with other numbers.

3+§, 0+1, Z+g
7 2 2 7

We seethat by adding any two rationa numbers, theresultisal so arational number.

If a& barerationd numbersthena+ b will dso bearationa number. So, rationa numbers
areclosed with respect to addition.

(b) Subtraction
. 5 3
Assumeany two rational number 9 and e
h 5 3 _ 5x4-3x9 _ 20-27 _ 7
M9 % 3% 3 36
- . . —7
6 isrational number: (because —7,:36 areintegersand 36 isnon zero, so 6

asoarationa number.)
Examineit with respect to thefollowing rational numberstoo.

2_3 _u9 sitarationsl number?
0] 3 - 51 sitarationa number?
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. 48\ 11 . ]
(D) 9) 1B~ Isthisarational number?

Wefound that for any two rational numbers, their differenceisaso rational number.
So rational numbersare closed with respect to subtraction.

For any tworational numbersaand b, a—b is also a rational number.

(c) Multiplication
Please consder thefollowing

1 3
Ix==2
0) 575
, 6 -11  -66 _33
(i|) — X — = — = —_—
5 2 10 5
n § X E =
(i) 772
2 19 _
W) 1 13"

We seein al examplesthat the product of any two rational numbersisarational
number. Please multiply somemore pairsof rationa numbers. Check whether their product
isarational number or not? Can you give such rational numberswhose product isnot a
rational number? Therefore, it showsusthat rationa number are closed with respect to the
multiplication.

For any two rational numbersaand b, ax bisalso arational number.

(d) Division
) 2 7
Taketwo rational numbers§ and §'
th Z*Z— Exﬁ_ﬁ hichisarationa ber?
er13-8 3 *7 21W|C|sar|on number?

Checkout it with some other exampl es.

5 .,.5.2 _ 5 1_5
0 7 ' 72

—
=
|
I
|

[
[
I




(i) 131 13 = =

Weseeinal above examplesthat when wedividetwo rationa numbers, theresult
isarationa number. Now canwesay that closure property istruefor thedivision of rational

numbers?

5
Come, let usexaminethis: 0, 5 arerationa numbersbut 0 isundefined. So that

group of rational numbers'Q' isnot closed with respect todivision.

If we remove zero from the Q than this group becomes closed with respect to
divison.

TryThs A
If weremove zero fromtheset of integers, isit closed with respect todivision?
Similarly checkout for whole numbers.
Completethetable.
Numbers Closed under
Addition Subtraction | Multiplication Division
Natura number YES | e | e | s
Wholenumbers | e | e | e, No
Integers | Yes | e |
Retiond number | .o | AT —
Gonmut at i ve Property

Come, Let usrecd| thecommutetive property with different operation for both wholenumbers
and Integers.

Completethefollowingtable:
()  Wholenumbers

Operation Examples Comments
Addition 2,:3 arewhole numbers Wholenumbersare commutative
2+3=5and3+2=5 with respect to addition
S 2+43=3+2
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Subtraction Is3-2and 2-3 Itisnot commutative.
thesame
Mutiplicstion ~ [------ [ --mm--
Divison 4+2=7 2+4=7 |-
Is4-0@m@ =@
(i) Integers
Operations Examples Comments
Addition Additioniscommutativein
integers
Subtraction 2,3aeintegers. | ...
2-(3)=?(3)-2="7
Is2-(3)=(3)-2="7
Mutipliction | ... . | ...
Divison | ... Divisonisnot commutativein
intergers
(i) Rational numbers
(& Addition
_ 5 -3

Takerationa numbers > 2 .Addthem.

5. (-3)  2x5+1x(-3)  10-3 7

2 4 4 4 4

ad (—3) +§ _ 1><(—3)+2><5 _ -3+10 _ 7

4 2 4 4 4
5, (-_3j _8,>5
So, 2 4 4 2

Now check this property with somemore pair of rationa numbers.

5 1 5 5

1 1
i = - = ==4+Z=9
Taketwo rational numbers 5 and 7 Is 517 s t5

3323



Canyou suggest any pairsof rational numbersfor which thisruleisnot true?

We can say that for any two rational numbersaandb, a+b=Db+a. Thus, rational
numbersarecommutative under addition.

2 7
(b) Subtraction : Taketwo rational numbers - and 3

3
2 7 621 5 7 2 2116 5
3 8 2 2q g3 24 24
2 7,7 _2
3 8 8 3
Check these
5 5
2.2 _2_92,
Is2-5 =,
1 3_3_1
2 5 5 2

Thus, we can say that subtractionisnot commutativefor rational numbers.
Hence for any two rational numbers a and b, a-b = b-a.

-5
(c) Multiplication : Taketwo rational numbers 2 and =

-5 -10 -5 -10 -5 -5
2 —_ —_ —_— 2 = — _ = 2
X - 7 - X - Therefore 2x 2 2 X

(322
Is =X |=|—|*X|=|?
2 4 4 2
Check out it for somemorerational numbers.

We concludethat rationa numbers are commutative under multiplication.
i.e. axb=Dbxa foranytworationa numbersa& b.




(d) Division

7 14 14 7
$379 T 9737
7 14 7 9 3 Y
RS T i
1 2 3 1
LA
3 9 9 3
Thus, we can say that divisionisnot commutativefor rational numbers.
y TyTs
Completethetable.
Numbers Commutativity under
Addition Subtraction | Multiplication| Division
Natural numbers Yes No Yes ———
Wholenumbers ——— ——— ——— No
Integers ——= ——= ———— ————
Rationa numbers — —— —— No

Associ ati veRroperty

Recall the associativity of whole numbersrelativeto various operationsi.e. Addition,
Subtraction, Multiplicationand Division.

() Wholenumbers

Completethetableby giving necessary examplesand comments.

Operation Examplesof Wholenumbers Comments
Addition 2+(3+0)=2+3=5
(2+3)+0=5+0=5 [ -------
=2+B8+0)=2+3)+0 | -------
at(b+c)=(a+tb)+c

For any whole numbers a, b, ¢




Subtraction (4-3)-2=7? 4-(3-2) =7 Subtractionisnot
Is (4-3)-2 = 4-(3-2)7? asociaive
Multiplication | ----------mmmmmmmmm oo Multiplicationis
associdtive
3 5 10
Division 2+(3+5)=2+==2x=== Divisionishot
5 3 3
2 21 2
2+3)+5=—+5=—x—=— as0ciati
(248) = 5=5+5=2x5 =15 Aive
2+(3+5) #(2+3) +5
(i) Integers
Recall theassociativity of integersreativeto al operations.
Complete thefoll owing tablewith necessary comments.
Operation I nteger swith examples Comments
Addition 2+[(-3)+5]=2+[-3+5]=2+2=4
[2+(-8)]+5=[2-3]+5=-1+5=4
For any threeintegersab,c
at(b+c)=(a+b)+c
Subtraction Is6-(9-5)=(6-9) -5?
Multiplication| [1s2x[7x(-3)] =(2x7) x (-3)?
Dividon 10 + [2+ (—5)] =10+ _—2:10><_—5 =-25
5 2
Now
(10+2)+(—5):E+(—5):5+(—5):£5:—1
Thus 10 + |:2+(—5):| #* (10+ 2) + (—5)

(i) Rational numbers-Associativity
(a) Addition

2 1
Assume that three rational numbers are -, 5, =

7

2

. Examine if



4477 81
14 14

2. 05, (1 L1]_2 [1041
LHS. =3 >11=7 =54

2 1 2+35)] 1 37 1 74+7 81
RHS.=|c+3|+|Z|= +o=" == -9

7 2 7 27 2 14 14

: i, §+(i‘j 1.3, ﬂj
Fmdout.2 273 and 577 3

Arethetwo additionsequal ?
Check out the associativity of rational numberswith some moreexamples.

We have seen that rational numbersare associative under addition.
Therefore, for any threerational numbers a,bandc,a+(b+c) = (a+b) +c.

(b) Subtraction
Takethreerational numbers =, ~ and —
etnreeraliona num 32’4an 4
SHERNERE
Check 271273 )| 7|2 3| (4
1 |3 (5 1 (3,51 (8
LHS=5"1271 72 = 2 g4 4) 2 |4
_ 1,14 3
2 2 2
GHE -
RHS =572 = 4 4 (4 )%
145 4
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LHS # RH.S.

Wefind out that subtraction doesnot follow theruleof associativity inrationa numbers.

Therefore, for three rational numbers a,band ¢ ; a—-(b-c)=#(a-b)-c

(c) Mulitiplication

2
Takethreerationa numers 3’

RGN

LHS =RH.S
Check this.

Find 2x(%x3j and[Zx%jxs
Is 2x(1x3j - (2x})x3
2 2

.5 (3 7 5 3) 7
Find3 X |5*zand | 3%X5 | X%

3 \7 5 3 7)) 5

5 (3.7
IS_X(_X_j: §x§ xz
3 \7 5 3°7)°s

Inall abovesituations, weget that L.H.S.=R.H.S.
Thus, multiplicationisassociativein rationa numbers.
Hence, for any rational numbersab,c; ax (b x c)=(ax b) x c.



(d)

Divison

Takethreerational number like—

2 (3 1 2 3 1
SRE
3 4 7 3 4 7

Lns=2.(31)2, (3,7 2.2 2,
e 4°7) 3 \4 1 "4 3

_(2.3).1_(2 4.1
RHS=1372)777(373)77
1

LHS # RH.S.
Therefore, for any threerational number a,b,c ; a+(b+c) #(a+b)+c.
Thus, divisionisnot associativeinrational numbers.

y TryThs
Completethetable.
Numbers Associativity under
Addition Subtraction | Multiplication Division
Natura numbers Yes NO | e | i,
Wholenumbers | e | s | e No
Integers | e No Yes |
Rationd nuUmbers | e | i | e |
Rol edf Zero

Canyouthink of anumber, which added to any number, givesthe samenumber? When
zeroisadded to any rational number, we get the samerational number.

For example—
1+0=1and0+1 =1
—-2+0=-2and0 +(-2)=-2




E'+O:E'and0+E':E'

3 3 3 3

Hence, wecall zero asthe additiveidentity. Thestatment of thisproperty is presented
below.

If arepresentsany rational number, thena+0=aand O+a = a
Istherean additiveidentity in natural numbers?

Fol eof 1

Fill intheblank boxesgiven below:

[ ]x3=3 and 3x []1=3

-2x[ ] =-2 and ] x —2=-2
7 7 7 7
g <=3 and 1xg =3

Haveyou seen something specid inthe above products?

We can seethat any rational number when multiplied by 1, we get the samerational
number asthe product.

Wecantell that "1 isthe multiplicativeidentity for rational numbers.

15
For example, wedo thefollowing when wewrite = inasimplified form.

15 35 3

3 . 3

5
=— X—= X
5 10 10

50 10x5 10

3 3
Where we are write that D x1= 0 there we use the identity property of

multiplication.

TheExi st enceof | nverse
() Additiveinverse
3+(-3) =0 ad -3+3=0
5+5 =0 ad 5+(-5)=




[—%) +2=0 and 7+ [—%} =0

Inthefirst example—3 and:3 areadditiveinversesto each other, becausewe get: ‘0’
by adding those. Any two number whosesumis ‘0" are called additiveinversesof each
other. Generaly If a isrational number a+ (—a)=0and (-a) +a=0.

Then 'a, '-a' areadditiveinverses of each other.
Theadditiveinverse of 0, remains 0 because 0:+:0:=:0

(i)  Multiplicativeinverse

2
Which number should bemultiplied to arational number 7 togivea product of 1?

2 7 7 2
Wesee —x—= =1 and = x==1

72 2 7
Fill inthefollowing blank boxes.
2 x = 1 and x2=1
-5 x = 1 and x5=1
-17 1 ad -17 1
— X = X — =
19 19
1x?2=1
-1x ?=1

Any two numberswhose product is1” are called multiplicative inverses of each
other.

1 1 1 o
For example, 4><Z=1and 2 x4=1, therefore number:4 and 2 aremultiplicative

inverses of each other.

Exﬁzl dﬁxﬂzl the rational b = caled
o andb ,erlonnumerdls

a
multiplicativeinverse of the second rationa number b

We can say that if



% Mamewams-X
Fat 1 onal Nuntber andt hel r Deci nal Form

If wewant towritedecimal form of 1.75 0.8181 1.1666
797 o 417 111 9.0 6|7
2116 etc. wewill divide 7 by 4 88 6
4,9by 11 and 7 by 6. 30 20 10
28 11 6
20 90 40
20 88 36
0 20 40
11 36
Dotheca culation and match with thetable. 9 40
1. Remainder=:3,:2,:0 Divisor:4 Sf
2. Remainder:=:2,:9,:2,:9,:2,:9,:....... Divisor:11
3. Remainder:=:114444... Divisor:6

Look at theseremainders. Can you seeanything specia ?
1. Ondividing by 4, remainder iszero after one point.

2. Ondividingby 11, 2 and 9 keep recurring asreminder turn by turn.
3. Ondividing by 6, theremainder is4 repeatedly after thefirst time.
4. Whenthereisarepetition of theremainder thereisalso arepetition observedin
quotient.
Tounderstand this, let usmakeatable.
Number | Quotient Analyss Concluson
7
2 1.75 Remainder iszero after thetwo places of Terminating
decima decima
9
11 0.8181....| Thereisarepetition of thedigitsafter first two | Non- terminating
placesof decimal recurring decimal
7
s 1.166......... Thereistherepetition of thenumber which | Non-terminating
comesafter thefirst decimal place. recurring decimal
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Wefindfrom thistable-

7
Reminder iszero after afew decimal placesin number e Someother exampleof

: 1 7 : _— : N
thisare 'S 0.5, e 0.875 etc. Such decimalsare called terminating decimals, inwhich

numbersafter decima point arelimited.

9 7
Therepetition occursinthe quotient after afixed placein numberslike 16 We

7 - 9 N
alsowrite g=1-1666--- oras 1.16. Similarly, write 1—1=0-8181--- as 0g1. Thisis
non-terminating recurringi.e. unlimited and somegroups of digitsarerepested after some

placesof decimal.

y TyThs

1. Writetwo such rationa numberswhose decima formisnon-terminating recurring.

:2. Writetwo such rational numberswhosedecimal formisterminating.

Wi tingt heDeci nal Fornof Rati onal Nuntoer i nitsGneral
Form

When wewritedecimal form of anumber asform g than we understood the number

better. Let ustake somerecurring decimal numbers-

_ . p
ExampLe-1.  Express1.555........ := 15 inform of a .

SoLuTioN :  Assume §= 1.55555.................. (i)
multiply both sidesby: 10.
102 =15.5555 ..ooocre (i)
subtract equation (i) from (ii)

105—% ~ (15.55555......) — (1.555.......

oP_14
q



14
9

oo

ExampLE-2.  Toexpress 73456 intheformof

q
p S
SoLuTion:  Assume a = 7.3456 = 7.3456456. ............
Multiply bothsidesby 10.
10P ._ :
q T 74O (i)

Multiply both sidesby 1000 in equation (i), weget

p
100006 :=:73456.456456:

...................... (i)
subtract equation (i) fromequation (ii).
9990 P 73383
q=
p_ 73383
g 9990
p_ 24461
g 3330
Changethefollowing decimalsintheform g
@)  12333.., (i) 388... (i)  3.204343........

_ Eercise21

1. Giveexamplesfor thefollowing statements.
(i) Anumberwhichisnatura number, wholenumber andinteger.
(i) A number whichiswholenumber but not the natural number.
(i) A number whichisrationa number but not the natural number.




2. Find 3rational numbersbhetweenthe6 & 7.

4 5
3. Find5rationa numbersbetween 7 and 7

2 3
4. Find 3rational numbersbetween 3 and e

5. Find any 4 rationa numbers between —1 and:2.

9

5
6. Writeany 3rational numbers between 0 and 0

7 7
7. Represent theg and 3 onanumber line.

8. Changethefollowingrationa number to decima form and find what kind of decimal
formthey are?

126 .. 335 22 , 118
)~ Okre (i) =~ v) ——5~

9. Expressthefollowingdecima numbersin g form.
(1)0.53 (i) 16.8 (1) 10525  (iv) 7.36

10. Changethefollowingdecima numbers in g form.

() 0.70 (i) 8.39 (ii)3127 (V) 5125

Irrati ona Nunbers

9
So far we have seen thedecimal conversion of rational numbers, for example, 8- 0.5,

7 —
. 1.166... .... =116 It isobvious from these examples that their decimal forms are

ether terminating or non-terminating but recurring. Can you think of such numberswhich
arenon-terminating but not recurring?

1414213 ..o
1.7320508 ........ccoceueenee.
2.2360679774 ........occvvvnne.



Asyou can seein the above examples, neither do the decimalsend nor do they
repedt. Thesearecaled infinite non-recurring. See more such numbers. It can not bewritten

intheform of g

Similarly, \/3=1.7320508075... ... ... ...
5 =2.2360679... ...... ..

. P . )
These too can not be written in the form of — . i.e. those numbers which are not

q

the perfect squares, their root is an irrational number. It means +/4, /36 is rational

2 6
number because V4 =2= 7 and J36=6= 7 but J3 and /7 is not a rational

number.

TyThs A

IdentifytheOrationaldhumber,GrrationaldhumberGnCfollowingOhumbers.

9
OV6 )7 () B 05 O

p (Pi)
T0:=:3.14159265380...........

7 (Pi) isanirrational number whichisapproximated astheratio of perimeter to
thediameter of circle.

Perimeter (o
=

 Diameter d
Doesthismean that at |east one of thetwo numbersintheratioisirrationa or isthereno
such rationa number which when multiplied to diameter to give usthe perimeter. Often

22
weassumethevaueof « & but thisisjust an approximatevaueof r.

HaceDetermnati onof Irrati onal Nunfber on Nunfer
lire
Wehave seethat severd rationa numbersarefound between two given rational numbers
and these can be shown on the number line. Isthere any placeis blank between these
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rational numberson number line? If theirrational numbers can a so shown on number line
then we can surely say that rational numbersdo not cover thewhole number line. Let ussee

how we can determinethe placeof /2 onnumber line.

ExampLe-3.  Locatetheplaceof /2 onnumber line.

Draw aperpendicular AB onpointA (Fig.5). Takethelengthof AB =1 unit. With
the help of compassdraw an arc of radius OB with O asthe centre. It cutsthe number line
atapoint P. Becausethevaueof OB is /2 ,500Pisaso /2. It meansPisthepoint on
number linewhich represents /2 . Hence, there can not be any rational number at this

point.

B
ek
« | | | | A | | | >
) I | I I ol | P I I I g
-4 -3 -2 -1 0 1 2 3 4
Fig.5
Similarly, Wemay locatetheplaceof /3 on number line.
Drawn aperpendicular AB at point A on number line (Fig.6), Where we take
AB =1unit. JoinO to B, then oB = /2.
Weassumethe centre'O" and cut thearc with OB asradius.
Thisarciscutsthenumber lineat apoint P. Draw aperpendicular CPat Pwhere
CP="1unit. Join Oto C. Assumethecentre O and cut thearc with OC asradius, which cuts
thenumber lineat the point Q. The distance OQ shows /3.
Point Q correspondsto /3.
< | | | | | | | S
) I I I I I I I "
-4 -3 -2 -1 2 3 4




1. Following numbersarerationa or irrational ?

0 81 @i —J625 (i) V11
(v) - % (V) 3.232323............ (M) 5.7070070007...

2. Locate \/5,/7 onnumberline.

3.  Locate —/2,—/5 onnumberline.

Real Nunioer s

If weshow al therational and irrationa numberson the number linethenwill any number
remain on number line? No, the collection which we get by combining therational and
irrationa number, will cover thedl pointsof number line. Thisbig collection (set) isknown

asrea numbers.

(per at i ons onReal Nunber s

Wearedoing operations of addition, subtraction, multiplication, division of rational numbers.
We have seen that the addition and multiplication of rational number isalwaysarationa

number. Doweawaysget anirrational number whenwedo operationsonirrationa numbers?
Seethefollowing examples—

J5+(-5)=0
V3x3=49-3
J5

X1

J5

Inall these, the numberswhich wegot after operation, arenotirrationd. It means
the addition, subtraction, multiplication & divisionof irrational numbersdoesnot aways
giveanirrational number.

1. You take someirrationa numbersand check by doing operations.
2. Find atleast 5 exampleswherewe don't get irrational number after doing some

operationson them. Alsothink of suchexamplesinwhichweget irrationa number
after doing operation.
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|dentifyinglrrati onal Nnoers

Weknowthat +/3,/5,/6,/8, /10 €ic. areirrational numbers. However 1, /4,/9

arerational numbers, but are 51 \/2, /3-1, % and other such numbers irrational

numbers? Let us see-

0]

(i)

)

Weknow J2 =141421....

J3 =1.73205

J5 = 2.23606....
Therefore, 54,2=641421 ... Thisrepresentation is non terminating and non
recurring. SO (5+ \5) isnot rational number.

J3-1=(1.73205........) -1
=:0.73205.....cccocc... isnon terminating and non recurring.

Therefore /3 -1 isanirrational number.

32 =3x(1.41421 ... ... ... ..)
=I424263........... Isnonterminating and non recurring decimal
number.

Therefore 3,/2 isanirrational number.

V5 2.23606.....
2 2
=:1.11803............. isnon terminating and non recurring decimal number.

Therefore g isanirrational number.

What can be concludefromthis?
By aboveexampleswe can say that addition, subtraction, multiplicationand divison

between onerationa and oneirrational number isawaysirrational number.

Supposeaand b aretwo positivereal numbers. Then

)  a/b+c/b=(a+c)}/b



@) a/b-cvb=(a-c}b
@)  Jab=+ab

v (Va+b)(Ve+d)=+ac+ad ++bc +bd

(Where c and d are positiverea numbers)

v) (Va+vb) (Va-+b)=a-b
vi) (a+vb) (a-vb)=a’-b

A
- S 1 Solvethese-

() 3v2+3/2 (i) 3V6.23
o 2 Subtract 5./3+7./5 from 3,/5+7./3.
W s Multiply 63 by 13/3.

4. Solvethese-
(i) (3+3)(2+2) (i) 3(2++3)(2-3)
(i) (V5 +2) iv) (V5-2)(V5+2)

Sone ot her Qperat | ons
Whenthereareseveral partsinareal number, then how do we add?

How canweadd ab +cy/b +evb ? Thisaddition:= (a+c+e€)\p
Similarly other real numberscan be added.

ExavpLe-4.  Add 7,/3-55 t0 9,/3+74/5:.
SoLuTION . 94/3+7/5+7/3-54/5
=93+ 743+ 7/5-5J5



= (9+7)V3+(7-5)5
= 16\/§+2\/§

ExavmpLe-5.  Subtract 3,/2 —2./3 from 3,/3-2,/5.
SOLUTION : 3\/5—2\/§—<3\/§—2\/§)

=3J3-2/5-3/2+2/3
=3J3+2/3-2/5-32
=(B3+2V3-24/5-3/2
=5J3-2/5-3/2

ExavpLE-6.  Solvethefollowing-
(i) V3x5 (i) 243x 742 (ii}) 2++/5) (2-+5)
(iv) («/7+«/§) (\/§+\/§)
Sorution (i) V3x+/5=13x5=115
(il) 23x 742 = 2x7\3x2 =14/6
(iii) (2++5) (2-+5) =4-5--1
(iv) (ﬁ+J§) (\/E+\/§) =14 +/35+/6+4/15

Rat i onal 1 si ngt he Benonnnat or

1
Wehave shown /2 onnumber line, then can we show 2o number line?

Making arationa number
of thedenominator means
‘rationdisation’

1
What isthevalue of ﬁ .

i1
J2 141421377

Canwedivide1lby /2 =1.414213... ? Thisisnot easy. Because ,/2 is non

terminating and non recurring decimal number. Inthissituation we needto rationalisethe
denominator.



To rationalise the denominator we multiply both numerator and denominator of
1
> by /2.

J2-

X

thisishalf of \/2.

N1
l\)llll—‘
NI

1
V2

N

onthenumber line?

N

g ishalfof \/2 ,ThisishetweenOand 1.

1
ExavpLe-7.  Rationdisethedenominator of 1 ﬁ'

1 1 447 — .
SOLUTION: 4_J7 47 xrﬁ [theralondlsngfa:torof(a—\/B) |s(a+\/5)]

_ 4447

C16-7

_ 4447
9

ExavpLe-8.  Rationaisethedenominator of 3172

3-V2 3-V2 3-\2
: _ . b) is(a—b
SoLUTION 312 3+\/§x3—\/§ [theraﬂoneilsngfa:torof(a—l—\/_) |s(a \/_)]

3x3—3xv2 —2x3+/2x2
T @
_9-6V2+2

- 9-2

_11-62
7




TryThs

Rationdisethe denominator.

0 4++/5 (i) 7+4Y3 (i 7+4J3 2445
Simplify:—
() 74/3+114/3 (1) 5727

Findthesumof 2,/2 +3,/5 and 5,2 -2./5.

Subtract 3,/5+5,/7 from 87 —-5,/5.

Smplify.
(i) (2+v3) [2-v3) (ii) (5+5) (5-+5)
(ii) (V2++3) (V3+V8) () (y7-3f

Rationdisethe denominator.

1 2 J21
0 5 i 7 (iii) NG

If aand b are two rational numbersthen find the value of aand b in following
equtions

0] Zt—£:a+b«/§ (i) ﬁi£=a+bw/ﬁ
Simplify
5443 2-v3 2443 2-3 B-1

0 > B W TRt B B

: 1
If x=3-2,/2 thenfindthevalueof x+ e




Wat Have V& Learnt |,

1, Any number issaidtobearationa number, if it can bewritteninform ap (g=0)

wherep and qareintegers.
2. Any number issaid to beanirrationa number, if it can not bewritteninform

g(q #0) whenpand qareintegers.

3. Tofind arational number between two rational numbers, take average of both
rational numbers.

4. There are so many rational numberslying between two rational numbersthat
they arenot countable.

5. Decimal expangon of arationa number iseither terminating or non terminating
and recurring.

6. Decimd expansion of irrational number isnon terminating and non-recurring.

7. J2,4/3,4/5,n aeirrational numbers.
8. Weget aset of real numbersby combiningal rationa andirrational numbers.

Q. Every point on the number line corrospondsto auniquereal number and every
real number correspondsto aunique point onthe number line.

10. By adding, subtracting, multiplying or dividingarationd and anirrationa number
givesusanirrational number.

o . 1 o Ja+b
11 To rationdization of the denominator of Ja-b , Wemultiply it by m

when aand b areintegers.




Exponent

Nidhi, Mayank and Reshmi wereasking each other questionsabout numbers-
Nidhi- What will we get when we multiply ten thousand by onelakh?

Reshmi- Hundred million which isthe sameasonebillion. But do you know
how many zeroes aretherein thisnumber?

Mayank- Thesewill be 9 zeroes becauseten thousand is10* and onelakhis10®
and 10*x 10°= 10°.

Mayank- My turn now. There are seven boxes. Each box isinsideabigger one.
The smallest one has 2 beads and the next bigger box hastwiceasmany and so
onfor every next box. Thenhow many beadsaretherein &g
theseventh box?Itisvery difficult, it will takeyoualongtime.

Nidhi- Why? 7 box and the numbersis doubled each timethat
means2x 2x 2x 2 x 2x 2 x 2 means 2’= 128.

e Reshmi- But | et ustry and dso find out thetotal numbersof beads.
2’ Discussamong yoursdvesand find out thetotal number of beeds.

TyThs

1. Therearefour ricegrainsinoneof the square of the chessboard. In the second
sguare next to it, the number of grainsisfour timesof that, inthethird square
number isfour timesof second and so on. Tell mehow many grainsof ricewill
bethereinthefourth square. Writeit in exponent form?

2.  Solvethese-

(i) 3«3’ () 17%17x17%x17 (i) 5x3x3x3x3
_ 2% f2Y 2 2 2
(V) (5 *H V) 5535

3.  Distance between Sun-Earth isapproximately 150000000 kilometer. Writeit
asan exponent?
You can also preparethree question of thiskind and givefriendsto attempt to
solvethem.



MATHEMATICS - IX '
Laws of Exponent

If aisarea number and m, n areintegersthen,

1 Ruleof multiplicationis g™« g" = g™"
ooocat

2. Ruleof d|V|S|on|s¥ =a" "(a=0)

3. Rule of powersof exponent is (a’")n =a™

4. (ab)m =a"xb"

c [ejm_ﬁ
' b b™

6. Meaningof &

m
a m-n

—=a = whereax0
a
if

m=n, then

a' o
_m=a

a
1=2a°
Therefore g° =1

1 . 1
—oram= —
a™ am

7. an=

ExampLe-1.  Smplifythese-

6 214 . &5
O $eg @) @3] ELXE

Sorution: (i) P «g?
=3 x (32)4 =3 x 3> {(am)“ _ am><n]
=P xF =39 [am xa = am+n]

=3




S Eeowr

6

@i  (4x3*x 2

26 a|"  a"

:(44X34)XF b Tpm| o [(ab)m:amxbm
o6

(9244

_<(2) ><34)><—(22)6
6

:(22X4><34)><2§Xs [(a””)n =amxn]

26 a" m-n
=28X34><?:28X34X26—12 Pk
=28x3x2°
_ P03 — 23 a"xa" =a™"|

4
(i) — (@™ =a
_68><465_68:5_6_1j [amxan_am—i-n]
6 6 6
m
_ 613—4 _ 69 Z—n =a™"

Smplify thefollowing-
0 %

o (9x3°
W e




MATHEMATICS - IX

y

Negat | ve Exponent s

We know that numbers can bewritten in theform of other numbersand their exponents-

Like-

lkilometer  =1000 meter =10°meter
1 hectometer =100meter =10°meter
ldecameter =10meter =10'meter
1 meter =1meter =7

Herethe number are expressed in the standard form of powersof 10.
If we haveanumber smaller than 1, then how do wewritethat -
Todothat let uslook at the following pattern-

1
ldecimeter = 10 meter = 10! meter
1 centimet —i eter = 102 met
centimeter = 7o meter =10 meter
ili = — =103
Imilimeter 1000 meter = 103 meter
Asshown ab te— = - =10"
sshown above, wecanwrite 7 =7
11 12:10,2
100 10x10 10
! _ 1 = 13:10*3
1000 10x10x10 10
T 10
ismeans ;o

=10"?Discuss.

Theni =
enis 7o



~ Eovouar 1

1
Wewrite42 as — . Similarly, wecan write-

4
s 1
5 6 = E
Let usconsi der somemore examples-
1
5 ¢
1 ~
A
1
"3
From the above exampleswe can see-
1=6%x63
1=9>x%x92
Fx3I3=1
. _ m 1
Using thesewecan say that for any rational number 'a (otherthan'0) @ — = PE
whichisthemultiplicativeinverseof gm.
because g« g™ — g™ M _ 50 _ 1, where'm'isaninteger.
TryThs
1.  Expressthefollowing numbersinexponent form-
1 ,L o1
U W 23 W Toe

2. Writethemultiplicativeinverseof-

H 1 N
0) 10° (iN) > @iy pr (V)
3. Simplify eachof thefollowing-

2
(i) ((52)3><5“)+56 (ii) 22><%><$1 (i) 142x132)+6"*



ExampLE-2.

SOLUTION :

ExampLE-3.

SOLUTION :

ExampLE-4.

SOLUTION :

Simplify each of thefollowing-

(i) 3*x38 (i) (-2 °x(-2*
8 _i -m :i
()  Weknowthat-3 "~ = F a o
Hence, 3Fx38 =34><%:§
_g+8 _ 34
1 1 1

A A R e

1 -7
= = —2
2 (=2)
Findthevaluesof -
1 4
» , L y 4
1 1 1
e R—
0 5?2 5x5 25
1
(ii) F:ZG:2><2><2><2><2:32
7
(iii) ra —47 = —4x4x4=64
Findthevaluesof -
4 -3
) 7] M) 4x167%x4°
i]‘3 _ @7 s, 1 e]”‘_ﬁ
(i) 7 - (7)—3 7—3 b bm




(i)

ExampLE-5.

SOLUTION :

73
v

-m __

_ TIxTx7 343
 4x4x4 64

44 x 1672 x 4°
A0
© 162

44 % 4°

= (42)2

Simplify-

13 1°2
- 3—3_2—3]+5—2
_[F_2|.5|_(27_8).
SleE) e )
_@7-g-25-2

25

a

a

weknow that a™" = im anda™ = 1

—m




o3
ExampLe-6.  Simplify- [E] X[ 2

sowren: (3] (3]
LUTION . 5 4

372 (21
ExampLe-7. If X= [—] X[—] thenfind thevalueof x=2

2 3

3% (27
SOLUTION : XZ[E] X[E]

2 -4 m
x:3—><2— Weknow[—]

22 3
_32 34_32+4_36_
BT PRI

-2

<=3 -8

2 2
o2 80 2% [3]12

2—12 31.2 3

ExampLe-8.  Simplify-

2m+1 3m
3 x 9

@) T (ii)

25

a+b

X

X

a+2b

ya

y

b

a-2b




2m+1 3m
3™ x9

34m+1

Sorution: (i)

32m+l > (32)3m
= T

2m+1 6m 2m+1+6m
3% 3 3

34m+1 - 34m+1

38m+1

= T _38m+1—4m—1
Pm+l =

— 34m

a+b

. X0y
(i) a2 a2b

Xy

_ —(a+2b) —(a-2b)
=Xa+b><yab><X+ Xy

— Xa+b—a—2b > ya—b—a+2b

Expanded For mof Deci nal Nuntoer s

Expanded formof 328is-
328=300+20+8
=3x100+2x10+8x1
=3x10% +2x10"' +8x10°
Similarly, 4158 = 4x1000+1x100+5x10+8x1

=4x10°+1x10% +5x10" +8x10°




MATHEMATICS - IX

Similarly, if weexpand 132.28 we get the number in theform of exponents-

0+2xi+8xi
10 100

=1x10°+3x10'+2x 10°+ 2 x 10 + 8 x 10?

TryThs
Writethefollowing numbersin expanded form of exponents-
(i) 15.1 (i)  512.23
(i)  537.204 (iv)  205.003

S andar d Represent at i ons of \ery Lar geand \ery
Sl | Nunfer s

Large number such as- The diameter of the Sun isapproximately 1400000000 meters,
can bewritteninthe standard form as 1.4x10° meter. The number will bewritten aspowers
of 10. Similarly, 6.2x10° meter will be expressed in the common form as- 6.2x100000
meter = 620000 meter.

Similarly, a very small number like- The charge of an electron is
0.00000000000000000016 coulomb, can bewritten as1.6x10-* coulomb.

Herewewrite numbersin theform of powersof 10 and represent both largeand
smal numbers, inthestandard form.

Conpar i son bet ween Very Lar ge and Very Snal |
Nunber s

Thedistance between the Sun and the Earth is 1.496x10*m and the distance between the
Earth and theMoonin 3.703x10®m. During asolar eclipse, the M oon comes between the
Sun and the Earth.What will bethe di stance between the Moon and Sun at thistime?

= 1.496 x 10— 3.703 x 108

= 1.496 x 1000 x 10°- 3.703 x 10°
= (1496 - 3.703) x10°

= 1492.297 x 10°m



~ S

ExavpLE-9.  Expressthefollowingin standard form-

() 40600000000 (i) 2150000000000

Sorution: (i) 4.06x10%

(ii) 2.15x10%

ExampLe-10.  Expressthefollowinginthedecimal form-

0] 3x10°® (iN) 4.37x10°

SoruTtion: (i) 3x10°8

3 3

S —0.00000003
10° 100000000
(ii) 4.37x10°°
_437_ 437 4 0000437
10° 100000
Exercise- 3.1
Find thevaluesof -
[1]“” , L O
0] > (ii) 34 (iii) PN

Simplify each of thefollowing-

i (B)"
0 (-4)°x (-2)® i (=3 X(g] (i)  (-5°<(5)”

Simplify-

16xt™° 1
0 e (20 @ {[g
Prove-
o (o)) 5] =




MATHEMATICS - IX

5. Writethefollowing numbersinthestandard form-
0] 0.00000000000852 (i) ~ 8020000000000000 §
(i) 41960000000 /

6. Expressthefollowing numbersin thedecima form-
0] 5.02x10° (i)  7x10°
(i)  1.00001x10°
7. Writenumbersin thefollowing statementsin standard form-

® Sizeof red blood cellsis 0.000007 m.
(i) Thediameter of the Earth is 12756000 m.
@)  Thicknessof apaperis0.08 m.

Rositiverati ond Exponent
We know that 22 =8

We may expressthisrelation as 8% —2

1
Similarly, 5°= 125 can also be expressed as (125)5 =5.

Ingenerd, if xandy arenon-zero rationa numbersand misapostiveinteger such

1

1
that x"=y, then wemay write ,,m =x. Wemay asowrite ya as W and cal itthem® root

ym
of y.
For examplethe second root of 9= /9 = 2/9 =3
Some other exampleare, the volume of acubeis64 unitssoitssidewill be 6 4%
unitsmeans-

Thirdroot of 64= $/64 = 4 units The second root is called
Thatisthesideof cubewill be4 units, 'Sauare root' and the third

root isthe 'cube root'.
Fourthroot of 625= 4/625 =5

Thuswecan definex™ asapodtiverationa exponent m.



S e

If Xisapositiverationa number and m=a isaposditiverational exponent, then

wedefine Xap asthe g™ root of x°.

4 N
For examplethevolumeof asphereis 3™ (125) impliesr3=125

Soitsradiuswill be-

1 1

r = 3125 =125°% = (5°)3
Radius I’:5% —5l_§5
1

Thatis, Xap = (XP)E

For example, (8)2 can beexpressed in variousways-

or 25 or 32

If xisapositiverational number then for positive rational exponent a ,

(x°): =[xc11Jp

ExampLe-11. Findthevalue of-

o @ 0 [(Zf
SoLution: () (27)2 = (272); = (729)%.
= (3x 3x3x3x3x 3)%

:36><% :32 -9



1\2
) 1
o (27)s = (273

1 4
_ 32 2 _) 2x2x2x2x2)\5
(ii) (E} 3x3x3x3x3
- 4 114
(& @7 -

3 3 3

2><2><2><2_E
3x3x3x3 81

« (& 2]

gl

1
220 g 24
|\ T3
(z) _16
\3/ 81

In the above example, we have used both theforms. Which form doyouthink is
easier for thepurpose of calculation?

Theexponent rulesalso apply torational exponents. L et us see.

1 3
Thefirst method (i)z x(ijz
25 25



~ S

Thesecond method

_ 4x4 16
- 25x25 625

4 % 4 g 4 %*g
We get the same va ue by both the methods. Hence (—j X (— = — .
25 25 25
Rational exponent aso follow therulesof exponents ym , " — ™.

5 3 5.3
Is E 4+ E g E ! 4, let'scheck this-
81 81 81

5 3 53
Loy (1o)_(1e)-
81) '\81) (81




2 3 (2
F 22
253 (22

#)=\7)

22 (2
7 =(?] RH.S.=LH.S.

5 5.3
g 4 16 E 4 4
81 81 81

Therefore, thisfollowstherule x™+ x"= xm™"

ExampLe-12.  Find thevaueof each of following-

4 2 7 5
8 (8 27 (27
0 (125] x(125] ) [5] T[a]

SoLutioN: (i) Ruleof rational numbers g™ « g" = g™"

{2
(2%

8 8 64
125 125 15625

27 3 27 ]
, 3 3
) [a] *[a]

7-5 2 2
fadl G5
64 64) |4
B §]3X _[g]z 3x3_ 9

4 4)  4x4 16
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V' Tyhs

Find theval uesof-

1614 (16} 16)4"4 16)4 4 2
. 4 4 . 4 4 . 44 2
(i) [E] X[E_] (i) [E_] (iii) [a] (iv) g3

Wi chi stheB gger Nunter ?

From 27 and 16, 27 isbigger, but which oneisbigger from /16 and 3/27 ?

V16 = \2x2x2x2

Means J16 =2x2

=4
And 327 =3x3x3
Means 327 =3
Therefore /16 > 3/27
Smilay,

Is $/64 bigger or 3125

964 = §2x2x2x2x2x2
=2

3125 = 3/5x5x5
=5

Thus, 3125 > $/64

1.  Whichisthebigger number out of the pair?
0 125, 36 @) V121, 3729

@iy 4625, 31024

2. Writeindescendingorder- 3125, 3729, 51024, /36
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Qrds

Anirrational number &g iscaled asurd, here'd isapositiverational number. Thesign

'/ 'iscaledthesign of thesurd (radix). Thenumber piscalled the order of thesurd and
‘a'iscalled theradicand (quantity under theradix) of thesurd.

J5,+/3,+/2 areirrational numbers, where as /g isarationa number because

38 = 2.1n {/5,./3,+/2 theradicands5, 3, 2 are positiverationa numbersso /5,/3,/2
aresurds. In 3/g theradicand 8, isapositiverational number, but 3/g isnotirrational and

hence 3/g isnot asurd.

Is\/2++/3 asurdor not?

Since /3 isanirrational number and 2isarational number and sincethesum of a

rational and anirrational number isanirrational numbers. Hence 2+ /3 isaso anirratio-

nal number. Radicand of theexpression /24 /3 isirraional thereforethisisnot asurd.

ExampLe-13. Out of thesewhich onearesurd?

0 5+v0 @M V3
Soution: () #5449
513
= 8
= o
S {W:yi}

= 2

=

-+ ¥54+./9 =2isarational number, soitisnot asurd.

ONENNG]

I~



S Eeowr[

=
= 43
Sothisisasurd.

y TryThs

dentify surdfrom \/3+./16, 1/\/16, +/3++/2 andwritethereasonsfor your
choice.
Write 3 numbersthat areirrational but are not surds.

Find theva ue of each of thefollowing-

0 e M (2435 ) 56295

Simplify each of thefollowing-

0 3. M 135 18
(DRPS PP M) 15215
Find theval uesof-
625 (625)3 2% (21
3 3 . 3 3
o (EPEN 0 &l
1 3 2 1 4

() 3402+ 092 ™) 273 . 273 278
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4. Writein an ascending order the surdsgiven in each of thefollowing sets-
@) 81, ¥64, Y612 i) 4625, V100, ¥/343
(i) 3216, 243, /64 v) 4256, {128, 31000
5. Inthefollowing, find out which are surdsand which are not-
0] NE @ 364 (i) oo

i) 5++/2 v  2+a

Wat Have V& Lear nt

1 Whenwemultiply anumber by itself many times, wewritethat inthe exponent
form. Thenumber iscalled the base, for examplein 3?, 6istheexponent and 3

isthe base.
2. Theexponentisaway towritevery small and very largenumbersinabrief and
standard form.
3. Multiplicativeinverse- Themultiplicativeinverse of ?is;.
4, Rulesof exponents-
XM x X = xmn XM+ X" = X"
(xm)" = xm X" x ym = (xy)"

Herex andy arenon-zero rational numbersand mand narerational exponents.
5. Rulesfor rational exponent arethe same asfor integer exponents.




Polynomials

D gi t and Nunfoer s

Consder thefollowing statements:

You arereading chapter no. 4. Gomti'sageis 14 years. Thenight temperaturewas
10° celsius. The population of Aamgaav is6000. Thereis 30 kg of riceinthesack. The
distanceto marsfrom Earth is54.6 million kilometers. The speed of light is 186000 miles
per second etc. Several such statementsare part of our conversations.

Inall these statements4, 14, 10, 6000, etc. are numbersthat arewritten using the
digits 0,1, 2, ....., 5, ....., 9. These can a so bewritten using other kind of digitsassymbols
(1,11, ..., 1X, X, .....) or written in some other number system. Can you give some other

examplesof numberswritten using adifferent sysslem?

Sone nor e Mat henat 1 cal S at enent s

Inall the above statementswe expressed distance, age, temperature, popul ation, speed
etc. usngdigitsand numera systems.

We make use of some other types of statementsaswell. For instance-

If theside of asquareisa, thenitsperimeter will be4a.

Thelength of arectangleis| anditsbreadth b, find itsareaand perimeter.
Theageof thefather is6 yearsmorethan twicethe ageof hisson's. This statement
can bewrittenasx =2y + 6.

“rt

100

Therdation between principd, interest etc. issmpleinterest = L

Two linesmake an angleq with each other.

Inal theseexamplesa, |, b, x,y, 1, t, q etc. al signify some number. Theseare
known as'litera numbers.’

Do you seeany difference between thetwo types of numbersmentioned above, i.e.
numberswritten using digitsand litera numbers?
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Are there any such literal numbers
whosenumerical valuesisfixed?

Onesuch numberis p.

If thediameter of acircleisD, thanitscir-
cumference P will bewritten as P = pD.
Herethevaluesof D will be different for
different cirdesand hencethevauesof tharr

circumference P. But thevaluesof p will

22
reman 7 or 3.14.

Do you know any other such literal num-
ber?

Onedifferenceisthat 5, 14, 10 etc. arewritten using digits
whilea, 1, b, x,y,r,t, q etc. areexpressed using a phabets.

Another differenceisthat thefirst type of numbersarea
fixed vduewnhiletheliterd numbershavedifferent valuesin
different Stuation.

Dothey dso havesomesmilarity?
Think about the situationswhereyou useliteral numbers.

Can we perform operations like additon, subtraction,
multiplication or divisononliterd numbersaswell?

You can discuss such question with your friends.

A gebrai cExpressi onandthel r Terns

In previousdasses, you may have seen severd examplesof numbersinwhichliterd numbers

werealso used:-

J3a?
4

like 4a,

4 X
, atbtc, gprs, X2+2x+3, (x+3), ﬁ/ m-9, 2p+Q

We know each one of these asan algebrai c expression.

In these al gebrai c expressions, some have only oneterm, some havetwo terms
while othersmay havethree or moreterms.

\/3a?

For example, 4a, 2 gprs, S5ax?yz etc.

ared| agebraic expressionshaving only oneterm.
(x+3), m-9, 2p+ getc. arealgebraic expressions having two terms.
Inm-9, mand-9 are the two terms and in 2p + g, 2p and g arethetwo terms,

smilarlya +b+c, X2+ 2x+ 3areagebraic expressions having threeterms. Ina+ b +c,
aisthefirst term, bissecond and cisthethird term. Inthe second example x? isthefirst
term, 2xissecond and 3isthethird term.

Canyou think of why these havetwo or threetermswhile severa expressionsthat
seemlonger containonly oneterm?

Theterm of an expressionisanumber, or anliterd number or the product of oneor
more numbersand literal numbers. The expression can belong with many numbersand
litera numbersmultiplied to each other. Any expressonismadeup of oneor morethan one
term. The terms of an expression are decided based on '+ or - and not on X’ or '+’ signs.



PoLyNomiALS

Look at thefollowing :

1. §f( 2. 2X + 3y 3. —Xy —4x + 35
Oneterm Twoterms Threeterms
X
4. - 5. X
& T
Oneterm Oneterm

How many termswill bethereintheexpression 2P+ P, (x + 3)?, (x-y)?? Can you
say?

By justlooking at al thethreeexpressions, it may seem that each one of these has
two terms since these terms are seperated by '+ or = signs, but it is not like that. We can
replace 2p + p by 3p and thus, it isclear that 3pisjust oneterm. Similarly observethe
following-

(x+3)? can be written asx?+ 6x + 9, where we can see threeterms.
(x-y)?can bewritten as x> — 2xy + y?, here also there arethree terms.

You saw that when we simplify the expressionswefind that the number of terms
can bedifferent fromwhat appearsto be beforesmplification.

Therefore, wecan say that if it ispossibleto writean expressioninitssimplified
form thenwemust count itstermsonly after writingitin smplified form.

ol ynomnal s(Soeci a Kindsof A geborai ¢ Expressi on)

Some agebrai c expressionsare given below:-
X2 + Bx p-1 XE—2x+3x-7
All theseare called polynomids. Isthereany specid property thatiscommontoadl

these?
Look at somealgebraic express onsthat are not polynomial.

1
X+, Y2+ y*+ 3, pP-2p+ p, 3xt

Canyoufind any property inthesefour examplesthat makesthem different from
the previousexamples? What could bethereason for these not being polynomials?
Compared|l the expressionsthosethat are polynomialsand thosethat are
not polynomids. Discusswith your teacher and friends about when can an expression

becalled asapolynomial and when it cannot be?
arewholenumbers



You would have reached the conclusion that only these algebrai c expressionsthat
have non negativeintegra powersof litera numbers, arepolynomials.

_ TryThis A

Which of thefollowing are polynomias-

0 S3 @ 5y @iy Pt % :

1

V) ae+b M) g

(M)  5p*+2p+1

Make5 new polynomials.

Ternsof Rl ynomal s

We need tolearn how to count the numbersof termsof apolynomid, to find the coefficient
of thetermsof apolynomial andto find the powersof polynomias. Wewill need them | ater.
In the polynomial x? + 3x, these are two terms, first term is x? and the second is 3x.
Similarly therearefour termsin m? - 2n? + 9m+ 1, threetermsinx® - x + 1 and oneterm
in3y.

Thepolynomidsarenamed according to thenumber of termsinthem. Aspolynomids
areagebraic expressionsthereforether termsare counted just asan algebrai c expresions.

Intheabove examples:-
3yisamonomid,
X%+ 3xisabinomial, x?-x+ lisatrinomial,
e —2m¢ + 9m+ 1isapolynomial.

1 How many termscan betherein apolynomia?Would they befinite or infinite?
2. Is2p + pamonomid or abinomial?
3. How many terms doesthe expression (x + 2)2 has?

A

Pick out thefollowing expressions based on the number of terms:-

) 1 a . .
O 9 @ tty )  a2i2abib? (V)

q

) 4x—y V)  2m+c i) x* £3x% 41




Degreeof ROl ynomal s

PoLyNomiALS

Inapolynomia there are someother numbersthat arewritten in thetermsof apolynomial

intheform of litera numbers. For example-
I -2x*+3x¥+9

Inthispolynomid, the powersof theliteral number xare5, 4and 3
respectively. Thelargest power amongtheseis5. Inthissituation, thedegree
of polynomial 3x°—2x*+ 3x3 + 9isfive.

Look at somemore examples.

In X2+ 3, the degree of the polynomial is2.

In x2—2x"+ 3x— 1, the degree of polynomial is 7.
In 5y, thedegreeof polynomial is1.

What will bethedegree of the polynomia x2y + xy?

Inthe polynomia X2y + xy, 2 isthedegreefor xinfirsttermand 1
isthedegreefory. Thereforethe degreefor x?yis3and similarly 2isthe

degreefor xy. So the degree of Xy + xy is 3.

Polynomidsof degreeone
are also called linear

polynomids.

What will be the degree of
polynomial xy? In the
polynomid xy, therearetwo
variables, xandy. Bothhave
degreesl. The degree of
polynomid xy isequd tothe
sum of thesedegreei.e, 2.

Sometimes, numbersare a so represented by | etters. Inthiscase, literal number are
fixed or are constant. For exampleinax + b, if aand b are constant, then literal number

xisavariablebut a, bwill be constants.

TryThs

1 Inthefollowing polynomiasfind the degree of the polynomid.
(i) 8 (i) Xyz (iii) uv + uv? + @

2. Writesomepolynomids, and withthehel p of discussionswith your friends, find out
their degrees.

(Onst ant Fol ynomal s

Now think about thisquestion:-

Is6 anagebraic expression?

Is6 asoapolynomia?

It seemsthat becausethereisno litera number with 6 and in the standard example
of expressionsweawaysfind anlitera number, so 6 not an algebrai c expression. But can

we not write 6 as6x°? (x° = 1).
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Inthisthe power of literal number xiszero. Zeroisawhole number. Therefore 6x°
or 6 isalso an agebraic expression and amononomia too.

So, termsthat arejust anumber ared so dgebraic expressonsaswell asapolynomid.
3
Such polynomials are called constant polynomials. That means 2, 7, -6, 5 122
are constant polynomials. Canyou makeafew more examplesof constant polynomials?

Represent at i onof Fol ynomal s

Sometimeswerequirethat apolynomia bewritten severd times. In such situationswewill
haveto writethe biglong polynomial several times. Thereisonemoreway to expressa
polynomial. Inthiswe only know thelitera number of the polynomial but nothing else.
However inthe context of the question, we know which polynomial doestheexpression
relateto.

If thelitera number of the polynomial isx then weexpressit asp(x), q(x), r(x) etc.
If theliteral number of the polynomial isythenitisexpressed asp(y), q(y), (y), t(y). See

few examples--
p(X) =3 -2x*+ 33+ 9 t(x)=x*—-2x"+3x-1
q(y) =5y S(u)=uw+ 30 rb)=b*-b>+6

Inthis, thereisno basisfor choicep, t, g. But if we choosethem, wemust usethe
sameformfor that particular question.

Genera fornof Rl ynomal s

Observethepolynomiasof degreeonegiven below carefully.

1 3
p() =2x + 3 400 = 7 - X 0=+ -
r(x)=x p(X)=ﬁx—4 p(x)=2(3)(+8)

Themaximum number of termsinthesearetwo.

Thi nk and D scuss

Canyoumakeapolynomia of asingledegreewith morethan two terms. Kegpinmind
that whilemaking apolynomial, smilar termsmust be collected and written together.




Inthe above examples, every polynomial hasatleast oneliteral number. In other
wordswe can al so say that in these polynomial sthe coefficient of theliteral numbersis

1
never zero. Besides, other real numbers (+3, -4, > J2.,0etc.) aredsoincludedinthe

polynomids.
Can weexpressthese polynomialsintheform of ax + bwherea and b are some
real constant numbersanda?! 0?

Compairing the second exampleto ax + b:- Thenumber that multipliestheliteral
2 -x =—x+ /2 number iscalled asthecoefficient. For
example:- m®* - 3m?+ 1, the

=D x+ 2 coefficient of mPis1 and coefficient

—ax+b (Compare) of mfis —3. Think, what will be the

Here, a=(-1)where aisnot zero.
b= /2 where /2 isarea number.

We can seethat polynomial /2 - xissimilar to ax+b.

Seeonemorepolynomid:- rationd andirrationa numbers.
X=1x%xXx 1 4
C1xx+0 -2,-1,0,1, 2, T T T
=ax+b NEEN
a=1b=0

Therefore polynomial x can aso bewrittenintheform of ax+ b. Now writethe
remaining four polynomiasintheformof ax+ b.

ax + bisalinear polynomial of xwith degreel,inthisaandb asreal constant
numbersanda? 0.

Now consider thefollowing polynomids:-
3
42 + 3X, -y? + 2, X2 —4x -9, \/Em2—§m—9

Thesepolynomia sarebinomials each with oneliteral number. Thesearecaled as
quadratic polynomials. We can writethesein theform of ax? + bx + c. Wherea, band c
arereal constantsanda? 0.

PoLyNomiALS

coefficient of m?inn?+ 1?

Red numberscompriseof dl integers,



MATHEMATICS - IX

TyThs
1. Makefivenew quadratic polynomials.
2. What isthelargest number of termspossiblein aquadratic polynomid?
3. What isthe minimum number of terms possibleinaquadratic polynomial ?

General formof Rol ynomnal s wth hi gher degree
Consider 4x3+2x2+5x-7, y*+ 3y3-5y?+ 7y, nP-3m?+2, 22-52°-372+ 2z

Thesearedl polynomials. We can seethat in these, the degree of polynomialsis
increasing and thenumber of maximum possibletermsmay asoincrease. Inall these, gpart
from various powersof x, y, m, zetc. we have numbersthat arereal numbers. The degree
of apolynomial depends upon the maximum degree of the literal numbers(x, y, m, 2)
contained init. Therefore the coefficient of thelitera with the maximum power can not be
zero. Hence, we gavethe condition of a Ofor polynomialswith degreetwo.

Wewill study more about polynomialsand will aso get to know about different
usesof literal numbers. Wewill seethemore generalized form of the polynomidsfor al the
degrees. All thiswill however, be donein further classes. Can you writethe polynomias

with higher degreeinaformslikeax+ b, ax? + bx + c.

Zexr oRdl ynomal s
If all the coefficientsof apolynomial are zero; for examplein ax? + bx+cwith a=b=c

=0thenwewill get O astheresult. Thisiscalled aszero polynomial. Thedegreeof thisis
undefined. Thereforeit can bewritten asapolynomia of any degree.

Exercise- 4.1
Which of thefollowing expressionsare polynomiasand which arenot? Givereasons
for your answer.
3
. - y 4 3 N
0} 42 -3x+5 (ii) - i) Jy +2y+3
. 2, 3
(iv) X+ 5 ) X0+ y8 + 0

2. Writethe coefficient of X2 inthefollowing polynomials:-
1
0) I+ 222+3x+2 (i) 3I+1 (i) 2-5¢+ 5%

(iv) X—2+1 v) X+ + 1x2
2 4



3. Writethe coefficient of x and constant termsfor thefollowing:-
1 . "
) X Hgx+5 M V2x+7 i) k42
4. Writean examplefor each of thefollowing:-
0] binomial of degree4 (i) trinomia of degree6
(i)  monomial of degree5
5. In thefollowing polynomia swrite the degree of each.
3
0] -6 +x+1 (i) y -3y’ + §y2+4 @iy 3-yz
(iv) xy-2x+1 ) 5t- 11 ) 7
6. From thefollowing, pick out the constant, linear, binomid sand trinomials.
3
0] X+x2+x+1 (i) ox3 @iy y+y*+ 2
vy t+3 ) y—y® wv) 8
2
" ) - w2
(i) 2543 (i) P2-P+5 () X+
4 noo_u.3 o3
) o) oty ) S
Zex oes of aRdl ynomal

By putting valuesx =1, 2, 0 etc. inthe polynomial p(x) = X2+ X— 6 we get,

P(x).

ax=1, p(1)=1+1-6=-4

p(1)=-4
We say that, for x =1, p () has the value - 4.
ax=2

p(2)=4+2-6

p(2)=0

For x =2, thevalue of p (X) becomes 0. We say that 2 isazero of the polynomia



We can say that if thevalue of apolynomial iszero for somevaueof thevariable
than that val ue of thevariableisazero of the polynomial.

ExavpLe-1.  Findthezero of the polynomial p(x) = 2x+ 1.

Sorution : Findingthezero of apolynomid issmilar tofinding thesol ution of an equation.
For p(x) = 0 we need thevalue of x which satisfiesit.
Therefore, itisthevalueof x, when 2x+1=0

2x=-1 =
=- or X= 2

-1 -1
Clearly, puttingthevaluex= — inp(x) weget zero. Therefore > isazero of

2
thepolynomid p(X).

ExampLe-2.  Checkif O or 2 arezero of the polynomial x2— 2x.
SoLuTion P (X) =X2—2X
then puttingx=0
p(0 =(0)-2x0=0
that means0, isazero of p(x).
putting x=2
p(2) =22-2x2
=4-4=0

another zero of p(x)is2.

Find the value of polynomial 5x®—2x2+ 3x -2, for
@ x=0 (i) x=1 @iy x=-2

For all thefollowing polynomials, find thevauesof p(0), p(-1), p(2), p(3).
0 pE=4aC+2¢-3x+2 (i) pr)=0-1)(+1)

i 2, 1,1 — (2
() PO=ZC-3t+3 M) PH=E-yrHE+Y
V) PR=x+2



3. Find out if the valueswritten besidesthe polynomial, aretheir zeroes.

M p=3x+1ix=— @ pM)=x+2;x=-2

(i)  p()=5x-4;x= vy  py)=y-1;y=1-1

Ao

V)  pO=(+1)(t-2);t=+1,-2 M) p(x)=Ix+mix=—~

-1 1
(vii) p(r):3r2—1;rzﬁ,ﬁ

4, Find the zeroes of thefollowing polynomias
) p¥)=x+6 @i px)=x-6 (i) ply) =5y
(iv)  p(t)=at,at 0,aisarea constant number.
) p(r)=cr+d, ct O, ¢, d arereal constant numbers.
M)  p(u)=3u-6 i) r(s)=2s+3

1 2
M) pO=E-x ) ah=t-3

Addi ti onandSubt ract i onof Fol ynomal s

We have practiced the addition and subtraction of algebraic expressions. We have a so
learnt that al polynomiasaredgebraic expressions. Thereforethe addition and subtraction
of polynomialsissimilar tothat of gebraic expressons.

We can perform addition/subtraction of the coefficientsafter observing al theterms
and collectingsimilar ones.

Consider thefollowing examplesand tell what things you need to keepinmind
whilesolvingsuch questions.

ExampLe-3.  Add the polymonia 3x®—x?+5x—4 and 3x— 7x + 8.
SOLUTION : 3¢ — ¥ + 5x — 4 (Wewill writetermswith samedegreestogether).
+ 3x* - 7x + 8

3CH(-1+3)x* +(5-7)x+(-4+8) = 3¢ +2x° - 2x + 4




3 1
ExampLe-4.  Find the sum of the polynomials Ey3+y2+y+ 1andy*- Ey3—3y+ 1

3
SOLUTION : ?ys +y? + y+1
., 1
+y* - Eys -3y +1
y4+§—%9y3+y2+(1—3)y+(1+1) = Y +y 4y -2y +2
(4]

ExavpLE-D5.  Subtract 4x2 + 3x — 2 from the polynomial 9x2 - 3x—7.
SOLUTION:  9x% —3x — 7
4> +3x -2
- - + (sgnchangesonsubtracting)
(9-4)x*+(-3-3)x+(-7+2) = 5x* —6x -5

ExampLE-6.  Subtract S(z) = 3z- 52+ 7 + 32 fromx(2) =22-5+11z- 72

SoLuTtion :  First write both the polynomial sinthe decreasing order of the power of
literd numbers.

X()=22-5+11z-2= -2 +22 +11z -5
and  S(z2)=3z-522 +7+32F =32 -522+3z +7
X(2))-s(5)= -2 +222 +11z-5

322 - 572 +3z +7

- 4+ — -

(-1-3)Z* +(2+5)Z +(11-3) z+(-5-7)

= 4722 + 722 + 8z - 12

ExampLe-7.  Find the sum of the polynomials 3x + 4 — 5x2, 5 + 9x and 4x — 17 — 5x2.
What isthedegree of the polynomia obtained after the addition.




SOLUTION ©  _5x?+3x+4 (Writing al indecreasing degree of x).
+9x+5
+ 5% +4x-17

(-5-5)x* +(3+9+4)x+(4+5-17) = - 10x* +16x-8

The resultant, polynomial —-10x? + 16x—8 has the degree 2.

ExampLE-8.  Subtract r(x) = 2x2— 3x— 1 from the sum of p(x) = 3x*—8x + 11 and q(x)
= —4x?+ 15. Find the degree of theresultant polynomial.

Sorution :  First, weadd p(x) and q (X).
p(x) +gq(x) = 3x*-8x+ 11
-4x>  +15
(3-4)x2 - 8x + (11+15) = X2 —8x + 26

Now from this sum, subtract r(x)
p(xX) +q(X) —r(x) = —x*-8x+ 26
2¢-3x-1
-+ + (Onchangingthesigns)

(—1—2)x* 4+ (—8+3)x+(26+1) = —3x* —5x+27

p(xX) + q(X) — r(x) = -3x> - 5x + 27
Therefore, the degree of resultant polynomial —3x?—5x + 27is2.

ExampLe-9.  Find the sum and difference of p(x) = 43+ 3x? + 2x— 1 and q(x) = 4x®
+2x2 — 2x + 5.

SoLuTion :  p(X) + q(x)

D3+ 3¢+ 2x—1) + (4xC+2¢ - 2x + 5)
= G+4Hx+@B+2)x+(2-2)x+(-1+5)
= 8 +5x+0x+4
= 8 +5x +4
Smilarly, thedifferenceis
p(x) —a(x)

(DC+ 3¢+ 2x—1) — (A3+22 - 2x + 5)
= 4-4)xe+@B-2)x+(2+2)x+(-1-5)
= X2+ 4x-6




Find the sum and difference of thefollowing polynomiasand givethe degree of the
resultant.

) py)=y*+5y,q(y)=3y-5
Gl) p(r) =5r2-9, S(r) =0r2_4

(i) p(y) =15y*-5y*+27, s(y) =15y*-9

Someti meswhen we know the sum or difference of two polynomia sand know oneof the
polynomials, thenwe can easly find the polynomial.

ExampLE-10. What should be added to 2u? — 4u + 3 so that we get the sum as
4 - 50 +1?
SoLuTIoN : Supposethat on adding q(u) in p(u) = 2u?-4u + 3we get r (u)=4u*-5u?+1.
Thatmeans  p(u) + q(u) =r(u)
q(u) = r(u) - p(u)
guw = (4rP-5ur+1)-(2u-4u+3)
4B -5u2+1-2u+4u-3
A3+ (-5-2) > +4u+ (1-23)
4 - 7u? +4u -2

ExavpLE-11.  What should be subtracted from 2y2— 3y?+ 4 to get y*— 1 as the resultant.
SouLuTION : Suppose on subtracting q(y) from p (y)=2y*-3y?+4 we get the difference
r(y)=y*-1.

Thameans  p(y)-a(y)=r(y)

o qy=pM-ry
q(y) = (2°-3y*+4) - (y°*- 1)
=2y3-3y*+4-y+1
=(2-1)y-3y?+(4+1)
=Y -3y +5

TryThs A
What should be subtracted from 5t2 - 3t + 4 to get 2t3 - 4.
What should be added to 6r2 + 4r — 2 to get 15r2 + 4.
Make5 morequestions of thiskind and solvethem.




Mitiplicationd Rl ynomal s

Likeaddition and subtraction, the multiplication of polynomialsisaso similar to that for
agebraicexpressons,

ExampLE-12.  Multiply the polynomial p(x) = 2x* + 3x + 4 by 3.
SoLution:  3p(X) =3 % (22 +3x+4)
=6+ 9x + 12

ExampLE-13.  (2x+5) x (4x + 3)

SoLuTioN: = 2X(4x+ 3) +5(4x+ 3)
= [(2xx 4x) + (2xx 3)] + [(5 % 4x) + (5 x 3)]
= 8x* + 6x + 20x + 15
=8x%+ 26x + 15

ExampLe-14.  (2x+5) x (3% +4x + 6), find the degree of the polynomial ?
SoLUTION . =[2X x (3 +4x + 6)]+ [5 x (32 + 4x + 6)]
Z2XX R+ 2XXAX+2XX 6+5x 3 +5x4Xx+5x%x 6
= 6x3 + 8%2 + 12x + 15x* + 20x + 30
=6+ (8+15) X+ (12 + 20) x + 30
= 6x3 + 23%° + 32x + 30
Here, thedegree of the polynomia is3.

ExampLE-15. If p(x) =2x+3
gx) =x+x-2

Sorution:  Then p(X).q(X) =(2x+ 3) (¢ + x—2)
=2X(R+X-2)+3(R+x-2)
Z2X XX 2X XX+ 2X X (-2) + 3 X X+ 3x+ 3 %X (=2)
=2C+ 2 -4x+ 3%+ 3x-6
=2C+(2+3) ¥+ (-4+3)x-6
=2¢+52-x-6



yThs A
Multiply thefollowing polynomias, find the degree of the product polynomid -
0] p(X)=x2+3x+2; gqX)=x2+3x+1
@ pv=v-3v+2; q(v)=v+l1l
(i) p(X)=2+7x+3; q(X)=5%-3x
v) py=y-y+y-1;a(y)=y+1
v) p(u=3u-12u+4; qu=u-2u+1l

© ©® N o g &

11.
12.

A

Addthefollowing polynomids:-

0] 2¢+x+land 3+ 4x+5 (i) 8p?’—3p+4and3p*-4p+7
@iy -5+ 9x%-5x+7and -2x° + 7x3— 3x -8

Addthefollowing polynomids. Find the degree of the resultant polynomidl.

()  3y*+2y-5;2y*+5+8yand-y*-y

(i) 5+7r-3r%;r’+7andr?-3r+5

@)  Ax+7-=3x+5x; 7 - 2x+ 1 and -2x3- 2x

Subtract

0] t?— 5t + 2 from 73— 3t?+ 2

(i) 3p-5p?+ 7+ 3p*from 2p>-5+ 11p-p?

(i) 523+ 722 + 22— 4 from =372 + 11z + 1222 + 13

From the sum of x* + 3x® + 2x + 6 and x* — 3x* + 6x + 2 subtract x*— 3x + 4.
If p(u) =u’—u®+ 2u? + 1 and g(u) =—-u’ + u- 2, find the degree of p(u) + q (u).
What should be added to x3 — 3x? + 6 to get the sum as X2 — x + 4?

What should be added to u” — 3u® + 4u? + 2 to get the sum as u® — u—4?

What should be subtracted fromy*-3y? + y + 2to get the differenceasy® + 2y + 1?
What should be subtracted from t?+t — 7 to get the difference as t® + t2 + 3t + 4?
Multiply thefollowing

0] AX+4by 72+2x+1 (i) 5%+ 2x by 3x*-9x+ 6

(i) p*-5p?+3by p*+1

If p(x)=x3+ 7x+ 3and q(x) = 2x3— 3, then find the value of p(x) q(x)

If p(u)=u?+3u+4,g(u)=u*+u-12andr(u) =u- 2, then find the degree of
p(ua(u)r(u).




10.
11.

12.

13.

14.

PoLyNomiALS

Wiat Have Ve Lear nt
Any agebraic expression, in which thedegree of litera number (variable) isan
integer iscaled apolynomid.
The terms of a polynomial are identified by the '+ or - sign.

The coefficient of apolynomial isanumber that multiplies theliteral number or
variable. Sometimes coefficientsare expressed asliteralsand so the coefficientsis
not written asanumber but asaliteral. for example, the coefficient of xinax + bis
a

Whenthe coefficientsof al theliteral number variablesin apolynomial arezero,
thenitiscaled azero polynomial.

Any number suchas3, 5,6, ..... etc. isandgebraicexpresson aswell asapolynomid.

Thepolynomidswithonly numbers(having only numerds or constant litera numbers)
arecongtant polynomials.

Inapolynomid, the maximum degree of thevariables(litera numbers) isthedegree
of the polynomial. Example- the degree of polynomial x® + 3x® + 2xis5.

Polynomiascan bewritten asp(x), q(x), r(X) etc., wherethelitera number written
withinthe bracketsrepresentsthevariable of the polynomial.

ax+ bisaonevariable polynomia of degree 1 wherea, b areconstant real numbers
anda?t 0.

The polynomid inonevariable having degree 2 isaquadratic polynomial.

Whenthevaueof apolynomia becomeszero for somevaueof thevariable, then
that value of thevariableisazero of the polynomid.

A general linear polynomial isax + b, where a, b are constant real numbersand
ato.

A general quadratic polynomia isax? + bx + c where a, b, c are constant real
numbersandat 0.

A genera form of acubic polynomial isax® + bx? + cx + dwherea, b, ¢, d are
constant real numbersandat 0.




o es

%’-2 A numeric expression can be A !
g+ expressed in many ways. (Fig.1)
7x2-6
7 5% » 2X + 3X
(> |
Similarly, can we express 5x in
5+3 . different ways? (Fig.2)
2 7X— 2X 10x
2x 4 2

Fig. 1 Fig. 2

Try towrite some other expressionsfor 5x.
Areyour solutionsdifferent from the solutionsof your friends?

Neha, | have created) "Raju, these are not
many new formsof 5x | | correct.

3x x 2x 3x X 2X = 6x2

4x X X AX X X = 4x2

Wheat do you think?Whoisright? Discussamong your friends.

Therefore, like numbers, algebraic expression can also be represented in many
ways.

Wewill haveto take care of therules of operationsfor algebraic expressions.

TyThs A

Take some other a gebrai c expressionsand writethemin different ways.
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Equat i oni nOe\eri ad e
Rinku : Jtutherearefivecoinsof samevauein my pocket, canyou
tell, how much money | have?
Jtu  :  Howcanl tell? Show methecoinsand then | cantell you.

Reshma  If you have onerupee coin then you will havefiverupeesin
your pocket and if you have two rupees coin then you will
haveten rupees. That isyou have 5x rupeesinyour pocket.

Rinku : Thereare25rupeesin my pocket, sowhich coinsdo | have?

Jiu : Nowthat'seasy. Sinceyou have 5x rupees, 5x = 25

I will check thevalueof 5xforx=1, 2,5, 10 and for whatever valueboth sides
of "=" aresame, will bethevaueof your coins.

Think any two numbers. Like9and 21, now take any other two numbers smaller
than ten and makerelationship using thefour operations:-

0] If we add 3 to double of ninewe get 21 9%x2)+3=21
(i) If 6is subtracted from threetimesof 9weget 21 ( X ) — =

21
(i) If wedivide21 by 7 and then add six toiit, we get 9 7+6 =9
(iv)  If wesubtract 3from21andthendivideitby 2, weget9- ...

Similarly write 5 statements of different equationsusing 9 and 21 with different
operationsand numbers.

Obvioudly thiscan be donewith any two numbers.

y TryThs

Createthreerdation for each of these-
0] 2and5 (ii) 11 and 25 (iii) 40 and 123

Seethe statementsgiven below:-

0] Theageof Rajuis9yearsand hismother'sageis 35 years.
(i) Thereare25 childrenin class-4 and 45 childrenin class-9.
(iii) Reemahas 10 rupees and Meerahas 7 rupees.

In each of thesewe can find somerdationship likethe sum of Raju'smother'sage
and hisageis44 years.



Raju'sage + Mother'sage =44 years.

Children in class-9 — children in class 4 = 20
Many relationships can be developed for al such situations.
Createthreerelationshipsfor each.

Let us NowlLear nt 0o Sol veOneVari abl e Equat | on

Ramola: | havethought of onenumber, thisnumber is5 lessthan twice of 25, what isthe
number?

Mdini :  Thenumber =(25x2)-5
=50-5=45
Thereforethenumber is45.
L et ussee an other example- 5is10|essthan any number?

Thenitsequationwill bex— 10 =5 (Suppose that number is x)

TryTis A

1. 4is2lessthan any number. 2. Addition of 8 and any numberis12.

Miki ng Equat | ons

An equation showstheequality of both sides. L et us seean exampleto understand how itis
formed.
ExavpLe-1. 4 morethan 3timesof anumber isequal to 13.

SOLUTION : 3XxX+4=13

ExavpLe-2.  Thecurrent ageof aboy istwice hisagefour yearsago.
SoLuTioN :  Supposethe current age of theboy = b years

Hisagefour yearsago = (b—4)
thenb=2(b-4)

Inthe previous chapter you saw that ax + b representsalinear algebraic expression with
onevariable. An equation of onevariableisrepresented asax+ b= c. Wherea, b, care

m . a=0. Similarly you can create equation from polynomial ax?+
bx+ C. ObV|oust hereax+b=c, ax’+ bx + c =d arerespectively linear equation with
one variable and quadratic equation in one variable where a, b, ¢, d are real constant

numbersand a= 0.
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y Tyths [0
0 © ® ® ® ..
Add5 Square5 Multiply by 2 Subtract 4

] | | ]
Squarethesum Add5 Subtract 4 Multiply by 2

] | | ]
(5+5)2=100
¢ © © &
| Add5 | | Squarex | | Multiplyby 2 | | Subtract4 |

| ] | |
|Squarethesuml | Add5 | | Subtract4 | [Multiplyby 2 |

| ] | |
[ x+8° | | I I |
i GO @ © &
[Mutiplyby3 | | Subtract6 | | Addé6 | | Dividehy3 |

| ] | |
| Add6 |  [Multiplyby3 | | Divideby3 | | Subtract6 |

| ] | |
| I | | | X _6=18

3

Mike S at enent fromG ven Al gebrai ¢ Equat | on

Consider anagebraic equation 5x— 2 = 10. A possible statement for this may be as
follows-
If 2 issubtracted from 5 times of any number thenitisequal to 10. What isthe

number?

X
ExampLE-3.  Writethemathematicd statement for 2 +x=10,

1
SoLuTtion :  Adding 2 of anumber to itself gives 10. What isthe number?

y TyTis M

Make statementsfor thefollowing algebraic equations:-

N , X
() 2x-3=42 (i) 12x-3=105 (i) =28
(iv) x+6=28 ) 3x+3=15




Sol uti onof Equat i on

To understand what isthe solution of an equation seethefollowing example:-

In x+2=7

If we placethevaue of x=3

3+2«~ 7theequationisnot valid

If we placethevalueof x=4

4+2+ 7 theequationisnot valid

If we placethevaue of x=5

5+ 2 =7 theequationistrue because both sides are equal

Therefore, wesay that x=5isasol ution of theequati on, becauseequationisvaidfor

thisvalueof x.

Wecansaytha thesol utionof anequiati oni sthat va ueof variablefor whichtheequation

holdstrue.

1.

Rroperti esof Equati on

In an equation there aretwo sides of the symbol '=".

Left hand side=Right hand side.

The four rules of equality — for real numbers a, b, c

() Ifa=bthena+c=b+c
that isif two expressionsareequal thenthesumwill remain equa if weadd the
same number on both the sidesof the equation.

() Ifa=bthena-c=b-c
that isif two expressionsare equal then thedifferencewill remain equal when
we subtract the same number from both sidethe of theequation.

(iii) If a=bthenac=bc
that isif two expressionsare equal then the product will remain equal if we
multiply the same number on both sidesof theequation.

a b
(v)Ifa=bthen —=—
cC cC

that isif two expressonsare equal thenthe quotient will remainequa whenwe
dividetheexpress onsby the same number on both the sides of the equation.

ExavprLe-4.  Solvetheequationx—7=3
SOLUTION : X—-7=3
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X=T7T+7=3+7
x =10 (using equality rule (i) we add 7 to both sides and thus cancels (-7))

ExampLe-5.  Solvetheequation 3x+5=14

SoLution: 3Xx+5=14
3x+5-5=14-5 (using equality rule (ii) subtract 5 from both sides to cancel 5).
3x=9
33X 9 : e : .
33 (usingequality rule(iv) divideboth sdesby 3to get rid of 3)
x=3

. 4x+5
ExavpLE-6.  Solvetheeguation

4X+5
3

15

SOLUTION :

(4X_3+5)x3:15x3 (usingequality rule(iii))

4x+5=45
Ax+5-5=45-5 (usngequdityrule(ii))
4x =40

4x 40 . . -
“ (usngequdity rule(iv))

x=10

ExavpLE-7.  Solve the equation 4x — 2Xx — 5 =4 + 6x + 3.
SOLUTION @ 4X—-2X-5=4+6Xx+ 3
2x—5=7 + 6x (Adding of similar terms)
2Xx—5-6x =7 + 6x — 6X (using equality rule (ii))
-4x-5=7
—4x-5+5=7+5 (using equality rule (i))
—4x =12

-4x 12 . . ;
" (using equality rule(iv))



Make equationsfrom the statements given bel ow:-

0] The sum of two consecutive numbersis11.

(i) Thesum of Tikendraand Tejaram'sageis30whereasTikendrasageis
twiceof Tgaram'sage.

(i) Onesideof triangleistwiceof the second sideand equd tothird side. Sum
of thesidesis40.

(iv)  Thelengthof therectangleis 3 unitsmorethanitsbreadth. The perimeter of
that rectangleis 15 units,

) Ramesh, Dinesh and Satish havepencil inratioof 2: 3: 4. Thetota number

of pencilsare 18.
2. Solvethe equationsgiven below:-
0] 5x+2=17 (i) 5p+1=24
(i) 4x+8x=17x-9-1 (iv) -7+3t-9t=12t-5
V) 3(z-2)+5z=2 (W) -2+ (x+4) =8x

3. Makethe statement for thefollowing equations:-

i) x+3=27 (i) §+x:18 (i) FX2=30

4, Solvetheequation:-

() 6+(@4-m)=8(3m+5) (i) 2(k-5)+3k=k+6
(i) 5p+4(3-2p)=2+p-10 (iv) Xi=L
37 75
V) m_m—lzl_m—z o) £_2t+3:g_t
2 3 4 3 3
(vii g—%%% (vii) 7?2)(:15
By+4 -2

Aol 1 cat 1 onof EQuat i on
We use equationsto solvemany questionsin mathematicslike- thelength of therectangleis

11 cmmorethanitsbreadth. If the perimeter of therectangleis 110 cmthenfind length and
breadth of the rectangle. In thiswe have been given the perimeter but to cal culatethelength
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and breadth of the rectangle we need to establish arel ation with the giveninformation. We
will learntofind sol ution to such qeustionswith thehelp of equations.

ExampLe-8.  Thelength of arectangleis1 cmmorethan twiceof itsbreadth. If perimeter
of therectangleis 110 cm. Thenfind thelength and breadth of therectangle.
SoLuTioN :  Suppose breadth of the rectangleisw cm.
Then according to the question, length of the rectangle = (2w + 1) cm.
Given perimeter of the rectangle = 2 (length + breagth)
Putting thevalues 110=2 (2w + 1 + w)
110 = 4w + 2 + 2w
110 = 6w + 2
110-2=6w+2 -2
108 = 6w

108
6

= 18 cm

Length of rectangle (L) =2w + 1
L=2x18+1=37cm

ExavpLE-9.  Findfour consecutive eveninteger numbers, if sum of first three number
ismore than 8 from the fourth number.

SoLuTIioN :  Suppose 2x isan even integer number than four consecutive numbers

2X, 2X+ 2, 2Xx+4,2Xx+ 6
Accordingto the question:-

Sum of first three numbers = fourth number + 8
X+ (2X+2)+(2x+4) =(2x+6)+8
2X+2X+2+2X+4=2X+6+8
6x + 6 =2x + 14
6X + 6 —2x = 2x + 14 - 2x
X +6= 14
IX+6-6 = 14-6

4x = 8
ax_8
4 4
X=2




7 3
ExampLe-10.  What must be added to the double of rational number 3 to get E

. . . 7 14
SoLuTioN : Twice of rational numbersis ~3 2 x 3/ 3

14 3
Suppose we add x to it —— to get - Then

3
‘1 3
3 7
-14+ 3x _§
3 7

7(-14+3x)=3x3
[7x (-14)]+ (7T x3x) =9
(-98) + 21x =9

-98 + 21x =9

21x =9 + 98

21x = 107

_ o7
X=

107 7 3
Thus, if we add o1 to double of rational number 3 we will get IE

ExampLe-11.  If sum of three continuous multiples of 13 is390, then what are they?

SoLuTion :  Supposeamultipleof 13is13x, then the next multipleswill be 13 (x+1)
and 13 (x+2).
< : | | | | | | | | »

| | | | | | | |
0 13 13x2  13X3  ccooes oo, 13 13(x+1) 13(x+2)

Sum of three continuously multiplesof 13is390, therefore

3 + 13(x + 1) + 13(x+2) = 390
13x + 13x + 13+ 13x + 26 = 390
3% +39 = 390

39x = 390 - 39
39x = 351
351
x = ==

39
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X =9
so the required multiples of 13 are 13 x 9 = 117, 13 x (9+1) = 130 and 13
x (9+2) = 143.

ExamvpLe-12.  Inatwodigit number thedifferencebetweenitsdigitsis 3. If weadd this
number to the number obtained by interchanging the places of itsdigit,
we get 143. A digit at tens place is bigger. Find the number.

SoLuTion :  Supposethat thedigit at unitsplaceisx. Thedifference betweenthedigit
at the unit and tens place is 3, therefore the digit at tens placeis= x + 3.

Therefore, thetwo digit number is:-
If the two digit number is 43

=10(x+3) +x o

then we can write it as
=10x + 30 + X 43=(10x4) + 3
=11x + 30

Now, let usinterchange the places of the digits of this number, that meanswrite
the units digit at the tens place and the tens digit at the unit place, the number

thusobtainedis:-

=10x + (x + 3)
=10x + x+ 3
= lx+3 Oninterchangingthedigits
On adding both these numbers we get 143, so:- of 43 we get the number
(11x + 30) + (11x + 3) = 143 34, and we can writeit as
11x + 30 + 11x + 3 = 143 34 = (10x3) + 4
22x + 33 = 143
22x = 143 -33
L . uo
22
x =5
thereforedigitinunitsplace =5
thedigitintensplace =5+3
=8
So the number is =85

Verification of the solution:- On interchanging the digit of 85 we get 58. On
adding 85 and 58 we get 143.



ExampLe-13.  The ratio between Indramani and Sohan's current ageis 4 : 5. After 8
years the ratio of their ages would be 5 : 6. Find their present age.

SoLuTioN :  Suppose the present age of Indramani is 4x years and the present age
of Sohan is 5x years.

Age of Indramani after 8 year = (4x + 8) year
Age of Sohan after 8 year = (5x + 8) year
According to the question, the ratio of their ages after 8 years will be 5 : 6,
therefore:-
4x+8 5
5x+8 6
6(4x+8) = 5(5x+8)
(6x4x) + (6%8) = (5%xbx) + (5x8)
24x + 48 = 25x + 40
24x + 48 — 40 = 25X
24x + 8 = 25X
8 = 25x - 24x
8 = X

So, present age of Indramani = 4x

= 4x8

= 32 year
And, present age of Sohan = bx

= 5x8

= 40 year

Checking the solution: Indramani's age after 8 years =32 + 8 = 40 year
Sohan's age after 8 years =40 + 8 = 48 year
Theratio of their age = 49 = >
48 6

Areaof atriangleis 36 sq mand thelength of its base is 12 meter then find the
height of thetriangle.

The length of the rectangleis 5 cm more than its breadth. Its perimeter isfive
timesits breadth. Find the length and breadth of the rectangle.




© newEquaonmOweVamame

3. If oneangle of triangleis 15° morethan itssecond angle. Thethird angleis 25°
more than doubl e the second angle. Find the three angles of the triangle.

4. Find three consecutive odd numberswhen threetimes of their sumis5 morethan
8 timesthe middle number.

1
5. If onesideof triangleis 1 of its perimeter, other sideis7 cmand third sideis
2 . . . . .
5 of its perimeter, then find the perimeter of thetriangle.

6. Sum of thedigitsof atwo-digit number is8. The number obtained by interchanging
the digits exceeds the original number by 18. Find the number.

7. Theagesof Vimlaand Saritaarein theratio of 7 : 5. Four year later, their ages
will beintheratio 4 : 3. Find their ages.

8. Alkathinks of anumber, sheadds5toit. To thisshe adds double of theoriginal
number and then subtracts 10 from it to get 40. Find the number.

0. Difference between two positiveintegersis40. Theintegersareintheratio 2:3.
Find theintegers.

10.  Sum of three consecutive multiplesof 5is555. Find these multiples.

11.  Ageof Rohitis5 morethan twice of Pradeep's age. 6 year ago, age of Pradeep

1
was 3 of Rohit's age. Find their ages.

12. A motor boat goesdownstreamin ariver, coversthedistance between two coastal
townsin 5 hours. It covers same distance upstream in six hours. The speed of
water is 2 km/h find the speed of the motor boat in still water.

4 Wat Have V¢ Learnt

1 Only onevariableisusedinthese equations and these arelinear that isthe power
of thevariableis 1.

2. Both sides of the equation can be alinear expression.

3. Linear equation with one variableisax+ b =c(a, b, c real finite numbersand
a=0)

4. A quadratic equation of one variableis- ax* + bx+c=d (a, b, ¢, d are red
finite numbers and a = 0).

5. First wesimplify the expressions before solving any eguation.

6. We solvethe equations using therules of equality.




Playving with Numbers

Quessi ngt he Nunfber s

Often when wedo operationslike addition, multiplication on numbers, weknow about the
vauesof number anditsdigits. What happened if wedon't know thevalue of numbersand
itsdigits.

If wehavenumberslikeA, M, P, N, PQ, MN, ABC each of whoseletter represents
any onedigit then how do wethink about the possibilitiesto get to know the val ue of
thesedigits?

If wethink about number with onedigitA, M, P, N asgiven abovethen we know
that thesedigitscan beany onefrom0to 9.

If we think about two digit numbers PQ and MN then P, Q, M and N are also
between 0t0 9. InPQ, Qisthedigit intheunitsplaceand Pisthedigit inthetensplace.
Thereforethisnumber isactualy 10P+ Q. Similarly, number MN is10M + N.

Similarly athreedigit number likeABCisactually 100A + 10B + C.

Now, try to representing such number likeML, XY, AB, PQM, XY Z accordingto
their placevalues. Think also of somefour digit numbers.

TryThs
. IfA=3,B=4,C=5,D =0andeachdigit hasto be used only onetimethenusing
thesedigits--

() What will bethelargest number.
(i) Which numberisbiggerinABCD and ADBC.
(i) What isthesmalest number?Isit athreedigit or four digit number?

(iv) What isthevalue of DBAC?How many digitswill betherein thisnumber?

2. fA=1,B=2,C=3,D =4then
() Findthevaueof ABxCD. (i) What will bethevalueof AB + CD.
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Guessi ngt he Nunber sw t hQper at i on

Add theseand see
Canyoufindvaueof Pand Q here?
P We know that the value of Pand Q can be between 0to 9.
Now P+P+P=QP

-

=P 3P=10Q + P (Accordingtotheexpanded form of the number)
P 2P=10Q
P
£=Q

It meansthat Pissuch number whichisdivisbleby 5.
i.e.Pcanonly be5,soP=5

5
IfP:5theng =QorQ=1
Now on checkingP+ P+ P=QP then5+5+5=15

ExampLe-1.  PQ—-QP =27 then what will be Pand Q.
Sorution:  (10P + Q) —(10Q + P) =27
10P+Q-10Q-P =27
9P -9Q =27
9(P-Q)=27
P-Q=3
Therefore, the possible answersof Pand Q are:-
If @) P=9thenQ=6 (ii) P=8thenQ=5
(iii) P=7thenQ=4 (iv) P=6thenQ=3 .....€etc.
Thusweget 7 different valuesof Pand Q.

TryThs

1. AB
+BA thanwhatisthevaueof A, B?
77

2. Similarly make samemore questionswhich can have morethan oneanswer.
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Quessi ngtheThreeD gi t Nuntoer

What will be the value of “Y” in 5Y1-23Y = 325.
Here if we compare the digit in units placethen 1-Y =5
Therefore 11-Y=5 or Y=6
Another method:- (500 + 10Y + 1) — (200 + 30 + Y) = 325
501-230+10Y-Y =325
271 +9Y =325
9Y =54  ThereforeY =6

Guessi ngt he Nuntoer swhenMil ti pl yi ngand D vi di ng

ExampLE-2. AB
xAB
ACC
SoruTtion:  (10A +B) (10A+B) = 100A2+ 20AB + B2
It'sobviousthatA =1
Sinceunitsdigitisequal to tensdigitintheanswer,

2AB =B?

Therefore2B = B? (PuttingA =1) =12

Thais B=2, C=4 x42
ExampLE-3. MN 244

x 3

LMN (WhereLMN isathreedigit number)

SoruTtion :  Weget N intheunitsplace by multiplying N by 3. Thisisonly possible
when N =0or 5. The expanded form of MN will be (10M + N).

Multiplying (10M + N) by 3is (10M +N) x 3
30M+3N  =100L+10M+N ... (i)
If N =5then
20M + 15 =100L +5
20M =100L-10
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2M =10L-1 Weknowzhat+,M=andN=igitsean
M =10L-1 beanywholesnumberfrom9+09.
2

A vaid wholenumber M isnot possiblefor any valueof L from0to 9. Therefore
N =5isnot possiblewhichimpliesitwill beN =0.

Come, let usnow find out theva ueof M:-

Now smilarly multiplying 3by digit M inthetens place, weshould get M inthetens
place of product LMN whichmeanseither M =5 or M =0.

If weput N=0and M =0in equation (i) then we will get L =0 whichisnot
possible becauseLMN isathreedigit number.

ThisimpliesM =5.
If weput N=0and M =5inequation (i) thenwewill get L =1.

Therefore L=1,M =5and N =0.

TryThs
1. Findoutthevalueof Bif 1B x B=96
2. Findoutthevalueof M andNin73M +8=9N
Exercise- 6.1
Find out valueof lettersA, B, X, Y, Z, L, M, N asusedinfollowing questions.
BA 3XY MN 17
X6 X7
O =@ T2 ) W
12B 1018 MLN 7z
XX
6 2PQ ML
+PQ1 x6
v) TYYY (i) o (vii)

161 Q18 LLL
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Nunfer R ddl e ( Ruzzl e)

Alok and Nehaare making number riddles and asking each other:

Neha Think of any 3 digitsand writethem.
Don't show meand don't take any zeros.

Alok Jotted down (Writeson copy 3,2 and 7)

Neha : Now write all two digit number which can be made by
these3digits.

Alok Alright. Hewrites, 32, 27, 23, 72,37 and 73.

Neha : Now add al thesetwo digit numbers.

Alok 32+27+23+73+37+73= i

(Hewritesinthe copy and addsthem)

Neha : Ifyoudividethissumby22thenitwill becompletely divisibleandthequoitient
will besum of digitsthat you selected.

Alok : 264+22=12 Yesitiscompletely divisible.
Now thesumof 3,2and 7 (3+ 2+ 7)is12.
Ohyes! How did you doit? | hopeyou didn't seewhat | wrote.

Neha : No, thiswill work for any three digits you take. | don't need to know your
digits

TryThs
Select any 3 number of 3 digitsand do Neha'sactivity.
Didyoufind sumof digit asAlok did?

Let us LhderstandWiythisisSo

If wesdlect a, band c asthreedigitsthen the two digit number which can be madefrom
these numbersare ab, bc, ac, cb, ca and ba.

Expanded form of theseare:-
ab=10a+b bc=10b+c ac=10a+c
cb=10c+b ca=10c+ a ba=10b+ a
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By adding all these we get-
10a+b+10b+c+10a+c+10c+b+10c+a+ 10b+a
22a+22b+22c =22(a+ b+ C)

Thismeansthat the sumisamultiple of 22 soondividing thissum by 22, theanswer
iIssumof thedigits(a+ b+ c).

Thi nk and D scuss

1.  Takeanytwodigit number. Now get anew number by inter changing the place of
digits. Add both the numbers. Now their sum will be completely divisibleby 11.
Can you say how ishappens?

2. Think of athreedigit number. Now get anew number by placingthedigitsinreverse
order. Subtract the smaller number that wethus obtained, from the bigger number.
Isthisamultiple of 99?Why?

Vidi chi sD vi si bl eby Vidat

CheckingtheDivisibility
Do you know that how to check which number can bedivided by divisorslike 10, 5, 2, 3,
9 etc. How doesit work? Let ussee:-

Divisibility Rulefor 10
Checkingthedivisbility by 10 iseasy in comparison to other numbers. See somemultiples
of 10-

10, 20, 30, 40, 50, ....cccveverreenenne

For comparing, see some non multiplesof 10- 12, 25, 33, 46, 57,64, 77, 89, .....
we can seethat numbersthat haveazeroin theunitsplacearemultiplesof 10. Whereasthe
numbersin which units placeis not zero are not the multiples of 10. We get therule of
checkingthedivighility by 10through thisanayss.

Now we will see how doesthisrule work? For thiswe haveto use the rules of
placevaue.

Takeany number..... cba. In expanded form thiscan bewritten as

.......... +100c + 10b + a
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Herea isadigitintheunitsplace, bisadigitinthetensplaceandcisadigitinthe
hundredsplace. The..... dots showsthat there can be moredigitson left sideof c.

Here 10, 100, 1000 etc. aredivisible by 10 therefore 10b, 100c, ..... will also be
divisbleby 10. About awecan say that if thegiven number isdivisbleby 10thenaasohas
tobedivisibleby 10, whichisonly possibleif a=0.

Obvioudy, any number will bedivisibleby 10whenthedigit intheunitsplaceisO.

Now give examplesof somenumberswhich aredivisbleby 10.

Divisibility Rulefor 5
Seesomemultiplesof 5:-
5, 10, 15, 20, 25, 30, 35, 40, 45, 50.......
we seethat thedigit of unit placearealternatively either 5 or 0.

Thisgivesustheruleof divishbility for 5, that isif thedigit inthe unitsplace of any
number iseither 5 or O then that number isdivisibleby 5. Now, for understanding thisrule
better, take any number ............. cba.

Writeitinexpanded form............. 100c+ 10b+a

Hereaisadigitintheunitsplace, bisadigitinthetensplaceandcinadigitinthe
hundreds place and there can be more digits on left side of ¢. Since 10, 100, ..... are
divisibleby 10. Therefore, 10b, 100c, ..... will dso bedivisibleby 10. These numbersare
thereforeasodivisibleby 5. (10=5x 2).

Now, about awe can say that if anumber isdivisible by 5then ahasto bedivisible
by 5. Itisclear that a must beeither O or 5.

TryThs
Aredl numbersthat aredivisibleby 5, d so divisbleby 10? Explainwhy.

Divisibility Rulefor 2
Following aremultiplesof 2:-

2,4, 6,8,10,12, 14, 16, 18, 20, ................. which areall even numbers.

Wherethedigitsintheunitsplaceare 2, 4, 6, 8, 0. Therefore one can say that if the
unitsdigit of any numberisO0, 2, 4, 6, 8 then that number will bedivisibleby 2.
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Now wewill check thisrule. For thistake any number..... cha
Itsexpanded formwill be.............. +100c+10b+a

Hereaisthedigitintheunitsplace, bisadigitinthetensplaceandcisadigitinthe
hundredsplace. 10, 100, ..... aredivisibleby 10 and so area so divisible by 2. Therefore
10b, 100c, ..... will bedivisbleby 2. Let ustak of anow. If agiven number isdivisibleby
2thenahasto bedivisibleby 2. Butitisonly possiblewhena=0, 2,4, 6, 8.

DvisibilityRIefor 9and3

You have seentherulesto check for thedivisibility of 10, 5and 2. Have you seen
anything specid about theserules?Indl theserulesdivishility isdecided by thedigit of units
placeinthegiven number.

Thedivisibility ruleof 9 and 3 aredifferent. Take any number 3429. Itsexpanded
formwill be-

3x1000+4x100+2%x10+9x1

Thiscan bewritteninthefollowing way:-
3x(999+1)+4%x(9+1)+2x(9+1)+9x1
=3x999+4x99+2%x9+(3+4+2+9)
=90(Bx111+4x11+2x1)+(3+4+2+9)

We seethat the given number will bedivisible by 9 or 3 only when the number
(3+4+2+9)isdivisibleby 9and 3.

Here3+4+2+9=18whichisdivisibleby both9and 3.

Now take one moreexample:-

Say the number 3579. Itsexpanded form will be-
3x1000+5x100+7%x10+9x1

Thiscan bewritteninfollowingway:-
3x(99+1)+5x(9+1)+7x(9+1)+9x1
=3x999+5x99+7%x9+(3+5+7+9)

Here3+5+7+9=24whichisnot divisbleby 9butisdivisbleby 3.
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If wetakeany number isabcd, thenitsexpanded formwill be:-

1000a+100b+10c+d =999a+99%b+9c+(a+b+c+d)
=9(11la+1lb+c)+(a+b+c+d)

Thereforethedivigbility of 9 and 3isonly possible when the sum of al digitsof that four
digit numberisdivisbleby9or 3.

(i) A number isdivigbleby 9if sum of itsdigitsisdivisbleby 9.
(i) A number isdivigbleby 3if sum of itsdigitsisdivisbleby 3.

CheckingtheDivisibility Rulefor 6

Weknow that any number that isdivisibleby 6, will haveto bedivisibleby theprimefactors
of 6i.e.2and 3.

Hencein order to check thedivisibility of the number by 6, wewill haveto check
foritsdivishbility by both2and 3.

Let usrecall theruleof divisibility by 2and 3-

Thedigitintheunitsplacehasto be an even number to makethe number divisible
by 2.

The sum of al digits of anumber hasto be divisible by 3 to make the number
divisbleby 3.

For example- takethe number 1248

1248 has8intheunitsplace, therefore, 1248isdivisibleby 2 and thesumof al four
digitsof 1248is1+2+4+8=15whichisdivisibleby 3.

Hence, 1248 isdivisibleby 6.

DvisiblityRiI efor 7and11

Rulefor checking divisibility ruleby 7

Divide91 by 7.1s91 completely divisbleby 7?0Ondividing, istheremainder zero?
If yes, thenis9l divisibleby 7?

Yes9lisdivisibleby 7. How did we cometo thisconclusion? If wehaveto test the
divisibility by 7 then wedividethe number by 7. If remainder in zero then that number is
divisbleby 7. Check of divighility for 7 of two digit number isdonedirectly by division. But
do wecheck thedivisibility of athreedigit number a so by the same process? Or isthere
any other method?

Thereare many methodsto check thedivisibility by 7. Wewill check thedivishility
by someof these methods:-

Takeathreedigit number abc.
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Itsexpanded form will be- 100a+ 10b+c
100a+10b+ c=98a+ 7b + (2a+ 3b + C)
Let'swriteit such that it shows 7 ascommon factor:-

7(l4a+b)+(2a+3b+c)

Here7 (14a+b) divisbleby 7. Now if (2a+ 3b + ¢) isdivisibleby 7 then number
abcwill dsobedivisibleby 7.

TryThs
Check thedivisihility of following numbersby 7 using the above methods-
373, 644, 343, 861
Now think of somemorethreedigit numbersand check thedivisibility by 7.

Thereare some moremethodsfor checking thedivisibility of numberswith more
than threedigitsby 7. Come, | et us see one more method-

36484 | 7

l We=an=seefrom=zhisswholesprocessthat
36484 we=doublezxhe=units=digit-ofthe=number
= 14<(7x2) andssubtractdtfrom=thesnumberdeaving

36470 outthe=unitsdigit.

3647 | O,
3647
— 0 «(0x2)

3647

T

364

14 < (7%2)
350
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350

35
0 <« (0x2)
35

-+ 35isdivisibleby 7, therefore 364847 isasodivisibleby 7.

Check theDivisibility for 11
Take any number abcd. Itsexpanded formis (1000a + 100b + 10c + d)

Thiscan asobewritten as -
(1001-1)a+(99+ 1 b+(11-1)c+d
Let'swriteit suchthat it shows 11 asafactor-
11(91la+9%+c)-(a-b+c-d)
11(91a+9b+c)isobvioudydivisbleby 11.

Ifa—b+c-disO ordivisbleby 11 thenthewhole number abcd isalso divisible
by 11.

Therefore, theruleisthat if thedifference between sumof digitsin even placesand
sum of digitsin odd placesof the number iseither O or divisibleby 11 then thenumber is

divisbleby 11.
Check for number 124575-
Digit in even place <—— ~ 8 5 4 3 2 1
v v v 1 2 4 5 7 5
1 2 4 5 7 5
A A A
Digit in odd place
Difference = (Sum of digits in odd places) — (Sum of digits in even places)
=(5+5+2)-(7+4+1)
Here the meaning of
= 12-12 teking differenceisto
— 0 substract the smaller

sumfrombigger sum.
Differenceiszero, thereforenumber isdivisible by 11.
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TryThs
To check thedivisibility of number 19151 by 11.

Similarly thereareinteresting rulesof checkingthedivisibility by 13. Think andtry to
find by discussingwith friends.

Th nk and D scuss

Areall numbersthat aredivisibleby 3, aso divisibleby 9? Why or why not?

Choose any one number which arecompletely divisibleby 6. Divide thisnumber
by 2 and 3 and see. Isthisnumber isdivisible by 2 and 3 both? What can you
say about thedivisibility ruleof 67

Usingdigits2, 5,4 and 7, makeall thenumbersthat are completely divisible by
15. Without actudly dividing by 15 how will you find out which of these numbers
will bedivisbleby 15? (Usethedivighility rules)

Find thesmallest number that will bedivisibleby 7 and 11 both.

Exercise- 6.2

Which of thefollowing numbersare multiplesof 5and 10.
316, 9560, 205, 311, 800, 7936

If anumber that isdivisibleby 3, has8initsunit place, then what can be possible
digitsintensplace?

If number 35Pisamultipleof 5thenfind thevalueof P?
If 6A 3B isanumber that isdivisbleby 9, find thevalueof A and B?

Check thedivisibility by 7 for following numbers.

(i) 672 (i) 905  (iii) 2205 (v) 9751
Check thedivisibility by 11.

(i) 913 (i) 987  (iii) 3729 (v) 198
Check thedivisibility by 13.

(i) 169 (i) 2197  (jii) 3146 (iv) 5280
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Wat Have W& Lear nt

We can write numbersin expanded form like atwo digit number ab can bewritten
as10a + b and athreedigit number abc can be written as 100a + 10b + c.

Wetake help of expanded form of number in solving puzzleor number games.

Welearnt about thedivisibility rulesof 2, 3,5, 6, 7, 9and 11.




CoMMERCIAL MATHEMATICS

Let usknowt hehi st oryof nat henatics.....

The content that has been included in this chapter under the name of commercial mathematics has necessarily not
always been called by that name. When we turn the pages of world history we see that mathematics has been presented
in someform or the other at all times. Whether itis construction of ahousefor living, preparing the land for agriculture,
exchange of commodities useful for living or for other things, mathematics has always been part of public life.

No human being can produce or make all the things that they need themselves. Everyone has to be dependent
on other peoplefor their needs. In earlier timesalso commodities and labour were exchanged for other commodities and
labour. Examplesof thiscan be seenin small villages where farmers help plowing each other land by turns. Payment for
labour through grainsis still prevalent. In Arabian stories the mention of traders occurs repeatedly. The arrival of the
English and Portuguese for tradein Indiais only just about 4 -5 centuries old.

If we look at the history of mathematics, we can see many examples of itsuse in trade. We are giving two
exampleshere.

I'n 1881, handwritten manuscripts were found during excavationsin the village Bhakshali of Peshawar district.
These were in the ancient Sharada script. Three parts of these manuscripts were published in 1927 and 1933 by the
archaeological department of Calcutta. Doctor Hornel has written three articles on these manuscripts.

The contents of these manuscripts include elite mathematics, income expenditure and profit and loss. Experts
believe these manuscriptsto be belong to the third or fourth century. Thearticlesof Doctor Hornel also contain mention
of questions involving interest. The questions mentioned in the articles are diverse and involve the use of many

algebraic ideas. One of these questions is-

“There are three traders, one of them has 7 horses, the second one has 9 mules and the third one has 10 camels.
Each of them contributes three animals to akitty to be distributed among them so that the total property of each of them
is the same. What was the original value of the holding of each of the trader and what is the value of each of the animals?”

Bhaskar isidentified asa special person of mathematics from thefirst half of 12 century. He wasbornin the
year 1114 CE and was the director of Ujjain Observatory. His book ‘Leelawati” is world famous. The book has been
tranglated in Persian by Abdul Faizi in 1587 and into English by Taylor in 1816. This English trand ation was published
in Calcutta in the year 1827. This volume on mathematics, ‘Leelawati”, contains units on different aspects of mathematics.
Some of theimportant onesin these areintegers and fractions, interest, series and their progression aswell ascommercial
mathematics.

This information is collected from different sources. Students and teachers can find more information on commercial
mathematics from other sources.




Comparing Quantities

o9

Whenever wethink of comparing quantitiesof the sametypewefirst
think of ratioand proportion. What isaratio? Isproportion different
fromratio? Let uslook at some examplesto understand this.

Children of aclasswere measuring the distancefrom their ankleto
thekneeusing their handspan.

Nedlam : thedistance of my kneefrommy ankleis 2 hand spansand
4fingers

Kiran: thisdistancefor mewasa so 2 hand spansand 4 fingers

Then each child one by one said that the distancefor meisalso 2
hand spansand 4 fingers.

M easurethe distance from your knee.

Canwesay that ratio of thelength of the hand spanto the distance from thekneeto
theankleremainsthesamefor dl?

(he Mor e Measur enent

Mabhi said let’s measure the length of the arm (shoulder to the wrist) using hand spans.
Saurabh : Thislengthisaso 2 hand spansand 4 fingers
Mahi : Itisthesamefor me

The measure of the distance from the shoulder to the wrist was 2 hand
spansand 4 fingersfor dl children.

You a so measurethisdistance. We can say that theratio of thelength of the
hand span to the distancefrom theshoul der to thewrist remainsthe samefor
dl.

Wetherefore seethat theratio of thelength of thehand spantothedistance
from the shoulder to thewrist and itsratio to the distance from the kneeto
theankleisthe samefor all. We say that these have the same proportion.




L Commequms

Look at t heseal so

If therearethree black and ninewhite ballsin abag then wecan say;

1
1. Thenumber of black balls isonethird (—j the number of whiteballs

3
2. Whitebalsarethreetimes thenumber of black balls
Black balls : Whiteballs
3 : 9
1 : 3

Similarly if theheight of abananaplant is20 cm and that of amango plantis60cm
thentheratio of theheightsis-

Height of thebanana plant : Height of themango plant
20 : 60
1 : 3
Thisisthesameratio aswe saw between black and whitebdls. Thesearetherefore

proportional.

- Think and D scuss

Givefiveexamplesfrom your daily experiencewhereyou find definiteratio or proportion
between different quantities.

Rehanastudiesin class8 and Faridaisintheclass9. Both of them got their resultsfor the
mathsexams. They went and told their resultsto their mother.

Rehana: | got 80 marksout of 100

Mother : Ok! And Faridayou?

Farida : | got 110 marksout of 150.

Rehana: Wow! Didi has better result compared to me.

Mother : How?

Rehana: Didi hasgot moremarksthanme, therefore her result isbetter.

Farida : Ohyes! I’ve got 110 marks and Farida has got only 80




Mother :

Farida :

Mother :

Farida :

Mother :

But Farida, Rehana has got 80 marks out of hundred and you have got 110 out
of 150, so how do you know your result is better than Rehana’s?

| didthefollowing-
Rehanagot- 80 marks
And| got- 110 marks
and then | subtracted 80 marksfrom 110.
110-80=130
So | got 30 more marksthan Rehana, hence, my result isbetter.
But thetotal marksfor your casesaredifferent, thereforewe cannot say who has

abetter result. If the look at theratio of the marks obtained against total marks,
then we can say-

Rehanagot- > -8 _ 4 14
anagot 0010 5

g 20 1
andagot- 109 = 15

To comparethetwo ratios we makethe denominatorsthe same, we get then

Rehana k ﬂ><§—gthat' 12 out of 15
anasmarks- =X 5= 1o is12outo

11
Farida's marks- E that is11 out of 15

12 11
And because 15 ismorethan 15 Rehanasresult isbetter.
Canwedo thissome other way?

Yes! We can a so use percentagesfor this.

Wiat ar e Per cent ages?

Percentageis another way of comparing quantities. When we compare on the basis of
percentages (%) we assumed the total to be 100.

For exampleif out of 12 ballsinabag 3 are black then the percentage of black

3
is — %100 = 25%
bdlsis 12 0



‘

. -9
The percentage of whiteballsis T 100 =75%

We can then say that 25% of the ballsare black and 75% arewhite.

Per centagemeansper 100 and isshown by % sign.

4 TirkendDsowss [

Condgder thefollowingexamples carefully and discusswhich way of comparison, retio or
percentageswould be better?
1.  Themixturefor Idli contains

1

3 urad lentil 33.3%urad lentil

2 . .

3 rice 66.6% rice
2. Thedistributionof childrenintheclassis

Girls: Boys 60% Girls

3 : 2 40% Boys

Appl i cat 1 onof Rer cent age

Discount
Deepak wantsto buy some material for the school.

He went to the market and saw a sign board outside the stationery
shop saying discount of 6% on all you buy.

Deepak bought a packet of pencils and asked the shopkeeper the
price?

Shopkeeper:  Theprice is Rs.50 but due to 6% discount you pay 47.
Deepak : Ok! How did you calculate that?

Shopkeeper:  The discount is calculated on the marked price of the item,
thereforewhen we sell theitem we deduct the discount amount
and therefore the selling price is less than the marked price.

Discount = Marked Price — Selling price

The discount is expressed in percentage and calculated on the marked price.



ExavpLe-1.  Thepriceof ashirtis Rs300 andthe shopkeeperissdlingit at adiscount
of 20%. find out thediscount amount and the selling price.

Sorution :  Market Price= 300, Discount percentage=20%
For amarked price of Rs 100 thediscount isRs. 20

20
Therefore, for amarked priceof Rs. 1 thediscount will beRs. 100

) 20
Discount on Rs. 300 =100 x300=Rs. 60

Selling price =300 - 60 = 240
ExavpLe-2. A book was soldfor Rs. 45 after adiscount of 10%. What wasthe marked
price of the book?
Sorution :  Onamarked priceof Rs. 100 thediscountisRs. 10.
Its selling price 100—10=Rs. 90

Comparing- Sdlingprice PurchasePrice
90 100
45 ?

When a book is sold for Rs.90 then it’s marked price is Rs 100

100
If the book issold for Rs.45 then themarked priceis 0 x 45=Rs. 50

Thereforethemarked pricewould be Rs. 50

. TyTs h
1. A sari withthemarked price of Rs. 800issold at adiscount of 15%. Find out the
sdling priceof thesari?

During saleashop givesadiscount of 15% onthemarked price of al thegoods
being sold. What would acustomer haveto pay for apair of jeansand ashirt with
marked pricesRs.17 50 and Rs 650 respectively?

Mahi bought apair of shoesfrom asale on adiscounted price of 20%. If hepaid
Rs.1200 for the shoes, what wasthe marked price of the shoes?
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S eTax

Manish and Sahil bought some thingsfrom ashop. The shopkeeper gavethem
thebill. They looked a thebill carefully

BILL
Bill No. : 27 Date: 13.02.15
Name: Manish

S.No. Name of the ltem Qty. | Rate |Amount

1. Soap 10 | 19 190

2. Toothpaste 1 40 40

3. Coconut Oil (200ml.) 2 85 170

Total Amount - - 400

SalesTax 5% - - 20

Total 420

Shil : Whatisthissaestax?
Manish : Thisisthetax charged by the government on anything sold.

ExampLe-3.  Raanbought acooler for Rs.2700 including salestax at 8%. Find out the
priceof the cooler before thetax was added.

SoLution : 8% salestax meansthat if the pricewithout tax isRs. 100 then pricewith
tax isRs. 108.

Now, if thepricewith taxesisRs. 108 then the actual priceisRs. 100

Hencewhenthe pricewith tax isRs. 2700 then actual priceis

:@x2,700
108

=2,500 Rs.
‘ TryThs
1.  Whenever you go shopping with your family look at thebill and seewhicharethe

productson whichthe shopkeeper chargessalestax. Makealist of these. Discuss
with your friendsin your class.
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10.

2.

If you goto themarket to buy something and have a10% discount but haveto
pay 5% salestax on materials purchased, thenwhich of thesetwo will be better
for you-

(i) Takeadiscount of 10% and add 5% salestax
(i) Add 5% salestax and then take 10% discount

Exercise- 7.1

Mohan saves Rs. 3,950 after spending 75% of his salary. What is his monthly
sdary?

Inclass 10, 60% aregirls. Their number is 18, so what istheratio of numbers of
boystogirlsintheclass?

Anitemmarked at Rs. 950 was sold for Rs. 760. Find the discount and discount
percent given?

Lalitabought amotorcyclefor Rs. 9,016 including 12% sale Tax. What wasthe
cost beforeaddingthe sale Tax?

A flour mill costsRs. 1,30,000. Thesalestax istaken a 7% onthis. If Shwetabuys
thismill, find thepriceshepaidfor it?

A machineissold with 8% discounted priceat Rs. 1,748. What isthemarked price
of themachine?

We havetwo baskets. One has 8 mangoesand 4 watermelonsand the other has 14
mangoesand 7 watermelons. find out if theratio of fruitsin both thebasketsisthe
sameor different?

If 5% salestax isadded to the purchase of thefollowing items, thenfind the selling
priceof each:-
(i) Shirt with priceof Rs. 200/-

(ii) 5 kg sugar at therate of Rs. 30/-per kg

Saritabought acooler for Rs. 5,750/- including atax of 15%. What wasthe price
of cooler beforetax.

Surg) brought atelevision for Rs. 10260/- including asalestax of 8%. What was
the pricebeforetax.
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| nt erest

The extraamount charged for the use of some borrowed amount for acertain periodis
caledinterest. Itiscalculated intwo ways:-

1. Smplelnterest 2. Compound Interest

S npl el nt erest

You arefamiliar with smpleinterest and how to calculateit. Let usrecall through an ex-
ample

ExampLe-4.  Find outthesmpleinterest on Rs. 10,000 for 3 yearsat 10% annudl rate of

interest.
SOLUTION. Principal =Rs. 10,000 Rate=10% Time=3years
. . Principal x Rate x Time
Weknow, smpleinterest =

100

_10,000x10x3

B 100

=Rs. 3,000

| nt er est and Gonpound | nt er est

Sudhir borrowed Rs. 2,00,000 for 4 years at 8% annual rate of interest.
The conditionwasthat hewould haveto pay theinterest at theend of each
year. Hewasto deposit Rs. 16,000/- astheinterest for thefirst year. He
was not ableto deposit that for some reason next year hewent deposit the
earlier dueamount and theinterest for the second year. Ajay told Sudhir-
you haveto giveRs. 33,280 astheinterest for the two years.

Sudhir said theinterest for thetwoyearsis(Rs. 16000+ Rs. 16000)
Rs. 32,000.

Ajay said- We are not taking any extraamount. The additional
amount istheinterest on theinterest amount that was due but not paid last year. Thisis
caled compound interest.

ExavpLE-5.  Sadhnaborows Rs. 10,000/ for 3 yearsat 10% annual rate of interest.
Shehasto return the amount with the extraamount (interest). Find out the
compound interest and the total amount to be paid after 3 yeras.



1

Principal amount for thefirst year, P, = Rs. 10,000/-

10
Interest for thefirst year 10,000 x 100 - 1,000

SI, = Rs. 1,000/-

Theprincipa for secondyear, P,=P + SI,
= 10,000 + 1,000 = Rs. 11,000
Henceinterest for second year

10
Sl =11,000 x -— =Rs. 1,100/-

2 100
Theprincipal for third year, P,= P, + SI,
=11,000 + 1,100
=Rs. 12,100

. . 10
Theinterest for thirdyear S, = 12,100 x 100

=Rs. 1,210

Hence amount to be paid P, + Sl
=12,100 + 1,210
=Rs. 13,310
Totd interest = SI, + Sl + SI,
=1,000 + 1,000 + 1,210
=Rs. 3,310

Will theamount of compound interest be different from smpleinterest?
Letsfind out:-

Principle x Time x Rate

Simpleinterest for 3years=

100
B 10,000x 3x10
- 100
= Rs. 3,000/-

We seethat because of compound interest an extraamount Rs. 310 hasto bepaid.

For smpleinterest the principle amount remainsthe samewhilefor compound interest it
changeseach year.
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Let ustry tofind aformulato cal culate the compound interest.
Suppose Principa amount =P Rate=R%
Time=t Tota amount=A

B xRx1

. . | —
Theinterest for thefirst year 1, 100

B xRx1
100

Thetotal amount after firstyear .. A = B+

R
=R|1+—
1[ 100]

= P, (Principa amount for thesecond year)

ot dveer |, — X RX1 _p (ij
Interest for thesecondyear |, = T100 21100
R R

1X[ * 100]>< 100

.. Total amount after 2 years

R R) R
—R1+—|+R |1+ —|x—
A 1[ 100] 1[ 100] 100
R R
=B|1+—|x|1+—
1[ 100 100]
2
R
=RB|1+—
1[ +100J
=R (Principlefor third year)
_ | _ PxRx1 —P[i]
Interest for thethird year 3T 7100 l100
RY R
l,=P|1+ —| x—
3 1[ 100] 100



.. Total amount after threeyears A; = P; + |5

2

2
R R R
=RBR{l1+—| +B|1+—| x—
SR T 1[ 100] 100
2
R R
P14+ —| x|1+—
A=A 0 100]
3
R
=R 10
Hencetota amount after t years
R t
—P|1+—
A 1[ +100J
R t
A=P|1+—
Instandard form [ 100]
Rate"™
Tota amount = Principal amount x (1+mj

Compound interest = Total amount — Principal amount

Cl.=A-P
Rt
Cl.=P|1+——| —P
+100]
Rt
Cl.=P|[1+—| —
[ mJ

Weusethisformulato ca culatethe compound interest.

ExampLE-6.  Find out the compound interest for 2 years on Rs. 5600/- at 5% rate of
annudl interest.

R

t
. = 1+—
SOLUTION : We know A P( 100)

Here, Principad (P)=Rs.5,600; Rate(R)=5%annua;  Time(t)=2years



2

5

A=5,600x|1+—
Hence, [ 100]

1 2
A=5,600x|1+—
[ 20]
21 21) (21
=5,600x|— x| —
osa{Zf —som ({3

A =Rs. 6,174/-
-, Compound interest = Total amount—Principal amount
= 6,175 - 5,600 = Rs. 574/-

ExavpLE-7.  Shyam deposited Rs. 64,000/- in anationalised bank. If theannual rate of

1
compounded interest is 25

after 3years? What istheinterest hewould get?

% then what isthetotal amount hewould get

t
SoLution:  Weknowthat A= P[1_|_ i]
100
Here, Principa (P) =Rs. 64,000/-
1., 5 _
Rate(R) 2§%= E% annud; Time(t) = 3years
7 3
Hence, A= 64,000x 1+—2
100
A=64, OOOX[ ]
A=64,000x [1 ]
A=64,000x [4

H
\_/

40

o {385
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A= 41x 41x 41 = Rs. 68,921/-
Amount of interest frombank = Total amount — Principal amount

= 68,921 - 64,000 = Rs. 4,921/-

h

Find out the compounded interest after 2 yearson Rs. 15,000/- at an annual rate
of interest of 6%.
Find out the compounded interest after 3 yearson Rs. 8,000/- at an annual rate of

1
interest of 55 %.

Find out thetotal amount and compound interest:-

1
0] OnRs. 10,700/- after 3yearsat an annual rate of interest of 145 %.

(i) OnRs. 18,000/- after 2 yearsat an annual rate of interest of 10%.

G cul at i onvnenGinpoundedQuarterl yor Hil f- Yearly

In many situationsincludingin bankstheinterest isnow not cal culated annualy but after each
quarter or after 6 months. Thismeansthe principa chargesevery 6 monthsor 3 months.

When interest iscompounded half yearly then we have 2 periods of 6 monthsin

each year andtherate of interestishaved. Smilarly if theinterestiscompounded quarterly
then each year has 4 quartersand therate of interest be comes onefourth.

Thecdculation aredoneasfollows:-
1 For compounding haf yearly

half-yearly rate of interest
100

jNo. of half years

Total amount = Principal x (1+

For compounding quarterly

N quarter rate of interest
100

JNO. of quarters

%, Total amount = Principal x (1
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4 Tyhis

1.  Cdculatethecompoundinterest for oneand ahalf-year Rs. 4,000/- at 5% rate of
interest?

1
2. If interest iscompounded half-yearly then find the compound interest for 15

yearson Rs. 1,500/- at 10% annual rate of interest.

3. Deepak borrowed Rs. 80,000/- from a bank for 2 years. If the annual rate of
interest is10% then find thetota amount duewhen:-

(1) Interestiscompounded annualy (i) Interestiscompounded half-yearly.

1
ExampLe-8.  Find out thecompound interest for 15 yearson Rs. 15,625 at annual rate

of interest of 8%, if theinterest iscompounded half yearly.
SoLuTioN :  Theinterestiscompounded every half-year.

1
Hence, time (t) = 15 year  =3haf-year

8
Rate (R) =8% annual = 5 % half-yearly = 4% haf-yearly

Principal (P) = Rs. 15,625/-

half-yearly rate of interest
100

jNo. of half years

.. Total amount = Principal x (1+

3 3
Tota amount =15,625x |1+ Ll 15,625x [1+ i]
100 25

26\’
Total amount — 15 625x

=15,625x @ X é X @
25) (25) (25
Total amount = 26x 26x 26 =Rs. 17,576/-
.-. Compoundinterest =Total amount—Principal

=17,576 — 15,625 = Rs. 1,951

ExavpLe-9.  Caculatetheinterest for aquarterly compounded interest over apeirod of
9 monthson Rs. 1,000/- for 8% annual rate of interest.



SoLuTion :  Hereinterestiscompounded quarterly
Hence, = t)=9months=3quarters

8
Rate (R) = 8% annual = 2 % quarterly = 2% quarterly

Principa (P) =Rs. 1,000/-

.-, Total amount = Principal x (1+ Quarterly rf(t)eoof Interest

j No. of quarters

3 3

2 1

=1000x|1+——| =21000x|1+—

Total amount =1, [ 100] 1 [ 50]

3
51 51 51 51
=1000x|=—| =1,000x|—|X|—|x|—
Total amount =1, X[SO] 1 X[SO]X[SOJX[SO]

651
Total amount =% =Rs. 1,061.20

.*. Compoundinterest =Total amount—Principal
=1,061.20 - 1,000 = Rs. 61.20

ExampeL-10.  What principal amount would becomeRs. 2,809/- after 2 years of com-

pound interest at annual rate of 6%.

+ _
100

SoruTtion :  Here, Tota amount (A) =Rs. 2,809/- Principal (P) =7
Rate (R) = 6% annual Time(t) =2years
t
A= P{l R ]

6 ) 3
2809=P|1+—| = Pl1+=
s = Plveg

50
2
2,800=P| 2| — py 2333
50 50x 50
2,800 = px 220
2,500
2,809 2,500
P =T S = Rs, 2,500)-

1 2,809
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ExampLe-11.  Atwhat rateof interest will the principal amount of Rs. 1,000/- becomeRs.
1
1,331/- after 15 year of half yearly compounded interest?
Sorution :  Here, Totd amount (A) =Rs. 1,331/- Principal (P) =Rs.1,000

1
Rate(R) =7 Time(t) = 15 years= 3 haf-yearly

R t
. = 1+—
~a=p(1e )

R
331=1000{1+—
1391100014 10

=14+ —
1,000 100

[1_1]3_1+£3
10/ " 100

If theterms on both sides of an equation havethe same exponent then thebasesare

1331 (. R ]3

equa. e
H E =1+ i
e 10~ " 100
ua ,_ R
10 =~ 100
1_R _
10 100 =Sy

100
R= 1o =10% (half-yearly)

Sincerateof interest calcualtedishalf yearly,
Hence, R =10 x 2 =20% (annual)

ExampLE-12.  Mohan borrowed Rs. 31,250/- at 8% annual interest. After how much time

would behaveto return Rs. 39,336/-

SoLuTtion :  Here, Tota amount (A) = Rs. 39,366/- Principd (P) =Rs. 31,250
Rate (R) =8% Time(t)=?



equal.

8 t
= I+—
39,366 = 31,250 ( 100)

t
39,366 (1 2 )

31250 ( 25

19,683 (27)
15,625 \ 25

27x27x27 (27
25x25x25 \ 25

-5
25 25
Thebases on either side of the equation being equal the exponentswould also be

Hencet = 3years.

h

Find the compound interest and thetotal amount for thefollowing:-

0] Principal =Rs. 7,000 Rate=10%vyearly = Time=4years
(i) Principal =Rs. 6,250 Rate=12%vyearly = Time=2years
(i) Principal =Rs. 16,000 Rate=5% yearly Time=3years

Rahul borrowed Rs. 1,25,000/- at 12% annual compound interest from abank to
buy car. What would bethetotal amount and theamount of interest after 3 years?

Find out the compound interest on Rs. 50,000/- deposited inabank at 15% annual
rate after 2 years.

Calculate thessimpleand compound interest at 5% annual rate on Rs. 1,260/- after
2years?

Find the difference between the amount of compound interest and simpleinterest
onaprincipa amount of Rs. 8,000/- at an annua interest rate of 10% after 2 years.

1
Find out the compound interest after 15 years on an amount of 3,000/- at 8%
annual rateof interest when thecompounding of interestishalf yearly.



10.

11.

12.

13.

14.
15.

16.

17.

COMPARING QUANTITIES

How much interest would we get from the bank on Rs. 9,000/- in ayear with
quarterly compounded interest at 8% annual rate of interest.

Find the compound interest on Rs. 3,500/ after oneyear if compounded half
yearly .

A man borrowed Rs. 25,000/- what total amount would he pay after oneyear, if
therateof interest is20% annual and iscompounded half yearly.

Find the compounded interest for six monthson Rs.10,000 at an annual rate of
interest of 12%if theinterest iscompounded every 3 months.

How much money should Surjeet deposit in the Punjab National bank so that he
getsRs.6 615 after two yearswiththerate of interest 5% annually?

What amount would become Rs.18,522 at an annual rate of interest of 10% after
oneand ahalf yearsif theinterest iscal culated every six months?

Kabir borrowed Rs. 15,625 fromthe Indian bank. Hereturned Rs.17,576 after
3years. What wastherate of interest charged by the bank?

At what annual rate of interest Rs6,000 would become Rs.6,615intwo years?

In how much time would the compounded amount become Rs.9,261 from a
principa of Rs.8,000if theinterestiscompounded annudly at arate of 5% interest?

Ahmed got aninterest amount of Rs.5853 on hisdeposit of Rs.46,875 at an annual
rate of interest of 8%. if theinterest was compounded every six monthsthen find
thetime of deposit?

What istheprincipa amount onwhich thedifference between the compound interest
andsmpleinterest isRs. 40, after two yearsat therate of annua interest 5%7?

The UWse of t he For mul af or Gonpound | nt er est

Theformulafor finding thecompoundinterest isusedinmany Situations.

@
(i)
(i)

For finding theincrease and decrease of population
For finding theincrease and decreasein priceof anitem
For finding thetotal amount whentherate of interest isdifferent in different years.

(@ If thepopulation of atownincreases, then

. _ Rate) ™
expected population = current population | 1+ 100

(b) If thepopulation of atown decreases, then



ExampLE-13.

SOLUTION :

ExampLE-14.

SOLUTION :

- - Expected price= Current price x (1—

: : Rate\ ™
expected population = current population | 1—- 100

(c) If thepriceof anobject increases, then

Rate of | ncrease}time

ice= i 1+
expected price= current price ( 100

(d) If thepriceof an object decreases, then

Rate of Decre%j“me

. . 1-
expected price= current pnce( 100

(e Iftherateof interest in successiveyearsisR, %, R .%,R %.... then,

_ R R R
bt B B .o

The present population of thetown is 128000, if the populationincreases
at 5% annually than what would bethe popul ation after three years?

The present population is 128000 Rateof increase= 5% annually
Time=3Years Expected population="?

Rate of | ncrease}time

Expected population = Current popul ation (1+ 100

3 3
5 1
ion= 1+—| = 1+ —
Expected population 1,28,000[ + 100] 1,28,000[ + 20]

Expected populati —128000[£3—128000><2—1><2—1><é
pected population = 1,28,000 | 551 = L28,000% 55X 55% %

Expected population =16 x 21 x 21 x 21 =1,48,176

Kishorebought abikeat Rs. 55,000. If the bike depreciatesat 8% annu-
aly than what would be thevalue of the bikeafter two years?

Herethe priceof the bike=Rs.55,000; Rate of depreciation=8% annually
Time=2Years, Expected Price="?

Rate of Depreciation J“me
100



8\ 22
—55,000{1———| =55, 000[1——
100 25
_s5.000x|2] —55,000c 34 2
25 25 25

= 88x23x 23 = Rs. 46,552/

ExampLe-15. A carispriced at Rs.450,000. Thecar depreciatesat 4% annually for the
first two yearsand 10% annually for the next twoyears. What istheprice
of the car after four years?

SOLUTION : Here the price of the car = 4,50,000/-
Rate of depreciation = 4% annually
Time (t,) =2 years
And then Rate of depreciation = 10% annually
Time (t,) =2 years
Desired Value = ?

R, \" R, \"
. Desi = Origi i 1——1 1-—2
.- Desired Value= Origina prlceX( 100) x( 100)

= 4.50.000 x (1_ij2 X (1_£j2
S 100 100

-ssmonr(Z{g]

25 10
= 4,50,000x ﬁ 2—4 3 3
25 25 10 10
=72x24x24x9%x9
=Rs. 3,35,923

y

1. The present popul ation of thevillageis8000. If the populationisdecreasing at the
annual rate of 5%. What would bethe popul ation after 3 years?

2. Thepopulation of thetownis 9600. If therateof increase of thepopulationis15% &
annualy, thenwhat would be the popul ation of thetown after 2 years?
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| nst al nent Schene (Fur chasi ngi nl nst al nent s)

You would have comeacross many advertisementsof thiskind-

“Buy the house of your dreams at minimum interest rate with easy instalments” or
“Pay only Rs. 30,000 and take the car of your choice to your house, the rest in easy
instalmentsor buy TV or fridgein Rs1000 and therest of the payment in easy monthly/
half yearly/ annual instalments”

Under such schemes people can buy costly itemswithout full payment therefore
these schemes enabl e peopleto buy costly items comfortably.

Ininstalment schemes, the customer while purchasing theitem paysapart amount
onthespot. Thisiscdledinitia down payment. They subsequently sign acontract takesthe
iteminuse. They pay theremaining amount ininstalments. Thisiscalled theinstalment
amount. Themonthly, quarterly, half yearly or annua instal mentsarefixed with the consent
of the customer and the shopkeeper.

L et usunderstand theinstal ment schemethrough an example-

Findingtherateof interest of aninstalment scheme: -

Intheinstalment scheme only apart of thetota cost ispaid by the customer at thetime of
purchase. Therestispaidininstalmentsand for thisthe seller takes some extraamount
from the customer. Thisextraamountistheinterest.

ExampLE-16.  Thecash down priceof atableis Rs.1000/-. Ramesh buysit for adown
payment of Rs.400 and monthly instalmentsof Rs.310 each. Findtherate
of interestinthescheme.

SoLuTion :  Thecash priceof table=Rs. 1000/-
The cash down payment = Rs. 400/-
The due amount for instalments= Rs.1000 - Rs.400 = Rs.600

Supposethat therate of interest for theinstal ment schemeisr% annually, thenthe
total amount of Rs.600= Principa + Interest

_ oo 4 800xrx2
100x12
=600+r 1)
Thetotal amount after two months of the monthly instalment of Rs.310 paid after
thefirst month
310xr x1

100x12
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31r
=310+
+o e )

Thetota amount of Rs.310 given after two months=Rs 310

Therefore combining thetwo monthly instal mentsat the end of two months

31r 31r
=310+ —+310 =620+ —
Tota amount + 120 + + 120

Usingboth (1) and (2)
31r

600+r =620+ —
* * 120

r _ﬂ =620-600
120

120r —31r
120

89r = 20x120

20

2,400 .
r= 80 - 26.97% (approximately)

Therefore, theannual rate of interest in theinstal ment scheme=26.97% &

Usinganother method:
The cash price of table = Rs.1000

Down cash payment = Rs.400
The amount due in instalments = Rs. 1000 — Rs. 400

= Rs.600
Number of equa instalments=2
Thetotal amount paidininstalments=2 x 310=Rs. 620
The total interest paid = 620 — 600 = Rs. 20
The principal amount for the first month = Rs. 1000 — Rs. 400 = Rs. 600
The principal amount for the second month =600 - 310 = Rs. 290
Total principa amount (for one month) =600 + 290 = Rs. 890
Supposetheannual rateof interest isr%, then

890xrx1

i =———=20
Total interest 10012
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20x100x12

r p—
Or 890

,400 .
r= 80 - 26.97% (approximately)

H ndi ngt hel nst al nent Anount

Let usnow try to understand how the seller cdl cul atestheinstad ment amount. The shopkeeper
buystheproduct at some price. Heknowsthat using theinstalment scheme moreitemscan
be sold. Therefore, to get an appropriate interest rate he wantsto decide the cash down

amount, theinstalment amount and the number of insta ments.

ExavmpLe-17.  Thepriceof atelevisionsetisRs.12,000. Thisissoldat Rs.3,000 down
payment and two equal monthly instalments. If therate of annud interestis

18% then find theamount of each instalment.

Sorution :  Thecashpriceof televison =Rs. 12,000
Cashdown paid =Rs. 3,000
Payment to be madein instalments = Rs. (12000 - 3000) = 9000
Rateof Interest =18%Annud
Let eachinstalment be =Rs. X
Principal x Rate x Time
Interest = 100
. 9000x18x
Theamount of one month interest on Rs. 9000 = 10 =Rs. 135

Theprincipal anount after onemonth = 9000 + 135 = Rs. 9135
Theamount to bepaid after payingthefirstingament =Rs. (9135 - X)
Thetotal amount of thisamount would bethe dueinstalment after one month.

) (9135 x) x18x &
Hence the interest on Rs. (9135-x) foronemonth =

100
_ 3(9135-X) Rs
200 )
Thetota amount after onemonth =Principal + Interest
- (9135 _ x) + SO0 7X)
200

200(9135- X) + 3(9135- X)
200




‘

1827000 - 200x + 27405 — 3x

200
1827000 - 200x + 27405 — 3x

Hence = 200 = X

1854405 — 203x = 200x
Or 184405 = 200x + 203x
403x = 1854405

_ 1854405

Hence, X = 203 = Rs. 4601.50

Hence, theamount of eachinstalmentisRs. 4,601.50

H ndi ngt heGashRri ce

If for aninstalment scheme theamount of each equa instalment, number of instalments,
rate of interest and cash down payment amount isgiven then we can find the cash price of
theitem. Let usunderstand thisthrough an example.

ExampLE-18. A bicycleisavailablefor Rs.500 cash down and two annud equd instaments
of Rs.1210each. If therate of interest is10 % annually thenfind the cash
priceof thebicycle.

SoLuTion :  Supposethe cash priceof thebicycleisRs. x.

Cashdown payhment = Rs. 500
First Instalments=Rs. 1210, Rateof Interest = 10%
Theamount due after cash down payment = Rs. (x—500)

Principal x Rate x Time
100
_ (x—500) x10x1 _ (x—500) Rs
100 10 '
Thetotal amount after oneyear = Principa + Interest

x—500
10

Theinterest for oneyear on (x—500) =

= (x — 500) +

1 11
= (x — 500) (1 + E):(x—soo) 10

Theamount dueafter thefirst instalment (the principa amount for the second year)



= [( oo)E 1210
=[Xx—5 10 ]

R at Time
Thetotal amount at the end of second year = Principal {1+ m}

1 10
—1210] [1 + ——=—=]*

= [(x — 500) 0 100
_ u u
= [(x — 500) 0" 1210] 0

Thetota amount at the end of second year isequal to the dueinstalment for the
second yer.

[(x — 500) 75 — 1210] T5 = 1210

11 B
[(x — 500) T 1210] 11 = 12100
11 B
Or  [(x — 500) T 1210] = 1100

11
Or  (x — 500) o = 1100 + 1210

O (x — 500) = 2310 x 10
ro¥ - 1

Or X — 500 = 2100

X = Rs. 2600
Hence, the cash price of thebicycleisRs. 2,600/-

R obl ens | nval vi ngGnpoundl nt er est

Inamonthly instalment schemewhen thetotal timeislessthan oneyear smpleinterestis
used. However sometimesthe seller charges compound interest even for lessthan oneyear.
Insuch casesinterest iscompounded half yearly or quarterly.

Sometimesinstalmentsare given for more than oneyear, in such cases also com-
pound interest isused.

ExampLe-19. A fridgewith acash price of Rs.15,000, isavailable for Rs2,250 cash
down andtwoequal half yearly instalmentsat 8% rateof annual interest.
If interestiscompounded every six monthsthen find theamount of each
ingtament.
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=Rs. 15,000
=Rs. 2,250

SOLUTION :

Cash down payment
Remaining payableamount

amountsfor thefirst and second term.

4
X=RB |1+ —
1[ 100

Thecash priceof theFridge

1
s

25

26
x=h % and x=F,

25
26

-G e

Hence, 12,750 =

12,750 =

12,750 =

. 12,750x 26 x 26

25
26
25
26
25
26

|

X

d

25]2
— X
26

25

1+=

51
26

|

26

25x51

Theamount of eachinstalment = Rs. 6,760/-

1 A chair is sold for cash price of Rs. 450 or a cash down payment of Rs.210 and two
egual monthly instalments of Rs.125 each. Find out the rate of interest charged in

the scheme.

2. A TV standissold for Rs.3,000 cash or cash down payment of Rs.600 with two
equa monthly instalmentsof Rs.1,250. Find out therate of interest chargedinthe

scheme.

3. Thecash priceof afanisRs.1,940. Intheinstalment schemeitisavailablefor a
cash down payment of Rs 620 and two equal monthly instalments. If therate of
annual rateof interest charged in under the schemeis 16% then find the amount of

eachinstd ment.

25
26

= Rs. (15,000 - 2,250)
=Rs. 12,750
Rateof Interest =8%annually =4%half yearly
L et theamount of each half yearly instalment be Rs. x, and P, and P, the principal

]Zx

= Rs. 6760/-

1+—




MATHEMATICS - IX

The cash priceof amicrowaveovenisRs. 20,100. if thisisavailablefor Rs.3700
cash down payment with two equal monthly instalments at 10% annual rate of
interest then find theamount of eachinstal ment.

An Iron is bought for cash down payment of Rs. 210 and two equal monthly
insta mentsof Rs.220 each. If therateof interest is20% annually then find the cash
priceof thelron.

The cash price of a scooter in ashowroom is Rs.20,000. Under an instalment
schemethisisavailablefor cash down payment of Rs.11,000 withtwoequa annua
instalments at 25% annud rateof interest. If theinterestiscompounded every year
then find theamount of each ingtalment.

Washing machineisavailablefor Rs 12,000 cash payment or after acash down
payment of Rs.3600, two equa half yearly instalments. If theannud rate of interest
is20% and theinterest is compounded every six months, then find the amount of
ingtament.

A sewing machineisavailablefor Rs 3,000 cash or acash down payment of Rs
450 and two equd half yearly instalments. If the compound interest is4% annually

then what would bethe amount of each instal ment.

Wat Have W& Lear nt

We compare quantitieson the basis of ratiosand percentagesetc.
Percentages are used to cd culate the amount of discount, salestax and interest.
Thereductionin the marked priceiscalled discount.

The government charges salestax on any item sold. The seller addsthe salestax
amount to thebill amount.

Theinterest charged is of two types, smpleinterest and compound interest.

R t
(i) If theinterestisannually compounded then A =P {1+ ﬁ] :

(ii) When theinterest iscompounded haf yearly then time periodsare number

of half years and the rate of interest is halved then total amount

2t
R
=p|l1+—
A P[ + 200}

(i)  Wheninterest iscompounded quarterly, the time period are number of

4t
R
quartersand rateisthefourth theannual rate. SOA =P [1+E] .



TRIGONOMETRY

e, | et usknowt hehi storyof Tri gononetry.. ...

Trigonometry was developed in order to satisfy the different day to day needs of humans- For example, in Indiain order
to study the speed and position of the celestial bodies in the fields of Astronomy and Astrology; in Greece to study the
relation between circles and chordsin thefield of Astronomy and in Egypt to know the height of Pyramids. When these
ideas got together, trigonometry was developed. Although Trigonometry means measurement related to triangles, the
knowledgeisused extensively inrelation to angles. In all of these, triangles and theimaginary right angled triangles are
identified and its ratio of sidesis used to find height, distance, speed, state etc.

Itisbelieved that thefirst list of trigonometric ratios was given by Heparcusin second centry BCinIndia. Inthe
field of astronomy, by regular use, five principles were assigned indicating the relation between angles and chord. The
most important amongst these was the sun principle which defines 'Sine' used today. In the fifth century Aryabhatt took
thisfurther and used Jya(Sine) and Kojya (Cosine). In the 7" Century, Bhaskaracharayal, gave the formulafor calculating
Sin x, so for each x you can obtain Sin x, with an error of less than two percent. Later again in the seventh centry,

Y p
Brahmagupta used angleslike (p — x), (E - Xj and established arelation between Sine x and Cosine (E - Xj .He

also established arelation between Sine and Cosine of the sum of two angles with the Sine and Cosine of the individual
angles like Sin (A+B) = SinAcosB + cosAsinB etc. Along with these two, in the twelfth century Bhaskaracharaya has
mentioned the use of tangets in his book 'Goladhyay'.

In the fourteenth century Mahadev analysed several trigonometric functions and their infinite series and came
up with some important expansion formulae, which were discovered much later in the western world. These are used
even today.

This information has been collected from different books and been presented here. Teachers and children are free to
obtain information on Trigonometry from other sources as well.




S With every step that we climb on the stair case, we go higher from the
/ ground (Fig.1)

R Theheight of first step PisPA from the ground.

/ Similary the second step Q isat height QB and the -
Q thirdstepRisat aheight RC, thefourthstep S,
isat SD.

. On each step we not only go
higher from the ground but we also go
£ closer tothebuilding.

O TA[B[C]D Do we go the same distance closer aswe go higher? Istherea
Fig. 1 rel ation betwen thesetwo?

Hee PR _ B RC SD
#€ oan ~ oB oC oD

Thustheratio of the height we climb, to the distancewe move ahead, isthe same.

If theheight towhichweneed to climb isabit morewhat would be
required, if theladder wasthe same? Wewould haveto movetheladder
closer to the base of the house (Fig.2), thusincreasing theangle made
by the ladder with the ground.

Now count the squares and say whether the ratio of the
distanceto heightisthesame?

/ H.Al QlBl Rlcl SlDl

Ry OA, ~ OB, ~ OC, ~ OD,

/ Weseethat itisindeed the same.

Though thevaueof theratioin second caseismore. That is
F'}{ when the angle made by the ladder with the ground (0)
0 increased, theratio of height to distanceincreased. This

O/AB.C, D, ratio isknown asthetangent of thisangle (6).
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It t t d _ﬂ_%
meanstangen oA~ OB
RA, _ QB

andtangent 91 = OA, OB,

Other Ratios:- If welook at thismovement of going higher and towards
thewall inform of alinediagram, thenitisasif wearemakingaright angled
trianglesfrom every point representingsastep asavertex.

If we denote theangle made by theladder with theground as6, the
height towhichwe climbisthe perpendicular and distancefromthewall is o GA B C D
the base and theladder woul d represent the hypotenuse.

PA
Wehave said abovetangent 0 is ——, whichintheform of perpendicular and base

OA

Perpendicul ar
Base
Fig.3. It remainsthe samefor the samevaueof 6.

Inshort thisiscaledtan 0.

) PA_GB_RC
OCA OB OC

tan® would be=

tan

. Thevalue of whichisthe samein all thetriangles of

WI | therebeanyot her rati osweget front heseli ne

O aw ngs
Canwe get someother fixed ratiosfrom thesevalues

of sdesinthegivenright angled triangle?Let ussee
theratio of perpendicular to hypotensuse:-

_ PA QB RC
Ratlo="5p" 0Q’ OR
Alsolet usseetheratio of baseto hypotenuse.
OA OB OC
OP OQ' OR

Check if theseratiosarethe same.

Theratio of the perpendicular to hypotenuse
for afixed angle isknown asthesined (inshort Sno).
_PA_QB_RC

s —-—~_8 R
Hence OP 0Q OR

Here in right angled DABC, BB = 90° and BA = q (in Fig. (i))
then side opposite to g is BC and side AB is the adjacent side. Also
AC is the hypotenuse.

Smilarly in right angled DABC (in Fig. (ii)) BB = 90°, BC = q
then the opposite side to g is AB and the adjacent side is BC, AC is
the hypotenuse.

. Oppositesde  BC AB BC
in Fig. (i) SNq =———————=——,0080 = —,tanq = —
Hypotenuse ¢ AC 2B
Accordingly find the ratios for Fig. (ii).
0
8 =
o 3
I B\
2 ®
6,
"Oppo?')te Side® Adjacent Side®
I i




Similarly theratio of baseto hypotenuseisknown ascosined (in short cosd).
OA OB OC

V= '5p"0Q OR

(sind, cos, tand etc. areknown astrigonometric ratios)

A

Given:-

@0 AC=5 AB=3 BC=4

@i AB=12 BC=5 AC=13
@) AB=5 AC=13 BC=12
(v BC=12 AB=9 AC=15

Rel at i onshi pbet weentheRat i os

Relation between sing, cosq and tanq : If inright angled triangle ABC, ZB isright
angleandif £C =0, then:-

oy _ AB
~ BC

AB AC
AC BC
AB  BC

AC AC
= sind + cosd

Perpendicular

oo - sind
"~ cosf

Sone ot her Tri gononetri cRati os

We saw that inaright angled triangle ABC, right angled at B and Z/C=0:-

Perpendicular Base Perpendicular

Hypotenuse — 9N%: Hypotenuse — S50 Base @
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Thereciprocalsof these three givethree more ratioswhose namesare: -

Hypotenuse

—Perp endicular = cosecantd (or cosech) = S0
Hypotenuse 3 (6 (or sech _ 1

Base B (or sech) B cosd
_ Base 1
Perpendicular cotangetd (orcotf) = oy

sin6 . . . .
If tan® = 050’ then can you writetheratiocot 6 intermsof sin6 and cos6?

Tri gononet ri c Rat i oand Pyt hagor as Theor em

The concept of al trigonometric rati os can be understood by using aright angled triangle.
Pythagorastheorem d so givesared ation betweenthesidesof aright angledtriangle. Letus a?=axa
usethistofind arel ation between thetrigonometric ratios. b2=bxDb

Let thelengths of thetwo sides of aright angled trainglebea and b and thelength
of hypotenuse be ¢, then by Pythogorastheorem, therelation betweena, band cis:-
a?+b*=c® (Perpendicular?+ Base? = Hypotenuse?) (1)

Now if the hypotenuse with length ¢ makes an angle 6 with the base of length b

=snO xsnO
then,

i a b
sind = — and cosH = —
C C

Squaring and addingthetwo givesus.-

. a b
Sin%0 + cos?0 = ? + ?
_ a’ + b’
Sin0 + cos™0 = >
c
CZ
Sin%0 + cos’0 = — [-- a*+b’=c?]
c

Sin0 + cos?0 =1



or wecanwriteit as:-

sin?0 =1 -co0s%0 or cos?0 =1-sin%0

The abovethree statements of the rel ation between sincd and cos’0 areintheform
of equations. Thesehold turefor al vauesof 6 from 0° to 90°. Inright angled triangles, these
areknown astrigonometricidentitiesfor anangled (0<06 <90°).

Some other identities exist which give arelation between tan’0 and sec?0 asalso
between cot?0 and cosec?0. These can be obtained asfollows, observe and understand:-

Identity-1  sin’0+cos0=1
Dividing throughout by Sin6 weget,

sin’e N cos’6 1
sin’d  sin’®  sin’f
_ cosf
1 + cot?0 = cosec?0 (Identity-2) (- %:cote)

Againdividingidentity-1 throughout by cos’6 we get:-
sin’@ cos’ 6 1

+ =
cos’®  cos’®  cos’6
tan?0 + 1 = sec?0 or 1+tan’0 =sec’0 (ldentity-3)

Likeldentity-1, writeldentity-2 and Identity-3 in different ways.
TofindTri gononet ri cRati os

We have seenthat all six trigonometric ratios arerel ated to each other. Wehave a so seen
that if weknow theva ue of onetrigonometric ratio, then wecan obtaintheratio of thesides

of any right angled trianglewith the sameangle®.

We can do thisusing the Pythogras Theorem. Using onetrigonometricratio, wecan
finddl theremainingratios.

ExampLe-1.  APQRisaright angledtriangleinwhich ZQistheright angleand /R =6°.

3
Givensno= 5 Canwefind theremainingfiveratios?

L g Pependicular PQ 3
SOLUTION : -+ SN = Hypotenuse PR = &
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3X
We can writethisassind = ox (Astheratio of 3xto5xis3:5)

Then we can say PQ = 3x, PR=5x ... (1)

Inright angled POR, Hypotenuse? = Perpendicular? + Base?
(5x)? = (3x)?+ Base?
25x% — 9x*+ Base?

16x? = Base?
2 ] 0 R
(4x)?> = Base? Q Fig. 6
(Finding asguareroot on both sideswe get)
. Base (QR) =4x
Base 4x 4

Nowcosezm:a =

Similarly wecan find the other trigonometricratios.

5
ExampLe-2.  IfsSnf= 3 find theremaining trigonometric ratios.

5
SoLuTion :  Givensnb= I Q)

Using thishow do wefind value of cosd

We know-
sinfb+cos0=1
Tofind cosd werewritethisas
cos’0=1-sin%0
0 =1 (ET Gi i e—i
cos=1- 13 [Givensin =13
o=1 25 169 - 25 144
COSY=1-160~ 169 169
<o = (Ej
cos?0 = 13
12
co= —- .. 2

13



Now weknow sin® and cosd, so letsfind value of tano.

sin®
We know that tan0= —— orsind +cosd

cos0

e T S T

5 13

= — X —

13 12
tand = >
12

Now we can find the other ratios sec, cosec and coto

1 1 1
Sincewe know secO = ——, cosecO = ——, cotd = ——

cos@ ’ sin® tan6
S0 sd = colse - 11 - g
13
e = - = L2
ZER
1 1 12

o = —— = = = =
5
tan@ 42 5

5
Exampe-3.  If SSCA= 3 thenfind the other trigonometricratiosfor ZA.

. 5
SoLuTion:  Wearegiven SECA= 3

1
0) Butas SeCA= osA (secA isthereciprocal of cosA)
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(i) Usingidentity, wewill find vaueof SnA
sin® A=1-cos” A

2
fff 3
5 25

25-9 16

25 25

42
{2 A = | —
sin’A [5]

sinA:ﬂ
5

.. SinA ,
@)  AstanA= o or SinA + cosA

0SA

. tanA=

(iv)  Thereciproca of tanA isCcotA

1 3
Hence COtA—m—%—Z

1
V) *.» COSeCA = SPA -

o[+

5
Hence cosecA = Z




5sinB — 3cosO

ExampLe-4.  If 5tand =4, thenfind valueof —
sin®+2cosO

SOLUTION : 5tanb = 4

So tand = ﬂ
’ ano = 5
5sin6 — 3cos6

Now, sinB+2cosh

sin® 3cosH

cos®  cos
sin® 2cose

(Dividing both numerator and denominator by cos)

cosf cosO

_ Stan6-3 _.sin®
T tanf +2 '

= ﬁi (- tane:g)
5

4-3 1
(4+10% 1%

5

14

ExavpLe-5.  Iftand =1inaright angled AABCright angled at B,
provethat 2 sind cost = 1

So : InAABC, t G—B—C—l
LUTION : n , tanf =0 =

OrBC=AB
Say AB =BC =k (k issome positive number)

NowAC= \[(AB)'+(BC)” = JiZ+k? =k{2 |

Fig. 7
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BC 1 AB 1

Hence,smG:E: > AC

1 1
S0 2sinf cosh = 2(5 (—2

Or2sindcosO=1

Oneof thetrigonometric ratiosisgiven bel ow. Find theremaining trigonometric
ratios.-

_3 - A 1
0] tan0 = 2 (i) sno= 13 (iii) Coso. = 3
(iv) cotb=1 V) COSecA = g M) secp=2

(vii)  cosecA = /10

21
If cotd = — , thenfind thevalueof Snd x cosH.

20"
ifeosA = 2 thenfindthevaueof SLA=SINA
—5, entin evaueo 2tanA

If sech = = thenfindthevalueof —o0o—SInS
= 3 nenfindinevaueor 4 ne.sing -

1
If SnA :5 , thenfindthevalue of cosA, cosecA +tanA and secA.

1
Inaright angled AABC, right angleisat Z/CandtanA = NeE thenfind theva ueof

sinAcosB + cosA sinB.

If cOtA = = thenfindthevalueof St COSA

co =1 enfindthevaueo Sin A — COSA.”
4tan® — 5cosb

. 4 .
IfSinG = 5 , then find thevalue of s + 4cotf -




Trigononetri cRati osfor SoneJoeci al Angl es

We can find the trigonometric ratios for 6 = 0°, 30°, 45°, 60° or 90° in aright angled
triangle using geometry. Let ussee how:-

Trigonometric Ratiosof 45°
TriangleABC isright angled trianglewithright angleat /B and £/ C=45°
Clearly ZA will dsobe45°

Soif BC=athen
AB =a(Why?)
(Inatriangle, sidesopposite equa anglesareequal)
Now AC? =AB?2+BC? (ByPythagorasTheorem)
45° _ —a?+a? =2a?
Fig- 8 AC =a2

For ZC (45°), BCisbase, AB isperpendicular and AC isthe hypotenuse.

. . AB _a 1
smC—sm45—AC a\/§ \/E
,.BCc _a 1
cos45—AC a\/E >

ends =28 - 2
N> =pge a
PR S
€0 "~ tan45° 1
1 1 \/E

sec 45° = ==
cos45°
Vv

1 1
cosec 45° = — = =\/§
sin45° }/
V2

Trigonometric Ratiosof 30°
Consider an equilateral triangleABD whose each sideisof length 2a and each anglesis

60°.
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Draw aperpendicular from B toAD, whichmeetsAD inC A
AC=CD=a (Why?) y 2a
ZABC=/DBC=30° (Why?)

(A perpendicular drawn from the vertex of an equilateral trianglebisectsthe
oppositesideand asotheangleat thisvertex) a

Now AACB isright angled with aright angleat C.

/ABC=30° and thebasefor thisangleisBC, ACisthe perpendicular
and AB isthe hypotenuse.

W

Fig. 9

BC? =AB?-AC? (fromBC?+ AC? =AB?
=(2a)’- () =4a’-a?
=3a°=a%3

BC =a.3

Now we havethelengthsof AB, BCandAC.

You canwritethetrigonometric ratiosfor 30° inyour copies. Compareyour answers
withyour friends.

TrigonometricRatiosfor 60°
AABC has ZA =60°

For this angle, the perpendicular BC (= a\/§) and base AC (= a), a8 20

whereas hypotenuseAB (= 2a). 30°

C B

. BC a/3 3 a3
sne0°=— = — = —

AB 2a 2 a

2a
60°—£ B i B l b Fig. 10

CSOU"="AB ~ 2a 2

BC a3
tan60° =— = —— =3

AC a

Find theremainingratioswith thehhelp of your friends.

TrigonometricRatiosfor 0°

Tofindtrigonometricratiosfor 0° angle, wewill haveto think about aright angled triangle
withoneangle 0°. Do you think that such atriangleis possible? (Discussthiswith your
friends)



We shall think about how in aright angled triangle, if one of itsacuteanglesis
continuoudly reduced, will affect thelengthsof thesides.

(iv)
Fig. 11

APQRisright angled triangle. Z/PQR istheanglewhich hasto bereduced till it
become0°. Thefigures(i) to (vi) showsthe continuous reduction of theangle®.

Astheanglereduces, what changes can be observed inthe perpendicular PR?

Isthe hypotenuse QP a so changing?

We can seethat as 6 isreduced, PR isalso getting smaller. So when 6 isgoing
towards 0°, PRisalso going towards 0

Hencewhen 6 =0, perpendicular PR=0.
Alongwith thisQPisalso getting smaller and almost equal tothebase QR.

Hencefor 6 =0, base QR = hypotenuse QP

., PR _ 0
..smO—QP QP_O

OR
cos0°="~5 =1 (.. QR=QP given)

= op
PR _ 0
tan 0° = OR OR =0
QR _ QR N : . . :
cot0° = PR . 0 - Not defined (inarationa number, if denominator iszero,
the number isundefined)
P
e P,

QR
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o_% — E— 1
cosec0° = PR 0 = Not defined

TrigonometricRatiosfor 90°

To get trigonometric ratiosfor 90°, we haveto takearight angled triangle and see what
happens asweincrease 6 to 90°.

P

(i)

(iii)
Fig. 12

PQRisaright angled triangleinwhich Z/PQRisincreased till it becomes90°. in
Fig.12, you can seewaht happensaswe continuously increasethe ZQtill it becomes 90°.

Asweincrease ZQ, canyou seeachangeisthe base QR?
Isthere any changein hypotenuse PQ?

Asyou can see, asweincreasethevalue of Q, the base QR getsreduced and when
ZQ=90°, then QR = 0. Also thelength of the hypotenuse reduces and becomes almost
equa to perpendicular PR.

Hencewhen £Q =90°, hypotenuse PQ = perpendicular PR and base QR =0

__ Perpendicular PR
0 Sin90° = Hypotenuse =~ PQ =1

. Base _ QR _ 0 _
Cos 90° = Hypotenuse =~ PQ ~ 1 =0
Perpendicular PR PR _
tan90°= ————— = —= = —— = Not defined

Base QR

Similarly wecanfind the other ratios.

.........



TheTri gononet ri cRati osof theSpeci a Angl es

TABLE-1
Angled 0° 30° 45° 60° 90°
Ratio
- 1| L | B
90 0 > \/E 7 1
V3| 1 1
0 1 defined
tand NG 1 J3 | Notdefin
defined 1
cotd Not defin J3 1 NG 0
2 .
sec 1 NE J2 2 | Notdefined
defined 2
cosecd | Not defin 2 J2 NE 1
ExamvmpLe-6.  Findthevaueof
cos60° cos30° +sin60° sin 30°
SoLuTion:  cos60° cos30° + sin60° sin 30° tan 90°, sec 90°, cot 0°
and cosec 0° are not
1 V3 B 1 Gina v defined. If we take an
=5 X T 5 x5 (Onrepladngvaues) g6 gightly lessthan
90°, then tan6 and secO
_ ﬁ + ﬁ -2« ﬁ will have a very large
4 4 4 value. So when it
\/_ reaches90°, thisvalue
_ N3 will beinfinite.
2 Similarly cot6 and
ExampLe-7.  Determinethevaueof:- cosecd become infi-

5sin?30° + cos®45° — 4tan®30°
2sin30° cos30° + tan45°

nitely large as 6 ap-
proaches 0, so we can-
not determine their

vaue
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5sin?30° + cos?45° — 4tan®30°

SOLUTION :

2sin30° cos30° + tan45°

+

@+1

2

15 +6 - 16

(Onreplacingvaues)

21 - 16

2

1
\/§+2

- 12
\/§+2

2
5 2

2
5

= — X
12 /342

) 6(«/§+ 2)
2-6)

X

6(2+3)

6(4-3)

ExampLE-8.

SOLUTION :

|

5(2-V3) 5(2-43)
Provethat cos?30° —sin®30° = cos 60°

co0s?30° —-sin?30°
= (cos30°)2— (sin 30°)?

L) -3

(Onrationaising the denominator)

23

: ((2+ J3)(2-3) = (2) —(\@)2)

3-1
4




Choosethecorrect option from thefollowing:-

1 - tan®45° _
O tan®45°
@1 (Bt ()0  (d)sind5°

i 2tan30°
W 1z tan?30°
(@sn60° (b)sin30° (c)tan60° (d) cos60°
2. Evduatethefollowing:-
(i) cos30°cos45°—sin30°sin45° (i) tan30° sec45° + tan 60° sec 30°
cot 60°

(iif) cosec 30° + cot 45 (iv) o030° — tand5?
V) ta?60° + tan 45° vy 0+ Snod
V) M) 1+cos60° + sin30°
.. Sin?45° + cos?45° . sin30° — sin90° + 2cos0°
(vii) > (viii)
tan“ 60° tan30° tan 60°

3. Check whether true or fase:-
() sin30°cos60° +cos30° sin 60° =tan 90°
(i) 1-2sin?30° =cos? 60° (iii) 2cos* 45° — 1 = cos 90°
(iv) sin?45°=1-cos?45° (v) sin?60° + cos? 60° =1

Trigononet ri cEguat i ons

Just ason solving an a gebraic equation, we evaluatethe value of unknownslikex, y, z, .....,
similarly in trigonometric by solving equations we can eval uate the values of angle 6.

Inthis section we shall try to study equationswhich givethe value of unknown© lying
between 0° to 90°

ExampLe-8.  Solvefor 0 theequation 2sin6-1=0if0° <0°<90°
SoLuTion:  2sin®-1=0

2sin9=1 or sinG:E



. 1
sin®=sn30° (':sm30° = EJ

-.0=30°

ExampLe-9.  Solvefor 0 theequation /3tan 6 = 1when 0° < 6° < 90°

1
SoLuTion: /3tan®=1ortan0 = NG

1
= o ° tan 300 = —
tan 0 =tan 30 ( \/5)

-.0=30°

Solvethefollowing equationsfor theva ueof 6, when 0° < 6° <90°

1
1. sSn0O=cosO 2. 2cosf=1 3. ZsinZG:E
4, 3tar0-1=0 5 2sin0=.3 6. tan0=0
1
7. 3cosec?=4 8. 200329:5 9. 4sn’0-3=0
10. 4sec?9-1=3 11. cot?6=3

Qher Applicationsof Tri gononetri cRati os

Till now thetrigonometric ratiosthat we have studied have beenfor anglesof aright angled
triangle

Infact, besidesright angled triangles, thetrigonometric ratios al so exist and are
defined for other triangles, quadrilaterals, pentagons and polygons. These are special
characteristicsof theangles. Soif weknow thevalue of theanglesin afigure, we can use
trigonometric ratiosto determinethelength of the sides. This can be understood by the

followingexample- A
ExampLe-10.  Consider atriangleABCinwhich #B =45° o
and ZC=30°,AB =5cm. Thusthetriangle >
Isnot aright angled traingle. 450 20r

(@]

SoLution:  CanwefindACandBCusingtheinformation B Fig. 13



gven?

We can construct a perpendicular from the vertex A to the side BC,
intersectingthesideinD.

Now consider AABD,

_ 45°_AD _AD
SN =""B ™ 5
_ 5
(o OrAD:55|n45°:ﬁ

Now wecanfind BD. Rehanasaid thatintheAABD,AD =BD
Doyouthink that iscorrect?

Arethey equa ?
Now take AADC
AD
‘oé(\ sin30° = E
o o AD
YA D 2 ¢ AC= sin30°
Fig. 15
O AC=—7= x 1
' " J2 7 sin30°
5
= E X 2= 5\/5
AndDC=AC cos30° =5,/2 x £
B 5><\/§
NG,
BD and DC, both addtogiveBC
5 55351443
"RV T T2
5(1+\/§)

HenceAB=5AC=5/2andBC= ——F—=—



‘

Findal thesdesinthefollowingtriangles:

A
6
1. A :
R 45"\ ¢
C

30°
A
60

@®

YA C

3. IS
©
60° °
4 \Wat Have V¢ Learnt

Thetrigonometricratios can befound using thefollowing:-

0= Perpendicular . Base 0= Perpendicular

Snv= Hypotenuse CoS0 = Hypotenuse tanb = Base
sech = Hypotenuse _ Hypotenuse 0= Base

co ~ Perpendicular ; Base coth = Perpendicular

Therelation between thevarioustrigonometricratiosis:-

anezs"—ne cosecez_i secezi cotezi
coso ’ sing ’ coso ' tan0

If weknow onetrigonometric ratio of oneof theacuteanglesof thetriangle, wecan

find theremaining trigonometricratios.

We can find thetrigonometric ratiosfor particular angleslike 0°, 30°, 45°, 60° and
90°.

The value of sSinA or cosA can never exceed 1 whereas the value of secA or
cosecA isaways1 or morethan 1.

Thethreeidentitiesare:-
SN’ +cos’d =1
1+ cot?0 = cosec’®®  where 6 = 0°
1+ tan’0 = sec’d where 6 = 90°




GEOMETRY

Let us knowsonet hi ngabout t hehi storyof geonetry. .. ..

The moment human started distinguishing between shapes around him, it led to the creation of geometry. Since then
there are many objects whose name is based on their geometrical shapes. To understand more about these shapes
human started to draw these shapes in different ways and in this effort he created different lines and shapes.

Inthisprocess he also studied spatial relationship. This devel oped the understanding of anglesand construction
of shapes. In India geometry was predominantly used in construction of monuments and to locate and forecast the
position of celestial bodies. There were many formulae to do this. Initial geometry was an endeavour based more on
experience and extracting rules from these examples. Those rules were created to find and calculate length, breadth,
height, angle, area, volume etc. easily. The aim of thiswasto find the usein daily needs like survey of land, construction
of building ,bridges and for geological and other technical uses. But as often happens the scope of geometry was also
to make further discoveries and it slowly got more extensive.

Geometry which means land measurement shows the reason for its creation. Many formulaes of those times
were as complicated and deep as todays contemporary mathematics, ‘which is not easy to find even today. Thiswas the
begininng of formal geometry. Inthe eraof Harappan Civilization people were expertsin measurement aswell as creating
geometrical shapes. Likewsie in Shulva-Sutra there is a description of how to construct and find area of triangles,
sguares, rectangles and other complicated geometrical shapes. These formulae could also be used more comprehensively.
Thus, the formulae related to triangles and quadrilaterals can be used for al types of triangles and quadrilaterals.

Few examples of Shulva-Sutra:-
1 To construct a square equal to the sum of the area of two given squares.
2 To construct a square with double the area of the given square.

To construct a square with double the area of the given square, we need to find the side for that square,
Katyayan and Apstambh had given the following Shulva-Sutras for this:-

1 1
New side=old side [1+— j=1.4142156 x oldside

J,____
3 3x4 3x4x34

Thisvalueisthe same asvalueof /2 correct up to five decimal places.

We find several examples of thiskind of geometrical rules and formulae in Egyptian, Indian (Indus valley and
Harappan), Babylonian, Arabian civilization.

This information has been collected from different books and presented. Teachers and students can collect more
information about geometry from other sources.




Straight Line & Angle

oS

Therearelot of shapes hidden around us. In the picture given below we can see adoor,
frame of awindow, top surface of abook, roof-top etc., all these shapesarerectangular.

/

s [
ey

\
!
\
|

Fig. 1

Some other objects may have surfacesthat aretriangular, pentagonal or any other
shape. Every angel rectangular object hasall anglesequal to 90° and has oppositesidethat
areequal . Other shapesd so have some line segmentsthat are equa and their anglescould
beequal.

Seethewindow grill inthepicture. Therearelotsof line segmentsin the picture
whichintersect each other. Inthisgrill and the other grid typewefind severd line segments
whichmeet at different intersecting points. Isthere any rel ation between theanglesmade at
theintersecting points? In thischapter we will study theanglesmadeby linesat their points
of intersection.

Li ne Segnent and End Poi nt s

Draw alineon your copy. What symbolsare used to expressit?
Now draw aray. Which symbolsareusefor this?
Doesalinehaveany end point? And in aray? Discusswith your classmate.
Seethepicturegiven below:-

How many end pointsarethere? Thispicturedoes A : B
not show alineor aray. Thisisaline segment. Fig.2
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Thiscanasobemarked onaline.
How many line segment can bethereon aline?

Discusswithyour friends.

| dent i fyi ngaLi ne Segnent

A

’ ;’{ g 1. How many pointsare marked on thisline?
Fig. 3 2. How many line segment are there on thisline? Which are they?

Trytoidentify al thesethreethingsinfigures4, 5,6 and 7.

A

A

»
| ! l

p Q R s P Q R s T
Fig. 4 Fig.5
3 Q R : T VI
Fig. 6
S P Q R s T u v o
Fig. 7
Number of points Name of Nameof line Numbersof
ontheline thepoints segment line segments
3 PQR PQ, PR, QR 3
4 PQR,S
5
6
7

Here PQ and QP arethe name for the sameline segment.

If only two pointsare marked on alinethen how many line segmentswould there
be?

According to thistable what relationship isthere between the number of points
and numbersof linesegments.

Likewiseif thereare 8 points on thelinethenthe number of linesegmentsare

1+2+3+4+5+6+7.
If there are n pointson thelinethen the number of line segment would be
1+2+3+4+5+............. +(n-1)

Do you agreewith this? Discusswith your friends.



STRAIGHT LINE & ANGLE

@lircarRAMts

IntheabovetableP, Q, R, Setc. onasingleline. Thesearecollinear points. Thismeansall
thepointswhich lieonthesamelinearecalled collinear points.

HerepointsA, B and C arecollinear. (Fig.8) A

Q we
e

InFig.9, arethepointsA, B, Cand D collinear? Can
wealso say that B, C and D not collinear?

And areC and D d so not collinear?

Canwedraw alineonwhich both pointsC and D lie?Yes, linesegment CD lieson
thisline.

Clearly any two points must havelie on any oneline,
andonthislinethey will becollinear.

A B c
So, whether the pointsare colinear or not, isaquestion Fia. 9 /
whichisreavant only when we aretaking about at |east three points. Only J

then would you ask the question whether the pointsare collinear or not?

Thi nk and D scuss

Canthreecollinear pointsmakeatriangle?

Li neandAngl e

Infigure-9 angle DCA at point 'C'ismorethan 90°, so thisisan obtuse angle.

Weknow different kinds of anglelikeacuteangle, right angle, obtuseangle, straight
angleandreflex angle.

TryThs

Draw each type of anglewe have mentioned and writetheir names.

Adj acent, Gonpl enent ar y &Suppl enent ary Angl es

C
Here we will see which pair of angles comesinto the

category of adjacent angles, complementary anglesand

supplementary angles.

Adjacant Angles

Seethegiven Fig.10(i) and (ii). %

A
(l)
Fig. 10 (")
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Therearetwoangles1 and 2 bothin Fig.10(i) and (ii). Inwhich O isavertex and
sideOCisinmiddleandisacommon side.

Thereforein Fig.10 angles 1 and 2 are adjacent angles.
Now seeFig.11(i), (ii) and (iii):-

0
(i) (ii) (iii)
Fig. 11

InFig.11(i), 3and 4 have samevertex but thereisno common sideintheseangles.

InFig.(ii) angle 3and 4 havedifferent vertices, for angle 3 vertex isO, whilefor
angle4itisA.

InFig.11(iii) angle 3 and 4 have some common side OA, but angle 3isapart of
angle4.

Thereforeindl theFig.11, angles 3 and 4, are not adjacent.

Two angles are adjacent when they have acommon side, acommon vertex and
both angles do not overlap each other.

TryThs
1. Draw two anglewhich arenot adjacent. c
Seethefigureand say whether thefollowing
are adjacent or not?
i) «A0B and /BOC b
() «BOC ad /DOE
(i) «EOD and sDOC

>
(@)
m
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Thi nk and D scuss

Where aretwo angles adjacent ?
(1) When both theanglesare obtuse (i) Both areacute
(iii) Oneangleisobtuse and the other isacute.

Complementary Angles

Look at thefigures below, each figure hastwo angles. What isthe sum of each of these
anglepairs?
B C

P A A B
A

Q 309
. 50°
70 40° 60°

(i) (ii) (iii)
Fig. 12
When sum of a pair of anglesis 90° , then each angleis complementary to the
other.

Seethese complementary angles are al so adjacent.

You too draw some more adjacent complementary anglelikethe onesgivenin
Fig.12.

Supplementary Angle
What isthesum of #1and £2 giveninfigurebeow?

s
C C
2 1
1 1 2 2
A< 8) > B A< o) > B A< 0 >» B
(i) (i) (iii)
Q R G J
J s H !
(iv) Fig. 13 ()

Sum of all thesepair anglesis180°, that means each angleis supplement to other.
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AretheanglesinFig.13(i), (ii) and (iii) adjacent angles? Aretheangles (iv) and (v)
a so adjacent?

HereinFig.13(i), (ii) and (iii) the sum of pair of adjacent anglesmakesastraight
line, thisisaso called straight angle. Thiskind of pair of anglesisalso called linear pair of
angles.

Canwesay each pair of supplementary anglesisasoalinear pair of angles?
AreanglesinFig.13(iv) and (v) dso alinear pair?

Thi nk and D scuss

1 Cantworight anglesbeacomplementary angles?

2. Iseach linear pair aso supplementary angles?

TryThs

1. Whichof thefollowing anglesare complementary or supplementary? Whichonesare

adjacent or linear paifs
B
k 1/7/
A 5 =

(i)

~ K

(iii) (iv)

A
B p 2. Fromthefollowingfigure whichanglesrepresent thefollowing
pair
] 2| 3 5 (i) Z1and £2 (i) £5and £6 (iii) z6and £3
e 1 4 ¢ (v) £5and 22 (v) £3and 24
= o)
| nt ersecti ngandMNon+i nt er secti ngLi nes
~__n Fig.14(i) and (ii) if weincreasethelines, thenwhich pair of linesintersect
Ce >D  eachother?

—>» B

A€

Fig. 14 (i)
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G\ HerelineAB and CD do not intersect each G\o

H  other. WhereaslinesGH and EFwhenextended E<—

H
Fa— —»r toHandF meetat point O (Fig.15) Fig. 15
Fig. 14 (ii) ThereforeAB and CD are non-intersecting lines. And EF
or GH areintersecting lines.
Angl e Mude by Twol nt er sect i ngLi nes
Whentow linesintersect each other on any point, someanglesareformed B
at thepoint of intersection. C
2
L ook at theFig.16. LinesAB and CD intersect each other at point N3
O. Thisforms /1, 22, #3and /4. Isthereany similarity between /1 and 4 D
Z3o0r L2 and /4. A Fig. 16
Herewe can seethat /1 and /3 meet at point O and are opposite
toeach other. Likewise #2 and Z4. Theseanglesare called vertrically opposite angles.
Froperyof \ertical | yQoposi teAngl es
Here /1, /3and /2, /4 arevertically opposite angles.
AbovethelineCD c B
— 2
ZCOB + #BOD = ZCOD 13
What is ZCOD, here? 4 D
Thisisstraight angle. A Fig. 17
So, «COB + #/BOD = 180°
Or /2+,3=180° ... (i)

Canyoufind the sametypeof relation abovelineAB.
ZAOC + £COB = ZAOB

Oor /Z1+,/2=180° .. (i)

Here Z/AOB isastraight lineangle.

Now in (i) and (ii)
L2+ /L3=L1+ /2

Or /£3=/1

So Z1=x23 .. (iii)
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Similary, you can add the anglesaboveline CD and add the anglesbelow lineAB
andfindthefollowingrelationship:

/2= /4 (iv)

Here /1and /3, Z2 and /4 arevertically opposite angles. From theequation (iii)
and (iv) we can say that these angles are equal. Therefore vertically oppositeanglesare

equdl.
TryThs
Show dl verticadly oppositeanglesinthefigure. V
Q
Infigure, £2=110° thenfindthemeasurement of /1 P« o »R
and /4.

ExampLe-1.  InFig.18, oA and OB areoppositerays. What isthe measurement of
ZAOC and ZBOC?
SoLuTIoN: QA and QB areoppositerays.
c which make ZAOC and ZBOC alinear pair.
D

Hence ZAOC+ ZBOC =180°

(2x+ 20° )+ 2x= 180°
2% K (x+20°)

v A Ax+20°= 180°
Fig. 18 = 40P
Now /AOC= 2x+20° /AOC=/COD+ /DOA
— 2(40°) + 20° = X (x+20°)
= 2x+ 20°
~100°

And  /BOC= 2x
= 2(40°)
=80°
Hence ,A0C=100° and /BOC=80°
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ExavpLE-2.  In the given Fig.19, lines AB and CD intersect at a point O. If
/AOC : /COB = 7: 8, findthemeasuresof al angles.

Sorution :  Accordingtothequestions /AOC : /COB=7:8
Soif /AOC=7x ... 0]
then /COB=8x ... (i)
Theray OC stand onthelineAB. (linear pair)

ZAOC + ZCOB =180°
7xX + 8x = 180°
15x = 180°
x=12 .. (iii)
Now /AOC = 7x
=7(129)
= 84°
And  /COB = 8x
=8 (129)
= 96°
Alo  /BOD = /AOC = 84° (Vertically oppositeangles)
g% /AOD = /COB = 96° (Vertically oppositeangles)

ExavpLE-3.  InthegivenFig.20, /COD =90°, /BOE =72°andif AOB isastraight
line, find the measuresof /AOC , /BOD and /AQE - C
SoLuTtion :  AOBisadraightline,
Z/AQE + /BOE =180° (linear pair)
= 3X+ 72°=180°

— 3x = 108°
—Xx=36° ... 0)
Smilaly, /AOC+ /COD+ ~ZDOB =180° (raghtangle)

=X+ 90° +y=180°

= 36° +90° + y = 180°

= 126° + y = 180°

L y=5°¢ L (i)
Hence /AQC =x=36°

/BOD =Yy =54
And /AOE = 3x=3 x 36°=108°
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ExavpLe-4-  InthegivenFig.21, ray OSstartsfromthe point O online PQ. Other rays

OR and OT bisect angles £ POS and ~ SOQ respectively. Find mea-
suresof ~ ROT.

SoruTtion :  Ray OS, isontheline PQ, hence by thealinear pair axiom,
ZPOS+ ~SOQ = 180°
If ZPOS = x
then x+ £S0Q = 180°
£S0Q=180°-x ... (i)
But ray OR, besects £ POS,

1
hence /ROS = EX Z POS

1 X
= —XX = —

5 > (i)
Similarly Ray OT bisects ~ SOQ,

Hence ZSOT = %ZSOQ

- %(180°—x) (from (1))

= 90° —g (iii)

Itisclear fromthefigure,
Z/ROT = ZROS+ £SOT

X X X X
=Z4190°0-2| —X,gpo_X
2 ( 2} 2"

Hence /ROT =90°

ExavpLe-5.  Intheadjjacent figure, therearefour rays OP,0Q,OR and QS, Prove
that ~POQ + ZQOR + ZSOR + ZPOS = 360°
q Sorution:InthegivenFig.22, Weneedto extend oneof therays OP, OQ, OR
or OS toapoint beyond O. (Why ?)
Extendray OQ toapointT. (Fig.23) sothat TOQ isastraight line.
Now itisclear from thefigurethat ray OP on TQ and so thelinear pair
axiomapplies

s Fig. 22
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ZTOP+ £ZPOQ =180° .....(I)
Similarlyray OS ison TQ andso by linear pair axiom,
ZTOS+ /S0Q =180° .....(ii)
By adding equations (i) and (ii),

ZTOP+ /ZPOQ+ £ZTOS+ ZS0Q = 360°.....(iii)
Itisclear fromthefigurethat-
ZTOP+ £TOS= ZPOS
Z/TOP=/POS-ZTOS ... (iv)
And ,SOQ= /,SOR+ ,QOR ... v)
Keeping vauesof equations(iv) and (v)inequation (iii)

,POS- /,TOS+ /,POQ+ ,TOS+ ,SOR+ ,QOR = 360°

Hence, proved that ,POQ+ ,QOR+ ,SOR+ ,POS = 360°

Exercise 9.1
//R 1. Inthefigurealongsde, /PORand ZQOR arealinear
Q< Xo y S pair. If x — y = 80° findthevauesof x and y.
R
2. In the given figure lines PQ and RS intersect in point O. If T
Z/POR + ZQOT =70° and ~QOS= 40°, thenfindthemeasures Q
of £QOT andreflex /ROT. o
L N s
3. Intheadjoining figure, lines AB and LM
X intersectinapoint O.If /NOB =90° and x:y=2:3then
A< E\ % findthevalueof z
E
M
4. In the given figure
/ECD=/EDC then prove that , . ~—>B

/ECA =ZEDB

5. Inthegivenfigure g+ b=c+d thenprovethat L OM is
agraightline.
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6. Inthegivenfigure, AOB isalineRay OC isperpendicular to
AB. Thereisanother ray OD between rays OA and OC. Prove

A< - that £COD :%(ABOD - ZAQOD)

(o)

7. If ,ABC=64° and aApBisextended toapoint x, Draw afigure to show this
information. If ray BY biscects Z/CBX, thenfind measuresof ZABY andreflex £ YBX .

Pard | € L nesandTransversal Li nes

What sort of lines ¢, m canyou seein Fig.24 and 25?
Thelines ¢,m inFig.24 arenonintersectinglinesandin Fig.25
areinteresectinglines.
Inboththefigureslinenisintersectingbothlines ¢ and minpoints
Pand Qrespectively. Thislineniscaled atransversal.

Observethe Fig.24 and 25. In which of thetwo, isthe distance
sameat al pointsof linesy and m.

Herethelines /,m in Fig.25 areintersecting and the distance
between themisunequal andin Fig.24 they arenon intersecting and the
distance between them isthe same. Theseareknown asparallel lines.

When atransversa cutstwo other lines, thefollowing anglesareformed in both
Fig.24 and 25.
(i)  Correspondingangles
' @ ~1ad 5 (b) 2 and /6
() «3and 7 (d) 24 and 8
(i)  Alternateinterior angles
(@ 4 and 26 (b) «3 and /5
(iii)  Alternateexterior angle
@ ~1ad 7 (b) 22 and .8
(iv)  Theinterior anglesonthesamesideof thetransversal
(@ 4 and 5 (b) 3 and /6

Fig. 25

Interior anglesonthe same side of thetransversal area soreferred as consecutive
interior anglesor alied anglesor co-interior angles. Quite often thedternateinterior angles
aresmply refered asalternateangles.
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v) The angleswhich areon thesame side of transversal but on the exterior sideof the
two lines, are known as, consecutive exterior anglesor alied exterior anglesor
coexterior angle.

(@ 1 and 8 (b) 2 and /7
TryThs
Completethetable by observing thegiven figure-
S. | Pair of angles Angles Number of pairs
No. of angles
1 | AlternateInterior angle 2
2 | Interior angleson same
sdeof transversa
3 Za and g
«b and Zh
4 Za and £h
/b and /g
5 | Corregpondingangles 4

Fropertiesaf Grrespond ngangl e&A ternateAg e

Corresponding and alternate angles are formed when atransversal intersectstwo other
lines. Isthere ard ation between the pairs so formed?

When atransversal intersectstwo intersecting lines, the pairs of corresponding and
dternate anglesarenot equal, but if thesetwo linesareparaldl, then both pairs of corre-

sponding anglesand dternate anglesareequal..

Thi nk and D scuss

If atransversal intersect two other lines such that the corresponding pair of anglesare
equal, then canwe say that thetwo linesareparalel?

Now the question iswhether based on this property of corresponding angles, can
we say something of the proportionsof other anglespairsformed by thetransversa withthe
parald lineslikethedternateinterior anglesor aternate exterior angles? Yes, in order todo
thiswetaketwo parald lines y and m, which arecut by atransversa nat pointsPand Q.

Look at Fig.26.
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: Here 1= 5 (Correspondingangles) — (i)
< 1(7z2 - /1= /3 (Verticaly oppositeangles) — (ji)
A from (i) and (i), /5= 3
m 776 5 What anglesarethese? These aredternateinterior angles.
7@4 So wecan say that when atransversal cutstwo paralld lines, the
dternateinterior anglesareequal.

Thi nk and D scuss

If atransversal intersectstwo lines such that the alternateinterior
anglesareequd, can we say that thelinesarepardle ?

TryThs

In the given figures, find thevaluesof 1 and 2 , if transversa n
intersectstwo parelld lines | and m. Givereasonsfor your answers.

(ii) (iii) (iv)
Li nesPard | € totheSaneLi ne

If two linesare pardlel tothesameline, arethey parallel to each other?

For inspecting this, draw threelines |, m,n asshowninadjoiningfigure, such that
line m ispardld toline | andlinenisparald tolinel.

\(\1 Draw atransversal tintersectinglines |, m and n.
< \(\ > | By the corresponding angles postul ate,
2

< > m /1=/2 (1)

\<\3
< » N /1=/3 %)

\ Hence, from (1) and (2), We deduce
Fig. 27

/2=/3
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But ,2 and 3 arethecorresponding anglesformed by transversal t with lines
mand n, hencewecansaythatline m and n areparaldl.

Theorem
It isthat statement which
canbeprovedlogicdly us-
ing knownfactsandlogic.

Thisresult can bewritten asatheorem asfollows:

Theorem-1 ! Thelineswhich areparalld tothesameline, areparallé
to each other.

Exampe-6.  Findvaluesof X,y,z and a,b,c fromthegivenFig.28.
SorLution:  Fromthefigure,
y =110° ( -+ Correspondingangles )
and x+y=180° (Linear pair )

= X+ 110° = 180° a [ Z
= X =70° < XA,
. 110°
Z=Xx=T70° (- Correspondingangles)
65
Again c=65° ( -+ Alternateangles)
And a+c=180° ( -+ Linear pair )
= a+65°=180°
Fig. 28

= a=115°
Al b=c=65 (- Verticalyoppositeangles)
Hence a=115°, b=65°, c=65°
x=70° y=110°, z="7Q0°
Exavpe-7.  Inthegivenfigure, if PQ||RS, ZMX Q=135 and P< y »Q
/MYR = 40° thenfind measureof /xXMY -

M

SOLUTION : Congtruct alineAB parellel to PQ and passing through

M. o 40° >S
R< v >

Now, AB||RS and PQ|IRS. Fig. 29

Hence ZQXM + ZXMB =180° ....(1)
(- AB||PQ, andthesearecointerior angleson samesideof transversal)
fig—30
Accordingtothequestion, ZQXM =135°, soby equation (1)
135°+/ZXMB =180°
ZXMB =180°-135°

/XMB=45%° .. @)
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Agan /BMY = /MYR ... 3) (- AB||RS, Alternateangles)
Accordingtothequestions ~ ZMYR = 40°, and by equaction (3)
/BMY =40° ... (4)
Adding equation (2) and (4) weget,
ZXMB + ZBMY = 45°+40°
Thatis ZXMY =85°

ExampLE-8.  InthegivenfigureAB || CD find thevalueof x.
SoLution:  Draw EF||AB passingthrough point E. Soobvioudy EF|CD
Now EF||CD and CE isatransversal, So

/DCE + ZCEF =180°

=  Xx+/CEF=180° (.- /DCE=x)
/CEF=180°-X .. (1)
EF||AB and AE isatransversal

So /BAE+ /AEF=180° (- Cointerior angles)
105°+ (£ZAEC + ZCEF) = 180°
(- ZBAE =105°)

105°+25%+ (180°—x) = 180°
(-+ ZAEC = 25° andfrom equation (1))

310°-x =180°
Hence x =130°

ExamprLe-9.  If atransversal intersectstwo lines such that the bisectors of the pair of
corresponding anglesare parallel, then provethat thelinesare parallel to

each other.
A E
Sorution :  According to the Fig.33, AD is atransversal
o »Q intersectinglines PQ and RS inpoints g and C respectively.
® . /ABQ and CG bisects ~BCS. Also BE | CG
ToProvethat : PQIIRS

R« »S
c\ Wearegiventhat BEbisects ~ AB Q ,
Fig. 33 D
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Hence ZABE= %ZABQ

Similarly CG bisects /BCS.

Hence ZBCG = %LBCS

But BE||CG and ApD isatransversal, hence

/ABE=/BCG ... 3)
From equctions (1), (2) and (3)

L aBo=1_BCS
2 2

Or  /ABQ=/BCS

But these are cooespoding anglesformed by thetransveral AD onthelinesPQ
andRS.

Hence PQ || RS

ExampLe-10. Inthe given figure, AB||CD and CD| EF, Also Ea 1 AB - If
/BEF = 55°, findthevalueof x,y and z

SorLution:  Given AB||CD and CD ||EF Hence AB | EF.IntheFig.34BEis
extendedtoapoint G.

Now, /DEF+ /FEG =180° (Linear pair)
55°+/FEG =180° (-~ /DEF =55°)

/FEG =125° 7 1
Thus ZFEG = y = x = 125° G
(Corresponding angles) A d L o
Again /CED + /DEF = 90° bl 55
(--EA L ABand AB| EF) Bﬂx/ ’
Thus Z+55°=90°
z=35° v v v

Hence x =125°, y=125°, z=35° Fig. 34
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Exercise-9.2 E
InthegivenfigureAB||CD and EF is (¢ ‘%\G

»D
atransversal whichintersectstheseline
atHand G Findthevalueof x and vy. b 3x

» B A< > B
F (i) F (iii) \ -
X

2. In the given figure, if AB||CD, and CD ||EF .
Furthery: z=3:7 thenfindthevalueof x. ¥

C< >D
V4
G ; 3. Intheadjoining figureif AB|| < \Y\ >F

CD, EFL CD and ZGED =
126° thenfind measuresof ZAGE, ZGEF, and Z/FGE .

4. In the given figure, if
PQ||ST, ZPQR =110° s
C< 3 » D X T
and /RST =130° thenthe Q e
measureof ZQRS. 175+

(Hint— Construct aline || to ST passing through R)

5. In the adjoining figure, if AB||CD, ZAPQ=50° and
/PRD =127° then find value of x
and .

>
A

>
\-c

c< »>p O Findvalueof xandy.
Given ¢ 11 mniip)

\ 4




7.

8.

9.

10.

STRAIGHT LINE & ANGLE

Findthevaluesof xand y inthegivenfigureshere AB|CD 2 |

>

Y
@®

>

<

w

u

(e

x

[=Y

N
Dq\\

<
(3x *5)

105° 65°

(3x+6) >2°
E F C D
(ii) (|||) (iv)
Inthefollowingfigures AB || CD, findthevaueof x. B
35° ’
A > B Ac——> B Eqog
104° 35 Y <
Y
X (Ve
116° 5 65° A
C ' C > D C

(i) (i) (ii)

Completethefollowingtable:

S.N.| Nameof triangle M easur e of angles| Speciality and other properties

1. | Acuteangledtriangle

2. Oneangle90°
3. |Obtuseangledtriangle
4. Eachangle 60°
5. Two sidesareequal

6. | Scaenetriangle

Inthegivenfigure PQ and RS aretwomirrorskeptparalleltoeach pe B »>Q
other. Incidental ray AB. strikesmirror PQ at g andreflectsback
along BC whichstrikesmirror RS at C andisreflected along
CD. Showthat AB||CD

(Hind : Perpendicular topardlédl linesareparalel to each other) R< >S
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ToProve Mt henat i cal S at enent

We have proved using aprotractor and paper cutting activity that sum of theinterna angles
of atriangleis 180°. Now wewill provethisstatement using parallel linesand rel ated
postulatesand theorems.

Theorem—2 : Thesum of theinternal anglesof atriangleis180°.
Proof :  Given AABCwithangle /1, /2 and /3.

A

Wehavetoprovethat /1 /2 + /3 =180° |
To provethisdraw aline PQ pardld to BC passing through A. (Fig.35(ii))

Now lines BC and PQ areparallel to each other. AB and AC aretrans-
versals. Itisclear fromthefigurethat /4, /2. and /5, /3 aredternate
pairsof angles. Hence

hence 4—,2 .. (1)
/5=/3 .. 2)
But PAQisastraight line, hence

A Z4+ /1+ /5=180° - (3)

& »
< »

Fig. 35 (i)

annd Replacingvaluesof 4 and /5 fromequations(1) and (2) in(3), Weget
£2+/1+/3=180°
Or A1+ /2+2£3=180°

Fig. 3 () Hence, we can say that sum of interior angleof atriangleis 180°.
ig. I

Thi nk and D scuss

Arethefollowing statementstrue or false. Givereasons.

S.No. Satement True/False [Reason

1. |Atrianglecan havetworight angles

2. | Atrianglecan havetwo obtuseangles

3. | Twoangleof atriangle can beacuteangles

4. |Atrianglecan haveadl anglesmeasuringlessthan 60°

5. |Atrianglecanbehaveall angles measuring morethan 60°

6. |Atrianglecanhaveall anglesthat areexactly 60° .
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TheExterior Axg esof aTriangl e

InthegivenfigureisaAABC whoseside BC whenextendedto C
formsan exterior angle L/ ACD

By thelinear pair axiom we can say
/3+/4=180° .. (1)

In A ABC, thesum of threeinterior anglesis 180°

Fig. 36

Hence /14 /2+ /3=180° --(2)
From equaction (1) and (2) weget,
A+ 2+ /3=/3+/4
or A+ /2=/4
Thisresult can bewritten asthefollowing theorem:

Theorem—3 : If thesideof atriangleisextended, theexterior anglesoformedis
~equal tothesum of theinterior oppositeangles.

Thisisknown astheexterior angletheorem. It isal so clear from thistheorem that
theexterior angleisgreater than each of theinterior oppositeangles.

Satement-1 : Provethat thesum of thefour interior angle of aquadrilateral ABCis 360°
SoLuTtion : Giventha quedrilatera SABCD hasfour interiorangles /A, /B, Z/C and /D -

Wehaveto prove

/A+/B+ /C+ /D = 360°

AsshownintheFig.37 join A to C dividing the quadrilateral into two triangle
AADC and AABC -

By theanglesum property in AABC.

A+ /64 /4=180° ...(1) 5

Similarly by anglesum propertyin AADC. _-

/24 /5+/3=180° .. ) 2 -7

Adding equations (1) and (2) wegst, A Fig. 37
A+ /6+ /44 22+ /5+ /3= 360°

or (A4 /2)+ (£3+ Z4) + /5+ /6= 360°

or A+ /C+ /D + /B = 360°

Thetis /A+/B+/C+ 4D = 360°
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Fromthe aboveexampleitisclear that you canfind the sum of interior angle of any
polygon by dividingitintotriangles. For example:

Nameof polygon Number of triangles Sum of interior angle
Quadrilaterd 2 2 x 180° = 360°
Pentagon 3 3x 180° = 540°
Hexagon 4
Octagon | s

We can now say that an n sides polygon can be divided into n-2 triangles with
common vertices, so thesum of theinterior anglesof apolygonwithnsides

=(n-2) x 180°
ExamvpLe-11.  If thethree angles of atriangle are (2x+1)°, (3x+6)° and (4x-16)°
respectively, find the measure of each angle.
SoruTion :  Thesumof interior anglesof atriangleis 180°. hence
(2x+1)°+ (3x+6)° 4 (4x—16)°> =180°
=9x—9=180°
= 9x=18%°
=x=21°
Hence (2x+1) = (2x21°+1) = 43°
(3x+ 6) = (3x 21°+-6) = 69°
(4x—16) = (4x 21°—16) = 68°
Theanglesaretherefore 43°, 69° and 68° respectively.

ExamvpLe-12.  Inthegivenfigure AB||QR, ZBAQ =142° and /ABP =100° Find
vaueof thefollowing—

0) ZAPB @  ZAQR (i)  ZQRP
SoruTtion: (i) ThesidePAof AapPB isextendedtill Q,

100° hence by exterior angletheorem,

182 /BAQ = /ABP + /APB
= 142°=100°+/APB
Q _ = /APB = 1420—100°
Fig. 38
= /APB = 420
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(i)  ZBAQ+ ZAQR=180°
(Sum of cointerior anglesis180°)
= 142°+ /AQR = 180°
— /AQR = 180°—142°
— /AQR= 38°

(i) As ABJ||QR and PR isatransversal, hence

/QRP = Z/ABP (corresponding angles)
.. ZQRP =100°

ExampLe-13.  Inthegivenfigureif BE | EC, ZEBC =40°, /DAC = 30° findthe
valuesof xandy.

SOLUTION : In AEBC C
90°4-40°+x = 180° (By the property sum of interior anglesof atriangle)
= 130°+x =180°
= X=50 .. (1)

Nowin AADC
/ADE = /DAC + /ACD (By exterior angletheorem)
= y=30°+X

= y=30°450° (fromequation (1))
o y=80°

ExavpLe-14.  Findthevalueof XfromthegivenFig.40

SoruTtion :  ABCD inthefigureisaquadrilateral. Join AC and extenditto E
asshowninFig.41l.

Assume /DAE = p°
/BAE = q°,4DCE = z°and

/ECB =1°
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By theexterior angletheoremin AACD

ExampLE-15.

SOLUTION :

/DCE = ZCAD + ZADC
=p"+26° .. (1)
Aganin AABC
/BCE = ZBAC + ZABC
t°=qg°+38° .. )
Adding equations (1) and (2) weget

Zo+t0: po+260+q0+380

X=p+q+64° " Z2+t°=x
X = 46° + 64° p+q=46°
x=110°

Inthegivenfigure /A = 40°. If BO and CO aretherespectivebisectors
of /B and /C thenfindthemeasureof /BOC

Say /CBO=/ABO=x and Z/BCO=/ACO=y

(-- BO ishisectorof /g and COisbisector of /C )

Again by anglesum property of ABOC.
X+ /ZBOC + y =180°
= /BOC =180°—(X+ V)
— /BOC =180°—70° (From equation (1))
.. /BOC =110°

Then, /B =2x,/C =2y

By angle sum property we can say,
/A+/B+ /C =180°

= 40°+42X + 2y =180° [-.- ZA= 40°]

= 2(x+y) =180°—-40°

= X+y=70° .. (1)
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Inthegivenfigure, thesdesAB andACof AABC areextendedto E and
D respectively. If thebisectoresof ~CBE and ZBCD , thatisBO and

ExampLE-16.

1
CO respectively meetin point O, then provethat /\BOC=90° -5 /BAC

SOLUTION : Ray BO bisects /CBE , hence

ZCBO = %ZCBE

1
= E(18O°—y) B ¢
y
=0—2 L (1) E 0 D
Fig. 43
Similarly CO bisects /BCD ,
hence ZBCO = %ZBCD
1 z
2( ) > 2)

Nowin ABOC, byanglesum property,
/BOC +/BCO+/CBO=180° .. (3)
Substituting (1) and (2) in (3) , weget

/BOC + 90°—§+ 900—% — 180°

— /BOC +180°= 180°+§ +%

,-,ABOC:%(z—k y ), @)

Nowin AABC byanglesum property,

X+ Yy+z=180°

y+z=180°-x .. (5)
Substituting (5) in (4) weget,

/BOC = %(180°—x)
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—go0 X
2

/ZBOC = 90°—%ABAC

Exercise-9. 3
Inthe adjoining figureif /BAC = 34°, /BCE =163°
then find measureof Z/ACB, /ABC and /DBC.

2. Findthevalueof Xand yfromthegiven
figures:

x-y)
B C
(ii) (iii) ¢ (iv)

(Hint AD||BC) (Hint AB||CD, BC||DE) (Hint AB ||CD)

Inthegivenfigure AS|| BT , /4 = /5 and SBisananglebisector
of /AST ,Findthevaueof /1.

4. Inthegiven figure, the side QP
T andRQof the APQR areextended

to points S and T respectively. If oA13s°
/PR =135° and ZPQT =110°, findthe
measureof Z/PRQ. ] 110° i

o
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5. Inthegivenfigure /ZXY = 620 and /XYZ = 54°.If YO of ZO
arethebisectorsof xyz and /xzy respectivelyin AXYz,
findvalueof ,Ozy and /YOZ .

> > B
A 35°

6. In the given figure AB| DE,

/BAC =35° and /CDE = 5% find Y&
themeasureof /DCE.

F
=

7. Inthegivenfigurelines PQ
and RSintersectatapoint T. 20°

If /PRT =40°. /RPT =95° and
ZTQ = 75°, findvalueof £SQT

x
—'
<
(6}
)
(7, ]

A VA Q
'\‘f’ 8. In the figure, ABL AC. and
AB||CD, if /CBD = 28°. /BDE = 65°, findthevauesof
Xand Yy
X
C Nl »E
D ) Intheadjoining figuretheside BC of A

AABC is extended upto D. If the bisectores of
/ABC and /ACD meetinapoint E thenprovethat

/BEC :%ABAC

B C D

(Hint— Anglesumof AABC = Anglessumof ABECand /ACD = /BAC +
Z/ABC)

Wat Have V& Lear nt

1 If aray standson astraight line, the sum of the two adjacent anglessoformedis
180° and theseareknown asalinear pair.

2. If thesum of two adjacent anglesis 180° , then the sideswhich are not common,
formasdraight line.
(The abovetwo axiomstogether areknown asthelinear pair axiom)
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Thevertically oppositeanglesformed by twointersectinglinesareequdl .

0] Each pair of corresponding anglesareequa
(i) Each pair of dternateinterior anglesareequal.

(iii) Each pair of cointerior angles on one side of the transversal are
supplementary.

Twolinesarepardld if thetransversal whichintersectsissuch that-

0] Onepair of corresponding anglesisequal or

(i) Onepair of dternateinterior anglesisequa or

(iii) Onepair of cointerior anglesononesdeof thetransversd issupplementary.
Thoselineswhich areparalld to thesameline, areparallel to each other.
Thesum of theinterior anglesof atriangleis 180°.

If any onesideof atriangleisextended, theexterior anglesoformed isequal tothe
sum of theinterior oppositeangles.




Congruency of Triangles

Wiat i s Gongr uency?

See the triangles in Fig.1. Are they of same
measure? If you put onetriangle ontheother, do
they cover each other? Inthisfigurewecansee A
that they arenot same, asthesidesof thetriangle
arenot same.

How can we know whether two shapes B D

cover each other completely or not? Inthegiven Fig. 1
trianglesit will only happen whenpoint A fallsonpoint D, point B onpoint E and point C
falsonpoint Fandthat isonly possibleif dl thes desand anglesof onetriangleareequa to
the other. That meansthetwo trianglesare congruent.

Congruencemeansthat dl partsareequa. Those shapes, inwhichdl their partsare
equal will cover each other completely.

Inreferencetotrianglesit meansall sidesand anglesof onetriangleareequal tothe
corresponding side and angle of theother triangle. Similarly we can a so check congruency
inquadrilateralsand pentagons. But isit necessary to check the equality of dl partswhen
two figuresare congruent ? Or isthere some specia curcumstanceswhen we can seesome
parts of thosefiguresand comment on the congruency?

Circle, Squareand Rectangle

A Sguarehasfour sidesand four anglesand each of itssideisequal and every
angleis90°. If theside of two squaresare equal, we can say that both are congruent,
and they would cover each other completely.

But if oneside of arectangleisequal tothe corresponding side of an other

rectangle, will they be congruent? Obviously it won't be so. When thetwo adjacent
sidesof onerectangleisequal to the corresponding sides of the other rectangle only
thenwill they congruent. Now think whenwe can say thetwo circlesare congruent?

Just by equdity of theradii of those circles, we can say that they are congruent.

Fig. 2
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c s R Precisely wecan say-
1. Two squaresABCD and PQRS are congruent if AB = PQ.

B P Q
Fig. 3
& 2. Twocirclesare congruent A B
if their radii areequal thatisOA, =O,B.
Fig. 4
€3 R 3 In thisway two rectangles are congruent. If there corre-
sponding adjucent sidesareequal that isAB = PQ,AD =
PS. Likewisein triangles, can wefinds some conditions
_ B Q for thecongruency? In thischapter wewill investigate about
Fig.5 .. .
thisindetail.
COngruencyof triang e
Ingeometry, triangleisacl osed figurewhichismade by theleast number of linesegments.
All thepolygonsaremadeup of triangles, that iswhy triangle congruency helpsin
checking the congruency of polygons.
Weknow that thetrianglesare congruent if their corresponding sidesand anglesare
equal .
Qxrespond ngPart of aTriang e
Look thetrianglesABC and PQR, if weconsider sidesAB and PQ to be corresponding
sidesthen the remaining corresponding partsof thetrianglesare asgiven inthetable bel ow.
A
Correspondingsides | CorrespondingAngle Vertex
AB < PQ A /P Ao P
BC < QR ZB < £Q B Q
m c Q m R AC& PR ZC & /R CeR
Fig. 6

« dgnindicatescorrespondancy and @s gnrelatesto congruency.

If two trianglesAABC and APQR are congruent. That iISAABC = APQR, than
AB=PQ,BC=QR,AC=PR, /A= /P, /B=,Q, .C= /R

We can also write ABCA = AQRPor ACAB = ARPQ.
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Weknow that AABC and ABCA or ACAB all are same.
We can write ABCA congruent to AQRP. But we shouldn't write-
AABC= ARQP or ABCA = ARPQ (why?)

In triangles congruency it is necessary to write angle and vertices in the correct
sequence. An abbreviation for corresponding parts of congruent trianglesis CPCT.

Howt ochecktri angl econgr uency

Isit necessary to show the equality of all parts of atriangle when looking for
congruency intriangles? Let ustry to find conditionsfor triangles congruency mathemeticaly.

0] Side-angle-side congr uency (SAScongruency)- "Two trianglesare congruent if
two sidesand theincluded angle of onetriangleare equal to thetwo sidesand the
included angleof theother triangle”.

(i) Angle-side-anglecongruency (ASA congruency)- "Two trianglesare congru-
ent if two anglesand theincluded side of theoneare equal to thetwo anglesand
theincluded side of theother.

(i)  Side-side-side congruency (SSS congruency)- Two triangles are said to be
congruent if three sides of onetrianglesare equal to thethree sides of the other
triangles.

These three self evident postulate, can be used to identify the congruence of
triangles, and on the basi s of thesetestswe canfind new teststo check for congruency
of triangles. But identificationisonly possibleif wecan provetheselikethetheorems.

Axiom, PosTULATE AND THEOREM

While learning mathematics we come across words like Axioms, postulates, theorem, corollary.
Let us understand these words in brief-

Axiom and Postulate : Both are self evident, based on this we make new statements and prove
them. In general, logical self evident statements are used in all subjects. We call them Axioms.
Like in euclidian geometry some axioms are (i) if a is equal to b, and a also equals c, then b is
equal to c. (2) Whole is bigger than its part. Like wise we can take some others axioms.

Postulate : Those self evident truths which are related to some specific subjects are know as
postulates. Often axioms and postulates are treated as synonyms. Some geometrical postulates
are- A straight line can be drawn using two given points and the points will be on this line. Or any
line segment can be extended on either side to form a line.
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Theorem and corollary : All those mathematical statements which are logically proved by using
axioms, postulate and definitions are called theorems. Like the sum of interior angles of a triangle
is 180°

On the basis of theorems, axioms and postulate some more theorems can be proved,

these are called corollaries. In geometry there is no clear distinction between corollary and theo-
rems. They often used one instead of the other.

(iv)  Angle-angle-sidecongruence (AAS congruencetheorem):

Theorem-10.1: Twotrianglesarecongruent if any two pairsof anglesand onepair
of corresponding sidesareequal.

A D Given Z/A=/D, Z/C=Z/F
and BC = EF
Two anglesisintriangle AABC and ADEF areequal
B # CE # F sothethirdangleisasoequal.
Fig. 7

-+ ZA = /D and ZC = ZF (given)
. /B = ZE (sum of interior angles of atriangleis 180°)

Because side BC liesin between /B and ZC,

We can use ASA congruence rule to prove that AABC and ADEF are
congruent.

Therefore AABC = ADEF (ASA congruency)
(V) Right angle hypotenuse side theorem:

Theorem-10.2: Twotrianglesarecongruent if thehypotenuseand oneside of one
triangle are respectively equal to the hypotenuse and corresponding side of the
other.

Givenintriangle AABC and ADEF
/B=/E=90°,AC=DFandBC=EF
We haveto provethat AABC = ADEF,
Produce DEto Psothat EP=AB, join PF.
C .. AABC = APEF (by SA.S)
L Z/A=/P ..(1) CPCT.
AC=PF ..(2 C.PCT. )
. BUAC=DFgiven. N A
Fig.8 .~ DF=PFand «.D=/P ..(3)(Anglesoppositeto equa sdesoFALIPESEequal)
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From (1) and (3)
ZA=/D

Now againin AABC and ADEF \\

BC = EF, AC = DF (known)

/ACB = /DFE E ' F

.. AABC = ADEF (SAS Congruency)

THEOREMS AND SELF PROOFS

There are few statements in geometry, where it is not sure, whether they be considered as
theorem or postulates. To prove theorem in a simple way and understand logical relationships in
Geometry, we can select postulates in different ways. In some books AAS and ASA are taken as
postulate to prove the theorem SSS. While in some others, AAS is taken as a postulate to prove
the theorem ASA.

In this textbook we will consider ASA, SAS and SSS as postulates (self proved) and AAS, RHS
as theorems.

Solution of theproblemscan bedemonstrated in different ways. Someare
shown below:-

ExampLe-1.  Inthisexampleweuse SA S conditionto know moreabout thisgivenfigure.
Infigure OA =0OD and OB = OC.

A C

Provethat

1 AAOB = ADOC

2. AB | CD 0

Sorution : 1. Intriangle AAOB and ADOC-

OA =0D given ....(2) B Fig. 10 D
Z/AOB = /DOC (vertically oppositeanglesareequa) ....(1)
OB =0C given ..... (3)

Equation (1), (2) and (3) fulfill al thethree conditionsfor congruence.
Therefore by SASrule of congruency we have proved
AAOB = ADOC

2. The corresponding parts of the congruent trianglesAAOB and ADOC are
adsoequd.

Therefore Z/OBA = ZOCD. Becausethey arethe alternate angles between AB
and CD line segment. HenceinthisexampleAB || CD.



ExampLE-2.

If intriangle AABC, AP=PB and CP_L AB. Then provethat-

1. ACPA = ACPB

c 2. AC=BC
SoruTion : 1. InACPA and ACPB
AP=PB (given) .....(1)
ZAPC = £ZBPC = 90° (given) .....(2)
A ——s CP=CP (commonside) ...(3)
Fig. 11
Therefore by SAS congruence ACPA = ACPB
2. ACPA = ACPB so AC=BC (Corresponding partsof Congruent Triangle)
ExavprLe-3.  Anglesoppositeto equal sidesof atriangleareequd.
Sorution :  IfwehaveatriangleAABCinwhichAB=AC
Construct abisector of Z/A, whichmeetsBCinpointD.
A INAABD and AACD
AB=AC (given)
/BAD = /CAD (by construction)
B - c AD=AD (common)
Fig. 12 . AABD = AACD (SAScongruence)
/B=/C (CPCT)
ExampLe-4.  If BD,isabisector of ZABC,and AB = BC thenwiththehelpof SAS

congruency provethat AABD = ACBD

SOLUTION : Satement Reason
A AB=BC gven
//\ BD ishisector of ZABC gven
B > /ABD=~/CBD By definition of anglebisector
\\/ BD=BD commonside
< Fig. 13 AABD = ACBD by SAS congruence




ExampLE-5.

SOLUTION :

ExampLE-6.

SOLUTION :

InfigureAC=BC, and «/DCA = ZECB and Z/DBC = ZEAC
Provethat- ADBC= AEACinwhichDC=EC
-+ AC=BC (gven)

D E
.. Cisthemid point of AB
/DCA = ZECB (given)
A c R

add #DCE onboth side B -
/DCA + /DCE= ZECB + ZDCE
= ZACE=/BCD

Fig. 14

/DBC=ZEAC (given)
.. ADBCz= AEAC (byASA congruence)

Ray AZ bisectsangleA, and B isany pointonray AZ.BPand BQare
perpendicularsfrom B to thearmsof angleA. Show that-

1. AAPB = AAQB

2. BP=BQ that means point B isequidistant from the sidesforming
angleA.

Given AZ ishisector of ZQAP

ZQAB = /PAB B .
/Q=/P=90° 2
A ) >X

Now in AAPB = AAQB Fig. 15
AB=AB (common)
ZAPB = Z/AQB = 90° (given)
/PAB=/QAB
.. AAPB = AAQB (by AAS congruence)
.- AAPB = AAQB

BP=BQ (- corresponding partsareequal)

Hence, perpendicul ar distance of B fromAP= perpendicular distance of B from
AQ. Therefore, point B isequidistant from ZA.



Inaright angletriangle AABC. £Cisrightangle, M midpointof p A
hypotenuseAB. Join CtoM andextenditto D suchthat DM =CM.
Jion Point D to B. Show that M

1 AAMC = ABMD 2. CM =%2AB
3. ADBC= AACB 4. ZDBC=90° B

A

ExavprLe-7.  Given GEisabisector of /DGFand ZDEF. D
Provethat- AGDE = AGFE

SOLUTION : "
LL)

GE is bisector of

G\j\/E
—> /DGE = ZFGE \ Fig. 16

Z/DGF
Given By definition of
Bisector
AGDE
GE bisector of _
—> /DEG=ZFEG —> =
/DEF AGFE
. By definition of
given Bisector
ASA
congruence
GE=GE

Common side

ExampLe-8.  InatriangleXYZ of £Y = /Z and XPisabisector of £X, than provethat
Pisthemidpointof YZand XPLYZ

SOLUTION ; INAXYPand AXZP
N =/Z (given)

LY XP=£ZXP (XPisanglebisector)
XP=XP (Commonside)
AXPY = AXZP (AAScongruence)

, -~ YP=PZ (by CPCT)

Fig. 17 HencePisthemid point of YZ




ZYPX = ZZPX (by CPCT)
ZYPX + /ZPX = 180° (linear pair)
ZYPX + ZYPX = 180° (-+ ZYPX = £ZPX)
ZYPX =90° = ZZPX
XPLYZ

y TryThs

Provethat thetwo triangles made by the diagona of parallelogram areaways congruent

to each other.

€ 1. Inafigureif OA = OD and OB = OC then which of the given
satementsistrue-

0 @  AAOC= ABDO
b)  AAOC=z= ADOB

D ¢  ACAO= ABOD

See the given figure of AABC and APQR and tell
which statementistrue-

E2) AABC = APQR

b) AABC = AQPR

C) AABC = APRQ

From thefollowingwhichisnot thecondition for congruence.

g  SSS b)  SAS 0  AAA

Besidesequivaanceof two corresponding angle, which least €l ement isnecessary

to statethat the given two triangles are congruent.

@ No corresponding sideisequal

(b) At least onecorresponding sideisequal.

(© Third corresponding angleisequal

Inthefigure #B = ZC, BD and CD arethebisector of them. ThenAB : AC A
will be-

a) 2:1
b) 3:2
C) 1:1




6. Seethetriangle pairsand statewhich condition of congruenceappliestowhich pair.

A7 X <

(i) (ii) (iii)

JAVANEVAWAN

(iv)
7. If AABC= APQR,AC=3x+ 2, PR=6x-13and BC =5xthenfind thevalue

of QR. c
8. Withthehe p of thegiven points, find thedistance £
between A and B, also give reason to your 3
Satement.
D

9. For arunning competition thereisaspecia arrangment madefor two teams.
Oneteam runsfromA to B and then from B to C and returnsto the starting
point A. Whilethe other team startsfrom C and viaD to B and then B tothe
point Cagain. If Ag || cD and ZA = £D =90°, thenthelength of thetravel

[ 5 done by theteams areequal . Also explain your answe.

10.  landmareparald lines, which have D/L

beenintersected by theparallel linesp < >l
and ¢. Show AABC = ACDA (write A

answer inflow-chart way).

E

11. InafigureAC=AE,AB=ADand ZBAD = ZEAC. Thenshow
that BC=DE.

=]
O
(@)



S CovmmaroTmanetss

Hopertyof 1 soscel esTriang e

So far we have studied about therules of congruency intriangles. Let usapply theserulesto
know somemore characteristicsof triangles.

A triangleswhichhastwo equa sdesiscalled anisoscd estriangle. Let usunderstand
somecharacterigticsof isoscelestriangles.

y TyThs

Construct atrianglewhich hastwo sides of measure 4.5 cm and another sideisof 6 cm.

Meesuretheanglesoppositeeschside, arethey equal. Youwill find, angleopposite ¢
toequal sdesareequal. :

M ake somemoreisosce estriangleswith different Sides, which showsthisimportant
characteristic of isoscelestriangle.

Theorem-10.3: Any trianglewhich hasequal sdeswill haveequal anglesopposite
to these.

Let usprovethismathematical statement.

We havetakenisoscelestriangleABC

WhichhassidesAB=AC

We haveto provethat /B=~/C

For thiswedraw angle bisector of Z/A whichmeettosideBC at point D.

After anglebisector we can seetwo triangles A
In- ABAD and ACAD
AB=AC (given) i
Z/BAD = Z/CAD (by construction) i
AD=AD (commonside) B Fig I’ ¢

Therefore, ABAD=ACAD (sde-angle-sidecongruency law)

- Z/B = 2/C (by CPCT)

Thereforethis statement istruefor every isoscelestriangle. Now let us
consder itsconverseand think about it.

Theorem-10.4: (Converseof theorem-10.3) If two anglesof atriangeareequal,
then the sides opposite to these must be equal.
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ExavpLE-9. InaisoscelestriangleABC,AB =AC. Theanglebisectorsof /B
and ZC andintersect at point O. Show that-

1. OB=0C 2. AO bisectsangleA
SoruTtion:  AABC
C Satement Reason

Fig. 19

AB=AC gven

. /ZC=/B anglesoppositeto equal sdesareequa
LY /B=%/C
Z0CB= Z0OBC | bisector

OB =0C sidesoppositeto equd anglesareequa

2. InAABO and AACO

Satement Reason

AB=AC gven

OB =0C already proved

Z0OBA = Z0OCA Yo/ C=Y2/B

. AABO = AACO| by SAScongruency
= /0AB=/0AC| CPCT

ThereforeAO bisect angleA.

ExampLE-10. ABCisanisoscelestriangleinwhich atitudesBE and CF are
drawn to equa sidesAC and AB respectively. Show that theseattitudesareequal.

SOLUTION : Given, INnAABC,AB andAC areequal.
We haveto provethat atitude BE = CF

Fig. 20

1 From the given reasons sel ect the appropriate reason for each statement.

Angleoppositeto equal sidesareequal Each angleisof 90°

Common side Given

By ASA congruence Correspondingpart of
congruent trianglesareequal




Satement Reason

AB=AC

ZACB=/ABC

/BFC=/ZBEC

BC=BC

/BEC=«CFB

. ABEC = ACFB

BF =CF
ExampLe-11.  InagivenfigureM isamid pointof AB. CA = CB thenprove g

that AACM = ABCM.
SoLuTion:  Given- M, isamid point of AB and CA = CB +
We haveto provethat AACM = ABCM.
A # # B
M, is a mid M
—> AM =BM Fig. 21
point of AB
gven By defination of mid
point
AACM
CM=CM > =
ABCM

Common side

given

ExampLe-12.  Given /0= /P=90° MN = Q_R, OM = %
Provethat AMOR = AQPN

SOLUTION :

by SSS congruence

Satement Reason

£0=/P=90° given

OM =PQ OM = PQ (given)

MN = QR MN = QR (given)
MN+NR = QR+NR adding NRinboththesides
MR =NQ by figure

AMOR = AQPN by RHS congruencetheorem




Inagivenisoscelestrianglefind thevalueof x.

A Sy

BC=z= AC(given) and £1 = 140° then find the measurement of
angle /2, 3 and /4.

3.

B 62°Y XX°

Inthegivenfigurefind thevaueof x.

\ 4

_ Exercise- 10.2 A

In the given figure AB = AC and ZA = 60° then the 60°
measurement of ZCis -

(i) 35° (ii) 45°

(i) 60° (iv) 180° B c
Inthegivenfigureif /A= /Bthen AC:BCiss A

M 11 @i 212

@iy 21

(iv) Noneof these

@
(@]

INAABC if AB=AC and ZB =50° thenfind the measurement of ZA.
@ 50° @) 2180° @iy 100° (iv) 80°
Intriangle AABCif Z/C= /A andAB=4cm,AC=5cmthen BC would be-

@ 2cm. (i) 3cm. @)y 4cm. (iv) 9cm.



5. Inthegivenfigure /B =55°. If D isamid point of BCandAB =AC. A
Thenthemeasurement of /BAD is-
0] 70° (i) 55°
D C

@iy 35° (iv)  180° 55°
6. For thegiven hexagon find theva ue of x. : ;
‘l 7. InanisoscelestriangleABC,AB=BCwithbaseACand
B

/A =2x+8, /B =4x-20 then find the value of xand so

verify whether thistriangleisacute, obtuseor aright angle
£ triangle.
A B H
8. InthegivenfigureAB | ED, CA || FD and BC=EF prove
D that AABC= ADEF.
c
9, ABCD isaquadrilateral inwhichAD =BC b
and Z/DAB = ZCBA. Provethat-
A

>

1. AABD = ABAC B
2. BD=AC
3. ZABD=Z/BAC

>
(g

10. If AB=DF, AC=DE, BE=FCthen provethat
AABC = ADFE

Aol i cat 1 onof Gongr uency

Twofiguresof same shapeand sizeare congruent. Thereare some conditionsunder which
thegiventwo triangles can be called congruent. Like side-side-side equality, angle-side-
angleequdlity etc. Herewe shdl seetherd ationship of congruency of afigureanditsarea.

H guresbeEgual ? :
Look at thetrianglesABC and PQR drawn on the graph paper.

Arethey congruent? Which congruence conditions do they
sisfy?
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In A ABC and APQR-
/B=/Q=90°,AC=PRandBC=QR
That means by RHS congruency theorem AABC and APQR are congruent.
Now wewill find the areaof thesetriangles.
InAABC,BC=3cmandAC=5cm.

Then, AB=[(AC)’ —(BCY’ =,/(5)° -(3)’ =16 =4(why?)
.. AB=4cm.
1
Therefore, the areaof AABC = > x 3x4=6cm?
Likewisein APQR, PQ=4cm
Then, theareaof APQR is6 cn?
~.Areaof AABC=Areaof APQR

M ake some moretriangles congruent to AABC and APQR. Arethey all areequal
inarea?

Youwill find that al thecongruent triangles havethesame area

Now, Look at Fig.23.

X Areaof ASUV and AXY Zis15 cr? (How?)
§ Ei Are ASUV and AXY Z congruent? These two triangles are not
Lgi congruent becausethey are not of same shapeand size.
U—5em VY Y6 2 Maketriangleswithareaof 15 crr? and test their congruency.
Fig. 24

Wecan say that if twofiguresarecongruent then their areamust beequal. But if
thearea of twofiguresisthe samethey may and may not be congruent.

Thischaracteristicisnot limited to triangles only but we can also seethisin other
geometrical shapeslikecircle, quadrilatera, pentagon etc.

Thischarateristic of congruent figures can beused in finding theareaof different
figuresin different contexts. Now wewill consider somesituationswherewe usethischar-
acterigtic to find some new information or some new re ationships.



H gures ont he Sane Base &bet ween Sane Paral | el s

Seethefiguresgivenbelow :

A D
(i) (i) (iif)
Fig. 25

You canseethat infigure (i), AABC and ADBC havethe same commonbase BC.
Infigure (i) quadrilatera EFGH and AIGH havethe common base GH. Likewiseinfigure
(iii) trapezium MNOP and parallelogram QROP have a common base OP. Now if we
congructinfigure (i), (ii) and (iii) wefind somenew Stuations.

(ii) (iii)
Fig. 26
After the construction weseethat infigure (i) AD|| BC AABC and ADBC areon
the same base and in between same parallel linesAD and BC. Likewise EFGH and GHI
are on the same base GH and in between same parallel lines El and GH. In figure (iii)
Trapezium MNOP and parallelogram OPQR are on the same base OP and in between
samepardle linesNQ and OP.

S Tyms o

Find thefigureswhich are situated on the same base and in between thesamepardld
lines?
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A eaof theH gureswhi chareont he Sane Base and
bet weenSaneParal | €l Li nes.

Now wewill seethere ationship between the area of those figureswhich areonthe same
base and between same paralldl lines.

Supposetwo parale ogramsABRS and PQRS are on the base SR and in between
samepardld lineAQand SR.

P B q [NAAPSandABQR, AS|BRandAQistransversal.

Z/SAP= ZRBQ (correspondingangle)

and PQ||SR and AQistransversal

s Fig. 27 R ZSPA= Z/RQB (corresponding angle)
and AS=BR (.- ABRSisparallelogram)
. ASPA ~ ARQB
therefore, areaof ASPA = areaof ARQB
So, areaof ABRS = areaof AAPS + areaof trapezium PBRS (why?)
Areaof parallelogram PQRS = areaof ABQR + area of trapezium PBRS
Areaof pardldogram ABRS = areaof paralle ogram PQRS

Clearly the areaof parallelogramswhich are onthe same base and in between the
samepadld linesisequd.

So, paralelogramswhich are drawn on samebase and lie between samepardlé lineshave
anequd area. Thisisclearly atheorem which can bewritten asfollows:

Theorem-10.5: Prallelogramswhich ar e on the samebase and between the same
parallelshavean equal area.

ExavpLe-13.  PQRSisaparalelogramand PQTV isarectangle. SU isaperpendicular
on PQ.
Provethat (i) areaof PQRS=areaof PQTV
(ii) areaof PQRS=PQ x SU

SoruTtion: (i) Rectangleisalso aparallelogram, and we haveto provethat area
of paralelogram PQRS = areaof rectangle PQTV.



CONGRUENCY OFTRIANGLES

Canwe provethisthrough thehelp of Fig.27?

Yes, we can seeinthefigurethat parallelogram PQRS and rectangle PQTV areon
the samebase PQ and thesetwo figureslie between paralld linesPQand VR.

S

We already know that the areaof the parallelogramswhich areonthe
same base and between the same parallelsareequal to one another, therefore,

areaof parallelogram PQRS = areaof rectangle PQTV

(if) areaof PQRS = areaof PQTV P U
=PQxTQ
=PQ x SU (SU isaperpendicular on PQ, so SU = TQ why?)
Therefore, areaof PQRS = PQ x SU

So, theareaof aparallelogramisthe product of any parallel sidetotheheight with
referencetothesepardld lines.

Fig. 28

ExampLe-14.  If triangleABC and parallelogram ABEF are onthe same baseAB andin
between parale linesAB and EF, then provethat-

1
areaof AABC = 5% areaof parallelogran ABEF

SoruTion : According to the question construct AABC and parallelo-

gram ABEF on the samebase AB and in between paralldl linesAB and EF.
1
Areaof AABC = 5% areaof parallelogram ABEF to provethis W

A
Construct BH parallel to AC which intersect FE extended in H. Fig. 29

Through construction weget parallelogram ABHC. BCisadiagona which
dividesitintotwotrianglesAABC and ABCH.

areaof -, AABC=areaof ABCH (why?)
You know that diagonal of parallelogram dividesit into two congruent triangles.
therefore, areaof parallelogramABHC = areaof AABC + areaof ABCH
areaof paralelogran ABHC = areaof AABC +areaof AABC
areaof paraledogranABHC =2 areaof AABC

1
or 5 x areaof paralledlogran ABHC = areaof AABC

.......



O Weeeex

Hereareaof ABHC = areaof ABEF (why?)
(BecauseABHC and ABEF are on the same base and lie between same parallel
lines)

1
therefore, areaof tri angIeAABC:E x areaof ABEF

Tri angl es ont he Sane Baseand | yi ng bet ween Sane
pardld Lines
Let therebetwo triangleABC and DBC on the same base BC and between para -
lel linesAD and BC.

Now we construct CE||BA and BF||CD soweget parale ogramsAECB and FDCB
on the same base BC and between parallel linesBC and EF.

Wheretheareaof AECB = areaof FDCB (why?)

1
areaof AABC:E x areaof AECB ............ D

oo B B (dliagonal of parallelogram dividesit intotwo congruent triangle)

1
and area of ADBC:E % areaof FDCB

C
(i) (- areaof AECB = areaof FDCB)
Fig. 30

1
areaof ADBC =5 areaof AECB................ (2

therefore, from eg. (1) and (2) we can say that-
areaof AABC =areaof ADBC

It isclear now that triangles which are on the same base and between the same
paralle linesareequa inarea. Thisisatheorem and can bewritten as-

Theorem-10.6: Triangleswhich areon thesamebaseand in between
R Q sameparalle linesareequal in area.

Now wewill find therelation of thearea of atriangletoitsbaseand
thecorresponding height (altitude)

AssumePSRisatriangle, where SRisbaseand PT itsheight.
Fig. 31 PT | SR now construct PQ and RQ such that PQ|IRS and RQ)|SP so that




L cowmmootumas

weget PQRSasparallelograminwhich areaof APSR =areaof APQR (why?)
Thediagond dividesapardleograminto two congruent triangles.

Areaof parallelogram PQRS = areaof APSR+ areaof APQR

Areaof parallelogram PQRS = areaof APSR + areaof APSR

1
Areaof APSR = 5 % areaof PORS

1
:EX SR « PT

Clearly theareaof atriangleishalf of theproductsof baseanditscorresponding
heght.
Theorem-10.7 : The area of atriangle is half of the product of its base and its
corresponding height.

We know that triangles on the same base and between same parallelsareequal in
area. Now can we say that two triangles with samebase and equal areasliebetween the

sameparale?
X A

ExampLe-15.  Accordingtothefigure XA ||YB || ZC. Provethat the
areaof (AXBZ) =areaof (AAYC).

SOLUTION : AXY B and AABY, onthesamebaseY B and between
samepardle linesXAandYB.

. aea(AXYB)=area (AABY) .. (i) Fig. 32
Smilatly,

AYBZ and ABY C onthe samebaseY B and between sameparalldl linesY B and
ZC.

. areaof (AYBZ) =areaof (ABYC) .....(1i1)

Hereareaof (AXBZ) = areaof (AXYB) + areaof (AYBZ)

and areaof (AAYC) =areaof (AAYB) + areaof (ABYC)

by adding equation (i) and (ii),

areaof (AXYB) +areaof (AYBZ) =areaof (AABY) +areaof (ABYC)
therefore, areaof (AXBZ) = areaof (AAY C)
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lneqd i tiesinTriag es
Wehavelearnt therd ation between triangl esbased on theequaity of sdesand angles,

but therearealot of geometrica shapeswhich are not same but westill comparethem for
example, thelength of segment AB ismorethan segment CD or ZA isbigger than ZB.

C D : :'
A B A B

Fig. 33

Wewill learn about therel ation between unequa sidesandtheanglesof atriangle
throughthisactivity.
Activity- Onadrawing board taketwo points B and C, put athread usingpinonB and C,
now we haveaside BC of atriangle.
Put oneend of adifferent thread on C and fix its second end to apencil. Draw ray CQ.
Mark apoint A withapencil. Join A to B. Now mark another point Ponthe
sameray. Join Pto B, and also Q to B. Now comparethelength of PC and
AC.

ISPC>AC?Yes...... (comparing thelength)

@

Fig. 34 ¢ Comparingtriangle AABC and APBC ~PBC > /ABC

Likewiseif wemark pointson CA and keepjoiningthemto B, wewill see
that asweincrease thelength of AC, the measurement of /B asoincreases.

Dothiswith different triangles. Wecan see other important and interestinginequilities
of triangles, some of them aregiven below intheform of theorems.

Theorem-10.8: Ifinatriangletwo sidesareunequal then theangleoppositeto
thelonger sideisgreater.

Theorem-10.9: Sideoppositetogreater angleislonger in atriangle.

Theorem-10.10: Sum of lengths of any two sides of atriangleis always greater
then thethird sde.

Wewill understand theorem 10.10 through an activity.
Fix nails(A, B and C) on adrawing board such that they makeatriangular shape.

Now jointhesethree points by athread and comparethelength of thethread of any
onesdeof atriangleto theother two sidethreadstogether, youwill awaysfind thelength
of two threadstogether isalwaysgreater then thethird thread.



MeasurethethreesidesAB, BC and CA and compare the sum of any two
sidesindifferent group tothethird side. You will seethat-

0] AB+BC>CA
(i) BC+CA>AB
(i) CA+AB>BC . Fig. 35

Similarly wecanfind moreresultsand provethemintheform of theorems.

L et us some exampl es based on these theorems.

ExampLE-16.  Provethat hypotenuseisthelongest sideof any right anglestriangle.

SoLuTtion :  GiveninAABC
ZB=90° A
We haveto provethat AC>AB
and AC>BC
In AABC
/B =90° (given) C Og
So /A + /C=90° (sumof internal anglesof triangleis180°) Fig. 36
LA+ ZC=4B
that means /A< /Band ZC< /B
So we can say that /B isthebiggest angleof AABC

We know that the side oppositeto the biggest angleisthelargest side.
Therefore AC>ABandAC>BC

. Think and di scuss -

AB and CD are respectively the smallest and largest side of a
quadrilateral ABCD. Show that Z/A>/Cand £/B> £/D.

D

ExamvpLe-17.  IntriangleABC provethat- /ABC> ZACB
Construction- Takepoint D onAC. suchthat AB=AD, joinB toD.



Coradllary: INAABD
AB =AD (by construction)

/ABD=/ZADB ... (i) (angle oppositeto equal sides)
But Z/ADB, isaexterior angleof #/BCD
A /ADB>,/BCD ... (i1) (by exterior angletheorem)
by equation (i) and (ii)
T 0 ZABD > /BCD
Z/ABC > ZABD (by construction)
B m—— ¢ /ABC>_/ACB
. TyTs A
Chooseright option.
1 From thefoll owing given measurement, whichmakeatriangle-
()  20cm, 5cm, 4cm @) 8cm, 6cm, 3cm
@iy  5cm, 8cm, 3cm (iv) 14cm, 6cm, 7cm
2. IntriangleABCif £C> /B thenwhich of thefollowingisright-
() EF>DF (i) AB>AC
i) AB<AC (ivy, BC>CA
3. From thefollowing given measurement, by which can you makeatriangle-
@) 35°45° 95° @iy 40°,50°, 100°
@iy 21°,39°, 120° (iv) 110°,80° 20°
4, If inatriangleABC, AD isamedian, then which of thefollowing statement isfa se-
@) AB+BC>AD i) AC+BC=>AD
(i) AB+BC<AD (ivy AB+BD>DC
5. Inagivenfigureif AB =AC = BC thenwhich of thefollowing statement istrue.
@) AD=AC A
(i) AD<AB
i) BC=BD
(ivy AD>AB
D 4 : C




ExampLE-18.

SOLUTION :

Inagivenfigure PR > PQ and PSisaanglebisector of ZQPR, then prove

that /PSR > /PSQ.

Because PR > PQ
S L1> /2
iNAPQS £1+ £Z4+ £6=180° ... @)
iINAPRS £2+ /5+ £7=180° ... (i)
thereforeinthesetwotriangles

Z4=/5 .. (i) (anglebisector of £3)
Z1>/72 L (iv)

by adding (iii) and (iv)

= 4+ /1> /5+ /2 ... (V)

by equation (i) Z1+ £4=180°- /6
by equation (ii) £5+ £2=180°- /7
by putting va uein equation (v)

180° — £6 > 180° - /7

— £6>— /7 (by changing side)
or L1> /6

- /PSR > /PSQ

1. Infigure/B</ZAand Z/C<
«D. Show that AD <BC.

C
2. Inagivenfigureif x>y thenprove
that MP> NP,
3. InagivenfigurePQ>PRand QSand
RS are angle bisectors of #Q and /R
R respectively. Provethat SQ>SR

4.  Inagiven figure PQ = PR then prove
that PS> PQ.

 Bercise-10.3 _

P
A/%
Q 3 R

Fig. 38
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Uses of Gongr uency

Congruency and congruent figuresarenot only useful inour daily lifebut thisisalso seenin
thefield of engineering when constructing bridges, buildingsand towers.

Wat Have VW& Lear nt

Geometrical shapesare congruent if they havethe same shapeand size.
Circlewiththesamelength of radii arecongruent.

Two squaresare congruent if they havesidesof equal length.

El A o

Two triangles are congruent when their corresponding sides and corresponding
anglesareequal.

5. If two sidesand theincluded angle of onetriangle are equal to the corresponding
two sidesandincluded angle of thetriangle, then thetrianglesare congruent. (SAS)

6. If any two anglesandtheirincluded sideof triangleareequal tothe corresponding two
anglesandincluded sdeaf theother triangle, then thetrianglesarecongruent. (ASA)

7. If two anglesand anon-included side of onetriangle are equd to the corresponding
partsof another triangle, then thetrianglesare congruent.

8. Anglesoppositetoequal sidesareequal.
9. Sidesoppositeto equal anglesareequal.

10. If intwotriangles, dl threesidesin onetriangleareequd to the corresponding sides
intheother, then thetrianglesare congruent.

11. If intwo right trianglesthe hypotenuse and one side of onetriangle are respectively
equal to the hypotenuse and corresponding side of the other triangle, thetriangles
arecongruent.

12.  Angleoppositetogreater sideof atriangleisgreater.

13.  Sideoppositeto greater angleof atriangleisgreater.

14. Inatriangle, the sum of any two sidesof thetriangleisgreater thanthethird side.
15. Each angleof anequilatera triangleis60°.

16. If AABC and APQR are congruent thenwewriteit like AABC = APQR.

17. Werepresent the corresponding parts of congruent trianglesas CPCT.



Look at thefigures given below. Which of them aretriangles?

IV A &

(ii) (iii) (iv)
Fig. 1

A figureformed by joining three non-collinear pointsiscaled atriangle. A triangleis
afigureenclosed by threeline segments. It hasthree sides, three angles and three vertices.
What arethe other featuresof atriangle? Discuss.

Look at Fig.2(i-iv). In each of them, four pointsarejoined together.

L K R
B
A B C D E F ' J A "C

(i) (ii) (iii) (iv)

H

)

Fig. 2
InFig.2(i), dl four pointslieonthesameline (arecollinear) sowe get aline segment
whenwejointhem. InFig.2(ii), threeof the pointsarecollinear but not thefourth. Here, we
get atrianglewhen wejointhepoints.

Isaquadrilaterd formedinFig.2(iii) or Fig.2(iv)?Itisclear that toform aquedrilaterd,
three pointsout of four haveto be non-collinear.

If three out of four pointson the same planeare not lying on the sameline (i.e. are non-
collinear) then they will form aquadrilateral when wejoin them together inan order.




Defineaquadrilateral based on the properties described so far. Discussyour definition
withyour friends.

Find different objectsin your school or classroom that have surfacesin the shape of
quadrilaterals. For example, the blackboard, window panes, each page of abook etc.

Many of the objectsaround usarerectangular. A rectangleisa so aquadrilateral.
Why?

Typesof Qedril ateral

. Wesaw that Fig.2(iii) and Fig.2(iv) arequadrilaterals. Let

usdraw thediagonal sof thesequadrilaterals (Fig.3).
Wefindthat boththediagondsinFig.3(i) lieinside
butinFig.3(ii), onediagond liesinddeandtheother isoutside
B thequadrilterdl. What isdifferent in thetwo quadrilatera s?
All anglesof thequedriltera inwhich both diagonds
. areinddearelessthan 180°.
Fig. 3 g Suchquadrilaterasarecaled
convex quadrilaterals. For

example, quadrilateral PQRS (Fig.4).

A quadrilateral inwhich one of theanglesismore
than 180°will have onediagonal inside and the other
outsideof it. Such aquadrilatera iscalled aconcave quadrilateral.

X

//

InFig.5 ZBCX =180°. Therefore, theinterior angle £/BCD of quadrilateral ABCD
iIsmorethan 180°.

Inthischapter, wewill only study convex quadrilateralslikethose showninFig.4.

D C In quadrilateral ABCD, thesidesAB and DC are parallel to each

other. Itisatrapezium. Wecan say that aquadrilatera inwhich only onepair
of sdesisparalld, isatrapezium.

Fig. 6
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Look at thefigures given below. Which of them arenot trapeziums? Give reasonsfor
each.

(ii) (iii) (iv) (v)

~ 0 Y ¢

(vi) (vii) (viii) (ix)

Frdldaoyam

Weknow that if one pair of oppositesidesof aquadrilatera areparallel thenitiscalleda
trapezium. If both pairs of oppositesidesof aquadrilatera areparallel thenitiscaleda
pardlelogram. C Fig. 7

Fhonbus

When dl sidesof aparallelogram areequdl it iscalled arhombus.

D B

A
Fig. 8

4 Think and D scuss

1 You have read about many types of quadrilateral s (trapezium, rhombus, square
etc.). Identify which of themareparalelograms.

2. Areadl pardldogramsadsotrapeziums? Discuss.

Now draw asguare and arectangle. Arethey examplesof parallel ograms? Yes, a
squareisaspecial typeof parallelogram and each of itsinterior angle measures 9C°.



Isarectangleaso asquare?

Try todraw aparallelogram wherethree of theanglesareright anglesbut whichis
not arectangle. Issuch aparallelogram possible? Discuss.

Supposeall sidesof arectangleare equal. Then, what will be? Such arectangleis
asguare (Fig.9).

0] Isasquare arectangle? (i) Aresquaresparallelograms?

b B (i) Isasquare arhombus? (iv) Isarhombusdsoapardleogram?

A Now, we will learn how to prove some properties and theorems related to
Fig.9 quadrilaterals.

We know that each diagona of aquadrilatera dividesitintotwotriangles.

D C Assumethat ABCD isaquadrilateral and AC isitsdiagond. Then, diagond
AC dividesthe quadrilateral into two trianglesAABC and AADC (Fig.10).

From theanglesum property of trianglesweknow that the sum of thethree
interior anglesof atriangleis180°.

INAADC, /ADC+ /DCA + /CAD=180° ... 1)
Similaryin AABC, ZABC+ /BCA+ZCAB=180° ... 2
By adding equations(1) and (2)
/ADC+ /DCA + ZCAD+/ZABC + ZBCA + ZCAB = 180° + 180°

/ADC+ («/DCA + ZBCA) + («CAD + «CAB) +Z/ABC = 360°
/ADC+ #BCD + ZBAD + ZABC = 360°

B
A Fig. 10

Therefore, the sum of thefour interior angles of quadrilateral ABCD isequal to
360°.

Similarly, thesum of theinterior anglesof any quadrilateral isequal to 360°.

S RE A

1.  Theinterior anglesof aquadrilateral areintheratio 3:5:7:9. Find the measure of
eachinterior angle.

2. If all theanglesof thequadrilateral are equal thenwhat isthe measure of each
angle?




‘

Takeapieceof paper and draw aparalelogramonit. Draw any one
of itsdiagonals. Takeapair of scissorsand first cut out the parallelogram and
then cut along thediagonal as shownin Fig.11. Placethe cut partson each
other. Dothey overlap? Turn the cut partsaround if needed.

Arethe parts overlapping because of some specia property of the
parallelogram?Which property isit?

Wewill now study the propertiesof aparallelogram and logically
verify them.

THeorem-11.1: A diagonal of aparalldogram dividesit intotwo congruent triangles.
Proor :  LetABCD beaparalle ogram and AC beoneof itsdiagonals (Fig.12).

InparalelogranABCD,
AB|DCandACisatransvera
/DCA = 2ZCAB (pair of dternateangles)

Similarly, DA||ICB whereACisatransversal
/DAC=/BCA

Now, in AACD and ACAB

«DCA =«CAB

AC=CA (commonside)

/DAC=/BCA

.. AABC = ACDA (by ASA congruency)

That is, diagona AC dividestheparallelogram ABCD into two congruent triangles.
Clearly, adiagonal of aparalelogram dividesit into two congruent triangles.

Fig. 12

THeorem-11.2: Inaparallelogram, oppositesidesareequal.

Proor :  Let ABCD beaparallelogram. Join thevertex A to C. Thisisdiagonal AC.
Diagonal AC dividesthe quadrilateral ABCD into two trianglesABC and ACD
(Fig.13).

Now, inAABC and AACD
/DAC = /BCA (dlternateinterior angles) A D
(AD|IBC) AN
Similarly, by dternateinterior angles N

/DCA = /BAC (AB||DC) \
AlsoAC=CAisacommonside B




.. AABC = A CDA (byA-S-A congruency)
Therefore, AD=BCandAB =CD (by C.PC.T.)
That is, oppositesidesof aparalelogram areequal (henceproved).

THeoreM-11.3 (Converse) ;. If each pair of oppositesidesof aquadrilateral is
equal thenitisaparallelogram.

Proor :  Given, quadrilateral ABCD in which AB = CD and BC = AD. Now, draw

diagonal AC (Fig.14).
INnAABC and ACDA,
A y, D BC=AD (given)
\\ AB=DC (given)
N AC=CA (common side)

AN . AABC = ACDA (by S-S-S congruency)

[ M. Therefore, /BCA = /DAC (by C.PC.T)

and AD|BC .. (@)
whereACisatransversal.

Since ZACD = ZCAB,

because CA isatransversal

therefore, AB|CO ... (2
Therefore, by (1) and (2), ABCD isaparallelogram.

We have seen that each pair of opposite sides of a parallelogramis equal and
conversely, if each pair of opposite sides of a quadrilateral is equal then it will be a
paralelogram.

Now, wewill prove such aresult for those quadtrilateral sin which pairsof opposite
anglesareequal.

THeorem-11.4: Oppositeanglesof aparallelogram areequal.
Proor :  Quadrilateral ABCD isaparalelogram (Fig.15)
inwhichAB ||DC
"." Linesegment AD intersectstheparallel linesAB and DC.
ZA + D =180° (interior angleson the samesideof thetransversa)
and DCintersectsthelinesAD and BC.
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/D + ZC=180° (interior angleson the samesideof thetransversal)

therefore, /A+/D=s/D+~/C j ‘
thatis, /ZA=Z/C

smilarly /B = #D can aso be proven.

Itisclear that oppositeanglesin aparallelogram areequal.

Now, what will happen if oppositeanglesof aquadrilateral areequd. A B

Wewill findthelogica possibility of suchaquadrilaterd beingapardldogram. Fig. 15

THeorem-11.5 (Converse of Theorem-11.4) : If in a quadrilateral each pair of
oppositeanglesareequal then it isaparallelogram.

Proor : Inquadrilateral ABCD, Z/A=~/Cand «/B=«D (Fig.16) ... (@D}

Weknow that sum of al interior anglesof aquadrilateral is360°.
A+ /B+ £C+ £D = 360° >E
LA+ /B+ /A+ /B = 360° (by-1)
2/A+2/B=360°

0
A+ /B = 360
2 A B
Fig. 16
/A+/B=/C+ /D :?
-./.C+/D=18° . 2
Now, extend DC upto E-
Weseethat ~.C+«BCE=180° .. 3

Therefore, /BCE=/ZADC by equation (2) and (3)
Since, /BCE = /D and DCisatransversa
therefore, AD ||BC

Similarly, AB | DC and soABCD isaparalelogram

Fopertiesof Dagond sof aRPard | € ogram

Draw aparallelogram on paper and draw both itsdiagonals. Cut the
paraleogramintofour partsaongthediagonadsasshowninFig.17.




Dothe partsappear ssimilar to each other or different from each other?

We aregetting four trianglesand they are actually two pairsof congruent
traingles. Do thediagonal s bisect each other?

Let uscheck thevalidity of the statement given in theorem 11.6.

THeorem-11.6 :  Diagonalsof aparallelogram bisect each other.
Proor :  ABCD isaparalelograminwhichAB =DCandAB ||DC

AlsoAD =BCandAD || BC (Fig.18)
WhenwejoinAto C and B to D then AC and BD intersect each other at point O.
InAAOB and ACOD

/OAB=0CD .. (1)
(AB ||DCand arecut by thetransversal AC)
/ABO=,0ODC .. )
(AB||DC and are cut by thetransversal BD)
AB=DC

.. AAOB = ACOD (A-S-A congruency)
.. SideAO=0Cand BO=0D (by C.RC.T.)
So, we can say that diagonal s of aparallelogram bisect each other.

ExavrLe-1.  Provethatif diagonadsof apardleogramareequal thenitisarectangle.
Proor : LetABCD beaparalelograminwhichACand BD arediagonals
andAC=BD (Fig.19)
Now inAABC and ADCB
AB =DC (oppositesides of aparallelogram)
BC =CB (common side)
AC=BD (given)
AABC = ADCB (S-S-S congruency)
therefore, /ABC=«DCB .. Q)

Since ZABC and ZDCB are situated on the same side of the
transversal BC of parale linesAB and CD, therefore,




/ABC+«DCB=180° .. 2
by (1) and (2)
Z/ABC+ ZABC = 180°
2 /ABC =180°
ZABC = 90°
that is, /DCB =90°
Similarly, we can provethat Z/A=~/D.
/A =/D=90°
therefore, /A=/B=/2C=/D=90°
Hence, paralldogran ABCD isarectangle.

Clearly, if diagonasof aparalelogram areequal thenitisarectangle.
Hence proved.

y TyThs

Similarly, try to provethat if diagona sof arhombusareequal thenitisasquare.

ExavpLe-2.  If diagonalsof aparallelogram are perpendicular to each other thenitisa
rhombus.

Proor : LetABCD beapardld ograminwhich diagonasAC and BD are perpendicul ar
to each other. We need to provethat ABCD isarhombus (Fig.20).

Now, in AAOD and ACOD y ¢
AO=CO (diagona s of aparallel ogram bisect each other)
Z/AOD = ZCOD (each angleisright angle)

OD = 0D (common side)

AAOD = ACOD (SAS congruency)

Therefore, AD=CD (by C.PC.T)) A Fig. 20
Also,AB=CD andAD =BC (". oppositesidesof aparallelogram areequal)
-.AB=BC=CD=AD

Clearly, parallelogram ABCD isarhombus. Therefore, it can be said that if the
diagonasof aparallelogram are perpendicular to each other thenitisarhombus.
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A

Can you show that the diagonals of arhombus are perpendicul ar to each other?

ExampLE-3.

Provethat the diagonal s of arhombusare perpendicular to each other.

Proor : Arhombusisaparalelograminwhichall sdesareequal. Consider therhombus

ABCD (Fig.21). We see that in rhombus ABCD, the diagonals AC and BD
intersect each other at O. We need to provethat AC isperpendicular to BD.

y:
Fig

.21

or

or

or

In AAOB and ABOC
AO=0C (diagonals of aparallel ogram bisect each other)
OB =0B (common side)
AB =BC (sidesof arhombus)
AAOB = A BOC (SSS congruency)
Therefore, ZAOB= /ZBOC
Now, because Z/AOB + /BOC = 180° (Linear pair)
ZAOB + ZAOB =180°
2/A0B =180°
180°
2
ZAOB =90°

ZAOB =

Similarly, wecan provethat /BOC= /ZCOD = ZAOD =90°. That is, thediagonals
of arhombusare perpendicul ar to each other. Hence proved.

ExampLE-4.

Provethat theanglebisectors of arhombusmake arectangle.

Proor : ABCD isaparalldogramasshowninFig.22. Bisectorsof ZA, /B, Z/Cand £D
intersect at P, Q, R and Sforming quadrilateral PQRS (Fig.22).

INAASD,
Since DShisects #D and AS bisects ZA, therefore

1 1
/DAS+ Z/ADS= E ZBAD + E ZADC

NI

(LA +£D)
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x 180° =90° (LA and £D areinterior angles

N[~

onthesamesideof thetransversd) ... Q)
INAASD,
/DAS+ Z/ADS+ /DSA =180° (Why?) .....(2)
From, equation (1) and (2)
90° + ~DSA =180°
/DSA =90°
Therefore, /PSR =90° (Being verticaly oppositeto Z/DSA)
Similarly, /BQC=/PQR
In AAPB,
/PAB+ ZAPB+ /PBA =180° (Sum of anglesof atriangle)

but #/PAB + Z/PBA =90° (/A and £B areinterior anglesonthe samesideof the
transversa)

- ZAPB =90°

Similarly, #SRQ=90°. Thus, PQRSisaquadrilateral inwhich all theanglesare
right angles. Therefore, quadrilateral PQRSisarectangle.

4 Think and D scuss

1. Diagonasof arectangleare of equa length (Hint- arectangleisaparallel ogram)

2. Diagonalsof asquare areequal and they bisect each other at right angles.

ExavprLe-5.  If thediagonasof aparalelogram ABCD intersect at point O andif OA =
3 cmand OB =4 cm, then find thelengths of the line segments OC, OD,
ACandBD.

Sorution @ ABCD isaparaleogramwhereAC and BD intersect at O (Fig.23).
OA =3cm OB =4cm
because diagona of the parallelogram AC and BD bi sects each other.
OC=0A
OC=3cm



and OD=0B
OD =4cm

Now, AC=A0+0C=3+3=6cm
BD=0OB+0OD=4+4=8cm

Therefore, itisclear that AC=6cm andBD =8cm.

Fig. 23

THeorem-11.7 : Ifinaquadrilateral, apair of oppositesidesisequal and parallel
thenitisaparalleogram. (Provewith thehelp of teacher)

ExampLE-6. IntriangleABC, median AD wasdrawn on side BC and extended to E
A suchthat AD = ED. Provethat ABEC isaparalelogram.

Sorution:  LetABC bethetriangleand AD beitsmedian on BC (Fig.24).
Extend AD to E suchthat AD =ED

s—5 ¢ NowjoinBEand CE
N /' InAABD and AECD
\\\\ I,’I BD =DC (since D isthemid point of BC)
Ny Z/ADB = ZEDC (vertically opposite angles)
FigE. 24 AD =ED (given)

.. AABD = AECD (by SAS congruency)
Now, AB =CE (sdesof congruent triangles)
and ZABD=/ECD

Both areapair of alternateinterior angles made between thelinesAB and CE by
thetransversa lineBC.

. AB|CE
So, inquadrilateral ABEC
AB ||CEand AB=CE
Therefore, ABECisaparalelogram.
D Q ¢ Exawvee-7. ABCDispardlelograminwhichPand Qarethemid points

of oppositesidesAB and CD respectively (Fig.25). If AQ
intersects DP at point Sand BQ intersects CP at point R

then, show that:-
A P B 0) APCQisaparalelogram.
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(i) DPBQisapadldogram.
(iii) PSQRisaparalelogram
Sorution: (i) Inquadrilateral APCQ
AP|QC (becauseAB||CD) ... (@)

AP—EAB
2

1
CQ= E CD (gven)

SinceAB =CD
therefore AP=QC .. 2
by equation (1) and (2) APCQ isaparallelogram.
(i) Similarly, quadrilateral DPBQ isaparalel ogram because DQ || PB and DQ = PB
(iif) Inquadrilateral PSQR
SP|IQR
(where SPisapart of DPand QR isapart of QB)
Similarly SQ||PR
Therefore, PSQRisaparallelogram

4 Bedse-111

a o ¢ o1 XandYarethemidpointsofoppositesidesq o) 9

AB and CD of paralelogran ABCD. Prove
that AXCY isaparalelogram.

R\o

2. Intheadjacentfigure ABandDCaretwoparaled
lineswhich areintersected by transversal | at points /
Pand R respectivey. Provethat the R oC
P, bisectorsof theinterior anglesmake
arectangle.

3. ABCisanisoscdestriangleinwhich
A D AB =AC, AD bisects the exterior
anglePACand CD || BA. A< /p

Provethat:-
() «DAC=«BCA
(i) Quadrilaterd ABCD isapardlelogram.
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ABCD isaparalelogram and BD isoneof itsdiagonas. APand
CQ areperpendicularson BD from the verticesA and C respec-

tively. Provethat:-
(i) AAPB = ACQD (i) AP=CQ
ABCD isarectangleinwhich diagona A C bisectsboth theanglesA and C.
Then provethat:-
0] ABCD isasguare.
(i) Diagonal BD bisectsboth anglesB and D

AABC and ADEF aresuch that AB and BC are equal and parallel to DE
and EF respectively. Provethat AC and DF areequal and paralléel.

The M d-

Foi nt Theor em

You have studied many propertiesof trianglesand quadrilaterals. Let usstudy aproperty
of triangleswhichisrelated to the mid-point of itssides. Let uslook at the theorem:-

THeEorEM-11.8 : A linesegment joining themid-pointsof two sidesof atriangleis

alwaysparallel toand half of thethird side.

Proor : Let ustake AABC to provethisstatement. In AABC, D and E arethemid points
of AB and A C respectively. Draw aline segment DF by joining mid points D and E such that
E isthemid-point of DF. Join C and F (Fig.26).

VAR

Fig. 26

now

Now, you can seethat in AADE and ACFE
AE=CE (Eisthemid-point of AC)
Z/AED = ZCEF (vertically oppositeangles)
DE = EF (by construction)
.. AADE = ACFE (by SAS congruency)
AD =CFand ZADE = /CFE (by C.PC.T.)
BD=AD and AD=CF
-.BD=CF .. D

Also Z/ADE = ZCFE areequal (proved above). But theseare alternateinterior
anglesfor AD and CF intersected by DF.

.. AD||CF
orBDI|ICF ... 2
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By (1) and (2), BD and CFinquadrilateral BDFC are both equal and parallel. You
know that if apair of oppositesidesisboth equal and parallel inaquadrilateral, thenitisa
paralelogram. Therefore, DBCFisaparallelogram.

Sinceoppositesidesof aparallelogram areequal so DF=BC. Also, DE+ EF =
DF, DE = EF, so DF=2DE

1
..BC=2DE and DE=- BC

Now writetheconverse of theorem 11.8 and verify it.

THeorem-11.9: |, mand n arethethreeparallée linesinter sected by transversals
pand gsuch that |, mand n cut off equal inter ceptsDE and EF on
p. Show that |, m and n cut off equal interceptsAB and BC on g

also.

Proor : Pardld linesl, mand n areintersected by transversal linesp P
at point D, E and F suchthat DE = EF TG?

A

If transversal lineqintersectsparale linesl, mand nat points
A, B and C respectively, then we need to provethat AB = BC.

passes through the point E and intersects| andnat Gand H
respectively.
Clearly AG || BE (becausel ||mandA, Gand B, E lieon| and m
respectively)

GE ||AB (by construction)

Then, AGEB isapardlelogram

Now, to provethiswewill draw alinewhichisparalle toq, /\E

A
—
M
E:I:
0
—
N

S

- AG=BEandGE=AB .. (1)
Similarly, BE||CH (becausem||nandB,EandC,H lieonmand
nrespectively)

EH ||BC (by construction)

Then, BEHCisaparallelogram

. BE=CHand EH=BC ... 2
Now, in AGED and AHEF




/DGE = ZEHF (alternateangles)
DE =EF (given)
/DEG = ZHEF (vertically oppositeangles)
.. AGED xAHEF  (byASA congruency)
therefore, GE=EH
.- GE =AB,EH=BC by (1) and (2)
.~ AB=BC
Hence, proved.

(@}

ABCD isatrapeziumwhereAB || DC. Eisthemidpoint D
of AD.AlinedrawnfromE, parallel toAB, meetsBC
at point F. Provethat Fisthemid point of BC. E

ABCD isrhombusand P, Q, R, Sarethemid pointsof \
thesidesAB, BC, CD and DA respectively. Show that 5 B
quadrilatera PQRSisarectangle.

3. ABCD isarectangleinwhich P, Q, R, Sarethemid pointsof sdesAB, BC, CD
and DA respectively. Show that quadrilateral PQRSisarhombus.

4. ABCD isaquadrilateral inwhichP, Q,Rand Sare
mid-pointsof thesidesAB, BC,CD andDA.ACis
adiagonal. Show that :

1
(1) SRIACand SR= 2 AC

(@) PQ=SR
(3) PQRSisaparalelogram

_ Wat have V& Learnt |

Sum of theinterior anglesof aquadrilatera is360°.
A diagonal of aparalelogram dividesit intotwo congruent triangles.
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Therearemany types of quadrilaterals. Sometypesof quadrilaterdsare:-
0] Pardldograms (i) Rhombus @iy  Trgpezium
(v)  Rectangle V) Square

A quadrilaterad isaparaleogram, if

0] Both pairsof oppositesidesareequal;

(D) Both pairsof oppositeanglesareequd,;

(i)  diagonashbisect each other;

(iv)  apairof oppositesidesisboth equa and parallel.

Diagonals of arectangle bisect each other and areequal and vice-versa.

Diagonals of asquare bisect each other at right anglesand areequal and vice-
versa

Diagonasof arhombus bisect each other at right anglesand vice-versa.

Theline-segment joining the mid-points of any two sdesof atriangleisparalldl to
thethirdsdeandishalf of it.




Transformation & Symmetry
Ih Geomeftrical Shares

=

At the house of Salma’s friend a large table was needed for the birthday party.

Samasaid, "I havealargetableat home. We can bring that here.”

mI-

Fig. 1 ()

Fig. 1 (iii)

Discusswithyour friends.

Around uswe see shapes
that are triangular, circular, " ﬁ—?{]
spherical, and rectangular in our
daily life. Inactual lifeall things Fig. 1 (iv)

At Salma’s house, they first brought the table from the
corner of theroom near the door.

Then they began thinking about how to takethelargetable
out of thedoor?

For this, they first tilted thetable so that it could come out of the door
and theninverted to placeit on thevan that would transport it. Inthis
process, the orientation of the table changed many times.

Inthefirst step table was displaced from one placeto another. In
the next step thetablewasrotated and then it wasturned over.

Wenotethat in thisentiretrangportation the orientation of thetable
changed many times. Therewashowever, no changeinitsshapeand
size. Thus, by moving, turning or tilting does not affect the shape or
Szeof athing.

Let us now suppose that Salma wants to make pictures of this
process of moving thetablein her notebook.

Would thesizeof the pictureof thetablebedifferent fromtheactua
sizeof thetable?Fig.1(iv)

Actual Table TableMadein thecopy

arethree dimensional but if we
look at theface of thethreedimensional objectsfrom thefront, or from thetop or from

either theright or theleft sidethen, we see only theface asatwo dimensional shape.



TRANSFORMATION 8 SYMMETRY IN GEOMETRICAL SHAPES

Do This

We have given examples of some concrete materias here. Observe these objectsfrom thetop,
front, right or theleft and compl ete thefollowing table accordingly:

S. Nameofthe | Threedimen- Seeingit from various perspective

No. Object sional shape Top Infront Left/Right
1. | Dice Cube Square | |
2. | Toothpaste box Cuboid Rectangle Rectangle | .
3. [Batteryof atorch| Cylinder | e | s |
4. |Bdl Sphere | o | i | e

Transf or nat 1 on

We havejust seen that oninverting, rotating or inclining objects and observing them gives
different appearances. In many situations, the shape of the objects changes, whilefor many
othersit staysthe same. Such observationsare usualy madein our daily lifeactivities.
Deepti gavethisexample; "When | organizethefurniturein my roomthen | rotate, shift,
change positionsof thefurnitureitemslike, sofas, tables, chairsand bedsin many different
ways'. In order to changethe place of apicture on thewall we shift the picturefromone
placetotheother.

Ashwin said, “We keep the used utensils facing up and after washing they are placed
facing down”. The position of the utensils as they were originally and after turning over is not
thesame. Theutensi| seemsdifferent inthesetwo positions.

Akankshasays, "When | makeapictureof my school building, thepicture hasthe
structure and shapeof thebuilding but thesizeissmaller".

When you get apassport size picture enlarged into abigger picture, isthisalsoa
transformation?

Dipti thought for awhile and said, “I have found that in some situations the transformed
shape appearsto bethe sameastheorigina andisalso congruent but in other Stuationsthe
Sizechangesafter transformation, i.e. They arenot
congruent. That meansany action on ashapethat
changesitsposition, shapeor sizecanbecaled a

transformation.” 3
Consider the operations performed in D %
Fig.2(i) and (ii) =

Fig. 2 (i) Fig. 2 (ii)
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Look at theFig.2(i), if werotate theinitia shape about thelinel, thenwewill get the second
shape. InFig.2 (i), the shape has been moved from one position to another.

Inthese situationsif weplacetheoriginal shapeonthetransformed
shape, then would both cover each other?

Both figures are
congruent astheir
shape and sizeisthe

We know that similar shapes that are of the same size are also
congruent. Thismeansthe transformed and the original shapesin

Same. ) Fig.2(i) and (ii) arecongruent.
S / (Thesefigures are congruent because they are of same shape and
| > <1 Sz6) O /\
/ < A B'
Fig. 2 (iii) Fig. 2 (iv)

Now say, arethefiguresobtained after rotation and scaling up respectively inFig.2(iii)
and 2(iv) congruent totheoriginal ?

Thi nk and D scuss

Writetwo examplesfrom your daily lifeinwhich you changethe size, position or theshape
of objects.

Think about thesetransformations, discusswith your friendsand completethetable
below:

S.No. | Whatis Arethefigures Arethefigures | Arethefigures
happening sameinsize samein shape Congruent
(i) Overturning Yes
@iy | Shifing Yes
(i) | Rotating Yes
(iv) | Scdingup No Yes No

What conclusionscan you draw from the abovetable?

Maria immediately said, “In Fig.2(i) over turningand 2(ii) shiftingand in 2(iii) rotating
theinitial shapeiscongruent to the shape after the transformation. However, inFig.2(iv)
there is no congruence due to the scaling up.”
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H ayi ngw t hGeonet ri cal Shapes

Thisisadesign of aborder onthewall, pleaseextend it:-
Themotif of thisdesignis A\, , wecan get theentireborder by rotating, inverting or
diding theabove motif. Let us see how thiscan bedone?

We get thefirst figure of the border % by inverting the motif. The second figure

namely % of theborder isgot by didingthe motif and theninvertingit. Finally rotating the

motif €N 2 inan anticlockwisedirection by 90°, we get the shape Q By inverting this
shapewe get Q & . Extend the border in thismanner.

Can you make some morebordersusing the samemotif? Think about it and make
such borders.

TryThs

Choose motif and using transformations make new designsand borders.

Exercise 12. 1

1- What parti cular operation ishappening in each of thesefigures? Observe, think and
decideinwhichtransformationthefigureobtained iscongruent totheorigina figure?

< A >
/ Sy A
| = O
(i) & (ii) (iii)

Typesof Transfornation

We can seetwo types of transformation:

1 Rigid transfor mation: Operationsunder which thetransformed figureiscongruent
withtheorigind figurearecaledrigid transformation.
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A
A D Al D' P S
4 99,
=
B C Bl C' Q R
Fig. 3 (i) !
Fig. 3 (i)

Fig.3(i), invertedinFig.3(ii) andthenrotatedin Fig.3(iii).
P S Aredl of thesediagramsof the same quadrilateral ?

/\ Q' Intheabove set of diagrams quadrilatera ABCD is didin

Inthiswehave performed threedifferent operationsonthe
p' samediagram. We can seethat in thesethe position of the

Q transformed diagram appears to be different from the
R orgind.
N Weknow that inrigid transformationsthe shapeand size of
Fig. 3 (iii) thefiguredoesnot change.

() Tranglation

Let usconsider thefirst operation. In Fig.3(i) quadrilateral
ABCD ismoved horizontaly by 4 cm. Will thesizeof al the
sdesremaninvariant?Will themeasureof dl theanglesremain
invariant? Yesthey will. (Why?)

The shape, rize and ol
measures of a pictire
hamging on the wall is

remain unchanged

when it is shifted

Remember the propertiesof congruent shapes.
Dipti said: "Yes, intransformation (i) both the quadrilaterds
arecongruent, that isthemeasuresof corresponding sidesand corresponding anglesremains
invariat”.

.. AB=A'B', BC=B'C',CD=CD'and DA=D'A'
Similarly the congruent angleswould be equa

ZABC=/ZAB'C', ZBCD = «ZB'CD', ZCDA =CD'A’

and DAB=«ZD'A'B'



TRANSFORMATION & SYMMETRY IN GEOMETRICAL SHAPES

Thi nk and di scuss

Would the corresponding sides and angles of aquadrilateral remain invariant under
rotation and inversion aswell? Think about thereasons, discussand write.

thisisarigid transformation. Any operation in which ashapeor an object isshifted by a
particular distanceinaparticular direction to adifferent locationiscalled atrand ation.

(i1) Reflection
Look at the operationin Fig.4 - N
If you place amirror online D A A! D'

¢, then how will the image of « y
quadrilateral ABCD appear?

Woulditlook likequedrilaterd ¢ B B c
AB’C’'D? l

Ravi saysif | invert (rotate by !
180) quadrilaterd ABCD about theline Fig. 4

¢, then| get quadrilateral A'B'CD'.
Do you agree with Ravi’s method? Take another shape and rotate it by

Oh! great

180, around aparticular lineand seewhat kind of shapeyou get?Isthispicturethe ifAis

same aswhat you would get when you reflect the shape on aplane mirror placed turned

onthesameline? up it looks
different

Thisoperationiscalled reflection and the line around which the shapeis
reflectediscaledthelineof reflection. Inthisshapeisinverted or rotated around a
specificlineby 180 to obtain thetransform shape.

If weconsider thedistanceof line ' ¢ fromthe quadrilateral ABCD to bex and distance of
thequadrilateral A'B' C' D' from 'y tobey, thenwould x beequal toyi.eisx=y ?Yes,
theorigina shapeand thetransform shapewould be equidistant fromtheline 'y .

Noticethat thisisaparticul ar property of reflections. Let ustry to understand this
withan example-

In Fig.5 here, square MNORP is transformed to M'N'O'P. Join the 4
corresponding verticesof thetwo squareswith linesegments. ThelinessgmentsPP, ™ ___Y
OO and NN/, intersect withtheline 'y at pointsA, B and C respectively. \P{
P =, (i, w
Canwesay PA= PA N )

Sakshi says: “The distance of point A from the vertex P is the same as a I«
distance of point A from the vertex P. Thismeans PA= PA. M
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Would the statements OB = OB’ and NC=NC’ be similarly true? (why)

From the above discussion we can concludethat the distance of thetwo squares
fromtheline'y' isthesame.

TryThs

E 1. Reflectionisarigid transformation. Why? Discussinyour group and write
120 m. with reason.

2. Ononeside of theroad an electric pole E, isfixed. The distance of the
road from the poleis 120 m. Taking the road astheline of reflection,
reflect the pole. After reflection what woul d the perpendicul ar distance
(x) of theimage of theelectric pole (E'), formed on the other side of the

E road befrom the road?

Road

(iif) Rotation
Now wediscussthethird kind of transformation.

QI
/\ Herethequadrilateral PQRS hasbeen rotated about apoint

‘R’ at the centre in a clockwise direction. This transformation
iscaledrotation.

pr Look at theFig.6 and say
Q R Isquadrilateral PQRS= quadrilaterd P Q' RS ?

(= isthesign of congruence)
Thisrotationisarigidtransformation. Why?

Fig. 6

Youwould haveseen many ridesinfairsthat goroundin
bigcircles. OnesuchrideisshowninFig.7. Therideis
revolving around the point “‘O’. That is the point ‘O’ is
the point of rotation. This point of rotation islocated
outside the body. If we
seeamoving ridegoing
aroundinacirclewewill
noticetha itrevolvesina
circular path around the
point ‘O’. (Fig.7) If we
look carefully weredise
any point A or B on the
ride would move in a
circular trgjectory.
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L et usdiscussthisprocess using adifferent example- P

Look at Fig.8: inthis the flagpole PQ is rotated clockwise by 30° with ‘O’
as the point of rotation. This point of rotation ‘O’ is also located outside the bodly.

Inthiscase, torotate theflafpole by an angle of 30° wetakeany two points
Pand Q on it. We draw lines joining point P and Q respectively to the point *O’.
Keeping thelengths of thelinesinvariant, rotate each of them clockwise by 30°. |
Theflagpolehasrotated by 30° and the points P and Q have al so rotated by 30°. .

For the process of rotation we need to pay attention to thefollowing three
things-

First- Centreof rotation: Thefixed point around which =N
thebody will berotated. Thispoint can be onthe body or
outsideit.

Second- thedir ection of rotation, which canbeclockwise
or anticlockwise.

~p!

Third- the measure of angle of rotation, apart from When drawing an aro, | decide on the
deciding the centre of rotatlonmdthedlrectlonof rotation e e L e dius with which to
we need to know the angleof rotation. clrz T T A sl s,

2. Non-rigid Transformation : Transformations
under which the transformed object and origina
object arencot congruent, for examplescaling (magnifying or reducing) of theorigina
object, arecaled nonrigid transformations.

Look at the two maps of Chhattisgarh
drawn above. The shape of both the maps
is the same but the sizes are different.
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TryThs
1 v T~ L ook at the rotationsinthetwofiguresand answer
the questionsbelow separately for each-
120° * 1. Whatisthepoint of rotation?
\v S 2. Doesthepointlieinsideor outsde?
3. Directionof rotation
& VT 4. Theangleof rotation?

Exercise 12. 2

You haveto make aborder for thewall of aroom.
Completethefollowing border.

ﬁﬁr @@ & fb ?@
E F
Look at the pattern and answer thefollowing questions.

0] If you only had the figure “A’ as above, would you be able to make this
complete pattern by trand ating, rotating or reflecting A?

(i) Which figures can be obtai ned by transforming A?Which transformation
will you usefor this purpose?

(i) Which transformation will you useto get D from B?

2. Taking'l' to betheline of reflection completethe pictures-

(i) (i) ! (ii)

O

/

(i) ) (i)
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3. Taking point “‘M’ to be the point of rotation, rotate the M
following figuresasdirected-

0] Clockwiseby 90°
(i) Anticlockwise by 30°

@iy  Clockwiseby 60 m W) oM "'V'(iii)

4. Choose any shape of your choice. Using trandlation,
rotation, reflection design aborder of thetable cover.

5. Look carefully at each of thebasic pattern (motif) given ontheright. Draw thenext
figurefor each pattern. Which transformation did you used?

::::::::F

|:
6060000 O
T

Symmetry

Look at that figuresdrawn here. If wefold themright intheir
middlewewill get exactly the same shapeson thetwo sides
of thefold.

What do we call such figures? What dowecall the
linethat dividesthefigureintotwo identical parts? ' Fig.9

Thesefiguresarecdled symmetrica shapesand thelinethat dividesthe
figureintotwoidentical partsiscalled thelineof symmetry.

(i) Linear Symmetry
Inmany naturd objects, buildings, geometrical shapesand other things, wecan seesymmetry.
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Look at Fig.10. Draw alineonthisthat will divideitintwo identical
parts. The shapeson both sidesof thelinemust beidentical.

You canthink of somemorefigureslikethis.

Look at theFig.11. Theline of symmetry ishorizontal
hereand thepicture of thebird on both sidesisidentical.
Thisiscadled aslinear symmetry.

Canany other linebedrawninthesewhich dividestheminidentical parts?

(i) Rotational Symmetry
Look at Fig.12 (i) and 12 (ii). How many lines of symmetry do these
have?Youwouldfind that oninonerotationthey will look liketheir initia
state at least once.

Fig. 11
:-. Let usconsder therotationa symmetry of an equilateral triangle.

- - Therearethreelinesof symmetry inaequilatera triangle. Inacomplete
Fig. 12 (i) Fig. 12 (i)  rotationanequilaterd triangleisidentica totheinitid Statea threepositions.
Thisnumber istheorder of rotation. In the same manner find out the order

of rotation for the other two shapesin Fig.12.

14 3 2
v Y.
3 M 2 “2 1 1 3
3 2 1 3
2 1 1 3 3 2 2 1
Initial state After rotating by 120°  After rotating by 240° After rotating by 360°

(theinitial state)
Fig. 13
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Onthebasisof the above discussion completethefollowing table-

Figure How many lines In one compl eterotation how Order of
of symmetry? many timesthesameasorigina rotation
Regular Pentagon
Equilaterd Triangle 3 3 3
Rectangle
Square
Theletter U
Theletter M
Thi nk and O scuss

How many linesof symmetry arethereinregular polygon?Isthereare aioninthe number
of sidesand order of rotationsin such apolygon? What isit?

1. What symmetry can be seeninthefollowing letters? 1 dentify the point of symmetry

andwriteit.

[ FNHGAO

TryThs

2. Identify and writethetype of symmetry inthefollowing pictures?

t?

Appl i cat i ons of Synmet ry

and Tr ansf or nat | ons

Many designsand patterns can be seen onfloors,
walls, wallpapers, saries, clothesetc. Thesehave
many symmetries and often are made with
transformations on one motif. For example in
Fig.14(i) the motif can be recognised at many

places. Itisthesamein Fig.14(ii).

W Xk
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' \ : ; Look at Fig.15(i) and Fig.15(ii) carefully. Identify

' the motif and draw.

3L

Fig. 15 (i) ig. 15 (ii)

Exercise- 12.3

Draw pi ctures of some objectsthat show-
(i) linear symmetry
(ii) rotationa symmetry

2. Takeashape of your choice, usingit asthe motif, create apattern.

3. Identify English aphabet, that have-
(i) twolinesof symmetry (ii) No linesof symmetry
(iii) rotationa symmetry

Wat Have W& Lear nt

If congruent shapesareinverted, rotated or trand ated then they remain congruent.

Transformati ons under which the transformed shapeis congruent to theorigina
shapearecdledrigidtransformations.

Rigid transformationsincludethethree processestrand ation, refl ection and rotation.

4. For trandlation the distance and direction need to be specified.
5. For rotation, the point of rotation, the angle of rotation and direction of rotation
needsto be known.

6. Theorigind shapeand thetransformed shepeareequidistant fromthelineof reflection.
7. We havelearned about two symmetries- linear symmetry and rotational symmetry.

8. Repeeting amotif and placing it on aplaneinan organi sed manner without any gaps
or overlapscan produce patterns.



uctions

We havelearnt to draw line segment with ascal e and angleswith compass and protector.
Now weshall learnto draw some closed shapes.

Let us Gonst r uct

If thelength of threeline segmentsaregiven, thenisit dwayspossibleto congtruct atriangle
with the given measurement? Discussamong yoursel ves.

If thethreesidesof atriangleareof 5cm, 6 cmand 7 cm, then

canweconstruct atriangle? Let ustry:- Q Som R
1 Draw alinesegment QR of 6 cm (Fig.1(i)). Fig. 1 (i)
2. Spread the arms of the compass upto 5 cm, placeonearm on

point Q and makean arc. (Fig.1(ii)). -
3. Spread thearms of compass upto 7 cmand placeit onpoint R , g

and then make an arc which intersectsthefirst arc at point P. &

(Fig.1(iii)) o,
4, Pistheintersection point. 3
5. JoinPwithRand Q. o

Q 6cm
Fig. 1 (i)
s 2

Q 6cm R Q 6cm R

Fig. 1 (iii) Fig. 1 (iv)




6. Thusthetriangle PQR isconstructed. (Fig.1(iv)).
Jayant tried to,construct atrianglewith sides2 cm, 3cmand 6 cm.

091)

6cm 3cm

Can atriangle be constructed with these measurements? Why?

TryThis A
Isit possibleto construct triangleswith the following measurements?
0] (2 cm, 3cm, 4 cm) (i) (3cm, 4cm, 5cm)
@iy  (2cm, 4 cm, 8 cm) (v)  (4cm,5cm, 6cm)

Of the given measurements, triangles can beformed only if the sum of two small
sidesishigger than the measurement of thelongest side.

Sone Mbr e Gnst ruct i ons

Construction-1 : Construct atriangle when the measurement of two sidesand theangle
- formed by themisgiven.

ExavpLe-1.  Construct a triangle ABC where AB =5 cm, AC = 4 cm and
ZA =45°,

Sepsof Constructions
1. Drawalinesegment AC of 4cm.

X X
B 2. Drawaray AX onAwhichformsanangleof 45°
withAC.
S S 3. Drawanarcof 5cmfrompoint A, which cutsAX
) 9 at point B. (Fig.2(i))
450 450 4. Draw aIine_segmemjoi ning poi nt_:?:B andC. This
A Aom C A Tom c way AABC is constructed. (Fig.2(ii)).

Fig. 2 (i) Fig. 2 (ii)



‘

TryThis
InthistriangleAB =5cm, AC=4cmand ZA =45°. If wewant wecan

draw aline segment AB of 5cmand then aray AY making on angleof 45°
OnAB.

Now from A makean arc of 4cmonAC.
IstriangleACB likethefirst triangle?

Do ThisAlso
Construct atriangleABC where
AB=7cm AC=6cmand ZB =40°

Stepsof construction:-

1 First of all draw a line segment
AB=7cm

2. At point B draw aray BX such that
ZABX =40°(Fig.3(i))

3. From point A draw an arc of radius 6
cmintersectingray BX at pointsC and
D. (Fig.3(ii)). A 40°\ g

. . 7cm 7cm
You can see that with the given Fig. 3 (i) Fig. 3 (ii)

conditions we get two points C and D on the

ray BX. Therefore, it can be said that with the given measurements of the triangle two
pointsA and B can be definitely determined; but the third point can be either C or D. As
thethird point can be ether C or D, therefore the measurements given are not sufficient

to condtruct auniquetriangle.

y Tyhs
Discusswith friendsthe measurements givento construct triangle -
0] AB=7cm AC=6cm, LC=40°

(i) AB=3cm,BC=4cm, ZA =60°

(i) PR=6cm, PQ=5cm, ZQ =75°

(v, AB=45cmAC=6.3cm, Z/A=55°

You have seen that auniquetriangle can be constructed only when the measurements
of two sidesand theangleformed by themisgiven.



Construction-2 :  Construct atriangle when the measurement of
- oneside and the two angleson it'stwo end
pointsaregiven.
ExampLE-2.  To construct a triangle ABC where AB = 6 cm;
/ZBAC =30°, ZABC = 100°.
30° 1002
A B

6em Sepsof construction:-
Flg. 4 1. DrawalinesegementAB=6cm.
2. Onlinesegment AB draw an angle of 30° at point A with the
help of the protractor. (Fig.4 (i))
3.  Similarly at point B draw an angleof 100°.
. 4. Extentthearmsof both theangles. Let thepoint of intersection
A 30 B be 'C'.
6cm . . . . ..
Fig. 4 (i) 5. ThenABCistherequiredtriangle (Fig.4(ii)).

T
1

yThs h
Congruct atrianglewiththegiven measurementsand discusswhichtypeof triangle
arethese:-

@ In APQR, PQ=5cm, Z/P=90°, £ZQ =30°
(i) In AMNP, MN =6 cm, ZM =90°, «N = 30°

Draw and seeif itispossibleto construct triangle of given measurement:-
@ PQ=35cm, £Q =45°, /R =50°
(i) XY =75cm, £Z=70°, LY =40°

. Jpecia Typedf Triang es

(

4cm
Fig. 5(i)

Construction-3 : Toconstruct suchatrianglewherethe base, angleformed on
- thebaseand thesum of remaining two sidesaregiven.

ExavpLE-3. Construct atriangle PQR where QR=4cm, PQ+PR=7.5cm
and ZPQR = 60°.

Sepsof Construction:-
1. Draw line segment QR =4 cmand at point Q draw an Z/XQR = 60°.

2. WithQascentre, draw an arc of radius 7.5 cm intersecting QX at point
S. Join RS. (Fig.5(i)).
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3. With the help of compass draw a
perpendicular bisector | of RS
which cuts QS at point P and SR

at point T. (Fig.5(ii).

Perpendicular bisector : Perpendicular bisector is that
linewhich dividesany line segment into two equal parts by

forming right angle.

Construction of Perpendicular Bisector:
1. Digtance betweentwo armsof thecompass should be

morethan hdf of thelinesegment.
2. Now frompointA cut anarc on ’
both thesidesof theline segment. c
Then from point B repeat the 7
same process. =
3. Join the cut points of both the B
arcswithascale. M
Thislinel isthe perpendicular
bisector of AB.
4cm X
Fig. 5 (ii) X
4. Joint PR (Fig.5(iii).
APTSz= APTR. (Why?)
. PS=PR  (CPCT) y
QP+ PS=QP + PR (=7.5 cm) &
/\.
Therefore, APQRistherequiredtriangle.
Why isstep 3 constructed likethis? 60°
We should locate point Pon theside QS such that PS= PR Q aom R
This could be done if both line segments could be seen as Fig. 5 (iii)

corresponding sides of two congruent triangles. X
The perpendicular bisector of SR givestwo such points P
and T which divide APSR into two congruent triangle by
linesegment PT.

AlternateMethod

Now we shall construct the sametrianglein adifferent
way.

Sepsof Construction:-
1 Repeat steps1and 2 like. (Fig.6(i)). Q

R
2. Construct an ZSRY equal to ZQSR. Acm KUl
Intersecting QX at point P. (Fig.6(ii)) Fig. 6(i) Fig. 6 (ii)




PS=PR (Why?)
QP+PS=QP+PR=75cm (73]
-.PQRisthereguired triangle. a4

TyThs A

Construct atriangleABC whereBC =6 cm, /B =60° and AB+AC=11cm.

In A's sides oppositeto
equd anglesareequal.

Condruction-4 : Tocongruct such atrianglewherebase, an angle onbaseand difference

X - betweentworemainingsidesaregiven.

ExampLe-4. Congtruct atriangle POR wherethebase QR =5.2cm, Z/PQR
=45° and PQ-PR =1 cm.

Sepsof construction
1. Draw alinesegment QR=5.2cm.

r 2. AtpointQmakean ZXQR=45°. Onray QX takeapoint D suchthat
QD =1cm(PQ-PR =1cm) (Fig.7(i)).

What to do next?

4 )

I'll tell you!

On QX we need apoint P such that PD = PR (then the difference
between PQ and PR will be1cm.)
If PD and PR could be seen as corresponding sides of two congruent

trianglesthen PD will be equal to PR. If wedraw perpendicular bisector
of side DR then we get two congruent triangles PDT and PRT. /

3. Join the points R and D. Draw a
perpendicular bisector of thearm RD
which cuts the ray QX at P.
(Fig.7(ii)).

4. Join points P and R. Thus the
required APQR is constructed.

5.2 cm__.-": 52 o
Fig. 7 i) % Fig. 7 (Iﬁ;"* (Fig.7(iii))
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Construction-5 : Tocongtruct atrianglewherethesum of three sides (perimeter) and the
- twobaseanglesaregiven.
ExavpLe-5.  Construct atriangleABCwhere /B =30°, Z/C=60°andAB + BC + CA
=10.5cm.
Sepsof Construction L

Draw aline segment PQ =10.5cm(PQ=BC+ CA +AB)

Construct angles of measure 30° (equivalent to #B) and 60°
(equivalent to ZC) at point P & Q respectively. Now
construct anglebisector of boththeaboveangles& name  p«=

their point of intersection asA. (Fig.8(i)). 10.5¢cm
Fig. 8 (i)

Lm
4 3. Now draw perpendicular bisector | and m
of sidePA and QA respectively which bisect the
line segment PQ at the L

points B and C. =

S (Figsiii).

4. Join point B and point CwithA. (Fig.8(iii)) p<=
AABCistherequiredtriangle.

#ig. 8 (iii)
TryThs
M easure the three sides of the triangle which you have constructed and add them. Is

AB +BC+ CA =10.5cm?

If oneside of thetriangleisextended, the externa angleformed onthe extended sideis
equal to thesum of thetwo internally oppositeangles.

Exercise- 13.1
1 Congtruct triangles by the given measurements of their sidesand angles.
S.No. | Traingle Given Measurements
0] ADEF DE=45cm EF=5.5cm DF=4cm
@i | APOR /Q=230° Z/R=30° QR =4.7cm
(ii) AABC /B =60° BC=5cm AB+AC=8cm




2. Construct aright angled trianglewith abase of 4 cmand the sum of the other sides
is8cm.

3. Construct atriangle PQR where QR =7 cm, ZQ =45°and PQ-PR =2 cm.
4, Construct a traingle XYZ where Z/XYZ = 50°, YZ =5 cm and

XZ-XY =25cm.

5. Construct atriangleABC whereAB + BC+ CA =13 cmand /B =45°, /C=

70°.

Gnstructi onof Quadri | aterd

So far you have constructed quadril ateral sin different situation. Now we shall construct
thesein somenew situations.

Construction-6:

L

>
(0]

7cm
Fig. 9 (i)
=
M

Fig. 9 (iii)

Congtruct apardlelogramwhereitstwo diagonasand theangle
formed betweenthemisgiven.

ExampLE-6.

Construct aparallelogram ABCD whereAC=7

cmand BD =6 cmand theangleformed between
themisof 40°.

Stepsof construction: -
1. Draw alinesegmentAC=7cm.

Draw aperpendicular bisector LM of linesegment AC which
intersectsAC at O. (Fig.9(i))

2.

Draw aray OX where
ZAOX = 40°. Now
extend ray OX to
XOX". (Fig.9(ii)).

Taking O asthecentre
point, draw two arcs
of 3 cm (half of the
length of another
diagonal i.e. half of
6cm = 3 cm) on
XOX" namely B and
D. Joinboth B and D
with A and C.

(Fig.9iii)).

A

7cm§

Fig. 9 (ii)

<

Thus, therequired parallelogram ABCD isconstructed.
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Remember:- Diagonals in a parallelogram bisect each other. Therefore we draw
perpendicular bisector of AC by which we got the central point O. On point O, we

constructed an ZLAOX =40°and OB =0OD =3 cm.

y TyThs

Canyou similarly construct arectangleand asgquare?

Discusswith friendsand form two questions based on it and construct it.

Construction-7 : Construct atrapezium when two adjacent sides, theangleformed by
-~ themandthepardlel sdesareknown.

ExavpLe-7.  Construct atrapezium ABCD when AB =5 cm, BC =28 cm, AD =
3cm, DA =60° andAB || CD.

X
Stepsof construction:-
1. Draw alinesegmentAB =5cm. 2
2. Draw aray AX by forming an angleof 60° at pointA.
60°
X 3. CutanarcADof 3cmon A = om B
AX toget point D. (Fig.10(i)). Fig. 10 (i)
o/ \60°
N > 4. From point D
draw aray DY such X
that «XDY = 60°
600 - -
A B (Fig.10(ii)) y<: o .
5cm ; C\ Y
Fig. 10 (ii) .
5.  From point B,
draw an arc of 2.8
cmintersectingDY 60°
X apointsCandC A = om B

J<‘ (Fig10(ii)). Fig, 10 (i)
YN ¢ (of y

6. JoinBwithCandC'. (Fig.10(iv)). This
way the required trapezium ABCD and
ABCD isformed.

60°

5cm
Fig. 10 (iv)



Construct aparallelogram ABCD whereAD =4 cm,AB =6 cmand ZA =65°.

Construct aparallelogram whereAB =4 cm, AD =3 cmand diagonal AC=4.5
cm.

Construct arectanglewhereone sideisof 3cmand thediagonal isof 5cm.

4, Construct arhombus where the two diagonals are of lengths 4.5 cmand 6 cm
respectively.

5. Construct a trapezium ABCD whereAB ||CD,AB=5cm,BC=3cm,AD =35
cmand thedistance between theparalle linesis2.5cm.

v Construction-8 : To construct atrianglewhichisequal in areato theareaof agiven
qQuedrilaterd. -

e ExampLE-8. Construct aquadrilateral whereAB =7 cm,CD=6cm, BC=4cm,AD
s =5cmand ZBAD =60°.
© AndtakingAB asonesideconstruct atrianglewhichisequal inareato the
_/\60° X areaof aquadrilateral.
- 7cm B g

Fig. 11 (i) Sepsof construction:-
1. Draw aray AX. OnAX mark line segment AB of 7.cm.

2. On pointA draw an ZBAY =60° and cut anarc of 5 cmwhich cuts
AY atD. (Fig.11(i))

3. Cutarc of length 4 cm& 6 cmfrom points B & D

5 —> respectively, intersecting at point C.
7cm

Fig. 11 (ii) 4, Join BC, CD. Quadrilateral ABCD is the required
quadrilateral. (Fig.11 (ii))

M 5. Now join BD.FrompointCdrawCE|BD vy
which cutsAX at E. (Fig.11(iii)). Join
E and D. (Fig.11(iv)) 6cm

>

7cm B £ 7cm B E X
Fig. 11 (iii) Fig. 11 (iv)



Thus, we get the required triangle which is equal in area to the area of quadrilateral
ABCD.

_~ Think and D scuss

Areasof AADE and quadrilateral ABCD areequal. How?

nstruction-9:  Construct aparallelogram and rectanglewhichisequa inareatothe
areaof agiventriangle.

ExavpLE-9.  Construct aparallelogram whichisequal inareato X
that of atriangleABC whereAB=9cm,AC=5cm c
and ZCAB =60°.
X . S
/ Stepsof construction: - «
C »y 1. DrawalinesegmentAB=9 60°
cmand an /BAX of 60° at A Som B
(08\ A. Fig. 12 (i)
2. Onray AX cut an arc of 5
/60 s cmat point C. Join BC. X
" 9cm Required triangle ABC is g/
Fig. 12 (ii) formed (Fig.12(i)).

3. From point Cdraw aray CY
pardld toAB. (Fig.12(ii)).

4. Draw a perpendicular

b
o] I

bisector PQ of sdeAB which : 9cm
bisectsAB at O. (Fig.12(ii)). : Fig. 12 (iii)
5. From point O draw OD|| AC Lé
: (Fig-12(iv))
A o 9cm ® Thus, weget therequired parallelogramwhichis
Fig. 12 (iv) equal in area to the area of

AABC. Discusswhy ?

 Hercise- 13.3 _

1 Construct aquadrilateral ABCD whereAB =5cm, BC=6cm, CD =7 cmand
/B =/C=90°. Then onAB asbase construct atrianglewhichisequal inareato
that of thequadrilateral.

2. Construct atrianglewhose areaisequa totheareaof therhombuswhosesidesare
of 6 cmand oneangle of 60°.




S MamewmeeX

3. Congtruct anisoscel estrianglewith abase of 6 cmand baseanglesof 70°, construct
aparaldogram and rectanglewhichisequa inareatothat of thetriangle.

4, Construct atraingle PQR where PQ =8 cm, PR =6 cm, ZQPR = 65°. Construct
aparalleogram whose areaisequal to theareaof thetriangle.

Gnst ructi ngaG rcunscri bedRegul ar Fol ygon A ound
adrcl eandl nscri bedRegul ar Fdl ygoninaGrcl e

Construction-10 : Construct aregular pentagoninscribedina3
cmradiuscircle.
Stepsof construction:- A
1 With centre O draw acircle of radius 3 cmJoin O with
point A onthecircumference. (Fig.13(i)).

2. Sincewe haveto construct aregular pentagon therefore Fg. 13 g)
B dividethecircleinto 5 equa parts. Thevaueof anangle
] 360° .
subtended a the centrewoul d be 5 - 72° (Why?). N A
A
A 3. OnOA,drawan angle of 72° at point O which cuts
/ thecircumferenceat B. (Fig.13(ii)).
D 2 4. MeasurethearcAB with the compassand mark arcs Fig. 13 (ii)
Fig. 13 (iv) on the circumference and we get pointsC, D and E. B
' (Fig.23(iii)).
5. JointAwith B, BwithC, CwithD, D withEand EwithA.
(Fig.13(iv)). A

Thisway arequired regular pentagonisobtained.

Fig. 13 (iii)

Similarly any regular polygon can beinscribed in acircle.

~ ThirkandDscuss

360
) For pentagontheangleat thecentreis

O O

, for hexagonitis 6

5 ,Sowouldtheangle

O

at the centre of apolygon of nsidesbe . ?




‘

Construction-11 : To construct aregular hexagon circumscribed around acircleof radius
3.5cm.

Sepsof construction:-

1 With centre O draw acircle of radius 3.5 cm Take apoint A on the
circumferenceandjoinitwith O. (Fig.14(i))

2. Thevdueof theinternd angleof regular hexagon

O

360 . .
athecirclewill be= —-—=60". OnOA draw Fig. 14(i)
an angle of 60° at point O which cuts the B
circumferenceat B.
60°
Fig. 14 (ii) 3. Asincongtruction-10witharcAB markthe

pointsC, D, Eand F (Fig.14(ii)).
Q
o)

B 4. Joint pointsC, D, E and Fwiththe centre O. .
R P (Fig.14(iii)). Fig. 14 (iii)
- 60° A 5-OnOA, OB, OC, OD, OE and OF draw perpendicular
D

35cm linesUAP, PBQ, QCR, RDS, SET and TFU. (Fig.14(iv)).

Thus, we get the required hexagon PQRSTU whichisthe
circumscribingthecircle.

T
Fig. 14 (iv)

Similarly inany circlewecan congtruct aregular polygoninscribing or circumscribing
it.

Construct aregular quadrilatera inscribed inacircle of aradiusof 2cm.
Construct aregular octagoninscribedinacircle of aradiusof 3cm.

Construct aregular pentagon circumscribed around acircleof radius2.5cm.

A WD

Construct aregular octagon circumscribed around acircleof radius3cm.




A triangle can be constructed only when:-

0] Thesum of two small sidesisbigger than the measurement of the longest
sde.

(i) Measurement of two sidesand angleformed by themisgiven.

(i) M easurement of one sideand angleson bothitsendsaregiven.

(iv)  When the base of atriangle, any one angle on the base and sum of the
remaining two sidesgiven.

v) When the base of atriangle, any one angle on the base and the difference
between theremainingtwo sidesisgiven.

(Vi)  When perimeter of atriangleand both angleson thebaseare given.

A parallelogram can be constructed when itstwo diagonal s and angle between

themisgiven.

Trapezium can be constructed when two adjacent sides, angleformed by them and

parallel sdesaregiven.

Areaof twotrianglesformed on one base and between sametwo paralldl lines, is
equal.

O

3
Anglesformed at the centre by each sidesof polygon of nsideswill be o

A regular polygoninscribed in acircleand circumscribed around acircle can be
constructed.




MENSURATION

Let usknowt hehi storyof nensuration. .. ..

Usually mathematical ideas originates from daily activities and experiences. In ancient times people used
measure of “Bitta”, “Hath” (hand span, palm length) etc. for measuring the land, height of walls, depth of well etc. Using
only these measures many big palaces, buildings, castles, ponds, roads, canals, drains etc. were constructed.

The field area was measured on the basis of the amount of seed sown in it, weight was measured by taking
pebbles and other natural objects as units, volume was measured in lottas, glasses, tumblers, pots etc. Since these
measures varied alot, gradually the practice of measuring thingsin a standard unit evolved. In Indusvalley of Indiafine

standardized system of measuring length and weights (9T<), existed as early as 5 centuries before Christ. There were
standard weights for different measures. Small weights for expensive things and big weights for things which were
exchanged inlarge quantity. Most of the weights were cubical . Weighing balances (<RTs]) with two sideswere also made
here. Similarly there were standard measures for measuring lengths which could even measure up to 1/16 of an inch.
Many methods of measurements were adopted in Iran and Central Asia from India and vice versa. Mensuration as we
know today has evolved, based on all these. Many situations are involved where these are needed. Some of them are-
Cost of fencing with wire around any field.

Cost of bricks or stones used in making parapets of wells.

Area of any room.

Volume of any tank.

The number and cost of tiles used to make afloor.

S R e S

Estimate of the cost of ploughing or cutting of the crop.

For these we will need to find perimeter and area of closed two dimensional shapes and surface areaand volume
of solid shapes. In mensuration we will learn to find perimeter, area of triangle, quadrilateral, circle etc and surface area,
volume of geometrical shapeslike cube, cuboid, cylinder, cone and sphere etc.

Indian mathematicians gave many formulasfor geometrical shapesand figureswhich are similar to formul ae that
we use today. For example- Aryabhatt gave following formulaof areaof circle:-

YRR f[AehHTEEaHa aaher

i.e Areaof circle= - (Circumference) x E (Diameter)

2
=nr?

Wherer isradiusof circle.

The information presented here is collected from various sources. Teachers and students can get more information
about mensuration from other sources also.




Fig. 1

We seemany circular shapeslikecoins, bicyclewhedls, dia of aclock etc. You may find
many other objectsaround you that are circular. Can you think of few more such objects?

Inthischapter, wewill read about circleand its properties.

Damter of aGrcl e

You know about acircle. Fig.2, thereisacircle with
centre O and radius OP. In Fig.3, you can seetheline

p Segment AOB that passesthrough centreof thecircle'O' A@/ B
P

and hasitsend points at the circumference. AOB isa
diameter of thecircle.

Fig. 2 Fig. 3
Diameter of the Circle=2 x Radius

Grcunherenceof aGrcl e

Inany circledrawn with any radius, theratio of thecircumferencetoitsdiameter isaways
fixed. Thisratioisrepresented using aGreek | etter 7t (pi).

Circumference of Circle .
Diameter

Therefore,




-~ SwiororaCrae&LlevomorArc

Circumferenceof theCircle = m x diameter
= 1 x (2x radius) (Since, diameter = 2 x radius)
If radiusof acircleisr, then
Itscircumference =nx (2x7r)
Circumferenceof Circle = 2nr

y TyThs

Takecircular objectsfrom your surroundings, find out theratio of their circumferencesto
therespectivediameters. Istheratio constant? If yes, what isthevalue?

Aeaof aGrcle

Draw acirclewith centre'O' and radius'r'. Inscribe aregular polygon with'n’' sides
inthecircle (as shownin Fig.4). Now, maketriangles by joining vertices of the
regular polygonwith the centre of thecircle. You can see AOPQ asoneof thetriangles.

1
Areaof TriangleOPQ = 5 PQ x OL

1
=5 x side x length of perpendicular from centretotheside. Fig. 4

Since, the lengths of perpendicular from centre 'O' on each side of regular
polygon arethe same. Therefore, areaof each trianglewill bethe same.

We know, that there aren such triangles.
So, areaof ntriangles

1
=N x 5 side x perpendicular from centreto theside

Now, what will hgppenif number of S desbecomeinfinite?In such Stuation, perimeter
of the polygon will become sameas circumference of thecircle and areaof the polygon will
become equal totheareaof circle. Thelength OL will becomeequal to'r'.

1
Therefore, Areaof Circle = > x Circumference x Radius

:EXanxr

= nr?




A

Sctorof aGrcle

c Sector of circleisthe portion of thecircleenclosed by tworadii andanarc. InFig.5,

you can seeacirclewith centreOandradius'r'. A, B and C areany three pointson
thecircumferenceof thecircle. Join center 'O" with point A and B. Radii OA and OB
divide the circlein two parts OAB and OBCA.. These two are the sector of the
crcle.

Sector OAB isenclosed by radii OA, OB andanarc ag and sector OBCA is
Fig. 5 enclosed by radii OA, OB and anarc BCA -

Letthearc Ag subtend anangle6 at the centre'O’ thenthelength of thearcis
proportional to angle subtended by thearc at the centre.

Lengthof anarc ~ Angle subtended by the arc at centre
Circumference of circle  Angle subtended by circle at centre

Lenthof anacc 8
Circumferenceof circle 360°

Lengthof anarc= x Circumferenceof circle

360°

Length of an arc of sector = x 2mr

360°

Inthe similar manner, areaof the sector isproportional to theinterior angle sub-
tended at the centre by thearc enclosingit.

Areaof sector  Angle subtended at centre by the enclosing arc
" Areacf circle Angle subtended by circle at centre

Areaof Sector 6
Areaof circle 360°

Areaof sector = x Areaof circle

0
360°

Areaof sector = X Tr?

360°




‘

Aeaof aGrecul ar Path

Circular pathistheregion betweentwo concentric circles. If theradii of theouter rl_ "
circleandinner circlearer, andr, respectively, ~ )
then, width of the circular path = Outer radius — Inner radius
=h=h Fig. 6

Avrea of circular path = Area of outer circle — Area of inner circle
= mr 2 —mr?
=n(r?—r2

Areaof circular path=n(r>— r.?)

ExavpLe-1.  Diameter of acircleis 14 cm Find the circumference and the area of the
arce
SOLUTION : Given, diameter of circle=2r =14 cm.

. _ 14
. radiusof circle, r = > =7cm

Weknow, circumferenceof circle=2nr
=2 % xT=44 cm
And areaof thecircle =nrr?

22
=7><72 =154 sgcm

ExamvpLe-2.  Findareaof thecircle, whose circumferenceis176 cm.
SOLUTION ; Here, circumferenceof thecircle=176cm
S 2nr = 176

2><%><r =176

r_176><7
2% 22

Therefore, areaof thecircle=nr?

=28cm

2
=7><(28)2:24643qcm




ExavpLE-3.  Radii of two circlesare 8 cmand 6 cm respectively. Find radius of the
circlewhose areaegual sthe sum of theareas of thetwo given circles.

Sorution:  Here, radiusof thefirst circle r, =8cm
radiusof thesecond circle r,=6cm
Andradiusof therequiredcircleR="?
Weknow areaof required circle=Areaof first circle+ Areaof secondcircle.
nR? = nr 2 + mr 2
R =n(r?+ry2)
R2 = r12 + I’22
R2=82+ @2
R>=64+ 36
R?=100
R =10cm

ExavpLe-4.  Radiusof acircular groundis35cm. How long will it take for aboy to
complete 10 roundsof the grounds at a speed of 5 km per hour.

Sorution :  Radiusof thecircular groundr =35m
Distance covered by the boy in oneround (circumference) = 2rr
Hence, distancecoveredin10rounds =10 x 2xr

=10x ZX%XBS

=2200 m= 2.2 km
Timetaken by the boy to cover 5 km =60 minute

) o 60x 2.2 i
Therefore, 2.2 kmwill becoveredintime = 5 =26.4 minute

= 26 minute and 24 second.

ExavpLE-5.  Findwidth of the circular path whose outer and inner circumference are
110 meters and 88 metersrespectively.
Sorution:  Let, outer radiusof thecircular path = r, meter
and, inner radius of thecircular path=r, meter
weknow that, outer circumference of circular path= 110 meter



2nr, = 110

5 22 B
><7>< r,=110

110x 7
L= ono = 17.5 meter
Inner circumferenceof the circul ar path = 88 meter
2nr, = 88

22
2><7>< r,=88

B 88x 7
2= 2% 22

Width of thecircular path=r -,
=17.5-14 = 3.5 meter

= 14 meter

ExampLe-6. A circular gardenissurrounded by a7 meter wideroad. Circumference of
the garden is 352 meter. Find areaof theroad.

Sorution:  Let, theouter radiusof theroad =r,
And, inner radius of theroad (radiusof garden) =r,

We know that, circumference of the garden = 352 meter.
2nr, = 352

0 2
XX T, = 352

B 3B2x7
27 2x22

Therefore, outer radiusof circular path (road) r, = 56 + 7 = 63 meter
.. Areaof thecircular path=n(r >~r.?)

r =56 meter

22

=2 [(63)°~(56)’|

22
= (63 +56) (63 - 56)

22
= 7><119>< 7=2618sgm



ExavpLe-7.  Thereisacircleof radius21 cm. A sector that subtends an angle 120° at
the center iscut fromthecircle. Find length of the arc of sector cut. Also
find areaof the sector.

SoLuTion :  Given, radiusof thecircler =21cm

Angle subtended by the sector 6 = 120°

Therefore, length of thearc of sector = = 2mr
0
= 120 X 2% 22 x 21
360° 7
=44 cm
2
=——Xmr
And areaof the sector 3600 T
0
_ 10 X g>< (22)?
360° 7
=462 sg cm
ExavpLe-8.  Findtheareaof the shaded portion
ingivenfigure. (Fig.7)
SoLuTion :  Areaof theshaded portionABCD

= Area of sector OAB — Area of sector OCD

ixw(OA)2 —

OD)?
360° xm(OD)

360°

|(OA)” - (ODY?|

—XT

360°

300 22

X — X
360° 7

(7~ (35)]

i><g><(7—|-3.5)><(7—3.5)

12

7




C sconatslenoAe

10.

= 11 x10.5x 3.5

6x7
= 9.625 sq cmor 9.625 c?
Areaof the shaded portionis9.625 sqgcm

A BedsuUl [0

Find the circumferenceof thecircle, whoseradiusis17.5cm.
Findtheareaof thecircle, whoseradiusis4.2 cm.

A horseistied by al14 meter long ropein aground. What isthe areaof theground,
that the horse can graze, if he can moveupto thefull length of therope?

Radiusof abicyclewhed is35cm. How much distancewill it cover in 500 complete
rotations?

Radiusof acircleis 3 meter, what would betheradiusof acirclewhoseareais9
timestheareaof thefirst circle?

Inner circumference of acircular path is440 m. Width of thepathis14 m. Find
diameter of theouter circleof thecircular path.

A circular ground of radius 50 meter is sorrounded by a5 meter wideroad. You

want to cover theroad with tile. Find thetotal cost of tiling if therateof tiling per
square meter is 30 rupees.

You are given asector which subtendsan angle of 70° at the centreof thecircle
with radius 21 cm Find thelength of the arc and area.of the given sector.

1
Areaof asector of thecircleis s times the area of the circle. Find the angle

subtended at the centre by the given sector.

Areaof asector is 1540 sq cm, it subtends an angle of 50° at the centre of the
circle. Findtheradiusof thecircle.

Diameter of thecircle (2 x radius), circumference of thecircle (2nr), areaof
thecircle (nr?). We a so learnt about the sector of acircle.

Areaof thecircular path = n(r >—r,?); wherer andr,areouter and inner radii

respectively.




Cube and Cuboid

Chalk
Box

(N

3G

We seealot of thingslikebook, pen, pencil, rubber etc. around us. These are 3D objects
but we can see 2D shapesliketriangle, quadrilateral, circleetc. inthem. Thesurface, edges
and vertices of these 3D objectsare made up by combining these 2D shapes. Wewill now
learn about surface areaand volume of 3D objects such ascubeand cuboid. Todo thiswe

will usethe concept of 2D shapesand their area.

Repr esent i ng 3DSapes

We can draw 2D shapes (triangle, quadrilateral and circle etc.) on paper as per their

measures,

Canwesmilarly depict threedimentiona shapeson paper with their measurements?

Repr esent | ng AGube

While depicting 3D shapeswetry to show all thefaces.
Thoseonthefront aswell on those of behind thefacesin
front. Cubesand Cuboids have 6 faces. They have 8 edges.

How many verticesdo they have?

>

Fig. 1

(peni ng AThr ee O nensi onal Shapet o nake a 2D

Shape

1. SurfaceAreaof A Cube:

Takeaclosed chalk box and openit asshowninthefigure.

Areall thefacescongruent?

Fig.2 (il

Now write down the number of faces, verticesand edges.

112|134 Wefindthat all thefacesof chalk box areof thesamesize,i.e.
they areall congruent. Such ashapeiscalled acube.



2.
Take abox of toothpaste and open it asshownin the picture.

Cuse AND CuBoID

If thelength of the sideof asquareis'a thenit'sareawould bea

Canyoufind out theareaof al thesurfaces?
Hamid- | can add the areaof 6 faces and find thetotal surface area.

Total surfaceareaof thecube =&+ +d+F+ &+ &
=6&

TryThs
Take acard board sheet and make acube of side 8 cm.

Thelength of the edge of acubeis4 cm. By how many timeswill thetotal surface
areaincrease, if thelength of the edgeisincreased to 8cm.

Cuboid

—

Fig. 3 (ii)

Now writedown the number of faces, edgesand verticesit has.
Arethelengthsand breadths of faces1 and 3, 2 and 4 and 5 and 6 the same?

We seethat for atoothpaste box, the opposite faces have the same measurei.e.
they are congruent. Such ashapeiscalled acuboid.

QrfaceAeaof aCGibol d

H
L ocate some cuboid shaped objects around you and draw their figures b
inyour notebook. Nametheir vertices.

rectangular? >

How many sidesdoes each have (Fig.4)?
Which faces of the cuboid are equa to each other and

E

WeE—5—0

=
[
Wi

Fig. 4



MATHEMATICS - IX

H G How can youfind thetota surfaceareaof acuboid?
b Jaspal saidthat we can obtainthetotal surfaceareaby adding
5 | . areaof dl therectangular surfaces.
Nehacalculatethetotal surface areaof ashoe-box.
H_b poD ccC G .
ne—ln He—lh Shewratel for length, b for breadth and hfor height
b ' on the surfaces. Then she ca cul ated the areaof each surface

seperately and added them. (Fig.5).

A e You also do the abovetask and seeif you get the same.
B F b Sothetota surfaceareaof acuboid =hl + b+ hl +1b +
E L F hb + hb
Flg. 5 =21b+21h+2bh
=2 (Ib + Ih + bh)
TyThs
1 How will you find thetotal surfaceareaof acubeusingtheformulafor acuboid?

2. What isthetotal surface areaof acuboid whoselengthis6 cm, breadthis3 cm
and heightis2cm.

D - Do you know which of thefacesof the cuboid arethelateral faces?
F Thefour sidefaces of the cuboid (excluding the top and bottom faces) are
R thelateral faces.
Fig. 6 How will youfind thesurfaceareaof thelateral facesof acuboid?

Ajit- | can add the areas of facesABCD, EFGH, BFGC and AEHD and
that istheareaof thelatera facesof thecuboid.

Monika- Yes, if wedo this, theareaof lateral facesof acuboid = 2hl +2hb
=2h(l+b)

Canyou now find the areaof thelateral facesof acube?

Theareaof lateral faces of acube=4 & (why?)

Thi nk and D scuss

Keep your mathematics book as shown in the
picturesand find out itstotal surfacearea(Addthe

third position yourself).




Cuse AND CuBoID

Vol uneof Sol 1 dpj ect s

Takeaglasstumbler, fill it with water till thetop. Now put 2 piecesof lemoninit.
What do you see? Somewater will flow out of it. Thistellsusthat lemontakesup
some of the spaceinthetumbler. Inthe sameway all solid objects occupy space.

If ahollow object filled withafluid likewater or air then thefluid will take
the shape of that object. Inthat casethevolume of thefluid givesusthe volume of
that object or capacity of the object.

Themilk pot (patila) can contain more
milk theninthe bowl (katori). Isthe

\ol une of Gubol d capacity of the

ilamorethan =—
Isthevolume of the room more than the volume of thealmirah &a;of Tl ei—:iﬁ
kept in theroom? Or which has more volume, the pencil box or — =

thepencilsand eraser kept init. Canyou find thevolume of some
of these objects?

We usethe unit square to measurethe
areaof any surface, similarlyweusetheunitcube  |A pencil box occupies more
to find thevolume of asolid becausethecubeis spacethan a pencil oran eraser,
the simplest solid shape. To find the areawe which means the volume of the
dividethesurfaceinto unit squares. Smiliarly, to pencil box is more.
find thevolumeof asolid wewill divideit into \ ;

unit cubes.

1 cubic centimeter =1cmx 1cmx 1cm=1cm?
lcubicmeter =1mx Imx 1m=1nm?
Volume of acuboid - surface area of therectangular base x height
=Ax h = | x bx hunit cubes
HereA istheareaof the surface of the base of the cuboid and hisits height.

Vol une of Qube

We know that cubeisaspecia kind of cuboid whose length, breadth and height areequal
i.e.| =b=h=a/(suppose)

Volume of cube= Side x Side x Side

—axaxa

=& cubicunit

Qf
|

Whereaisthesideof the cube.



MATHEMATICS - IX

Tofind thevolumeof asolid object usng unit cubesisvery convenient. Themeaning
of cubic unit of volumeisnumber of unit length cubesincludedinit.

ExavpLe-1.  Acuboida room hasalength of 12 meter, breadth of 8 meter and height 4
meters. If therate of whitewashingisRs. 7 per sg m then how much money
will bespentinpaintingits4 wallsandtheceiling?

Sorution :  Thelength of theroom| =12 m, breadthb=8 mand height h=4m
Sincetheroomisacuboid therefore,
theareaof four walls of theroom = perimeter of the base x height of theroom
=2( +b) x h
=2(12+8) x 4=160sqgm
Areaof thecelling=I x b =12x8=96sgm
.. Total areawhich needsto bewhilewashed = 160 + 96 = 256 sqm

Therate of whitewashing isRs. 7 per Sg. meter, therefore the cost of whitewashing the
walsandthecelling,

=Total areato bewhitewashed x 7

=256 x 7=Rs. 1792

TryThs
Measurethelength, breadth and height of your classroom with your friends. Then find
out:-
(i) Thetotd surfaceareaof thewalls excluding thewindowsand doors.

(ii) If theroomisto bewhitewashed, then what isthetotal areathat will needto be
whitewashed.

(i)  Whatistheratefor whitewashinginyour town/village? Using that what would be
expenditureon getting thewalls of theroom whitewashed.

ExavpLE-2.  Anwar got acubica water tank (withalid) constructed ontheterrace of his
house. Thelength of outer edge 1.8 meter. Hewantsto put squaretiles of
side 30 cmon theentire surfase barring the base of thetank. If the cost of
putting adozentilesisRs 396, thenwhat isthetotal expenditurethat Anwar
will incur?
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SoruTion : SinceAnwar wantsto get thefiveouter facesof thewater tank tiled, therefore
tofind the number of tileswe need to find the surface area of thesefive surfaces.

Outer length of the cubical tank a=1.8m=180cm
.. Theareaof thefivefacesof thetank =5&?

=5x%x 180 x 180sgcm ... (D)
Areaof each squaretile =ddexside

=30x30sgcm L. 2

Areaof thefivefacesof thetank
Areaof eachtile

. No. of tiles =

~ 5x180x180 _ 180 -
~ 30x30

Cost of putting onedozentiles=Rs. 396

T

, _ 396
.. Cost of putting onetile= 1 - Rs. 33

So, the cost of putting 180tiles= 180 x 33 =Rs. 5940

ExavpLE-3.  Whileplayingwith somecubica blocks, William madethe structure shown
inthepicture. If theside of each cubeis4 cm, then find the volume of the
structuremade by Willam.

SoruTion :  Sincethelength of each sideof cube, a=4cm

.. Thevolumeofeachcube =ax ax a ﬂ
=4y 4x4
= 64 cubic cm

Cubesusedinthestructure= 15

.. Thevolume of the structure=64 x 15 =960 cubic cm |
TryThs

Find theareaof any rectangular sheet of your book. Now measurethe height of the book
andthusfinditsvolume. Inashdf of andmirahinyour school'slibrary, how many such
books can be placed? Do you read newspaper in your school every day? Now instead of
the book, consider theamirahisfilled with newspaper and do the same estimation and
find out in how many daystheamirah will befilled with newspapers?
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Exercise- 15. 1

Thetota surfaceareaof acubeis 1350 n¥, find itsvolume.

Thevolumeof acuboidis 1200 cm?. Itslengthis 15 cm, breadth 10 cmFind out its
heignt?

3. What would thetotal surfaceareaof acubical box beif :-

(i) each sideisdoubled?

(i) eachsdeistripled?

(iii) each sideismadentimes?

4. The perimeter of thelargest roomin Priyankas houseis 250 m. The cost of white
washingitsfour wallsat therate of Rs. 10 per sqgm costisRs. 15000. What isthe
height of theroom. (Hint : Areaof four walls=lateral surfacearea)

5. Thelength of theside of acubical box is10cm. Thereisanother cuboidal box with
itslength, breadth and height being 12.5 cm, 10 cmand 8 cmrespectively.

(i) Which box hasmorelatera surface areaand by how muchisit more?
(i) Which box haslesstotal surfaceareaand how muchless?

6. The population of avillageis4000. Each personinthevillagerequires 150 litre of
water every day. Thereisawater tank inthevillagewith length, breadth and height
20 m, 15 mand 6 mrespectively. If thistank isfilled to the brim with water then for
how many days, the water requirement would be met?

7. Ariver 3meter deep and 40 meter wideisflowing at therate of 2kmper hour. Can
you find out the volume of water going to the seaper minute?

8. Thetota surfaceareaof acuboidis3328n?. If thelength, breadth and height are
intheratio4: 3: 2, thenwhat will beitsvolume?

9. A cuboidismadeby joining theedgesof threeidentica cubeseach havingavolume
of 125 cn?. Find thetota surfaceareaof the cuboid thusformed?

10. A water bodyisof cuboida shapeof (Cuboidisaright angled parllelo pipped). Its
length 20 m. When 18 1. water istaken out of thewater body, itslevel goesdown

by 15 cm. Find the breadth of thewater body.
(Hint: 1 Litre=1000ml, 1 ml =1 cn¥)

11. A 10meterlong, 4 meter highand 24 cmthick wall isto be constructed in an open
ground. If thewall isto bebuilt using bricksof thesize24cmx 12 cmx 8 cm, then
how many brickswill be needed?



12.

13.

14.

15.
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Find out the expenditureon digging acuboida pit of 8 mlength, 6 mwidthand 3m
depth. If the cost of diggingisRs. 30 per cubic meter.

The dimensions of agodown are 60 m x 25 m x 10 mWhat is the maximum
number of wooden crates of dimensions 1.5 m x 1.25 m x 0.5 m that can be
stacked inthisgodown?

A solid cubeof side12 cmiscut into 8 identical cubeseach having
the samevolume. What will bethes de of the new cubes?Also find
out the surface area of both the cubes?

Mary wantsto keep her christmastreein awooden box covered
with col oured paper. Shewantsto know how much paper she needs
to buy. The above mentioned box is80 cmlong, 40 cmwideand
20 cmhigh. Andif the paper is40 cm square sheetsthen how many

sheetsare needed.

Wat Have V& Lear nt

Cubeisaregular hexagonal solid object. It has4 |ateral facesand 8 vertices.
If theside of the cubeisof length 'a’ then

Thetotal surfaceareaof the cube = 6a?
Lateral surfaceareaof thecube = 4a?
Volumeof the cube =a

If thelength of acuboidis'l’, breadth 'b' and height 'h' then
Total surfaceareaof the cuboid = 2(Ib+bh+Ih)
Lateral surface areaof the cuboid = 2h(I+b)
Volumeof the cuboid =1bh

Solid objectsthat have more volume occupy more space.



STATISTICS

Let usknont hehi storyaof statistics.....

Statistics has being used in India since ancient days. As early as between 321 BC to 296 BC, we find in Arthshastra
written by Kautilya the use of datain avariety of ways. This book describesin detail the agricultural data, figures for
rural and urban population aswell as economic data and the processes how they were collected during Maurya dynasty.
This process of collecting data continued in the times of Mugha Emperor Akbar as well. Abul Fazal in his book
‘Aina-E-Akbari’, written around 1596 — 1597, describes this process of data collection and its use.

IntheBritish period, East IndiaCompany needed to keep arecord of itsaccounts aswell asdetailed information
about the areas under its control. In 1807, the company got a survey done in its states. This survey included one crore
50 lakh people spread over 60,000 square milesarea. Thisreport included information on many significant aspects. The
more important of these include the geographical description of each district, thereligion aswell as ritesand rituals of
the citizens, the natural wealth of the country, fisheries, agriculture situation and industrial situation. A government
officer, A. Shakespeare, presented in 1848, thefirst censusreport. This was related to the area and the revenue of all
districts of the Northwest province. The first effort to collect the detailed census data of India was made in the years
1867 to 1872. Thefirst nationwide censustook placein 1881. Sincethen nationwide censusisbeing doneevery 10 years.

After independence the need for an appropriate statistical structure was felt for the economic and social
development of the country. Prof P.C. Mahalanobis was the first statistical adviser to the Indian cabinet in 1949. His
contribution to development of statisticsin Indiaisunforgettable. Prof Mahalanobiswas the founder director of Indian
Statistical Institute set up in Calcuttain the year 1932. Thiswas declared as an institute of national importancein 1959.
Besides this in 1949, Central Statistical Organisation was set up. From the 20" century to now, efforts to develop
statistical methods, concepts and uses are continuing.

It appears that the word Statistics comes from the Latin word ‘Status’, which means political state or
administration.
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Knowingly or unknowingly wekeep using dataal thetime. We organisetheinformation
from our prior experiences, anayseit and draw conclusions. For examplein the month of
July if thesky iscloudy and thewind blowsfrom the east, wesay that it would rain today.
Similarly peoplewho travel know that sometrainsgenerally comeontimebut thereare
somethat are oftenlate. Whilebuying pul ses, whest grain, rice etc., weexamineasmal part
of thematerial and decideif itisworth buying or not. Inthe cricket match we consider the
rate at which runs are being scored and at what rate they arefurther required etc. Inthe
newspaper every day welook a themaximum and minimum temperatures, average humidity,
timefor sunriseand sunset etc. Being ableto seethese datawith comprehensionand drawing
conclusionsfromit helpsusanayse better and to make better judgements.

Individuals, families, panchayats, State and Indian Government and all other
institutions and organi sations use data for taking decisions and planning. The better our
waysof collecting and organising dataand the sharper our analysisis, the better would be
our decisionsand their implementation.

Cata@l | ecti onandRepresent ati on

Suppose you have 30 studentsin aclassand you are asked to collect thefollowing data
how will you go about it?

1 Information about the blood group of each student of the class.
2. Thenumber of students of the classwho comewalking and those who use other
means

Students of aclass started collecting thisdata. They decided to do thisintwo
groups. Each group went to every student and asked about their blood group and the
means of transport to the school. Group 1 madethefollowingtable:-

TABLE-1

A B AB O
Rh* Rh~ Rh* Rh- Rh* Rh~ Rh* Rh-
1 L] LAT T [ 11 Il L] I

3%



Group 2 madethefollowing table:-

TABLE-2
On Foot Bicycle Scooter Bus Others
w11l [ W1 A1 W1 11 |
H equency Tabl e
In order to understand the collected databetter Group 1 re-organi sed the dataand made
table-3:-
TABLE-3
Blood Group Tally Mark In Number
toCount
A* L1 5
A- [11 3
B* AT T 9
B- [11] 4
AB* [11 3
AB- I 2
(ON [11 3
O | 1
Total 30
Inthistableaongwiththe

tally marks thefrequency

count isalso written asa

number, for example 9

written opposite B* shows

that there are nine people

who havethe blood group

B*. Inthesamemanner the

other numbers show the

frequency of other blood

groups. Such atable is

cdledfrequency teble. The

group then made a bar

diagrambased onthetable.
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TryThs
1.  Writeanyfiveconclusionsthat can bedrawn fromthe bar diagram.

2. Similarly alsorepresent the data of group -2 asabar diagram.

3. Makethe attendancetable for the studentsof your classinthe month of January
and answer thefollowing:-

() Onwhich day wasthe attendance maximum?
(i) Whenwastheattendanceminimum?  (iii) Writesomemoreconclusions.
4. From hockey, cricket, kabbadi, footbal| and volleyball, which isthe sport your

classfellowslikethemost? Collect datafor thisand make afrequency tabletofind
theanswer to thefollowing-

() Whichisthemost popular sport?
(i) Which sportisliked by lesschildren?

H acei nAscend ngandDescendi ngQ ders

Our datamay have valueswhich arerepeated or may not. If thedataisnot largethenwe
can draw conclusionsby simply placing it in ascending-descending order. For example-

Inaclassthemarksobtained in mathematicsexam of 15 studentsout of 100 areas
follows
45, 35, 56, 22, 99, 71, 80, 63, 42, 36, 18, 77, 54, 82, 41
Writing thesein ascending order-
18, 22, 35, 36, 41, 42, 45, 54, 56, 63, 71, 77, 80, 82, 99
Writing in descending order-
99, 82, 80, 77, 71, 63, 56, 54, 45, 42, 41, 36, 35, 22, 18
Now you can answer thefollowing:-
1 What isthelowest and the highest marks obtai ned.
2. What isthe difference between them?

Discusswith your friend and find out some more conclusions can be drawn from
thedata

G ouped F equency Tall e

1. Inclusive Class

When thenumber of datapointsislargeand they have alarge range between their maximum
and theminimum then frequency tablewill bevery large. Insuch situationsingtead of finding
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thefreguency of one number and find thefrequency of small groups. (Wewill call these
groupsclasses)

ExampLe-1.  Ina50 over match the number of runsmade by ateamineach overisgiven

below.
7, 8, 2,5 7,12, 6, 20,18, 9, 11, 5, 19, 10,3, 6, 12, 8, 16, O, 12, 7, 8, 11,15,
13,4, 7, 1,22,2,17,1, 6,21,4, 9, 15,0, 5, 1, 9, 26,10, 14, 3, 16, 2, 6, 8

When wemake afrequency tablefor thisdatawewill need to find the number of
oversinwhich no runswere scored, the number of overswhereonerunwasscored etc. In
thisway wewill haveto goupto 26. Thisisbecauseinoneover 26 runswerescored. This
would beahugetable.

Canwethereforereasonin thefollowing manner:-

How many oversinwhich runsfrom 1 to 6 were scored? How many oversinwhich
runsfrom 7 to 12 were scored?

Andinthesamemanner number of oversinwhich 13to 18 or 19to 24 and then 25
to 30 runswerescored. They call these groups classes. Depending upon our needsthe
groups can besmaller or bigger. Inthisexampleyou can choosethegroupstobelto4,5
t08,9to12or from1to5, 6to 10, 11 to 15 etc. You could choose any other group size
aswell.

How do wefind out the frequency of these groups?

From the above suggested grouping choose anyone. L ook at the number of runs
madein each over. Put atally mark intheappropriategroup. Dothisfor al the50 overs.
Youwill get thefollowing frequency table:-

TABLE-4
Number of runs scored Tdly mark Number of overs (frequency)
0-4 AT AT ] 12
5-9 LHT LHT AT T 18
10-14 AT LT 09
15-19 AT 07
20-24 1 03
25-29 | 01
Total 50

Whileusing suchtableswe usesometerms, for exampleclassinterval, lower class
limit, upper limit, centre point, inclusive class, non-inclusiveclassetc. Let ustry to under-

stand these.

Inthe above example 0-4, 5-9, 10-14 etc., aredl classes.
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Look at any two classes of thisfrequency table. Youwill find that thelower limit of
thenext group startswherethe upper limit of thefirst group ends. Thismeansthat the upper
limit of any groupisnot thesameasthelower limit of the next group. Thesegroups/ classes
arecalledinclusive becausethelower and upper limitsare bothincluded in that group. The
group 0to 4 includesoversinwhich 0, 1, 2, 3, 4 runswere scored. Therearefive such
situations and hencetheclassinterval isalso 5. In the samemanner thegroup of 5t0 9,
includesoversinwhich 5, 6, 7, 8, 9 runswere scored, theclassinterva hereisalso5. For
thefirst group Oto 4 thelower limitisOand theupper limit4. Similarly, theother groupsthe
lower limits are 5, 10, 15, ..... and the upper limits are 9, 14, 19... In each group the
difference between thelower and upper limitis4.

. , 0+4
Themidpoint of theclassOto4is =— =
5+9 14
and of class5t09 = =5 =

We can smilarly find the midpoints of other classeswhich are known as class marks.

L ook at the frequency table given below. The heights of agroup of peopleisre-
cordedininclusveclasses--

TABLE-5

ClassInterval 141-150 151-160 161-170 | 171-180 | Total
(Height in Centimetre)

Frequency 9 11 15 10 45

Now discussthefollowing questionswith your friends:

How many classesarethereinthisfrequency table?

Which group has 180 asitsupper limit?

What arethelower and upper limitsof the class 151 to 1607

Which classhasthe highest frequency?

What isthefrequency of thefirst class?

What isthe meaning of the statement that the class 171 to 180 hasafrequency 10?
Aretheseclassesinclusive?Yesor no, givereason for your choice?

Thistable hel psto show the datain asimpleand conciseform and we can seethe
main features of the data at aglance. Such atableis called grouped frequency distribution
table.

No akrwbdNPE

2. Exclusive Class

Intable5 aboveyou saw that thenumber of peoplehaving hei ghtsbetween 141to 150cm
isnine. Thenumber of peoplewithheightsbetween 151to160cmis11. If thereisaperson
who hasahei ght between 150 and 151 cmwhi ch group would you placethat personin?
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Similarlyif theheight of apersonis160.4 or 160.6 cmwhich groupwould you placethat
personin?

For thiswewill haveto examinetheway we are building the classes. Canwedo
something such that the upper limit of onegroupisthelower limit of the next group so that
thereisno gap in between? For example:-

ExavpLe-2.  Theweightsof classIX studentswere measured, thedataisshowninthe
followingfrequency teble-

Weight (Inkilograms) 30-33 33-36 36-39 39-42 | 42-45

Frequency (No. of children) 4 9 12 7 3
ExampLe-3.  Themonthlyincomeof al familiesof avillageisgiven below:-

Income (In rupees) 0-1000 [ 1000-2000 | 2000-3000 |3000-4000

Freguency (No. of families) 12 30 13 5

Theseareexamplesof exclusiveclasses. Such an arrangement sometimes creates
aproblem. For exampleif afamily has anincome of Rs.2000 per month, thenin which
groupitwill beplaced, ingroup2orin3? Similarlyinexamplel, if theweight of achildis
exactly 39 kg then which group would shegoin?

Insuch casesit isassumed that whenever theva ueisequa to theva ueof the upper
limit of agroup, it will be placed in thenext group. On thisbasiswe can say that thefamily
with income Rs.2,000 would go in class 3 (2000 — 3000). And the 39 kg child would be
countedin class4 (39 - 42).

Ghangi ngl ncl usi ve @ assest oExcl usi ved asses

Wheninclusive classes are changed to exclusive classesthen lower limitsof all classare
decreased by haf the classinterval between classesand the upper limit isincreased by the
sameamount.

TABLE-6
Inclusive Classes Exclusive Classes
ClassInterval Frequency ClassInterval Frequency
6-10 8 55-105 8
11-15 1n 10.5- 155 1
16 - 20 10 155- 205 10
21-25 15 20.5-255 15
26 - 30 6 25.5-305 6
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Ascan be seen in thisexamplethe difference between the lower limit of one group and
upper limit of the next groupis 1 (The second group hasalower limit of 11, whichisone
morethan theupper limit of thelower group.) Thushalf of thisthat is0.5issubtracted from
al lower limitsand 0.5 added to the upper limit va ues. That makesthelower limitinthefirst
grouptobe5.5 andtheupper limittobe 10.5. Similarly for thelast groupthelimitare 25.5
t030.5. Theclassinterva remains5.

TryThs

Changetheinclusive dassesof Table5to exclusiveclassesand add two peoplewith
heights 150.5 cmand 160.5 cmto the data.

ExamvmpLe-4.  The class marks of adistribution are 104,114,124, 134, 144, 154 and
164. Find theclasssizeand theclasslimits.

SoruTion :  Theclasssizeisthedifference between theadjoining classvaues.
Thus the size of the class is 114 -104 = 10
We need classes of size 10 whosemid pointsarerespectively 104, 114,124, 134,
144, 154 and 164.

Thereforethelower limit of thefirst groupis = (104 - %) =99

Theupper limit of thefirst groupis = (104+ %) =109

Theother classinterval valueswould be
99-109, 109-119, 119-129, 129-139, 139-149, 149-159, 159-169

Exercise- 16.1

1 Explainthefollowing:-
Classinterval, sizeof aclass, classmark, classfrequency, classlimits

2. Givethedifferencebetweeninclusveand exclusiveclasses.

3. Thewesgther department hasgiven thefollowing asthedataof maximum temperatures
inAugust for Delhi. Make afregquency table of thisdata.

32.5, 33.3, 33.8, 31.0, 28.6, 33.9, 33.3, 32.4, 30.4, 32.6, 34.7, 34.9,
31.6, 35.2, 33.3, 33.3, 36.4, 36.6, 37.0, 34.5, 32.5, 31.4, 34.4, 33.6,
37.3, 37.5, 36.9, 37.0, 36.3, 36.9, 36.9
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4. Thefollowing arethedistances of thework places of 40 teachersfrom their homes:-
7,95,3,7,8,10, 20, 3,5, 11, 25, 15, 12, 7,13, 18, 12,11, 3
12,6,12,14,7,2,9, 15,6, 15, 17, 2, 16, 32, 19, 10, 12, 17,18, 11

Makeafrequency distribution table of classsize5for thisdata.

5. Thevaueof Pi up to 50 places of decimal isgiven below-
3.14159265358979323846264338327950288419716939937510
I. Makeafreguency distribution table of thedigitsfrom Oto 9 occuringinthis
expanson.
ii. Whichisthenumber that occurstheleast?
jii. Whichisthenumber that occursthe most? What can we concludefromthis?

6. The per hectare production of ricein 40fiedsof avillagein quintalsisgiven below,
makeafrequency distributionfor thisdata.

31, 20, 25, 18, 28, 20, 18, 26, 15, 12, 25, 16, 30, 20, 22, 24, 45, 28, 30, 16,
30, 40, 20, 30, 20, 30, 28, 47, 40, 35, 28, 45, 20, 35, 32, 18, 20, 26, 23, 16
Writethe conclusionsthat you draw from thisfregency distribution table.

7. 40 children wereasked about the number of hoursthey watched TV intheprevious
week, their responseswere:

1,56,2,74,10,12,5, 8, 10, 12, 36, 22, 6, 15, 3, 1, 2, 4, 21, 16, 17,
13,14,2,7,9, 23, 26, 31, 33, 5, 35, 25, 26, 29, 30, 9, 31

I. Makeafrequency distribution table of classsizeb.

ii. Whatisthelower limit of thefirst class?

iii. Givethelimitsof thefourthclass

iv. What isthe classmark of the 7" class

v. How many childrenwatched television for 20 or morehoursintheweek?

TheR ctorid Depictionof Dot a

There is a saying that “a picture is better than thousand words” The comparis of different
setsof datacan berepresented with thehd p of graph. Wewill discussthefollowing diagrams
here

(i) Histograms
(ii) Freguency polygons
(i) Cumulativefrequency curveor ogive
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H strogram

Thisisasmpleand e egant method of displaying frequency distribution. While constructing
thisclassinterval (the independent variable) istaken on the X axisand the frequencies
(dependent variable) isshown ontheY axis. Inthiswe make rectangles with the class
interval as base with height in proportion to the frequency of that class. Thusweseea
continuousseriesof rectangleswith equa bases. Theareasof theserectanglesare proportiona
totheir corresponding frequencies.

ExampLe-5.  Themarks obtained by 16 studentsof aclass 1
inanexaminaionaregiven below:- Lop
MarksObtained Frequency b s
s
10-20 1 & af
O
20-30 4 g 34
30-40 3 E 2
40-50 2 £
50-60 6 d" 10 20 30 40 50 60
Maf ks Obtained
Plot ahistogram for thisdata.

SoLution : Wefollow thefollowing stepsfor plotting the histogram:-

STEP-1 Takeagraph paper, draw two perpendicular axison it and show them asthe X
andtheY axis.

STEP-2  Alongthehorizontd axiswewill show theclassvaues(marksobtaned). Here
we have used 1 square = 10 marks.

STEP-3  Ontheperpendicular axisweshdl display thefrequency (thenumber of sudents
with those marks). Here 1 square = 10 student.

Inthisway we get thedesired histogram.

H st ogranf or Uhequal G ass| nt er vel

Now weconsi der thisdifferent situation. Themarks obtained out of 100 by students?|
of aclassinsciencearethefollowing:-

TABLE-7

Mark Obtained 0-20 | 20-30(30-40(40-50|50-60 (60-70[ 70 0or more
than 70

Number of Sudents 08 10 12 10 09 1 09




W s

S w

It is clear from the following table that
number of studentsgetting lessthat 20is8and
of those getting morethan 70is9. Thedatais
presented in unequal classintervals. Thefirst
interval hasasize 20, thelast hasasize30 and
therest haveclasssize of 10. A student makes
thehistogram of theabove dataasshowninthe
adjoining diagram. Isthisdepiction correct?

Thedassintervd isunequa here. Tomake
abar diagram wewould haveto changethem
toequa classintervas, for exampleinthefirst
class

If theclassinterva is 20 then the height of
therectangle/baris8

.. The area under the curve thereforeis

8
- S.10 _
20 =4

Similarly, for thelast class, theinterva is30and
hencethelength of therectangle/bar would be

9
= 2 x 10 = 3 and since the other class

intervalsare 10 only we do not have to make
any changesin them. We can therefore change
theheightsof therectanglesinthefollowingway.

Length of the rectangle
Frequency Minimum class

~Widith of that class  width in the data

Inthisway for each classwefind theheight
of the rectangle with a class size of 10.
Therefore, the corrected histogram with
modified lengthsof rectangleswould beasgiven
below.
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G aphi cal Met hodt o Locat e Mbde

Thehistogram of datawith exclusive classes canbeusedto
find out modeaswdll, for example:-

TABLE-8

Class Freguency

0-10 3

10- 20 5

20 - 30 7

30-40 4

40 - 50 3 )
50 - 60 1

Sep-1 Makethehistogram for the above data.

Sep-2  Therectanglewith themaximum height istaken to bethemodal classfor the
data. Jointhe upper right cornerof themodd classto theright edgeof previous
rectangleand jointheupper left corner of themodel classto theleft edgeof the
next rectangle.

Sep-3 Draw aperpendicular linetothe X axisfrom theintersecting point.

Sep-4  Thepoint at which the perpendicul ar linemeetsthe X axisisthe mode of the
dataanditis 24, hencethe mode of thedatais 24.

H equency Rl ygon

Another way to depict a classified frequency distribution isto make a
frequency polygon. To construct a frequency polygon we make a bar/
rectangleon each classinterva and the middle pointsof the upper sides of
therectanglesarejoined using straight lines. Thisdiagram hasmany sides
and henceiscalled frequency polygon. Frequency polygonsare madein
two ways.

1 Usnghigograms
2. By direct method




1. Constructing Frequency Polygon usngaHistogram

TABLE-9
Class 5-10 10-15 15-20 20-25 25-30
Frequency 2 5 7 4 3

Therearethefollowing stepsinthismethod:

Sep-1
Sep-2

Sep-3

Makeahistogram from thefrequency descriptions.

Mark the mid points B, C, D, E, F on the upper
edge of each rectangle. Join these mid points
sequentidly using straight lines.

Now taketheclassintervalsbeforeand after the
datadistribution. Namely herefor example, the
intervals 0-5 and 30-35. Mark the mid points of
theseintervalson the X axis. Thesewould be at
2.5 and 32.5 respectively. Call these A and G
respectively. Join BtoA and Fto G Therequired
polygonisABCDEFG.

Think and Dscuss

5 Theareasof thefrequency polygon and of the histogram arethe same, Why?
| (Hint: Usetheproperty of congruency of triangles)

TABLE-10

2. Constructing Frequency Polygon by Direct M ethod

Class 5-10

10-15

15-20

20-25

25-30

Frequency 2

5
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Thismethod hasthefollowing steps.-

Sep-1First find theclassmarks of each class, A p
Class Frequency Mid-Point i
5-10 2 75 T B
10-15 5 125 ;ﬁ
15-20 7 17.5
20-25 4 225 %
2 Bg
25-30 3 275
Sep-2  Wewill plot themid pointson the X -axisand 1 = ek
the frequencies onthe Y-axis. Mark the mid i
pointsonthe X-axis.

Sep-3 Mark the points B, C, D, E, F using the
corresponding frequency.

Sep-4 Mark onthe X-axisthemidpoint 2.5 (point A) of theclass0-5, that liesbefore
thefirgt classand themidpoint 32.5 (point G) of the class 30-35, whichisafter
thefirst class. We have marked them on the X -axis because their frequencies
arezero.

Sep-5  Joinal themarked mid pointssequentially.
Sep-6  ThefigureABCDEFG obtained isthefrequency polygon.

Note : Freguency polygon showstheincrease or fall in the value of thefrequency.
Using thiswe can estimate the va ue of the frequency for any particular point.

For examplefor 15 on the X -axisthe corresponding frequency would be 6.

D f f er ence bet weenaH st ogr amand a H equency
Rdl ygon

Histogram Frequency Polygon

1. Showsthefrequencyusingbars. | 1. Moreuseful sinceitindicatestheincrease
or fal infrequency. Frequency isshown as

apolygoninthis.
2. Frequenciesareassumedto be 2. Frequenciesof theclassareassumed
distributed over theentireinterval. to belocated at the midpoint.

3. Itcanbeconstructedforequa or | 3. Thiscanbemadeonly for equa class
unequa classwidths. widths.




Qy veor Qunul at | ve H equency Gur ve

Thegraphica depiction of the classand itsassociated cumul ative frequency iscalled cumu-
lative frequency curveor Ogive. Thegraph of the cumulativefrequency curveisplottedina
manner smilar to theway frequency polygonismade.

There aretwo waysto plot thecumul ativefrequency curve:

1. "Lessthan" method

"Morethan" method

1 "Lessthan" method: Thecumulativefrequency of aclassisthe sum of thefre-
guency of that classand frequenciesof al the classesbeforeit.

Based onfollowingtablelet ustry to plot the"lessthan™ cumul ative curve:-

TABLE -11
Class 0-5 5-10 | 10-15 | 15-20 | 20-25
Frequency 4 15 10 12 09
SOLUTION : Cumulativefrequency for "lessthan”
Class Frequency| CumulativeFrequency

lessthan O 0 0

lessthan5 4 4

lessthan 10 15 19=(15+4)

lessthan 15 10 29=(10+15+4)

lessthan 20 12 41=(12+10+15+4)

lessthan 25 9 50=(9+12+10+15+4)

2. "Morethan" method : The cumulativefrequency of the classisthe sum of the
frequency of that class and frequencies of all the classes
followingit.

ol % Based on following table let us try to plot the "more than"
- 5’ cumulativecurve-
Clas CumulativeFrequency
Morethan O 50 = (4+15+10+12+9+0)
Morethan 5 46 = (15+10+12+9+0)
Morethan 10 31 = (10+12+9+0)
Morethan 15 21 = (12+9+0)
Morethan 20 9 =(9+0)
Morethan 25 0
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| npor t anceof Gumul at i ve H equency Gurveor Qi ve

Cumulative Frequency Curveor Ogiveisusedin study of datain many ways.

For example:-
1 When you want to extrapol ate the datato one bel ow or one abovethegiven data.
2. Ogiveisused for comparative study.

3. Ogiveisusedto find themeasures of central tendency like- median, first quartile,
third quartileetc.

4, We can a'so find out the value of the variable which isincluded in the special
cumulativefregquency.

1 Choosethecorrect dternativefrom thefollowing:-
(i) Inaninclusiveclass-
a  Boththelimitsareincludedindifferent classes
b) Boththelimitsareincludedinthesameclass

c) Itisnotdecidedinwhichclassthelimitsareincluded
d) Noneof theabove
(i)  Method to makethe cumulativefrequency tableis:-

a Lessthan b) Morethan

c) Bothaandb d) Noneof theabove
(i) Usingthehistogramwe canfind out

a Mode b) Median

c) Bothaandb d) Noneof theabove
(iv) Usngthecumulativefrequency curvewecanfind out:-

a Mode b) Median

c) Bothaandb d) Noneof theabove

(v)  Thewidth of therectanglein ahistogram dependson:-
a) Classinterval of theclass b) Classmark
¢) Ontheclassfrequency d) Onadl of theabove




MATHEMATICS - IX

2. Thetimetaken (in second) by 25 studentsin doing aquestionisasfollows:-

16, 20, 26, 27, 28, 30, 33, 37, 38, 40, 42, 43, 46,
46, 46, 48, 49, 50, 53, 58, 59, 60, 64, 52, 20

(i) Makefrequency tableof thisdatausingaclassinterval of 10 second.
(i)  Makeahistogram depicting thisfrequency distribution.
(i) Usethehistogram to make afrequency polygon.

3. Thelength of 30leavesof aplantisgivenin milimetre below:-

Length of leaves | 111-120|121-130|131-140|141-150|151-160|161-170
(inmm.)

Number of leaves 3 5 7 9 4 2

(i) Makeahistogram to depict thefrequency distribution.
(Hint: Maketheclassinterva s continuous)

(i) Makeafreguency polygon usingthedirect method.

@)  Inwhich classthenumber of leavesisthelargest?

4, The number of runs made by two teamsA and B ina 10 over (60 ball) matchis

givenbeow:-
Number of Balls TeamA Team B

1-6 3 6

7-12 2 6
13-18 7 1
19-24 8 10
25-30 3 6
31-36 8 5
37-42 5 3
43-48 11 4
49-54 6 7
55-60 2 1

Usethe above datamake afrequency polygon on one graph paper.

(Hint: First maketheclassinterva scontinuous)
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DATA HANDLING AND ANALYSIS

Thefrequency distribution of marksobtained by 100 studentsisasfollows:-
Marks obtai ned 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60| Totd
Number of sudents | 7 10 23 51 6 3 | 100
Makeacumulativefrequency curve using the abovedata.

M akethefrequency tableand thecumulativefrequency curvefor thefollowing datac-

MarksObtained Number of Sudents
lessthan 10 3
lessthan 20 8
lessthan 30 12
lessthan 40 19
lessthan 50 31
lessthan 60 42
lessthan 70 60

Themarks obtained by two groups of studentsin atest are given below:-

ClassInterval GroupA GroupB
50-52 4 8
47-49 10 9
44-46 15 10
41-43 18 14
38-40 20 12
35-37 12 17
32-34 13 22
Total 92 92

M ake frequency polygonsfor each of these groups on one graph paper.

Wat Have V& Lear nt

Observation collected for aspecific purposeisknown asdata.
When the number of observationismorewe usetally marksto find the frequency.

Thenumber of timesaparticular observation occursin adataiscalled thefrequency
of that observation.
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10.

Thetable showing thefrequencies of different observationsinthedataiscalled
frequency distribution tableor thefrequency table.

When the number of observationsisvery large then we organise datain groups.
Thesegroupsare called classesand the dataisreferred to as classified data.

Thehistogram isagraphical representation of classified data. Inthisrectangleis
drawn for each group with X-axisshowing theclasswidth and heightson the Y-axis
corresponding to thefrequencies.

If we mark points usi ng the mid-points of the classes asthe X -coordinatesand the
corresponding frequencies of the classes asthe Y-coordinates, then the polygon
madejoining these pointsiscalled thefrequency polygon.

When wefind thetotal number of observationsup to thelower limit of al theclass
intervals, we obtai ned the ascending cumul ative frequency.

If inaclassified frequency distribution the classintervalsaredifferent, that the
rectanglesin thebar graphswould have to be constructed using frequency density.

Class frequency

Frequency density = Class width x Lower limit of thedata

For the same data, the area of frequency polygon and cumulativefrequency graph
areequdl.




4 Becise-11

1. Right pair 2 (1)b(210® w
Bharti Krishnateertha  — Vedic Mathematics 3 Aaryabhatt, Aaryabhatiya -
Varahamihira — Panch Siddhanta 4. Beg Ganit

Brahmagupta — Brahmasphoot Siddhanta 5 16

Bhaskaracharya — Siddhanta Shiromani

Aaryabhatt — Aaryabhatiya

2.6,2,7,9,7 3,1,2, 4,4,

1. 736 2. 2288

5. 39483 6. 96048

1. 5643 2. 43775622
5. 432 6. 9447543
1. 221 2. 616

6. 2016 7. 5616

. Bedse-12 .

3. 2,357 W

4 Bedse-13 |

3. 3404 4. 3025

7. 311472 8. 367836 &

3. 86913 4. 34499655 W

4 Becise-15

3. 1224 4. 9009 5. 1225

8. 9021 9. 11024 10. 11025 &




11. 42021 12. 164025 13. 255016 14. 366021 15. 497024
16. 819025 17. 38021 18. 87016 19. 156016 20. 245025

Exercise- L6
1. 169 2. 10608 3. 11130 4. 9212

5. 12444 6. 10272 7. 1016048 8. 972052 9. 1013968.

Bxercise- 17

225, 625, 1225, 2025, 3025, 5625, 7225, 9025, 11025, 13225.

Exercise- L8

(1) 1156 (2) 361 (3) 2916 (4) 4096 (5) 8464.

Exercise- 19

114, 196, 10404, 11025, 11664, 8836, 992016

Exercise- .10

(1) 97 (2) 87 (3) 91 (@) 57

Q) 4+ 21x+5 2 12x% + 18xy + 6y? (3) X2 — 9y?
4 X2+ 4x + 16 (5) X4+ 53¢+ 11x2 + 11x + 4
(6) 6x* + 17x%y — 2x2 + 12y? —y — 20

h

1. ()1 (i) Zero (iii) Zero (Note:- Therecanbesevera examplesof (i) and (iii))
2 2 27 25 26 27 28 29
2 444 S wmwawa
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10.

% jg% 5. Any four numbersbetween _54 , _53 , _52 ------ %%
21 35
Any three numbers between P 0
-2 -1 1 2
< | | | | | | | | | | | | | | I
- I | | I | | I | | I | | I ! 4
1 =6-5-4-3-2-1 51 23 4567

3 333333 3 33 3 3 3 3
@ 25.2 (Terminating decimd)
(i) 20.9375 (Terminating decimal)
(i) 3.14285714... (Nonterminating recurring)
(iv)  =39.33...(Nonterminating recurring)

5 0 84 Il 184
0 15 @ T G = ™

0020 5 563 5120
0 5 O T3 W T80 ™ 59
@0 13 (i)
W2+45 3
O 1 @ 20 @) 7+3/6 (iv) 10-2y21

V5 R N
0 5 (i) 3 @ =

a= 1, b=2 i
0 BETURRET] i) a=4b=1
@ 20+ 3,3 (i) 16 - /3 8. 6

0]

7] @ 8l i) 16
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Itispolynomial becausethe power of variableiswholenumber.

625
-1

8.02x 10"

0.00000007
1.2756x 10’

3
(i)

1

o

441

(i)  —9765625

(i)  4.196 x 10w
(i) 1000010000
@iy  8x102meter
(i) 5

o L

(iv) 15

(iii) % (v) 243
4/625 < 3343 < /100
{128 < /256 < 31000
(i)  Surd

_ 3
Itisnot apolynomial, becausewewrites Z+E aSz4371

i.e. the power of zisnot awhole number.

1
Itisnot apolynomial, becausewewrites ﬁ +2y+38y2 oy 3

1
i.e. the power of yis 5 whichisnot thewhole number.

Itispolynomid, becausethe power of variableisawhole number.
Itispolynomid, becausethe power of variableisawhole number.

0] 8 (ii)

0 1288 0

@)  852x107%2 (i)

@  0.00000502 (i)

i) 7x10°meter (i)
Exercise- 3.2

0] 4 (ii)

0 529 @) 1331

25 3
3 .

0 [3] (i)

0] /512 < 364 < /81

(i) Y243 <3216 < /64

0] Surd (ii)

(iv)  No v)
Bxercise- 41

0]

(ii)

(iii)

(iv)

)

0] 5 @i 3

(i)

-5

)

1
;W

1

4
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3 0 = @ 2,7 @i 02

4, 0] xt+3,3x*+4etc. (i) Yy + 3y + 3, t6 + 3t =5 etc.
@iy 36, 2, 112 etc.

gl

5. 0] 3 (i) 9 @iy 4

vy 3 v, 1 M) O
6. Constant (vi), (), (xii) Linear (iv), (ix), (xi)

Binomid (iii), (vii), (viii) Trinomid (i), (i), (v)

. Eercise- 4.2 _

1 @ -2 (i) 4 @iy —56
2 @ 2,3,36,119 (ii) -1,0,3,8

, 14718

(iii) 3’3’3 3 vy, 1,0,9 28 v) 2,1,4,5
3. 0] Yes (i) Yes (i) No (v) Yes

) No W)  Yes (i)  Yes
4. @ —6 (i) 6 @ o vy, O (V) _T

3 4
M) 2 M) —Z i) 5 9 3

 BEecise- 43 _

1. 0] 5x2+5x+6 (i) 3p*+8p>—7p+11 (iii)) 23+ 7x*-8x-1
2. 0] 4y? + 9y power 2 (i)  —r2+4r +17 power?2

@iy 3x¥+4x2+8 power3
3. 0] T — 42+ 5t (i) —4p*+7p*+8p—12 (i) 72—-102+9z+ 17
4. 22X+ 2¢-3¢+1x+4 5 5
6 X+ 42— x—2 7. —u' +4ub— 42— u—=6
8. —3y?—y+1 9. —t-2t—11
10. 0] 21C + 34x2 + 11x+ 4 (i) 15x5 — 45x* + 36x% — 18x% + 12x
(iii) p’ & 5p° + p* + 3p® &5p* + 3

11. 28 + 14x* + 3¢ - 21x -9 12. 5



(vii)

1 0] x+(x+1) =11 (i) 2y+y =30 (i) 2z+2z+z=40
(iv), 2[w+3)+w] =15 v) 2X+ 3x+4x =18
2 0] x=3 (i) p=§ (i) x=2
W t=-: v z=1 M) x=2
9 7
3 0] If weadd 3inacertain number, weget 27.
(i) Snehasageishalf at Rgiv'sageand sum of both their agesis 18 years.
(iii) If weadd 2in any number, then dividethe sum by same number, we get 30.
4 @ %6 (i) k=4 (i) p=5
(iv) x=-2 (v) m=_ Vi) t=2
25 5
vy x=21 wii)  x=22 60 y=-8
10 33
| Eedse-52
1 6 meter 2 15 ¢cm, 10 cm 3, 359, 500, 95°
4. 3,57 5. 20 cm 6. 35
7. 28 and 20 years 8. 15 9. 80, 120
10. 180, 185, 190 1. Rohit = 39 years, Pradeep= 17 years
12. 22 km/ hour
Exercise- 6.1
1. @ A=6,B=9 (i) X=5Y=6
i) L=0,M=1,N=8 vy Z=5
V) X=1Y=4 V) P=40Q=7

M=7L=4
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Ecercise- 6.2

Multipleof 5=9560, 205, 800, Multipleof 10 =9560, 800

1,4,7 3. P=o0or5

A=7,B=2, A=3,B=6; A=2,B=7, A=6B=3

0] Yes (i) No (i) Yes (v) Yes

0] Yes (i) No (i) Yes (v) Yes

0] Yes (i) Yes @i Yes (v) No

. Eercise-71

Rs. 15800 2. 2:3 3. Rs. 190 and 20% &l >
Rs. 8050 5. Rs. 139100 6.  Rs. 1900 A
Equdl 8. () Rs.210 () Rs.157.50
Rs. 5000 10.  Rs. 9500

- Becise-72

0] Compoundinterest= Rs. 3248.70,  Principal = Rs. 10248.70

(i) Compound interest = Rs.1590, Principal = Rs. 7840
(i)  Compoundinterest = Rs. 2522, Principal = Rs. 18522
Amount =Rs. 175616, interest amount = Rs. 50616
Rs. 16125 4. Rs. 3.15 5. Rs. 80
Rs. 374.59 7. Rs. 74190 8. Rs. 544.69
Rs. 30250 10. Rs. 609 11. Rs. 6000
Rs. 16000 13. 4% 14. 5%
3 years 16. 1% years 17.  Rs. 16000
- Bercise-73
Rs. 33.80 2. 338% 3. Rs 673.11
Rs. 8302.075 5. Rs. 63935 6. Rs. 6250

Rs. 4840 8. Rs. 131330 9. Rs. 12696



. 5 5

(i) InNA=—,cosC=—, tanA=
13 13
. 12 12

Il SNA=_—, =5 =

(iii) A cosC tan A

13 13
12

(i) cose:E,tanez

13

h

4

5

12°

4

ol vk Rlo wis

12

coth =—,

5

1. 0) s,in6:§,cosez—,coté)=—,sec€)=§,cosece=§
5 5 3 4 3

13 13

sec) = —, cosec) =—

12 5

tan® =1, sech = /2, cosec) =+/2

(v) sinA:ﬂ,cosA:i tanA:ﬂ, cotA:E, secA:E
5 5 3 4 3
. 3 1 1
i)y SNnB=—,cos3=—, tan3=+/3, cotB=—, cosec3 =
(vi) 3 > 3 > B=+/3, cotf 73 §
. 1 3 1 J10
ii) SNA=—,c0SA=—,tanA==, cOtA=3, SeCA=——
(vii) J10 Jio 3 3
) 420 g . E
S-YT] 5 5 3
242 1 3
SN B3, —
5. 3 NG 6. 1 7 7 8

——, SeCa = 3, COSECo, =
22

2
V3

N

2.2



0 c @ c
J3-1 \F J6 __ 6+6
. N 5, V6
(1) —2\/§ (i) 3 1 2+ 3 a1 3 (i) 3
L K 1 3
(iv) PN (v) 4 (vi) > (vii) 3 (viii) 5
() Fdse (il) Fdse (i) True (iv) True (V) True
45° 2. 60° 3. 30° 4 30°
60° 6. 0° 7. 60° 8 60°
60° 10. o° 1. 30°
 Bercise- 9.1
x = 130°, y = 50°
ZQOT =30° andreflex /ROT = 250°
z=126°
360°
If a+b=c+d will beonalinethen T=180°
ZABY =122°, reflex /YBX = 302°
 Becise-92
@ X = 36°, y = 108°
(i) X =29, y=87°
i) x=95°, y=35°
X = 126° 3. /AGE =126°, /GEF =36°. /FGE =54°
60° 5.x=50°, y=77° 6. X = 80°, y = 100°
0] x=59° y=60° (i) X =40°, y=40°
@iy x=18°, y=60° (iv) x=20° y=63°

y

Exercise- 8.4




8. @ 140° (i) 100° @iy  250°
10. Strike on mirror and then make the alternate angle /ABC = /BCD , hence

AB||CD.
Exercise- 9.3
1. /ACB=17°, /ABC =129°, /DBC =51°
2. 0] X = 40°, y=70° (i) x = 50°, y=20°
@)  x=51° y=35° (iv)  x=30° y=75°

3. /1= 60° 4. /ZPRQ=165° 5. £0Z2Y =32°, /YOZ =121°
6. /DCE=92° 7. /SQT=60° 8 x=53°, y=37°

A

3. c 4. b 5. c
(i) SAS @iy ASA
v) SSS
7. 25 8. 160 meter (SSS congruency rule)

9. Yes(Thisisarectangular shape and the oppositesideareequal in rectangle).
10. From AABC and AACD,BC=ADand AB=CD
Then AC =CA (common side)

AABC ~ AACD
. Eercise-102
| J 1. (iii) 2. @ 3. iv) 4 @iy . (iii)
6. 30° 7. 23°, acuteangledtriangle

8. From AABC and ADEF
BC=EF, /B=/E, /C=/F
AABC =~ ADEF

9. From AABD and AABC
AD=BC, /A= /B, AB = BA
AABD =~ AABC
-.BD = AC, ZABD = /BAC



/B</A ..AO<BO ... (1)
/C</D  -.0OD<OC .. (2)
equation (1) + (2)

..AO+0OD < BO+0C

AD < BC

IX> Ly

.. ZPMN =180°—-/%, ZPNM =180°—-Zy

-.Z/PNM > /PMN (Thelarger sdeoppositetolarger angle)
.. PM > NP

PQ > PR

/PRQ > /PQR

/QRS> /RQS

N>R

/PQR= /PRQ

- ZPQS > ZPRQ

.. PS> PQ

Anglesmadeat point Cand RonalineAB and CD arehdf of 180°i.e. 90°. These
areoppositeanglesthereforethefigureisrectangle.

0] Alternateangle (i) ABCD isapardlelogram
/P=/Q=090°

DP =QB

AB=DC

.. AAPB >~ ACQD

4 mEercise-141 |

110 cm 2 55.44 sgcm 3. 616 Sqmeter




4.

~

1100 meter 5. 9 meter 6. 168 meter

Rs. 44,785.71 8. 25.6 €M, 269.5 sgcm
0 =60° 10. 422 cm

Exercise- 15.1
3375 cubic meter 2. 8 cm
0] 4 times (i) 9 times (i) n x ntimesor n?times
6 meter
(i) cubical peti, 40 sgcm (i) cubical peti, 10sgcm
3 days 7. 4000 cubiccm 8. 12288 cubiccm
350 sgcm 10. 6 meter 1. 4167 bricks
Rs. 4320 13. 16000 14.  6Cm, 4:1 15. 7 sheet

_ Exercise- 16.1

Classinterva — width of class

Sizeof aclass— thedifferenceof classmark of two consecutive classes
Classmark — digit of class

Classfrequency — frequency

Classlimits— higher and lower limit of aclass.

Inclusive class— theupper limit of aclass should not beequal to lower limit of a
next class.
Exclusiveclass— theupper limit of aclassshould belower limit of next class.

Maximum Temp. Tally Marks Freguency
(Month of August)

285 — 295 | 1
295 — 30.5 | 1
305 — 315 I 2
315 — 325 I 2
325 — 335 T 7
335 — 345 11 4
345 — 355 11 4
355 — 36.5 I 2
36.5 — 37.5 H1 o1 7
375 — 385 | 1
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4. Distance (in km) Tally Marks Freguency
0—5 L1 5
5—10 A1 AT 1
10 — 15 W A1 I 12
15 — 20 AT T 9
20 — 25 | 1
25 — 30 | 1
30 — 35 | 1
5.i) Marks Tally Marks Frequency
0 I 2
1 Pag 5
2 1 5
3 AT 11 8
4 [11] 4
5 L1 5
6 [11] 4
7 [11] 4
8 LA 5
9 A1 I 8
(i) Zero (i) 3 and9
6. Production |10—15|15—20|20—25|25—30 | 30—35 |35—40| 40—45 |45—50
(inquintals)
Freguency 1 7 10 8 7 2 3
7.(i) Hoursof TV Tally Marks Frequency
programme
0—5 AT 1 8
5—10 A1 LA 10
10 — 15 AT | 6
15 — 20 1] 3
20 — 25 1] 3
25 — 30 [11] 4
30 — 35 [11] 4
35 — 40 Il 2
(i) 0 (iii) 15-20 (v) 325 (v) 13




3R

Exercise- 16.2

1. @) b (i) c @iy c
) b v a

2(i) Time (in second) Frequency
15 — 25 3
25 — 35 5
35 — 45 5
45 — 55 8
55 — 65 4

(i) — Histogram i
@iy Frequency Polygon i

o2}
o
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