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Shasyashyamalam, Mataram!
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Shubhrajyotsna pulakitayaminim,
Phullakusumita drumadala shobhinim,
Suhasinim sumadhura bhashinim,
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Our National Anthem | @palu Hz1d

Jana-gana-mana-adhinayaka jaya he
Bharata-bhagya-vidhata
Panjaba-Sindhu-Gujarata-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
uchchala-jaladhi-taranga
Tava Subha name jage,
tava subha asisa mage,
gahe tava jaya-gatha.
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.

Jaya he, Jaya he, Jaya he,
jaya jaya jaya jaya he.

- Rabindranath Tagore
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Pledge | 2 gpusdsnomy)

India is my country. All Indians are my brothers and sisters.
I love my country and I am proud of its rich and varied heritage.
I shall always strive to be worthy of it.
I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals.
To my country and my people, I pledge my devotion.

In their well-being and prosperity alone lies my happiness.
- Pydimarri Venkata Subba Rao
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LEARNING OUTCOMES

~

Chp.

CHAPTER NAME

Specific LOs mapped

Real Numbers

After Completion of this lesson every student will be able to

* Acquire knowledge on rational and irrational numbers, their us-
age and operations on those numbers

 (Can express any composite number as a product of unique set
of prime factors using fundamental theorem of arithmetic

» Canprove an irrational number as irrational with the help of
"Proof’by contradiction".

« Utilize fundamental theorem of arithmetic in real life situations
effectively.

Polynomials

After Completion of this lesson every student will be able to

* Find zeroes of linear and quadratic polynomials and some cases
of cubic polynomials.

» Represent polynomials geometrically using graphs.

« Establish relationship between zeroes and coefficients of a poly-
nomial

* Utilize the knowledge of polynomials in real life situations effec-
tively.

Pair of Linear equations in
two variables

After Completion of this lesson every student will be able to

*  Find a solution for pair of intersecting lines graphically.

* Identify the pairs of linear equations which are parallel and co-
incident through the ratios of co-efficients.

* Find solutions for pairs of consistent lines, dependent lines and
confirms pair of parallel lines are inconsistent or consistent
through algebraic methods

» Utilize the knowledge of solving pair of linear equations in real
life situations effectively.

Quadratic equations

After Completion of this lesson every student will be able to

* Identify what type of equations are quadratic equations.

* Distinguish between quadratic polynomial and quadratic equa-
tion

* Frame a quadratic equation for any given situation involving qua-
dratic equation.

* Factorise any given quadratic equation

» Comment on the nature ofthe roots of given quadratic equation.

« Utilize the knowledge of quadratic equations in real life situa-
tions effectively.
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LEARNING OUTCOMES
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Chp.

CHAPTER NAME

Specific LOs mapped

Arithmatic Progressions

After Completion of this lesson every student will be able to

Explain what a progression is

Write an arithmetic progression with the given parameters
Find the common difference,nth term ofany given arithmetic
progression.

Extend any given arithmetic progression if the common differ-
ence and first term are given.

Find the problem ofn terms in an arithmetic progression.
Utilize the knowledge of Arithmetic Progressions in real life situ-
ations effectively.

Triangles

After Completion of this lesson every student will be able to

Define basic proportionality theorem.

Utilize basic proportionality theorem and it’s converse in daily
life situations

Find or assess whether two triangles are similar or not using
different similarity rules like AAA/AA, SSS,SAS.

Apply the rules under basic proportionality and similarity of tri-
angles by correlating both in given problems.

Utilize the knowledge of Triangles in real life situations effec-
tively.

Co-ordinate Geometry

After Completion of this lesson every student will be able to

Find distance between any two given points in a cartesian plane
using formula

Find co-ordinates of any point which divides any line segment
in a particular ratio.

Find the ratio in which a given point divides a line segment join-
ing any two points

Find points of trisection of any given line segment.

Utilize the knowledge of Co-ordinate geometry in real life situ-
ations effectively.
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ReaL NUMBERS

REALNUMBERS 1

1.1 Introduction

In Class IX, you began your exploration of the world of real numbers and encountered
irrational numbers. We continue our discussion on real numbers in this chapter. We begin
with two very important properties of positive integers in Sections 1.2 and 1.3, namely the
Euclid’s division algorithm and the Fundamental Theorem of Arithmetic.

Euclid’s division algorithm, as the name suggests, has to do with divisibility of integers.
Stated simply, it says any positive integer a can be divided by another positive integer b in such
a way that it leaves a remainder r that is smaller than . Many of you probably recognise this as
the usual long division process. Although this result is quite easy to state and understand, it has
many applications related to the divisibility properties of integers. We touch upon a few of
them, and use it mainly to compute the HCF of two positive integers.

The Fundamental Theorem of Arithmetic, on the other hand, has to do something with
multiplication of positive integers. You already know that every composite number can be
expressed as a product of primes in a unique way—this important fact is the Fundamental
Theorem of Arithmetic. Again, while it is a result that is easy to state and understand, it has
some very deep and significant applications in the field of mathematics. We use the Fundamental
Theorem of Arithmetic for two main applications. First, we use it to prove the irrationality of

many of the numbers you studied in Class IX, such as /2, /3 and ./5. Second, we apply this

theorem to explore when exactly the decimal expansion of a rational number, say g(q #0), 18

terminating and when it is non-terminating repeating. We do so by looking at the prime

factorisation of the denominator ¢ of £. You will see that the prime factorisation of ¢ will
q

completely reveal the nature of the decimal expansion of 2.
q

So let us begin our exploration.

Class 10 2 Mathematics
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ReaL NUMBERS

1.2 The Fundamental Theorem of Arithmetic

In your earlier classes, you have seen that any natural number can be written as a product of its
prime factors. For instance, 2=2,4=2 x 2,253 =11 x 23, and so on. Now, let us try and look
at natural numbers from the other direction. That is, can any natural number be obtained by
multiplying prime numbers? Let us see.

Take any collection of prime numbers, say 2, 3, 7, 11 and 23. If we multiply some or
all of these numbers, allowing them to repeat as many times as we wish, we can produce a
large collection of positive integers (In fact, infinitely many). Let us list a few :

7x11%x23=1771 3x7x11x23=5313
2x3x7x11%x23=10626 2°x3x 7 =8232
22 x3x7x11x23=21252

and so on.

Now, let us suppose your collection of primes includes all the possible primes. What is
your guess about the size of this collection? Does it contain only a finite number of integers,

or infinitely many? Infact, there are
infinitely many primes. So, if we
combine all these primes in all possible
ways, we will get an infinite collection — T~
of numbers, all the primes and all | 2 16380
possible products of primes. The o~

question is — can we produce all the 5 8190
composite numbers this way? What do
you think? Do you think that there may
be a composite number which is not the 2 4095
product of powers of primes? Before — .

we answer this, let us factorise positive 3 1365
integers, thatis, do the opposite of what T~
we have done so far.

32760

3 455
We are going to use the factor tree =
with which you are all familiar. Let us

take some large number, say, 32760, and 5 o1
factorise it as shown. =

Class 10 4 Mathematics
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ReaL NUMBERS

So we have factorised 32760 as 2 x 2 x 2 x 3 x 3 x 5 x 7 x 13 as a product of primes,
1.e.,2x2x2x3x3x5x7x13asaproduct of powers of primes. Let us try another number,
say, 123 456789. This can be written as 3 x 3803 x 3607. Of course, you have to check that
3803 and 3607 are primes! (Try it out for several other natural numbers yourself.) This
leads us to a conjecture that every composite number can be written as the product of powers
of primes. In fact, this statement is true, and is called the Fundamental Theorem of Arithmetic
because of its basic crucial importance to the study of integers. Let us now formally state this
theorem.

Theorem 1.1 (Fundamental Theorem of Arithmetic) : Every composite number can
be expressed (factorised) as a product of primes, and this factorisation is unique, apart

An equivalent version of Theorem 1.2 was probably first
recorded as Proposition 14 of Book IX in Euclid’s
Elements, before it came to be known as the Fundamental
Theorem of Arithmetic. However, the first correct proof
was given by Carl Friedrich Gauss in his Disquisitiones
Arithmeticae.

Carl Friedrich Gauss 1s often referred to as the ‘Prince of
Mathematicians’ and is considered one of the three greatest
mathematicians of all time, along with Archimedes and (Cayl Friedrich Gauss
Newton. He has made fundamental contributions to both (1777 — 1855)
mathematics and science.

from the order in which the prime factors occur:

The Fundamental Theorem of Arithmetic says that every composite number can be
factorised as a product of primes. Actually it says more. It says that given any composite
number it can be factorised as a product of prime numbers in a ‘unique’ way, except for the
order in which the primes occur. That is, given any composite number there is one and only
one way to write it as a product of primes, as long as we are not particular about the order in
which the primes occur. So, for example, we regard 2 x 3 x 5 x 7 as the same as 3 X 5 x 7 x
2, or any other possible order in which these primes are written. This fact is also stated in the
following form:
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The prime factorisation of a natural number is unique, except for the order of its
factors.

In general, given a composite number x, we factorise itas x =p p, ... p , where p,, p.,...,
p, are primes and written in ascending order, i.e., p, <p,<...<p . If we combine the same
primes, we will get powers of primes. For example,

32760 =2 x2x 2 x3x3x5x7x13=23x32x5%x7x%x13

Once we have decided that the order will be ascending, then the way the number is
factorised, is unique.

The Fundamental Theorem of Arithmetic has many applications, both within mathematics
and in other fields. Let us look at some examples.

Example 1 : Consider the numbers 4", where 7 is a natural number. Check whether there is any
value of n for which 4" ends with the digit zero.

Solution : Ifthe number 4”, for any n, were to end with the digit zero, then it would be divisible
by 5. That is, the prime factorisation of 4” would contain the prime 5. This is not possible
because 4" = (2)*"; so the only prime in the factorisation of 4" is 2. So, the uniqueness of the
Fundamental Theorem of Arithmetic guarantees that there are no other primes in the factorisation
of 4". So, there is no natural number z for which 4" ends with the digit zero.

You have already learnt how to find the HCF and LCM of two positive integers using the
Fundamental Theorem of Arithmetic in earlier classes, without realising it! This method is also
called the prime factorisation method. Let us recall this method through an example.

Example 2 : Find the LCM and HCF of 6 and 20 by the prime factorisation method.
Solution : We have: = 6=2'x3"and 20=2 x2 x 5=22 x5!,

You can find HCF(6, 20) = 2 and LCM(6, 20) =2 x 2 x 3 x 5 = 60, as done in your earlier
classes.

Note that HCF(6, 20) = 2' =Product of the smallest power of each common prime
factor in the numbers.

LCM (6, 20) = 2% x 3! x 5! =Product of the greatest power of each prime factor, involved
in the numbers.

From the example above, you might have noticed that HCF(6, 20) x LCM(6, 20) = 6 x 20.
In fact, we can verify that for any two positive integers a and b, HCF (a, b) X LCM (a, b) =
a X b. We can use this result to find the LCM of two positive integers, if we have
already found the HCF of the two positive integers.
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Example 3: Find the HCF of 96 and 404 by the prime factorisation method. Hence, find their
LCM.

Solution : The prime factorisation of 96 and 404 gives :
96 =2°x 3,404 =22x 101
Therefore, the HCF of these two integers is 2> =4.

Also, LCM (96, 404) = HC9F6(;64Z404) _% X44°4 ~ 9696

Example 4 : Find the HCF and LCM of 6, 72 and 120, using the prime factorisation method.
Solution : We have :
6=2x3,72=23x32120=23x3 x5
Here, 2" and 3! are the smallest powers of the common factors 2 and 3, respectively.
So, HCF (6, 72,120)=2!x3'=2x3=6

23,3%and 5' are the greatest powers of the prime factors 2, 3 and 5 respectively involved in
the three numbers.

So, LCM (6, 72, 120) = 2° x 32 x 5! =360

Remark : Notice, 6 x 72 x 120 # HCF (6, 72, 120) x LCM (6, 72, 120). So, the product of
three numbers is not equal to the product of their HCF and LCM.

EXERCISE 1.1

1. Express each number as a product of its prime factors:
(1) 140 @1i1) 156 (iii) 3825 (iv) 5005 (v) 7429

2. Find the LCM and HCF of the following pairs of integers and verify that LCM x HCF =
product of the two numbers.

(i) 26and91 (i) 510 and 92 (iii) 336 and 54

3. Find the LCM and HCF of the following integers by applying the prime factorisation
method.

(1) 12,15 and 21 (i) 17,23 and 29 (iii) 8,9 and 25
4. Given that HCF (306, 657) =9, find LCM (306, 657).
5. Check whether 6” can end with the digit 0 for any natural number 7.

6. Explainwhy 7 x 11 x 13+ 13 and 7 x 6 x5 x4 x 3 x2 x 1 + 5 are composite numbers.
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7. There is a circular path around a sports field. Sonia takes 18 minutes to drive one round
of the field, while Ravi takes 12 minutes for the same. Suppose they both start at the
same point and at the same time, and go in the same direction. After how many minutes
will they meet again at the starting point?

1.3 Revisiting Irrational Numbers

In Class IX, you were introduced to irrational numbers and many of their properties. You
studied about their existence and how the rationals and the irrationals together made up the
real numbers. You even studied how to locate irrationals on the number line. However, we

did not prove that they were irrationals. In this section, we will prove that /2, /3, /5 and,

in general, \[p is irrational, where p is a prime. One of the theorems, we use in our proof, is
the Fundamental Theorem of Arithmetic.

Recall, anumber ‘s’ 1s called irrational if it cannot be written in the form g, where p and

q are integers and g # 0. Some examples of irrational numbers, with which you are already
familiar, are :

V2,33, V15, n, —£70.10110111011110..., e

NG

Before we prove that /3 is irrational, we need the following theorem, whose proof 1s
based on the Fundamental Theorem of Arithmetic.
Theorem 1.2 : Let p be a prime number. If p divides a°, then p divides a, where a is a positive
integer.
*Proof : Let the prime factorisation of a be as follows :

a=pp,...p,wherep p,, ... p areprimes, not necessarily distinct.
2

Therefore, a®>=(p,p,...p Xp,p,---P)=P.D;...D-
Now, we are given that p divides a°. Therefore, from the Fundamental Theorem of Arithmetic, it
follows that p is one of the prime factors of a>. However, using the uniqueness part of the
Fundamental Theorem of Arithmetic, we realise that the only prime factors of a*arep , p,, . . .,
p,Sopisoneofp,p,,...p,.
Now, sincea=p, p,...p,,p divides a.

We are now ready to give a proof that /> 1s irrational.

The proofis based on a technique called ‘proof by contradiction’. (This technique is discussed
in some detail in Appendix 1).

* Not from the examination point of view.
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Theorem 1.3 : /7 is irrational.

Proof : Let us assume, to the contrary, that ./ 1s rational.

So, we can find integers r and s (# 0) such that /; = g .

Suppose » and s have a common factor other than 1. Then, we divide by the common factor

to get /2 =%, where a and b are coprime.
b

So, b2 =a.

Squaring on both sides and rearranging, we get 2b* = a?. Therefore, 2 divides .

Now, by Theorem 1.3, it follows that 2 divides a.

So, we can write a = 2¢ for some integer ¢.

Substituting for a, we get 2b* = 4¢?, that is, b* = 2¢%

This means that 2 divides 5%, and so 2 divides b (again using Theorem 1.3 with p = 2).
Therefore, a and b have at least 2 as a common factor.

But this contradicts the fact that a and & have no common factors other than 1.

This contradiction has arisen because of our incorrect assumption that /7 is rational.
So, we conclude that /> is irrational.
Example 5 : Prove that /3 is irrational.

Solution : Let us assume, to the contrary, that /3 is rational.

That is, we can find integers a and b (# 0) such that /3 = %

Suppose a and b have a common factor other than 1, then we can divide by the common
factor, and assume that a and b are coprime.

SO, b\/§ =aqa-
Squaring on both sides, and rearranging, we get 35* = a”.

Therefore, a* is divisible by 3, and by Theorem 1.3, it follows that a is also divisible by
3.
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aBHHBBTLEG 5 ¢ /3 NBHApOT etevor erevr BerpLi.

Sita) : WPIILINLIS /3 &2 eflB&Wpm 6T6wr 6T6ur S\SHMeTG6urLD.

aieorGey, /3 = %- eTenild L a Wimid b (#0) eTenild BIoI®B WP(DSHSHEMET SHEVOTLAILIEONLD.

a wHmid b &3 12 s6fly CauGmgId Oung smgenl Gevemevwesled a WHMID b SmTLIST
6TEUTH6IT Db &LD.

e1601C6u, H-/3 = a-

SmUDWLD aislLBSS Hb&E SHemLlug 3b° = a’.
aeuiCel, a’ 8 3 QUGSHSLD GHHMID 1.360T LIQ d MEUL|D 3 CUGSSHGSLD.

b (b # 0)
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So, we can write a = 3¢ for some integer c.
Substituting for a, we get 3b* = 9¢2, that is, b* = 3¢>.

This means that »* is divisible by 3, and so b is also divisible by 3 (using Theorem 1.3
with p = 3).

Therefore, a and b have at least 3 as a common factor.

But this contradicts the fact that a and b are coprime.

This contradiction has arisen because of our incorrect assumption that /3 is rational. So, we
conclude that /3 is irrational.

In Class IX, we mentioned that :
® the sum or difference of a rational and an irrational number is irrational and
® the product and quotient of a non-zero rational and irrational number is irrational.

We prove some particular cases here.

Example 6 : Show that 5 — /3 is irrational.
Solution : Let us assume, to the contrary, that 5 - /3 is rational.

a

That is, we can find coprime @ and b (b # 0) such that 5 — /3 = .

Therefore, 5 — % -3

Rearranging this equation, we get /3 = 5 — % _3b b_ a

Since a and b are integers, we get 5 — % is rational, and so ./3 is rational.

But this contradicts the fact that /3 is irrational.

This contradiction has arisen because of our incorrect assumption that 5 — /3 is rational.
So, we conclude that 5 — /3 is irrational.

Example 7 : Show that 342 is irrational.

Solution : Let us assume, to the contrary, that 3/2 is rational.

That is, we can find coprime a and b (b # 0) such that 3.2 = %

Class 10 16 Mathematics
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eT60T@6u [BLD&G BeOLULGI, a =3¢, ¢ &b dPIP.

astt wlewu VgHUIL HDSG BevLlingl, 3b° = 9¢?, Signeugl, b* = 3¢

BFE0T EWINIHET eletTevioleuetiled H'ee 3 UGHSID. 660G b WD 3 UGSHSLD. (CHHMLD
1.36d1L1Q).

eT60rG6l, a LDHMID b SpBwemeus@ 3D R(H LIS STTwlLTSDE.

Speed @5 a OMID b SpBwemeu SFTLST 6l6wTISHeT eTenild CHMLIM B&HE (LPIETITTENS)].
3 @m eldsupm erevr eteur [BewensE 61SMeRILS6  eflewemeuns:Ger @bs  (LPIETILITG

WIS eTenTG6u /3 eflgpmm eTevor.
RETLSTD euGLILTled HID GMIULALLLIg:
® @ 6NS5upm etevor WOMID NBHAPDT eTetorenlledt FaBHed S6vevs GeumLInG
eriIGuNgID eNPspmm eTevor.
® | pefluinhm @b efldspml eTetor DOHMID @@ NBHAPDN eT6voTETO 6T CILITHESH60LIEO6IT
OMID A6y 6NBHUPMT 616007 SH&SLD-
aBHHBHTEG 6: 5 /3 B o 616801 TGS B.

Siran: wpreorun@ pewouiles epeold 5— /3 @ NBSHAPMI 660 6T65T8.

areorGey, 5 -3 =% ereuibLIp @ WHmID b (b # 0) eleQID FNMUST ETEHNHEDET  [HITLD

&6U0TLM|LLIGOITLD.
eTeoTG6, 5 — % =3

FLOGHTLIML DL LDMHIILIEDIDES [HLD&E HewLLLg) 3 =5 L = h-a

b b

a ,.b pwsse. eeiGel, 5 _% wm eNBspml eTevor. eTenTGou @FMHGS FLDLDMEW /3 WD @(H
6B Lpm) er6vor.

88 3 eB5Wmn 6el6tr ereMID CHMLIMLIRNG (LPIETOTTEOIS.

5- 3 eNdswpm eetor ei6rT [Bemerisg O\SMEUILG6H efleneraunaGa @b WPpIEILING
SIMLIL LS.

e160TG6Y, 5 — /3 QB NBHAPMT 6T6T0T 6160 (LDIREY EIFUIUIGOMLD.

FABSBIBBTEB T : 372 AESwpmN 616wT eTUSHEHML (.

Siray: WreTLn® wWenmuledr epeold 3.2 eNBHWPMIT 6T6t0T 6T60TS.

ereoGeyu, 32 =%- eTenbLIQ @ WOMID b (b # 0) SMTLST ETEITHENET EIIMEOMLD.
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Rearranging, we get /2 = ib.
3

Since 3, a and b are integers, % 1s rational, and so ./ 1is rational.
But this contradicts the fact that ./, is irrational.

So, we conclude that 3./7 is irrational.

EXERCISE 1.2

1. Prove that /5 1is irrational.

2. Prove that 3+ 2.5 is irrational.

3. Prove that the following are irrationals :
(i) % (i) 745 (iii) 6+ V2
1.4 Summary

In this chapter, you have studied the following points:

1. The Fundamental Theorem of Arithmetic :

Every composite number can be expressed (factorised) as a product of primes, and this
factorisation is unique, apart from the order in which the prime factors occur.

2. If pisaprime and p divides a?, then p divides a, where a is a positive integer.

3. To prove that /2, \/3 are irrationals.

A NOTE TO THE READER

You have seen that :

HCF (p, g, 7) X LCM (p, q, r) # p X g X r, where p, g, r are positive integers
(see Example 8). However, the following results hold good for three numbers

p,qandr:
LCM (p, q, )= HCF( ppq?rl{}cfg(l;)qu()jF( p.r)
O
Class 10 18
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a

LDMHINLIEDIDES BID&HE HEBLLILS /2 = <

3, a bHMID b SpBuwemer (pLp&S:6iT. 6T6oT 6 % eNBspmI eTevor.eTenTG6u /2 D 6flB& LpmyeTevor.

Speried D5l |2 NBSAPOT 616001 eTEMID CHTLLIM QNG (LPTETITTETS).
eTeoT@6y, 3.2 ENBFHAPOT 616001 SpHGLD.

muima 1.2

1. /5 e8swpmn erevor etevr BerpLi.
2. 3+2/5 efldaupmm etevor etewr [BerpL.
3. Wetreuneustreupemnm efldapmm erevor ereur HerbLI.

(i) % (ii) 745 (iii) 6+ 2
1.4 mmb sHmHaren
85 dlsSumusHeo Lettaurpeueteunenn LD LigsGLD. :
1. SeliLenL erevotetofluied GaHMLD.
$Q6UC6UIT(H LI 6TEOOTEWETOTILILD  LIGIT 6T600T&H61T60T  6)IIBSSHEVLIEVEDTITS  6TULDSEVIMLD. B
SNSS/I6UDTEVS|. FWLESGLD LISIT HTTevvfisemen efleneSLig erps/EGCmLD.
2. p R UST 616307 p Yot 1’83 QUGSSHGSID 6T6vfled p Spetig) a MEUULD UGHSD BhiG
a eT6oTLG)|  LOI6W&;  (LP(LD.

3. 2,3 eNBsupmn eletoraerilett [BerpLIGHOTLD.

SDHBUTT T HMTHBNSH

(p, g, r)est_15.eum&m. X (p, g, r)est WB.8.b.#p X g X r @G p, q, I e0S
WPRE36T EBS5SISHSHMTB 8% LUMTSSa|D) 61601 HDSG S Spevrmey|d
LfetTe)BLD 2 Meureuig| p, g LDHMID 7 ETEVILD CLPEITM)| 6T6TTEHEBESSTe0T SIMLILINEDT
6OTM):
SR P, q. 1 (p, g, r)etn 5.6 um.&m.
(p, q, r)est 15.8.b. =

(@, )6t Bowmnat. (g, rest WBewmst. .(p, et WBS.eWm.s.

p.q.r. (p, q, r)esn 5.8.0

(p, g, r)est 1B.ewmsm. =
(. q)ei1 B.Aup. . (g, edr B.A.p. . (p, r)edr S.A..
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FEYoMS

PoLYNOMIALS 2

2.1 Introduction

In Class X, you have studied polynomials in one variable and their degrees. Recall that if p(x)
is a polynomial in x, the highest power of x in p(x) is called the degree of the polynomial
p(x). For example, 4x + 2 is a polynomial in the variable x of degree 1, 2)> — 3y + 4 is a

polynomial in the variable y of degree 2, 5x* —~4x>+x— /2 is a polynomial in the variable x of

degree 3 and 7u®— %u“ +4u” + u — 8 is apolynomial in the variable u of degree 6. Expressions

like % s x +2, etc., are not polynomials.
.

x> +2x+3

A polynomial of degree 1 is called a linear polynomial. For example, 2x — 3, /3x + 5,
y+A2, x - 13, 3z+4, %u +1, etc., areall linear polynomials. Polynomials such as 2x + 5 —x?,
x*+ 1, ete., are not linear polynomials.

A polynomial of degree 2 is called a quadratic polynomial. The name ‘quadratic’ has

been derived from the word ‘quadrate’, which means ‘square’. 2x* + 3x — % V=2, 2— ¥+ f3x,

% — 2+ 5,507 - %v, 4z% + % are some examples of quadratic polynomials (whose coefficients

are real numbers). More generally, any quadratic polynomial in x is of the form ax* + bx + ¢,
where a, b, c are real numbers and a # 0. A polynomial of degree 3 is called a cubic polynomial.

Class 10 20 Mathematics
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LeOIMIILS CHTaDaIBH6IT 2

2.1 omjapasib

Bb [X Spb euLifled @@ rhlenwl OsmeorL  LedamILLE: Cosmeneuuledr Ligemul
LIRSS H&HHCMILD. p(X) 6T65TLISI X & LDAMIWING 6\&TeTuTL. LisosamiLiLs Gsimemeu  etesfled x 601
Waslewflw HE&ems HID p(x) Comamauldr R e6TSCDMD 66iLams [Benete] &alis.
TBSHHSHHTLLNS 4x + 2 e16dTLG) X &2 LDAMHIWING O\&TemTL LisdoamiLiLis: Gsmener. @gesr Lig 1,
2y* — 3y + 4 etetugy) y & LDANWNS EHMEITL LIOMILILS GHmemed. @getr LI 2,
5% —4x* + x — 2 etedTugl X & MWNG Q\&TetoTL LidoaamiLiLis Gamemen. @gedr Lig 3

HMID 71’ — Eu“ +4u® +u — 8 eT6BTLIGY U 23 LDMMOIWLINE 6)GMETuTL. LISDeUMILILIS Gamemel. @g60r

LIQ 6. Dh6vTTED ﬁ, Jx + 2, GUITEITMEMEY LIOEYMILILIE CHTEDEUEET HE06D.

X +2x+3

1 & uuing 6smeorL LisoamiLiLis Csmemey Giiun LebaimIny Gsmanel er6oTLILIBLD.
2x—3, f3x+5, p+a2, x— %, 3z+4, %u +1, Gumestpemey Gl LIdEIMILILES CoHTEnEUSHS
TBSSHSSMLIGLD. 2x +5—x, x° + 1, Gunetipemey Coil LIOYMILIL|ES CHTEWEUSHET D16060.

2 & URQuIns C\&MemTL LIamILiL|s GameneuseT SmuUIR LcomImIlil BHTaen ShGLD.
‘quadratic’ etetTm 6)&med ‘quadrate’ eTenID 6\&MELENEOIHIHSI QUBSHI. BFHET CWINIHET ‘CUTEHSLD’
&b@ﬂ)- 2x% +3x - %, y2 -2, 2-x*+ \/gx, % -2+ 5, \/gvz - %v, 4z° + % GumesTmemey  ZHLILQ

LIOSYMILILIS B&HMemeNsHE Sl60 2 SNIEIhIGHET ShGLD. (BeUDMN6NT E1&(DSHSET CIDUI ETETuTSH6IT
SyGD).  ax® + bx + c eTedTLG X & LINMIWITS E\SHMetorL @pLie LIdeamILiLis Gameneuudledr
OILINg| QUQAID SHGWD. BMIG a, b, c SpBwiensy WD eTetorseiT Geyd a = 0. Lig 3 &3 2 _ewLul
LIOSYMILILIS C&memey apiinp LUeoImilih Ghmanen eTerLILIBLD.
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Some examples of a cubic polynomial are 2 —x°, x°, \2x*, 3—x*+x%,3x°— 2x* +x— 1. In fact,
the most general form of a cubic polynomial is

ax®* + bx*+cx +d,
where, a, b, ¢, d are real numbers and a # 0.

Now consider the polynomial p(x) = x*— 3x — 4. Then, putting x = 2 in the polynomial, we
get p(2)=22-3 x2—-4=—6. The value ‘- 6’, obtained by replacing x by 2 in x> — 3x—4, is the
value of x* — 3x — 4 at x = 2. Similarly, p(0) is the value of p(x) at x = 0, which is — 4.

If p(x) is a polynomial in x, and if k£ is any real number, then the value obtained by replacing
x by k in p(x), 1s called the value of p(x) at x = k, and is denoted by p(k).

What is the value of p(x) =x* —3x — 4 at x =—1? We have :

P = (173 % ()} =420
Also, note that p(4) = 42-3x4)—-4=0.

As p(-1)=0and p(4) =0, —1 and 4 are called the zeroes of the quadratic polynomial x> —
3x — 4. More generally, a real number £ is said to be a zero of a polynomial p(x), if p(k) = 0.

You have already studied in Class IX, how to find the zeroes of a linear polynomial.
For example, if £ is a zero of p(x) = 2x + 3, then p(k) = 0 gives us

2k +3=0, 1. k= —%

. ol . »
In general, if ks a zero of p(x) = ax + b, then p(k) = ak + b =0, i.e., k =—= So, the zero
of the linear polynomial ax + b is 5 _- (Consfant term)
a Coefficient of x

Thus, the zero of a linear polynomial is related to its coefficients. Does this happen in the
case of other polynomials too? For example, are the zeroes of a quadratic polynomial also
related to its coefficients?

In this chapter, we will try to answer these questions. We will also study the division algorithm
for polynomials.

2.2 Geometrical Meaning of the Zeroes of a Polynomial

You know that a real number £ is a zero of the polynomial p(x) if p(k) = 0. But why are the
zeroes of a polynomial so important? To answer this, first we will see the geometrical
representations of linear and quadratic polynomials and the geometrical meaning of their zeroes.
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2-x%x%, 2x3, 3—x*+x°, 3x°—2x* +x — 1 GunetTmemeu (pLILIQ LIOYIMILILS CHTeneus &
dleo TBSHHHHTLBSHET SHGLD. (PLILIQ LIOYMILILIEG CoHmemeuulledr 61Mg 6uleud

ax’® + bx* + cx + d SpG1d,
8mG a, b, c, d SpBweneu GIDUI erevurseT GaID a # 0.

SUBLng) p(x) = x> — 3x — 4 et6dtD LIOQMILILIES CHTemeuHU TBSHGHIH C1SHTETEEUILD.
8mi@ x =2 eteor LNgHuLmed p(2) =22 -3 X 2 -4 =— 6 o101 BID&HG BHWLESLD. X° —3x —4
eT60Tn  LeOsMILILSG: Gamemeuuileno x 6@ UdHeons 2 & NpHuiiLmed @sedr WP ‘— 6.
8CsGumed x = 0 erend@LINg) p(x) 601 WP p(0) = — 4 SpGLD.

p(x) er6dTLg) X &2 MOIWLING Q\&TetorL LIoeymILiLig: Gamemer GLOSYILD k eT6dTLIg)| €(hH 6ILDUI
eT6v0T 61601160 p(X) 60 X HS LHeoNs k & 1NTHUIL. SewLEGWD WSLIL| p(k) etest 61L&HIHBDITLD.

x=—1 etevfled p(x) =x>-3x —4 61 P er6tT6VI?

PED = C1P—{3 % (1)} 420
BCz8umed, p(4) = 42-3x4)-4=0.

p(=1) = 0 whmib p(4) = 0, ereorGeu —1 WHMID 4 eredTLIENEY X* — 3x — 4 6TdIH  S(HLIQ
LISOSYMILILIS Gamemeuuesr Lpe3eluimigeT erenrlILBLD. 6LINGHIENTs p(X) eTenID  LISvsYIMILILIS
Gamemauuied gGFHEMID @ CWDWIOWIENT k & p(k) = 0 erevfllev k er6tTLs SigEHTaDaMUNDT
,Eseflunb ereoTLILIBLD.

Gl ueoeymILEs: Gamemeuullenr LpRluisms ereueunm SHevorGLQLILg eteor [X 1D
aGLULIe sHOHSHECDND. & STyewidnss p(x) = 2x + 3 erenid LeYMILILEG Gsmensuuiledt

Lyt k eresfled p(k) = 0 Sigmeug) 2k + 3 = 0, Goegb k = _%

Qungleuns k etetiugl p(x) = ax + b et 1p@efluid eresfled p(k) = ak + b = 0, Sisneus,

-b : .o . . . —b -1DmYedl 2 Ml
k=—- eteoi@eu, @mrflu LEOYMILILIS CoHmemeu ax + b bt W — = .
a > H ez a X 60T 6\&(LD

eT6oTG6  LieoaQImILILs CaHmemeuudest LpzRefluild HG6TT \&H(DSHSHEBLET CISTLITLEDLIIS).
2 Wi SiB&HS LeoamiLiLis Cameneusefler LpRefluimsenn dHenauseflstr e\awasefler e
SpSTILLILGB6ITETSN? ©_SMIewIDng (pLLIR LeosymILiLg: GCsmemneuulled  Lp3zdiuinisEhaHE&LD
SleudN)6tT O\H(DHHEHHGSD BEOLCW GG 2 6Tengm?

8B &IQQUJHUJ'Q';‘QG\) 8BS (Baamsfﬂaa@ LSemed &Mewr [HMD  Wpwbd S\&FUIGsuLD.
Gayb LevMILILES Comeneuulles eGS0 aFWalflenwit LD SHEUMLD.

2.2 ucoamniys Cosraven ySBefuBIGaiar aIpalusd AUTEHET

p(x) ereId LML CaMemausd k aGsenild @@ Guwiawwesor p(k) = 0 erevfled p(x) edr
LpRSWID eTeTHECOMD. Sh6vrTed @(H LOYIMILILES GHmemeuuNe LpzeWIrhigH6T  er6dT
WpsBWsgeID amipsamel? 5HE& uHod ANw mrdb @Ueung Cmiflw wHmId L
Ganemeusefleir auanguUL efleT&sm&eT G Heupmler LyRflumisefler eauefluied
QuMEBemeTL L) LmTiGUImLD.
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Consider first a linear polynomial ax + b, a # 0. You have studied in Class IX that the graph of
y =ax + b is a straight line. For example, the graph of y = 2x + 3 is a straight line passing
through the points (— 2, —1) and (2, 7).

X —2 2 { i oh I 4

Lo

y=2+3| -1 7 i - it

From Fig. 2.1, you can see that
the graph of y =2x + 3 intersects the S
x-axis mid-way between x =—1 and e | EHIHEE
X = -2,

that is, at the point (—%, oj_ i e ‘ = l:sef it

You also know that the zero of

2x +31s _%. Thus, the zero of the

polynomial 2x + 3 is the & -4 -3 -2
x-coordinate of the point where the = =i >/ +
graph of y = 2x + 3 intersects the x- ; it
axis.

%I
*

Fig. 2.1

In general, for a linear polynomial ax + b, a # 0, the graph of y = ax + b is a straight line

which intersects the x-axis at exactly one point, namely, (_b, Oj. Therefore, the linear
a

polynomial ax + b, a # 0, has exactly one zero, namely, the x-coordinate of the point where the
graph of
y = ax + b intersects the x-axis.

Now, let us look for the geometrical meaning of a zero of a quadratic polynomial. Consider
the quadratic polynomial x> — 3x — 4. Let us see what the graph™* of y =x?—3x — 4 looks like. Let
us list a few values of y = x? — 3x — 4 corresponding to a few values for x as given in Table 2.1.

* Plotting of graphs of quadratic or cubic polynomials is not meant to be done by the students, nor is to be
evaluated.
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ax +b,a# 0 eedb Gmifl sesTUM enL Seuesll. y = ax + b eted Coiflw  Csmemeuudesr
aenIULLD @ CoiiaCasn® eeor IX b eueLiied LigsgeT@enmbd. 2 gnrewrons y = 2x + 3
eTEMID LoaMILILSG Gamemauuilest euengLLD @@ CriisGsT® Goeyd &gl (—2, —1) whmib
(2,7) eiemid YeerflgeT euflG Q15608

X -2 2

y=2x+3 -1 7

uLb.2.1 & seueflssd Gung),
y=2x+13 6T 6UEDILILLD X- HHFDTF
x=-1 Guweyd x =2, & PewLCw

QRILBEDG. DisTaug) (_% 0] 60

QUGG SpsCeu X = _3 6T60TLISH|
2x + 3 eeyd uebgzguqéa
Gomemeuulledt LpReuild SHGSLD.
Sigmeugy) 2x + 3 eTeyId LIOSMILIL|S
Gamemeuufledr LygeflID eT6dTLIH| ¥ =
2x + 3 erenIld CHI&ECHNB X-Disen&
Qeur®w Yereaflullelr x-AH&&
SMILDAGSLD.

b, 2.1

ewungleuns ax + b, a # 0 etepb Coiflw LieveyMILILS CoHmemense ¥ = ax + b euemILLLD @

GHT&ECHTLML GMSHSEME. G B&HEHTH X-AHFnHF (_—b Oj eTenilD 8T @@ LsTerflufed
a

LB 6uL@B. eteor@eu ax + b, a # 0 etepud Coiflw LdaMILILS CoHmemeuudes GCT @

Lyl SLIL| eT6tTLg] ¥ = ax + b etenld ChiisGaHMB X-iFens Qe GLD LieTerflulledr x-H&s:
SMILDIGSLD.

BMD @LICLING SpLies Gamemeuudledr LyeeslimisE@nasnes allgsiluisd eWnmeneT \sfbsi
Q\&meiTarTeomD. X2 — 3x — 4 eTenild Q(hLes: CHmeneuem! e1BSSEIH O\STeTGauMD. ¥ =x>—3x —4 6br
EUEDILILLD ™ eTLILIg QH&HSLD 6160r [HMD LIMTLIGUMD. LU L6euemevor 2.1 60 SMllQuieunm — x 65t
dleo IILBEHSHS ¥ = x> — 3x — 4 61 dleo PLIsBemeT LILIRUIeSBE6UMLD.

* @mu WHMID dple ueymiy Gsmeveuseflei euemILLD  cuenIGeunLd
SETLISEN  EIM(BET LDMETTaUT&HET cuemIl  CousirBEID6ETLSHE06.  iSmeug)
LDesTeT&EmeT DHULIGBL GHTESed Sievev.
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Table 2.1

If we locate the points listed above i L %
on a graph paper and draw the graph, it il T
will actually look like the one given in

Fig. 2.2.

In fact, for any quadratic polynomial

ax* + bx + ¢, a # 0, the graph of the i i
corresponding equation y = ax* + bx + ¢ : Y
has one of the two shapes either open e
upwards like \ _/ or open downwards li
N depending on whethera>0 or a < E
(These curves are called parabolas. i
You can see from Table 2.1 that e
and 4 are zeroes of the C I I i i
polynomial. Also note from Fig. 2.2 that i
—1 and 4 are the x-coordinates o jifte Y - i
i
Fig. 2.2

rue for any quadratic polynomial, i.e., the zeroes of a quadratic polynomial
are precisely the x-coordinates of the points where the parabola representing
tersects the x-axis.

ax*+bx+c,a
y=ax’+bx+c

From our observation earlier about the shape ofthe graph of y = ax? + bx + ¢, the following
three cases can happen:

~Chasst0 2% Mathematics
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L aueneawor 2.1

X -2 —1 0

y=x*-3x-4| 6 0 | -4

Sl Leuemevoruilegierer Lsmerflaemner
QMILULS S0 GM&HH eUedTLLID
e TGeumiD. oy &G
Q&m@ssLLLGeTer ULD.2.2 &8 Gumed
BESSD.

agGsemb @M Smuyp GCsmene
ax*+bx+c,a+# 088 955y =ax*+ bx

+ C 61651 FLDEOTLIML Q63T 6uemILILLD \ /
agasde GopyDLTs SnHEST
Slevevgl [\ augeusHed SpLMIDTS
SOHCHT &SMevTILGL. BHS elenerTe)
a >0 Adevevg a < 0 wPHULsemeT
&I'I'I:I"I'j,g.@é@Lb. (8b5 eiemeney
Sl U6enL  [HTLD LT 66D 6T ulLb
eTeaTEGMILD. )

SiLLeuemeror 2.1 & IBIT LD
uUnTsGEHMDNETed, QO&HTGSHSLILLL
8mu GCamenauuied LpZefluimiseT —1
Ggyb 4 er6vr Simluteomd. GOEYILD LILLD
2.2 60 —1 DHMID 4 eTEITLIENEY X - HEFEDF
QLB LeTerfl&eT Sp@L. y =x> —3x—
4 TeID QUMTULSH6D X-HFMF
QeI  YeTefleaer Abs il
FLDEFTLIMLIQEDT Lp2ReWIMRISHET Dh@SLD. X
— 3x — 4 et LR Camemeuuiledt
LpRPwniseT y = x> — 3x — 4 eleyiLd
UEMILILLD X-NFWEF G\ BLD X- NG
SMITRISET ShSLD.

B8 SimeHH S(HLIQ LOMILIL| CHMTEneUSEHHGSID 2 6TTeMDUINGLD. HSTeug) ax’ +
bx +c,a+0erenid SmLIe Camemeuuled LpZewirkiger y =ax” + bx + ¢, X-NFmF QU BLD

Yemerflufedr x- D& SHMITHRISET DbGSLD.

D GmaevorLeubnNedmbg v =
aUEDSSH6TIE0 6UMESLILIBESE0MLD:
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Case (i) : Here, the graph cuts x-axis at two distinct points Aand A’.

The x-coordinates of A and A’ are the two zeroes of the quadratic polynomial ax? + bx + ¢

in this case (see Fig. 2.3).

()

one point, i.e., at two coincident points. So,
ide here to become one point A (see Fig. 2.4).

Case (ii) : Here, the graph cuts
the two points Aand A’ of Ca

Fig. 2.4

The x-coordinate of A is the only zero for the quadratic polynomial ax? + bx + ¢ in this
case.

S Cass10 2%  Mathematics
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I (i) : SHS 6UMS UeDILILLD X-iFens A DHMID A’ ersnid Ruevor® 6eueuGeum) Lisierfigerilso
O BEMG).

8m@ A bpmib A’ yereflsefier x-Dida gnomsst ax? + bx + ¢ eledim  GHLIRS
Ganemeuuilett STaN® L, IBIS6T ShGLD (ULD. 2.3 & LT '

(i)

uLLb. 2.

J w& 6T @@ LeTafluled QsTBESmgI. Sismeus!,
Qe el LieTerflser. ererGa b A’ Leterfigeir euema; (1) 60 eetn)l &Gy Ljeierfl A

Sps LMMISME! (LLLD. 2.4

(i)

uLib. 2.4

83 euensuled ax’ + bx + c eienid rpLie CHTEMeusHS A 6flet x-da FHNID PBT VB
ySefunb &g

Cewb @y 2 el
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Case (iii) : Here, the graph is either completely above the x-axis or completely below the x-
axis. So, it does not cut the x-axis at any point (see Fig. 2.5).

i
i

() (i)

looks like, let us list a values of y corresponding to a few values for x as shown in Table 2.2.

Table 2.2

Locating the points of the table on a graph paper and drawing the graph, we see that the
graph of y = x* — 4x actually looks like the one given in Fig. 2.6.

S Chass10 3% Mathematics
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aims (iii) : i@ euedIULLD (PUWEIGID X-HF&HHES GCLeoMSEEUT  DH6060E) X - ANFHHS
SLPMEEEUT X - HHFMF CVGULLMIDED 2 6iTeng) (LLLD. 2.5 & Lim).

uLib. 2.5

o606y, Qeueuens GpLie GHmemer ax’ + bx + ¢ 6@ LSRG Sevanev.

Guhenemd euesflied SpBeneoseafled Smbg ST SrmUe LOMILILE CHTeneusHd
Bewni® 6ueNGaIDITENT Lye2SIIMhISH6T Si60605] S(hH FLOLDT6 L 2ReduimiseT (Sigmeus Q6T @b
LpERZULILD) 160608 LpRZEUIMEISH6T GEV6VMDED BIHSHSHE0MLD. G601 SH(HSE! eT6tT6rT6I6u6sfled Lilg 2
& 6\EHTEIuTL 6X[H S(hLIQ LIDQMILILE CaTemeusd ANHHULFD Breti® LpZeimigeT SHaxSLD.

@pLiLg LieosymLiL|s Gameneuufett Lpgeswimiserfletr eugeflwieo wpemmuied Lfibgio\smemer
B eI BTumiiug) etettent? x° — 4x e16dTD @H WLLIR CHmemeusmwl 1BSSHISESTETEeUMLD. } = X
— 4x 65T 6UEMILILLD eTEUQUMM) SBHSHSLID 6T60TLNS LIMTEHS S LEUeHswT 2.2 60 2_6Termeumm] X
&S &0 PG SNBSS NSNS R5S ¥ DSLILIGHEDET SHTEvorGLITLD.

I L auenanr 2.2

x —2 —1 0 1 2

y=x—-4x| 0 3 0 -3 0

Sl Leuememotuleyieiem Liserflsemem suenILILSSH0 SMSg! uemTLILLD euewTGeunid. y = x> —
4x 66T eueWIULLD LILLD. 2.6 60 2 _eiTerngy GUTTM SH&HGSLD.
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We see from the table above that—2, 0
and 2 are zeroes of the cubic polynomial
x> —4x. Observe that—2, 0 and 2 are, in fact,
the x-coordinates of the only points where
the graph of y = x> — 4x intersects the
x-axis. Since the curve meets the x-axis in
only these 3 points, their x-coordinates are
the only zeroes of the polynomial.

Let us take a few more examples.
Consider the cubic polynomials x* and
x* — x%. We draw the graphs of y = x* and
y = x> — x? in Fig. 2.7 and Fig. 2.8
respectively.




LIGOQIMILIL BB HTEN M B6IT

X — 4x eTemId (LIl  LIEOEYMILIL|S
Gamemense — 2, 0 HmID 2 eresTLem6N
LpReWIMkISBET 6T6ur SHMwieomid. y =x° — 4x
TEQILD QUEMILILLD X-DNFem&E 16U (BLD
yererflesefletr x- Sgs gnomser —2, 0
LDOMID 2 Sp&LD. BHS CUEMETEY X - IFWE
3 yemeflseafloo wr@GL QeuGhestment. x-
SiFdlelt DFH FHNIMISET LIOQIMILILS
Gameneuufled LyRzWIRISET ShGSLD.

Gwayd oo TBS5HSHEHTLBSHEDET
urTu@umb.  @plUlR UeIMILILS
GaHMemeusET X° LDHMILD X° — X bBuleuHemm
TBSSISSHTETEEUMD. LILLD 2.7 DHMID LILLD
2.8 60 2_efTemeumm) y =x’ LOHMILD y = x°

EUEDILILE6MS 6UDTEEUMLD.
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Note that 0 is the only zero of the polynomial x*. Also, from Fig. 2.7, you can see that 0 is
the x-coordinate of the only point where the graph of y = x? intersects the
x-axis. Similarly, since x> —x>=x?(x— 1), 0 and 1 are the only zeroes of the polynomial x* — x2.
Also, from Fig. 2.8, these values are the x-coordinates of the only points where the graph of
y =x*— x? intersects the x-axis.

From the examples above, we see that there are at most 3 zeroes for any cubic polynomial.
In other words, any polynomial of degree 3 can have at most three zeroes.

Remark : In general, given a polynomial p(x) of degree n, the graph of y = p(x) intersects the
x-axis at atmost n points. Therefore, a polynomial p(x) of degree n has at most n zeroes.

Example 1 : Look at the graphs in Fig. 2.9 given below. Each is the graph of y = p(x), where
p(x) is a polynomial. For each of the graphs, find the number of zeroes of p(x).

(i) (i1) (iii)

(iv) V) (vi)
Fig. 2.9

Solution :
(1) The number of zeroes is 1 as the graph intersects the x-axis at one point only.
(i1) The number of zeroes is 2 as the graph intersects the x-axis at two points.
(i11) The number of zeroes is 3. (Why?)
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uLb 2.7 eSapba X et LeoaumiLiLig  Gamemenudledr  Lpgefluid 0 DIGD  eT6ITLINS
seuetllés. ¥ =x° euemIULSH60 X - JFeng 0 etettn ©CT @@ Ljeerflufled LG e GSmE).
Geveum@m y =x* — x> =x?(x — 1), ¥’ — x? etedin LOQYMIILS Camemeuuflsdt Lpedwirkiger 0
HMID | Sp@Lb. LLLD.2.8 eSlBb&l ¥ =X’ — x* 61631 EUMILILLD X - DiFew& 6\ BLD Lisierfigseriletr
X-ONF& GNITHISET LpzUInISH6T ShGSLD.

GHSTEVD 2_FHTTEIMHIGHET ELPEVLD Q(H (PLILIY CHTENEUHE HNBHULEFID 3 LpReuImhig6iT
BHHSID 6160 SIVIOTD. SFTeug LR 3 Ohs &MWL aGsHenIdD @@ LISOSYMILILS
GaMenaNsHE ANHSULENSG 3 Lpzild WLGD SHSHEGLD.

@M : QWLIMGIEUNTS, 71 LI 6)SHIT6voTL. 6(H usuwuqas Ganemeu p(x), y = p(x) eT6tTm 6uEMILILLD
X-SiFems &I§5UL&wn5n qmaﬂ&,aﬂm 616U (BLD ET6UTEIRMEVIMLD. 6T60TE6Y 71 82 LIQUINS; 6)&IT6U0TL
LeoMILILE: CHTemer p(X) H& ANBHULEFIDNS 11 LR IMISHET SHSHGSLD.

ABHHIHHTEG | : G OSTESSILLG6TeT euenILLHRISET.2.9 22 Heuetll. Qeutleunesimb y =

p(x) 65T euemILLLD Sp@&LD. BrhlG p(X) el6tiLg LvMILILIS GaHTemey Sh@&LD. eueleun(H
EUEDILIL HH60BHEI p(X) 65T Lpz3edlul LPLILGemeTs SHevorBLIIQUIMISENT.

(iv) V) (vi)

uLib. 2.9

Hirey :

(1) euewpLLD x-SiFems @CT @ Letaflufed Qeu@Hng. eenGa LyReduimiserien erememnflaens 1.
(i1) euewgLLD x-Ssems @uewid Lsiaflsefieo Qe GAmg). ereoiGey Lpefumusefledr esuoremnilsens 2.
(i) YRewrusefer eretorenliaens: 3. (er651?)
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(iv) The number of zeroes is 1. (Why?)

(v) The number of zeroes is 1. (Why?)

(vi) The number of zeroes is 4. (Why?)
EXERCISE 2.1

1. The graphs of y = p(x) are given in Fig. 2.10 below, for s polynomi (x). Find the

number of zeroes of p(x), in each case.

V) (vi)

Fig. 2.10

Zeroes and Coefficients of a Polynomial

2.3 Relationship be

at zero of a linear polynomial ax +bis _ b We will now try to answer

a

aised in Section 2.1 regarding the relationship between zeroes and coefficients
of a quadratic polynomial. For this, let us take a quadratic polynomial, say p(x) = 2x> — 8x + 6.
In Class IX, you have learnt how to factorise quadratic polynomials by splitting the middle
term. So, here we need to split the middle term ‘— 8x’ as a sum of two terms, whose product is
6 x 2x?> = 12x%. So, we write

23— 8x +6=2x>— 6x —2x + 6 = 2x(x — 3) — 2(x — 3)

=(2x—-2)x-3)=2(x—1) (x—3)

% . Mathematics
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(iv) RPwmiseflesr ersoretullsens 1. (e6tT?)
(V) pRPwmseflesr ereorenuilsens 1. (e6tr?)
(Vi) Rdwmiseflesr erstorenullsens 4. (e6tT?)
uuimal 2.1
1. 8CGp &MG&aLILLG6TeT 2.10 60 2 66 LILMIGET ¥ = p(x) 60T 6UMILILIRISGET DbGSLD.

p(x) &1 Lpefwimiserfiesr erevorevvflGemaent sevorGLILg.

(iv) V) (vi)

uLib. 2.10
2.3 (J I:.ﬁ G LIMI' a L] L] L] (] ﬂu_l LJ L] L] @ &-I (] a L]
ax + b eteyib Giifl LedeYMILILEG Camemeuudedr Lyeedluibd _b qem &GS &iflwb. 2.1
Arflefleo  GaLaULLL  eflenmeflbhe mHMD UGS GﬂGO)LGtD?LI &MevoTGUMD. 6@ SapLi
LeosyMILILIS Gamemeuudledr Lp2ReluIbSGERSHGSD OSHWESHEHHGSD BeOLEWILITET CSTLITEnL
SPw pwhALCUMD. @shans @f Ll LoaMILLES GCHreme p(x) = 2x* — 8x + 6 &
1(B&3I56\8meTGauiD. IX 1D auGLiNed @apLip LIOsymILIL|S Cameneusmul igetT HB 2 miLiemL
Liflgged wWpemmuded SMERlLILESSHID (LPEDDEDU! SHMITEET. [HLD&G OSTBSSLILILL Gameneuuieo
BOG 2-miy ‘— 8x’ & Brevor® 2 miLiseflett saBGgHeons NALGUMD. RFH65T CWITHSHSHMLIEOEST
6 x 2x? = 12x7. ereviGeu,
23— 8x +6=2x>— 6x —2x + 6 = 2x(x — 3) — 2(x — 3)
=(2x-2)(x-3)=2(x—1)(x-3)
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So, the value of p(x) =2x* — 8x + 6 is zero whenx — 1 =0 orx—3 =0, i.e., whenx=1 or
x = 3. So, the zeroes of 2x*> — 8x + 6 are 1 and 3. Observe that :

(=8) _ —(Coefficient of x)
2 Coefficient of x*

Sum of its zeroes = 1+3 =4 =—

Constant term

Product of its zeroes = 1x3=3= 6_ . .
2 Coefficient of x

Let us take one more quadratic polynomial, say, p(x) = 3x* + 5x — 2. By the method of
splitting the middle term,

33+ 5x—2=3x"+6x—x—-2=3x(x +2)-1(x +2)
= Bx-1)(x+2)

Hence, the value of 3x?> + 5x — 2 is zero when either 3x —1=0orx+2=0, i.e., when x =

1 1
— orx =-2. So, the zeroes of 3x*> + 5x — 2 are — and — 2. Observe that :

3 3
. 1 -5 —(Coefficient of
Sum of its zeroes = —+(-2)=—= {Coe o f)
3 3 Coefficient of x
. 1 -2
Product of its zeroes = —x(-2)=—= Consrfmt term 5
3 3 Coefficient of x

In general, if o* and B* are the zeroes of the quadratic polynomial p(x) = ax* + bx + ¢,
a # 0, then you know that x — o and x — 3 are the factors of p(x). Therefore,

ax*+ bx + ¢ = k(x — ) (x — B), where & is a constant
= k[x* = (o + B)x + o B]
=k’ —k(a+B)x+kof
Comparing the coefficients of x%, x and constant terms on both the sides, we get
a=k,b=—k(o+p)and c=kap.

.. -b
This gives atp= P

c
(XB—;

* o, are Greek letters pronounced as ‘alpha’ and ‘beta’ respectively. We will use later one more letter
“y’ pronounced as ‘gamma’.
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x—1=0 Sieveog x —3 =0 erequd GuNg p(x) =2x*— 8x + 6 LpRBWIDTBDG). ereoTGeu 2x°
—8x + 6 er Lp@RAwitugseT 1 HMID 3 SHSLD.

(-8) _ —(x &bt 615p)

B8mG LhRSlwmnisefler QIDNSHD =1+3 =4 = —
2 X’ 68T QW

LpRwnisefle QLIBESDLeVeT = 1x3=3= 6 _ wmledl 2 mitiy
2 Xetr BW

BID SUGLINE WHODTH ShLIRS Cameneusnl dESSIH SsMmeTGaD. p(x) = 3x* + 5x
-2. 56 2menu 9fss awWs,
3x+5x—2=3x"+6x—x—2=3x(x +2)—1(x +2)
=(CBx-1(x+2)
ereor@eu, 3x — 1 = 0 Sisvevgy x + 2 = 0 ereqd@umg 3x* + 5x — 2 Lp3ewIbnSma.

| . . o] .
Signeug x = 3 Si6oe0g) X = —2. DhFHeomed 3x* + 5x =2 61 LpReSlwirkigelt 3 Gegib — 2
Sp&LD. BPOHHG HMD LN6TTEUHLD OISMTLITEWL  SHTEBOTEONLD

. . . . el -5 —(xer OBW)
LhBBwniseflenr GIDMSSD = - (=2) BERRp P

_ 60 2 i
Ly WiIhigerlledr E1LIH&SMLIO6T = 1, (-2)= 2. LD"'L{)]_ 2
3 3 X’ 68T QW

ewngieuns, p(x) =ax’ + bx +c,a # 0 61 Lpeflwirkiget o DHMID B eTevfled x — o HMID
X — B OpBwemeu p(x) 61 BHNIetollaseT Dh@LD. eT6vTG6Y,
ax*+bx+tc=k(x—ao)(x—p), @b& kewm wmied
= kx* = (a+ By +a B]
=k —k(a+Bx+kaf
Bems p(x) 651 X%, X O\SWSHSHEBLEYILD HMID omfledl 2 ML enitd UL, HMD CWmieus)
a=k,b=—k(a+ ) wbmub c = kof.

. -b
88:0bs! ot+p=—,

of = s o601 HeMLESDG).

* B eretTLIEmey BCISHS E(DSHISHET. BEWEUBENAT ‘Spe0LIM DMHMILD ‘LILT 6T60r LIeSBGMIMLD.
SeueunGm HEOITH 6TPSS ‘Y’ 6M6) Sal. LILETLUBSHSCDLD. Qens ‘SLDM 61607 LI&HSGMITLD.
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. - ffici f
1.e., sum of zeroes = o + 3 = - b _ —(Coe {Clent ° f) ,
a Coefficient of x

Constant term
product of zeroes = off = < =

a Coefficient of x*

Let us consider some examples.
Example 2 : Find the zeroes of the quadratic polynomial x>+ 7x + 10, and verify the relationship
between the zeroes and the coefficients.
Solution : We have
X¥+TIx+10=(x+2)(x+5)
So, the value of x> + 7x + 10 is zero whenx +2=0orx +5=0, i.e., whenx = — 2 or x = -5.

Therefore, the zeroes of x> + 7x + 10 are —2 and — 5. Now,

—(7) —(Coefficient of x)
sum of zeroes = -2+ (-5 =—(7) = = )
3) @ 1 Coefficient of x>

1
product of zeroes = (-2)x (-5)=10 = by ConStfmt term ~-
1  Coefficient of x

Example 3 : Find the zeroes of the polynomial x* — 3 and verify the relationship between the
zeroes and the coefficients.

Solution : Recall the identity a*> — b> = (a — b)(a + b). Using it, we can write:
£ (e )

So, the value of x> — 3 is zero when x = /3 orx = —.3.

Therefore, the zeroes of x> — 3 are /3 and —/3-

Now,

—(Coefficient of x)
Coefficient of x*

sum of zeroes = 3 -3=0 =

-3 Constant term

product of zeroes = (\/5)(—\/5) - 3="2_

1 Coefficient of x* .
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eTeoTG6u, QT GapLi oML Gsmemeuudest

b~ (x e O&W)

efwnseflesr OIbMEHD =o + 3 = —
b 55 B=-- 32 oin 1B

LpRefwnugefledr E1LIBSSHLIe6T = o _c _ _‘omedl 2oty
a X° 65T Q&

SLPEUIHLD 2 _SHTTCTIRISHENET SH6U6UT.
aBHHIBHTEG 2 : x* + Tx + 10 etenid @pLigs Gamemeuuiledr Lpgesluimisenst serLmlbg)
Ly REIRISEHHGID, 6\H(WESEHHGSD BewLEW 2 6o QSLITenL S
Sray: X+ Tx+10=(x+2)(x +5) QLD
ereorGeu, x + 2 =0 Dleveog) x + 5 =0 etemd Gumgy x* + 7x + 10 éo1 Iy LpRAUIDTSDE.
Sigeug), x =—2 Sieoeod) x =—5. eteorGey, x>+ 7x + 10 61 Leeflumigse — 2 opmid — 5. SUGLng,

. . . .. —(7) — (x 661 6\&W)
= —2 —5 = — 7 = — 5
LhBBwnisefledr EIDMTSSLD +(=5) (7) " o om

LpaBlwumseflesr OLmSsDLeVeT =(—2)x (—5)=10= 10 _ wmlell 2-miay
1 X’ 68T Q&

TBHHIBBTEG 3 2 x> —3 607 LR WIhIsenerT SevTLMbE LR UIBISEHSHESLD, 6)8XDSHSHEBHEHESLD
BewLBW 2 6o OWSMLITemL &Lt

Sia) : a*>—b*=(a—b)(a + b). eIqD WPHODTIHEDIDDW BEDEUTELIBSHSE C\HTETEHHISHET.
Sms LIWETLGSS:

e (x—x/g)(x+\/§)
e16oTB6), X = 4/3 Or X = — 3. eremib Gug x> — 3 661 I LyReAWIDTSDE.
OaGey, X — 3 60T LpZReWIRISET /3 DOHMID —/3 - SHSLD.
SuUBungy,

LyRefirsefisn QLTSS = \3 — 3 = 0 = — (X 67 Q5)
X7 65T 618

- 60l 2 m
. . . . () =B) =3 =23 _ o oIy
LhBSBwImsefletr 61L(H&SMLIEO6T ( )( ) 1 ¥ 6t QoW
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Example 4 : Find a quadratic polynomial, the sum and product of whose zeroes are — 3 and 2,
respectively.

Solution : Let the quadratic polynomial be ax? + bx + ¢, and its zeroes be o and 3.
We have

-b

C
and ocB—2—;-

Ifa=1,thenb=3and c=2.
So, one quadratic polynomial which fits the given conditions is x> + 3x + 2.

You can check that any other quadratic polynomial that fits these conditions will be of the
form k(x* + 3x + 2), where £ is real.

Let us now look at cubic polynomials. Do you think a similar relation holds
between the zeroes of a cubic polynomial and its coefficients?

Let us consider p(x) = 2x* — 5x* — 14x + 8.
You can check that p(x) = 0 forx =4, — 2, % Since p(x) can have atmost three zeroes,

these are the zeores of 2x* — 5x* — 14x + 8. Now,

—(=5) _ —(Coefficient of x%)
2 Coefficient of x*

sum of the zeroes = 4 + (-2) +

_—5
2 2
-8 —Constant term

product of the zeroes = 4 x (-2) x o428 T
2 2 Coefficient of x

Howeyver, there is one more relationship here. Consider the sum of the products of the
zeroes taken two at a time. We have

{4x(-2)} + {(—z) X %} + {% X 4}
—-14  Coefficient of x

= - 8-142=-7="—" = ,
2 Coefficient of x*

In general, it can be proved that if a, 3, y are the zeroes of the cubic polynomial
ax® + bx* + cx + d, then

Class 10 42 Mathematics



LICORIMILIL BB BHTEN @I H6IT

TBSHHIHHTLEG 4 : @ GpLe LoyMILILS Camemeuudesr LyRefluimiseflest QDN&SD GLDeYLD
LpRPwnisefler QLIBESDLIVsHT wWemmGW —3 MHMILD 2, eesfled Gsmeneremut &HeworBLL.
Sia) : ax’ + bx + c elepId LOIMILILIS Camemeuuledt Lyg3efuirkiselT oL DMHMILD 3 6T60Ts.

-b

OL+B=—3=7

wppId op=2=
B a = 1 eT6018; Q\&mevorLed b = 3 DHMILD ¢ = 2.

er6oTBey O\HMBSHSLILIL BLBSHEWeNESG 2 LG BD6ES CHemauimen SapLile LISOsYMILIL|S
Gamemey x> + 3x + 2 Sp@&Lb.

k(x* +3x +2) @ k @ 6l etevor. TGHENID @(H S(BLIQ LML CHTEneNSHE
Semeu EWLINIBBSILDT 61601 &L

D @UGUNG| (pLiLle LdeyMILILs CamemeusensT &euesfiiGUMLD. wpLILIe LISDsYIMILIL|S
Gameneusefledr LpReSlumsEpsHSD, Seubmier 2 miliLsefleT OsWeSHERsESILD aCHEILD
C\SITLITL| 2 6iTensIm? et6vr LIMTLIGLIMLD.

p(x) =2x* — 5x* — 14x + 8 eTeqIlD LIOYIMILIL|E Bamemeuenl 61BESHISHESTETEEUMLD.

x=4,-2, ;— eTenID PLILSEEHHES P(X) = 0 pBmEl. p(X) 5& ISHLLEIDNS ePpedTm)
LpRBWIMISET SBHSHSLD 6160 BLD&GS S|, erevr@eu, 2x° — Sx* — 14x + 8 601 LpZRefuimbigeiT
4, — 2 bHmILD % Sp&LD. BUIGLITG),

—(— (v
LpEefwhisefls QUDTEEID =4 + (-2) + % _ % _ (25> _ )gc ;ﬂ Qm;;tp)

e y. - o mr
L eLriiseis OLIEBHSHLEST =4 x (—2) x + = —4 = =5 _ o™ o8 ey
2 2 X 61 Q&w

B5euIL65T HOMNH FMLIL| QGILILLD HD @i SHTeTTeoNiD. Lyezdluimisener STewr®
SuewiLng aBS5SIS \STE® Seubmlelr EILhHSSHDLE6T6T ANSSSHMmS STEDIDELING
BD&S LSW GISMLITL| SWLEBDGI. DiSneug,

{4x(-2)} + {(—z) x %} + {% x 4}

S SR s L L)L

2 X 61 QW
ewngleuna, ax® + bx*>+ cx + d etedin pLiLe LeOYMILILG CaHmemeuuiledr LygesluIrkiserT o,
B, v erevfled
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-b
a+B+’Y= 7,

c
af +Py+ya=_,

aBy=—

pat
Let us consider an example.

1 d .
Example 5% : Verify that 3, -1, -3 are the zeroes of the cubic polynomial p(x) = 3x* — 5x* —

11x — 3, and then verify the relationship between the zeroes and the coefficients.
Solution : Comparing the given polynomial with ax® + bx* + cx + d, we get
a=3,b=-5,c=-11,d=-73. Further
p3)=3x3—-(5x3)—(11 x3)-3=81-45-33-3=0,
p1)=3x (=1 -5x(-1*-11x(-1)-3=-3-5+11-3=0,

Ao > s

9 9 3 3 3

1
Therefore, 3, —1 and 5 are the zeroes of 3x° — 5x* — 11x — 3.

So, we take =3, =—landy = _é.

Now,

VAR IONY L DS S e ) B
oa+B+y=3+( 1)+( 3)-2 373773 0,

ocB+[3y+yoc=3x(—l)+(—l)x(—%]+(—ljx3=—3+%—1=_TH=£,

aBy=3x(—1)x[—%)=l:%_3)=_7d.

* Not from the examination point of view.
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-b
a+B+’Y= 7,

of + By +yo=

aBy=—

s
RMH 2_FNIETSHENS LMTLIGLIMLD.

1 . ..
AB®DHHIBBT® 5% : 3,1, -3 SpBuiemen p(x) =3x> — 5x* = 11x — 3 eted1m @pLiLIg LISOEYMILILIS

Gameneuuflett LpRefimigemn? eteor FflumT. GLEYD LpREUIMIGEHHSLD, 61&(LDHHEHSHEGLD
BemLCw 2 6o Q\SMLITEHL Frflwimi.

Sia) : OSMESHSLILLL (pLILIR LieoamiiL|gs Gamemeu ax’ + bx* + cx + d 2 Letr @UIG.
a=3,b=-5,c=-11,d=-3 Sp&Ld. GAYD
p(3)=3x3-(5x3%)—-(11x3)-3=81-45-33-3=0,
p1)=3x (=1 -5x(-1*)-11x(-1)-3=-3-5+11-3=0,

R

9 9 3 3 3

o1 . .. .
Sp&Gea, 3, —1 HmID B SpBwemen 3x° — 5x* — 11x — 3 601 L ZR2WIMBISH6ET Sb@SLD.
8Bung), o =3, B =—1 omid y = —% 66078 G\SHITETOTLIT6D,
SuUBungy,

oc[3+[3y+yoc=3><(—l)+(—l)x(—%]+(—%]x3=—3+%—1=_TH=£,

a
= X (— X —l = :L_s):__d.

afy=3x(=1 (3] 1 3 "

* GolieysaETen GHTHH Di6d6v.
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EXERCISE 2.2

1. Find the zeroes of the following quadratic polynomials and verify the relationship between
the zeroes and the coefficients.

(i) x*-2x—38 (ii) 45> —4s + 1 (iii) 6x* —3—"Tx
(iv) 4u® + 8u (v) #-15 (vi) 3x*—x—4

2. Find a quadratic polynomial each with the given numbers as the sum and product of its
zeroes respectively.

(i) %_4 (ii) Jié (iii) 0,45

B

- (vi) 4, 1

ENG e

(iv) 1,1 V) -

2.4 Summary
In this chapter, you have studied the following points:

1. Polynomials of degrees 1, 2 and 3 are called linear, quadratic and cubic polynomials
respectively.

2. A quadratic polynomial in x with real coefficients is of the form ax® + bx + ¢, where a, b, ¢
are real numbers with a # 0.

3. The zeroes of a polynomial p(x) are precisely the x-coordinates of the points, where the
graph of y = p(x) intersects the x - axis.

4. A quadratic polynomial can have at most 2 zeroes and a cubic polynomial can have
at most 3 zeroes.

5. If a.and B are the zeroes of the quadratic polynomial ax® + bx + ¢, then
a+p=-20 ap=<,
a a
6. If a, B, y are the zeroes of the cubic polynomial ax® + bx* + cx + d, then

0,+B+’Y=_—b9
a
c
oaf+By+yo=—>
a

and oafy=—
a
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LICORIMILIL BB BHTEN @I HEIT

uuima 2.2
Speupld Ul UdMILLS GCaneneussefen LyReSWnBISeneT HerLMbBE,
Ly REIRISEHSHGID, 61&(DSHSHEHHSID 2 6Tem Q\SMLITemL SilLmT .
(1) x¥*—2x-38 (i1) 4s*—4s + 1 (iii) 6x* -3 —="Tx
(iv) 4u? + 8u (v) #-15 (vi) 3x*—x—4
deo QU ueaMILILE GComemeusefler LyRdumsefler QLIS GeYLD
OILIBSSHMLIVET O\GTBSHSLILILB6iTong). @eueleum h euensUlleyd  Sishemen SrbLie
LIOSYMILILIS Gamemerenw &HeuorGLILQ.

(i) %,—1 (i) V2.5 (iii) 0,5

(vi) 4,1

NG

>

NG

(iv) 1,1 V) -

2.4 pmMb sMHMENI
8H5 HGSUMLSHL SLPEUIHLD HIHGHSHSHEN6T HHEMILD:

1.

@@ LeoyMILILE Camemeuudest LigseT wpenmGul 1, 2 pmild 3 erevfled Sisumhemnm Gmbilwl,
Smule, pULIR LIYMILILIS CoHTemeus6T ereareGmLD.

X g2 LAHWNSEID CIDUICNLIETITSHEMET 6\&H(DHSHEMTSEID C\SHTetTL @(HLIe LISOMILIL|S
Gaemex ax’ + bx + ¢ SpGLD. MG a, b, ¢ QIO WeTTEHsT GosYID a # 0.

. p(x) eremId LOQIMILILES CaHmeneuufedt LyReWIkISHeT D560 euewILLLD ¥ = p(X), x-

Sigem& QLB Lsiterfludled x - HEH6TT HFHGHMITRIGET SpH&SLD.
R SmUR UOQMILILES GHTMaNSEE ANBSHLLFIDNS 2 L2ReSWIhISEHD,  @pLILIQ
LIOSYMILILIS CHMMOUSHS ANSHLILFIDNS 3 LpZReSIhISEHD SHSHEGLD.

o GayId B &6 @I Ll LoamILLg: Gsmeneuuiledt Lygzfluimiser eesfleo
ax*+ bx + e, a # 0 erevfléd

atp=-2, ap=<
a a

o, B, ¥ ¢pedmBu  pLiLe LeosMILILG Gasmemey ax® + bx* + cx + d 61 LpZRedImhigeiT
Gweyd a # 0 erevfled

OL+ﬁ+’Y=_—b9
a
c
oaf+By+yo=—>
a

- -
Guogyd  afy =—
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PAIR OF LINEAR EQUATIONS
IN TwO VARIABLES 3

3.1 Introduction
You must have come across situations like the one given below :

Akhila went to a fair in her village. She wanted to enjoy rides on the Giant Wheel and play
Hoopla (a game in which you throw a ring on the items kept in a stall, and if the ring covers any
object completely, you get it). The number of times she played Hoopla is half the number of
rides she had on the Giant Wheel. If each ride costs ¥ 3, and a game of Hoopla costs T 4, how
would you find out the number of rides she had and how many times she played Hoopla, provided
she spent ¥ 20.

May be you will try it by considering different cases. If she has one ride, is it possible? Is
it possible to have two rides? And so on. Or you may use the knowledge of Class X, to represent
such situations as linear equations in two variables.
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S BTN Hakied, Ge3mip 3
G FIDITUTBHAT

3.1 oiapsib
S&EHEIL gGLpBemevaafled eTGHenID QetTenn HrseT SLbHE eubg SHLILITEET.

Sifeon  SlauEHemLW BIMbsG SmEApnelnG 6\F6Im SBHBESTET. SieUsT SHhHIG
2 et @pmiesmussit omID (Hoopla) euememuid eflememuni(® @ 6UEHTULISHENS HG60T
e1HEI 2 6o ELIMEBeT L5 emill Gevstar(BLD. 6Tbg SIMBET L5&I Hhs EUEMEITUILD (LPLPEMLDILIMTE
NWSNCSHT SHBF EWINHET [HLDSE HWLHGLD). 6Hl6MOITUITIQEDTITEN. 6IEHSHEMEIT (LPEDM 6UEHEITLLILD
sflememwm @ eflememimeestnGar SiHed LS Slerey L igesimiserfled ernflevtmeit. epeuaI6um(H
SumRensH0 amISHE I 3 O1&MBES CeustoT(BLD. cuewaTwid sflensmum G sflewemuimL I 4
6\5M(B&s Geuetor(BLD. Di6usiT I 20 6156068 EIFUIH| ETS5SEMENT (LPEOD SBIMLIQETTSHHNILD, 618S6M60T
(PE®D 6UEHEMTWLILD 6HEMETUIMEMLUID 6M6MOTWITL (LPIQU{LD?

g mHMD L6 auflsefled Sies wpwHAIGLTD. SieuT @@ wPedm SIMLIQeuTsHe0
amlenned @G STSIWIDT? SH60605 BITTBUPEOD BOMLIQETISHED INI6VITE0 FTGHUILDT?
B [X1b eu@Llifled Ligss @ wiisefled Coiflu FeTLT@sensT O&Ta®G Bews Siss
PWHALGUIMLD.
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Let us try this approach.

Denote the number of rides that Akhila had by x, and the number of times she played Hoopla
by y. Now the situation can be represented by the two equations:

1
y=ox (1)
3x+4y =20 (2)
Can we find the solutions of this pair of equations? There are several ways of finding these,

which we will study in this chapter.
3.2 Graphical Method of Solution of a Pair of Linear Equations

A pair of linear equations which has no solution, 1s called an incomnsistent pair of linear equations.
A pair of linear equations in two variables, which has a solution, is called a consistent pair of
linear equations. A pair of linear equations which are equivalent has infinitely many distinct
common solutions. Such a pair is called a dependent pair of linear equations in two variables.
Note that a dependent pair of linear equations is always consistent.

We can now summarise the behaviour of lines representing a pair of linear equations in
two variables and the existence of solutions as follows:

(1) the lines may intersect in a single point. In this case, the pair of equations has a unique
solution (consistent pair of equations).

(11) the lines may be parallel. In this case, the equations have no solution (inconsistent
pair of equations).

(111) the lines may be coincident. In this case, the equations have infinitely many solutions
[dependent (consistent) pair of equations].

Consider the following three pairs of equations.

(1) x—2y=0and 3x +4y—20=0 (The lines intersect)
(i1) 2x+3y—9=0and 4x + 6y — 18 =0 (The lines coincide)
(i) x+2y—4=0and 2x +4y—-12=0  (The lines are parallel)

. b .
Let us now write down, and compare, the values of Z_l’ b—l and ﬁ—l in all the three examples.
2 ) 2

Here, a, b, ¢, and a,, b,, ¢, denote the coefficents of equations given in the general form in
Section 3.2.
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85 SemiGpenpuied wpwhdl eEGaumD:

Sifeor BIMIRETSHO HDHBIL  ETETETIIHEMSHEMI X 6TETMILD, EUHETUILD  eflemeaTwim B
eflemeTITQUI  eTEvuTETDTSEDSE:EMI ) 616018 E)&MTGeuMD. QLGNS| &S &HLPNHS Breor®
FLOSTUTBHET 2_(HEUTGSLD.

1
y=gx (1)
3x+4y =20 (2)
8b5 FSILNBHEHSHES [BMD Siie] SHTewT (PRUIDT? @HMH&S LD eUNS6T 2 6Tereot.
Sleuheon Sbs HSSUMuSSHe0 LiLiGLITLD.
3.2 aeIuL gpam dpeolb Rb Gzmp EuM FISTUTG B0 Hianal BHEOTLNHBH6D
@m Gzmme Grflw FeTLNEsEEHES Sie] Bevemev 6resfled Semeu eeueur Ggame Grbiflw
FeTLNBSH6T eteurLILIBLD. @@ Geme Cmifl FeTLUNEsHEHHE 6T 9w e SHHSLD
eieafled Slewey Pemaey Geame Grfl FLDEITLINGS6T eTedrILGLD. @ Cme Chiflul FesTLINBSET
&b eTevlled Seweu &smT Beweo Gme Coiflul FDETLMGS6IT eTeuTLILIBLD. &mifBemeo Gzam
FLETUNBS6T eTLOLMSID(@emae) Geame FL6TLNBSHOTTE) GIHLILIEM6 6T6iTLems, [Bemeursiled
C\&HTETS.
BMD @ICung & wmsefled @m Gxmme Cmiflw FwetLn@seflesr Cmir CHTBES6IT
eTeuauMn) BH&HGSLD. GCID AHeubniledt Sieyser SIS SHmesorGLILD.
(1) @uevor® GmiT GaHMB&HEHL @@ UeTafluled QoL O&meRiLTe, AHbHG
FSTLNGHEBSHS 6T @ Sie] BHHSL (@ensea) Gzme Gmiflw FeTLTBSEN).
(i) Suevor® CriT CHMBEHLD Bewevor CHNBH6T eT6vfled HUDMIDGS SiTeUSH6IT SB60LE6D.
(@eveurr Ggme Gl FweTLTGS6N)
(i) Quevor® CmiT CHMBIHEHD a6t g LLHOMTENTMN QETMID 6T6vfled HeuDMHS
ersvuTevuTDM  SieyseT 2 evor® @ Beweo Gegme Gl FLDETLINBESS6M).
Netreupd epedtm) Gzme Gmifl FetTLNBSHEMET S6ueufl.
(i) x—2y=0Cwayb 3x +4y—-20=0  (Saulp 6\&TeTEHLD CHTBSHET)
(i1) 2x+3y—9 =0 Gweyb 4x + 6y — 18 =0 (ResTmID CBHMBES6IT)

(i) x+2y—-4=0Gwead 2x +4y—-12=0 (Bemevor BHMBS6IT)
a, b, c, Goab a, b, c, aeiuemaussT G MIuied Slewss GCzme Coiflw
FeTUNBSeflelT GeHmSeT 6l6sH. GEd 2 6TeT TBSSHHHTLBoH6rTlev 2—1, :—1 j i—l
2 ) 2

LI GHeneT  eteor RLILNGGsuLD.
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Table 3.1
b
S1 | Pair of lines Z—l b—l 2_1 Compare the | Graphical Algebraic
2 2 2
No. ratios representation | interpretation
L|x—2y=0 Ll 2| 2] 8.0 o ereling | Exact
x=2y= 5 1 20| @ b ntersecting xactly one
3x+4y-20=0 lines solution
(unique)
2 |2+3y—9=0 | 2| 2| 2| TN |cfllident | mnfinitel
2x+3y-9= 1 : T8 | a, b e |Coinciden nfinitely
dx+6y—18=0 lines many solutions
3 x+2p—a=0 |1 |2 | B&| 2=2B% |parallel tines | No solution
Sx+2y 5 1 3| @ b, |Parallellines o solutio
2x+4y—-12=0

From the table above, you can observe that if the lines represented by the equation
ax+by+te =0
and ax+by+tc,=0

are (i) intersecting, then —- = Z_l

a, p)

(ii) coincident, then 4L = & _ 1.
a, b ¢

(iif) parallel, then %= 2 . 6.
a b g
In fact, the converse is also true for any pair of lines. You can verify them by considering
some more examples by yourself.
Let us now consider some more examples to illustrate it.
Example 1 : Check graphically whether the pair of equations
x+3y=6 (1)
and 2x—-3y=12 (2)
1s consistent. If so, solve them graphically.
Solution : Let us draw the graphs of the Equations (1) and (2). For this, we find two solutions
of each of the equations, which are given in Table 3.2
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Sn’Laemaor 3.1

al b | a
al| Gzme Crflw |a | b o, |eNBarmserfies : Buihsefils
61600y  FLDGOTLIM(BSEIT RULIBSH60 e & efeurid
_ Ll 2| 0| a h L 961 @
l.[x-2y=0 3 | 3| 220 a4 b C\SITEITEBLD Sitey
3x+4y—20=0 " &l
— b o .0
2 ax+3p—9=0 | 2| 2| 2| L=2=D |  @emd Wigefieor
4| 6 | -8 La 56 | fesigaer Siey
4x +6y—18=0
1 2 —4 aq b ¢ Semevor
_ = = — —_— — = T \
Je||ar 2= =0 2 4 12| & b o GaHMBS6T Site) Geveweo
2x+4y—-12=0

GLHSETIL. HLLeuenewuruled SbBbE,
ax+by+te =0

LDHMILD
(1)

ax+by+c,= 0 e6im FweTLTBS6TET CHTBS6T.

b . . . .
b—‘- eT6ufled Q16U 108 F\GITETEHLD

a, 0]

(i) &=

a, "
Laooaq boo¢ . . .
(i1) —=—=— erevfleo Gewevor CHMBHET D@ LD.
a b g
Gl Bz CanBaeafleds @&6tT LLMIGENEOUD IDUILTGLD. GED TBSSHISSHTLBSH6T
esnen(® @eubenn FlLMisseonDd. HTD UGG oo dESSISHHT BHENET 5H6U6s{l&HSHE0MLD.
aABDHHIBHTEG 1.

[;—‘zc—l-srsuﬂsb Qe 1551 Q6T @eTOILD.

(&)

)

x+3y=6 (1)

2x -3y =12 2)
eT60T) B FLDEITLIMBSH6T BEN&F6)| FLDSTLITBSHETT? 6T60TLIENS 6UHILILLD 6UemIH& &Lt
Geyld Geunnileir Siieme cueHTLILSH6O SHevor@LILQ.
Sita) : D UGG &wedtUN® (1) WHMID (2)65T euenILILSHMS cuenILIL STerfled cuemTGaumLD.
QEUCUN[H FDGTLIMLIYHSD Dretti® SieysensT SHeuorBLIQUIGLITID.  HEme L L 6UEmETIT
3.260 6\&MB&HSLILIL (BETETenT.
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Table 3.2

Plot the points A(0, 2), B(6, 0), P(0, —
4) and Q(3, — 2) on graph paper, and join the
points to form the lines AB and PQ as shown
1 n
Fig. 3.1.

We observe that there is a point B (6, 0)
common to both the lines AB and PQ. So,
the solution of the pair of linear equations is
x =6 and y = 0, i.e., the given pair of
equations is consistent.

Fig. 3.1
Example 2 : Graphically, find whether the following pair of equations has no solution, unique
solution or infinitely many solutions:

Sx—8y+1=0 (1)
24 3
- Tyt =0 (2)

N . 5
Solution : Multiplying Equation (2) by 3 we get

Sx=8y+1=0
But, thisis the same as Equation (1). Hence the lines represented by Equations (1) and (2) are
coincident. Therefore, Equations (1) and (2) have infinitely many solutions.

Plot few points on the graph and verify it yourself.

Example 3 : Champa went to a ‘Sale’ to purchase some pants and skirts. When her friends
asked her how many of each she had bought, she answered, “The number of skirts is two less
than twice the number of pants purchased. Also, the number of skirts is four less than four times
the number of pants purchased”. Help her friends to find how many pants and skirts Champa
bought.
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DL auenanr 3.2

A(0, 2), B(6, 0), P(0, —4) Geyd
Q(3,—2) yererfllmenst euemmLLsmefled @M.
Gweyid AB mib PQ Leiterflaemern LILLD3. 160
SMLIQUILIY S6m6uoT.

B (6, 0) etéttm eiterfluileo AB pibmjd
PQ Gmit Can@®s6iT 616ILIS C\SMETHETMEOT.
ereurGey @b Goiflu FwesTLNGa6rfletT Sitey
X =6 womb y = 0, Qp&WD. eenGeu
OHME&HSULLL &FWeTUTB&HET RemFey
FLOETUMBSEHET Sp&LD. Y’

uLb 3.1
aBHHIHHTEG 2 : &6 BMEssUULL Chifll  FDeTUTESHEDHES STeUsH6T Ge06mEOLIT?
@6 @@ STeum? ievevd pigsileveor FTeun? erevr EUEHILILLD 6uemNBGH SHevorBLIlQ.

Sx—8y+1=0 (1)
24 3
- Tyt =0 (2)

SHiray : Fweorun(® (2) & % 60 eWgpsdesmeo Sx — 8y + 1 =0 BewL&@w. Fwestun® (1)
Sgleyb &ib. eTerTGeu FeiTLN® (1) HMID (2) H& wpigefeon SiieyseT 2 eiterrent.
aenIULSHe Feo Lsteflaemer @nss Qeng &lumi.

ABHBIGHTEB 3 : FMDUT GleWNSHMLES O\F6TN 6o FLemL OHMID GLETIL SHEH6T cuMThIS
QUBSTET. JleUEHemLW GNP 61556me0T FLeWL DHMID GLIEWILSHENET CUMTHISEUTUI? 6T60TE
GaLLMET. JSDS Sleuem “mredt aummubwl sFLenLseafledr ersomenolighens GuevorL serfledt
eTevuTenoflGHensUlletT QIHIOLMIENS 6l 2 Gewmey. Heueun@mn FrewLaserfledT eTevoTevollhemns
GuevttLserfledr erevuTevvilsemaulledt HM6NTE LDLMIEDS 6l HI6iiS SeWMeY” 6ISTDIT6IT. STLDLIT
QUMMRIBW FLewL HMID GLETITL. eT6tuTetnllSHena:enl STl HeuEehenLwl C5MN&EE 2 561
pluyLDm?
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Solution : Let us denote the number of pants by x and the number of skirts by y. Then the
equations formed are :

y=2x-2 (1)
and y=4x-4 (2)

Let us draw the graphs of Equations (1) and (2)

by finding two solutions for each of the equations.
They are given in Table 3.3.

Table 3.3

X 2 0

y=2x-2| 2|-2

X 0 1

yv=4x-4|(-4| 0

Fig. 3.2

Plot the points and draw the lines passing through them to represent the equations, as
shown in Fig. 3.2.

The two lines intersect at the point (1, 0). So, x =1, y = 0 is the required solution of the
pair of linear equations, 1.e., the number of pants she purchased is 1 and she did not buy any
skirt.

Verify the answer by checking whether it satisfies the conditions of the given problem.

EXERCISE 3.1

1. Form the pair of linear equations in the following problems, and find their solutions
graphically.

(1) 10 students of Class X took part in a Mathematics quiz. If the number of girls is 4
more than the number of boys, find the number of boys and girls who took part in the
quiz.
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SHira) :GuevotLserfletT eT6voTETONlGHENHEMW X 6T60TSH. FLEML G666 6T6v0TE00 HENHEMW V' 6T63TS.
y=2x-2 (1)
GLay|Ld y=4x-4 (2) etétTD FLDETLINBSHET 2_(HEUTHEITMEDT.

Sl Leuemeor 3.360 SLle 2 emermLie FLoesrun(® (1) LDngLD (2) &S @Uswr@ Siieygemern
SNBSS NS EUMTLLSDHD SN i

L auenawr 3.3

X 2 0

y=2x-2| 21|-2

X 0 1

yv=4x-4|-41 O

YeTeflaemer &MsHs Sleuhenn LD 3.260
snLpuiLly Breor® CHTICHTBSHETNS 6UDTS:.

uLib 3.2

85 Queni® CriGasnTGsEdD (1, 0) etettn Lsiteflufeo QauLlips Q\&TeTH6TMEDT. eT6ar@e
x =1,y =0 eretiugl m&ES Coemeunenr Hiey SpGLD. eTevTGou eunmaSw GListorL serfledr
eT600T6n0NS6mS 1. GLDEYID FLEWLSHET D 6UMMHIS 651606m6D.
QEMBSHSLILLL BLESDEOISHEHHS Bbd STUH6T CIIMIBHHIBEMDETTEUT? ETEITLIENS SHLIMTES.
uuima 3.1

1. Qan@EssLILLL Seans@samer Gxme Coiflu FeTLTGS6T 6ugsiled 6rwpd, SHeudMnES
GUEMITLILLD eLPeVLD SiT6Y SHITETors.

(1) X1b eu@liy wrewreuiger 10 Guir sevofls eflevrme eflevrmefled LM GWLIDMMTSSIT.
BP0 &b 6O &neTL newrefsefler  erevTenilHens LD eworeu s erfl 6ot
ersvuTenuiiGBemsemwl 6l 4 BsD eeofled efleotme  eflevTefled  H60MHG6)SHMTETOTL
LDIT6BOT6Y, LDMETOTENSH6T 61S86ment GLIT?
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(11) 5 pencils and 7 pens together cost I 50, whereas 7 pencils and 5 pens together cost I
46. Find the cost of one pencil and that of one pen.
2. On comparing the ratios -L, B gng , find out whether the lines representing the following
a D )

pairs of linear equations intersect at a point, are parallel or coincident:

(1) Sx—4y+8=0 (1) 9x+3y+12=0
Ix+6y—9=0 18x+ 6y +24=0
(iii)) 6x—-3y+10=0
2x-y+9=0
3. On comparing the ratios Z—‘ ]Ij—‘ and z—l, find out whether the following pair of linear
2 2 2

equations are consistent, or inconsistent.
(i) 3x+2y=5; 2x -3y =17 (11) 2x-3y=8; 4x—-6y=9

(i) 2x+2y=7590-10y=14 (iv) Sx-3y=11;  —10x+6y=-22

(V) 3r+2=8;20+3y=12

4. Which of the following pairs of linear equations are consistent/inconsistent? If consistent,
obtain the solution graphically:

(1) x+y=5, 2x+2y=10
(i) x—y=8, 3x—-3y=16
(1) 2x+y—-6=0, 4x-2y-4=0
(v) 2x—-2y-2=0, 4x—-4y-5=0

5. Half the perimeter of a rectangular garden, whose length is 4 m more than its width, is
36 m. Find the dimensions of the garden.

6. Given the linear equation 2x + 3y — 8 = 0, write another linear equation in two variables
such that the geometrical representation of the pair so formed is:
(1) intersecting lines (i1) parallel lines
(111) coincident lines
7. Draw the graphs of the equations x —y + 1 = 0 and 3x + 2y — 12 = 0. Determine the

coordinates of the vertices of the triangle formed by these lines and the x-axis, and shade
the triangular region.
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(i) 5 eweddlevssr 7 Guesnaaerfletr sflemso T 50. SleueunCm 7 CW6dTSE0SH6T LDMHMILD
5 Quenn&ser eflemed I 46 eterfled euereum@ GuesTT WHMID EeTTFevs6rflesT
6fllem6 6T60TE0T?
2. 4, %wmpbc—leﬁ]éa‘g,réwasmm QUILG SCp 6&MBaHaLILLGeTer Ggme FestUMBa6rleor
a, b, (&)
GanB&eT Gl O&TeTEBD CHTBHOTT? Bewewr GHMBSHEMTT? IEDE0F Q6TTMILD
GanB&en? 6l6vrd: SH6voTBLIIQ.

(1) 5x—4y+8=0 (i) 9x+3y+12=0
Tx+6y—9=0 18x + 6y +24=0
(iii) 6x—-3y+10=0
2x-y+9=0
3. Z—;:]]j—; DMILD %eﬁ]@gréj&,msmm QUILG ECD QSTBSHILLB6TeT Gegme FLDETLINBS6T

BwshG FSTLITBSHETT? i6060d @eueur Ggme FLDETLINBSETT 6l6or SHevorBLIlQ.
(i) 3x+2y=5; 2x =3y =7 (i1) 2x—-3y=8; 4x—-6y=9

(i) 2e+2y=759x-10p=14 (V) Sk=3y=11;  —10x+6y=-22

(V) 3¥+2r =820+ 3y =12

4. Spsei Crfl Gzmme FeTLNBsS6TE0 6lemey Qenerhg FLOGTLITBS6T/eueur Ggarmie
FIDSTLNBH6ET? BEWFHS FLDETUMTBSH6T 61631160 EUEDILILLD eLPEOLD SiT6Y SHIT6vorss.
(1) x+y=5, 2x+2y=10
(1)) x—y=8, 3x-3y=16
(i) 2x+y—-6=0, 4x-2y—-4=0
(iv) 2x=2y—-2=0, 4x—-4-5=0

5. Olseogemag el 415 Db BerapenLw C\FeueussHetT abmerefleo LTH 365 erevfled
E\F6UUBSDEI [HET, AHSHEVBIGHENET SHeToTBLIQ.

6. 2x +3y -8 =0 eretiug Q&IGHSLULLL @ Chiflw sweTUTG. SBHS
(1) eeuLG Camn@seiT (11) SewevorCHMB
(iii) eetmID GaM® et6or epetim CoIflul FDETLNBSHEMET CUMITLILSHD GSM.

7. x—y+1=0womud 3x +2y—12=0 er61n FLOSTLNBSHEHHS EUHILILLD 6UEHTS. GFH65T
SiFs LeiellgmeT X-DNFdled @ (WPHCHTEMT 6lenal 2 (HOUTHEGSLD. b WpeGsTevor
ugSeow BLped®s.
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3.3 Algebraic Methods of Solving a Pair of Linear Equations

In the previous section, we discussed how to solve a pair of linear equations graphically. The

graphical method is not convenient in cases when the point representing the solution of the
4 1

TN EJ , etc. There

is every possibility of making mistakes while reading such coordinates. Is there any alternative

method of finding the solution? There are several algebraic methods, which we shall now discuss.

3.3.1 Substitution Method : We shall explain the method of substitution by taking some
examples.

linear equations has non-integral coordinates like (v3,2v7), (-1.75, 3.3), [

Example 4 : Solve the following pair of equations by substitution method:
Tx—15y =2 (1)
x+2y=3 (2)
Solution :

Step 1 : We pick either of the equations and write one variable in terms of the other. Let us
consider the Equation (2) :

x+2y=3
and write it as x=3-2y 3)
Step 2 : Substitute the value of x in Equation (1). We get
73 -2y) — 15y =2

ie., 21 - 14y — 15y =2

ie., —29y =-19
19

Therefore, Y= 3

Step 3 : Substituting this value of y in Equation (3), we get

19 49
= J— 2 JR— = —_—
x=3 (29] Y

.. 49 19
Therefore, the solution is x = 59V 59
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3.3 Gamp @Bl FSTUTGHNOT STaiBmanr SUDBOND WPDUTD &N NJH60:
phmgw Niflefled Crflw FweitLT® Ggmeserflett Siene EUEDIULLD eLPeOLD &HevorLMILLD
PEDDEMW HDHMIS E\HTETITGLITLD. Sp6vTTe0 SiTened GMSHGSLD Li6TTerllEeT DFe SHMITRIGET LD
aIstISaTE @eoeons GLINTE| SIDWPEPD SHDI Heb. 2 sMausdhe Siauss (v3,2V7), (-
4 1

E’E)a@"b aulgefled @HSGLD CUNG EUMILILSSHEO LMW eIbLL  eumUILIL
2 eiteng). @indflwinesr Sieysemer seoTLMIW DIHM| LPEODSBET 2 6Tensn? BwihHsemils
WPpempuled DHCHS (LPEOMSBET 2 6iTermen. Sifed FlevauNenD HHMIS C1SHTETEEUMLD.

1.75, 3.3), [

3.3.1 Mnduie® wom: feo BG5S STLGSET O5T06G MBS WPennenw eflersdEaurLb.

TBHHIHHTEG 4 : Spseoi. Coilw Gme FweTLTBSemeT TSI G wWenpuled Siss.
Tx — 15y =2 (1)
Xx+2y=3 )
B :

up 1 @ @Mp SFetTUMIEd 2 6item  @h WMiGefled 6@ wjemw LMD LmENuilesr
OUMBeTTS LDAHNY 61(WE). FeTLN® @) bG5S Q\STeTGaumLD.

x+2y=3
x=3=2y (3)
uip 2 : swetun® (1)6d x e wdliemu NgHuilL,
73 -2y)—15y=2
21— 14y — 15y =2
—-29y =-19

19 . ..
eT6uTC6, Y= 5 6160 BDES BMLSGSLD.

uip 3 : swetun® (3)6d y 661 Sliemu NgHuilL,

19 49
= J— 2 JR— —_ —_—
x=3 [29] Y

49 19

eTeurGey, X = 29°Y = 59

ET6OTLIENT SiT6Y DhGLD.
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.- 49 19 . .
Verification : Substituting x = 39 and y = 59 > You can verify that both the Equations (1) and

(2) are satisfied.

To understand the substitution method more clearly, let us consider it stepwise:

Step 1 : Find the value of one variable, say y in terms of the other variable, 1.e., x from either
equation, whichever is convenient.

Step 2 : Substitute this value of y in the other equation, and reduce it to an equation in one
variable, i.e., in terms of x, which can be solved. Sometimes, as in Examples 9 and 10 below,
you can get statements with no variable. If this statement is true, you can conclude that the pair
of linear equations has infinitely many solutions. If the statement is false, then the pair of linear
equations is inconsistent.

Step 3 : Substitute the value of x (or y) obtained in Step 2 in the equation used in
Step 1 to obtain the value of the other variable.

Remark : We have substituted the value of one variable by expressing it in terms of the other
variable to solve the pair of linear equations. That is why the method is known as the substitution
method.

Example 5 : Solve the following question—Aftab tells his daughter, “Seven years ago, [ was
seven times as old as you were then. Also, three years from now, I shall be three times as old as
you will be.” (Isn’t this interesting?) Represent this situation algebraically and graphically by
the method of substitution.

Solution : Let s and # be the ages (in years) of Aftab and his daughter, respectively. Then, the
pair of linear equations that represent the situation is

s=7=T(t-17),1.e., s—Tt+42=0 (D)
and s+3=3(t+3),1ie., s—3t=6 (2)
Using Equation (2), we get s = 3¢+ 6.
Putting this value of s in Equation (1), we get

(Bt+6)-T7t+42=0,
1.e., 4¢ = 48, which gives 1= 12.
Putting this value of # in Equation (2), we get

s=3(12)+6=42
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. . 49 . 19 . .
FiumisSHe0: Greor® serLTGseflab x = 59 DHMID y = 5& NoBuI-@ &funiss.

HgHuIE@ @pedm GHYD eTerflemDwInesg). SFHEnesT LIQUILIQUINE LIMTLIGLITLD.

uip 1 : @@ wmileww OO WIBluIesT EWLINHEMTS WAHM. V& X 601 QWIMHENTTS LDIHM
LOHOMMH &ML LITHUIG. BP60 615 HID&E eeflgng: 2 6T1anCHT DHews TBSHEIS
6\SITETETEOITLD.

e 2 up 160 SeWLGHS FLDESTLM WL LDHOMM([H FLTLMLIRd LTHUILG Siews ) 60 @b
M) FIDESTLIMLITES, DiSMeUg | X 60T EWIMIHETTS LDADHM]. X 657 LSLemL SHevor®Lip. oo
Gramiserfleo er(Bre_'r,guésaam_(B 9 wHMID 1060 2 siTemeunm| LOMHIGHET EEVEOIDED FaMHMISHETTS
BMH&HGID. AbG sapml siflwneng) etesfleo, c91,r_F,,5 Gifl FLESTLIMBS6T (Lpigsilebeorn SiTeygemer
Qaansm@@@&,@m eteor  (peeflih@ euTeond. SibG  Fapml sSaum eesfled by Coiflw
FLDEOTLIMBSHET 626)6UMT FLDGTLTBEHET Dh@LD.

e 3: x(9)y et wPHlewU LR 260 2 6Ten FDedILMLlged LAgHuIB Lig 160 2 eiTar
omserflest LPLiemL S6voTLMILIGOITLD.

@iy : @@ wmuiedr Wdlienu WHOMTE wrdluies eunpems ewd, LgHulr@ GCmlw
FLD6OTLIML Ig63T Fitemeu HMD QWMEGHMLD. eTevrGey Gbpswmenit HNTBui-® wapm eTesTGILD.

TBHHIBBTEG 5 : LN6dTeu(pld FedTuMLenL Si:- AHULMI (Aftab) Stewett &eflLid “7
QUIHLIMISEHSHES (LP6TT 6160T QUL SALICLTEDSW 2 65T euwlemsll GLIMed 7 LDLMIG B(HHSS!-
SeaunCn SUCUTSeOHHE 3 EUBLMHISZET SS5S 66T Qg 2 651 aUSNSG eLpesTm)
IDLMBIG ShGWD.” (@& SHTeUDns 2 eTengin?) ereiimet. Shd FLPened QWInseuofls Lpemmuied
s NBUILG wewpuied Fiss

SHiray : Ll (Aftab) HMID SieuEHemLW LDS66TT EULIENS S LDHMILD ¢ EUBLIRISHE) 616515.
8b5 &PpasE& Gohflwu FweTun®

§s=1=T(t—T), Heveog s—=Tt+42=0 (1)
LDHMILD s+3=3(t+3), Slevevg) s—3t=6 2)
(2)b &wedTLM eWL LIWITLIGSS s = 3¢ + 68 EWLImevILD.
set1 dliewL! Fweitun® (1)ed NyduilLmev,
(Bt+6)—-T7t+42=0,
4t =48, t=12 eteor QLLMeEONLD.
t 61 &liem FeoTLUM®G (2)6d LAgHuiLLmed

s=3(12)+6=42
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So, Aftab and his daughter are 42 and 12 years old, respectively.

Verify this answer by checking if it satisfies the conditions of the given problems.

Example 6 : In a shop the cost of 2 pencils and 3 erasers is ¥9 and the cost of 4 pencils and 6
erasers 1s X18. Find the cost of each pencil and each eraser.

Solution : The pair of linear equations formed were:
2x+3y=9 (1)
4x + 6y =18 (2)

We first express the value of x in terms of y from the equation 2x + 3y =9, to get

5 (3)

Now we substitute this value of x in Equation (2), to get

409 —
2O L6, - 18

2
ic. 18— 6y + 6y =18
ic. 18 =18

This statement is true for all values of y. However, we do not get a specific value of y
as a solution. Therefore, we cannot obtain a specific value of x. This situation has arisen
because both the given equations are the same. Therefore, Equations (1) and (2) have
infinitely many solutions. We cannot find a unique cost of a pencil and an eraser, because
there are many common solutions, to the given situation.

Example 7 : Two rails are represented by the equations
x+2y—4=0and 2x +4y — 12 =0. Will the rails cross each other?

Solution : The pair of linear equations formed were:

x+2y—4=0 (1)
2x+4y—-12=0 (2)
We express x in terms of y from Equation (1) to get
x=4-2

Now, we substitute this value of x in Equation (2) to get
24-2y)+4y—-12=0
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eT6eoTG6u SHLILMLI DHMID Si6ueiT &efledr euwig wpewmGw 42 HMID 12 QUBLHISOTTGSLD.

SE0TEHSE0 QETBSHSLILILL BLHSm60SHES @b PLIL|S6T Fifling 2 _eTtengm eeor &iflLmiss.
aBSHIHHTEG 0 : @ SHemLuled 2 ueidlevssT WHMID 3 SPunenseflesr efleweo I9
OMID 4 6wesTdlevseT WHMID 6 JifLunerseflesr efleneo I18 erevfled @@ ELetTH6D
OHID @ SAHPLLTeT eflemeveni SevorBLILQ.

Siral : O&ME&HsUULL sleugsdent Ggme Cmiflw FloetTLIMBES6IT
2x+3y=9 (1)
4x + 6y =18 (2)

2x +3y =9 e1651D FLDGTLIML Q6D G(HHGI X 65T LDSLIEHLI ) 60 EIIMEOMLD.

_9-3y
X=— )
Fwetun® (2)6v x 651 liewu LgHuilLmed
49 -3y)
2
Si60605) 18— 6y +6y=18

+6y=18

18 = 18 et6or [BMD EWLIMEOMLD.

8b% Fabm VeiT 616060 DSLILSEHHGLD 6IDUI DhGLD. 616u1G6) ) && Sieuns 6lbs (b
WSHLIHUUID Fom wPRWIMG. 66rGal X&GD @ SOILILL W&HiemU sam wWRWTS. BHS
&LDE0 63T EIMLLLG| 6I6TDmed BI6tor® FLDTLIMBSHEHD @60T8M. erevr@eu  &wedtun® (1)
HMID (2) && wpigeflleveor SieyseT 2 6iTeredr. eleTGeu GILIETHED MHMID HLOLILIMEITSHEHEHS
R SOIULILL 6fleneoeml SamaplUIngl. e6l6melled OSTBSHSLILLL FHPeISHES 6LITGHIUTE0T
LI6D SiTesH6iT 2_6iTerTen.

TBSHGHTEBT : OBMBSSLILLL SDETUML I Rr6ior® SIuleoss 61F6086Tmeot.
BrewIBLD R6iTemm 6tTM| GO E\SHMETEHLDT?
x+2y—4=0 oy 2x + 4y — 12 =0.

Sial: Os&IEsSsIULL Cxmme Ghfluw FeTUT®s6T.

x+2y-4=0 (1)
2x+4y—-12=0 (2)
gweiun® (Ded x 651 PLemL ) 60 EILIMEDITLD.
x=4-2

BD @UGLNE FWeTun® @ed x 61 Wdlenu LNgHuilLmed
24-2y)+4y-12=0

10 ©pib aupriy 65 BHaohB1D



PAIR oF LINEAR EguaTioNns IN Two VARIABLES

Le., 8—-12=0
1e., —4=0
which is a false statement.

Therefore, the equations do not have a common solution. So, the two rails will not cross each
other.

EXERCISE 3.2

1. Solve the following pair of linear equations by the substitution method.

(i) x+ty=14 (i) s—t=3
xX—y= 4 % + % =6
(iii) 3x—-y=3 (iv) 0.2x + 0.3y =1.3
O9x-3y=9 0.4x +0.5y=2.3
.. 3x Sy
(V) V2x+3y=0 Vi) 5 -5 =2
13
Px- iy =0 EAEa
2. Solve 2x + 3y = 11 and 2x — 4y = — 24 and hence find the value of ‘m’ for which
y=mx+3.
3. Form the pair of linear equations for the following problems and find their solution by
substitution method.
(1) The difference between two numbers is 26 and one number is three times the other.
Find them.

(11) The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them.

(111) The coach of a cricket team buys 7 bats and 6 balls for ¥ 3800. Later, she buys 3 bats
and 5 balls for ¥ 1750. Find the cost of each bat and each ball.

(iv) The taxi charges in a city consist of a fixed charge together with the charge for the
distance covered. For a distance of 10 km, the charge paid is ¥ 105 and for a journey
of 15 km, the charge paid is ¥ 155. What are the fixed charges and the charge per km?
How much does a person have to pay for travelling a distance of 25 km?

(v) Afraction becomes 2 , 1f 2 is added to both the numerator and the denominator. If,
3 1s added to both the numerator and the denominator it becomes % . Find the fraction.
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Sismeug) 8-12=0
—-4=0
88 B SEUDNeTT Famnml.

ereurBeu, b FaMmisE Gngleunes Siey Bevewev. Sp&Ga B Brvu® SBrulevsErpLD
Grds C\STeTeTg).

uuina 3.2
1. oG wenpuied Westeuapd Gezme CrMlw Fwetiun@sefiesr Siey Sewrs.
() x+y=14 (i) s—t=3
x—y=4 §+%= 6
(i) 3x—y=3 (iv) 0.2x + 0.3y = 1.3
O9x-3y=9 0.4x +0.5y=223
. 3x Sy
(V) V2x+3y=0 (vi) 5 -5 =2
13
\/gx—\/gy=0 %Jf%:Z
2. 2x+ 3y =11 womd 2x -4y =—24 &8 Fiss Goeyd y = mx + 360 ‘m’ 651 LDSHLIeWL
&eoo(BLILQ.

3. detreupld senrs@semer Gme Chiflu sweUn@ 6cuigefled 61Wgis. GO Sieublesr

Sieysener LITHTG wpeomulled SHETTELIRSS.

(i) @uevui® erevurserfiett eflsHLINFD 26 GEYD HH6D AT 616101 LDMHENDIT(H 6T6vuTETuT60
ELPEOTM)| DLMRIGS 6T6ufled ibg eTevorgemer gHevorBLlQ.

(i) @uevor® Wews Bl Casmevmisefleo eflul Gsmevord A Camevoigems 6L
18° SPsld elevfled Db CamewrmiseneT sevorBLIlQ.

(iil) @m SM&as. shmn OSTELLT FHETEEDLL SWelhsTs 7 LENLSET DHMID
6 ubglseneT X 3800&@LD LietTenTT 3 LDLEWL&6IT DOHMID 5 LbgisemsT I 17508@LD
GUMTRIBETTITIT. QREUCUMT(H LDL6WL LHMID LbBHedr eflemevemnut SevorBLilQ.

(iv) @ BHI5H0 SHCLT &L L6UTLDNEOIE| BemeOWITEsT SLL6TTSHSIL63T LILETTD 6\FUIUL|LD
asdhe abueyb GFisg eugelssLILGSEng. 108.5 Lwemsdna I 105 wb,
158.15 Lwewradina@ I 155D anr,sﬁlg,g,rreu BP0 @smmg,g L& &SLL6DOTLD 6T6U6U6TTEY?
ngm 18.5 uu_lsom,ggm@ SLL6EUITLD 6T6U6U6TEY? BHEUT 258.L5 LILIWID 6\FUISTed
6T6U6N6ITEY LIGWTLD 61F60I58 Geetor(BLD?

(V) ®@m Veterisdett LGS, 6\&TSS .°3_L66T 2z &m_l{zszsrrra) c%é}gpgj Gayb LGS
LDOMID OSTSHUILET 382 Fal'le6smTed — ébéngj eT6vfl6v c91,r_F,,5 NetTevTseme SevorBLILQ.
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(vi) Five years hence, the age of Jacob will be three times that of his son. Five years ago,
Jacob’s age was seven times that of his son. What are their present ages?

3.3.2 Elimination Method

Now let us consider another method of eliminating (i.e., removing) one variable. This is
sometimes more convenient than the substitution method. Let us see how this method works.

Example 8 : The ratio of incomes of two persons is 9 : 7 and the ratio of their expenditures is
4 : 3. If each of them manages to save I 2000 per month, find their monthly incomes.

Solution : Let us denote the incomes of the two person by ¥ 9x and ¥ 7x and their expenditures
by ¥ 4y and T 3y respectively. Then the equations formed in the situation is given by :

9x — 4y = 2000 (1)
and 7x — 3y = 2000 2)

Step 1 : Multiply Equation (1) by 3 and Equation (2) by 4 to make the coefficients of y equal.
Then we get the equations:

27x — 12y = 6000 3)
28x — 12y = 8000 4)

Step 2 : Subtract Equation (3) from Equation (4) to e/iminate y, because the coefficients of y
are the same. So, we get

(28x — 27x) — (12y — 12y) = 8000 — 6000
ie., x=2000
Step 3 : Substituting this value of x in (1), we get
9(2000) — 4y = 2000
ie., y=4000
So, the solution of the equations is x = 2000, y = 4000. Therefore, the monthly incomes of the
persons are X 18,000 and I 14,000, respectively.

Verification : 18000 : 14000 =9 : 7. Also, the ratio of their expenditures = 18000 — 2000 :
14000 — 2000 = 16000 : 12000 =4 : 3

Remarks :

1. The method used in solving the example above is called the el/imination method,
because we eliminate one variable first, to get a linear equation in one variable.
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(Vi) ®rbgl QUBLMISGEHSS LIDG RMEL g SieuaemLul Lb&evflelr euulded epestm
IDLMIG Sp&LD. R[b5 QUBLMISEHSHES (Pl QNS Qg DeUsIemLW LDS6s\65T
QP60 6I(D LDLMKIG 6T6ufl6d DleuTsEhenL SHELITENSU US| 6T65T60r?

3.3.2 bdBBO ApadM
HID QUOWMpE @ lenw [Hase0 wWPpedpuled &Seriplseneo LMTLGUMD. 95Hui(G
wpempenw 6l g &HeoLIDmeng. SBDApemmuiled ereueunm) Siss60 6T6tTLENS LIMTLIGLITLD.

aBHHIHHTEG 8 : @uevor® BUMSHefeT cupeumil efldgmiseT 9 : 7 GLaD Sisuseriledr
615606 eflBamIgsT 4 : 3 eubeuMHeNBLD NESSENES I 2000 GaiadnmigeT eeofled Heurserfleor
DTS 6U(HLDTEWUIS S6vorBLIlQ.

Sita) : @revoi® mUITSeledr euBeumenw I 9x HMID T 7x eT6ediMID \FevaysHens T 4) DHMILD
3 3y etedimid @SMILIGUIND. @b &LPeuIS&ITenT FLDesTLIN(,

9x — 4y = 2000 (1)

Tx — 3y = 2000 (2)

uip 1 : swetun® (g2 39460, FDETUTBE)R 4460 OIHSHS ) 65T 618(LDHSHENET FLDEITLIBSHSIS.
SUeWUMips| B UMD FL6STLIN(,

27x — 12y = 6000 3)
28x — 12y = 8000 4)

up 2 : swetun® @) Fweiun®G (@ Qmba HOS5H Vv BEGs. aelereied )y eir
6\&(D&HS&6T FLDID. 616uTG6),

(28x —27x) — (12y — 12y) = 8000 — 6000
x=2000
uip 3 : (v x 61 wHewL NgHuIG.
9(2000) — 4y = 2000
¥ =4000
ereur@eu, x = 2000, y = 4000 eretTLIg] SbS FLOCTTLIMLIQEN STesH6T G LD. eleoTGeu BLITS6rlesr
g eusLomentd X 18,000 wpmib I 14,000 Sp@Lb.

gmiumibseo : 18000 : 14000 =9 : 7,
e\gevayserflest efldgmser = 18000 — 2000 : 14000 — 2000 = 16000 : 12000 =4 : 3

Sy :

1. GmasevorL a@gg&&nugsu [BMD LIW6ETLBGSSW (pedn [HHHE0 (PN Sh@LD. 6TesTGe
Goiflw FLD6dTLIMIged 6¢H LomMlemt (Lp&Hedled BedGeuiD.
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In the example above, we eliminated y. We could also have eliminated x. Try doing it that
way.

2. You could also have used the substitution, or graphical method, to solve this problem. Try
doing so, and see which method is more convenient.

Let us now note down these steps in the elimination method :
Step 1 : First multiply both the equations by some suitable non-zero constants to make the
coefficients of one variable (either x or y) numerically equal.

Step 2 : Then add or subtract one equation from the other so that one variable gets eliminated.
If you get an equation in one variable, go to Step 3.

If in Step 2, we obtain a true statement involving no variable, then the original pair of
equations has infinitely many solutions.

If in Step 2, we obtain a false statement involving no variable, then the original pair of
equations has no solution, i.e., it is inconsistent.

Step 3 : Solve the equation in one variable (x or y) so obtained to get its value.

Step 4 : Substitute this value of x (or y) in either of the original equations to get the value of the
other variable.

Now to illustrate it, we shall solve few more examples.

Example 9 : Use elimination method to find all possible solutions of the following pair of
linear equations :

2x +3y =18 (D
4x+6y="7 2)
Solution :

Step 1 : Multiply Equation (1) by 2 and Equation (2) by 1 to make the
coefficients of x equal. Then we get the equations as :

4x +6y =16 (3)
4x+6y="7 4)
Step 2 : Subtracting Equation (4) from Equation (3),
(4x —4x) + (6y —6y) =16 -7
lLe., 0 = 9, which is a false statement.
Therefore, the pair of equations has no solution.

Example 10 : The sum of a two-digit number and the number obtained by reversing the digits is
66. If the digits of the number differ by 2, find the number. How many such numbers are there?
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GhH&6eTL TBSSHIHSHLIQED BT ) & HaHSEG6MD. X & BHSUD Sews 1FUILISONLD. LPWLIETM
L.
2. Guoayb NTHUILG W OHMID euedILL wWennuisyd Shs SHeneHh& Siey Sevr.
PWTM)| UMMSS 61bS (LPeWM eTerflemwinens sam).
BID @UGUNE B&&sed wpemmulest Lig Beweogenem LIMTLIGLITLD.
uip 1 : gsmeug @@m WLMUle (x Si6060s) V) OGWESET & SpGSWD LI Lpeflibhb
WPWeuTed QUetti(® FLOETLIMBHENSTULD CILITHSESS.
uip 2 : @ wileow BeEGashens salLCor (3) sss5Com asuls. SUGUNS HID @
LDMNJEMUI 6)SHMETOTL  FLDETTLIM6ML. WI(HG6uMD. LI 3&@& 61F60.
Lilp 260 LDMII&ET SHDHD EIDUI FadennD OILDDTEd b Cxme Coifl FLETUTBESEHSHES
@pligeflebeort eTevoTeTOTOMD SiT6yH6IT 2_6T0T(B.
Lilg 260 LDMMISHET HDD EWDUIWLIDD Sabm) eesfled Hbs Geme Gl FLOETUTBESEHSHES
Sy Revemed. Dlemeu oo G FLDEITLINBESS6IT.
LR 3 : H LDMMeMIL (X 160608 ') E\HITEWIL FIDEITLITLEML STSg NHH60T LDSLienL! SetorBLlQ.
uip 4 : b PLenL x (Di6d6og) 1) (PSHedled 2 6iterm FlpedTLIMIed LATHUILB  Lompiserfledt
DSLIEWLI  6ILIMEOMLD.
8UGung Goayd oo 2 FHIFerTmhiGemaT LIMTLIGUILD.
aBSHHIHHTLEG 9 : BHH60 Wpedmenwl LIWeTLGSS Netteupd Gzeme Goiflw FLoetTUML MG
EILIMIHGSLDMET ST6YSH6M6IT SH6voTBLILQ.
2x +3y =28 (D
4x+6y="7 2)
B :
uip 1 : soeiun® (g2 29460 FWwetTLUNB B2 19460 OILHEHS X 651 61BN FLDEITLIBSS)S.
SUGug) HID QUMD SL6STLIN(,
4x + 6y =16 (3)
4x +6y =7 4)
uip 2 : setun® @ Qmbg FweTtun®G (@ s
(4x —4x) + (6y —6y) =167
0=9. 85 seupnes Fambmi.
ereur@eu, @rhg Geme Gmifl FDTLTBHEHHE STeysH6T S6d66D.

a®BHHIHHTG 10 : @ miflevss erevor GDEYLD SluDNfleir BeoSEHMISHEmeT LMD HEWLDLILISTED
ahu@D yHw eretor SpBweunileit Fal(BS56\SMens: 66. Qevssmseaflett eflgHwunsd 2
eTevfled Db eletoTemenors: HevorBLIY. BHCLITEID 6TETTTH6IT 615560607 SYHSHGSLD?
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Solution : Let the ten’s and the unit’s digits in the first number be x and y, respectively. So, the
first number may be written as 10x + y in the expanded form (for example,
56 =10(5) + 6).

When the digits are reversed, x becomes the unit’s digit and y becomes the ten’s digit. This
number, in the expanded notation is 10y + x (for example, when 56 is reversed, we get 65 =
10(6) + 5).

According to the given condition.
(10x +y) + (10y + x) = 66

ie., 11(x +y)= 66

1.e., xX+ty=6 (D)
We are also given that the digits differ by 2, therefore,

either xX—y=2 (2)
or y—x=2 3)

If x —y =2, then solving (1) and (2) by elimination, we get x =4 and y = 2.
In this case, we get the number 42.
If y —x =2, then solving (1) and (3) by elimination, we getx =2 and y=4.
In this case, we get the number 24.
Thus, there are two such numbers 42 and 24.
Verification : Here 42 + 24 =66and 4 —2=2. Also 24 +42 =66 and 4 —2 = 2.
EXERCISE 3.3

1. Solve the following pair of linear equations by the elimination method and the substitution
method :

(1) x+y=5and 2x-3y=4 (i1)) 3x+4y=10 and 2x -2y =2

(ii)) 3x—5y~4=0 and 9x=2y+7(iv) 3+L--landx-2-3

2. Form the pair of linear equations in the following problems, and find their solutions
(if they exist) by the elimination method :

(1) Ifweadd 1 to the numerator and subtract 1 from the denominator, a fraction reduces to

1. It becomes % if we only add 1 to the denominator. What is the fraction?

(11) Five years ago, Nuri was thrice as old as Sonu. Ten years later, Nuri will be twice as
old as Sonu. How old are Nuri and Sonu?

(111) The sum of the digits of a two-digit number is 9. Also, nine times this number is twice
the number obtained by reversing the order of the digits. Find the number.
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Siial: USSTD eV&H&D MHMID RETDHMD Bev&&s5H60 X HMID Y& Wgdul@ 10x +y
ettt efifleurrenr euigefled eTWGHISH. (2_meworong 56 = 10(5) + 6).

B0SSMHIGHEN6T LDMDHIYI6UTITED, QETMNLD BE0&HSHHHED X D LISSTD 6055560 ) LD 6)(HLD.
OB ersvvrevviiest efifleurrent auigaud 10y + X (2_SMTEwILDTE 56 65T BE0SHEMISHENET LDMDJEBTTE0
65 =10(6) +5).

Q&BMBSSILLL BLbSHenetTs6reoT Lig,
(10x +y) + (10y + x) = 66

11(x + y) = 66
xty=6 (D)

Bevsamseaflen eflsHunsd 2 eresfleo,
x—y=2 2)
Oleveog Y —x =2 3)

x—y=2 eensgesnen® () @6 BoHsed wWemmulled Sissmeo, x =4 HmID Y =2 66wt
SWLEGD. BHS (WPewDuled [HMD EWIEhHLD etevor 42.
y—x=2 eensaisneni® N @ Has6d wempuied Sigsmeox =2 whmib y=4 ereor
SWLEGD. GLDpenpuied HMD EMILD eT6v0r 24.
8hiG Bb&EE 42 OHMID 24 BUeoi® 6T6MIS6T Sl &HH6ITMEDT.
Frilumisme : @i 42 + 24 = 66 wmIb 42 = 2. @sueunGm, 24 +42 = 66 wibmub 4 —2 =2.
uuina 3.3
1. Wetreud Gzme Crilw FwetLTESHemeT ATHUIG WewD OHMID HESHED LPpeMHUTED
Siaa
(1) x+y=35 womb 2x — 3y =4(ii) 3x + 4y = 10 wHmId 2x — 2y =2

(ifi) 3x— 5y 4=0 wpgib =2y +7 (V) 3+ lopppx L3

2. Vesteu(BD SHewraGaHener G Coiflu FD6TLTE 6ulgefled 61(p&I%. GLYID SeuDBINS

B&&60 (pewpuied Sitey snewrs. (Siey SmHSTe)

(1) & NetTetieSetT OWHTSHLLET 122 Falle LgHuTeo mbgl 122 Sh5STe0 HHS LT6di6orD
1 Opng). LGSUILeT 122 LDI(BLD m.wrrsu%éj,é}g)gj e160fl60 bS5 LN6DT6DID 6187

(i1) e&bg eUmHLMmSEHRSS w6t Buyflev Csmepieflett auwideo 3 DLMIG SHHSTEO.
USs eUBLMEISEHSS LG Bupflev Conepefledt euwdeo 2 DLMIG SbSBmmes
etevfled HHBUNG Bupiflev HMID ComepiefetT euwig) eresteor?

(iii) e miflevss ereoremilett Pevsamiseflen FaBsHe0 O. GLAID G BEOHSMIGHENET
MO @T6IH LDLMBISTESETE0 NG| Db 6l6wTernlleds 6ITLS DLRISNE &FLDLD
eT6ufled Abs erevuTemeror SHevorBLILQ.
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(iv) Meena went to a bank to withdraw ¥ 2000. She asked the cashier to give her
T 50 and T 100 notes only. Meena got 25 notes in all. Find how many notes of
T 50 and X 100 she received.

(v) A lendinglibrary has a fixed charge for the first three days and an additional charge
for each day thereafter. Saritha paid I 27 for a book kept for seven days, while Susy
paid X 21 for the book she kept for five days. Find the fixed charge and the charge for
each extra day.

3.4 Summary
In this chapter, you have studied the following points:
1. A pair of linear equations in two variables can be represented, and solved, by the:

(1) graphical method

(i1) algebraic method
2. Graphical Method :

The graph of a pair of linear equations in two variables is represented by two lines.

(1) If the lines intersect at a point, then that point gives the unique solution of the two
equations. In this case, the pair of equations is consistent.

(11) Ifthe lines coincide, then there are infinitely many solutions — each point on the
line being a solution. In this case, the pair of equations is dependent (consistent).
(iii) If'the lines are parallel, then the pair of equations has no solution. In this case, the
pair of equations is inconsistent.
3. Algebraic Methods : We have discussed the following methods for finding the solution(s)
of a pair of linear equations :
(1) Substitution Method
(i1) Elimination Method
4. If a pair of linear equations is givenby a x + by +¢, =0 and ax + by + ¢, =0, then the
following situations can arise :

(i) = I;—l : In this case, the pair of linear equations is consistent.
a I

a b c i . . . .. .
a—‘ & b_l # c—l : In this case, the pair of linear equations is inconsistent.
2 2 2

(i1)
(iii) &= I[j—l =L : In this case, the pair of linear equations is dependent and consistent.
a h &

5. There are several situations which can be mathematically represented by two equations
that are not linear to start with. But we alter them so that they are reduced to a pair of
linear equations.
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(iv) Beorm euuduied @mbg I 2000 Oup  efgpbLNeorms.  DieuelT smFmemfiLd I 50
womib I 100 CrM-G&6T WLGEL OSTBRSHSWLMN GHLLN6T. 56 GIISsHD 25
G Gaemer eWbITET etefled Sideo T 50 G Gaseir, X 100 GBI B&6I GTES6m6nT?
(V) 8G YsDOUDD BIssSo LSE658DEG WPseo wpsiiml BIL&EHHS GDbs
LULE SLLEWIAPD DiSMHS Ged SpGLD E)ITL&:@B&S@ g;svﬂu_lrr&,emm &L_L600TLD
age0&sLLGaNg. sFflsm I 27 OFNSE BB qggaag;smg, g [BLS6T

weUSEBHSTT. &8 I 2] OEQIES VG LUSSHSMS BbGI BIL&6T DOUSSBHSTE
6160160 @GDD,I‘I)'I'_F,'Q')IJL& SHLL6DITLD 6T6)6)6ITE)? IBIT6IT @asrgu&,@ SHLLEUUTLD 6T6)EUEITE)?

3.4 BmMb sHMenal
85 sFumusHe LetTaupaussTeuhenn SHEMITLD.
1. @m Gmme Cmiflw FweTLMenL 6TW&IFHE0 GLDeYILD
(1) euewguUL pe®M
(i) Subsenis wemmuied Sitey Smevore.
2. eu6MILIL (LPE®MD:
Qe MMSeT Esmevor Gl Ggme FDETLTBSHET 6cuewIULLD Quevor® Gt
BaMB&H6MTed GMISSHLILIGSDE.
(1) @uewor® CHIGsHTGHET @G LeTaflufed Qeaullp Q&TeILId JHeuhMne 6T &
ey LBGL SHEHSLD. BeUUMDTEN FDGILITBSHET SEnShS FLDETLTBEH6IT ShGSLD.
(i) Quevor® CrIEaTGESHET @etT)6iNbg @etim Qetinilesmed HeuHMh& (pigeflsdeor
SeyseT @H&HGLD. SeUCUTDITEN FLDSTLITBSHEM6NT FTTHEmeD FLDESTLIT(BE6IT 6T6OTLIT.
(iii) Spevor® CHTCHNBSHET BeWevor 6T6vfled AHUDMIDS ST SIHHHNGI. SeUCUTDITEOT
FLDGOTLIM(BSHET 66U6UIT FLDETLINBSHET 6T6uTLILIBLD.
3. @usenils wemm: Crfl Ggme FeTLINGS6M6T SieysHener MHTLD
(1) NouI@ wemm
(ii) B&&ed wWemmuieyd smevoTeOILD.
4. ax+by+c =0Cwau ax+by+c, =0 SpBweney O&TESHSULLL Coiflu Gegmg
FL6TLINBSET eT6vfled AHeuHMIHBHLBW 2 6o CVHMLITL
(1) 4,0 grenfied Gz Grifll FETLTGSH6T BENEHS FLOCTUTHSH6T ShGSLD.

a, |

.. b,
(11) Z—l b ¢2— etevfled Gzame Coifl FLETLMBES6IT 6eueuT FLDTLITBSEHET SbGLD.
2 2

(111) i=II))—1=C—1 etevfled Gzame Gl FeTLINBS:6T FMTHemEDd FLDETLTBSH6T ShGSLD.
a h O
5. Dt EuLDH6E0S @5@@4&603611 FLDEBTLIMLITE erq.pgij@_lrrgj Sieweu Ghifl FDeLINBSETTS
BHLILIS606m60. c%surrrs\) gifwnest L pBuiGseflesr epeod  Semeusemer Cgame Grorflu
FLDESTINBSENTE LDMDN  (LPLRUILD.
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QUADRATICEQUATIONS 4

4.1 Introduction

In Chapter 2, you have studied different types of polynomials. One type was the quadratic
polynomial of the form ax? + bx + ¢, a # 0. When we equate this polynomial to zero, we get a
quadratic equation. Quadratic equations come up when we deal with many real-life situations.

For instance, suppose a charity trust decides to build
a prayer hall having a carpet area of 300 square
metres with its length one metre more than twice
its breadth. What should be the length and breadth
of the hall? Suppose the breadth of the hall is x 2x+1
metres. Then, its length should be (2x + 1) metres.

x 300 m?

We can depict this information pictorially as shown Fig. 4.1
inFig. 4.1.

Now, area of the hall = (2x + 1). x m* = (2x* + x) m?

So, 2x2+x =300 (Given)

Therefore, 2x*+x—-300=0

So, the breadth of the hall should satisfy the equation 2x* +x— 300 =0 which is a quadratic
equation.

Many people believe that Babylonians were the first to solve quadratic equations. For
instance, they knew how to find two positive numbers with a given positive sum and a given
positive product, and this problem is equivalent to solving a quadratic equation of the form
x?—px + q=0. Greek mathematician Euclid developed a geometrical approach for finding out
lengths which, in our present day terminology, are solutions of quadratic equations. Solving of
quadratic equations, in general form, is often credited to ancient Indian mathematicians. In fact,
Brahmagupta (C.E.598-665) gave an explicit formula to solve a quadratic equation of the form
ax’* +bx = c. Later,
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L3L4L1

SHLIR FLDATUTBHEIT 4

4.1 o1mapsib

ANSHWMUD 260 LOGEUN) EUEMSWITEN LIOYMILILIS CoHmemeusemears LDM  [Braiseit
Lpsgieefiiser. @dHeo ax’ + bx + ¢, a # 0 66U @M CUEDSWINEST GIBHLIQ LISOSYMILILIS
Gamemaun@d. @bd LeoyMILIL&ECHETme LpReISSHS
FSTUGSHSHIDEUNG BAD R SHUIREF FLDETLIMLEDL
OUMIBCOLD. LID HETDL QUMLDENS &5LDIBeme0s6meIT [HITLD
O&SWTEHLLEUTEH GHUR SFLTUTLOL &FHPH&HS X 300 m*
GBSO, IBSHIGHM LTS (H CVHTTIB HDEHSLLEW6IT
300 &gy UL LILILIeTeneus C1&TevoTL &(h LINTES6mn6ur
FLGMG SLL Wphe] OFWUBDE. igen [Herwd,
SiG05MBEAL @(HLMKIG HBHNGLD. FalsHeir Herb uLb 4.1
LOMID DHHEVLD 6l6tTevIoNTS RHSHSH Gouettr(BD? @ Couemem FaLSHeT DIGH6vLD X LBLLT
erevfled Digett Hembd (2x + 1) B LINS: BbHs Geustor®BD. LLLD 4.160 Smllpuieumm Sbs
S5&H6UWED [HTD LILLDNG &5 sIfleseomiD.

Suewnwsg), FaLrsdeor upliueme] =(2x + 1). x 15 = (2x* + x) 15?

2x+1

OHEDSHWLITED, 2x* +x =300 (OBMB&SLILLL6n6Y)
66016, 2x2+x-300=0

a1601G6) Fal Sfiett DHgeoLD 2x” +x—300 =0 eT65TD SYHLIQ FLDESILIM WL HHLIL KB5S CouevorBLD.

S HLIQSFLDETTLIMLIQDSTE SiT6ysH6em6rT (LpSH6edled SevorLmimseuriaet LimAGeomevflwiiast —eteor
BOLULILGSDE.  BSSHSSTLIS SMTR&HSULLL Wehs Fal BSH615Tens LDHMID  Lens
OLI(BHGSESTENSHSHGD BTWIB LS6ns: eT6toaHemeT eTeueumn) S60orGLIIQLILISI 6T60TM)| eUTS:6IT
6fibg emeausHmHSeT OHNID BB LNTFsemen x> —px + g =0 eugefledo 2 eTem EpLiQ
FLDGSTLIM 6L SILFNG &FLOD. SCI6s SH60flaGoens updeafl Bermisener sevormiul culgeiluisd
WS WPemDEDW!  GIDLIGSSeuIT. HIDG RetTemml  C\EMH&SeTERAWSH6D  Hemhigenen
SILMSHEO, SapLIgF sFeTLTGaHeflelr Seyser, QLS FeTUTBSHMeT STLILIS),
Qg eugefled 2 eiTem GHLIQSFIDETLINIQEN SiTenel STSID (PePDenUl S6tTBLIESS CILKIHEMLD
LetenLW @bl SHenllsGoensaeneT FIHD. 2 ewrenbuied LATDLGLST (8.wp.598-665)
ax’> +bx =c etedi eulgefled 2 6iTeT @IHLIQEF FIDETUM DL SHTHGSD HEHSTHENS 2 (HEUTHS
QHTBSSTT. NSNS,
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Sridharacharya (C.E. 1025) derived a formula, now known as the quadratic formula, (as quoted
by Bhaskara II) for solving a quadratic equation by the method of completing the square. An
Arab mathematician Al-Khwarizmi (about C.E. 800) also studied quadratic equations of different
types. Abraham bar Hiyya Ha-Nasi, in his book
‘Liber embadorum’ published in Europe in C.E. 1145 gave complete solutions of different
quadratic equations.

In this chapter, you will study quadratic equations, and various ways of finding their roots.
You will also see some applications of quadratic equations in daily life situations.

4.2 Quadratic Equations

A quadratic equation in the variable x is an equation of the form ax?>+ bx +c¢=0, where a, b, care
real numbers, a # 0. For example, 2x* +x —300 =0 is a quadratic equation. Similarly, 2x*—3x +
1=0,4x—-3x*+2=0and 1 —x*+300 =0 are also quadratic equations.

In fact, any equation of the form p(x) = 0, where p(x) 1s a polynomial of degree 2, is a
quadratic equation. But when we write the terms of p(x) in descending order of their degrees,
then we get the standard form of the equation. That is, ax* + bx + ¢ =0, a # 0 is called the
standard form of a quadratic equation.

Quadratic equations arise in several situations in the world around us and in different fields
of mathematics. Let us consider a few examples.

Example 1 : Represent the following situations mathematically:

(1) John and Jivanti together have 45 marbles. Both of them lost 5 marbles each, and the product
of the number of marbles they now have is 124. We would like to find out how many
marbles they had to start with.

(i1) A cottage industry produces a certain number of toys in a day. The cost of production of
each toy (in rupees) was found to be 55 minus the number of toys produced in a day. On a
particular day, the total cost of production was
% 750. We would like to find out the number of toys produced on that day.

Solution :
(1) Let the number of marbles John had be x.
Then the number of marbles Jivanti had =45 —x (Why?).
The number of marbles left with John, when he lost 5 marbles =x —5
The number of marbles left with Jivanti, when she lost 5 marbles =45 —-x -5

=40 —-x
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eﬂrﬂg,;rrr&&rrrﬂu_ln (C.E. 1025) eretrueur e &\r,g,ﬁ[rg,smg, auHeflS ST, &51(8611 (umetvasgm 11
Ope0  TBSSHMTSHSGLILILL) 6UITES @@mwu_lrraaaaa) WPEOMUNEL @HLIQE FLDESTLIML IQEMEBTS
Sa@D &SSIDONs SMBLUMS SUGLTE HID AHMNSCOMD. HCIIW BTG sHenflls Gens
Speo-saumflizdsl (apgsmp &.ap. 800) ueoGam) euemswITen @IHLIEE FLDETLMBEHENENTL
ubny HNNBHGHSTT. SHUTSID UTT enMiwm H-Brdl Seil el [HITEOTEdT EWEOLIIT
enbLGLIGImD (Liber embadorum)’ ee@umiLimefleo &.¢p. 143560 QeusfuiiBLd CuIng) 6eueuGeum)
SHLIREF FIDSTLITBHEBHSHHTEN ST6UHENOT (LPIDPEOLDIINE C\STBSHSHHSIT.

,@LF,Q SNGSWNSH0 QHLIREF FLDGTLTBHSHEm6I ugpgﬂum Sleummedr ,snsuasmm
STEVTLISDSTEOT LIGIM)] (LPemMEENT LMD  LIQEHESEOMLD. CBLDg;JLD SISO QUMLDEENS
&PVl @(HLIQE FLDETTLIMLIQES LIWLESTLITBS&H6T Seveuhenm  LITT&E:E0MLD.

4.2 S®muUpF FIDSTUTGHET

X & IWNSs 6\&TetIL @ @BUIQE F6TUN® 616diD Fetun® ax’ + bx +c =0 eugefled

Bmas&D @G a, b, ¢ Qe wetnssT, G a = 0. a@EsgBST LIS 2x* +x —300 =0

eT6tTLE (H QHUIREFFIDSTILTG Sp@&LD. Qeweun@m  2x* —3x + 1 =0, 4x — 3x* + 2 = 0 bHMILD

1 —x*+ 300 =0 Gunestmemeuuwld SpLIE FDETLUTBHEET DbGLD.
p(x)=0 et6tTL5) LIQ 282 Q\&M6ToTL (@ LisoaamiLiLig: Caitemex erevfled p(x)=0 eugeusdeieiern

c916m66r§,gj FSTLTBSEHLD S(HLIeEF STLTB Sp&SWD. Dheommed  p(x) Camemeuudeyeitern

2_MILIL|SeneT Sieubnsledt &Gagammu Qurrg;_r;gu Somie euflenguiled erwpdeormed g

S(mLRs &Loszrrurn_Lgsur 6OILNgl eugalD SpGLD. AAgmeug ax® + bx + ¢ =0, a # 0 eredrug)

SBUIRF FIDHTUTLIPST AUTHIQNPAILD 6160TM)] HeWLP&SLILIGSMDS).

BmUIgE  FLETUMBSET [HO6MDE  &hMluleTemr 2 eoded LeGaIm) &GLpBemevserfleyid
se0ullgsdett OeueuGaim) Siennaeflegid CHTemMIBeTDerT. QM Fled TBSHSISHHTBHEDET SHSDH6E0
6\&MeTGauLD.
aBHHGBHTEG 1 @ 196iTeumD GHDBenesmeT s6wfls eugsfled GMILILILeD.

(i) e=nmetr wOHMID gheuesisds Qmeuflpd Coigs 45 CammedlssT 2 eTenen. SHeUBL 5
Gamedlmemer  O\HTemevS e LeTT. @UCUNEH BepeuflLd 2 eter  C&medlserfleir
eTevuTennllGHemE:S6TetT HILBSSDLIEET 124. SMHeUfLAPD OSTLESSDE0 c1556mesr CaTedls6iT
BHHIHHGSID ETOTLIENS SHeTTLul LpuIedBeurLD.

(i) @m Glmss Ml e HIEHD @M GUILLALL  eeorenilsansuieomso
EUCIUM(H EILIMLDEMLDEHEMET SWIMT OFUIEUTTSH6T. g merfled SwimilsslurL eeuasun
eunbenuler eflemeowineng 55 eGBHE SwrilssuurlL  QUMDenLD&erfl e
eTenTenll&EemSmW  SHLULUSNGS &WLW. AiBs SHuirL mrefleo  swmflssiurL
GWIMbemLD&6rfl6tT 6T6tTEt0lSH6mE SHeTorLilul (LpuIeOEeUMLD.

Hirey :

(1) emevflLib 2 emer Ganedlaerfletr erevorevollhens x 6165T5.

LeuetTHuiLd 2 eter Gamedlaerflesr etevorevoflsema =45 — x (er6d17?).

5 Ganedlsmenst O\FMemenss LING neeflLid 2 eitenr Gamedla:eafletr ersvorevvflgema =x — 5

5 Ganedlememst 615Memevss LInG deuetiBuiLid 2 eiter Gamedlgerlesr erevorevoflsemas

=45-x-5
=40 —-x
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Therefore, their product = (x—5)(40—x)
= 40x — x* — 200 + 5x
= — x>+ 45x - 200
So, —x* +45x — 200 = 124 (Given that product = 124)

Le,—x>+45x-324=0
e, x*—45x+324=0
Therefore, the number of marbles John had, satisfies the quadratic equation
xX*—45x+324=0
which is the required representation of the problem mathematically.
(i1) Let the number of toys produced on that day be x.
Therefore, the cost of production (in rupees) of each toy that day = 55 — x
So, the total cost of production (in rupees) that day =x (55 —x)

Therefore, x (55-x)=1750
ie., 55x — x> =750
ie., —x*+55x-750=0
ie., x*—55x+750 =0

Therefore, the number of toys produced that day satisfies the quadratic equation
xX*=55x+750=0

which is the required representation of the problem mathematically.
Example 2 : Check whether the following are quadratic equations:
(1) x=2y +1=2x-3 () x(x+1H+8=x+2)(x—2)
(i) x 2x +3)=x>+1 (iv) (x+2y=x*-4
Solution *
(i) LHS=(x-2)+1=x’-4x+4+1=x>—4x+5

Therefore, (x — 2)*+1 = 2x — 3 can be rewritten as
X*—4x+5=2x-3
ie., xX*—6x+8=0
It is of the form ax* + bx + ¢ = 0.
Therefore, the given equation is a quadratic equation.
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OpemBWITed, Geummledt ELiBSBMLeV6T = (X —5) (40 — X)
= 40x — x> — 200 + 5x
= — x>+ 45x -200
eteoGeu, — x> +45x — 200 = 124
Signeug), — x* +45x - 324 = 0
Signeugl, x*—45x+324= 0
SpemsLITed grevflLd 2 eiterr Gamedlgerflett ersvuretviismaemit Bbs S(HLIS FLOETLTH
SBLELEEEIEHTDG).
x> —45x+324=0
b5 HIHms STLULSHSHTE SHefls algaid BHG6a SpGLD.
(i1) @m mrefleo swflssiurL QuMbenseaflelr electmenilsEens x e6is.
SpEMSIWTEL, AbBS Hefled FumflasiiurL eeuaeump eLMbsmbudesr eflenev (epLmuileo)
=55—x
eTe0T@eu, ABG mefled SwnlEsUuULL eLmbenbgeflesr 61bngg eflewed (epUMmuiled) = x
(55 —x)
OHEMESILITED, x (55—-x)=1750
55x —x*>=1750
—x>+55x-750=0
x> —55x+750=10
SpemBWLITeD, AHbs GSMILLIL mrefled swmlssiiurL aumbsnibgeflesr eretremnilenaenul
855 SmUes FweTLN® SHLUSLGSHISDEI.
xX*—=55x+750=0
b5 HeuHms STLULGHSTE &Hewnfls augaid BHG6 SpGLD.
ABSHHIHBILEG 2 : 1N6ST6UHD FDSTUNBSH6T SBLIRE FLDTLITBSHETT 6160T CFndsHsaLD.
() (x—2)+1=2x-3 ) x(x+ 1) +8=(x+2)(x—-2)
(i) x 2x+3)=x*+1 iv) (x +2)y=x*-4
Sitay :
(1) LHS=(x-2y+1=x*-4x+4+1=x>—4x+5
Obewa&WITeD, (x —2)*+1=2x—3
x*—4x +5=2x—3 el6IMILD 6TLDSHEVILD.
xX*—6x+8=0
@ ax’* +bx +c=0 eteqd euigefled 2 eiTeng.
Op5C6y, OHMBESHSILLL FDTUTG QB DIHLIQF FDTUTE Sh@SLD.
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(i) Sincex(x+1)+8=x*+x+8and (x +2)(x—2)=x*—4

Therefore, xX*+x+8=x*-4

Le., x+12=0

It is not of the form ax* + bx + ¢ =0.

Therefore, the given equation is not a quadratic equation.
(iii) Here, LHS=x (2x +3) = 2x* + 3x

So, x (2x +3) = x>+ 1 can be rewritten as

23 +3x=x"+1

Therefore, we getx?> + 3x — 1 =0

It is of the form ax? + bx + ¢ = 0.

So, the given equation is a quadratic equation.

(iv) Here, LHS=(x+2)y’=x>+6x*+ 12x + 8
Therefore, (x + 2)> = x* =4 can be rewritten as
XroexP+12x+8=x'-4
ie., 6>+ 12x+12=0 or, xX*+2x+2=0

It is of the form ax? + bx + ¢ =0.
So, the given equation is a quadratic equation.

Remark : Be careful! In (i1) above, the given equation appears to be a quadratic equation, but it

is not a quadratic equation.

In (iv) above, the given equation appears to be a cubic equation (an equation of degree 3)
and not a quadratic equation. But it turns out to be a quadratic equation. As you can see, often we

need to simplify the given equation before deciding whether it is quadratic or not.

EXERCISE 4.1
1. Check whether the following are quadratic equations :
(1) (xt1)y=2(x-23) (i) x¥*-2x=(-2)3-x)
(i) x=2)x+H)=x-DH(x+3) (@{Gv) (x—=3)2x+1)=x(x +5)
V) 2x—-Dx-3)=(x+5x-1) (vi) x¥*+3x+1=(x-2)>
(vil) (x+2)=2x(x*-1) (vil)) ¥} —4x* —x + 1 = (x - 2)°

2. Represent the following situations in the form of quadratic equations :

(i) The area of a rectangular plot is 528 m?. The length of the plot (in metres) is one

more than twice its breadth. We need to find the length and breadth of the plot.
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(i1) x(x + 1)+ 8 =x*+x+ 8 oHmIb (x +2)(x —2) =x>—4
OHEDSHILIITED X*+x+8=x*-4
x+12=0
8l ax’ + bx+c=0 eleniD euigeled Ge06WED.
Op5C6u, OFMHSSBLILLL F6TUT® QIHUIQE FLDETUNEB H66V.
(ii1) i, LHS=x (2x +3)=2x*+ 3x
x(2x +3)=x*+1 etev1 61(SHEOMLD.
2+ 3x=x*+1
OHEMSHUITED X+3x-1=0
88 ax’+bx+c=0 ereyd eulgefled 2 6iTONTE).
Op5C86u OFBMBSHBLILILL FL6TUNB §0h SIBLIREF FDTUNB DbhGLD.
(iv) 8ms, LHS=(x+2)=x*+6x>+ 12x+ 8
OHEDSLITED, (x+2)y=x’-4 eev1 e1DSH6OMLD.
X*t+ox’+12x+8=x-4
6>+ 12x+12=0 or, x*+2x+2=0
88l ax’ +bx +c=0 ereyd eulgefled 2_eiToNg).
D586y, O\HMBSHSILLL FDTUTG R(H IHLIF FD6TLUTE ShE&LD.
@i : seuewTbns @b! CLEY6ITET IBSSISHHMLIged (i1) 6ug) FO6TUNE LUTTLULSHES SIHLIeS
getUn® Gumed QS Speormed Sig SHLIS FDETLUTH DH606v.
(iv) eug) FedTUNG (WpLILIe FD6TLIN®G Gumed CHTETNEOTTEYID g S(HLIeE FLDTLITEL
SOp&ID. Sp5C86N @IH FDETUNH Q(HLIQEF FLDETLIMLI? GEVEMEOWIT 61637 (LPIee) S\FUIOISNS
WP6IT WG &i(H&HS CeuetT(BLD.

uuima 4.1
1. etr6u@HLD FOETUNBSHET Q(HLIQEF FLDETLTBSH6NT 61607 CFNPHSHHLD.
(1) x+1)=2(x-3) (1) X* = 2x=(-2) 3 —x)
(iii) (x=2)x + 1)=(x— D(x + 3)([iv) (x — 3)(2x +1) = x(x + 5)
V) Cx—1)(x—3)=(x+5)(x— 1)(vi) X+3x+1=x-2)
(vil) (x+2)=2x (x*—1) (viti) ¥* —4x* —x+ 1=(x—-2)°
2. Yetreupld GLpiBemevsemer @pLIRE FDTLUMTE 6ulgefled GSMILLIGS.

(i) @ 6\F6ueus auga eneutuilest LTLiLeTey 52815° Sigetr Hard (BrLifled) Siseos5ms
Gumeo @UettT® LDLMIG SHLIQEYID R6TTM HBHID eTesfled AHbg Lpemevstudedt Her,
ODBHEOMBIGHENET HEooT(BLNREHS Geuevor(BLD.
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(i1) The product of two consecutive positive integers is 306. We need to find the
integers.

(i11) Rohan’s mother is 26 years older than him. The product of their ages (in years)
3 years from now will be 360. We would like to find Rohan’s present age.

(iv) A train travels a distance of 480 km at a uniform speed. If the speed had been
8 km/h less, then it would have taken 3 hours more to cover the same distance. We
need to find the speed of the train.

4.3 Solution of a Quadratic Equation by Factorisation

Consider the quadratic equation 2x* — 3x + 1 = 0. If we replace x by 1 on the
LHS of this equation, we get (2 x 1) — (3 x 1) + 1 =0 = RHS of the equation.
We say that 1 is a root of the quadratic equation 2x*> — 3x + 1 = 0. This also means that 1 is a zero
of the quadratic polynomial 2x* — 3x + 1.

In general, a real number a is called a root of the quadratic equation
ax*+bx+c=0,a#0ifa o® + ba + ¢ = 0. We also say that x = a is a solution of the
quadratic equation, or that a satisfies the quadratic equation. Note that the zeroes of the
quadratic polynomial ax? + bx + ¢ and the roots of the quadratic equation ax*> + bx + c =0
are the same.

You have observed, in Chapter 2, that a quadratic polynomial can have at most two zeroes.
So, any quadratic equation can have atmost two roots.

You have learnt in Class IX, how to factorise quadratic polynomials by splitting their middle
terms. We shall use this knowledge for finding the roots of a quadratic equation. Let us see
how.

Example 3 : Find the roots of the equation 2x* — 5x + 3 = 0, by factorisation.

Solution : Let us first split the middle term — 5x as —2x —3x [because (—2x) x (-3x) = 6x* =
(2x?) x 3].

So, 2x*—5x+3=2x%-2x-3x+3=2x(x—1)-3(x-1)=2x—-3)(x—1)

Now, 2x* — 5x + 3 = 0 can be rewritten as (2x — 3)(x — 1) = 0.

So, the values of x for which 2x* — 5x + 3 = 0 are the same for which (2x—3)(x—1)=0, i.e., either
2x-3=0o0rx—-1=0.

' 3 .
Now, 2x —3 =0 gives X=- andx—1=0givesx = 1.
3 . .
So, x= 5 and x = 1 are the solutions of the equation.
3 .
In other words, 1 and 5 are the roots of the equation 2x*> — 5x +3 =0.
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(ii) enLrgdwnesr Quevor® Wews (P&HS6T6T CLIBSHSDLEET 306 6leslled AHbs
PADSHSHEM6NT SHTETLSHSTEOT ShLIE FLD6TTUN.

(iii) Gomaevflesr ML Sleuemestell. 26 euBLMIGET OUflwell. 3 eUhHLMBIST SL068)
Smeauflesr euwgseflesr OLBEHDHLVET 360 erefled Cumaevflletr euwems
STVTLISDSTET SIHLIQEF FLDSTLINED.

(iv) @m Smuise Snenr GaussHeo 480 S5 GMIsems LLeISSDG. HSEDIEHLIL
Geusld 8 8.5/l GMMSSTEL HBG C\HTEMeveme HL&ES 3 LDewoll GBI HHHLDNS
TBSSHIS 6\SMevuThHeHGD, Bruiedlest Coussens SHTeTTLSHSTEN IHLIeE FLDESTUN(.

4.3 SITaNiUGSHBHIHED APlD SHBUIRF FIDSIUTLPDS BT BTAID

2x* =3x+ 1 =0 eretim QBLIQEF FDSTLMLML 6IBSHGHSH O\HT6TEEUMD. @[hg FLDEFTLILIQ6D
RHS u&a586d x 6@ udeons 122 LgHuiliLmed BbsE HemLLiuene (2% 12) -3 x1)+1=0
= gwettumigest RHS. 2x? — 3x + 1 =0 et6inD @(BLIQEF FLDEOTLMLIQES eLPEOD 1 616015
gamGeumbd. Jigmeug 1 eredtLg) 2x> —3x + 1 eTetin @pLip LOUMILILIS Cameneuudlesr Lpzzed
IDBLIL| DpSLD-

oungeuns ax’> + bx +c=0,a #08&& a o> + ba+ c =0 eevfled o ewey GpLIREF
FLDESTLIM Q63T eLp6vLD eT6aTHGMIMD. GOAYID @ = O TSNS SHBUIRF FIDSTUTLIRET HiTa)
TSIMID FnDETID. Si6V0E O GTAHUSH SGHUIRF FIDSIUTLDL BMa] QAFUISDHI
arareomib. ax’+bx+c ardim S@BuR udIMIIS CoTaranidr yaelu BISabbHd®
ax’ + bx + c=(erdIm SBUIRF: FIDSTUTLIPAT APURIBABID RDTCD THTUMND BIDTHDAYLD.

SsHUMUD 260 @B Ll LOMILILES CoHTemelsd HNHSLILFDNS SIeur®
pREW SISHET DHSHSWD eT6nr HD SHauellsGsmDd. psGa 6mbs @R BHUIRE
FETLMLIYMHGSD AHSHUL'F BI6vor® eLpevmisGer SH&HELD.

[BTD 94D auGLILN60 BB 2 MiLienL @revorLns LIfLLS6ST epsold LIRS FLDESTLIMLIQE0
STevoileemen eTeueUMM) SMewLIg) eT6tTLensL LD 6\5bg Q&mesor@LD. 65 udlwpenmemi
LWeTLUBSS @B S(HLIQE FLDEITLITLIQEN ELPEOMISEMET SHTevoTGLIMLD.
aBHHIBBTEB 3 :2x> —S5x +3 =0 660D FLDETTUMLIQET eLPEOTRIGHEDET SHMTEMILILIBSSIS60
Wpemmuied sevorGLII.

Sita) : (psedled — Sx etedrp BB 2 miliewLi—2x —3x eteor LNflGgIE E\smeTeTeyLD.

[ag6\eutenfled (—2x) X (—3x) = 6x% = (2x?) X 3].
aeor@ey, 2x° —Sx+3=2x"-2x—-3x+3=2x(x—1)-3(x—-1)=2x-3)(x—1)
Suewmwg), 2x° —5x+3 =08 2x - 3)(x — 1) =0 erevr erps60MLD.

Opem&WeD, 2x> — 5x +3 =060 xet1 HIYD (2x—3)(x— 1) =060 2 6item x 661 WHIYD @CT
IBWINS QHSHSWD. igmeug 2x —3 =0 Seveog) x — 1 = 0.

Suewunwsl 2x — 3 = 0 eSgpba x =§ O x — 1 =0 eOlpbag x = 1 et6v18 SewLESDG).
c%smaau.lrrsi),x=% OHMID X = 1 SpBiemey FIDETLIMLIQET SiTeSHOTNGSD. WS LDHET(IH
eflgions 1 bHmID 5 OpBwiemey 2x? — 5x + 3 =068 eLPEOMRISHET 6160 FaMNEOMLD. E\SHMTBSHSLILILL
FLDEOTLIML Q63T ELPEORISHET Bemed 6T6dTLINS FlLMT&HSaLD.
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Verify that these are the roots of the given equation.

Note that we have found the roots of 2x* — 5x + 3 = 0 by factorising 2x* — 5Sx + 3 into

two linear factors and equating each factor to zero.
Example 4 : Find the roots of the quadratic equation 6x* —x — 2= 0.
Solution : We have
6x* —x—2=6x>+3x—4x -2

=3x(2x+1)-22x+ 1)

=Bx-2)2x+ 1)
The roots of 6x> —x — 2 = 0 are the values of x for which 3x—2)(2x+1)=0
Therefore, 3x—2=0o0r2x+1=0,

2 1

1.€. X=— or x=-—-—
i 3 2

2 1
Therefore, the roots of 6x*> —x — 2= 0 are 3 and  J

. . 2 1 .
We verify the roots, by checking that E, and 3 satisfy 6x* —x —2=0.

Example 5 : Find the roots of the quadratic equation 3x2 —2./6x+2=0.

Solution :3;? —2./6x+2 = 3x2 —J6x —J6x+2
= 3x(x/§x—\/§)—\/§(\/§x—\/§)
= (V3x-2)(\3x\2)

So, the roots of the equation are the values of x for which
(VB —2)(V3x - ¥Z) =0
2
Now, /3x -2 =0 for X=\E.

So, this root is repeated twice, one for each repeated factor v/3x—+/2 .

Therefore, the roots of 3,2 —2./6x+2=0 are \E , \E
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2x*—5x+3 =061 cpevrhimener seworLmul, 2x°—5x +3=0g Queu® Coilw EmLY

sngenflseflesr OLmBaEseoTs sMenlluGss, Lerent Qbs Sreor® Coflw smrewflssmerub
LpRPEWSHNGS &FLDNES GeuetorGLD.
ABSHIBBTEB 4 : 60X —x —2=0 eT6tIm SHUIQEF FLDEFTLIMLIQETT ELPEOIBISHEN6IT HITET0TS.
Hray 6x?—x—2=6x>+3x—4x -2

=3x(2x+1)-22x+1)

=Bx—-2)2x+ 1)
Bx—-2)2x+1)=0 Sy LQuInsg 2 6imem X HILSHBET 6x2 — X —2 = 65T ELPEOMRISHETTEHGLD.
Spema&wed, 3x —2 = 0 Slevevgy 2x + 1 =10,

2 . 1
Aieug, X=3 60608 X = N,

o2 ]
So OX* —x —2 =0 60T eLpeOrhISH6IT 3 b

. 2 1 . .
6x>—x—-2=060 x =3 and - B NpSuIL@ Dlemeu ELPEOMBISHEMET  G6VEMEOLIT  6T60T
FUMT&&eomMLD.

ABHBHIBBIE®B 5 ¢ 3x2 —2/6x+2=06160T0 SBLIQEF FLDESTLIMLIQEH ELPEOIBISHENEIT SHTETIIS.
Sia) : 352 —2\/gx+2 = 3x? —\/gx—\/gx+2

= Bx(\ax—2) 2 (VBx )
= (B~ 2)(Ax )

SHEDSILITED (V3x-+2 )(«/g x—2 ) =0 Sy upwns: 2 6Ter X SHILSEGET FLDESTLIMLIQET

CLPEOMBIGHEITIIGLD.

. . 2
SLOUNWPSI, \3x -2 =0 60lBHS! ¥ = \E -

SHEMSIITED, @HS eLpevD GBIt (LD SIHLDLISSIHLDLI CUBSHIETOTS]. REUCEUTH SHTT6UvilLD
Bx—/2 Sp@b.

. .. (2 2 .
& 3x2 —2:J6x+2=0 601 @mrm&)m\g, \g Db&LD.

10 ©p1b aupriy 87 BHaohB1D



Quabraric EguaTtions

Example 6 : Find the dimensions of the prayer hall discussed in Section 4.1.

Solution : In Section 4.1, we found that if the breadth of the hall is x m, then x satisfies the
equation 2x* +x — 300 = 0. Applying the factorisation method, we write this equation as

2x?>—24x +25x-300=0
2x(x—12)+25x—-12)=0
Le., (x—12)2x+25)=0

So, the roots of the given equation are x = 12 or x = — 12.5. Since x is the breadth of the
hall, it cannot be negative.

Thus, the breadth of the hall is 12 m. Its length=2x + 1 =25 m.

EXERCISE 4.2
1. Find the roots of the following quadratic equations by factorisation:
(1) x*-3x—-10=0 (i) 2x>*+x=6=0
(iii) 24> +7x45v2 =0 (iv) 2x2—x+é=0
(v) 100x*—20x+1=0
Solve the problems given in Example 1.

Find two numbers whose sum is 27 and product is 182.

Find two consecutive positive integers, sum of whose squares is 365.

AN e

The altitude of a right triangle is 7 cm less than its base. If the hypotenuse is 13 cm, find
the other two sides.

6. A cottage industry produces a certain number of pottery articles in a day. It was observed
on a particular day that the cost of production of each article (in rupees) was 3 more than
twice the number of articles produced on that day. If the total cost of production on that
day was X 90, find the number of articles produced and the cost of each article.

4.4 Nature of Roots

The equation ax? + bx + ¢ =0 are given by

—b+\B —dac

x:
2a

D 2
If b* —4ac > 0, we get two distinct real roots _Zi + @ and -2 @‘
a a a

2
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aBSHIHHTEG 6 : fley 4.160 efleundss LNnMigsemen FaLsHer HemeysHenst SHeuorBLI.
Sia) : Nfley 4.160 FaL G5 NHH6OLD X eT6vT SHHTLMBBSHMD. GLOSYILD X Spevrg) 2x° +x — 300

=0 etedTn FOTLM WL HHUSLGSSHIBDEI. STTILLIESHS0 (LPewDe! @b SFLDESTLML QNG
LIWI6STLIB S 6uTITed

2x? —24x +25x - 300=0
2x(x—12)+25(x-12)=0
Siseug), (x—12)2x+25)=0

SpEMSITED, OGTBSHSGLILILL FLDESTLITLIQEN eLPEOMRIGET X = 12 Di6v6ug x =— 12.5 Sp&Lb.
X 6160TLIG] Sl GPHE0 DIGEVID 6TEITLISTE0 @G G6DM 6T600T600TN S (HSHHE).
O4H60MED, Sal HH6 Jiseold 12 15. SigeniewLwt Hemb = 2x + 1 =25 16.

uuima 4.2
1. smewilLBEse0 (LPpemD eLpsold Lileiieurhd SXHLIE SLD6TLNBS6T6T cLpeomhisenerT SeuorBLIL.
(i) ¥*=3x-10=0 (ii) 2x> +x -6 =0
A 1
(iii) V2x? +7x+5V2=0 (iv) 2x2—x+§=0

(v) 100x*—20x+1=0

2. a@BSHSHSTLG 160 OSTBHELILILBETET SHMTHEHEN6T STSHSHa]LD.

3. Qe erevnSEafl6iT AIDMSSID 27 OMID DT ELIHSHSHS C\5Tens: 182 6r6vflev
SH6UC\CUETTHENET SH6ToT(BLIIQ.

4. egnLigdlwnesr Quenoi® Wens: Wpss6ler auissmisefle nsaHD 365 esufled
OB 6TTTHEN6T SHevoT(BLIIQ.

5. @ 6emGsHTeT (PEEHTINSHT GSSHWID N JQLILGESSMSEAL 7 6&.15
SOMEY. HG60T BiTewrd 13 61&.L5 etevfled DHM BTT® LibSHMmISHemeT SHevorBLIQ.

6. cR®&ESH05MIN60 epeold @ Hreflo @m GMLUIL erevoremnflsensulleomet
LDETOTLITEWITLMRIS6M6T SWIMTlggemmT. Sibg SMILLIL &b Hrerfled suimfleasiiurL. e
aunmLaeafler eflemeo  (EpuTUie) B HBrefleo swnlssiurL QUL serleo
ersvurenuiigemasulilest @reor® LSl 3 BsD. SibBs Hrefled swmhssii L
eunpLseflesr 61bngs eflemso I 90 eterfled swnflgs OwundmLsefletr  ersvorevoflsema
HMID ReueleNH EnHerflesr eflemevenwt SHevor@GLILQ.

4.4 apeOBIBEHOT HHTENLD
ax*+ bx + ¢ =0 61651 FLDEOTLIMLIQEIT ELPEOTRIGEIT

—b+\B —4ac

x:
2a

b* —4ac >0 eevlled @uevor® 616UEUBEUMTET ELPEOIKIGET [HDHS HMLHBEMEG. Slewe

b \/bz —4dac .. b \/bz —4ac
-——+-Y——— HYH - — - —.
2a 2a 2a 2a
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b . b b
If b*—4ac=0,thenx=-—=0, ie, x=-— or ——
2a 2a 2a

. -b
So, the roots of the equation ax* + bx + ¢ = 0 are both ey

Therefore, we say that the quadratic equation ax* + bx + ¢ = 0 has two equal real roots in
this case.

If b> — 4ac <0, then there is no real number whose square is b* —4ac. Therefore, there are
no real roots for the given quadratic equation in this case.

Since b* — 4ac determines whether the quadratic equation ax? + bx + ¢ = 0 has real roots or
not, b*> — 4ac is called the discriminant of this quadratic equation.

So, a quadratic equation ax? + bx + ¢ =0 has
(i) two distinct real roots, if b> — 4ac > 0,
(ii) two equal real roots, if b> — 4ac = 0,
(iii) no real roots, if b* — 4ac < 0.
Let us consider some examples.
Example 7: Find the discriminant of the quadratic equation 2x*>—4x + 3 =0, and hence find the
nature of its roots.

Solution : The given equation is of the form ax* + bx + ¢ =0, where a =2, b=—4 and ¢ = 3.
Therefore, the discriminant

B ~dac=(—4P—(4x2%x3)=16-24=-8<0

So, the given equation has no real roots.

Example 8 : A pole has to be erected at a point on the boundary of a circular park of diameter
13 metres in such a way that the differences of its distances from two diametrically opposite
fixed gates A and B on the boundary is 7 metres. Is it possible to do so? If yes, at what distances
from the two gates should the pole be erected?

Solution : Let us first draw the diagram
(see Fig. 4.2).

Let P be the required location of the pole. Let N
the distance of the pole from the gate B be x m, i.e.,
BP =x m. Now the difference of the distances of the
pole from the two gates = AP — BP (or, BP — AP) =
7 m. Therefore, AP = (x + 7) m. P

Fig. 4.2
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. b ) b b
b*> —4ac =0 erevfleo x = —2—10 SiGeug), i€, x=——— or ——
a

2a 2a

. . . . . . . —b .
Opem&WEd ax” + bx + ¢ = () 61601 FLDESTLIMLIQEI ELPEOMRIGET BI6ToT(BLD ey 35 BHSSLD.

eTeoBeu Bbs euemaUNeo ax’ +bx +c =0 etetin LI FOGILNG BIetor® FLDOLDITEOT
6D ELPELIRIGHEWET CISHTEVITIQIHEBGLD 6T60T FaNEOILD.

b*—4ac <0 erevflled b? —4ac @ HHUSUGSSHID EWDUI 616701 GTHIQILD GEOEM6D. SpEWSWIT6D
855 amsuleo OSMEHSLILLL LIRS FDETLIMIMNE 6IDUI CLPEOMISHET BEO6M6D.

b* — 4ac etetiug) ax* + bx + ¢ = 0 e16dI) @HLIQF FIDSHTILMLIQNES 6IWDUI  ELPEOIRISEIT
2 eiTeTevToUT? E6VEMEVWIT? 6T6ITLIENS [Biicvouis@LD. DhaGeu b —4ac g2 SBLIRS: FLDSTUML IPET
HATEDIDHBTLIR 6T60TN) HWPSSLILIGBDS).
SpemaWined, ax’ +bx +c¢ =0 el6din GHLIF FIDTUNHB DbV,
(i) * —4ac > 0 aoico STANG AMNNICUDTHT ALDUT LPEOTBIDHEIT.

(ii) b’ —4dac =0 aoicd STANG FIDIDTOT ALDUT APEOIBIBHEIT.
(iii) b* —4ac <0 eraifled AIDUI APEUTBIBET EBVONED.

dlev 1BS5GIHHTLBSHEmeT LIMTLIGLITLD.
ABHHIBBM B 7: 2x*—4x +3=0 661D SBLIQEF FLDEITLIML Q60T HETEMLDSSHL QM SH6U0TLMIHS)
SIG6IT ELPEVLD ELPEORIGETIETT SEtTEMDEMIILI LIDN Fam).
Siial : OSMESSILLL FD6TLTG ax” +bx +c =0 eenid eugefled 2 eTengl. SHiG, a =2,
b=—41pOMID ¢ =3 SHEMSWITEDd HEMEMLDSHBTLIQ

b*—4ac= (-4 - (4x2x3)=16-24=-8<0

eT6e0TG6Y, QSMBHSLILLL FLDESTLIMLIQNE 6IDUI ELPEOIKIGHET G6V6m6D.
Gr(Bg'sgeisasrrL(B 8 : 1815 efliLqpsiten @B euLeuger LymhisefletT ereoemeoulett LB @b
&LLID SteWssLILIL CeustorBLD. 6fl L &H6tT @Tetoi® (pewevigeflegid Lpmismefledr erevsmeouiledt
5& A bomid B eretin  @Lmusefled miewwpeumuied OLMBSSLLLBeToTg. Brewor®
Blewpeumuiedphg SDUSSNS DeWLEW 2 6TaT O\FHTENEV6SHEHHES 2 6em Gaumun® 7
BLLT Ops QBSHGLD LR SDUSNS HEWDSHS (PIQUIDT? SplD
eteofled @revor® mieHLETUTOBBS SibS HLDLID eT6ue6Te) SMTSH60
BHHSD? \
BHiTay : 1peH6eoled LILLD 6p6tTm) euemIGeumb. (LD 4.2g3 L)
&LDLID Siewins:a Geuevorigw! LieiTerfl P etet1a. B miemipeurmuied @mba!
SLSPHET HMID X ettt AHgmeug BP = x 15. @UiGung Quesor®
mlenpaUTuIed(Hbg SLSSET 1S Tenevesd& 2 6o GeumiLn® P
= AP — BP &ievevgy (BP-AP)=7 15. Spemauwimed AP= (x + 7) L5.

uLb 4.2
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Now, AB = 13m, and since AB is a diameter,
ZAPB = 90° (Why?)

Therefore, AP?+PB?= AB?*  (By Pythagoras theorem)

ie., (x+7y+x*=132

ie., x>+ 14x+49+ x> =169

Le., 2x*+14x—-120=0

So, the distance ‘x’ of the pole from gate B satisfies the equation
X*+Tx-60=0

So, it would be possible to place the pole if this equation has real roots. To see if this is so or
not, let us consider its discriminant. The discriminant is

b*—4ac=T"—-4x1x(-60)=289 >0.

So, the given quadratic equation has two real roots, and it is possible to erect the pole on
the boundary of the park.

Solving the quadratic equation x> + 7x— 60 = 0, by the quadratic formula, we get

744280  -7+17
2 2

Therefore, x =5 or — 12.

Since x is the distance between the pole and the gate B, it must be positive. Therefore,
x =—12 will have to be ignored. So, x = 5.

Thus, the pole has to be erected on the boundary of the park at a distance of 5m from the
gate B and 12m from the gate A.

. . . 1
Example 9 : Find the discriminant of the equation 3x? — 2x +§ = 0 and hence find the nature of

its roots. Find them, if they are real.

1
Solution : Here a =3, b =—2 and c=3

T 1
Therefore, discriminant 5> — 4ac = (—2)*—4 x 3 x 3" 4-4=0.

Hence, the given quadratic equation has two equal real roots.

-b -b . 2 2
The roots are eV ie.,

. 1 1
) L, = —.
a 2a 3 3

_7_’1
6 6
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8UGung), AB =13, AB etettugy) efi'LLD.
ZAPB = 90° (e7687?)
SHEDSILITED, AP*+PB*=AB* (Ysnagev GshmaSeir Lig)
SiF6ug|, (x+7)+x*= 132
x*+ 14x +49 + x> =169
2x*+ 14x - 120=0
ereoiGel, @hg &FeTUM WL HHUSLBSHSHID ‘X’ 61 WHICU B miempamiedmng Pse
2 eTem NI SHGSLD.
x*+7x—-60=0
aeorCeal, BHS FLOTUMLRMDEGS 6Dl cpeOmiGHeT BhHHSTe0 WLLGELD &SOUSMS
SiWLLSHSTET UMl SBHHGSD. B SH6UGUNM) 2 6TEMST  G6VWEOUIT 61607 LIMTEES
ONFEST H6UTEWDE S IQeWUI  LIMTLIGLIMLD.
b*—4ac=T7"—-4x1x(-60)=289>0.
Sp5C6l, BHS S(HLIQ FETLMLIRNS BIetor® SeusuGaum) 6ILDUICLPEOMHISHET 2 6iTermer. GLDEYILD
LpMaismefledT 6TevemeOUTN6IT L5 SHLDLID HEMLDESHEOMLD.
X+ 7x-60=0 Qb5 SHLIYEF FDETLN DL HSHTHWS LIWLSTLGSS Figase0
—7++289 _ -7+ 17
2 2

S X=5 Sleveog) — 12.

X 6T60TL15)| [HIemLpeUMUT60 Bax@LD sDLGHNGID Qem Gl 2 61161 GHIMLD 6T6MITED i) S600MeL IL IS
WlenaELITECe) QHHd CeettT(BLD. SHemaWITed, X =— 12 23 6 GellB. DHEmSHWITe0 X = 5.

Sigeug) mienpeumuied B edpbgl 515 smsdaid menpaunuieo AeSpbgl 1215 smsHeib
LpraismefledT eTe0emevUTl6dr L5g| SDLILD HeWDSSLUILIL Geussor(BLD.
TBSHIHBTEG 9 : 3x* = 2x +% =0 6601 FLDEITLIMLIQEST SH6TTEMD  SHITLIgeMUI  SH6vor(BLIlQ

DDHMILD ELPEOMISEIETT SHETTEMDEMUI Fam) ELPEOMHISET CIDUI 6l6slled Sleuhenn sevorGLIlQ.
1
Sial : @mG, a =3, b =—2 boHmjLd c=3

1
SEMEODSBLIR b* — 4ac = (—2)* —4 x 3 x 3 =4_4=0.
aT6eoTG6) QBMBSHSLILLL SIHLIQ FIDETTUML NG EI600T(® FLDLDITET 6)DUI ELPEOIRIGHET 2_6IT6IT60T.

. . —b -b e 2 2 o 1 1
60MkI&HeT —> —> 1.6, — —, 1., —» —.
w 2a 2a 6 6 33
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EXERCISE 4.3
1. Find the nature of the roots of the following quadratic equations. If the real roots exist,
find them:
(i) 2x2—=3x+5=0 (ii) 3x2—43x+4=0
(ii) 2x*—6x+3=0

2. Find the values of k for each of the following quadratic equations, so that they have two
equal roots.

(i) 22+ ke +3=0 (i) kx (x =2) + 6 =0

3. Isit possible to design a rectangular mango grove whose length is twice its breadth, and
the area is 800 m*? If so, find its length and breadth.

4. Is the following situation possible? If so, determine their present ages.
The sum of the ages of two friends is 20 years. Four years ago, the product of their ages in
years was 48.

5. Isitpossible to design a rectangular park of perimeter 80 m and area 400 m?? If so, find
its length and breadth.
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uuibHa 4.3

1. Yetreupld QapLigd FeTLTGSeTl6NT  epeorhisefei GetTembbenw! SHevoTBLAR.  6ILDUl
CLPEOMBIGET S(BHSTEL SHeUDEDD SH6uoTBLILQ.

(1) 2x*—3x+5=0 (i) 3x* —4B3x+4=0
(iii) 2x*—6x+3=0
. NetTeuBLlD (LIS FDSTLITBSHEHSHES SBUevor® FLDLDMEOT GIDUI ELPEOMHISET SHHSTEV
k et SLIemL SHevorBLILQ.

(1) 2x*+kx+3=0 () kx(x=2)+6=0

. 800 5 umiuereyd WHMID HeTD SiHvSMSAL Bretor® WLMIEG BHSSWDIM (b
6156l6US Alge) LDMHBHMLLEMNS HEWIDEHS (LPLRUILDIT?

. LNesTeu(BLD SHLPIBEMED FMSHIDIETST? SplD eT6ufled SHauserflent auwigisHensT sevorGLIL.
Brewi® mewrLinseafle auwigiseflesr AIDMSSD 20 QUBLISET. BTG GUIHLMISEHSHE
weiiy Sleunseaflett auwgisefle OLHBSHEGS 61&Tems: 48.

. &mmerey 80 15 womid upliuerey 400 L5* SHSGLDLIQ @@H C\F6UEUS QIR LihISHTENE
SIEMID&S (PIQUILDIT? (APIQU|EIDEDIl6d Dig6dT [BemD OHMID H&He056ms SHevor®Ll.
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4.5 Summary

In this chapter, you have studied the following points:

1.

A quadratic equation in the variable x is of the form ax*+ bx + ¢=0, where a, b, c are real
numbers and a # 0.

. A real number o is said to be a root of the quadratic equation ax* + bx + ¢ = 0, if

ao’ + ba+ ¢ =0. The zeroes of the quadratic polynomial ax? + bx + ¢ and the roots of the
quadratic equation ax* + bx + ¢ = 0 are the same.

. If we can factorise ax* + bx + ¢, a # 0, into a product of two linear factors, then the roots

of the quadratic equation ax* + bx + ¢ = 0 can be found by equating each factor to zero.

. Quadratic formula: The roots of a quadratic equation ax? + bx + ¢ = 0 are given by

—b++b> —4ac provided b>—4ac > 0.
2a ’

. A quadratic equation ax* + bx + ¢ =0 has

(1) two distinct real roots, if b*> —4ac > 0, (ii) two equal roots (i.e., coincident roots), if
b* —4ac = 0, and (iii)no real roots, if b*> —4ac < 0.
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4.5 (BMD SHMHMENaN
bd NSHUMUSHO BraiseT Lleieubelseunenn SHITEET.
1. x eTenID LDMPleMWIS E\SHTEWIL GBLIQEF FLDETTLMLIQEN emgeuieeud ax’+ bx + ¢ =0,
8mG a, b, c etetTLenT GWDWI eTevoTgH6T GED a # 0.

2. ao? + bo+ ¢ =0 etevfled o er6dTLIG| ax” + bx + ¢ =0 eT6tTD GIHLIQEF FLDEOTLIMLIQEHT EILDUI
epeoLDS  eTeuTLILIBLD. ax” + bx + ¢ = 0 elemild LOQIMILILS CHTemeuudssr Lpgaeslul
WSILSEBD ax” +bx + ¢ eTenid @(BLIQE FLDEITLITLIQEN ELPEOMHISEHD R6TTED SH@GSLD.

3. ax? + bx t ¢, a # 03 @uevoi® snrewilaafledt ELHEHH6E0MS 6IDS REUECUTETEDMDUILD
LpRPWSSDGS FLDDTHSEUS6E epeold ax’ + bx + ¢ =0 651 ELPEORIGHEMET SHETOTLMILIEONLD.

4. b* —4ac > 0 erevfled ax? + bx + ¢ = 0 eT6tim @(HUIQF FLDETTLMLIQEI  ELPEOIBISHENEIT

—b+b* —4ac

b

SMEBTLISDSHTEO  GrGHSILD
a

5. ax* + bx + c=0 etetin GHU FOETUTG
(1) b*—4ac>0 eevflleo QuevoTB 66ueUGCEUMITET EILDUICLPEOMBISHENET EILIDN\HEBESLD.
(i) b*—4ac=0 eevlled @Uevor(® GFLOLDMEDT ELPEOMRIGEMET EIDHM(IHEHSLD.
(iii) b*—4ac <0 erevfled QUDUI ELPEOTRIGEMET EILIDNHEBBTF.
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DI1TSEE

ARITHMETIC PROGRESSIONS 5

5.1 Introduction

You must have observed that in nature, many things follow a certain pattern, such as the petals of
a sunflower, the holes of'a honeycomb, the grains on a maize cob, the spirals on a pineapple and
on a pine cone, etc.

We now look for some patterns which occur in our day-to-day life. Some such examples
are :

(1) Reena applied for a job and got selected. She has
been offered a job with a starting monthly salary of
I 8000, with an annual increment of
T 500 in her salary. Her salary (in %) for the 1st,
2nd, 3rd, . . . years will be, respectively

8000, 8500, 9000, ....

(11) The lengths of the rungs of a ladder decrease
uniformly by 2 cm from bottom to top
(see Fig. 5.1). The bottom rung is 45 cm in length.
The lengths (in em) of the 1st, 2nd,
3rd, . . ., 8th rung from the bottom to the top are,
respectively

45,43, 41, 39,37, 35, 33, 31 Fig. 5.1

(111) In asavings scheme, the amount becomes 7 times of itself after every 3 years. The maturity
amount (in ) of an investment of ¥ 8000 after 3, 6, 9 and 12 years will be, respectively :
10000, 12500, 15625, 19531.25

Class 10 98 Mathematics



1 BHASMLIT auflanadaeir

I BHABTLIT MTaNFH6T 5

5.1 @mjapasib
Buhensuled 2 6Tem L6 OLUMBLSET AHGTaug SHMwsnbs Lpelled 2 eTten SHLps6T,
GaetTemLUTEd 2 _6iTerT GleWeTa6iT, LD&SHNECETeNs: sifled 2 6o Gresflwmiser, HesreormelL)
LILPSSEQI6TOT (h6iT LDHMILD eumemipLiLy GLmeimeuNed FImesr HewLDLIL| HeWLDBHBLILIENS
Brage seuesllgSmLiiaer.

IBLDPEMLIL SHGSTDIMTL 6uMD&HmSUT6d BaLD GLeYId oo Fmesr SiemLbLiLgemer @UIGLING)
IBMD LIMT&&60MD. &I &led eTGSSHISHLBS6T

(1) feorm @@ Geuenevs:& efletoTeraLILNSST6IT. (LPSHEL
g 2eBuid I 8000 Sp&eyd, Speor® 2erHul
2 witey ¥ 500 Spaeyd 2 6men @1H GouemensHES
GaMEFSBSSLILILLT6T. leueflesr wpsed, STenor(®,
CPSTOMD Spevor® 2erHuild (I-60) LpedMHBUI
8000, 8500, 9000,....

(ii) @ eewfufegemer Liguilsst Bemmuser SHHHI
Geons 2 61&.15 GEwDHE O\HMEICL \F0BD.
(uLb.5.1 g2 un). Spueuistr Hemb 45 a&.15.
SOBBS (LPS6EV, GIEGITLMD, eLPESTDLD, . . ., 6TLMD
Lieuiledt [Berrhige (61&.15.60) wpemmGu

45, 43,41, 39,37, 35, 33, 31 LILLD. 5.1

(iil) @@ GCoILL LSS0 OFHTMSWITENS REUCGITH 3 QUBLHEISEHHS LIDE& % LDLIRIS
2 widngl. Skbs S LsPHe0 I 8000 &2 wpFed® a\FUIgmeo 3, 6, 9 HMILD 12 CupLBISHEHHS
Une SoLssSFaRU WSTESH AHMLES 5Tams (I-60) wpenmEW :

10000, 12500, 15625, 19531.25
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(iv) The number of unit squares in squares with side 1, 2, 3, . . . units (see Fig. 5.2) are, respectively

12,22,3% ...

Fig. 5.2

(v) Shakila puts ¥ 100 into her daughter’s money box when she was one year old and increased
the amount by ¥ 50 every year. The amounts of money (in %) in the box on the 1st, 2nd, 3rd,
4th, . . . birthday were

100, 150, 200, 250, ..., respectively.

(vi) A pair of rabbits are too young to produce in their first month. In the second, and every
subsequent month, they produce a new pair. Each new pair of rabbits produce a new pair in
their second month and in every subsequent month (see Fig. 5.3). Assuming no rabbit dies,
the number of pairs of rabbits at the start of the 1st, 2nd, 3rd, . . ., 6th month, respectively

are .
1,1,2,3,5,8
1 5%
v
1 Sl
2 O,
3 0 M
s S W% A% N N
8 09 OO D% D& D OO OO N

Fig. 5.3
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(iv) 1, 2, 3, . . . OI0GS6T LSSHGETTS 2 DLW F&HIMHIST0 QiHoHeHsalQll QIevd
FgIImIsefesT eTetorevvllsems wpemmGW! (LILLD.5.2 g LimiT)

12,22,3% ...

LLLD. 5.2
(v) epdleor setteniemLiwl LDserfledt euwgh 1 A& meeeung I 100 & SleuenenLw
uesorLeLICieuiled  GUIMLLM6T. 6ueaum@H euBLAPD X 50 &8 ANSHILBSI6ETED  (LPS6V,
SEWILMD, eP6STHLD, HeisMD LNDbES Hiefled SiauenenLi Liswrleriuilsd SmeeLd
6\5mems (I-60) (pemMBUI

100, 150, 200, 250,...,

(Vi) @ G (LPUICOSET HUMNIEIT (LPSED LDMGSHHD 2 MHLIGE O\FIW LSH6ID GeTembwing
2 eiTerent. QUeUOILENg LDOHMID REUOEUTH SNBSS wngréja,aﬂng Sleway @ Ldw
Gezmeemuw &g)ugg 6\FWIBetTMEDT. @Gnasnrr@ LB Gzame (LPUIOSKETHLD HSH60T GI6TOTL oS

g,gﬁtiﬁ]@y_r,gj qpsuasnrr@ LD&(LPLD LDMEOYTIH L Gemeeml 2 (heundxgdestment (LILLD.S.3
€ LIMT). (PUI6DSHET TGID @N&:56ile0sned 61601 6D6USHSISE\SHTEIuTLIe0 |6ug), 26u5), 36u8), .
., 66ug)| LDN&55PH0 BHSessall (puled Geameserlleir ereturetullemse wLPeHMHEWLI :

1,1,2.3,5.8
1 Cundo
1 ONYo—
"]
2 oo Cudo
3 O O, OV
5 N O NV oY
8

L. 5.3
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In the examples above, we observe some patterns. In some, we find that the succeeding
terms are obtained by adding a fixed number, in other by multiplying with a fixed number,
in another we find that they are squares of consecutive numbers, and so on.

In this chapter, we shall discuss one of these patterns in which succeeding terms are obtained
by adding a fixed number to the preceding terms. We shall also see how to find their nth terms
and the sum of n consecutive terms, and use this knowledge in solving some daily life problems.

5.2 Arithmetic Progressions
Consider the following lists of numbers :

11,2 3, 4,...

(i1) 100, 70, 40, 10,...
(i) -3, -2, -1, 0, . . .

(iv) 3, 3, 3, 3,...

(v) -1.0,-1.5,-2.0,-2.5, ...

Each of the numbers in the list is called a term.

Given a term, can you write the next term in each of the lists above? If so, how will you
write it? Perhaps by following a pattern or rule. Let us observe and write the rule.

In (i), each term is 1 more than the term preceding it.
In (i1), each term is 30 less than the term preceding it.
In (ii1), each term 1s obtained by adding 1 to the term preceding it.

In (1v), all the terms in the list are 3 , i.e., each term is obtained by adding
(or subtracting) 0 to the term preceding it.

In (v), each term 1s obtained by adding— 0.5 to (i.e., subtracting 0.5 from) the term preceding
it.

In all the lists above, we see that successive terms are obtained by adding a fixed number to
the preceding terms. Such list of numbers is said to form an Arithmetic Progression (AP).

So, an arithmetic progression is a list of numbers in which each term is obtained
by adding a fixed number to the preceding term except the first term.

This fixed number is called the common difference of the AP. Remember that it can be
positive, negative or zero.
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GLoh&6voTL a@ﬁgé&;m@&aﬂsﬁl@ﬁ@j &leo SieIDLIL|GEmeT r_r,mb SIT6VOT6OMLD. Fleveumlev
O\SITLIT 2_MILIL|S6IT @sur@uguql_sm b [Bemeowieot ETEUTEWEMTS Fal BeusTayd Gsyid Fev
() ﬁsmsuu.lrrsvr 6T6TOTE06TOT ngr,&»@@grrgm SemLs8etTDerT. LHOTETNIEd HBSSBIHS
eTevT&Erfl6T EUTSHSLD ETEIMMILD SHTETVTEOITLD.

8BS AHSHUMLSSL WPHMSHW 2 MILILILET QH ﬂsmeuu.lrrszrr 6TETOTEMETT  Fal " (BOUST6V
SMLEHGSLD SiewibLiewLl LN sﬁ]snngu(surrw neug 2 MU WHMID OSTLAFAWINS 2 eTer 1
2 miiseflest FaBHemed e6uauTM SHTEWILIS 6ITLINSWID GEYD HETDIL  CUMLDENS
Hpggeneniaeamen STLLHd @bs HMener LIWETLGESSHINENS LHINUD LIMTLIGUTLD.

5.2 a1 GHASTLIT eufleandmber
LN63TEUIHLD ETEVUTE6IT LILIQUIENED SH6U6TTIUTRISGENT :
1,23 4...
(i1) 100, 70, 40, 10,...
(i) -3, -2, -1, 0, . . .
(iv) 3, 3, 3, 3,...
(v) -1.0,-1.5,-2.0,-2.5, ...

8BS LLieuwiedled 2 6T Q6UE16IT(H ETERTSTILD R 2 MI] SHSLD.

GG QSHTHHSLILLL Q6eue6N(H L leuiedled @ 2 M OsMESHSULLLTD HBSS
2 MlemL 2_63T6uTITED 6T(LDSLPIQUILDIT? SHLILIQUINETTTEL S6MG TN 6TLDIeum? HEBESLDTUI
66001 H6MIDLIL| DHev6vg) eAPemuwl OILMMISS erpgisiiiasT. Hbg efNdsmemer LMTLIGLIMLD.

(i) 60 @eueUT(H 2 MILILID SiG6ehT APHEmSW 2 miLienll 6fll 1 SiPsiD.

(ii) 60 ENCUTEH 2 MILILID iF6dT (pHwSw 2 miienu 6l 30 Geome.

(i) 60 6EUENBUMIH 2 MILILID DiG6T (WPHEMSW 2 miLlen 66l 1 &2 Fal Beusned HenL&ESDE.

(iv) 60 LiCiQuiedled 2 eiTemr @euteuTH 2 MILILD 3 Sh& 2 6Tang). SISTeug ReUCeT(H
2 MIILD SiS6TT (WPHEMSW 2 MILIL|L6dT 0 &2 Fal Bausmed (Sisveog SLOLILIFHTED) SmLHSEDG).

(V) 60 @eueeun(H 2 MILIL|LD SFH65T WHewsHW 2 mLiLLed —0.5 & sal Geusned (Sisneus)
0.5 & sULSTEL) SenLHEDG).

GwGe Famlw ULRUIENEd QEUOEUTH 2 MDD NHFDS WPHMSW 2 MIILL6T Qb
BEWEOWINEDT  6T6TTEMET0T ol (BEUSTE0 DHEVEVE SLOLILISGTEL BewLHEEMG 616Tm HMNBBMLD.
eueumprent erevursefledt LI lpuiensd FnlGHABTLT auflana (AP ) erettGmmLD.

eT60TG6), RIT TAMLILIPWINID PpSHed 2 Miliadu HaiT WOHD 2 MIIYSET SDNIET
Yhnsw 2 DUILLST dCHFDID R(H BAOWTIT TANIDET Fnl"BaSHTd BMLHSLD
LR FnlBGHASTLT aflang er6etTHGmLD.

85 [BemeolLinest e1600T Sl BSHESTLIT euflenguliett auImgy aidaBuITeLb 6T60Tn) HeMLPE:ELILKBLD.
Sig| W, SMD DevevSl L,BeUINDTS SHHBBEOTID 6T6TLINS [Bemevreiled CI&T6IT.
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Let us denote the first term of an AP by a,, second term by a,, . . ., nth term by @, and the

common difference by d. Then the AP becomes a ,a,, a., ..., a

12722 730 n'

So, a,-a,=a,—a,=...=a,—a, =d.
Some more examples of AP are:
(a) The heights (in cm ) of some students of a school standing in a queue in the morning
assembly are 147, 148, 149, .. ., 157.

(b) The minimum temperatures ( in degree celsius ) recorded for a week in the month of
January in a city, arranged in ascending order are

-3.1,-3.0,-29,-2.8,-2.7,-2.6,-2.5

(c) The balance money ( in ) after paying 5 % of the total loan of ¥ 1000 every month is 950,
900, 850, 800, . . ., 50.

(d) The cash prizes (in I ) given by a school to the toppers of Classes 1 to XII are, respectively,
200, 250, 300, 350, . . ., 750.

(e) The total savings (in %) after every month for 10 months when X 50 are saved each month
are 50, 100, 150, 200, 250, 300, 350, 400, 450, 500.

It is left as an exercise for you to explain why each of the lists above is an AP.

You can see that
a,at+d,at2d,a+3d,...

represents an arithmetic progression where a is the first term and d the common difference.
This is called the general form of an AP.

Note that in examples (a) to () above, there are only a finite number of terms. Such an AP
is called a finite AP. Also note that each of these Arithmetic Progressions (APs) has a last
term. The APs in examples (1) to (V) in this section, are not finite APs and so they are called
infinite Arithmetic Progressions. Such APs do not have a last term.

Now, to know about an AP, what is the minimum information that you need? Is it enough to
know the first term? Or, is it enough to know only the common difference? You will find that
you will need to know both — the first term a and the common difference d.

For instance if the first term a 1s 6 and the common difference d is 3, then the AP is
6,9,12,15,...

and if a 1s 6 and d is — 3, then the AP is
6,3,0,-3,...
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R Sl BSOS auflewsuliedt wpgHed 2 My a,, SoewrLneug 2 My a., . . ., 11 6ug)
2 miiy a, wHMID NGl eNsSLNESHmS d aemId SMSECDMD. 6166 Fal BSHESTLIT
aflens a, a,, d,, ..., a,.

R&C6Y, a,-a,=a,—a,=...=a —a,  =d.
ol BSOSNLT auflewsse GLeyd oo ESSHISHHTBEHEDeT LIMTLIGUITLD:
(a) @m ueteflufeo Gewmevemwtsasdnans euflengwins Besn LmeTeuTsHefledr 2 wimhiseT
(e&.1b.60) 147, 148, 149, . . ., 157.
(b) @m maIs5S60 eviauil OISs5ST R auMISH0 LSauren Wss SMDHS euLILIBened
amieuflenguileo ( O1Feodlwev 1l )

-3.1,-3.0,-2.9,-28,-2.7,-2.6,-2.5

(c) T 1000 sLewert 5 % 6figld @6uleuN(H DAGIPD OFNSHL LNIDGS REUEGUT[H LDMSHUPLD
aEy5s Geuetorieul QFTems 950, 900, 850, 800, . . ., 50.

(d) @m® ueteflufed 1 wpsed 12 b euGLILEUHT ReUCUTH QUSLILINID P& LDSLIGILI6Tor
QUMM LDMETTONTSHEHEHS OUPMRIGLULL  Liflegasmems (3-60) wenmGuw 200, 250, 300,
350,...,750.

(e) eueeunp wnswd I50 eigb 10 NghisEHrHE GCFUIIL OFUISTEOD Q6UCEUTH LIS
SniPuleyd 2 eter QOGMews wWpewmGuw 50, 100, 150,200, 250, 300, 350, 400, 450, 500.
GLGed 2_6TaT LILIQUIEDS6IT eltleuTeimID 1601 Fal BSOSLIT auflens SpGLD eT6iTLIENS

sllers&Gasnd & @ Luibduns 2 erars).
a,at+d,at2d,a+3d,...

M FalBSOSNLT auflnsemw SNESDE. BP0 a e16dTLS (WPSHEO 2 M| LHMID d eT6dTLIS)
61Lng)| eNSHULINFID SHSLD. 85 Fnl'BSHASTLT aIfanFuiiadn AUITSHIMIPAILD 66TMenLDSSLILIBSADE!.

(a) eN@pbE (€) euemmuleTen aTBESGISHHT BT (paln 2 MILIL|GET 2 6TaTens Seueotl.
Seveunpest el BSHESILIT wpipaIml FnlGHABTLT aifland a6 ILGLD. SS5560&IL QU
ol (G5OSLT aiflnsuiad semLdl 2 miil SmLueng seaefl. @bs iflefeo (1) wpsed (V)
EUEDTUI6ITET TBSSISHSHTL(BSH6rT60 2 6iTen Fal BSOSTLIT auflensseT wigaudm Fal BSESTLITE6IT
Sp&D. P APRADT Il BGHASTLT aflang 616N SHeWPSHSLILIBLD.  Seeunmmest
ol BSOSNLIT euflengset (e OILMTE. CED SHenLdl 2 M| SHHSHEI.

SUCung KM FLBSOSTLT euflwsenpwil b IHw, 2 5SS CHemeuwimes
SOOI 6fleunid eredtent? (WPp&Hed 2 MILIL| Q\GfBsme0 CUMHIDT? Sieveog) C1LING 6NSHHUINEFLD
wLED OSfEsmed CUIGILT? @M FalBSHOSTLT aiflnsemw SeorLBll (PpsHed 2 M| a
wOHmIb Oung eflsHunsd d Qb ST CoHemallILIBGSDE.

TBSHISHHM LIS PS5O 2 il a = 6 HMID NG eflgHunsd d = 3, ererfled Abg
Sl BHOSTLIT eurflens 6,9,12,15,...

HMID a = 6 HMID d = — 3, el6tlled AHbs FalBGHOSTLIT eurflews

6,3,0,-3,...
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Similarly, when
a=-7, d=-2, theAPi1s -7,-9,—-11,-13,...
a= 10, d=0.1, theAPis 1.0,1.1,1.2,1.3,...

1

a=0, d=1—, theAPis 0,1%,3,45,6,...

1
27
a=2, d=0, theAPis 2,2,2,2,...

So, if you know what a and d are, you can list the AP. What about the other way round? That
is, if you are given a list of numbers can you say that itis an AP and then find a and d? Since a is
the first term, it can easily be written. We know that in an AP, every succeeding term is obtained
by adding d to the preceding term. So, d found by subtracting any term from its succeeding
term, i.e., the term which immediately follows it should be same for an AP.

For example, for the list of numbers :
6,9,12,15,.. .,
We have a,—a,=9 -6=3,
a,—a,=12-9=3,
a,—a,=15-12=3

Here the difference of any two consecutive terms in each case is 3. So, the given list is an
AP whose first term a is 6 and common difference d is 3.

For the list of numbers : 6,3,0,—-3,...,
a,-a,=3-6=-3
a—-a,=0-3=-3
a,—a,=-3-0=-3
Similarly this is also an AP whose first term is 6 and the common difference is —3.
In general, foranAPa, a,, .. .,a ,wehave
d=a,  —a,

where a, | and @, are the (k + 1)th and the kth terms respectively.

To obtain d in a given AP, we need not find all ofa,~a,, a,—a,,a,—a,, ... . Itis enough to
find only one of them.
Consider the list of numbers 1, 1, 2, 3, 5, . . . . By looking at it, you can tell that the

difference between any two consecutive terms is not the same. So, this is not an AP.
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Seveun@m,
a=—-17, d=-2, eefled sarBsOSTLT euflens —7,-9,—11,—13,. ..
a= 1.0, d=0.1, eefledo sar@GsOFTLT euflews 1.0, 1.1,1.2,1.3,...

1
a=0, d=1 % eTevfled FalBSSMLT euflws 0, 1 3,45,6,...

a=2, d=0, eesfleo gaL@sasMLT auflews 2,2, 2, 2,...
e1601G6x a LDMILD d @eupniedt L] 6\GIfESHTe0 HMD Sl GSEGTLT eurflemaemiu 61LpSE0MD.
(86)1@6)1@ 6160T60T? DigTeUG)| eTeTuTselen LILlQLIed OVSTRSFAILLLITE) Sig| SalBS56\5MIT auflewswi
6163IM| S  LPIQULILDIT LDg)gLDa LDHMILD d-8&  &Tetors: ! @6\) a (ps6v .°>_Q|u|_| erszrrug,rreo 805
elelg:  6(LDSEOMD.  EEUCEUMT(TH  E\STLITEFFLITEDT &guqm SiS601 WPHDSL 2 ML 65T d-83
Sl (BeusTe0 HWLLILG| Fal BSOSTLIT eufledALNGSLD 6T63TLINS HID HNGUMLD. 6160186) o Sp6018)]
T8 F 2 MUIEDLILLD 6T SiBES 2 mIfedmhs] SIS epedld ST BULLILBGADS.
SisTeus bs d 61651LE @ Fal GFesMLT euflemsuilsd @Gr ndfuing Simes CouewiBLD.
TOSSHSSHTLLTS : 6,9,12,15,..., e165TD 6T600T LILIQUIEMED &H(HGIGEUMLD.
a,—a, =9 -6=3,
a,—a,=12-9=3,
a,—a,=15-12=3
8mig waeanm earfnsulbd 6abs Srend HG55055 2-miiseafler efsduwingn
3. Sp58a1 QETESHSLILLL LILRUIE @@ FalBSHOSTLT auflwswungld. 56T (ps5ed 2 mILiL|
a =06 oMb eung eNSSLTED d =3 SHGSLD.
6,3,0,—3,..., 6T60TD 6T600SH6T LILIQUIONISHS
a,-—a,=3-6=-3
a-a,=0-3=-3
a,—a,=-3-0=-3
SeaeunCn BgeD RF FalBGSHOSTLT auflnswned. @B (wWsHed 2 miliy 6 WHmID
oungl eNsHUNTELD —3 SHGSLD.

CWINGIOUTS A, Ay, . -+ A, GG FaL BSOSMLIT euflenssd

d=ak+1—ak

8m& a,, , OMID a, eeiiue wpenmGw (£ + 1)6ugl WwHMID keugl 2 DI HbSLD.
QBMBSSLILLL SalBSOSTLIT auflenssd d-82 Smewra, —a, a,—a,, d,—d,, . . . . 8 SIew
Gzemeauuieoenso. SeubHMI6T Q6STM SHETTLNIHSTE0 (Burrgjmrrszrrg,j
1,1,2,3,5,....6e1651D elevtr LIlulemed SH&IGeauND. aCsenid SB55B5S Drevor®
2 miiseflesr eflgSLnFd QeTmIGLTED BeveWed 6TEITLINS Samedmd. DH&5Ca BFH R
Sl BHOSTLIT euflens DLeng|.

10 ©p1b aupriy 107 S0l B1D



ARITHMETIC PROGRESSIONS

Note that to find d inthe AP : 6, 3,0, — 3, . .., we have subtracted 6 from 3 and not 3
from 6, 1.e., we should subtract the kth term from the (£ + 1) th term even if the (k+ 1) th
term is smaller.

Let us make the concept more clear through some examples.

Example 1 : For the AP : %, %, — %, — % , . .., write the first term ¢ and the common
difference d.

- _3 41 _3_
Solution : Here,a = > d= 773 1.

Remember that we can find d using any two consecutive terms, once we know that the numbers
arein AP.

Example 2 : Which of the following list of numbers form an AP? If they form an AP, write the
next two terms :

(i) 4,10, 16,22, ... (i) 1,-1,-3,-5,...
(i) —2,2,-2,2,-2,... (iv) 1,1,1,2,2,2,3,3,3, ...
Solution :(i) Wehave a,—a, =10-4= 6
a,—a,=16-10= 6
a,—a,=22-16 =6
Le., a,  —a,isthe same every time.
So, the given list of numbers forms an AP with the common difference d = 6.
The next two terms are: 22 + 6 =28 and 28 + 6 = 34.
(i) a,—a, = =1-1=-2
a,-a,= -3—-(=1)=-3+1=-2
a,-a,==5-(-3)=-5+3=-2

e, a,,  —a, isthe same every time.

k+1
So, the given list of numbers forms an AP with the common difference d = —2.
The next two terms are:
—-5+(=2)=-17 and ~-7+(-=2)=-9
(iii) a,—a,=2-(-2)=2+2=4
a,—a,=-2-2=-4
Asa,—a, = a,—a,,the given list of numbers does not form an AP.
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6,3,0,-3, ..., el6tin S0l BSOSTLIT aurflensuded d- &2 smevor 3 60lpBEI 6 & HLOSSEHMELD
S6fly 6 OpbE 3 & Dlvev eTeiTLEMS Heuesll. Jsmeug (kK + 1) eugy 2 mitny Hrlwigy
ereoreyd HD (k + 1) eug 2 minfedlpbgl k eugl 2 miliewusen &Hss CaustorGLD.

dleo T BSHIHHTLBSH6T epedld bS5 &HHSMS Ogeafleuns Yflbgiseasmetereorid.

%, %, - %, - % s ..., 6160TD) Sl BSESMLIT euflewsudest wpged 2 mILL| a

WOMID WG 6NSSUNEFID d & SHTevurs.

aBSHIHHTG 1 :

3 1 3
»d=5-5="L

el : @rG, a=
eTevuTSH6T  Fal BHOSTLIT euflewauiled 2 eteng et6iim) O\ MEFTe, TCHEMID SHBSSBSHS
Sreni® 2 MILILSHeneT LIWeTLGSS d & SMeuuredid eleiiLens [Benerefled 6\&mei.
aBSHBIHBTL®G 2 : LN6tTeU(HLD 6T6t0rsH6iT LILIQUIEOIED eTemeu ol BSOSNLIT auflenguiled 2 eitermg)?
sl BSOSNLIT euflemsuied 2 eiterg er6fled SiBSHS BTWIB 2 MILIL|SHEM6IT 6T(LDGIS :

(i) 4, 10, 16,22, ... (i) 1,-1,-3,-5,...

(i) -2,2,-2,2,-2, ... iv) 1,1,1,2,2,2,3,3,3,. ..

Sia: (i) BMD QMg a,—a, =10-4= 6
a,—a, =16-10= 6
a,—a, =22-16 =6

Slgneugl, a,. , —a, GSTILG REUEAUTH WML RCT wSflwng 2_eiterg).
Op5Cel, OHMBSHSLILILL  elemrsefledT LILlQuied @ Fal GSOSTLT euflenswngd. 6o
owungl eflsHungd d = 6.
SiBs5s Buevor® 2 miiser: 22 + 6 = 28 whmib 28 + 6 = 34.
(i) a,—a, = -1-1=-2
a,-a;= -3—-(-1)=-3+1=-2
a,—a,=-5-(-3)=-5+3=-2
Slgneugl, a, ., — a, LG PECETH WP KCr rBflwne 2 eTerg).
Op5Cel, QOSHMBSHGLILLL  eleturserledt LILQUId @0 ol BGSHOSTLT euflwswn@b. g6
ewungl eNsHwnsd d = —2.
SiBsS Quevoi® e myset: — 5+(—2)=-7 whpd -T+(=2)=-9
(iii) a,—a,=2—-(-2)=2+2=4
a,—a,=-2-2=-4
G a,—a, #a,—a,,eenEe C\STBSHSILLL eT6Iursaiet LILQuIed Fal BS6SMIT auflens Sbangl.
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Here,a,—a,=a,—a,#a,—a,
So, the given list of numbers does not form an AP.

EXERCISE 5.1
1. Inwhich of the following situations, does the list of numbers involved make an arithmetic
progression, and why?
(1) The taxi fare after each km when the fare is ¥ 15 for the first km and ¥ 8 for each
additional km.

(i1) The amount of air present in a cylinder when a vacuum pump removes % of the air
remaining in the cylinder at a time.

(111) The cost of digging a well after every metre of digging, when it costs ¥ 150 for the
first metre and rises by ¥ 50 for each subsequent metre.

(iv) The amount of money in the account every year, when I 10000 is deposited at
compound interest at 8 % per annum.

2. Write first four terms of the AP, when the first term a and the common difference d are
given as follows:
(i) a=10, d=10 (i1) a = -2, d
(iii)a=4, d=-3 (iv) a=-1, d
v)a=-125 d=-0.25

3. For the following APs, write the first term and the common difference:

0

1
2

()3,1,=1,-3,... (i) -5,-1,3,7,...
... I 5 9 13 .
(111) g’ g’ g’ ?’ (IV) 06, 17,28,39,

4. Which of the following are APs ? If they form an AP, find the common difference d and
write three more terms.

i) 2.4.8,16,. .. i) 2.2.3.7, ...
(1) 9 9 b b (11) 2 2
(iii) —1.2,-3.2,-52,-7.2,... (iv)—10,-6,-2,2, ...

(V) 3,3442,3+242,3+342, ... (vi) 0.2,0.22,0.222,0.2222, . ..
(vii) 0,—4,— 8,12, ... (viii) — +, -

1
2Ty

o | =

1
57
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(ivya,—a, =1-1
a,—a,=1-1
1

0
0
a4—a3=2— 1

8mG, a,—a, =a,—a,#a,—a,.
er6urB6l, QSTBSHSLILILL eTetorserfledt Lillouied ol BGSOSMLT auflens Spsns.

uuima 5.1
1. Yetreupld &GLpBemevsefled 6lbg gLpBemevuTled BemLEHGLD erevvg:6eflen LILQUIed (b
ol BSOSILIT euflews Sp&LD?
(i) @B L16A wpasd @B B.5 LwensSNG I 15 sligapd, g6 19nG Qeuaeum
8.8.6@1b X 8 ellgwpld HHaTed euaeumm &B.15.ufedr aal;l_amTLb
(i) em eupnLs @wmi dedlevorLifled 2 emer &SIT,I‘D_[_()]G\) - un&gsmg e euerfiGuIbmILD
eTevfled eeueeUN(H (Wewpwid HedlevorLifled LS wpeiter er,rr,rpg‘)]svr Slere).
(iil) @m Sevoim QUL W60 @ WLLBSS X 150 b, iFetr LledT eue6uM(H
BrLmsad T 50 1D 61F606un@LD. 6Tevfled 66UE6UMTH UL [HGGWD SHGSWD 61F606).
(iv) @ aurmduded I 10000 8 aupLESnE& 8 % sar@eully sisb GsllsalLGSDE)
eTesfled 6EUR\UM(TH 6UHLS HEOLAUND QUBIBE: HevoTHBEEL D _61T6m LIGUOILD.
2. @ FaLGSOSILT euflewmsulest wpsed 2 MLl a OHMID eLng eflsHnsLDd d Spduwieme
SCp O\HMBSHSLILIL(B6ITENEN. (LPHEO HN6HTS 2 MILILISEDET 6T(LDSISH:

(i) a=10, d=10 (iya=-2, d=0
(i) a=4, d=-3 ) a=-1, d=;
(V) a=—125, d=-025

3. etrewd Fal GSOSTLIT eurflemsullest (pged 2 M| WHMID OLINg| 6NSHULINTSEMS 6TLDs:
(1 3,1,-1,-3,... (i) -5,-1,3,7,...

15

(111) 33

4. Yetreuneuesieunmled elemer sal BSOSTLT auflenauled 2 eeng)? ol GHOSTLIT eurflemauiled
2 _eiteng) etevflev O 1UNG eNSHLNEID d DOHMID HBSS ePSTN 2 MILIL|SHENET 6TIDSIS.

w |0

% (iv) 0.6,1.7,2.8,3.9, ...

i) 2,4.8.16, ... i) 2.2.3.7, ...
(1) 9 9 b b (11) 2 2
(iii) —1.2,-3.2,-52,-72,... (iv)—10,-6,-2,2,...

(V) 3,342, 3+ 22,3+ 32, ... (vi) 0.2,0.22,0.222,0.2222, . ..
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(ix) 1,3,9,27,... (x) a, 2a, 3a, 4a, . ..
(xi) a,a*, a at, ... (xii) v2,8,418, V32, . ..
(xiii) f3,v6,v9, V12, ... (xiv) 12,3454, 7%, ...

(xv) 12,5%, 7473, ...
5.3 nth Termofan AP

Let us consider the situation again, given in Section 5.1 in which Reena applied for a job and got
selected. She has been offered the job with a starting monthly salary of ¥ 8000, with an annual
increment of I 500. What would be her monthly salary for the fifth year?

To answer this, let us first see what her monthly salary for the second year would be.

It would be X (8000 + 500) =X 8500. In the same way, we can find the monthly salary for
the 3rd, 4th and 5th year by adding ¥ 500 to the salary of the previous year. So, the salary for the
3rd year =% (8500 + 500)

= ¥ (8000 + 500 + 500)
= ¥ (8000 + 2 x 500)
=<3 [8000 + (3 =1) x 500] (for the 3rd year)
=3 9000
Salary for the 4th year =3 (9000 + 500)
= (8000 + 500 + 500 + 500)
= ¥ (8000 + 3 x 500)
= [8000 + (4 —1) x 500] (for the 4th year)
=% 9500
Salary for the 5th year =73 (9500 + 500)
=3 (8000+500+500+500 + 500)
= ¥ (8000 + 4 x 500)
=< [8000 + (5 -1) x 500] (for the Sth year)
=% 10000
Observe that we are getting a list of numbers
8000, 8500, 9000, 9500, 10000, . . .
These numbers are in AP. (Why?)
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(vi)) 0,—4,-8,-12,...

(ix) 1,3,9,27, ...

xi) a,a® a,at, ...

(xiii) V5.6, 40, V2. ...
(xv) 12,5474, 73,...

1 BHASMTLIT auflanaBHaeir

1 1 1
(viii) — 2T 5T
(x) a, 2a, 3a, 4a, . ..
(xii) v2,8,18, /32, - ..

(xiv) 12,3% 5%, 72, . ..

9 o o

o | —

53 @ nGHASTLT anfiangular n gl 2 miiny

UGS 5.1 60 2 6en gLpBemevemW! LB6TITBLD TBSHIHOHTETGEUMD. IfeoTm 1H GCeuemevsHSHTS
eflewremrLigsmer. @@ g &buembd I 8000 Spsayb, Spewor® 2eoHur 2 wiiey I 500
Sp&HaD 2 6o @ CauemensE CHTHOGBSHSBLILILLITET. Sieueflesr RbESMD SpewrB DG

FLDLIGMD 6T60TEvTeNTS SHEHGSLD?

B30 eflewL smevor GeuTIT(BLDITEIITED, (LPSHEVID HEUHEMLU! SBI6ETTLTEUS SHewI(B DS
&LDLIENTLD 6T6M6UETEY 6T60TM) [HMLD LIMTLIGLITLD.

Sigl < (8000 + 500) = 8500. GeveurGm 3eugi, 46ug DHOMID 56U SHeTIMPEH  LDMG
FLDLIETLD SM600T @g,smgu c%som(Bl_szsr X 500 & s0LB6Us60T ePEOLD SH6TT(BEHESTETETEOMLD.
Op5Geu, 3eug Spevrigmament &uemb = I (8500 + 500)

=% (8000 + 500 + 500)
= % (8000 + 2 x 500)
= [8000 + (3 — 1) x 500](for the 3eug OpabrpeMHS)

=3 9000

4eug Spevorigmaest souerd =< (9000 + 500)
= % (8000 + 500 + 500 + 500)
=T (8000 + 3 x 500)
=X [8000 + (4 — 1) x 500](for the 4eng OpabNPEHS)

=< 9500

Seug) Spevorigament &wuemd = (9500 + 500)
= T (8000+500+500+500 + 500)
=% (8000 + 4 x 500)
= [8000 + (5 — 1) x 500](for the Seng OpabrpeMHS)

=X 10000

Gueystaraupedmmba 8000, 8500, 9000, 9500, 10000, . . . a16im  eT6vmTEET LI IQUIED

BMLESBEMG| ETEITLIENS SH6U6DT.

Bbg erensHeT FalBSOSMLT euflemauileo 2 emensn? (er6ir?)

10 ©p1b aupriy

113 Sl SHLD



ARITHMETIC PROGRESSIONS

Now, looking at the pattern formed above, can you find her monthly salary for the 6th year?
The 15th year? And, assuming that she will still be working in the job, what about the monthly
salary for the 25th year? You would calculate this by adding I 500 each time to the salary of the
previous year to give the answer. Can we make this process shorter? Let us see. You may have
already got some idea from the way we have obtained the salaries above.

Salary for the 15th year
= Salary for the 14th year + X 500

500+500+500+....+500
13 times

_ 3 [8000 } Z 500

Z [8000 + 14 x 500]
% [8000 + (15 — 1) x 500] = ¥ 15000

1e., First salary + (15 — 1) X Annual increment.
In the same way, her monthly salary for the 25th year would be
% [8000 + (25 - 1) x 500] =% 20000
= First salary + (25 — 1) x Annual increment

This example would have given you some idea about how to write the 15th term, or the
25th term, and more generally, the nth term of the AP.

Leta,a,, a,, ...be an AP whose first term a, is a and the common difference is d.
Then,
the second terma, = a+d=a+Q2-1)d
the third term a, = a, +d=(atd)+d=a+2d=a+@3-1)d
the fourth terma, = a, +d=(a+2d)+d=a+3d=a+@4-1)d

Looking at the pattern, we can say that the nth terma =a+(n—1) d.

So, the nth term a_ of the AP with first term « and common difference d is given by
a =a+t(n-1)d

a, is also called the general term of the AP. If there are m terms in the AP, then a
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SUGung), CLMHEHEIL HeWDLILNEBHS HEUHEDLI O6US)] SHeTTIRNSTEN FLDLIOTSHENS
&mevor  (pleuion? 156ug Spevoniganest &Lemb? Seur BC%H Geuemeoulled AOSTLAHE
SBULSTE E\HTETGMD. HHEUTHEDLU 256U8)] DHEVTIRMSTES FLDLIOTD 6T6iTeuToNns SH&HESLD?
8mE SHOUMMSW OHeI(B FOLOTD WhHMSW Oheoor® gbuemsgilen X 500 & gallp
STESBHCDND. P0G S(HSHSHLDMS FUIL (LPIRUIDM? [HMLD LIMT&&HE0MD. GLE6d &FLDLISTLD
STSESLL (pedDUied SBHE 2 MhISHEHHS PueTe] LfbSma@LD.

156ug Spevonighament &wuUeTD = 14eug Spevorighsnest &buermbd + I 500

= 3 {8000+§OO+500+500+...+50(/)}+5 500
13 (pemmseT

= T [8000 + 14 x 500]
= ¥ [8000 + (15— 1) x 500] =X 15000
SiFneugl, Ppsev Fuemb + (15— 1) X Spevor® 2omHur 2 _wirtey.
BeueunGm, SieUHEMLIW 256U DbEVTRMESTET DG FLDLIILD
T [8000 + (25 - 1) x 500] =X 20000
= a0 FUemD + (25— 1) X Speoor® 2emh 2 _wiitey

855 653G IeeNmHBE 15618 2 ML Sieveog) 25615 2 MILIEHL eTeUam) eTLpsIeus)
eT60TLIS)| D& Lfldmg). Goayd §bs (pedmen LILGTLIGSS @b el BSOS eurflengulles
N 6ug| 2 MILIEWLI SIT6TT60MLD.

a,a,,a,, ...eeoUg QM SaLBSOSTLT euflens 616i1s. BH60T (LPSHEO 2 ML d, DHMILD

1° 2° 32

owungl eNgSwned d.
616016, SramLmaiB 2 nuy o, =at+d=a+2-1)d
APSTDTeNGHI 2 MILIL| a,=a,td=(a+tdy+d=a+2d=a+@3-1)d
BraBTHI My a,= a,td=(at2d)+d=a+3d=a+@4-1)d
GLMHSHETL.  SeWIDLIEHL LIMT&GSEUNG n augl 2 M a =a +(n—1) d.

6160TG6Y, APpFHed 2 ML ¢ LIDHMID AU AlSHHUTFID d D 6iTal Tl BHABTLIT aurilangFullan
neagl 2y a =a+(n-1)d.
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represents the last term which is sometimes also denoted by /.
Let us consider some examples.
Example 3 : Find the 10th term of the AP : 2,7, 12, ...
Solution : Here,a=2, d=7-2=5 and n= 10.
We have a=at+(n-1)d
So, a,=2+(10-1)x5=2+45=47
Therefore, the 10th term of the given AP is 47.
Example 4 : Which term of the AP : 21, 18, 15, .. .1s — 817 Also, is any term 0? Give reason
for your answer.

Solution : Here, a =21, d=18-21=-3 and a =-81, and we have to find n.

As a=at(n-1)d,
wehave —81 =21+ (n—1)(-3)
—81=24-3n

— 105 =-3n
So, n=35

Therefore, the 35th term of the given AP is — 81.

Next, we want to know if there is any n for which a, = 0. If such an 7 is there, then
21+ (n—-1)(-3)=0,

ie., 3(n—1)=21

1e., n=2_8

So, the eighth termis 0.

Example 5 : Determine the AP whose 3rd term is 5 and the 7th term is 9.

Solution : We have

a,=a+3-1)d=a+2d=5 (D)
and a,=a+(7-1)d=a+6d=9 (2)
Solving the pair of linear equations (1) and (2), we get
a=3,d=1

Hence, the required APis 3,4,5,6,7,. ..
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a e6TLg) Sl BSHASTLT arflapguliadn aunrgl 2 iy aamID SMWSSLLGSDE.
BB FaLBSSTLT eurflemaudled 711 2 MILLGET SHHSTE @, 6T6TLS| SLS] D DL GHbaLD.
S;s | eTdim SV,
&leo 1BSHGISHHMBEHemeT LIMTLIGUILD.
aBHHIGHTEG 3:2,7,12, . .. e1661) Sl GSOSMLT euflemsudes 10 eug 2 miienu sevorGLIg.
Sial : @hG, a=2, d=7-2=5 wompw n= 10.
a=at+t(n-1)d
D456, a,=2+(10-1)x5=2+45=47
er60rB6l, OGMB&HSLILILL SalBGHOSMLT euflensullsir 10 eug 2 mili| 47 Sh&Lb.
aBsHBEM B 4 :21, 18,15, .. . 601D s0LBGSSTLIT euflemsuied — 81 6160115 6T&HEM6TTUITEUS]
2 mi? gGsembd @ 2-miLiL] 0 Sp&Ln? 2 651 eflewLsE SHMIEwID Fam)l.
Sia): @@, a=21, d=18-21=-3 whpd a, =—81, GoeyLd [HLD 11 &3 &mevor GeuewoTBLD.
a=at(n-1)d,
—81=21+(n-1)-3)
—-81=24-3n
—105=-3n
Op5Ge, n=35
er6orB6l, OGMB&HSLILILL Sal GSOSNLT euflmwsulletr 35 aug 2 miti — 81 Sp&Lb.

JIBs&l a, = 0 G gCHEID B 2-MILIL| D 6TENST 61601 BMD SHevorLMi Couetor®LD.
Sleueunm) 2_erTerng) erevflev,

21+ (n—-1)(-3)=0,
3(n—-1)=21
n=2_8
Op5Ceu 8 aug 2 miti 0 SpGLD.

ABHBHBBIB 5 : @B Fal@FHOSTLT euflewauilssr 3eug 2 miliy 5 wHmIb 7 eug 2 miiy 9
eTeuflled Abs FaLlBSHSMLIT euflewsenwl smevors.

Hiray : a,=a+(3-1)d=a+2d=5 (1)

LDHMILD a,=a+(7-1)d=a+6d=9 (2)

(1) whmid (2) Gzme Gmil FDETLINBSHEDOT SITLILIGTEO, [HD 6ILIM6US)]
a=3,d=1

eteoiGe, 3,4,5,6,7, . .. er6tiug Goemeuwinest Fal GSOSMLT auflens Sp@Lb.
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Example 6 : Check whether 301 is a term of the list of numbers 5, 11, 17, 23, . ..
Solution : We have :

a,—a=11-5=6, a,—a,=17-11=6, a,—-a,=23-17=6
Asa,,  —a,isthe same for k=1, 2, 3, etc., the given list of numbers is an AP.
Now, a=5 and d=6.
Let 301 be a term, say, the nth term of this AP.

We know that
a=at(n-1)d
So, 301=5+(n—-1)x6
ie., 301 =6n-1
302 151
S0, NS eT s

But n should be a positive integer (Why?). So, 301 is not a term of the given list of numbers.

Example 7 : How many two-digit numbers are divisible by 3?
Solution : The list of two-digit numbers divisible by 3 is :
12,15,18,...,99

Is this an AP? Yes it is. Here, a=12,d=3, a =99.
As a=a+n-1)d,
we have 9=12+mn-1)x3
ie., 87=(mn-1)x3
Le., n—1=8—7=29
3
Le., n=29+1=30

So, there are 30 two-digit numbers divisible by 3.

Example 8 : Find the 11th term from the last term (towards the first term) of the
AP:10,7,4,... —62.

Solution : Here, a=10, d=7-10=-3, [=-62,

where [=a+(n-1)d

Class 10 118 Mathematics



1 BHASMTLIT auflanaBHaeir

aBSHHHHTEG 6 :5,11,17,23,. .. 1601 etevviaerflesr Liiou 16060301 eT6d1LIg) 6(H 2 MILIL| SHESLDT?
BT : a,-a = 11-5=6, a,—-a,=17-11=6, a,—-a,=23-17=6

k=1,2,3,....... LEISEHSS (a, . — a,) aeTugl @6 rFflwnes SmUUSTE O&TESSLILILL
eTevoTS6rfl6dT LILIQUIED ([ Fal BSHOSTLIT euflensun@Lb.

SUCuINE), a=>5 wpmib d=06.
301 etemid 2 M| @b5 FaLGSOSTLT euflewsules 7 aug 2 miLl| er6dTs.
a=atn-1)d

616016, 301=5+(n—-1)x6
Signaug|, 301 = 6n —1
2 151

SHETIITED 71 6T63TLIGH R LS6WS 6T6vnTeworna ihsd Geuetor®BLD (e16517).

eTeoT@6u, 301 et6dTLIg O\SHMBSHSLILIL 6T600TSHET LI IQUIENE0 S(HESHBHTE).

ABSHBHIHHTEG 7 : 3 Ope0 QuGULSIalU Fifledss eTerTHeT 615560601

Hira) : 3 QO UGULSIFalW Fifleods ereoorserfledT LI IQUIeD :

12,15,18,...,99

85 @G SLGSOSTLIN? Sp. JhG, a =12, d=3, a =99.
a=at(n-1)d,
9=12+(Mn-1)x3

87T=(m—-1)x3
SiFneug, n—1= 8?7 =29
Sizmeug|, n=29+1=30

aTeoTG6u 3 D60 UGLILSBIalW Ffleods eretorgser 30 2_eermeot.

aBSHHHTEG 8 : 10,7, 4, ..., — 62 e1etip sl B5OSMLT euflewsuded HenLSlulledmmbal (
s> 2 miienl GET&eES )11 eug 2 mitienu sevorGLIg.
Hiay : @me, a=10, d=7-10=-3, [=-62,

[=a+(n-1)d

10 ©pib ausiiy 119 ik 1)



ARITHMETIC PROGRESSIONS

To find the 11th term from the last term, we will find the total number of terms in the AP.

So, —62=10+ (n—1)(-3)
1.e., —72=(m-1)-3)

1.e., n—1=24

or n=25

So, there are 25 terms in the given AP.

The 11th term from the last term will be the 15th term. (Note that it will not be the 14th
term. Why?)

So, a,=10+(15-1)(-3)=10-42=-32
1.e., the 11th term from the last term 1s — 32.
Alternative Solution :
If we write the given AP in the reverse order, then @ =—62 and d =3 (Why?)
So, the question now becomes finding the 11th term with these @ and d.
So, a,=—-62+(11-1)x3=-62+30=-32
So, the 11th term, which is now the required term, is — 32.
Example 9 : Asum of% 1000 is invested at 8% simple interest per year. Calculate the interest

at the end of each year. Do these interests form an AP? If so, find the interest at the end of 30
years making use of this fact.

Solution : We know that the formula to calculate simple interest is given by

. PxRxT
Simple Interest = 100
. 1000x8x1

So, the interest at the end of thelst year = 3 T T 80

. 1000x 8x2
The interest at the end of the2nd year = 3 0 T 160

. 1000 8x3
The interest at the end of the3rd year = 3 T T 240

Similarly, we can obtain the interest at the end of the 4th year, 5th year, and so on.
So, the interest (in ) at the end of the 1st, 2nd, 3rd, . . . years, respectively are
80, 160, 240, . ..
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semLflulleo @mbal 11 aug 2 miiewusstent salBGs5asnLT eauflensulaystar 61bMss
2_miiiseflesr erevrenflsengemul smewr GeuetorBLD.

616016, —62=10+ (n—1)(-3)
—72=(n—-1)-3)
n—1=24

n=25

er6orB6l, QSHTHSHSLILLL Fal BHOSTLT euflmguiled 25 2 miliL|&eT 2 eTerneor.
semLAulledlmbgl 11 ugl 2 mitiy eretrug) 15 eug 2 MIOUAGLD. (D151 14 eugl 2 miliLieoeo

ETEOTLIENS &6U6dfl. 6T60T?)

6160136, a,=10+(15-1)(-3)=10~-42 =32

Signeug sHeoLAuTeNmbs 11 eugl 2 mii — 32 Sp&Lb.

wrHDIgpadmuiicd Hie :

QEME&HSILLL Sl GSOSTLT euflnsenw lerCenmnsd ewdesmed a = — 62 WHMILD
d =73 (ger?)
ereorGeu BUICLING Gsetefl @b a MMID d 2 LedT 11 eugy 2 miliewu s6srGLRLILISTGSLD.
61601361, a,=—-62+(11-1)x3=-62+30=-32

ereorGeu, SLIGLING Coemeul @D 11 eug & i — 32 SpGLb.

aBHHIBHTLEG 9 : Spevneh& 8% sevfleurig efigib T 1000 O\gmens wWasd® OFLWILILGSDE).
REUCRUTH DhetorieedT BMISuTed HWLGGSD EULREDUI HTEHESB. DbS OULIRSH6T Qb
Sl BFHOSTLIT euflews Sp@&Ln? Spid erevfled 30 6ug SHeTB (LPigefled HEWLHGSLD 6L 16wl
SH600THH(D.

Sita) : sevflal Rl SeTSESBEISDEHTET GBI HLD&HE SLLD.

PxRXxT
SevflauLle = 100
g . . 1000 x8x1
616016, (LPSHEV QUIBL (LPIP6fled HeWLHGSLD 6ULle = ?T = % 80
1 2
21D eupL Wigefled BeWLEHGD 6uLlp = ?% =3 160
1000x8x3
31D euL Wpigsfled HMLEGD SuLlp = ?% =3 240

Beueun@m 4 Spid, 5 SpId 6UIBL (WIgefled HeWLEHGD UL IREMUI GILIMEOMLD.
eT6o1G6u 1 1D, 2 DD, 3 DI, . . . U(BL (LPig6fled BewLEHSLD 6uLiQ (3-60) (LpemmBGl
80, 160, 240, . ..
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It is an AP as the difference between the consecutive terms in the list is 80, i.e.,
d = 80. Also, a = 80.

So, to find the interest at the end of 30 years, we shall find a,,.
Now, a,,=a+(30-1)d=_80+29 x80=2400
So, the interest at the end of 30 years will be I 2400.

Example 10 : In a flower bed, there are 23 rose plants in the first row, 21 in the second, 19 in
the third, and so on. There are 5 rose plants in the last row. How many rows are there in the
flower bed?

Solution : The number of rose plants in the 1st, 2nd, 3rd, .. ., rows are :
23,21,19,...,5

It forms an AP (Why?). Let the number of rows in the flower bed be n.

Then a=23, d=21-23=-2,a =5

As, a=atn-1)d
We have, 5=23+(n—-1)(-2)
ie., —18=m—1)-2)

Le., n=10

So, there are 10 rows in the flower bed.

EXERCISE 5.2

1. Fill in the blanks in the following table, given that a is the first term, d the common
difference and a the nth term of the AP:

a d n a,
Af 7 3 8
(i) | =18 .. 10 0
(i) | ... — 2 18 —5
(iv) | —18.9 2.5 3.6
™| 35 0 105
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855 uLipuieded SHBS5SBS5S Bretni® 2 MILILS5EHHS BemLCWw 2 siter sflsHuingd 80,
ereuiCey @5 R SaLBHSMLIT auflensuwnad. Sismeug d = 80. Gweyid a = §0.

ereorGeu 30 6uHL (pigefled BEMLEGD CULIEDWI SHTETIT [HILD d, 82 &iT6wor GeueTor®LD.
SuUBungy, a,,=a+(30-1)d=2380+29 x80=2400

eTeorBeu, 30 6ug eupL (pigeflev HewLs@LD eulle T 2400.

aBSHIBHTEG 10 : @ WeomILBensuied wWpaed euflmwauied 23 Gomem \Fe&HEHD, 2 6ug)

auflenguileo 21 Gomem 6\&FieaEHLD, 3 6ug) euflengufeo 19....... 9 ererrent. &HemLdl auflemaueo 5
GO 6\FIS6T 2_6ierTenl. 6l6nfléd LDeLITLILIBemauled 2 6iter auIflengset erggement?

Siay : 1 eug), 2 eugy, 3 eugy, . . ., euflemsuileo 2 emer Cumzanm 6\Fieserfleir eTevoTettllgHens; :
23,21,19,...,5

85 @ FalL®s6sMLT  arflwswngd (ge6?). WweorLL@emsuied 2 ster  euflwsserfleor
ET6U0TETOA |60 71 6T60155.

JOAT) a=23, d=21-23=-2,a, =5
a=a+tn-1)d
5=23+m—-1)(-2)
—18=m—1)-2)
n=10
e1601B6Y, 6oL ILBemsuiled 10 surflemsser 2 _eereot.
uuiha 5.2

1. saLGseSNLT auflensulletr wpged 2 Ml a, Olungl eflgSWLNELD d HMID 72 6ug 2 mILiL|
a, e6fled LN6TeUBLD L L euen6TTTemIL BILIL|S:

a d n a,
A 7 3 8
(i) | =18 .. 10 0
(i) | ... -3 18 -5
(iv) | —18.9 2.5 3.6
V| 35 0 105
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2. Choose the correct choice in the following and justify :
(1) 30th term of the AP: 10, 7,4, ...,1s
(A) 97 (B) 77 (C) =77 (D) - 87

(ii) 11th term of the AP: — 3, _%, 2,...10s

(A) 28 (B) 22 (C) 38 (D) — 48%

3. Inthe following APs, find the missing terms in the boxes :
M2 [ ] 26
@[ ]. 13 []. 3

s, []. []. 9

w-a [ [ O @ 6
w0 % 0 0O O 2

4. Which term ofthe AP: 3, 8,13, 18, ...,1s 78?
5. Find the number of terms in each of the following APs :

(i) 7,13,19,...,205 (ii) 18, 15%,13,...,—47

6. Check whether — 150 1s atermofthe AP: 11,8,5,2 ...
7. Find the 31st term of an AP whose 11th term is 38 and the 16th term is 73.
8. An AP consists of 50 terms of which 3rd term is 12 and the last term 1s 106. Find the 29th
term.
9. If'the 3rd and the 9th terms of an AP are 4 and — 8 respectively, which term of this AP is
zero?
10. The 17th term of an AP exceeds its 10th term by 7. Find the common difference.
11. Which term ofthe AP : 3, 15, 27, 39, . .. will be 132 more than its 54th term?
12. Two APs have the same common difference. The difference between their 100th terms is
100, what is the difference between their 1000th terms?
13. How many three-digit numbers are divisible by 7?
14. How many multiples of 4 lie between 10 and 2507
15. For what value of n, are the nth terms of two APs: 63, 65,67, ...and 3, 10, 17, ... equal?
16. Determine the AP whose third term is 16 and the 7th term exceeds the 5th term by 12.
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11.

12.

13.
14.

15.

16.
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. Wetteugpeustreupmleo Frflwimest eflewLemwt CsMBOS® WOHMID BwmMULILGSS) :

(1) 10,7,4, ..., aetp salGsOSTLT euflenguiest 30 eug 2 m :
(A) 97 (B) 77 (C)-77 (D) — 87

(i1) — 3, —%, 2,..., e601) Sl BSHOSLT eurflemsuiest 11 eugy 2 mii|
(A) 28 (B) 22 (C) -38 (D)~ 48

. etteupld sl @GsesmT auflwssafegeiter oL pseafled efGULL 2 mili|seer sevorGLIL:

M2 [ ] 26
al |. 13, []. 3

ains [ ] []. 9%

-4 [ ]. [} L] [Jws
o] 38 [ ][] [] -2

3,8,13,18, ..., e16tim Sal.Bs5OSMLIT euflnguied 78 er6tiLig) eTsSHemevTLITOUSH 2 MILiL|?
LNeSTEHLD REUEGUM(H Sl BSOSTLIT snrﬂsm&uj]ngb 2 eiem 2 miLILerfled eTetmTeTOllEEmSEMILI SHiTTOTS:
(i) 7,13,19,...,205 (ii) 18,157,113, ..., —47

11,8,5,2. .. et6tin oL @Gs5OSMLIT euflensufeo —150 g 2 miLinGLon et6or Gsngsg| L.
M Sal®Gs56snLT euflmsuied 11 eug 2 miti 38, 16 eugy 2 miny 73. eresfleo 31 eug
2 _miliewL &ewor®LILQ.

50 2_miisemer G\smeturBeieT @@ SalBSOSTLT euflewsufes 3 sug 2 mii] 12 whmid
seoLd 2 ML) 106. erevlled Sibg Fal GSOSTLT auflemaudes 29 eugl 2 miliemL &evorBLILQ.
M Sl GSOSTLT auflemsules 3 eugl HOMID 9 6ugl 2 MILILs6T wWenmGu 4 DHMID — 8
eTevfled eI GemevTLITEUS 2 M| O Sp& BHSHGSLD?

@ Fal@GSHNSILT euflnsullstr 17 eug 2 miiunesrg 10 eug 2 mitiewu efll 7 Sifsibd
eTevfled QILINg 6ASHUNESHENS SHTewors.

3,15,27,39, ... ae1p sal@Gs5OSTLT auflmwguiled emhg 2 miti 54 eug 2 mitienu efl
132 Si8s0n8 SiHeHSLD?

Brem® saL@sas1LT afnsser @Cr owung elsdunssems aubDmieTener. Heubmlesr 100
augl 2 mitiysefletr eflgSwinaid 100 eresfleo Sieupnfiesr 1000 eugy 2 miiseflstr eflgHuneld eredreor?
7 460 CUGSLILESRIQUI CLPEITIN6OSHES 6TCTITSH6IT 618,56M60T !

10 whmid 250 66 BewLuleyemer 4 65T DLMBIBSHET 6185606017

63, 65,67, ... womid 3, 10, 17, . .. eeoim Suevor® el BSH6SMLT euflenaserfiesr 1 6ot
6% SIIDGS 7 6ug 2 MILIL|S6T FIDDNS S(HSHESLD?

epetimmeug 2 miti 16 wbdmib 7 eugy 2 miti 5 eugl 2 mitienu el 12 Sidsibns 2_enLiwl
Sl BSEVSTLEDT SHIT600T8.
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17. Find the 20th term from the last term of the AP : 3, 8, 13, ..., 253.

18. The sum of the 4th and 8th terms of an AP is 24 and the sum of the 6th and 10th terms is
44. Find the first three terms of the AP.

19. Subba Rao started work in 1995 at an annual salary of ¥ 5000 and received an increment of
T 200 each year. In which year did his income reach ¥ 70007

20. Ramkali saved ¥ 5 in the first week of a year and then increased her weekly savings by
% 1.75. If in the nth week, her weekly savings become ¥ 20.75, find 7.

5.4 Sum of First n Terms of an AP

Let us consider the situation again given in
Section 5.1 in which Shakila put ¥ 100 into
her daughter’s money box when she was one
year old, I 150 on her second birthday,
T 200 on her third birthday and will continue
in the same way. How much money will be
collected in the money box by the time her
daughter is 21 years old?

Here, the amount of money (in %) put in the money box on her first, second, third, fourth .
.. birthday were respectively 100, 150, 200, 250, . . . till her 21st birthday. To find the total
amount in the money box on her 21st birthday, we will have to write each of the 21 numbers in
the list above and then add them up. Don’t you think it would be a tedious and time consuming
process? Can we make the process shorter? This would be possible if we can find a method for
getting this sum. Let us see.

We consider the problem given to Gauss (about whom you read in
Chapter 1), to solve when he was just 10 years old. He was asked to find the sum of the positive
integers from 1 to 100. He immediately replied that the sum is 5050. Can you guess how did he
do? He wrote :

S=1+2+3+...+99+100
And then, reversed the numbers to write
S=100+99+...+3+2+1
Adding these two, he got
2S=(100+ 1)+ (9 +2)+...+(3+98)+(2+99) + (1 +100)
=101 +101+...+ 101 +101 (100 times)

100 x 101

So, =5050, 1.e., the sum = 5050.
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17. 3,8,13,...,253 16t S’ G&6\EMIT auflemauflstr semLdluledkmbg20 6ug 2 mI'iemL Seuors.
18. @ saLBsHSMLIT auflensuled 46ug HOMID Seug 2 miiseafler saBs560 24 Gy O6us)
wpmid 106ug 2 miiseflett saBg560 44. et6flled (LPSHED CLPEITM] 2 MILILISENET SHTE00Ts.
19. stumgmey 1995 Syevoriged I 5000 sbuensdHed  Ceuemevemul O\SLideormi. GLOEYILD
@eue\amH euBLPLD X 200 FLbLeT 2 wiieuns QUDDMT. 6bs DHeIB HeuTs) FLLIETLD
X 7000 g2 SiewLujb?

20. gmb&edl @M eumHLSDET WpHev eunmsPeo X 5 & GelSHs LN6TeoNT Sevig U
Gsuillemu I 1.75 Sbs 2 wiisdeomnit. n eug eungsdHeo SHeumenLwt Gy I 20.75
Sp& B(HHSTE 11 &3 SHEvTTBLIIQ.

54 b I GHASTLT ailanguiar n 2 miinjsear @wrr,e_r,g,w

irfley 5.1 60 QBNESSHLILIL  &LPBEMEVEHI
LBewIBLD  S(HSH60 C\HTETGEUMLD. 6160
SEVG| LDSEHHS BB CULISTEH SHBSEINE
%100 &2 seflesr LisvoreLiuiled G,
SuevorLneug LAmbsmeflesr Gumg I 150,
epestonengl  LImmsmreflesr Gumg I 200
OMID BeuaunCn euCeUT([H LADHSHHBI6T
GUNEID ASTLITEDEI. SleUHEMLW LDS6rfledT >
21 eugl L IDBSHTETEN  LITTLIEILIL lou 60 [
eTeue6Te) Lewolld GFaifléasLLBLD?

8hGS (PFHEO, GUENTLMD, EPETDMD  ....... Aobsmrefleo G ipuileo 2 eitem  LieworD
wemp@w 100, 150, 200, 250, . . . Geveumm) 21 eugy) d]gpﬁ,gjbnm aemr OSMLISMEI. 21 eug
mgpg,gg,nm 6UEWT usmrruauuguj]s\) 2 eiTen 6\DNSS ueomgsmg, sevrLPl GGed samiwt 21
ETETTEHEMET SUIfleneFwIns srq.p§ gal'L GeuevorBLD. @msnrrg aFleug GHISEmNS ienma@Geg
LDL (BLD6D6VITLDED 5Lgsurmn66rg,ju> FolL 66N 2 MRIG6NEL 2e1H&e WPRSMST? oS sraﬂg,rrer)&)
APIQUILDIT? EIDMSSID STSYID (LPEDMEDUI SHEUTLMIBSTE0 g FTSSWIDNGLD. [BITD LITTESEOMLD.
H6L  SEF| 10 eugl ewdev QOFUIH @ SHeursHemns SUCUTEH [HID  &HHE6uMD
(SigSwmuib 1 ed BruseT Lipsseusnrliumm)) 1 edmbg 100 euenr 2 etem Wews eTevoraerflett
6N GSLD SMEEYILOMD) @tmrﬂl_m GaLaluLLg. SeuT 2 1L 8er Quwngsd 5050 eretrmy
sflewLweflgamT. Sieum eleueunm QFWISHLULITT 616 2 MHISETTe0 2mH6s APRBMST? Sl6ur
LNetTeuIHLDMM)  6TARSEOIIT :
S=1+2+3+...+99+100
SevorBLD Dleuemm HpLI erepSevtmit
S=100+99+...+3+2+1
SUeiTenLW|D Sallp, SPSETUTLEUTM] WD
2S=(100+ 1)+ (99+2)+...+(3+98)+(2+99)+(1+100)
=101+101+...+101+101 (100 wewm)

1 101 .
616016, S = OO; 15050 , Jgeug ewngsd = 5050.
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We will now use the same technique to find the sum of the first # terms of an AP :
a,atd,a+2d,...

The nth term of this APis a + (n—1) d. Let S denote the sum of the first n terms of the AP.
We have

S=a+t(a+d)t(a+2d)+...tla+(n-1)d] (1)
Rewriting the terms in reverse order, we have
S=[a+(n-1)d]+[at+t(n-2)d]+...+(a+d)+a (2)

On adding (1) and (2), term-wise. we get

[2a+(n—-Dd]+[2a+(n-1d]+...+[2a+ (n—-1)d]+[2a+(n—-1)d]
n times

28 =

or, 2S=n[2a+(n-1)d] (Since, there are n terms)

or, S= g [2a+(n—1)d]

So, the sum of the first n terms of an AP is given by

5= g [2a+(n-1)d]
We can also write this as S= g [ata+(n—-1)d]
. n
1e., S= 3 (@+a) (3)

Now, if there are only 7 terms in an AP, then @, =/, the last term.
From (3), we see that

s=§(a+1) (4)

This form of the result is useful when the first and the last terms of an AP are given and the
common difference is not given.

Now we return to the question that was posed to us in the beginning. The amount of money
(in Rs) in the money box of Shakila’s daughter on 1st, 2nd, 3rd, 4th birthday, . . ., were 100, 150,
200, 250, . . ., respectively.

This 1s an AP. We have to find the total money collected on her 21st birthday, i.e., the sum
of the first 21 terms of this AP.
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Bpd @65 wewmenw! et a, a+d,a+2d, ... e6tim salLBGSHOSTLIT eurflensullesr
P60 1 2 MILILG6flesT CIDNS55HmS SHTesorGLITLD :

8bs sl GsHOSTLT euflensuies n eugy 2 minja + (n — 1) d. @b FaLBSOSILIT
auflewsulest wpged n 2 miLiserflesr QIS S er6trs.

S=a+(@+d)+(a+2d)+...+[at(n—-1)d] (1)
2 miisener LeirGeurmsd LDAHINLIEDDSSTEd HLD&HES HeMLLILIG)
S=[la+(n-1)d]+[at+t(n-2)d]+...+t(a+d)+a (2)

(1) omid (2) & 2 miijeunflwins saliQewmed HMD SLMIEUSI
[2a+ (n—1)d]+[2a + (n-1)d]+...+[2a+ (n - )d]+[2a+ (n—1)d]

25 = '

1 PEmEET
160605 2S=n2a+(n-1)d] (8mi® n 2 mILIL|H6T 2_6iTerent)
Si6o6v8) S= g[2a+(n—1)d]

6160TG6Y, DB FnL'BHASTLIT anflanFular wpaHeo 1 2 PIiGaiarl FnlBHABHTMD

= % [2a +(m=1)d]
8ems HD GeUGUTN) Fal 6ILPSEVITLD S=g [ata+(m—-1)d]

Sizeug|, S= % (@ata) 3)

BLGuNg B SaLBGHSTLT euflensuier 77 2 MILILGET LBL BmHEseo a =/,
(3) bl
=2 @+ (4)

M SalB56sNLT auflensules (psed 2 ML) LD!DQ]LD smLA 2 ML O&STESHSLILILG
oungl eN5HLNED OSTHSHSLILLTSELNS ShS 6UQEID LILISDI6TeNSns: SheESLD.

SUBUNg| HTD HIDLISH6L LNTEs eflenmeliDg HpbLaD 1F60GaurD. 6pdeomeysmLL
waeflesr 1 eugl, 2 eug), 3 eugl, 4 aug, . . ., LNDHSHTETSHET 6o LSILIOILILIQUT6D 2 _6iTer
uesord  (pempGui 100, 150, 200, 250, . . ., B8 @™ el BGSOSTLT eufledswnELD.

21 augyl LABSHIOTETN HEUHEDLU LIGTILIOLILIQUT6Dd 2 6iTeT 6IDMES LIWISHens HTLD
STHSL. GeustoiBLD. JHgneug ol GSOSTLT auflewsudest wpsed 21 2 milisefledr GIWDMgsLD
&evor Geuevor(BLD.
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Here, a =100, d =50 and n = 21. Using the formula :

S= g[2a+(n—1)d],

we have S= %[2x100+(21—1)><50] = %[200+1000]

_ %XIZOO = 12600

So, the amount of money collected on her 21st birthday is ¥ 12600.
Hasn’t the use of the formula made it much easier to solve the problem?

We also use S in place of S to denote the sum of first  terms of the AP. We write S to
denote the sum of the first 20 terms of an AP. The formula for the sum of the first » terms
involves four quantities S, a, d and n. If we know any three of them, we can find the fourth.

Remark : The nth term of an AP is the difference of the sum to first » terms and the sum to

first (n — 1) terms of it, i.e., @, =S —S_ .
Let us consider some examples.

Example 11 : Find the sum of the first 22 terms of the AP : 8, 3, -2, ...

Solution : Here, a =8, d=3-8=-5, n=22.

We know that

S= g[2a+(n—1)d]

22
Therefore, S=7 [16 +21(-5)] = 11(16 — 105) = 11(-89) = —979
So, the sum of the first 22 terms of the AP is — 979.

Example 12 : If the sum of the first 14 terms of an AP is 1050 and its first term is 10, find the
20th term.

Solution : Here, §,, = 1050, n =14, a = 10.

As S = §[2a+(n—1)d],
14
S0, 1050 = ?[20+13d] =140 +91d
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8mie, a =100, d=50 womid n =21. £55156m8 LIWETLGSH6OITED :

S= g[2a+(n—l)d],

S= —[2><100+(21—1)><50] [200+1000]

_ %x1200 = 12600

Sp&Ca, 21 ug LADHSHIOTETN SHEUhHEDLW LISTTLIOLLIQUT6d 2 6iTerm 6)IDMSs LIGwTD
3 12600 Sp&Ld.
85 HFHSTH5MS LIWETLBSHSMDL W& eeflans Qb sHewisens Sies wpluim?
Sl BSHOSTLIT euflewauler wpsed 11 2 ML &6l EIDNSSD &Meur S &@& LHeons S g2
ousirru(ng,ja‘JGanb BFEDTT6D [BITLD 618,56M60T &guqassmm gal L Ceuetr(BEIDEITM) HLD&HESS
agmé}g)g,j a6 20 2_miserflest ang,g,g,smg, 820 6T60TM)] sr@g,jé}('s;prrw W36 1 2_miL|serfleT
6\DMSGLD asrr@m) &5H15B60 S, a, d LD!DQ]LDI’Z 6T60TD [BMENTS DETEWEUSET 2_6iTerTent. SFHe0
gGseIlD cpeiim OSMHSTEL HID HIETSHTEUNS H60oT(BLIIEESHE0MLD.

Uiy : @ Sl GsSOsTLT euflmsuled wpsed 7 2 mililsefledll AOWNS5SSNGSD LDHMILD
s (n— 1) 2 miliseflett OWDMSEHESHGSID 2_6Term 6ASHUNSID 1 6ug 2 MILL] SHSLD.
Signeugl, a =S —S .

&lev 1B5GISHSHMBEHmeT LIMTLIGLIMLD.

aBSHIBHTEG 11 : 8,3, -2, ... er60in S0l BFHOSMLIT euflengulest wpged 22 2 miliserflesr
Fo.(BHMe0 SH600TBLIIQ.

Hray : @wG, a=8, d=3-8=-5, n=22.
S = g[2a+(n—1) d] etedim) BO&ESS VS
SHEDSHULITED, S = 2—22[16+21(—5)] =11(16 — 105) = 11(-89) = - 979
er6niCel, BHF FaLBHOSTLIT euflenguiletr wpgeo 22 2 miliseflett FaBGHe0 — 979 ShGLD.

aBSHIHHTLEG 12 : @ salL.B56sMLT euflensulsir wsed 14 2 milisefletr sa@Ggeo 1050.
wsed 2 My 10 erevfled 20 eugy 2 miliemL smetors.

Sia) : @w, S, = 1050, n =14, a=10.

S = g[2a+(n—l)d],

n

1050 = %[20+13d] =140 +91d
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ie., 910 = 91d
or, d=10
Therefore, a,,= 10+ (20— 1) x 10 =200, i.e. 20th term is 200.

Example 13 : How many terms of the AP : 24, 21, 18, . . . must be taken so that their sumis 787
Solution : Here, a =24, d=21-24=-3, S =78. We need to find n.

We know that S, = g[2a+(n—l)d]

So, 78 = g[48+(n—1)(—3)] - %[51—31@]
or 3’ - 51ln+156=0

or n”—-17Tn+52=0

or n-4)n-13)=0

or n=4 or 13

Both values of n are admissible. So, the number of terms i1s either 4 or 13.
Remarks:
1. In this case, the sum of the first 4 terms = the sum of the first 13 terms = 78.

2. Two answers are possible because the sum of the terms from Sth to 13th will be zero. This
1s because a is positive and d is negative, so that some terms will be positive and some
others negative, and will cancel out each other.

Example 14 : Find the sum of :

(1) the first 1000 positive integers (i1) the first n positive integers
Solution :

(1) LetS=14+2+3+...+1000
Using the formula S1 = Z(a+1) for the sum of the first  terms of an AP, we have
S0 = 5 (1+1000) = 500 x 1001 = 500500

1000 -
So, the sum of the first 1000 positive integers is 500500.
(ii) LetS =1+2+3+...+n

Here a = 1 and the last term / 1s 7.
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SO 910 =91d
S16060)), d=10
SpHEWESUIT6V, a,, = 10+ (20 - 1) x 10 = 200, Sigmeug 20 eug 2 miny 200.

aBSHHHTEG 13 : 24,21, 18, . . . et60in S0l GSOSLIT auflengufleo erggemenr 2 mili|gerfledt
EIWDMSSID 78 Sp&LD?
Sia) : @@, a =24, d=21-24=-3, S =78. mmb n & &mewor Ceuewr(BLD.

S = %[2a+(n—1)d] e163TN)] [BIDEGSS O\SITIULD.

n

eToGa, 78 = Z[48+(n-1(-3)] = 7[51-31]
Sieveog 3n° — Sln+ 156 =0

Seoeogyy  n*—17Tn+52=10

Seoeogy (n—4)(n—13)=0

Si6v60g)| n=4 or 13

n 601 @revoi® SLILSHEN6TULID 6I(BSSISHE\ST6TeTeoND. Sps:Ga 2 miliLseflesr erewremnillsans 4
Slevevg 13.

SO BHET:
1. @bs aumsuled wWsed 42 mililiseflesr IDMesID = wpaed 13 2 milseflesr anssn = 78.
2. @neoi efemL&EHED FIHSWID er6l6vteniled 5 eugl 2 MILNeNBba 13 eugl 2 miliseit
auemguieonest QOWMEHD O SpBANBGEMG. AFneug) a ews, d GewOHWNS SBLILISTED
dleo 2 MILLG6T MSWNSHaID, oo 2 MILILSHET GDDWNSHOD BHSHSETME. LDHMILD
Slewel RETMISHESMEIM)| LSILDM CUMLIENBLD.
ABHHIHHTLEG 14 : OUDTSFHD SHT6TOIs :
(1) awpseo 1000 Wews wpw&ssT  (11) WSO 71 LD LPADESHS6IT
Siay: (1) S=1+2+3+...+ 1000 eretra.
R FaLBSOSILT euflewsullsst wpged 7 2 MiLGeflel saBHmed SHTEID FHHHILD
S, = g(a+l) & LWeTLBSS 6060, HND CILIMIeUS)

1
S - %(1“000) — 500 x 1001 = 500500

1000
eTeoT@eu, (Wp&ev 1000 wewa (ppsseafletr ewmgsd 500500 S Ld.
(i) S, =1+2+3+...+ne6ors.

8m& a =1 bpmib sewLd 2 miiy /= n.
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Therefore, S = " (12*' n) roS = n (n2+ 1)

So, the sum of first n positive integers is given by

_ n(n+1)
Sn— —

Example 15 : Find the sum of first 24 terms of the list of numbers whose nth term is given by

a =3+2n
Solution :
As a, =3 +12n,
SO, a=3+2=5

a,=3+2x2=7
a,=3+2x3=9

List of numbers becomes 5, 7,9, 11, ...

Here, 7-5=9-7=11-9=2and soon.
So, it forms an AP with common difference d = 2.
TofindS,,,wehaven=24, a=5, d=2.

242

24
Therefore, S, = 7[2x5+(24—1)><2] = 12[10 + 46] = 672

So, sum of first 24 terms of the list of numbers is 672.

Example 16 : Amanufacturer of TV sets produced 600 sets in the third year and 700 sets in the
seventh year. Assuming that the production increases uniformly by a fixed number every year,
find :

(1) the production in the 1st year (i1) the production in the 10th year
(111) the total production in first 7 years

Solution : (1) Since the production increases uniformly by a fixed number every year, the
number of TV sets manufactured in 1st, 2nd, 3rd, . . ., years will form an AP.

Let us denote the number of TV sets manufactured in the nth year by a .
Then, a, = 600 and a,= 700
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. 1 . 1
DLEMSUITED, S = n(; ) Sleveog S = n(n2+ )
6160TG6Y, APpBHed 1 NS WPAPDHBANST ALDTHI LD

_n(n+1)
S = —

aBSHHGBBTG 15 :a =3 +2n @ n eugl 2 MILLNG E\GTEWIL 6T6wT&H6T O\STLIME wpgeo 24
2 miiseflest QDNSSID Srevors.
BT :

a =3+2n,

a=3+2=5

a,=3+2x2="7

a,=3+2x3=9

eTevoT&HET LiCleuied S5, 7,9, 11,. ..

8o, T-5=9-"721] —Sar

ereniCel, BF Fal BSOSLT auflewswnGld. @6t aLng efNgsSwned d = 2.
n=24, a=35, d=23pBweubenn 6\&Teu® BMD S, & Smewor GeueorBLD.

24

SHEMEBILITED, S,y= S [2x5:@4=1Dx2] = 12[10+ 46] = 672

eT60TB6u OEHMBSHSLILILL 6T6vTdH6T LILIQUIstled psed 24 2 mitiserflest Wbngsid 672.

ABHHHBHTEB 16 : R O\STmesETLEN OLe SWMfeED Bmieussibd 3 Spb Spetor® 600
OBTMESHSHTLSL  OILLIg&HMETUID, 7 SpiD pevor® 700 OFTemeoSSHMLSL  CILILIQSHEMETULD
swunflsdng. Sbs sSwmilly @eeeun  euBLApPD @ HBeweowre  erevremnilsansuileo
2 WIBPEMG TMSHESHTETEEUMLD. LN6TEUIHEUCTOUNEDMD SHITETNS :

(1) o560 bevoi® FHwimflsgemey (i) 10 Opi> Spevor® swmflggeme
(iil) wpsed 7 Spevoipseafleo swnfles 6WbnssLd
Siran : (1) swrflly et SHewiBL & Hemeowinen erenremnilsansuiled 2 WidhHausmeo
19pd, 294D, 331D, . . ., SpeviBsHefled FwMilEsILGED GTeneosST L L Ipserflest
eTevuTeunllEH6mE R(H Sl BSESMLIT auflensuwn@LD.
N SHD SHewTged SWMTHESILGD O\STME0SSMLSL SLILIRS6T6N erewrenileens a e6irs.
676016, a, = 600 oo a, = 700

10 ©p1b aupriy 135 S0l B1D



ARITHMETIC PROGRESSIONS

or, a+2d= 600

and a+6d="700

Solving these equations, we get d=25 and a=550.
Therefore, production of TV sets in the first year is 550.

(i) Now a,=a+9d=550+9x25=775
So, production of TV sets in the 10th year is 775.

(iii) Also, S, = %[2X550+(7—1)><25]
7
= E[1100+150] = 4375

Thus, the total production of TV sets in first 7 years is 4375.

EXERCISE 5.3
1. Find the sum of the following APs:

(1) 2,7,12,...,to 10 terms. (i1) =37,—33,-29, .. ., to 12 terms.
(iii) 0.6,1.7,2.8, ..., t0 100 terms. (iv) .. L ... to 1l terms.

15712710
2. Find the sums given below :

(i)7+10%+14+...+84 (i) 34 +32+30+...+ 10

(iii) =5 +(=8) + (=11) +...+(-230)
3. InanAP:
(1) givena=5,d=3,a =50,findnand S .
(i1) givena=7,a,,=35, finddand S ,.
(1ii) givena,,=37,d=3,findaand S ..
(iv) givena,=15,S =125, finddand a,,.
(v) givend=35,S,=75, find a and a,.
(vi) givena=2, d=8, S =90, findnanda,
(vii) givena=38,a =62,S =210, find n and d.
(viii) givena =4,d=2, S =-14, find n and a.
(ix) givena=3,n=8,S=192, find d.

(x) given /=28, S= 144, and there are total 9 terms. Find a.
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360608, a+2d=600
a+6d="700
GH&EWIL FLDSTLINBHeT Sigsmeo, BMD ewumeug =25 womib a = 550.
(PS6OMD Spetoriged HWMSHSILLL O\FTeneosaTLdLl aLLpseT 550.
(i) @uGung a,=a+9d=550+9x25=775
eT6eoT@6u 10 SpiD Spetoniged SWMHGSLILILL O\STemevSHSHTLS QLI Ie&6T 775.

(i) Guoeyib, S. = %[2x550+(7—1)><25]

= %[1100+150] = 4375
eT6e0TB6U  (P&EL 7 Db Ba6rfled SwfssLILLL 6N 6\GTenedssT gl QL ipseT 4375.
uuiipa 5.3
1. YetteuD Sl B5OSMLT auflensserfledl QDNSFHD &Tevwrs::
(1) 2,7,12,..., 10 2 miiyseT 6uemy. (1) -37,-33,-29, ..., 12 2 miiyser euemy
111

15712710 7
2. 8Cp QEMBSHBILLLEUDMEN 6IDMTSSHIBHEDET HTCTNS :

(1) 0.6,1.7,2.8, ...,100 2miseT euemy. (1v) .., 1l 2 miiser euemr.

(i)7+10%+14+...+84 (i) 34 +32+30+...+ 10

(iii) =5 + (=8) + (=11) + ... +(=230)
3. @ sl BFHSTLT euflmauded:
(i) a=5,d=3,a, =50, eresfleo n DHMID S &2 &T6ETOTS:.
(i) a=7,a,=35, eetfled d DOHMID S, 8 SM6TOTS.
(iii) @, = 37,d =3, e16vfl6v a LDHMID S | & SHT6ToTS:.
(iv) @, = 15, §,,= 125, eresflév d opmib a & &nevors.
(v) d=35,S,=75, etévfled a LoHMID a, 82 ST6Turs.
(vi) a=2, d=38, S =90, etesfleo 1 opMID a &2 &T6woTS:.
(vil)) a=8,a,=62,S =210, etevfleo 1 opmID d & Sevors.
(viii) a, =4, d=2, S =-14, erevfled 1 LDOMID ¢ & SHM6Tur.
(ix) a=3,n=28,S =192, eievfled d &2 &nevors:.
(x) /=28, S=144, pbmib 6WDM&H 2 MILILS6T 9 er6fled a & SHTevuTs.
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ARITHMETIC PROGRESSIONS

4.
S.

10.

11.

12.
13.
14.
15.

16.

17.

18.

How many terms of the AP : 9, 17, 25, . . . must be taken to give a sum of 636?

The first term of an AP is 5, the last term is 45 and the sum is 400. Find the number of
terms and the common difference.

The first and the last terms of an AP are 17 and 350 respectively. If the common difference
1s 9, how many terms are there and what is their sum?

Find the sum of first 22 terms of an AP in which d = 7 and 22nd term 1s 149.

. Find the sum of first 51 terms of an AP whose second and third terms are 14 and 18

respectively.

. If the sum of first 7 terms of an AP is 49 and that of 17 terms 1s 289, find the sum of

first n terms.

Show thata,,a,,...,a,...forman AP where a isdefined asbelow :
(1) a,=3 +4n (i) a, =9 = 5n

Also find the sum of the first 15 terms in each case.

If the sum of the first n terms of an AP is 4n — n*, what is the first term (that is S,)? What

1s the sum of first two terms? What is the second term? Similarly, find the 3rd, the 10th

and the nth terms.

Find the sum of the first 40 positive integers divisible by 6.
Find the sum of the first 15 multiples of 8.

Find the sum of the odd numbers between 0 and 50.

A contract on construction job specifies a penalty for delay of completion beyond a certain
date as follows: X 200 for the first day, I 250 for the second day, ¥ 300 for the third day,
etc., the penalty for each succeeding day being I 50 more than for the preceding day. How
much money the contractor has to pay as penalty, if he has delayed the work by 30 days?

A sum of ¥ 700 is to be used to give seven cash prizes to students of a school for their
overall academic performance. If each prize is X 20 less than its preceding prize, find the
value of each of the prizes.

In a school, students thought of planting trees in and around the school to reduce air
pollution. It was decided that the number of trees, that each section of each class will
plant, will be the same as the class, in which they are studying, e.g., a section of Class I
will plant 1 tree, a section of Class II will plant 2 trees and so on till Class XII. There are
three sections of each class. How many trees will be planted by the students?

A spiral 1s made up of successive semicircles, with centres alternately at A and B,
starting with centre at A, of radii 0.5 cm, 1.0 cm, 1.5 cm, 2.0 cm, . .. as shown in
Fig. 5.4. What is the total length of such a spiral made up of thirteen consecutive

.. 22
semicircles? (Take © = 7)
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11.

12.

13.

14.

15.

16.

17.

18.
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9,17,25,... e6tim &L BGSOSMLIT euflemsuieo 636 erenID CFTENSHMU  EILMIQUISDNE

THSHENEN 2 MILIL|SHEN6T Sal'l Geussor®BLd?

b FalGSOSTLT auflensulest wpsev 2 mity 5, sewLdl 2 miny 45 OHMID saBGs6d 400.

e6fled DigHetT 2 MiLILserfledT eTevoTevvilhemas LDngLD OLINGNSHUITFD SHBWEUDEDD SHITEToTS:.

b FL@HOSMLIT euflewsuilsst (pgev HMID SHeLA 2 MILILISET dpewpCul 17 LD!DQ]LD

350, ewng) eNsHwned 9, ereslled Seubmleo 2 6o 2 MILILIGET 615SH6E6B  LDHMILD

&w;p;_()]svr 8.(B&60 ersnenr?

M FalBsHOsTLT eiflosullett d = 7 wHmib 22 eugl 2 mitiy 149. eesfleo wpsed 22

2 miiseflesr QUDNSSID Srevors.

b Fal BSOS aurflensulleit SUewILTelS| DHDID ePETDTEISH & MILILIS6T LD

14 opmiib 18. erevfled wpsed 51 2 miliserflest O IDMESD Smevors.

b SaL@SOSMLT auflensuiler 7 2 piiyseflesr ewngsb 49 whmid 17 2 mitserflesr

eSS 289, erevfled (wps6d 1 2 miLiL|serflesr anggw SITE00TS:.

a SesTewBLOND)] GUEOMUNISHILIBRDGI. @), dys - - -, A+ - . BB FALBSHSTIT 6uflews cT6oTSHSHM (.
(1) a =3+4n (i) a, =9 - 5n

Gayb @ReueaITH euenSHUINID WpSed 15 2 mitisefles QNS &Ters.

M FaLEHOSNLIT auflnaulen wpsed n & MINLSET cuenr EWDIGSID 47 — n’, erevfled
aps6e0 2 mitiL (S)) etedTent? (psed Bretoi® 2-MILIL|Serfledr EIDTSSID 6TedreDT? GUeworL b

2 mUIL| eT6dTe6vT? @mmn@gp 36)@1, 106ug) LDHMILD 72 61 &guqassmm SHITEV0TS.

6 SO0 UGLILSFalU! (P61 40 LSlews (PL&S6T6ST CIDMSHD SHTeors.

8 601 DLMmIGS6rTl60 (Wpsed 15 2 miLiserflett QIWDNSHSID &Tevons.

0 wHmId 50 & QPEWLLLLL QMMM 6T6turSH6f65T CUDTSSID SHTETuIs.

Qb SLENEIL Lewlissne @UUBSD @0 SHIILL CHH8E HILIMED SHTOSTDSD

SbEUIBHSTET  HLIMTSHLD Ulesreudbonm  SMl&sLLGSDS!: Wwoed Brensd I 200,

@uewiLneug) BrepsS I 250, epeiipreg Brepss I 300, @aueeunn &I@gg,@gg,

[BTLSEBEHSHTEN HIMSID SiFedT (Pphewsul Hrenersiil T 50 éig‘}&,m 30 mLseT Listotlemw

SMDSLILIBSDEITED RUILBSSHSHMIT ALITTSLDTS 6FN5HS Geu6TITIQUI E\STENS 6TENEUETE)?

b Leierflufleyierter LoemauTaEhEG HauTseafelt QUEEIDTES &6vsflls Spenisans

700 23 615606y LSS P6UCNUT(H Liflsish EVHTEWEHLD SHPEOT (LPEEDIWI LiflensoIsiemaseoiiei

3 20 @emme. etetfleo autreun s LM&s565mensullesr LDSLIEHLI STetrs.

b Lisoruled toreds a1 LT . e Lt it opesei

Bl (Pge) G\LgeoTT. speueeump Lifley mnsmmn&;@.o ST ULg&,@LD UGLLIDS

SLDLDITEIT 6)&1QB6M6NT Sigeug) [ Opb eu@Li Ligs@d @b Lifley Lomewreuriaei | 6vsiouib, 11

éd,ua aUGLIL um&;@u: o Lifley wnswrtmrraam26\ag.5@5m 5L Ge6ToT(BLD. gsnsnng)(llébLD

6UGLL| 6ueTT G\FLIWI (Ssnewr(BLD erszm;u Lpigs) Q&ug,rrrr&,m E6UCIGUT(TH m@ulj]ecmw eLp6oTM)

Lrfleysmert @@g,g,rrsu LDITEOOTEUTESHENTTE0 [BLLILI'L. GIDISS EFQSHET 6TSS6060T!

uLD 5.4 60 &lieweTerensl CGUTED EBTLAFFLITET HMIEULLIRIHATTE (b SH6I

QFEWWILLEBDE. HOIaILSH6 eMDWMmIS6T A 60 SpIbLISEH A LD[DQ]LD B sem56

SwLCW LMI&EOSTETCL BHHHDE). (BLDgLD DI L SH6T SHThIG6T LPeDDEIL

0.5 ag.15, 1.0 e1&.15, 1.5 61&.15, 2.0 61&.15, . . . @eveunm) 13 SHewraULLrIH6T 2 6Teng)

ereuflev S(HeriletT EWDMNGE Bermbd ereueuerey? (1 = %Grsvr TBSHSHISHE\SIT6IT )
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ARITHMETIC PROGRESSIONS

19.

20.

Fig. 5.4
[Hint : Length of successive semicirclesis/, [, L, [,, . .. with centres atA, B, A, B, . . .,
respectively.]

200 logs are stacked in the following manner: 20 logs in the bottom row, 19 in the next
row, 18 in the row next to it and so on (see Fig. 5.5). In how many rows are the 200 logs

lllllllll/mmmll@

00000 °90000000000.
X 00,

/.
A XX
@@

=

A'A.A.A. AAAAAAA ' A.A.A.A A

Fig. 5.5

In a potato race, a bucket is placed at the starting point, which is 5 m from the first potato,
and the other potatoes are placed 3 m apart in a straight line. There are ten potatoes in the
line (see Fig. 5.6).

@ ! © © o [»Y [»Y (Y
. . . . ) .

Sm 3m 3m

Fig. 5.6

A competitor starts from the bucket, picks up the nearest potato, runs back with it, drops
it in the bucket, runs back to pick up the next potato, runs to the bucket to drop it in, and
she continues in the same way until all the potatoes are in the bucket. What is the total
distance the competitor has to run?

[Hint : To pick up the first potato and the second potato, the total distance (in metres)
run by a competitoris 2 X 5 +2 x (5 + 3)]
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LLLD. 5.4

[0y : OSTLAFAWTET HewTeul L GHedr ﬁmrﬁ:&dT wpeom@w [, [, [, [, ... Hoib
SleunletT emWIkIGET (WPpedmBw A, B,A, B, .. ., |
200 wosgietT@asT Ssteaunm HBSHS 6m6n3,&>UUL(Bmmgj Sp euflenguied 20

LDE600(BEHETHLD, 5601 BLD6L eurflemauTied 19 LogigIeu01BE«6THLD, &g,sm@.mlSwgggjm@aa@o
OB&S meusHLILLBeTerng) (LLD. 5.5 g2 umT). 200 pssieouBaHeme HbBEHS DOUILGING

ETESEMET UIflemTa6iT Gg,sms)ﬂ LD[DQ_lLb Gev eurflemauleo erggsmszrr Logggjso‘ar@aam SH&ED?

,,,,,,,,,,,,,,,,,,,,
IANA A AA A A A A A A A A A A_A_A_A_A

Y Y Vs 7 s 7 s 7 Y « Y « Y 7 Vv Y v Vv Y

uLLD. 5.5

2_BEDATHHDIARIG LBSWID @6imled SprbLiLijeerflufieo eurerf Q6] ED6USSLILIL BTNS).
POl BbSI 5 15 SIS0 WPHED 2 HEDETHESPMIGLD DHMID LMD L_[HEDETESLDMHIGS6T
@M CETeEGsmLgst Gwed 3 15 QenLeeueflulled emeussLILLBeitemesr. @eweurmy 10
2_(HEneHSMIGSHET Dibg GaMLigedt g 2 eitemesr (LLLD.5.6 g LIMm).

uLLD. 5.6

&(H GuMLieuimermT eueril @HEHGLD BLEHHONHHSH E\SNLIEIS HIBHCIETENT 2_(HEW6TESLDIHINS:
IBSSITEEHTE0 Rearbg) euerfiufleo CLM. CoustorBLd. SHBES 2 (HEDsTHHDRIENS: GIBLLIFNG
56toT(BLD e HLDMBIENS  ETBSHIS6\HTETT(H GMLF,Q eurerfludleo Gum_  CeuevoT(BLD. @mrrg
6\IDNES 2 (HEMENTHHPHIGSHWETLD eunerflufeo GLTBLD euem @(8,5 WPmDUTEL C\HTLITHS)
O\FIW Ceuetor(BLD. AHhg UM lewimermT 6L GeueTonQUl GIDITES SIMILD elev66TTeY?

[@®wiy : ReTTeus), SUevLels 2 (HeneTHSDmIms TBSSHOUT b GUITLIQUINETT
QL Geuevoriguws HOLD (BLLisefled) 2 X 5+ 2 X (5 + 3)]
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ARITHMETIC PROGRESSIONS

EXERCISE 5.4 (Optional)*

1. Whichtermofthe AP: 121,117,113, ...,18 ‘
its first negative term?
[Hint : Find n for a, < 0] 55 rﬁ" ......... P

2. The sum of the third and the seventh terms of -
an AP s 6 and their product is 8. Find the sum d
of first sixteen terms of the AP.

3. A ladder has rungs 25 cm apart. 1
(see Fig. 5.7). The rungs decrease uniformly : 25
in length from 45 cm at the bottom to 25 cm
at the top. If the top and the bottom rungs are

1 : A
25 m apart, what is the length of the wood ’ 25 em
required for the rungs? Som Woown
[Hint : Number of rungs = 250, 1] .

25 Fig. 5.7

4. The houses of a row are numbered consecutively from 1 to 49. Show that there is a value
of x such that the sum of the numbers of the houses preceding the house numbered x is
equal to the sum of the numbers of the houses following it. Find this value of x.

[Hint: S =S, -S|
5. A small terrace at a football ground comprises of 15 steps each of which is 50 m long and
built of solid concrete.

1

Each step has a rise of % m and a tread of % m. (see Fig. 5.8). Calculate the total volume
of concrete required to build the terrace.

. . . 1 1
[Hint : Volume of concrete required to build the first step = 3% 5% m’ |
Lm
2 X
1 S
Z mw_ K(’)

* These exercises are not from the examination point of view.
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uuina 5.4 (@lepiud vuibha)*

1. 121, 117, 113, . . ., eredim Sl BSOSILIT \
auflewsuled (&0 Gevm 2 MLl 61517 [Saiiy
1a, <0 @m&GSIM] 71 68T LDBLIEHU ST6wTs |

2. @ FaL®s56sMLT euflwsulest 3 eugl LHMID
7 eugl 2 miuyseflel QLTSS 6. GOEYLD i
Ou@&&;pue\)wrS et6uflev (P60 16 2 miliserflesr
GIDMSSID SHITETIS.

3. @ gewflues LigseT 25 61&.15. GewLeeuerflufieo
SlewibbgleTerer.(LULD.5.7 &  umT). Lipserfler
Berd SN BHEH GCweons AHeuUrsd 45 -
6\&.15.uNe0lpbg GGed 25 Q1F.15. euemr @G

818 SODADG). g HMID 2 &8 LIgsHEHsS VS I ;
SeoLUUCL M 2% 5 erevfled  erevoflliig 2{ Zi cm
SienDE:S GFHemeuLTenT L ewLuUlledT [BerTD etedrevt? 45 cm

(@i : LigsserfletT erevorevuilsemas = @ 1]

LLLD. 5.7

4. 1 Wps6049 euemn E\HTLITESWIT6HT aswrewﬂ&smas 2 emLw p euflewaulleo 6liBe6T 2_6ierent.
gD R 6D OGTBHSILLL 616w X 6T6ms O\smeumed @b efiliehd et
2 aen _efi@safistr  ercmenfiscnauletr ewnsHD, AdisHE BsGeTaT eliGHeten
elenoTenllsenauilesl CIDNGHHENG &IOS 2 eTemeunn b 6l eT6tOr X 2_6iTerg)
eTeUT&HSTL(B. GLDSYILD X 60T DI &H6vorBLILQ.

(@i : Sxfl - S49_ Sx]
5. @@ ameoUBg eOSTETSH0 15 LigsHemer 2 ewLw @(p GeML  HTETSIFLLTED

sLLULL@BeTengl. @Fetr eueleuncp Lieuilest Bembd 50 L5, Diseold %LB. QEUCUM(H
LIQUILD DBMS (PEST 2 6Tem LIRSS % 5. 2 wpsdHe> 2 eiteng) (ULLD.S.8 & Lm).
GemLedw S GeUSHES CHemeul LB SHTeiTdifiigelT CIDNGS HevTiaTe SHT6rs.

(@ : PSEVLIQ DHeMDESHS CHemeUITesr HTeiTBfLlgedT HevTHeTeY = % X %x 50m’ ]

LLLD. 5.8

* @bsl LWiIHd CoitesGiwug Siedeo.
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ARITHMETIC PROGRESSIONS

5.5 Summary
In this chapter, you have studied the following points :

1. An arithmetic progression (AP) is a list of numbers in which each term is obtained by
adding a fixed number d to the preceding term, except the first term. The fixed number d is
called the common difference.

The general formofan APisa, a+d, a+2d, a+3d,...

2. A given list of numbers a, a,, a,, . . . is an AP, if the differences a, — a,, a, — a

a,—a,, ..., give the same value, i.e., if @ — a, is the same for different values of k.

3. In an AP with first term a and common difference d, the nth term (or the general term) 1s
givenby a =a+(n-1)d

29

4. The sum of the first n terms of an AP is given by :
S= g[Za +(n - 1)d]

5. If / is the last term of the finite AP, say the nth term, then the sum of all terms of the AP is
given by :

S= g(a +1)

ANOTE TO THE READER

a+c
2

If a, b, ¢ are in AP, then b = and b is called the

arithmetic mean of ¢ and c.
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5.5 asnaiiny
85 ASBHUMUSHeO BraiseT LNetTauheuesTaIhenn HHMITSHET :

1.

-a,—a,a,—a,aq,—a

Q@ elewrsefledn Lilleuielled (pgHed 2 milienll S6fly LBGpsTan 2 MILILSH6T HDETTHSILD
SlUDMDGS (PedT 2 6iTem 2 MIIL|LET QI [Beweolnest  eTevoremenar d  Sal BeuSTed
ahLBSeTD  ereturserflest LLRUIENeD snrGHASTLT aifians (AP) aertd@omb. S5
Bemeowinest erevor d QUM alSHBUTFID 616N HMPSHSLILGSDG).

Sl BFHOSTLT euflewsulesr ewngeueeud a, a +d, a+2d, a+3d, . ..

..., DBULSEIT &LDID 61631160 & |, @, A, . . . GTEOTD ETETTISHEITIEHT LILI1QUIED

— a, e6dTLg| k 681 eYeueuGeumnmest

P73 Yty Yy

R SaLBSOSTLT  euflewswn@d. Sismeus a
PLILSEHSES @CT Hflwins 2 eTeng).

k+1

. S0 2 il g HMID e ung elsHuLNED d 2 eitem @@ Fal GSOSTLT auflewsullesr 1

eugl 2 ML (Sieveogl Owngl 2miny) a, =a+(n—1)d.

. M ol BSOSMLl6N Wp&ev 1 2 mLiL|serledT CIDISSLD :

S= g[Za +(n=1)d]

. M wpram Sal®GsasMLT euflmsullen senLdl 2 Ml dismeug 1 eugh 2 mi| [

erevfled ol BHOSMLIT euflensullett eteveom 2 mLiLjserflesr EUDNSSLD:

g = g(a +1)

DTN THAHBBTIT S| :

a, b, c SpBwemey M Fol BHOSTLIT euflews erevfleo b = a;c
8m& b eeitug a WOMID ¢ &1 salL® &omefl eerm

SNWPSSLILGBDS).
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TRIANGLES

TRIANGLES

6.1 Introduction

You are familiar with triangles and many of their properties from your earlier classes. In Class
IX, you have studied congruence of triangles in detail. Recall that two figures are said to be
congruent, if they have the same shape and the same size. In this chapter, we shall study about
those figures which have the same shape but not necessarily the same size. Two figures having
the same shape (and not necessarily the same size) are called similar figures. In particular, we
shall discuss the similarity of triangles and apply this knowledge in giving a simple proof of
Pythagoras Theorem learnt earlier.

Can you guess how heights of mountains (say Mount Everest) or distances of
some long distant objects (say moon) have been found out? Do you think these have

WAH! WAH!
Soon I will
reach the moon.

AAH!
It is so easy
to measure the
height of the
mountain,
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APS CHTEDT RIS 6T

WPHEHTNhIHEIT 6

6.1 ®mjapasib

PhHmsW  auGLLS6fed  psGaHTemhisGemeT LUDMIWID SieubiesT LIETLSH6meT  SMISSILD
LSS mUSTHET. WaEGsTemGaT6 &ieuFp Usreml UMD RETUSTD  6uGLILI60
LesSmLiTser. @Cr wrdfwmer cugausmsd @G wrdfiwmer SieTepeuwd SLMHMI6TET
QUIQENHIGHED6IT FITEUFLD GUIQENHIGET 6T6dTLIT. @G NPfwimesr eugauSMSWID 6l6ueuGaumTesT
ST SHEDEITULD ebmieTeT  ugeumIGEMET LD 55 DSBwmusSe0 uqzu(%urrw @G
wrndlwimest snLgansmguw 16UEUCEMITEIT  SHOTOYSHEWETUID  EILIDMIGITET  EUIQEUMISHEDENT
aReaInss eugeumsst (Similar Shapes) ereord@omid. GSMIILNS  (LPp&Bs mevorhiseriledr
GUIRE\EUMLIL|EWLDS606T 6fluNSHs8) Leteunt Sbg SiMlewer LIWGTLIGSS Lisnamsv CHHMSns
eteflw (pewmuied BerpLiemnd QFWWLGUITSGMTLD.

LDEDEVSETIET 2 WINTRIGENETUILD (@_SHTI6sorDns GIDUILDEmE)) 60608 LG C\GHTEnEOSHTIESHH60
SMeTTLILBLD  OUM@pLEefledr HNUmiGeneTu|D @ _SMrerpns Beve) eTiLie &:Gli'OTL@u_IG\)ITLb
ETEITLIENG 2GS (LPRSEMST? Si6rTa)] [HILTemeN LIWGTLGSS SBeUhHenm i6Tss wPIQUILD er6ur
Bemevt&SmmuIm?

Ssamn Spaon | < (1 _
Db, 1Boosmeu 51D ) T,
LDsmevUSlesT QFeim| SiemLGeuetr. Iy
2 LTSNS
Slemiug) eterflg)
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TRIANGLES

been measured directly with the help of a measuring tape? In fact, all these heights and distances
have been found out using the idea of indirect measurements, which is based on the principle of
similarity of figures (see Example 7, Q.15 of Exercise 6.3 and also Chapters 8 and 9 of this

book)

6.2 Similar Figures

In Class IX, you have seen that all circles with the same radii are congruent, all squares with the
same side lengths are congruent and all equilateral triangles with the same side lengths are

congruent.

Now consider any two (or more)
circles [see Fig. 6.1 (i)]. Are they
congruent? Since all of them do not have
the same radius, they are not congruent to
each other. Note that some are congruent
and some are not, but all of them have the
same shape. So they all are, what we call,
similar. Two similar figures have the same
shape but not necessarily the same size.
Therefore, all circles are similar. What
about two (or more) squares or two (or
more) equilateral triangles
[see Fig. 6.1 (ii) and (ii1)]? As observed in
the case of circles, here also all squares are
similar and all equilateral triangles are
similar.

From the above, we can say that all
congruent figures are similar but the
similar figures need not be congruent.

Can a circle and a square be similar?
Can a triangle and a square be similar? These
questions can be answered by just looking
at the figures (see Fig. 6.1). Evidently these
figures are not similar. (Why?)
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What can you say about the two quadrilaterals ABCD and PQRS
(see Fig 6.2)?Are they similar? These figures appear to be similar but we cannot be certain
about it. Therefore, we must have some definition of similarity of figures and based on this
definition some rules to decide whether the two given figures are similar or not. For this, let us
look at the photographs given in Fig. 6.3:

Fig. 6.3

You will at once say that they are the photographs of the same monument
(Taj Mahal) but are in different sizes. Would you say that the three photographs are similar?
Yes,they are.

What can you say about the two photographs of the same size of the same person one at the
age of 10 years and the other at the age of 40 years? Are these photographs similar? These
photographs are of the same size but certainly they are not of the same shape. So, they are not
similar.

What does the photographer do when she prints photographs of different sizes from the
same negative? You must have heard about the stamp size, passport size and postcard size
photographs. She generally takes a photograph on a small size film, say of 35mm size and then
enlarges it into a bigger size, say 45mm (or 55mm). Thus, if we consider any line segment in
the smaller photograph (figure), its corresponding line segment in the bigger photograph (figure)

. 45 55 . . .
will be 5 (Or gj of that of the line segment. This really means that every line segment of the

smaller photograph is enlarged (increased) in the ratio 35:45 (or 35:55). It can also be said
that every line segment of the bigger photograph is reduced (decreased) in the ratio 45:35 (or
55:35). Further, if you consider inclinations (or angles) between any pair of corresponding line
segments in the two photographs of different sizes, you shall see that these inclinations(or
angles) are always equal. This is the essence of the similarity of two figures and in particular
of two polygons. We say that:

Two polygons of the same number of sides are similar, if (i) their corresponding angles
are equal and (ii) their corresponding sides are in the same ratio (or proportion).
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Note that the same ratio of the corresponding sides is referred to as the scale factor (or
the Representative Fraction) for the polygons. You must have heard that world maps (i.e.,
global maps) and blue prints for the construction of a building are prepared using a suitable
scale factor and observing certain conventions.

In order to understand similarity of figures more clearly, let us perform the following
activity:
Activity 1 : Place a lighted bulb at a point O
on the ceiling and directly below it a table in
your classroom. Let us cut a polygon, say a
quadrilateral ABCD, from a plane cardboard
and place this cardboard parallel to the ground
between the lighted bulb and the table. Then a
shadow of ABCD is cast on the table. Mark
the outline of this shadow as A'B'C'D’ (see
Fig.6.4).
Note that the quadrilateral A'B'C'D’ is an
enlargement (or magnification) of the
quadrilateral ABCD. This is because of the
property of light that light propogates in a
straight line. You may also note that A’ lies on
ray OA, B’ lies onray OB, C'
lieson OC and D' lies on OD. Thus, quadrilaterals A'B'C'D’ and ABCD are of the same shape
but of different sizes.

So, quadrilateral A'B'C'D’ is similiar to quadrilateral ABCD. We can also say that
quadrilateral ABCD is similar to the quadrilateral A'B'C'D’.

Here, you can also note that vertex A’ corresponds to vertex A, vertex B’ corresponds to
vertex B, vertex C' corresponds to vertex C and vertex D’ corresponds to vertex D. Symbolically,
these correspondences are represented as A’ <> A, B’ <> B, C' <> C and D’ <> D. By actually
measuring the angles and the sides of the two quadrilaterals, you may verify that

(1) LA=ZLA",LB=/B,£C=4£C'",£D=2D"and

(i) AB:BC:CD:DA.

A'B" B'C' C'D" DA’

This again emphasises that two polygons of the same number of sides are similar, if (i)
all the corresponding angles are equal and (ii) all the corresponding sides are in the same
ratio (or proportion).

Class 10 152 Mathematics



APS CHTEDI RIS 6T

SN 955 ussmsefer gelldsbneng LeCsHTammsSafe DHemayd L  &mrevofl
(Stevevgy &L LletTeiD) eT6nT SHWPSHHLILGEDG. BHS SemeySlL smgewnilsenar LD
2 evs UpeufliuLmsst, sliLmiseflesr SLumsst Gumstin Gamun@sefled SiPHsd
LWeTLBSSLILGSEDG. OLMHSSIDNeTT SHemeydl L  SHNIevoflgHensT \&TewIB  SLlpL mhigerfledr
SULULMISET CaHemeusGasihL euemIuILILIBE6TM60T.

augeumiI&efledT 61166 MLIL 6™ LD & 6m 61
yiibsOismerer SWpsTamD 6 & WD
O\&FUWIGeuMLD.

aswe 1 @ 2 mseT e@LUUmDUIEd
GnsaenIuied OLUNESSLILLL 6T efensd
eflbue OFLEH IAiF5HS CHASPNS
GenFemwEnel. @ i emLuledmnHal @b
ueoBsnewridb ABCDg Qeully 6@ Siens
S5MIHG QeweTwnselb L ereflen&H&
LOMID CmEsHE WSSUIQID LLEHD
srLipuweirm enel. Gensuler GO
SiLenLullerr Bipedlett Lmeurflemws euemmBS)
mproaIb A'B'C'D’ ereor ewwifi.

8 mmbagd A'B'C'D’ eretrug ABCDsbr
OUAmILGSSLILILL  Di6b60g 2 (HELIHSHSLD
QFWWLLILLSTSLD. Digmeug) Llesteflemsdest
BLb O erev1s Q\mevorLmed A’ etetrLigy OAedr
Gwed Slemw|b. B’ eretrig OBesr Geyiid,
C' esdrug) OC et Gegid. D' etestugy ODetr Gosild SHembu]b. wHhsnmigseT ABCD Geyib
A'B'C'D’ etettiemen @G 6)196u56MSWILD 616u6UG6UM)] HOTEYSHEMEITILLD E\&TEU0T(B6ITEITEOT.

A eietTLg) © & AsE R65FTEH 2 dTeng. Bems A’ <> Ao GHUILLIE GSM&SGHLD.
eveun@m B’ <> B, C' <> C Gweyid D' <> D.

GHTEMITRISENOMTUILD LISSHHISHEDETID HeNTbg LIMTSH SLpSHSE0ILeUNenD FlLMTgeaLb.

() LA=ZLA", LB=4B, £LC=£C', £LD= 4D’ Guwad

... AB BC CD DA

(11) — = = .

A'B" B'C'" C'D DA’

BPeOl(hH&| FLOLDITEST ETETITET0NEHEMEHIUIGTET LISSHHISHMET 2_6DLIW Brevor® LIeoEs:TeuomhiserT

QUIEEEUMSHSEMEULITS: B(H&HS Geuetor(BeILDeuflen,

(7) StubnledT 698,5CHMEMITHISGET 6T6DEVITD FLDLDMNG ([H&Hs Geuetor(BLD.
(il) SupMiesT R&S LSGHGT @CT eidgsde ((Nfs Fs5H0) RHsHs CeuetorBLD
aT6tTLIENS 2 MISLILIGSHSHISDE.



TRIANGLES

From the above, you can easily say that quadrilaterals ABCD and PQRS of
Fig. 6.5 are similar.

R

5.0 cm

Fig. 6.5

Remark : You can verify that if one polygon is similar to another polygon and this second
polygon is similar to a third polygon, then the first polygon is similar to the third polygon.

You may note that in the two quadrilaterals (a square and a rectangle) of
Fig. 6.6, corresponding angles are equal, but their corresponding sides are not in the same ratio.

D 3 cm C S 3.5cm R
|
3cm 3cm 3cm 3cm
|
Al B P Q
3cm 3.5¢cm
Fig. 6.6

So, the two quadrilaterals are not similar. Similarly, you may note that in the two
quadrilaterals (a square and a rhombus) of Fig. 6.7, corresponding sides are in the same ratio,
but their corresponding angles are not equal. Again, the two polygons (quadrilaterals) are not
similar.
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D 2.1 cm C

2.1 cm 2.1 cm

2.1 cm

Fig. 6.7

Thus, either of the above two conditions (i) and (ii) of similarity of two polygons is not
sufficient for them to be similar.

EXERCISE 6.1
1. Fill in the blanks using the correct word given in brackets :

(1) Allcircles are . (congruent, similar)

(11) All squares are
(i) All
(iv) Two polygons of the same number of sides are similar, if (a) their corresponding

angles are and (b) their corresponding sides are .(equal, proportional)

. (similar, congruent)

triangles are similar. (isosceles, equilateral)

2. Give two different examples of pair of
(1) similar figures. (i1) non-similar figures.

3. State whether the following quadrilaterals are similar or not:

D 3cm C
S 15em R 3cm 3em
1.5 cm 1.5cm
P 1.5 cm Q A 3cm B
Fig. 6.8
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D 2.1 cm C
2.1 cm 2.1 cm
4.2 cm
A 2.1 cm B

Q
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D 3cm C
S 1.5 cm R 3 cm 3 cm
1.5cm 1.5cm
P 1.5cm Q A 3cm B
uLb 6.8
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6.3 Similarity of Triangles
What can you say about the similarity of two triangles?

You may recall that triangle is also a polygon. So, we can state the same conditions for the
similarity of two triangles. That is:

Two triangles are similiar, if
(i) their corresponding angles are equal and
(i) their corresponding sides are in the same ratio (or proportion).

Note that if corresponding angles of two triangles
are equal, then they are known as equiangular
triangles. A famous Greek mathematician Thales gave
an important truth relating to two equiangular triangles
which is as follows:

The ratio of any two corresponding sides in two
equiangular triangles is always the same.

It is believed that he had used a result called the
Basic Proportionality Theorem (now known as the Thales
Thales Theorem) for the same. (640 — 546 B.C.)

To understand the Basic Proportionality Theorem,
let us perform the following activity:

Activity 2 : Draw any angle XAY and on its one

arm AX, mark points (say five points) P, Q, D, R and B E C %
such that AP=PQ=QD=DR =RB. & S

Now, through B, draw any line intersecting arm AY Q,
at C (see Fig. 6.9). R

Also, through the point D, draw a line parallel to X

BC to intersect AC at E. Do you observe from your Fig. 6.9

. AD 3
constructions that DB 2 ? Measure AE and

AE AE 3 .
EC. What about Y- ? Observe that TC s also equal to 3 Thus, you can see that in A ABC, DE
AD _AE
DB EC’
Basic Proportionality Theorem):

|| BC and Is it a coincidence? No, it is due to the following theorem (known as the

Class 10 158 Mathematics



APS CHTEDT RIS 6T

6.3 WpHBHTRIBNOT AIPEMTLIL[EMLD
Brei® (PpSEHTETUHIS6 6T QUGN LIHI6TEIT6sr Famieuil.

WP&ECHETEMMISEHLD R ULOCHTEWID eTeiTLeng [Bewere &Fam. ererGeu
LISOGSHTETRISEHEE SWIMIHHSID CULECUTLILIEMLD (LPSGHTETRISEHEHGSID SIITIHHSID. HSHTEUS)
BB (LPHBHTETHISHET CUEIUTSH(HES:

(1) Steweuserflesr 955 GoHMVOTEISET FLDIDNG BIhs&HS5 GCeUEToT(BLD.

(il) 858 LSSHHISET FLOWT6T 6XBE55F560 Libs%s GeuevoT(BLD.

SMILLY: @uewi® psCamemmisafledt @8558 mermIgHeT
gD ereoflled Dlemey FOBHMEWT  (LPHBHTETMRIGET — 6T60T
Siemp&aLILGHTDeT. Lspeupn $HCrse senflls Gens
B560610 DHOUMHET FLOBHTEUTLPSHGHTETIHISHEMSIT LIHMILI 6(H
WP5SW 2_erremibenwl 6\sifleflggm.

Bap FCSHT0T APSBSHTEOTEISGEIIH D55 LiGSHIG6NIeoT
flESLD FLOONS BIBSHEGLD.

8bs 2 ewiemd JlgLilewL  6615s FIGsHMLD (Bs6v6rv
CsmMLD 6T6OTEYLD) 6T60T HEWPSHSLILBGSEME.

. ) : . Gzevaiv
SiguuenL 6lds FOCHDHMHMS yriibgie&meirer (640 — 546 B.C.)

NetTeU(HLD E\FWIEMED E\FUWIGEUMLD.
aren 2 : XAY e1enid rG560ID XH CHTEmISHens 6U6HIs:.
8560 @@ yub AX 1Bz P, Q,D, R wppib B gGsemib
e&bal Leerflsemer AP=PQ =QD=DR=RB erenibLig euems.
SiBung) B et eufiGw Luib AY g2 Ced Qeu(BLoLIQ &(H
G 6UemTs. A E
Gwayb D 6ot auflGw BC s Qewewrwing AC & E 6o P
QLB LI @ CHTBeLmIS. 2 6iTenlenLUI EUenTLPeDMUTedT D

AD 3 . : L . B
Lip T = - 6T60TLIEDS seuevflgsmun? AE bpmib ECes Slenbg) X

. AE . . . . AE | .3

L. & LN eT6tT60T SH6U6EHTISSMULI? i DS 5 ELDLDIS;
. . AD AE

2 eiterg). et6or@6u A ABCed DE || BC ereufleo OB =E—C.,@gj

aGaFenFwng Ll 6flfg Fwn? Geoemeo Q| LietTeu(HLD

CaHMEHENS HQLILIEHLUITS E\HTEWIL. 2 _650TemiD  (HiQLILIemL

6185 FWEHOHMID 61637 HEMLPSHSHLILBSDE)

10 ©pib auriy 159 SHaDlBHLD



TRIANGLES

Theorem 6.1 : If a line is drawn parallel to one side of a triangle to intersect the other two
sides in distinct points, the other two sides are divided in the same ratio.

Proof : We are given a triangle ABC in which a line

A
parallel to side BC intersects other two sides AB and /‘ M
AC atD and E respectively (see Fig. 6.10). NA.”
D /‘\ E

AD AE s

We need to prove that OB EC y
B~—

Let us join BE and CD and then draw DM L AC and ' C
EN LAB. Fig. 6.10

1 . 1
Now, area of A ADE (= 5 base x height) = 5 AD X EN.

Recall from Class IX, that area of A ADE is denoted as ar(ADE).

1

So, ar(ADE) = 5 AD x EN
1

Similarly, ar(BDE) = ) DB x EN,

1 1
ar(ADE) = ) AE xDM and ar(DEC)= ) EC x DM.

[u——

— AD X EN
ar(ADE AD
Therefore, ( d_2 ~  _AD (1)
ar(BDE) 1 DBxEN DB
2
! AE x DM
ar(ADE) 9 AE
and = =— (2)
ar(DEC) 1 gcxpMm EC
2

Note that A BDE and DEC are on the same base DE and between the same parallels BC and DE.
So, ar(BDE) = ar(DEC) (3)
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Therefore, from (1), (2) and (3), we have :

AD  AE
DB EC

Is the converse of this theorem also true (For the meaning of converse, see Appendix 1)?
To examine this, let us perform the following activity:

A
Activity 3 : Draw an angle XAY on your B B,
notebook and on ray AX, mark points B, B,, B, B, W -
B, and B such that AB, = B B, = B,B, = & G
B,B,=B,B. . o W Cé
Similarly, on ray AY, mark points / é
C,C,C,,C,and Csuchthat AC, =C C,=CLC,
= C,C, = C,C. Then join B,C, and BC
(see Fig. 6.11). Fig. 6.11 Y
Notethat o= = (Eachequalto .
ote that BB~ CC (Each equal to 4)

You can also see that lines B, C, and BC are parallel to each other, i.¢.,

B.C,| BC (1)
Similarly, by joining B,C,, B,C, and B,C,, you can see that:
AB, _ AC, (: g]
b - o L3 and B,C,||BC )
AD 26 (=§] d B,C,||BC 3
BB Cc | 2) ad BGl 3)

AB, AC, (_4
1

BB CC ——j and B,C,|BC 4)
From (1), (2), (3) and (4), it can be observed that if a line divides two sides of a triangle in
the same ratio, then the line is parallel to the third side.

You can repeat this activity by drawing any angle XAY of different measure and taking any
number of equal parts on arms AX and AY . Each time, you will arrive at the same result. Thus,
we obtain the following theorem, which is the converse of Theorem 6.1:
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(1), (2), B3)edlwba,
AD _ AE
DB  EC
eTeorGeu, GammD BerpLIGaLILILLE).

855 CshHNEH6i DMIFHENEOU|D GIDUILITGLDN? LDMISHEMe0 elenid ComiumienL Lfibg)
eametem L6t QemevorLiy-1z2 UMT. Qews OSHBGHIS COSTETET SLDHSBEMWIL  CIFUIEOLITL WL
6\FUILLI6DITLD.

agFmed 3 : 2 m&eT ChILEUSS5H5I0 XAY ereirenlb B, 4
Gonemgens aenns. AX sdfler Goe B , B, By, B, i g B2 Cy
B eisireqiib Lieefisemer AB, =B B, =B B, =B,B, = B,B=1 B, C,
&5 QHSHGLIN GN)&Hs. B G,
@sian@n, AY sdflsir Gweo C, C;, C,, C, wpm € X Cy
yereflaemer AC, = C,C, = C,C, = C,C, = C,C=2015.18 -
8ms&wn &Miss. B,C, whmiio BCg Qewevor (UL 6.1)
uLb 6.11 Y
AB, AC, . LR .
BB - CC (Reu16uMEITMLD 2156 &LDID)
B.C, | BC (1)
SeueunGm B,C,, B.C, wpmib B,C, SpBweubenm Qenewois g,
AB, _ AC, (: gj :
BB cc L 3 Gweyp B,C, || BC (2)
ABy _ AG; (3 :
BB - CC =7 ) Guweyb B.,C, || BC (3)
AB, _ AC, (: ij .
BB CC || Geagid B,C, | BC (4)

(1), (2),(3), (4) ewpeod @ WPs8aTTISHET QUetti(® LSSMHIGMeT ©CT eNH55H60
fl&@ CaHME epeiTDMD LSHSSNES SBewevor 6160T HMW (LpleBma)).

caaBam Slereseaflo XAY aenid GConewigens euemdmgs AX HMID AY SpSw
Hurusefledr 158 FOLNSHISeT BSSISHSHTONG Bhd \FUIOLTLEHL BhigeT SpDLeD
QFUILIEYD. QEUCETH PMOUD Hrauser @CT pigewey Owmeiiaer. QPO BHE HID
Hetteupld CoHpMESems OLMIGaMD. @& CHDMLD 6.165T LDM|SHEMEOWIMTESLD.
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Theorem 6.2 : If a line divides any two sides of a triangle in the

same ratio, then the line is parallel to the third side. A
2
This theorem can be proved by taking a line DE such that /
AD AE . .
DB BC and assuming that DE is not parallel to BC 5 E’
(see Fig. 6.12). < <\E
If DE is not parallel to BC, draw a line DE' parallel to /
BC. B
C
AD AE’
T = 9 .
So, DB EC (Why ?) Fig. 6.12
AE AE’
== 2
Therefore, iCC EC (Why ?)

Adding 1 to both sides of above, you can see that E and E’ must coincide. (Why ?)
Let us take some examples to illustrate the use of the above theorems.

Example 1 : If a line intersects sides AB and AC of a A ABC at D and E respectively and is

AD AE :
parallel to BC, prove that N . G (see Fig. 6.13).
Solution : DE || BC (Given)
AD AE
So, T A (Theorem 6.1)
A
DB _ EC
or; AD AE
AD AE
o AB _ AC
’ AD  AE
B
C
AD AE
So, — = —
AB AC .
Fig. 6.13
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Cxhmib 6.2 : @ wp&EBsmemisSer G5 BrevorB
ussHEIGmeT 67 685550 UIMGGLGSIB, apeimmels

LISSSSNES B6w6voT. A
. AD AE . . /
Hitay: A ABCG\),E = EC oo Sms@om) DE etettenib _
Gan® suemIWLILIL(B6IToNTS). D A\ E'E
Bepiss : DE // BC i
Berpuevord: DE , BCa@ Semsvor Bieveo etedtim) 61(B&SI5
esmenGeumd. AHIGung BCasad Qewevorwns DE'z B C
EUEDIE. uLib 6.12
5o AD _AEL
sreaTsl, b8~ gc (@%7)
AE AFE'
oo = = 5 ?
ic - pc (ger?)

GGsowjeiTen F6TLIM IgedT @HUDAPD 182 FalL E wbpmib E' ereirLeney gettniesr GLoed
e OLINGBHGID 616vis 5 MSDE. (€16

dlev 2 _gMrewImisemsT LWETLI(GSS Guohanamid Cshmsens efleurfliGuimD.
aBHHHHTEG 1 : @ CesnG A ABCeo AB whmib AC ussmsenst D wpmid E eo

e GEng Cweayd HsECs1E BCose Sewevor erevﬂsuﬁ Y (UL 6.13) eteor BerpLa.
BTy DE|| BC (QEBTBs&LILILBeTons) )
A
AD AE ..

ENESTE B Ec (Cammiw 6.1)

: DB EC
She060g) AD  AE D E

. DB EC
&6\)6\)@ E + 1 = E + 1

B

. AB  AC C
SHeoeg AD _ AE

ey AD _ AE uLib 6.13
sreaTssl, AB  AC
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Example 2 : ABCD is a trapezium with AB || DC. E and A B
F are points on non-parallel sides AD and BC
respectively such that EF is parallel to AB & "
. AE BF re
(see Fig. 6.14). Show that D FC /
Solution : Let us join AC to intersect EF at G D J
(see Fig. 6.15).
i Fig: 6.14
AB||DCand EF ||AB (Given)
So, EF|DC (Lines parallel to the same line are
parallel to each other) A B
Now, in AADC, /
E. : F
EG| DC (AsEF|DC) G
AE AG
SO’E = @ (Theorem 6.1) (1) D
Similarly, from A CAB, Fig. 6.15
cG_ CF
AG BF
: AG _ BF
1.C., @ = FC , (2)
Therefore, from (1) and (2),
AE _ BF
ED FC
| PS T _ s T
Example 3 : In Fig. 6.16, SQ ~ TR and £ PST =
2 PRQ. Prove that PQR 1is an isosceles triangle.
Soluti Itis gi thtPS‘PT ? .
olution : Itis given that <~ =
s SQ TR Fig. 6.16
So, ST|| QR (Theorem 6.2)
Therefore, ZPST= ZPQR (Corresponding angles) (1)
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aBHHHHTG 2 : sfeusd ABCD e AB || DC. A
Bemevoruileveons, LS&MmSETAD Wwpmid BC Goed 2 eter

yereflaer wewmGw E , F erestuemen EF // AB

T HSGSMTM 2 6Temes (UL 6.14 g UmT) E/—— F

. AE BF .

aaﬂeo,ﬁ:E 6TEOTSHSML(B. /

Hray: AC 2 @emeniagd Can® EF &2 Gedb 6\eu BLb
Ll 6ueDIWeYD (LLLD 6.15 g wumm). b 6.14

AB ||DC Gweayid EF || AB  (s06y)
EF ||DC (@CGr Gamng Senewrwing 2 srter A - B
GHMBH6IT RETMISHEISHTEITN)] S6EWET ) /
AADCev, EG ||IDC (EF || DC ettrugmed) E F
AE AG

6'I'66T(36).I,E :E (Gg!i)ﬂ)LD 6.1e01 IJLg) (1)

@suaunGp, A CABeo,GF || AB D C
CG CF uLb 6.15
AG BE
- @)
(1),(2)sSmbal, P
AE _ BF
ED FC

Si6v60g)|

N S N PR« S 4 |

TBSHBSTLEB 3 LD 6.16 60, SO~ TR 6T 60T g T
8maewmm ST eettug) @ Casn®. Gweayb £ PST =
Z PRQ erevfleo A PQR @ @p&FwDUSGS (LPpSESHTEU0ID

. PS PT .
Sion s 5o =1 (59 b 010
6T6o1G6Y, ST|| QR (Gzmmb 6.2)
EEST ZPST= ZPQR (R85 Gsmewmise) (1)
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Also, it is given that

ZPST= ZPRQ (2)
So, Z PRQ= ZPQR [From (1)and (2)]
Therefore, PQ = PR (Sides opposite the equal angles)
1.e., PQRisan isosceles triangle.
EXERCISE 6.2
1. InFig. 6.17, (i) and (ii), DE || BC. Find EC in (i) and AD in (ii).
1.5 cm " 4 1.8 em
D Ecm 72 em -~ E
3cm -~
B<% 54 cm
B C y
(i) (i1) C
Fig. 6.17
4 B
2. E and F are points on the sides PQ and PR M
respectively ofa APQR. For each of the following
cases, state whether EF || QR : L
(1) PE=39cem,EQ=3cm,PF=3.6cmand FR=2.4 N
cm D
(i1) PE=4cem, QE=4.5cm, PF=8cmand RF=9 cm .
Fig. 6.18
(iii)) PQ=1.28 cm, PR=2.56 cm, PE=0.18 cm and PF
=0.36 cm A
3. InFig. 6.18, i1f LM || CB and LN || CD, prove that
AM _ AN
AB  AD
4. In Fig. 6.19, DE || AC and DF || AE. Prove that ¥ E
BF BE .
TE_EC. Fig. 6.19
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Gay|Ld,
ZPST= ZPRQ o608 e\&n@assUULGeTong (2)
ZPRQ= ZPQR [(1) wipitb (2) Sesbsil
61616, PQ = PR (swiwnesr GHmemimisEhse 61HCT 2 66 LISSHMHISET)

eteiGeu, POR &@1pr & FoUSES Lp&HBHTETTLD.
uuima 6.2

1. wLb 6.17, (i) whmid (ii)ed, DE || BC eresfled (1)eSmbg EC emwuyd (ii) AD emwuyd
&eooT(BLIQ. A

D
1.5em 1 ¢m - 1.8 cm

> -~

3cm
I 5.4 cm

(i)  1b 6,17 (i) | C

2. APQR et PQ wpmib PRedr usasmseflstr g E B
wHmib F eremid  GapLeerflssit  SHemiombgieTens
eTevflev LNedTauheusTTEUDMIET 618M& EF | QR &rflwins
Slemu|OIDesT  CENSHSSILILIMIT. A L C

(i) PE=3.96&.5, EQ=3 &5 PF =3.6 6\&.15 wpmyd
FR =2.4 6\5.18 N

(il) PE=4&a&.5, QE =4.5 aa..5, PF =8 a1&.15 wihmd
RF =9 &8 uLib 6.18

(i) PQ=1.28 @&.15, PR =2.56 @&.15, PE =0.18 e1&.15 A
womib PF =0.36 a1&.15

3. uLb 6.180 LM || CB wimib LN || CD D

. AM AN
GIGUHG\)E = —— etéo1 [BerbLal.

4. uLb 6.196é0 DE || AC whmb DF || AE

. BF BE uLib 6.19
GTGUHG\)EZE'GTGDT @@L‘ﬂ.
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5. In Fig. 6.20, DE || OQ and DF || OR. Show that P
EF || QR.

6. InFig.6.21, A, B and C are points on OP, OQ and E :
OR respectively such that AB || PQ and AC || PR. /£

Show that BC || QR.

7. Using Theorem 6.1, prove that a line drawn through L
the mid-point of one side of a triangle parallelto R
another side bisects the third side. (Recall that Fig. 6.20
you have proved it in Class I[X).

8. Using Theorem 6.2, prove that the line joining the
mid-points of any two sides of a triangle is parallel
to the third side. (Recall that you have done it in
Class IX).

9. ABCD is a trapezium in which AB || DC and its o
diagonals intersect each other at the point O. Show B C

AO _CO R

that —=—
BO DO Fig. 6.21

A0 _CO.

10. The diagonals of a quadrilateral ABCD intersect each other at the point O such that — 50 " DO

Show that ABCD is a trapezium.

6.4 Criteria for Similarity of Triangles

In the previous section, we stated that two triangles are similar, if (1) their corresponding angles
are equal and (i1) their corresponding sides are in the same ratio (or proportion).
That is, in AABC and A DEF, if

(1) LA=4D,ZB=/E, ZC=ZFand

AB BC CA
(11) e then the two triangles are similar (see Fig. 6.22).

Fig. 6.22
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S. uL 6.2060 DE || OQ wmmib DF || OR  erevfled P
EF || QR erevraam . y.

6. DBsgeTer LLD 6.2160 A, B, C ereitLieney E D F
wpeop@w OP, OQ wihmid OReir Goed 2 siterm
yerterflaet, AB || PQ Gagib AC || PR eresfleo BC || K
QR ereursaM-®B L O

7. @éa(%asrrso'arggsﬁr ROBUEHSHT () } | R
swwwiieierfl eufiGW 61&60egd G&ME LDHEWDI(IH b 6.20
uaaaag,ﬁm@ QeoeTTE: BBHITO A8
CPSTDNONS| L&HSSMS SHFD FamiBLD 6r6or P
BerbL.

8. @ WwsGsnewisHed QPuewor® USSMHIS6T 6o
emwbwliyeteflser Qemensswbd Cam®
CLPSITMMENS| LSSSHNG Bemevor erevr BerbLil.

O
9. sfleusio ABCD ed AB || DC Goegid HHeumnilesr 5
epEneEALLMuG6T QeTewmelwmerm  Osfled Q C
Qe IS 6) & IT6IT & 60T ) 60T 61 63fl 60 R
AO CO uLib 6.21
BO DO eTEOTSHSML (B.

10. @@ mBrbsgb ABCD e apenevsiliLmigst O 60 QealligsasneTdeimen GLOsID

AO CO

30 - Do’ aiesfleo ABCD &gifleusid ereur&smL (.

6.4 WPHCHTIMBIBENEST @INRAMTLILNIDHBTOT BLIHBHOIEHET

8z6r Wphemsw Lflefled  (p&EGsTemImISETI6N  6UQREUMLILIEHLDSSTE  CUDTILIEHMEDLL
um&GHMD AHgmeug (i) Sleweuseflerr @55 GCoHmevmmaEeT &FONS RiHsHs Geussor@LD (ii)
R5FH LSSMHIGT 1855055600 BiHse Geuetor®LD.

Sigmeug A ABC wpmib A DEFeo

(1) LA=42D,£B=ZE, £ C= ZF Gueyd

AB BC CA
@ )E_E D etesfleo A ABC wopmio A DEF @gewor@®ld  eugbleunggenen.  (LLLD
6.22g umm). A
D
uLib 6.22
B C E F
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Here, you can see that A corresponds to D, B corresponds to E and C corresponds to F.
Symbolically, we write the similarity of these two triangles as ‘A ABC ~ A DEF’ and read it
as ‘triangle ABC is similar to triangle DEF’. The symbol ‘~’ stands for ‘is similar to’. Recall
that you have used the symbol ‘=’ for ‘is congruent to’ in Class IX.

It must be noted that as done in the case of congruency of two triangles, the similarity of
two triangles should also be expressed symbolically, using correct correspondence of their
vertices. For example, for the triangles ABC and DEF of Fig. 6.22, we cannot write A ABC
~AEDF or AABC ~ A FED. However, we can write ABAC ~ A EDF.

Now anatural question arises : For checking the similarity of two triangles, say ABC and
DEF, should we always look for all the equality relations of their corresponding angles (£ A=
2D, /ZB=ZE, £ C= ZF)and all the equality relations of the ratios of their corresponding

. AB BC CA . . :
sides [ﬁ T E) ? Let us examine. You may recall that in Class IX, you have obtained

some criteria for congruency of two triangles involving only three pairs of corresponding parts
(or elements) of the two triangles. Here also, let us make an attempt to arrive at certain criteria
for similarity of two triangles involving relationship between less number of pairs of
corresponding parts of the two triangles, instead of all the six pairs of corresponding parts. For
this, let us perform the following activity:

Activity 4 : Draw two line segments BC and EF of two different lengths, say 3 cm and 5 cm
respectively. Then, at the points B and C respectively, construct angles PBC and QCB of some
measures, say, 60° and 40°. Also, at the points E and F, construct angles REF and SFE of 60° and
40° respectively (see Fig. 6.23).

R
S*/D
T P
Q /
/A
/
O (o]
/60 407 g /60 40 F
3cm 5cm

Fig. 6.23
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8ne Ase 955 Gsmewid D, B & @855 Gsnewid E , C 6@ 955 Gsmewnd F.
WpE&GaTerhISe 6l sugtleuT iLjenenw SMui@ eugefleo ‘A ABC ~ A DEF’ et6v1 erepgseontp.
Bens ‘ wp&Gamemnd ABC sugaeungsg (psdatenid DEF eeurs LigliGLmb. ‘~’ erenid Gmui®
QUREGUMLILEMDEMW GSHSSDEI. ‘=’ eTenid SMUIG ‘&Feugid LstenL’ SGMLILIENS RESTUSTLD
eUGSLILN6D LIgSHmHLITTEET.

FMEUFID (PHECHTEMHIGEDET 6ILLR RHFH WPEDUHMET LWSTLUESS SDILLILG
sSM.BCaGLT S5 wWeDedW LWTLUGSS 6UelelTs5s wW&EsHTemImhisenaT|LD

Seweuserilesr 958 (peweviserfiesr euflews STDLILIRE GSMSSH ST LGEUHIGLD. 2 SMI6ToTLDNS
A ABC wpmitb A DEF eugteunggene erevfleo Stewms A ABC ~ A EDF eteor@eur Sisvevg))
AABC~AFED enfsg smL saLng. A BAC~AEDF e6nr @nflsg &miLeomib.

uCungy GueounsGer @ efeorm erpd. QPuewT® (W& G mevor i & erfl 65T
el ILjewbemwl Fflumi&ss Geustor@Lomeotmed 2 gnpevoronds ABC womidb DEFg &mgi
Slemeus6fl6dT 616060 FLDLDITET 2_MEYSHETTEN 53 CammevvmuseneTud (£ A=/LD, /B=/E,

AB _BC CA

ZC=LF)e 955 ussmsefier elSsmeensmulbd [ﬁ EF FDj&rﬂurrrraaaa Beu6uoT(BLD.

8UGung CsnHsg UMTLIGUMD. Q6TLUSTD auGLILIed Bretoi® W&GsHTemmis6f6s &ieusip
uedoriler  BLbSemETTHEDET 6Ubelles b @IT® WsCamehGaTleT epeTmICHTQ
UMSmIsemaT WLUGBED &HSHD &TeTGamD. QUCLITE QleOeITLILMDSERHSD BCH
WPODEMW  LWIETLESS  6UIQE1euTLIL|EDLDESTEDT @ug,gsmszrrassmm euBEHILIGLIMD.  JgTeus)
WPpsGanemmmhiseflesr Sym) G&nLg @g,g, LITGRIGHENET <H1606VMDED eLP6STN) GEMY 58 LITSMISHED6IT
WLBGELD QO&TeTIB 6UREGUMLILIEMIDESSTe [BLIbSHemeuenil euheAILGUND R5haTs LileirauhHd

Q\FWemeD 6\FUIG6UMLD.

aFweb 4 : BC=3 e1&.15 wihmib EF=5 a\&..5 etenid Semeysafleo Qeior® Cam® gievorGaemer
auenpGaurid. pewesr B bpmib C o LPBC= 60° wipmid ZQCB=40° eteniid Siermeyserflev
Bueni® CamevmisHeneT euenIGeumDd. g GumeoBeu wpemenr E wpmib Feo  /REF=60°
womib /SFE=40° etenib @uevor® CaHmemrmigeneT auenrs. (LD 6.23)

R
S/D
nQ P
A
(o] (e]
B60340C AL 4°[
e uib 6.23 S em
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Letrays BP and CQ intersect each other at A and rays ER and FS intersect each other at D.
In the two triangles ABC and DEF, you can see that
/ZB=Z/E,/ZC=ZFand L A= £ D. Thatis, corresponding angles of these two triangles are
BC 3

—=0.6. What about

equal. What can you say about their corresponding sides ? Note that . ™

AB CA . : AB CA

AB o il A

OE and D On measuring AB, DE, CA and FD, you will find that b and D e also equal to
: : . AB B A

0.6 (or nearly equal to 0.6, if there is some error in the measurement). Thus, DE - E—? = ?—D'

You can repeat this activity by constructing several pairs of triangles having their corresponding
angles equal. Every time, you will find that their corresponding sides are in the same ratio (or
proportion). This activity leads us to the following criterion for similarity of two triangles.

Theorem 6.3 : If in two triangles, corresponding angles are equal, then their corresponding
sides are in the same ratio (or proportion) and hence the two triangles are similar.

This criterion is referred to as the AAA D
(Angle—Angle—Angle) criterion of similarity
of two triangles. A&
This theorem can be proved by taking two 0
triangles ABC and DEF such that r
4A=.4D,4B=4Eand4C=4F B C E F
(see Fig. 6.24)
Cut DP=AB and DQ =AC and join PQ. Fig. 6.24
So, AABC= ADPQ (Why ?)
This gives /ZB=/P =ZE and PQ | EF (How?)
DP DQ
— = = ?
Therefore, E OF (Why?)
AB AC
' — == 9
1e., DE OF (Why?)
Similarly, 2B _BC . AB_BC_AC
imilarly, - =2 andso So=—-="1r.

Remark : If two angles of a triangle are respectively equal to two angles of another triangle,
then by the angle sum property of a triangle their third angles will also be equal. Therefore, AAA
similarity criterion can also be stated as follows:
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BP wihmid CQ sdissit eeitenmeneiiml A ersoid Lemerflufiegid ER bmid FS Spduwiemne

D eequb eitefludegd Qeulle GsmememdBeiimest. @uewr® WpsGsmemnmiseT ABC bHmib
DEFeo L/ B=/E, ZC=ZF whmio L A= 2D 6601 [BMD &Tev0T60MD. SiFmeus Suevor®
AB

R5FH LSSHHISEWET LD 61631607 FaD  (LPLRULD. B—C=%=0~6~6T66TIJ6!D’Q5 Bemeurefiled eme. DE

LDngLD —Aszrr eflidzmser esstenr? AB, DE, CA wpmiib FDasemen &my_agj _ Log)guua cA

serflett eﬁleﬁg,rmaa@w 0.68@ &S 2 61615 (0.6 am&&s»mu &LDLDIT&SQ|LD @@anm.

AB BC CA
DE EF

&LDLDMS B(HEGLD LIl imeor (PSCHTETIMRISHEWET CUEDITHS SHS 6\&u.|6m6\) LBGO'ar(BLD G\FUIWLIGOITLD.
REUCEUTH (PEODUD R5S LSEMISTIEN elSFMmiseT FDDNS SBLLDS aasm(BL‘ﬂLguﬁrrasm
8B 6FwWe WPp&CaHTemHIS6T6 6URAGUTLILIENLDEESTE Ll6iTou(HD [BLIBHSHEN6TTmU HLDES

SEEHSSDGI.

GamHmID 6.3 : Bretor® wpSECHTevHIGHMET 955 GHTEVIBISE6T FIDD 6I6vofled DeweuserlesT
BES LGHBIGEHLD HBSFDSGHD BIBSSGD CaUDd NS BIeiB wpsGSHTevTHEISEBLD
6UIP6)CUITES 616 D

8n5 Bubsemen G&t.Gam.Gsm. (Gsmewrd -

Gamevord- G&mewiid) ereor GMILILLILGSEMS. A

AABC wpmib ADEF et SpBuiemer Gsmevormig:er

LA=/D, £LB=ZE wpmgb £ C=~LF P Q
o aBSEH: OwsTEUSST epeol> BYES CHHPEMS,

[BerbLIGOOTLD )& UILLIGDITLD. B C E F

88 deo el FHOUMIHEOTEH SHEHSHE0ND) 6T6uTGe @g,g GSHTETOTTRIS6IT

DP = AB eisniibuiig @euLeyd womib DQ = AC Geyib uLb 6.24
PQz Qemeuvor.

eT6TG6, AABC= ADPQ (e76077)

IBMD ELIMIEUS), £ZB=/P =ZE and PQ| EF (eming?)

DP DQ
- = o1?
6T60T(B6U P QF (Q'GOT)

AB AC

- = 20
DE DF (gredr?)

Sumeoce. B _ BC AB_BC_AC
SgiGumeoGey, o = pp WODIDTE = pp = pp

@iy : @M WPeCsnenisder Quetnr® CHMemImis6T LPedMGW HODNIH WpeESHTemTSS60
Brevi® CaHMeTThSHERHs@ FLOLD 6T6vfled CaHmemT Fa(Bs60 LTTLeiLe HLDLPp&Bsmewmhiseriest
EPEITDMD G&HMETUHISEHLD &FOWD. eTeniCeu G&m. GaiT. G&M. QeAeUMLILIeWD  [BLIHSHEDETEmIL
LNetTeUIHLDMMILD S5 MEOITLD.
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If two angles of one triangle are respectively equal to two angles of another triangle,
then the two triangles are similar.

This may be referred to as the AA similarity criterion for two triangles.

You have seen above that if the three angles of one triangle are respectively equal to the
three angles of another triangle, then their corresponding sides are proportional (i.e., in the
same ratio). What about the converse of this statement? Is the converse true? In other words, if
the sides of a triangle are respectively proportional to the sides of another triangle, is it true
that their corresponding angles are equal? Let us examine it through an activity :

Activity 5 : Draw two triangles ABC and DEF such that AB = 3 cm, BC = 6 cm,
CA=8cm, DE=4.5cm, EF =9 cmand FD = 12 cm (see Fig. 6.25).

D
A
8 cm 4.5 cm 12 cm
3cm
B 6 cm ¢ E 9 cm F
Fig."6.25
AB BC CA 2
So, you have : o (each equal to 5)

Now measure £ A, £ B, £ C, £ D, £ E and £ F. You will observe that
LA=/D, ZB=ZEand £ C=ZF, i.e., the corresponding angles of the two triangles are
equal.

You can repeat this activity by drawing several such triangles (having their sides in the
same ratio). Everytime you shall see that their corresponding angles are equal. It is due to the
following criterion of similarity of two triangles:

Theorem 6.4 : If in two triangles, sides of one triangle are proportional to
(i.e., in the same ratio of’) the sides of the other triangle, then their corresponding angles
are equal and hence the two triangles are similiar.

This criterion is referred to as the SSS (Side—Side—Side) similarity criterion for two
triangles.

. . . AB BC CA
This theorem can be proved by taking two triangles ABC and DEF such that — = —=——

DE EF FD
(<1) (see Fig. 6.26):
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b Ap&CEHTeISSHeTT BrevorB GHMTEvoTBIGAT APeWMGU  DMEYDITIF  (LP&SBSHIT6T0TSHS 60T
BevoiB CHMeMTHISEH&HES FIDLD 6T60fleD HES BIevoi(B APSGHTEIIBIGEBLD 6UIQ616UTESH6M6).
Bews Quei® Wp&GsTewhSafle CaHT. GaIT. auEAQUMLILIEMLD [BLIHSHENET 663D FMEOMLD.
M (PSCHTEISH6T eLp6dTn) CHTETIMIS6T LPeDDEW HEDN(H LPSHEHTEITSHHEI CLPESTN)
GaMEmhISHEHSHES & 66fled Jlemeausaflelt @55 USSMHGT 6155 &FLS5HHO BHSHGLD.
85601 bMIGENed LM  6TEtTE  [BemeTHSNTSH6T. LDMIFEMEOU|LD 2 6WIEHLDWIT?  (H
WPEHECHTETMSH6NT  CPETTM LSSMHISEHD (PpedOGW  HODTH  WPHECHTERSH6NT  eLpesTm)
LUS&MISEHSS eNdssneneafleo Jlmasafer 9585 CoHTewmissT FDWLM? Qeng LileiTauhHD
61FWIEL eLPEVLD FfILIMTESE0ILD.

agwe 5: A ABCpmid A DEF g 19etteupld deneyssepLent euemns. AB =3 a1g.15,
BC=66&.5 , CA=8a&.15 DE=4.5 e&.5, EF =9 @&..5 wpmidb FD =12 eig..5 (LLD 6.25)

D
A
8 cm 4.5 cm 12 cm
3cm
B 6 cm c E 9 cm F
uLLb 6.25
& SeoLL AB BC CA (@616 L. 2, b)
LD LLILIG|, e — — — B — 6166 =
BLD&G 5 BE EF AID 6 M6oTMILD 3&5@ &FLDLD

Sueung LA, £B, £C, D, ZE wpmib £ FaemenDiensfl®. L A=,LD,£ZB=LE
womib £ C=LF Signeug), 955 GoHMewimhigHeT FLDLD.

QeueGaIm| SleTeyselT S\GMetuTL (Pp&ESTewT CHMesHmeT (55 LIS&HISET 6flfs F&5H60
2 eiTerLY) EUEDNBE BHS 61FWIEMED OIFUILHISG6T. QEUCUT(H (LPEDDWID R85 CHTEwIHhIS6I
FLDLDS 2_6iTeneng S6u6vl. 5601 cLPevLD (LP&BHTEmTTIS6T6E 6UQREGUMLILIEHLDEST6T LI63TalHLD
BLIBS6EMEtTEmU 6ILIDEOITLD.
CxHmID 6.4 : Br6toIB (pSCHTHIGOTET 955 LIGHEIHET 6XlEs5 FIDLD eTevfled Sleweydserfiesr
955 Gsitevor CHTISHEBLD FIDLD GLDSYILD HLDAPSGEHTEIBIGET 6IQE16UTEHSH6ME).

865 BUBSEmET LLLLL. USSD - LSS - LIGSLD) UIEIDTLILEHLD BLhS6meoT 6T6dtéGmLD.

. . . AB BC CA .

8ns Cspmsemns A ABC wpmib A DEF Spdwiensusener DE_EF D (<1) (uLw

6.26) et60r 61(BSHZHISH E\SHMETEUHETT CLPEOLD [BrpLIEWID E1FUILIEONLD.
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D
A
\
P Q
B C E = F
Fig. 6.26
Cut DP=AB and DQ = AC and join PQ.
It can be seen that DP DY nd PQIEE (How?
can be seen tha pE _ QF An QJ (How?)

So, /P=/E and ZQ=/F

bP _ DQ _ PQ
Therefore, DE o WAELF

DP DQ BC

= — o ?
50, bE _bF B (VYY)
So, BC=PQ (Why?)
Thus, AABC= ADPQ (Why ?)
So, /A=/D, /B=ZE and «Z£C=ZF (How ?)

Remark : You may recall that either of the two conditions namely, (i) corresponding angles are
equal and (i1) corresponding sides are in the same ratio is not sufficient for two polygons to be
similar. However, on the basis of Theorems 6.3 and 6.4, you can now say that in case of similarity
of the two triangles, it is not necessary to check both the conditions as one condition implies
the other.

Let us now recall the various criteria for congruency of two triangles learnt in Class [X.
You may observe that SSS similarity criterion can be compared with the SSS congruency
criterion.This suggests us to look for a similarity criterion comparable to SAS congruency
criterion of triangles. For this, let us perform an activity.

Activity 6 : Draw two triangles ABC and DEF such that AB = 2 cm, £ A = 50°,
AC=4cm, DE=3cm, £ D =50° and DF = 6 cm (see Fig.6.27).
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B C E - F

uLib 6.26
DP=AB & 6ear® womw DQ=AC, PQz Semewr

bp _DQ . . ;
PE ~ QF 'DHmib PQ || EF  (eriung?)
eT60TC6, ZP=ZE wopw £Q=ZLF
o1CGe DP _ DQRLQ
croorssl, DE = DF EF
DP _ DQ _ BC ,
. ?
DE~ DF _EF (&)
BC="PQ (g651?)
6160136, LA=/D, /B=/ZE and ZC=ZLF (etaLng?)

@wliiy : ueGsmemTmiseflen aueOaUTLILEn&ESTeT Breoi® BLbSeneosefled Ssmeug) (i)
055 ComenimigsT & (i) R5FH USSMmGT 6185505560 BiHHs Geustor(BLD, 6D
Bubgeneseled eIsmeug eim LGB FaL GUTHIDNENSTS SBIhSHEHNG| 66N BriseT
Bemeotefled  emeusHpesmeond. @pLlend Cspmd 6.3 wHmIdD 6.4 GCHDmmiseneT
SIQLILIDLWINS eDauss LUMsSD Cungl, @renr® wWpsGsnenmmiseilel leaeumiLemDsE
@ BUBSmEs DHODTETEDn GNLILST BHs BTewi® BLbSHmeTHaTWD SifLmiss
Beu6TuT(BEIDEITLIS| L|GOSUTTHME).

RETUSTD  6uGLILN6D @e’s(%esrrewrrﬁmaﬂs&r gieugD ueTlAhaner 6eusuGeum)
@ug,gsmsur&;smm umg,,s@uusmg [Bewente) SamImbIg6T. Li.L.L smgasnrruqsmm BLIB&emerTemuLl
L.LLL  &T6U&LD LIWILL65T  6UILIL6OMLD. @g,sur epeold  L.G&M.L.  &ieusD  LievorLilement
WPEQsTenmhiS6 6T LI.GSHT.L 6UeAGUTLILIENLD LI6TTLL65T UL LI63TEUHLD 6\FWIEneD 61EFUIGEIMLD.

aFen 6 : 1NesteueHd SHeeydenlest A ABC wpmib A DEF Qp8wieunenn euengGeurtb.
AB=2@a&.5, LA=50°,AC=4&g..5, DE =3 e\&.15, £ D = 50° ibpmib DF = 6 a\&.15
(UL 6.27).
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D
A
50°
50° 4 em ~_ 6 cm
2 cm 3 cm
B C E - F
Fig. 6.27

AB AC 2 .
Here, you may observe that DE ~ DF (each equal to 5) and Z A (included between the

sides AB and AC) = £ D (included between the sides DE and DF). That is, one angle of a triangle
1s equal to one angle of another triangle and sides including these angles are in the same ratio
(i.e., proportion). Now let us measure £ B, £ C, ZE and £ F.

You will findthat / B=ZEand £ C= £ F. Thatis, ZA=/D,Z/B=ZEand L C=Z
F. So, by AAA similarity criterion, A ABC ~ A DEF. You may repeat this activity by drawing
several pairs of such triangles with one angle of a triangle equal to one angle of another triangle
and the sides including these angles are proportional. Everytime, you will find that the triangles
are similar. It is due to the following criterion of similarity of triangles:

Theorem 6.5 : If one angle of a triangle is equal to one angle of the other triangle and the
sides including these angles are proportional, then the two triangles are similar.

This criterion 1s referred to as the D
SAS (Side—Angle—Side) similarity
criterion for two triangles.

As before, this theorem can be
proved by taking two triangles ABC
AB AC
Ab_Ab B C E F
and DEF such that DE - DF (<1)and
LA=2/2D (see Flg 628) Cut DP = Fig. 6.28
AB, DQ =AC and join PQ.
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D
A
50°
50° 4 cm ~_ 6cm
2 cm 3 cm
B - Yy G ¥
uLb 6.27
AB _ A

DE _ AC ( 2&5@ gwib) womid £ A (AB bpmib AC USSHSEHSHS EBLLILILL

GaevurLD) = L D( DE wpmib DF us&mi&enrse SemLUULL CHTewiD) Sisneaus), SIenr®
WpE&GaMenhisefletT @etor® FLENHS LESHISEHEHS SeWLLILILL CHTET0RISST FLDWD. GGG
£ZB, ZC, ZE wpmib £ Faemernr Siemefl. GeuetorBLD.

ZB=/ZE Qe £ C=~LFizneg LA=/D, /B=_/E wpmw £ C=LF. eenr@eu
Gam.Gam.Cam. augaeumliend Bumbgemestitiy A ABC ~ A DEF. @G5 Guneiip 6\&wemed
Signeug wWwaCsnemseailen Qren® &Wwellds LSSMHISET WLOHNID SUUSSHISHEHHS
SewLULLL GoHTewIhi&HeT &DDNS 2 6Tem Lip 6eueuGain wW&CHTemmisSemeT 6\&mesor®
QFWIGHILIMT. QEUOEUT[H LPEOMHWID (PHEHTEMIRISGET UIREUTSHBLILIENS SHeuerfl. Geme

etroubo CeONSSHES aufaIGHSDSI.

BxpDmID 6.5 : b WpSCHMVTTSS 6T 915 GSHIT6VOTLD LDMHEWDITIH (LPp&CEHTeOTSSEIT CHTEINSLENG
&WLD. GeyLd BrbS CSHTEUOTHISENET 2 6T LSS LSSHISET 6HESFID eT6vfled BIbS

APSCSHITEOOTIRIEEIT 6UIQEIEUTSHSED6Y. b

8bF Bubgewen LL.GsM.L. LiseLD
- GoHMEMWID - LIGSLD) 6UIQEIGUMLIL|ELD A

Bubgenest 660 SHILLILLILGSDE!.

8B5 CHHVHWS [BerbLI6wILD P Q
QFwLw LetTaudblD BLIHSEMEIISHEHEHS

o rurL wpslsmemrmiser A ABC

. . AB _AC
wiomib A DEF s@mgiGeumb. —
DE  DF uLb 6.28
(<1)Gwayb £ A= 2D (uub 6.28).

DP = AB& @eai@, DQ = AC Gweylb
PQz Gemevor.
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Now, PQ | EF and AABC=ADPQ (How ?)
So, LA=/D, ZB=/ZPand L C=42Q
Therefore, AABC~ ADEF (Why?)

We now take some examples to illustrate the use of these criteria.

Example 4 : In Fig. 6.29, if PQ || RS, prove that A POQ ~ A SOR.

Fd | S
P 4
|
(0] \
Q S
Fig. 6.29
Solution : PQ|| RS (Given)
So, ZP=/ZS (Alternate angles)
and ZQ=/ZR
Also, ZPOQ= ZSOR (Vertically opposite angles)
Therefore, APOQ ~ ASOR (AAA similarity criterion)
Example 5 : Observe Fig. 6.30 and then find £ P.
R
A 6/3 7.6
sg/ 80 a3
60°
B = c P 5 Q

Fig. 6.30
Solution : In AABC and A PQR,
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SuCungy, PQ|| EF and AABC=ADPQ (etLaLng?)
6160161, LA=/D, ZB=ZPwpmib £ C=2Q
eT6oTG6, AABC~ ADEF (ages1?)

b5 augeeuiLemid [BLbsemenenwl Liflbg Q& neTer oo elBSGIHSHM BHemeT LIMTLIGLITLD.
aBHHIBHTLEG 4 : uLD 6.2960 PQ || RS etesflo A POQ ~A SOR erenrgsm@.

“
P &
I
0]
Q \ S
uLb 6.29

Sivay PQJI RS (s06))
E(EDTN ZP=4S (etTmiefl L G&HTeToTMmISHENT)
LDMHMILD ZQ=ZR
GLogyLb ZPOQ= ZSOR (6560581 Ganemmissi)
6T601C6, APOQ ~ ASOR(G&n.Gsm.Gaim. eugeleuLiL|enD [BLIbSH6meoT)

aBSHHNHHTEG S5 : UL 6.30 & seuerll Geyld £ Pesr PlienL semorGLIQ.

R

60
6 c P 12 Q

uLib 6.30
Sty : AABC bpmid A PQRev,
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AB 1,BC_6 1 qSA- !
RQ 76 2 Qp 12 2M9pR "¢ 2

That s AB_BC_A

’ RQ QP PR
So, AABC~ ARQP (SSS similarity)
Therefore, /£ C= £ P(Corresponding angles of similar triangles)
But ZC=180°-ZA-Z4ZB (Angle sum property)

= 180° — 80° — 60° = 40°
So, ZP=40° C
Example 6 : In Fig. 6.31,
OA.OB=0C.OD. A\\
Show that /A= ZC and £ B=ZD. O
Solution : OA.OB= OC.OD (Given) D
So, % = % (1) Fig. 6.31 B
Also, we have ZAOD= Z COB(Vertically opposite angles) (2)
Therefore, from (1) and (2),AAOD~A COB (SAS similarity criterion)
So, LA=/ZCand£ZD=4/B
(Corresponding angles of similar triangles)
A

Example 7 : A girl of height 90 cm is walking
away from the base of a
lamp-post at a speed of 1.2 m/s. If the lamp is
3.6 m above the ground, find the length of her
shadow after 4 seconds.

Solution : Let AB denote the lamp-post and CD
the girl after walking for 4 seconds away from
the lamp-post (see Fig. 6.32).

From the figure, you can see that DE is the shadow
of the girl. Let DE be x metres.

Fig. 6.32
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A

1 .. CA 1
RQ 76 2 QP 12 2 'PPOID TR~ /3 2

vy
w
o0

AB BC CA
i I T T
REESTE AABC~ ARQP (LU eUIREGNMLIL|EMLD)
eT6oTG6, £ C= ZP(ageaunsg p&Csnemrmiserllen @58 Gsmeurmisei)
SH6UTIT60, ZC=180°-ZLA-ZB (Gsnewr (B30 L6worL])

= 180° — 80° — 60° = 40°
eT6uTC6, ZP=40° C
aBHHIBBTE®B 6 : uLD 6.3160,
OA.OB= 0OC.OD. A\‘

eteofleo L A=/ C pmib £ B=2D erenaasm @. O

Siar:  OA.OB= OC.OD(ewr@asirLg) D

OA _ OD

A _ P uLib 6.31
OC OB (1)

et6o1G6),

BD&G eIhseniGey Amiug £ AOD = 2 COB(gg6s8m Gsmevmmssit) (2)
er6orGe, (1) dmID (2) epeod AAOD~A COB  (u.Gam.u. eugaeunLiLenid [BLimbgemeot)
eT601G6Y, LA=ZCand£ZD=4B

(eugeyeunss (WPpaGanemmiseaflen 0855 CHTewImhIS6NT)
A

TBHHIBHTEG 7 : 90 Q&5 2 wgdapsiter @
Apus  eflens®  sLUSSOEHS 1.2 /6

Coussdeo BLIbGI ESTERIB SbHANe. efleréd
sbUSHetT 2w 3.615 eevlled 4 efpmessiT

BLbS LIng dmisluilesr Bipedletr Heorsens
&evoT(BLILQ.
Sl : AB e6tiug) 6flen&@ &LDLILD e1631s.

CD eetug 4 efmpmesst HLBHSIDS
dmslufetr Beweo L 6.32 epeod DE
ereorLig) Smislufedt Bpso DE = x LB L igeiT 6T6b185.

uLb 6.32
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Now,BD=12mx4=48 m.
Note that in AABE and A CDE,

ZB= 2D (Eachis of 90° because lamp-post
as well as the girl are standing

vertical to the ground)

and ZE=Z/E (Same angle)
So, AABE ~ ACDE (AA similarity criterion)
Therefore, BE _ AB

DE CD
: 48+x 3.6 90
1.e., T 0o (90 cm = Too M= 0.9 m)
Le., 4.8+ x=4x
Le., 3x=4.38
Le., x=1.6

So, the shadow of the girl after walking for 4 seconds is 1.6 m long.

Example 8 : In Fig. 6.33, CM and RN are Q
respectively the medians of A ABC and

A
APQR.If AABC~ A PQR, prove that:
(i) AAMC ~APNR M
M AB c
(11) RN PO B
Fig. 6.33
(iii) ACMB~ARNQ *
Solution : (i) AABC~ APQR (Given)
AB _ BC_CA
So, PQ _ QR RP (1)
and LA=/P, /B=/ZQand LC=4LR (2)
But AB=2AMand PQ=2PN
(As CM and RN are medians)
2AM CA
So, from (1), PN ®p
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BD=1218x4=4818
AABE ipimib A CDEeb,

ZB=/D (éfleng@ sbub whmd Amusl BeosHne
OEhGSSTS BOLSTE QeualauTeTmID 90°)

LDMHMILD ZBE=/E (2G @smevorid)
er6oTG6Y, AABE ~ A CDE(G&n.Gaim. 6uQOeumLILI6nLD [BLIHS6060T)
8o BE _ AB
ereorioell DE CD
4.8 3.6 90
Signeugy, x+ = m (90 a5 = 00 5 = 0.9 15)
4.8+ x=4x
3x =438
Sismeug), x=1.6

ereor@eu, 4 efibmessT HBLBS LID& SHmiblufesr Bipedlett Bembd 1.6 LS.
ABSHHIHBTEB 8 : LLD 6.3360, CM oHmiD

RN wenpGu A ABC wpmid 0 N .
A PQRetr emwpwis@asn@ser A ABC ~APQR
61601160 A

(i) AAMC~APNR

M
_CM_AB
(11) RN PQ C
B R

(iii)) A CMB ~ ARNQ etévr [BerpLI. Fig. 6.33
Siray : (i) AABC ~ A PQR (6&n@ssUuLrLg))

AB  BC _CA

616016, E: Q_R_ RP (D)

LDHMILD LA=/P, LB=/ZQuwompw £LC=4LR (2)
SH60TITED AB = 2 AM wipmib PQ =2 PN
(CM wimitd RN enwowi&CanBae)
. 2AM CA
(1) ewpeold 2PN ~— Rp
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AM _ CA

1.C., W = RP (3)
Also, ZMAC= ZNPR [From (2)] (4)
So, from (3) and (4),
AAMC~ APNR (SAS similarity) (5)
.. CM CA
(1i1) From (5), "N _ R (6)
CA AB
But ®P -~ PO [From (1)] (7)
Theref M From (6) and (7)] (8
erefore, RN PO [From (6) and (7)] (8)
. AB BC
(i11) Again, PO - OR [From (1)]
CM BC
Therefore, RN~ OR [From (8)] (9)
Also, CM _ AB_2BM
RN PQ 20N
. CM _BM
1.€., ﬁ = QN (10)
i ™ _ B B From (9) and (10
Therefore, ACMB~ ARNQ (SSS similarity)

[Note : You can also prove part (ii1) by following the same method as used for proving part (i).]
EXERCISE 6.3

1. State which pairs of triangles in Fig. 6.34 are similar. Write the similarity criterion used
by you for answering the question and also write the pairs of similar triangles in the
symbolic form :
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AM CA
FTEUGI, N RP )
GLsyILD, ZMAC= ZNPR [ (2), (4) ewpeoibd]
(3) wbmid (4) epeoid
AAMC~ APNR (u.Gamu. eugoeumien) (5)
3 . : CM _ CA
(11) (5)edr eLpevLD RN~ Rp (6)
: CA _AB .
Syeomed = 50 [(1), (7) epootd]
CM AB L. .
D€ L) [(6).(7) wdmbd (8) ewpsoid]
. AB  BC .
(ii1) Sevor@Ld PQ T OR [ (1) ewpeoiD]
CM _ BC .
o, N [8) (9) epeoid]
. CM AB _2BM
Gy, == =
RN  PQ 20QN
CM BM
Sismeug), ®N -~ ON (10)
CM BC BM o )
Signeug, RN - ORON [ (9) wbmud (10) epeoid]
616016, ACMB~ ARNQ (L.L.u. euAeUMLIL|EMLD)

[y : e (1) &8 Bepllss LLSTUESDW HCSH wWemmedW LWTLGSS LGS (1ii)ujd
1BerLI&:860MLD. |

uuiHa 6.3

1. ULID 6.3460 QEHMIESHSLILLL (Wp&EsHTewT Gameseafled eremer luEEEUTSS6mEU? (SLD@]Lb
6l GUIEIGUMILEHLD [BLIhZewenTacrien HelLiewLulied Sieweussit QUEUTESE06 6T60TMILD
QIREUTES (P&BHTeThIGEmET GMUILB 6cueeflayd 6TLRSIMISET.
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P
A 60° A 6 S
O
60
8¢ i 1 >

A /ANPGIPYA 407 R B—5z—C Q < R

(1) (if)
P

D
L
4 6 s
5
2.7/ \3 2.5/7>0\
M——P E 3 F N L Q

(iii) (iv)

D P
7 o
2.5 5
8¢° ‘ »
B ——\C E - 80A; E Q
(v) (vi)
Fig. 6.34
2. InFig. 6.35, AODC ~A OBA, ZBOC = D C
125° and £ CDO =70°. Find £ DOC, £ 70
DCOand Z OAB.
0/ )125°
3. Diagonals AC and BD of a trapezium
ABCD with AB || DC intersect each other £ B
at the point O. Using a similarity criterion
. OA OB
for two triangles, show that oc oD’ Fig. 6.35
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P
5
A 60° A 6
O
f::f 80° ¢ 1S
A /ANPGIPYA 407 g B——5=—C Q Z R

(i) (i1)
P

D
L
4 6 s
5
2.7/ \3 2.5/7>0\
M——P E 3 F N L. Q

(iii) (iv)

5 D P
>3
B C E 80Ax E Q R
3 v) 6

(vi)

uLib 6.34

2. uLb 6.3560A0ODC~AOBA, ZBOC =125°
wibmib ~ CDO =70° erevfleb ~ DOC, ~ DCO D C
wpmib £ OAB semern sewor®LILQ. 70°

o
3. AB | DC &6mem SememiILéamssms O\sTe. 0/ 125
gfleusd ABCD et1 epemevsiil Lkig6T Ljeerf]
O efled Qe IS 6 & IT 61T & 63T (1 60T .
. . . . A B
W & @ & I 6v0T Ml & 61l 65T 6 1Q 6 6 IT LI L| 6 LD
BUBSenetTenW! LIWLITLGSS %=8—E' 6T60T

BerpLi.

uLib 6.35

10 ©pib auriy 191 SHaDlBHLD



TRIANGLES

QR _ QT

4. In Fig. 6.36, 0S PR and £ 1= 2£2. Show
that APQS ~ATQR.

5. Sand T are points on sides PR and QR of
A PQR such that £ P= £ RTS. Show that
ARPQ~ARTS.

6. In Fig. 6.37, if A ABE = A ACD, show that
AADE ~AABC.

7. InFig. 6.38, altitudes AD and CE of AABC
intersect each other at the point P. Show that:
(i) AAEP~ACDP
(i) AABD~ACBE
(iii)) AAEP~AADB
(iv) APDC~ABEC

8. E is a point on the side AD produced of a
parallelogram ABCD and BE intersects CD
at F. Show that AABE ~ A CFB.

9. In Fig. 6.39, ABC and AMP are two right
triangles, right angled at B and M
respectively. Prove that:

(i) AABC~AAMP
... CA BC
(ll) a = ﬁ
10. CD and GH are respectively the bisectors
of Z ACB and £ EGF such that D and H lie
on sides AB and FE of A ABC and A EFG
respectively. If A ABC ~ A FEG, show that:
.. CD AC
O 5~ ¥
(i) ADCB~AHGE
(iii) ADCA ~AHGF
Class 10 192
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10.

. QR _QT . . .
UL 6.3660 S PR womid £ 1 =22 eevfled

APQS~ATQR ererr&sm®.

S bomib T ertestuesr PR wpmiib QR ereyib
usamisefler g £ P=/RTS etenibLig Siemibbs
yererflge eresfleo A RPQ ~ A RTS etevisam (.

uLd 6.3760 AABE = AACD etesfleo AADE~AABC
6T6OTSSML(B.

uLb 6.3860 A ABCeit @sgwnmser AD whmibd
CE yeitefl Pulled QeuLp Oamedesrment eresfleo
NetreugneustTauhemm BerpLil.

(i) AAEP~ACDP

(i) AABD~ACBE

(iii) AAEP~AADB

(ivy APDC~ABEC

Bewevorsgid ABCDev E etetiug AD usssems
BLiess eenIagmed anu@D UsSSSen L5g)
Siewwbs Lstefl Goayd BE Speorg CD & Feo
eaGPmg) eresflleo A ABE ~ A CFB ereorsam G.
uLw 6.3960 A ABC mpmib AAMP @pevor B
QFmIGsTenT (&CaHTeuumRISeT Geyib B wmmib M
WPpeveuTserlled QFMHIGHTEIND HEMLDIHGI6ITENS) 6T6vfl6d
NetTeudneuesTEUMEmM [BerpLil.

(i AABC~AAMP

... CA BC

(ll) ﬁ = W

A ABC wpmid A EFGett ussmsefletr 15g AB
whmib FEesr 158 Sewobg Lsiterflest D bpmid
H et6tie.  Goegd @uisimeflser CD womid GH
SpBweneu Gsmewrd £/ ACB pmib @simesorid

Z EGF & @msID oMb L Siembgiereng A
ABC ~AFEGeretfleo Letreucneustreuinenm BerbLil.

.. CD AC

@ o~ ¥

(ii) ADCB~AHGE

(i) ADCA ~AHGF
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11.

12.

13.

14.

15.

16.

In Fig. 6.40, E is a point on side CB

produced of an isosceles triangle ABC /

with AB=AC.IfAD 1 BCand EF 1L AC,

prove that A ABD ~ AECF. / F
Sides AB and BC and median AD of a -+
triangle ABC are respectively propor- 0 Ac
tional to sides PQ and QR and median B D

PM of APQR (see Fig. 6.41). Show that
AABC~APQR.

D is a point on the side BC of a triangle P

ABC such that Z ADC= Z BAC. Show A

that CA>= CB.CD. /T

Sides AB and AC and median AD of a / ~

tr1ang1§ ABC _are respectively  p/f ~ 4 Co L R
proportional to sides PQ and PR and
median PM of another triangle PQR.
Show that AABC ~APQR.

A vertical pole of length 6 m casts a shadow 4 m long on the ground and at the same time
a tower casts a shadow 28 m long. Find the height of the tower.

If AD and PM are medians of triangles ABC and PQR, respectively where

Fig. 6.41

AB

A ABC ~ A PQR, prove that PQ_ PM

6.5 Summary

In this chapter you have studied the following points :

1.

Two figures having the same shape but not necessarily the same size are called similar
figures.

. All the congruent figures are similar but the converse is not true.

. Two polygons of the same number of sides are similar, if (i) their corresponding angles

are equal and (i1) their corresponding sides are in the same ratio (i.e., proportion).

. If a line is drawn parallel to one side of a triangle to intersect the other two sides in

distinct points, then the other two sides are divided in the same ratio.

. Ifaline divides any two sides of a triangle in the same ratio, then the line is parallel to the

third side.
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12.

13.

14.

15.

16.
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APS CHTEDT RIS 6T
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ABCsit @(p LSS58 BLigss CUEDITHSTEO

ghUBLD LsESSB6e 158 Sembs Lstefl E

Gogytb AB=AC , AD 1 BC wibmub EF L AC

etesfiso A ABD ~AECF eteor BemLd. /
wpaBamewid ABCetr Ls&miseT AB HmID
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OO WeGETeD A PQR 61 LiGRsT B D
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TRIANGLES

6. If in two triangles, corresponding angles are equal, then their corresponding sides are in
the same ratio and hence the two triangles are similar (AAA similarity criterion).

7. If in two triangles, two angles of one triangle are respectively equal to the two angles of
the other triangle, then the two triangles are similar (AA similarity criterion).

8. If in two triangles, corresponding sides are in the same ratio, then their corresponding
angles are equal and hence the triangles are similar (SSS similarity criterion).

9. If one angle of a triangle is equal to one angle of another triangle and the sides including
these angles are in the same ratio (proportional), then the triangles are similar
(SAS similarity criterion).

A NOTE TO THE READER

If in two right triangles, hypotenuse and one side of one
triangle are proportional to the hypotenuse and one side of
the other triangle, then the two triangles are similar. This
may be referred to as the RHS Similarity Criterion.

If you use this criterion in Example 2, Chapter 8, the proof will
become simpler.
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CoORDINATE GEOMETRY

CoOORDINATE GEOMETRY 7

7.1 Introduction

In Class IX, you have studied that to locate the position of a point on a plane, we require a pair
of coordinate axes. The distance of a point from the y-axis is called its x-coordinate, or abscissa.
The distance of a point from the x-axis is called its y-ecoordinate, or ordinate. The coordinates
of a point on the x-axis are of the form (x, 0), and of a point on the y-axis are of the form (0, y).

Here is a play for you. Draw a set of a pair of perpendicular axes on a graph paper. Now plot
the following points and join them as directed: Join the point A(4, 8) to B(3, 9) to C(3, 8) to
D(1, 6) to E(1, 5) to F(3, 3) to G(6, 3) to H(8, 5) to I(8, 6) to J(6, 8) to K(6, 9) to L(5, 8) to A.
Then join the points P(3.5, 7), Q (3, 6) and R(4, 6) to form a triangle. Also join the points
X(5.5,7),Y(5, 6) and Z(6, 6) to form a triangle. Now join S(4, 5), T(4.5, 4) and U(5, 5) to form
a triangle. Lastly join S to the points (0, 5) and (0, 6) and join U to the points (9, 5) and (9, 6).
What picture have you got?

Also, you have seen that a linear equation in two variables of the form
ax + by + ¢ =0, (a, b are not simultaneously zero), when represented graphically, gives a
straight line. Further, in Chapter 2, you have seen the graph of y = ax*+ bx + ¢ (a # 0), is a
parabola. In fact, coordinate geometry has been developed as an algebraic tool for studying
geometry of figures. It helps us to study geometry using algebra, and understand algebra with
the help of geometry. Because of this, coordinate geometry is widely applied in various fields
such as physics, engineering, navigation, seismology and art!

In this chapter, you will learn how to find the distance between the two points whose
coordinates are given, and to find the area of the triangle formed by three given points. You will
also study how to find the coordinates of the point which divides a line segment joining two
given points in a given ratio.
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7.2 Distance Formula
Let us consider the following situation:

A town B is located 36 km east and 15 km
north of the town A. How would you find the
distance from town A to town B without actually
measuring it. Let us see. This situation can be
represented graphically as shown in
Fig. 7.1. You may use the Pythagoras Theorem
to calculate this distance.

Now, suppose two points lie on the x-axis. Can
we find the distance between them? For instance,
consider two points A(4, 0) and B(6, 0) in Fig. 7.2.
The points A and B lie on the x-axis.

From the figure you can see that OA =4 units
and OB = 6 units.

Therefore, the distance of B from A, i.c., AB
=0B-0A=6—-4=2units.

So, iftwo points lie on the x-axis, we can easily
find the distance between them.

Now, suppose we take two points lying on the
y-axis. Can you find the distance between

them. If the points C(0, 3) and D(0, 8) lie on
the y-axis, similarly we find that CD=8 -3 =5
units (see Fig. 7.2).

Next, can you find the distance of A from C (in Fig. 7.2)? Since OA = 4 units and OC =3
units, the distance of A from C, i.e., AC= /3% + 4> =5 units. Similarly, you can find the distance

of B from D = BD = 10 units.

Now, if we consider two points not lying on coordinate axis, can we find the distance

North
Y
B
| —
15 km
=
A € >
& 36km East
Fig. 7.1
Y
4. D(0, 8)
"
6
5
4
3.C(0,3)
2
’ A B X
O 12 3M 5 6\
(4,{; ks
Fig. 7.2

between them? Yes! We shall use Pythagoras theorem to do so. Let us see an example.

In Fig. 7.3, the points P(4, 6) and Q(6, 8) lie in the first quadrant. How do we use Pythagoras
theorem to find the distance between them? Let us draw PR and QS perpendicular to the x-axis
from P and Q respectively. Also, draw a perpendicular from P on QS to meet QS at T. Then the
coordinates of R and S are (4, 0) and (6, 0), respectively. So, RS =2 units. Also, QS = 8 units

and TS =PR =6 units.
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Therefore, QT =2 units and PT =RS =2 units.

Now, using the Pythagoras theorem, we
have

PQ?= PT*+QT?
=2°+2=8
So, PQ = 7./2 units

How will we find the distance between two
points in two different quadrants?

Consider the points P(6, 4) and Q(-5,-3)
(see Fig. 7.4). Draw QS perpendicular to the
x-axis. Also draw a perpendicular PT from the
point P on QS (extended) to meet y-axis at the
point R.

— —

<

= N W AU N 2
Ny

P T Y
o 12.7'456\(6,0)

4,0)

Fig. 7.3

P(6,4)

X

AN -4-3-2-1401 2 3 4 5 6

e .

Q-5-3 3

Fig. 7.4

Then PT =11 units and QT = 7 units. (Why?)

Using the Pythagoras Theorem to the right triangle PTQ, we get

PQ= 112+ 7> = 170 units.

Class 10

202

Mathematics



OpUISHABH TN @IPTLIGD

Sphemawmeo QT =2 Sleo@sem PT = RS =2 Sleo@aeit.
Sueaurwsl, 198 M8 [ 610 GxMmm & & em 6o

LWESTLI(BSSHI6USET eLpevLD,
PQ?= PT*+QT?
=22+2=8
E(EST PQ = 2./ So@s6T

Srevi® 6GeuaBaim sSTHUGHuled
SlewwmhgeTer Breor® LeTell&HE@nsES
SLUULL FTISHeNS [BMD ereleumm)
S60TLMJILIEOMLD?

P(6, 4) mpmib Q(-5, -3) SpBw
yereflaemer seuesllymgsst [ULLD 7.4
UMTS&YD). X-HE&HS 6FhGSSTEH QS
OFRIGSGHICHTLIgmEd  6uemTs. GLDeY DR
yerefluleo y-Sigems spdss QS
Brgssiur)ed P yereflufed prb sl
O FmIGssns PT & aewrs.

-

| 1

S
< ——
P =d -3 -2 ~1;101 2
5,0)
-2

Q-5-3 3

Y

- N W A U SN N G
-
—

P(6,4)

X
34 56

uLib 7.4

PT =11 Seo@ser Geyd QT =7 Siev@seit ([E16517)
eFmIGsTemr  (Pp&BamewrD PTQed Lgnagev Gsihmsens LILIETLIBSSI6S60T

ewpeold PQ = 117+ 72 = /170 DH60&561T [BLD&HS HeMLESLD.

10 ©p1b aupriy

203 Sl SHLD



CoORDINATE GEOMETRY

Let us now find the distance between any two points T
P(x,,y,) and Q(x,, y,). Draw PR and QS perpendicular to Qe 1,)
the x-axis. A perpendicular from the point Pon QS is drawn
to meet it at the point T (see Fig. 7.5). | ; ]
Then, OR=x,0S=x, So, RS=x,—x =PT. (7)) |

Also, SQ=y, ST=PR=y. So, QT=y,-y,. ’
Now, applying the Pythagoras theorem in A PTQ, we get |
PQ?*=PT*+QT? € X

=, =x)’+ (0, —»)

Therefore, PQ = \/(xz —x ) +(m-n)

Fig. 7.5

Note that since distance is always non-negative, we take only the positive square root. So,
the distance between the points P(x, y,) and Q(x,, y,) is

PQ= \/(xz_ x1)2 +(.V2_ .Vl)2 ’

which is called the distance formula.

Remarks :

1. In particular, the distance of a point P(x, y) from the origin O(0, 0) is given by

OP:1/x2+y2 .

2. We can also write, PQ = \/(x1 Co (01 —) - (Why?)

Example 1 : Do the points (3, 2), (-2, —3) and (2, 3) form a triangle? If so, name the type of
triangle formed.

Solution : Let us apply the distance formula to find the distances PQ, QR and PR, where P(3,
2), Q(-2,-3) and R(2, 3) are the given points. We have

PQ=/(3+2) +(2+3) =5 +5> =~/50 =7.07 (approx.)
QR = (-2-2) + (3 -3)’ =/-4) + (-6)’ =/52 =7.21 (approx.)
PR=/3-2)> +(2-3) =1 + (-1)* =2 = 1.41 (approx.)

Since the sum of any two of these distances is greater than the third distance, therefore, the
points P, Q and R form a triangle.
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Suewunwg P(x,, y,) womb Q(x,, y,) aGseb Y
Buewi® LeTefleEnsHemLILLL SMISHENS SHTewrGLIMLD.
x-Ffhe OsmGHsTs PR wpmib QS & eewgs. P
LeteulefmBal QS 66 @ Osmess GsmeL T |
yererflufleo smds@onm euemgs. (UL 7.58 umi).

Wm&, OR=x,0S=x,. eeuGeu, RS=x,—x =PT. \|
Gogyd SQ=y,, ST=PR=y. eenGeu, QT=y,—y,.
APTQev Lgnagsv Cohmsdene LIWLIGTLIBSSI6USHET eLpeLD, 5 X
PQ? = PT?+QT?
= (x,—x 2+, —») uLb 7.5

eT6uT 6, PQ= \/(xz - X )2 + (3, )’1)2
SO 6T60TLIS| 6TLIOWLIMIDGID G6MD 6T600T600NTS  RIHHEHTHI, DHEDSHWITED [HLD  Lolews
668 ePELSMS WLBELD aBSSISSHTETECHID 6l6iTLmS SHeuertl. ereoiGeu P(x , y,) HMID
Q(x,, y,) SpBw yenefle@ensd @ewLULLL G,
PQ= \/(xz_ xl)z i (.Vz a .Vl)2 ’
eT60TLIS| SHTISHSHSTEN HHSID 616N HMLPSHSLILGSEDE.
G TR
1. @Miuns Spdisitefl O(0, 0) Spmel @ Usitefl P(x, V) && QewLUurL b
OP=1[x2+y2 %@w
2. PQ=\[(x—x,) +(y =) - cEwOYD epsEOMD.(gT60r?)
aBHHBHTG 1 :(3, 2), (-2, —3) Cwaytb (2, 3) RBw yeteflaseT @m wWEHCHTEISHDS
gDLGSSIDN? SleuaImeIDesiled 2 [HeuTen (LP&ECHTETISHH6 CUMSHEMI Fam).

Siay: PQ, QR bmib PR 661 gnomisemer &imewr HTD SIS0 &S5SI56085 LIW6STLIBSSIGEUMLD.
ean@ssIULL YeteflasT P(3, 2), Q(—2, —3) Gwsayd R(2, 3)

Q(xy, 1,)

PQ= 342 +(2+3) =/5* +5° =50 = 7.07 (Gamymuions)

QR = \J(-2-2) + (-3 =3)* = /(-4)* + (-6)> =+/52 = 7.21 (@znymuipna;)

PR = \/(3 -2 +(2-3)? = \/12 +(-1)? =42 = 1.41 (Gamymuions)

8me alsab renr® Gnumiseflen saBHe0 epeTDrag STISMmE 6L AHPHsD. eeorGe,
P, Q Gweayb R yeiterfllger @@ wpsGsmenisams ermLBSSILD.
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CoORDINATE GEOMETRY

Also, PQ? + PR?=QR?, by the converse of Pythagoras theorem, we have £ P =90°.
Therefore, PQR is a right triangle.

Example 2 : Show that the points (1, 7), (4, 2), (—1,—1) and (-4, 4) are the vertices of a square.

Solution : LetA(1, 7), B(4, 2), C(—1,—1) and D(—4, 4) be the given points. One way of showing
that ABCD is a square is to use the property that all its sides should be equal and both its
digonals should also be equal. Now,

AB=(1-47+(7-2) =0 +25 =34
BC=\4+12+@2+1)7 =25+9 =34
CD=\/(-1+4) + (-1-4)’ =0+ 25 =/34
DA=/(1+4) + (7 - 4)> = 25+ 9 =34
AC=J(1+1+ (7 +1)* = J4 + 64 =~/63
BD=/(4+4) +(2-4) = [64+ 4 =68

Since, AB=BC=CD=DAand AC =BD, all the four sides of the quadrilateral ABCD are equal
and its diagonals AC and BD are also equal. Thereore, ABCD is a square.

—
=]

Alternative Solution : We find the four
sides and one diagonal, say, AC as above.
Here AD? + DC?* = 34 + 34 = 68 = AC>.
Therefore, by the converse of Pythagoras
theorem, £ D = 90°. A quadrilateral with
all four sides equal and one angle 90° is a
square. So, ABCD is a square.

Rows

2

Example 3 : Fig. 7.6 shows the
arrangement of desks in a classroom.
Ashima, Bharti and Camella are seated at
A3, 1), B(6, 4) and C(8, 6) respectively.
Do you think they are seated in a line? Give

N W e Ui O

1 2 3 4 5 6 7 8 9 10
Columns

Fig. 7.6

reasons for your answer.
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Gweytb PQ*+ PR*=QR?, Ngnapsv Csmmadsir wmigseneoullsiiie £ P =90° Sp@Lb.
eteor@eu, PQR er65TLIg) @(H O\FMHIGHTE00T (LPE&HBSHTETITLDNGLD.

a®HHBHT®G 2 : (1, 7), (4, 2), (1, —1) whoub (— 4, 4) RBw yerellasT @b FgsS60m
(LPEDETTHET 6T60THBITL(B.

sian: A(l, 7), B4, 2), C(—1, —1) wbmib D(— 4, 4) SpBwener Q&I@SSLILLL  LsiTerllgeT
et6t1s.  ABCD etettLgy @@p s&HIOWD et60T SMevorlIlILGMHSTE @ U], 6T HemevEHS)
LIS&MHISEHLD FIDDMS S(H&He Geustor(BD. GEYID HFHET S(H ePenev6ill LHISHEHD FLDLDNS
Bm&s GeuetorBLD. GUOLIMLDE),

AB=\(1-4’+(7-27 = p+25 =34
BC=\4+12+@2+1)7 =25+9 =34
CD=\[(-1+4) + (-1 -4)* =0 +25 =34
DA=[(1+4)> + (7 —4)* = 25+ 9 =34
AC=J1+1)+ (7 +1)> = J4+ 64 =~/68

BD=/(4 +4) + (2 -4)* = J64 + 4 = /68

8mi&, AB=BC=CD=DA Gosyb AC=BD. ereo1@ey, mnmaigido ABCD eb mreiig Lssmigelt
&b Gueyb epemevsiiLmigeT AC wpmib BD &sbib. Spemsuienmeo ABCD @@ sgimb
SpSLD.

LODEMTH SHiTa] : GLNHSETTL6UTM) [HTD [HT6TES
LUSSMIS6ET WDOHMID - @@  epewedlLd AC &
&mevor@umD. @@ AD? + DC? =34 + 34 =68
= AC’. aeni@eu Wgn&mgev GsMHMmEH e
msemeoudletrLie £ D =90° mBnesii® LSSmsS6T
FOONGEYD @H Gameword 90° 2 _emLwl 6h
BIDSID @0 &SI Sp&LD. ererGeu ABCD
R FHITD SHGSLD.

aBHBIGBHTEG 3 : UL 7.6 el6tTUFH R(H
6@ LILI6® p ug 6v 16 T D & I 60) & 61T
SNMDSSLILLLIRHSSD eNF5ms MBS
Spefiom, ungd WHMID G&Lbeveor SpHBWIMT
pep@w A3, 1), B(6, 4) wpmib C(8, 6) 1 23 45678 910
,@l_r!uaaa'ﬂso' c9.lLDI'I'.I'_F,g]61T6.TT.60TI'I'.. ,@tmrrqam ®h Bewm
CrMB&HMLIQed AHIDMBGIETETETT 61607 .

Beners B Tsenn? 2 601 6NewL &8 Ment uLb 7.6

SNTWISHMS Sam).

—
=

g4

- N W A& O
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CoORDINATE GEOMETRY

Solution : Using the distance formula, we have

AB=[(6-3) +(4—1) =9+ 9 =18 =32
BC=B8-67+(6-4>=4+4=8=2{2
AC= 8 -3)* + (617 =25+ 25 =50 = 5,2

Since, AB + BC = 3.2 + 2./2 = 52 = AC, we can say that the points A, B and C are collinear.
Therefore, they are seated in a line.

Example 4 : Find a relation between x and y such that the point (x , ) is equidistant from the
points (7, 1) and (3, 5).

Solution : Let P(x, y) be equidistant from the points A(7, 1) and B(3, 5).
We are given that AP = BP. So, AP> = BP?

ie., x=7P+@y-1P2=x=-3) +Qy-5)7*

e, xX>—14x+49+)y?-2y+1=x2-6x+9+)>—10y+25

1.e., x—y=2

o

which is the required relation.

Remark : Note that the graph of the equation x — y
=2 1s a line. From your earlier studies, you know
that a point which is equidistant from A and B lies
on the perpendicular bisector of AB. Therefore, the
graph of
x —y =2 1s the perpendicular bisector of AB (see
Fig. 7.7).

Example 5 : Find a point on the y-axis which is
equidistant from the points A(6, 5) and B(— 4, 3).

Solution : We know that a point on the
y-axis is of the form (0, y). So, let the point P(0, y)
be equidistant from A and B. Then Fig. 7.7

6-0P+G-yP=(-4-07+C-yy
ie., 36 +25+)2—10y=16+9 +)? - 6y
ie., 4y =36
1.e., y=9

B@3, 5)

W AR TN W

A7, 1)

L2 34 56 7

S
e

s
N\
A
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SHiia] : GIISSHSTEN HSITHMS LILGTLBSHSHIUSEI eLPeOLD,
AB=[(6-37+(@4-1) = 0+9=118=32
BC=B8-6+(6-4>=4+4=8=2{2

AC=[8-3)" +(6-1)> =25+ 25 =~/50 =52

AB +BC =32 + 22 =52 = AC, 61601C6u [BMD A, B opmid C Leiterlisemert e GaHmemipeuest
eT6vTéONID. 6T60TB6Y, Sleweu R(H GHTGCHTLIEED SHEWLDIHSHIGTETEIT.

aBSHHIBHTEG 4: (x,))erenib Leierfl A(7, 1) Gwegid B(3, 5) etenid Lsiterflaensx &Loiomest
SMI5Pe0 2 _6iterg) e16vfl6d X HMID ¥ && BeWLGUILI6TONT SISTLTLINEHET SHIT6T0TS:.
Siran: P(x, y) etemub eiterfl A(7, 1) Goegid B(3, 5)&@& &Loonest gnusHed 2 eiteng) e16515.
e16uo1G6u, AP = BP. Opemawimed AP? = BP?
=7+ @-1y=x=37+-5’
X2—14x+49+y* -2y +1=x>—6x+9+)?— 10y + 25
x—y=2

o

85IC6a BzEMEULITEST QSTLITL SHGSLD.

My ¢ X — )y =2 eT6diiD &LD 60T LML 1@ 657
6UEMILILLDTE0TS| 1H GHITCHTB 6T6iTLIENS &SH6v6dt.
Pphomsw  aGlysefleo A wpmib B yeteflss
gner  Hrusdeyieter Lereflmergs ABeor
AFMmIGSsH SmanealLly LsTerfl g Sembub
eeTLenS BrauseT AMBAdLLITSET.  eTerGeu
x—y =2 e euemgLLLD6tIEH ABeiT 6\emiGSHs
SmFDeaILY DHGLD. (UL 7.722 umm).
aBHHIBHTEG 5 © A6, 5) Gweyd B(— 4, 3)

YeTeflaensd® FwaHmIsHed y-igderr  BgID
SlewLbmbgleneT Lemerflent sevor@GLILQ.

B@3, 5)

W AR TN W

A7, 1)

L2 34 56 7

e

Siray : y-igdlesr giener Leimerflufesr euigeutd (O,
V) et6tiLens HAD HBIGeuniDd. er6orGeu, A LDHMILD
B yerefleensd swwnenr gnosdeqeter Lserfl oL 7.7
P(0, y) eretrss.
ereuTG6, 6-0y+G-y)=(-4-0+QC-yy
36 +25+)y2 =10y =16+9 +)*— 6y
4y =36

y=9

<&
N
I.l'
N
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CoOORDINATE GEOMETRY

So, the required point is (0, 9).

Let us check our solution :AP=" /(6 - 0)* + (5 - 9)> =36 + 16 = /52

BP= /(- 4-0)* + (3-9)> =./16 + 36 =52

Note : Using the remark above, we see that (0, 9) is the intersection of the y-axis and the
perpendicular bisector of AB.

EXERCISE 7.1

1. Find the distance between the following pairs of points :

(1) (2,3),4, 1) (1) -5,7,1,3) (i11) (a, b), (—a,—b)

2. Find the distance between the points (0, 0) and (36, 15). Can you now find the distance
between the two towns A and B discussed in Section 7.2.

3. Determine if the points (1, 5), (2, 3) and (- 2, — 11) are collinear.
4. Check whether (5, —2), (6, 4) and (7, — 2) are the vertices of an isosceles triangle.

5. In a classroom, 4 friends are seated at 1@
the points A, B, C and D as shown in
Fig. 7.8. Champa and Chameli walk into
the class and after observing for a few
minutes Champa asks Chameli, “Don’t
you think ABCD is a square?”” Chameli
disagrees. Using distance formula, find
which of them is correct.

Ecws

12

6. Name the type of quadrilateral formed,

s) :
if any, by the following points, and give
reasons for your answer:

(1) (— 15_2)9(170)3 (_ 192): (_390) |

(i) (=3,5), 3. 1), (0, 3), (1, — 4) 1 3 5 :: £ € 7 8 5 10

(i) (4, 5),(7,6), (4, 3),(1,2) Fig. 7.8

7. Find the point on the x-axis which is equidistant from (2, —5) and (-2, 9).

e B W e W B = M W

8. Find the values of y for which the distance between the points P(2, — 3) and Q(10, y) is
10 units.
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eTeorGeu, Gzemeuwinest Lsiterfl (0, 9) Sp@Ld.

[BD&S BeOLSS Sieflenssr FlLMTLIGLIMD :

N

el

b
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AP= [(6-0) +(5-97 =36 +16 =+/52

BP= /(- 4-0)* + (3-9)> =./16 + 36 =+/52
&wiin : Ghsevor. GHILILNeS®HSI (0, 9) e6itLg) y-DHe& WHMID ABesT Q\FmIGSHS SLD66ILIQ
66U IQTE\BITEITEHLD Li6iTerfl Sh@LD.

uuima 7.1

. Wetreuqpld Ggame LieTerllEHEnee QEOLULLL HTIHENG SHT60Is :
(1) (2: 3): (49 1) (ll) (_ 5: 7): (_
. (0,0) Gweyd (36, 15) SpBwi eTefla@nse QewLLLLL SHIISHMS SHT60Is. LGS 7.260

1,3) (i) (a, b), (— a, — b)

sfleundssg Gumeim A OHMID B Sy Breo® BaImsEnsd SewLULLL SIS

©_TRIGEITITED &IT6T0T (LPLQULDIT?

(1,5),(2,3) Gwayd (— 2, — 11) SpBwemen @@ CaHmGLULeTaflsemm? Seoemeowin? ereor

srflurm.

(5, — 2), (6, 4) wHmID (7, — 2) SpBw  YemeflgeT @7 SHIFOUSES WPEHECHTEmTSS60

(PEWETIHEIT Dh@GLDM?  Frflumi.

ULLD 7.860 SMUlQuiLlle &H euGLIiled
4 mewrunset A, B, C mpmio D
YeTeflesefleo SipirbgeTerneoti. &um
LD D M) LD Fmusi 60l & (6 (LD
AGLUDDEG6T 6156Tm &lev
B mis6T 2 HnICHTSSW L9NE ST
gmsledlemw Lmgg “ABCD & &&inb
67607 ﬁsmsuréaé}g)rru.lrr’?” 616018 G&HLLIT6IT.
8spe embled woL eSeissmT.

EMISMS &MWL 5581505
LweTUGSS wWnhenLw &rflwmeor

6flemL 6T60TM) LIMIT. 6J6517

Netreuapd  Lemerflaemmeo ggpu@ua
BTH&EISSET  6U6D& 6D & &I 600T.
GLeYILD 2 65T 6MNeMLSSHTEN SHITTETISHENS
gaml.

(1) (_ 19 _2)7 (19 O)) (_ 19 2)9 (_ 3: O)
(1) (3,5),(3,1),(0,3),(-1,-4)
(1) 4,5),(7,6),(4,3),(1,2)

14

: B

o c
an

9 1 i 5 4 % € T 8 & 10
Bewm

uLib 7.8

12

7. (2,-5) womib (-2, 9)SpBw Yeterflaefledlpbg Fnwmesr gnusdab, x-Hgdledr BgID

SlemLDIbGIeTeT LisiTerflenut smevors.

8. P(2,—-3) wmmid Q(10,y) Spdw yemeflaepsSenLiLlL ub 10 DHeo@seT erevfled

Y 65T LDBLIL|GHEM6IT SHT6voT.
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CoORDINATE GEOMETRY

9. If Q(0, 1) is equidistant from P(5, —3) and R(x, 6), find the values of x. Also find the
distances QR and PR.

10. Find a relation between x and y such that the point (x, y) is equidistant from the point
(3,6)and (-3, 4).

7.3 Section Formula

a telephone company wants to position a relay

tower at P between A and B is such a way that the

distance of the tower from B i1s twice its distance (x,»)
from A. If P lies on AB, it will divide AB in the | L—’/E ' C
ratio 1 : 2 (see Fig. 7.9). If we take A as the origin A

O, and 1 km as one unit on both the axis, the o D E
coordinates of B will be (36, 15). In order to know

the position of the tower, we must know the Fic. 7.9
coordinates of P. How do we find these ”
coordinates?

Let us recall the situation in Section 7.2. Suppose Y
A
| B(36, 15)

Let the coordinates of P be (x, y). Draw perpendiculars from P and B to the
x-axis, meeting it in D and E, respectively. Draw PC perpendicular to BE. Then, by the AA
similarity criterion, studied in Chapter 6, A POD and A BPC are similar.

OD OP 1 PD._ OP 1
Therefore, E—E—E,an E_E_E
X 1 y 1 Y
50, 6-x 2 p 15—y 2 B(x;, y,)
. : i _ e
These equations givex =12 and y=35. () p
You can check that P(12, 5) meets the condition that m, -
OP:PB=1:2. A
. A Q
Now let us use the understanding that you may have xp¥7)
developed through this example to obtain the general
formula.
. . ) R s T =~
Consider any two points A(x, ,) and B(x,, y,) and
assume that P (x, y) divides AB internally in the ratio m | : Fig. 7.10
. PA m, .
,l.e, —=—L1 Fig. 7.10).
my,i.e PB " m, (see Fig )
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9. Q(0, 1) etemid yeiterfl P(5, —3) wmdmid R(x, 6)&& &iinesr gnosdeo 2_eteng) ereslleo
x6d1 BLI&Gemen smevor. Geyd QR wmmib PRedr gnpmisenen sevorGLilg.

10. (x, y) etequb yeiterl (3, 6) Gwayd (— 3, 4) erewid LeiTerflaEnsH& &Fome GnmsHeo
2 eiTeng) eT6vfled X LMHMID ) & BewLBWileiTerr 2 memeu SHevor@BLile.

7.3 1ifleFansBmb

UGS 7.260 2 6o gLpiBemed [Bemevrey Y
sgamGaund. Sisnes RG 6OFHTeneoCud B(36, 15)
SWwsSernt A wpHpb B & BewLufed Peregd ’
BL5H60 RH leweoLITLI CHTLTHENG HEWLDE:S (x,»)
Bevensgnisear. B elmbas Hemeougliy P C

GamyrsHett HMUwLMerdH AelBHE H 60 X

C»

gTrsemaLGUTed Grewr(® WLMIEG STID D E
2 ememeunm HewD&S: Bewenigsniger. P eredrm
8Lib ABsir 158 @mHsmed, g ABg 1:2 uLth 7.9

er6t1D 6NB55H60 LNflsGD (LLSSHO STLiguiennmy).

A g Spdeefl Osd 2 6iteng) eteor&:6\si6iT. GLDEYLD

Spudissseflett 158 185 gmusms 1 Jeosnseld aBSHHS&sMeTGaMD. B 6br
SpWSEGTemeveys6T (36, 15)Sp@Id. @Leung HID Sleweouglil] GCaHMISSetT Bemsvemiul
sevrLMI CeuetoT(BLD. SiGmeug| HMD Pest Spwigegmeneoaisemen sevrLml Geuewor®LD. Pedr
SpWISE\STEMEVEYHENET ETNOUTM)| SH6TTLleus)?

P et Spwsagnemevaysst (x, y) erenrsd 6&mer@Geumbd. P Guweyd B edlmpmba
X-DNEFHS 6\FHIGSHSHSCHNBEHET CUeDIHETL g x-HFews D Guoeyib E  Leterfisearfleo
spdedng.BEse Osm@sgCesn® PC aengs. SUGUTE Gsm.Gsm. augeeanss Sener
Gamhmadeir Lip A POD Gsyib A BPC augtaunggemnen Sh&Lb.

G OD_OP L o . PD_OP 1 v
remsel pc g 20 PBP BC T PB 2 B(x; )
- _1 p 2 L 3

OHEMSLITED v GLosyIld 55 2 (3 )
Seweux=12 1DHMID y=5 61601 FLDGITLIMBSEDET FHHBETD6T. Am1

P(12, 5) D4smiz OP : PB =1 : 2 etsmib [BLIbsemeomemuw A9

. .. . . ESM 1))

Bemme) 6\, [Briig6iT SILIMTES60MD.

SUBung eYLIMg 6 T6oT &HSOTSMSL OLUD DS
TBSSHISSHTLIQET eLpeold [BrageT 2 peunsdwlemen Lflsemeo 0) R S i
LIwedTLIBSSIG6UMLD. .

uLb 7.10

A(x,,y,) Gwayb B(x,, y,) SpBweney @reoor® Leiterflaeit
el6ors: 6\&meTGeumd. P (x, y) eenib yeimerfl AB 2 Ciymionas m : m, etedim 6ldggde0 LMlLLgns:s
. . PA m . .
6\&mem@aumbd.  Aigmeug, — =—- (uLb7.10g ).
PB m,
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CoORDINATE GEOMETRY

Draw AR, PS and BT perpendicular to the x-axis. Draw AQ and PC parallel to the x-axis.
Then, by the AA similarity criterion,

APAQ~ABPC
PA_AQ _ PQ
Therefore, BP - PC _ BC (1)
Now, AQ=RS=08-OR=x-x,

PC =ST=0T-0S=x,-x

PQ=PS-QS=PS-AR=y~y,

BC=BT-CT=BT-PS=y,—y
Substituting these valuesin (1), we get

mo_ X5 _ V= Hh
m, Xy =X Vy— Y
. m X—X mx, + m,x
Taking il T L we getx = 1% 2%
m, X, — X m; +m,
imi : m y—Jy my, +m
Similarly, taking — = L we gety= 12 T
n, Yo=Y my + m,

So, the coordinates of the point P(x, y) which divides the line segment joining the points
A(x,,y,) and B(x,, y,), internally, in the ratio m, : m, are

mx, + m,x 4 +m,y, 2)
ml + m2 ml + mz
This 1s known as the section formula.

This can also be derived by drawing perpendiculars from A, P and B on the
y-axis and proceeding as above.

If the ratio in which P divides AB is & : 1, then the coordinates of the point P will be

kxz"'xlij’z"'J’l .
k+1 k+1

Special Case : The mid-point of a line segment divides the line segment in the ratio
1 : 1. Therefore, the coordinates of the mid-point P of the join of the points A(x, y,) and

B(xz, yz) 18

I.xy, +1-x, 1-y,+1-y, [y tx, oyt
1+1 1+1 2 2 .

Let us solve a few examples based on the section formula.
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AR, PS wpmib BT SpBwieuhemnn x-Dies6@ 5mGs5sns aemrs. AQ womib PC
SpBWEUDEDM X-DNE5HS BEMEWILINS 6UemTsS. BUOLINWE CaM.Gam. Hemer CahHMmSH6iTLIQ,

APAQ~ABPC
- PA_AQ _PRQ
OLEMSILIMTED, B8P PC _ BC (1)
SUBuImg), AQ=RS=08-OR=x-x,

PC =ST=0T-0S=x,-x

PQ=PS-QS=PS-AR=y -y

BC=BT-CT=BT-PS=y, -y
Swdligsener Fwetun® (1)sv NgHulLLmed, HID OLMIEUs)

mo_ XN _ VTN

m, Xp =X V=Y

m=o X—Xx .. . . mx, + 1m,x, . :
— = 61607 61(BSHHIFHEIHMEWILITED X = — 606 [BMD 6)MGeurLD.
m, X,—X m +m,
. mno_Y=—nh - . . my, +m . .
Sleyeun@m, — = 6N 1RSSO HTEHILIE0 ¥ = 222V gpey D EWIMGeILD.

m2 yZ_y m]+m2

ereorGeu, A(x,, y,) omib B(x,, y,) SpBweupmned UG CoMBSSI6enL. 2 L'L|MLDNS
m, : m, fBsgHe0 WM& Letefl P(x,y) 61 Sigs gnomiser

(mlxz + My Yy, mz)’l] 2)
m + m, m + m,

85 NfadFass3mb e ILGSDE).

8555515605 A, P bpmid B 60lipba) /-Di66:86:@ emiE&sSsICHNBa6T cuenbgl GLme6vor
E\FWEOAPEDMSHEMET LIWTLIGSSWID 6umeord. AB etemid GamiewmL P etemid Leiterfl & : 1
er6tin fldgsde0 LNfgsmen P 6t Spuwis6smemevays:er wpewmGu,

kxz"'xlij’z"'J’l .
k+1 k+1

FoiuTar ciamns: @ CHML(BSSI60Tess enbWLiLieTefl er6TLgh AHbs CoHM GBS IetmenL 1 :
1 eretim eflBgg860 NfeED. A(x,, y,) HmIb B(x,, y,) Spdweuhenn SeneuoriLgne ermuBLD
emwwiLierefl P 61 Spu156185memn606)s6iT

(Lxl +1-x, 1-y +1-y2]_(x1 + X, y1+y2]

1+1 1+1 2 2
Suewnewsg 9fley &5SI156m8 LWETLIGSS 60 IBSHISHSHTLBaHmeT STIGLITLD.
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CoORDINATE GEOMETRY

Example 6 : Find the coordinates of the point which divides the line segment joining the points
(4,—3) and (8, 5) in the ratio 3 : 1 internally.

Solution : Let P(x, y) be the required point. Using the section formula, we get

_ M@ 3O+
0 3+1 Y 341

Therefore, (7, 3) is the required point.

Example 7 : In what ratio does the point (—4, 6) divide the line segment joining the points A(—
6, 10) and B(3,—8)?

Solution : Let (—4, 6) divide AB internally in the ratio m, : m,. Using the section formula, we
get

3m— 6m, —8my; +10m
_4 — 1 2 4 1 2 1
(=4.6) (m1+m2 m, + m, (1)
Recall that if (x, y) = (a, b) then x =a and y = b.
So, 4= 3m,— 6m, and 6= —8m, +10m,
m +m2 ml+m2
3m,— 6 .
Now, 4=T0" T gives us
m + m,

—4m, —4m,=3m —6m,
1e., Tm, =2m,
1e., m om,=2:7

You should verify that the ratio satisfies the y-coordinate also.

—8™ 110
—8m +10m, _ m,

Now, (Dividing throughout by m.)

my, + m, m
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aBHBIBBTEGB 6 : (4,—3) Gwayd (8, 5) pPw Yeerllaener Senewrs@Ld GaTL B gI6tremnL
3:1 eretim fBs5h60 2 1'ymns Lflaad Leteflufesr Sigs gnomiseneT SeworGLIL.
Sira): Caemeuwnen Lemefluflesr Sigsgnomaser P(x, y) eents. Nfleys 5515608
LIWI6TLIBSSI6US60T eLpevlD [HITD 6ILMI6US),
_ 3@+, e 39)+13) _,
3+1 3+1

eTeoT@eu Bgemeuwnest Leiterfl (7, 3) Sp&Lb.

aGHHZBHTEG 7 @ A(- 6, 10) bphmid B3, — 8) Spdw yereflsemenr Semewrs@Ld
GamL(Bssevneenest (— 4, 6) elenid Lsitefl 6bs eflBss860 1NfleELD?

Sia) : (—4,6) aeub yeitedl AB &2 m :m, e6tip 6fl8gsHe0 2 Lymwons NfsSng) 6r6is.
Wrfleys &55156ms LWLGTLIGSSIUSEST cLp6OLD, [HITD EILMI6US),

[ 3m—6m, —8m; +10m,
(=4,6) ( m; + m, ' m, + m, (1)
(x, y) = (a, b) er6vfléd x = a DOMID y = b eT6tTLINS [Beweviey Salis.
——— 4= 3m, — 6m, Guayid 6= —8m, +10m,
m + m, m + m,
. _ 3m;— 6m,
SuGung, 4 —m1 s

—4m, —4m,=3m —6m,
G Meug)|, Tm,=2m,
m m,=2:7
85 68z V-0 AHFHFHMHISGMET SHLUSLIGSHSDEG 6T6iLeNS BrhiseT gFfumi&s

GeuevoTBLD.

—8™ 110
—8m +10m, _  m,

SUICuImg), (PREUEDSUILD 717, DH60 EUSSSITEV)

m; +m, m
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CoORDINATE GEOMETRY

Therefore, the point (—4, 6) divides the line segment joining the points A(— 6, 10) and B(3, — 8)
intheratio2: 7.

Alternatively : The ratio m, : m, can also be written as " .1, ork: 1. Let (—4, 6) divide AB
m,

internally in the ratio £ : 1. Using the section formula, we get

o) 0 Jua
So, 4 3k-6
k+1
ie., —4k-4=3k-6
1e., Tk=2
Le., k:1=2:7

You can check for the y-coordinate also.

So, the point (- 4, 6) divides the line segment joining the points A(— 6, 10) and
B(3,—-8)intheratio2: 7.

Note : You can also find this ratio by calculating the distances PA and PB and taking their ratios
provided you know that A, P and B are collinear.

Example 8 : Find the coordinates of the points of trisection (i.e., points dividing in three equal
parts) of the line segment joining the points A(2, — 2) and B(— 7, 4).

. A P B
Solution : Let P and Q be the points of " :2 : 2 i )
trisection of AB i.e.; AP = PQ = QB 2-2) (-7, 4)
(see Fig. 7.11). Fig. 7.11

Therefore, P divides AB internally in the ratio 1 : 2. Therefore, the coordinates of P, by applying
the section formula, are

1(-7) +22) 1(4) +2(-2))
( 1+2 1+2 ],w., (-1, 0)

Now, Q also divides AB internally in the ratio 2 : 1. So, the coordinates of Q are

2-7)+1(2) 24)+1(-2)) .
( 241 2+1 ],1.e.,(—4,2)
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A(- 6, 10) wbmib B(3, — 8) Spdw yeteflaemen Qemewis@d Cami@sglevorigent (— 4, 6)
erenild Usiterfl 2 : 7 eteiin eflds5860 ﬁ]rﬂéaé%gpgj

IDDEADT®H APad®: M, @ N, 16D NB5s6ms L : 1, Sieveog) k : 1 etewr erepseond. (— 4, 6)
etenld Lemerfl AB & o rimwns k: 1 eretim eﬂéa‘g,g,ge\) fl&8mnal ereord O\amerGeurid. Lifley

HSHITHMG LIWLETLIBSHSI6US60T ¢Lpedld, [HITD 6LIMI6us)

3k -6 —8k+10
] ()

(_4’6)=(k+1’ k+1

eT601G6L, 4= k0
k+1
—4k—-4=3k-6
Thk=2
SO k:1=2:7

Bews BRISET V-601 HFHGHMSINGSD FrilLMTEHSE0MLD.

et6eor@eu A(— 6, 10) Gsyib B(3, — 8) SpBw Yeaflgener Sememrs@d CaHML(BSEI600TI06m6nt
(—4, 6) etemid Lsitefl 2 : 7 etedip eflds5H60 LNfleSng.

@&witny : PA omib PB 651 gmmugener senisH G Seubniett eNBamiseme e(BS5gI56\8mer®
Gwsayd A, P bpmid B SpBwemer @ Gam@ueeflsst erer Sinfleusedt epevelpld [HTD
855 6S5mGEeneT SHevorLIUIeoNLD.

aBSHIGHTEG 8 i A2, — 2) Goeyb B(— 7, 4) BBw yerefllsemer  Semeuors @b
oM BS&I6e0TenL (PFFDFMIBLD LsTerflemw Epeitm Fwunsmhisems Lfleaed yetedf) smevos.

Siay : AB @ cpetim  FOLUMSHISETTS A F Q B
fé@ib yeteflast P obmib Q ersirs. 2,-2) (4
Signeu g, AP = PQ = QB .

uLb 7.11

(UL 7.1128 wm).
eteor@eu P el AB &2 1 : 2 etettp 6flBs5860 2 LLmons Lfe&dms. Wfley &5d05860m Lig
Petr SigagmmiseT,

1(=7) +2Q) 1(4) + 2(-2)
( 142 1+2 ]’&5"6”51 (-1, 0)

Suewnwsgl, Q eeorm Yemefluyd AB g 2 : 1 eietim efldgsdeo 2 Liymions Nflsdna.
er6oTCe 60T DHFGFFHMIRIGET

2(-7)+1(2) 2(4) +1(-2)
( 241 241 )@*ﬁ”ﬂ'@’ =42
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CoORDINATE GEOMETRY

Therefore, the coordinates of the points of trisection of the line segment joining A and B are (—
1,0)and (— 4, 2).

Note : We could also have obtained Q by noting that it is the mid-point of PB. So, we could
have obtained its coordinates using the mid-point formula.

Example 9 : Find the ratio in which the y-axis divides the line segment joining the points (5, —
6) and (-1, —4). Also find the point of intersection.

Solution : Let the ratio be £ : 1. Then by the section formula, the coordinates of the point

which divides AB in the ratio & : 1 are ("‘ +5 4k 6].

k+1  k+1
This point lies on the y-axis, and we know that on the y-axis the abscissa is 0.

~k+5
k+1

Therefore,

So, k=5

. -13
That is, the ratio 1s 5 : 1. Putting the value of k=5, we get the point of intersection as (07 T] .

Example 10 : If the points A(6, 1), B(8, 2), C(9, 4) and D(p, 3) are the vertices of a parallelogram,
taken in order, find the value of p.

Solution : We know that diagonals of a parallelogram bisect each other.

So, the coordinates of the mid-point of AC = coordinates of the mid-point of BD

e 6+9 1+4) (8+p 243
U 2 2 2 2

: Sy _(8+p,>
ie., 5=\ 73 3

SO L_38+p
’ 2 2
1.e., p=7
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ereorGeu AB GamBsgletoteml epesiml FoLnsmsemal fla@b Lsteflseflenr Sissgmmiset
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Q 601 JHFHGMIMHIGHENST ewWLIL6Tefl HHHTHMS C\&HTeTOT(BLD EILIMEOITLD.
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Sial : e 8sD k: 1 eaetie:. 19fley &sSus5detnie k: 1 eaenb efidss560 AB &3

Uf&@LD JHeagnmigseT (_k t3 Ak - 6]-

k+17 k+1

Sl eteflwnens y-Hgdlett gleTeng). y-NFletr 158 HewLWMULD eT6dTLIENS HMD O
SN Geurtb.

~k+5
k+1

OHEDSHWLITED, 0

eT6uTC6, k=15
ereoiGey LNflE@ 6ABsD 5: 1, k=5 eenid wPlewu NfleGD Yetefluletr s nusdeo
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ArBui. Qe @b Lererfl (07 Tj& 6\LIMEDLD.

a®saHIbsTE®G 100 A6, 1), B(8,2), C(9,4) womidb D(p, 3) Spfwener @i Qemeworansdest
auflemaLiLip SlewDufld 2-58&6T eteuflled pedt PHLIEwL SMevorss.

Sial: QM SWEWIHIHHET cLPEDEVEHLLEISET RETEMMAWITETN BHFL&HFSBIBLD  eT6vt
SN Geurtb.

eteor@eu, AC 601 emipwiliLjeerll Sig&gnomigseT = BDetr emwwiliLjemefll Sig&gnomiget
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10.

. To conduct Sports Day activities, in your

EXERCISE 7.2

. Find the coordinates of the point which divides the join of (-1, 7) and (4, —3) in the

ratio 2 : 3.

. Find the coordinates of the points of trisection of the line segment joining (4, —1)

and (-2, -3). C

rectangular shaped school ground ABCD, lines
have been drawn with chalk powder at a distance
of 1m each. 100 flower pots have been placed at
a distance of 1m from each other along AD, as

R | |

shown in Fig. 7.12. Niharika runs i— th the distance

AD on the 2nd line and posts a green flag. Preet

runs ;— th the distance AD on the eighth line and

posts ared flag. What is the distance between both
the flags? If Rashmi has to post a blue flag exactly

halfway between the line segment joining the two 123456782910
flags, where should she post her flag? Fig. 7.12

> KKK

. Find the ratio in which the line segment joining the points (— 3, 10) and (6, — 8) is divided

by (— 1, 6).

. Find the ratio in which the line segment joining A(1, — 5) and B(— 4, 5) is divided by the

x-axis. Also find the coordinates of the point of division.

. If(1,2), (4,9), (x, 6) and (3, 5) are the vertices of a parallelogram taken in order, find

x and y.

Find the coordinates of a point A, where AB is the diameter of a circle whose centre is
(2,-3)and Bis (1, 4).

. If Aand B are (— 2, — 2) and (2, — 4), respectively, find the coordinates of P such that

AP= % AB and P lies on the line segment AB.

. Find the coordinates of the points which divide the line segment joining A(— 2, 2) and B(2,

8) into four equal parts.

Find the area of a rhombus if its vertices are (3, 0), (4, 5), (— 1, 4) and (— 2, — 1) taken in
order. [Hint : Area of a rhombus = % (product of its diagonals)]
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7.4 Summary

In this chapter, you have studied the following points :

1. The distance between P(x, y,) and Q(x,, y,) is \/(xQ - X))+ (s = ).
2. The distance of a point P(x, y) from the origin is /x> + y*.
3. The coordinates of the point P(x, y) which divides the line segment joining the points A(x ,

y,) and B(x,, y,) internally in the ratio m, : m, are [m1x2 TR MYt )y j

m, + m, m +m,

4. The mid-point of the line segment joining the points P(x, y,) and Q(x,, y,) is

NtNH Nty
2 2 )

ANOTE 1O THE READER

Section 7.3 discusses the Section Formula for the coordinates
(x, y) of a point P which divides internally the line segment
joining the points
A(x, y,) and B(x,, y,) in the ratio m, : m, as follows :

i Tl _ My, tmy

ml + m2 ml + n’l2
Note that, here, PA: PB=m :m,.

However, if P does not lie between A and B but lies on the line
AB, outside the line segment AB, and PA: PB =m, : m , we say
that P divides externally the line segment joining the points A
and B. You will study Section Formula for such case in higher
classes.

Class 10 224 Mathematics



ObUIHABTENVR)] AIRATUICD

7.4 WphBu BHDHIHIBGT
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2 2 )

ATFHBHHS RH S
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PROOFS IN MATHEMATICS Al

Al.1 Introduction

The ability to reason and think clearly is extremely useful in our daily life. For example, suppose
a politician tells you, ‘If you are interested in a clean government, then you should vote for me.’
What he actually wants you to believe is that if you do not vote for him, then you may not get a
clean government. Similarly, if an advertisement tells you, ‘The intelligent wear XYZ shoes’,
what the company wants you to conclude is that if you do not wear XYZ shoes, then you are not
intelligent enough. You can yourself observe that both the above statements may mislead the
general public. So, if we understand the process of reasoning correctly, we do not fall into such
traps unknowingly.

The correct use of reasoning is at the core of mathematics, especially in constructing
proofs. In Class IX, you were introduced to the i1dea of proofs, and you actually proved many
statements, especially in geometry. Recall that a proof is made up of several mathematical
statements, each of which is logically deduced from a previous statement in the proof, or from
atheorem proved earlier, or an axiom, or the hypotheses. The main tool, we use in constructing
a proof, is the process of deductive reasoning.

We start the study of this chapter with a review of what a mathematical statement is. Then,
we proceed to sharpen our skills in deductive reasoning using several examples. We shall also
deal with the concept of negation and finding the negation of a given statement. Then, we discuss
what it means to find the converse of a given statement. Finally, we review the ingredients of a
proof learnt in Class [X by analysing the proofs of several theorems. Here, we also discuss the

idea of proof' by contradiction, which you have come across in Class IX and many other chapters
of this book.

A1.2 Mathematical Statements Revisited

Recall, that a ‘statement’ is a meaningful sentence which is not an order, or an
exclamation or a question. For example, ‘Which two teams are playing in the
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ProOOFS IN MATHEMATICS

Cricket World Cup Final?’ is a question, not a statement. ‘Go and finish your homework’ is an
order, not a statement. ‘What a fantastic goal!’is an exclamation, not a statement.
Remember, in general, statements can be one of the following:
o always true
o always false
e ambiguous

In Class IX, you have also studied that in mathematics, a statement is acceptable only if
it is either always true or always false. So, ambiguous sentences are not considered as
mathematical statements.

Let us review our understanding with a few examples.

Example 1 : State whether the following statements are always true, always false or ambiguous.
Justify your answers.

(1) The Sun orbits the Earth.
(11) Vehicles have four wheels.
(ii1) The speed of light is approximately 3 x 10° km/s.
(iv) A road to Kolkata will be closed from November to March.

(v) All humans are mortal.
Solution :

(1) This statement is always false, since astronomers have established that the Earth orbits the
Sun.

(11) This statement is ambiguous, because we cannot decide if it is always true or always false.
This depends on what the vehicle is — vehicles can have 2, 3, 4, 6, 10, etc., wheels.

(111) This statement is always true, as verified by physicists.
(iv) This statement is ambiguous, because it is not clear which road is being referred to.

(v) This statement is always true, since every human being has to die some time.

Example 2 : State whether the following statements are true or false, and justify your answers.
(1) All equilateral triangles are isosceles.

(11) Some isosceles triangles are equilateral.

(111) All isosceles triangles are equilateral.

(iv) Some rational numbers are integers.
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ProOOFS IN MATHEMATICS

(v) Some rational numbers are not integers.
(vi) Not all integers are rational.
(vi1) Between any two rational numbers there is no rational number.
Solution :

(1) This statement is true, because equilateral triangles have equal sides, and therefore are
isosceles.

(11) This statement is true, because those isosceles triangles whose base angles are 60° are
equilateral.

(111) This statement is false. Give a counter-example for it.

(iv) This statement is true, since rational numbers of the form P, where p 1s an integer and
q

. 3
q = 1, are integers (for example, 3 :T)'
(v) This statement is true, because rational numbers of the form 2, p, q are integers and
q

.. ; 3
q does not divide p, are not integers (for example, 5 ).

(vi) This statement is the same as saying ‘there is an integer which is not a rational number’.
This is false, because all integers are rational numbers.

r+s

b

(vi1) This statement is false. As you know, between any two rational numbers » and s lies

which is a rational number.
Example 3 : If x <4, which of the following statements are true? Justify your answers.
(i) 2x>8 (i) 2x <6 (iii) 2x < 8
Solution,:

(1) This statement is false, because, for example, x = 3 <4 does not satisfy 2x > 8.
(i1) This statement is false, because, for example, x = 3.5 <4 does not satisfy 2x <6.
(111) This statement is true, because it is the same as x <4.

Example 4 : Restate the following statements with appropriate conditions, so that they become
true statements:

(1) If the diagonals of a quadrilateral are equal, then it is a rectangle.
(11) A line joining two points on two sides of a triangle is parallel to the third side.

(iii) \/p is irrational for all positive integers p.

(iv) All quadratic equations have two real roots.
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Solution :
(1) If the diagonals of a parallelogram are equal, then it is a rectangle.

(11) A line joining the mid-points of two sides of a triangle is parallel to the third side.
(iii) /p is irrational for all primes p.
(iv) All quadratic equations have at most two real roots.

Remark : There can be other ways of restating the statements above. For instance, (iii) can also

be restated as  \[p is irrational for all positive integers p which are nota perfect square’.

EXERCISE Al.1

1. State whether the following statements are always true, always false or ambiguous. Justify
your answers.
(1) All mathematics textbooks are interesting.
(i1) The distance from the Earth to the Sun is approximately 1.5 x 10% km.
(111) All human beings grow old.
(iv) The journey from Uttarkashi to Harsil 1s tiring.
(v) The woman saw an elephant through a pair of binoculars.
2. State whether the following statements are true or false. Justify your answers.
(1) All hexagons are polygons. (11) Some polygons are pentagons.
(111) Not all even numbers are divisible by 2. (iv) ~ Some real numbers are irrational.
(v) Not all real numbers are rational.

3. Letaand b be real numbers such that ab # 0. Then which of the following statements are
true? Justify your answers.

(1) Both a and b must be zero. (i1) Both a and 5 must be non-zero.
(111) Either a or b must be non-zero.
4. Restate the following statements with appropriate conditions, so that they become true.
(1) Ifa*>> b’ then a > b. (1) If x*=»?, then x = y.
(ii1) If (x +y)*=x*+y? then x = 0. (iv) The diagonals of a quadrilateral bisect each other.

A1.3 Deductive Reasoning

In Class IX, you were introduced to the idea of deductive reasoning. Here, we will
work with many more examples which will illustrate how deductive reasoning is
used to deduce conclusions from given statements that we assume to be true. The given statements
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are called ‘premises’ or ‘hypotheses’. We begin with some examples.
Example 5 : Given that Bijapur is in the state of Karnataka, and suppose Shabana lives in
Bijapur. In which state does Shabana live?
Solution : Here we have two premises:
(1) Bijapuris in the state of Karnataka (1) Shabana lives in Bijapur

From these premises, we deduce that Shabana lives in the state of Karnataka.
Example 6 : Given that all mathematics textbooks are interesting, and suppose you are reading
a mathematics textbook. What can we conclude about the textbook you are reading?

Solution : Using the two premises (or hypotheses), we can deduce that you are reading an
interesting textbook.

Example 7 : Given that y =—6x + 5, and suppose x = 3. What is ?
Solution : Given the two hypotheses, we gety=—6 (3) + 5=—13.
Example 8 : Given that ABCD is a parallelogram, and

suppose AD =5 cm, AB =7 cm (see Fig. Al.1). What can
you conclude about the lengths of DC and BC?

D C

Solution : We are given that ABCD is a parallelogram.

So, we deduce that all the properties that hold for a

parallelogram hold for ABCD. Therefore, in particular, A Fig. Al.1 B

the property that ‘the opposite sides of a parallelogram are equal to each other’, holds. Since
we know AD =5 em, we can deduce that BC =5 cm. Similarly, we deduce that DC =7 cm.

Remark : In this example, we have seen how we will often need to find out and use properties
hidden in a given premise.

Example 9 : Given that \/p is irrational for all primes p, and suppose that 19423 is a prime.
What can you conclude about /19423 ?

Solution : We can conclude that /19423 is irrational.

In the examples above, you might have noticed that we do not know whether the
hypotheses are true or not. We are assuming that they are true, and then applying
deductive reasoning. For instance, in Example 9, we haven’t checked whether 19423
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1s a prime or not; we assume it to be a prime for the sake of our argument. What we are trying to
emphasise in this section is that given a particular statement, how we use deductive reasoning
to arrive at a conclusion. What really matters here is that we use the correct process of reasoning,
and this process of reasoning does not depend on the trueness or falsity of the hypotheses.
However, it must also be noted that if we start with an incorrect premise (or hypothesis), we
may arrive at a wrong conclusion.

EXERCISE A1.2

1. Given that all women are mortal, and suppose that A is a woman, what can we conclude
about A?

2. Given that the product of two rational numbers is rational, and suppose a and b are rationals,
what can you conclude about ab?

3. Given that the decimal expansion of irrational numbers is non-terminating, non-recurring,
and ./17 isirrational, what can we conclude about the decimal expansion of /17 ?

4. Giventhat y=x>+ 6 and x =— 1, what can we conclude about the value of y?

5. Given that ABCD is a parallelogram and £ B = 80°. What can you conclude about the
other angles of the parallelogram?

6. Given that PQRS is a cyclic quadrilateral and also its diagonals bisect each other. What
can you conclude about the quadrilateral?

7. Giventhat ./ is irrational for all primes p and also suppose that 3721 is a prime. Can you
conclude that /3727 1s an irrational number? Is your conclusion correct? Why or why not?

Al.4 Conjectures; Theorems, Proofs and Mathematical Reasoning

Consider the Fig. A1.2. The first circle has one
point on it, the second two points, the third

three, and so on. All possible lines connecting 1 » 1
the points are drawn in each case.
The lines divide the circle into mutually
exclusive regions (having no common portion). ) 1 2
We can count these and tabulate our results as 3/ 2
shown :

4 3 4

Fig. A1.2
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Number of points Number of regions
1 1
2 2
3 4
4 8
5
6
7

Some of you might have come up with a formula predicting the number of regions given
the number of points. From Class X, you may remember that this intelligent guess is called a
‘conjecture’.

Suppose your conjecture is that given ‘n’ points on a circle, there are 2"~ ! mutually exclusive
regions, created by joining the points with all possible lines. This seems an extremely sensible
guess, and one can check thatifn =35, we do get 16 regions. So, having verified this formula for
5 points, are you satisfied that for any » points there are 2" ! regions? If so, how would you
respond, if someone asked you, how you can be sure about this for n =25, say? To deal with
such questions, you would need a proof which shows beyond doubt that this result is true, or a
counter-example to show that this result fails for some ‘n’. Actually, if you are patient and try it
out for n = 6, you will find that there are 31 regions, and for n =7 there are 57 regions. So, n =
6, is a counter-example to the conjecture above. This demonstrates the power of a counter-
example. You may recall that in the Class IX we discussed that to disprove a statement, it is
enough to come up with a single counter-example.

You may have noticed that we insisted on a proof regarding the number
of regions in spite of verifying the result for n = 1, 2, 3, 4 and 5. Let us consider
a few more examples. You are familiar with the following result (given in Chapter 5): 1 +2 +3
+..+tn= ”(”TH) To establish its validity, it is not enough to verify the result forn=1, 2, 3,
and so on, because there may be some ‘n’ for which this result is not true (just as in the example
above, the result failed for » = 6). What we need is a proof which establishes its truth beyond
doubt. You shall learn a proof for the same in higher classes.
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Now, consider Fig. A1.3, where PQ and PR are tangents t

You have proved that PQ =PR (Theorem 10.2).
You were not satisfied by only drawing several such P
figures, measuring the lengths of the respective
tangents, and verifying for yourselves that the result
was true in each case.

Fig. A1.3

R

Do you remember what did the proof consist of ? It consisted of a sequence of statements
(called valid arguments), each following from the earlier statements in the proof, or from
previously proved (and known) results independent from the result to be proved, or from axioms,
or from definitions, or from the assumptions you had made. And you concluded your proof with
the statement PQ = PR, i.e., the statement you wanted to prove. This is the way any proof is
constructed.

We shall now look at some examples and theorems and analyse their proofs to help us in
getting a better understanding of how they are constructed.

We begin by using the so-called ‘direct’ or ‘deductive’ method of proof. In this method, we
make several statements. Each is based on previous statements. If each statement is logically

correct (i.e., a valid argument), it leads to a logically correct conclusion.

Example 10 : The sum of two rational numbers is a rational number.

Solution :

S.No. Statements Analysis/Comments
1. Let x and y be rational numbers. Since the result is about rationals, we start
with x and y which are rational.
7 Lebde ™ n#0and y=2, %0 Apply the definition of rationals.
n q
where m, n, p and g are integers.
: So. x4y M P _mgtnp The result talks about the sum of rationals,
: DS so we look at x + y.
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4. Using the properties of integers, we see Using known properties of
that mqg + np and nq are integers. integers.
5. Since n # 0 and g # 0, it follows that Using known properties of
ng # 0. integers.
6. Therefore, x+y= M4 1P g a rational Using the definition of a
n
number 1 rational number.

Remark : Note that, each statement in the proof above is based on a previously established
fact, or definition.

Example 11 : Every prime number greater than 3 is of the form 6k + 1 or 6k + 5, where k is
some integer.

Solution :

S.No. Statements Analysis/Comments
1. Let p be a prime number greater than 3. | Since the result has to do with a prime
number greater than 3, we start with
such a number.
2. Dividing p by 6, we find that p can be of | Using Euclid’s
the form 6k, 6k + 1, 6k + 2, division lemma.
6k + 3,6k + 4, or 6k+ 5, where k1s
an integer.
3. But 6k = 2(3k), 6k +2 =23k + 1), We now analyse the
6k +4=203k+2), remainders given that
and 6k + 3=3(2k+ 1). So, they are p 1S prime.
not primes.
4. So, p is forced to be of the We arrive at this conclusion
form 6k + 1 or 6k + 5, for some having eliminated the other
integer k. options.

Remark : In the above example, we have arrived at the conclusion by eliminating different
options. This method is sometimes referred to as the Proof by Exhaustion.
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Theorem Al.1 (Converse of the Pythagoras A
Theorem) : If in a triangle the square of the
length of one side is equal to the sum of the
squares of the other two sides, then the angle
opposite the first side is a right angle.
D C
Proof : 7
Fig. A1.4
S.No, Statements Analysis
1. Let AABC satisfy the hypothesis Since we are proving a statement about
AC?=AB?*+BC2 such a triangle, we begin by taking this.
2. Construct line BD perpendicular to This is the intuitive step we have talked
AB, such that BD =BC, and join Ato D.| about that we often need to take for
proving theorems.
3. By construction, AABD is a right We use the Pythagoras
triangle, and from the Pythagoras theorem, which is already
Theorem, we have AD?=AB?+ BD>. proved.
4. By construction, BD =BC. Therefore, | Logical deduction.
we have AD?=AB?+ BC2
5. Therefore, AC?=AB?+BC?>=AD?>. Using assumption, and previous
statement.
6. Since AC and AD are positive, we Using known property of
have AC =AD. numbers.
7. We have just shown AC =AD. Also Using known theorem.
BC=BD by construction, and AB is
common. Therefore, by SSS,
AABC = AABD.
8. Since AABC = AABD, we get Logical deduction, based on
ZABC = ZABD, which is aright angle. | previously established fact.
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Remark : Each of the results above has been proved by a sequence of steps, all linked together.
Their order is important. Each step in the proof follows from previous steps and earlier known
results. (Also see Theorem 6.9.)

EXERCISEA1.3
In each of the following questions, we ask you to prove a statement. List all the steps in each
proof, and give the reason for each step.
1. Prove that the sum of two consecutive odd numbers is divisible by 4.

2. Take two consecutive odd numbers. Find the sum of their squares, and then add 6 to the
result. Prove that the new number is always divisible by 8.

3. If p>5is aprime number, show that p* +2 is divisible by 3.
[Hint: Use Example 11].
4. Letx and y be rational numbers. Show that xy is a rational number.

5. If a and b are positive integers, then you know that a = bg +r, 0 <r <b, where g is a whole
number. Prove that HCF (a, b) = HCF (b, r).

[Hint : Let HCF (b, r) = h. So, b =k h and r = k,h, where k, and &, are coprime. ]
6. Aline parallel to side BC of a triangle ABC, intersects AB and AC at D and E respectively.
Prove that 22 _ AE,
DB EC
A1.5 Negation of a Statement

In this section, we discuss what it means to ‘negate’ a statement. Before we start, we would like
to introduce some notation, which will make it easy for us to understand these concepts. To
start with, let us look at a statement as a single unit, and give it a name. For example, we can
denote the statement ‘Itrained in Delhi on 1 September 2005’ by p. We can also write this by

p: Itrained in Delhi on 1 September 2005.
Similarly, let us write

q: Allteachers are female.

r: Mike’s dog has a black tail.

s: 2+2=4,

t: Triangle ABC is equilateral.

This notation now helps us to discuss properties of statements, and also to see how we can
combine them. In the beginning we will be working with what we call ‘simple’ statements, and
will then move onto ‘compound’ statements.
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ProOOFS IN MATHEMATICS

Now consider the following table in which we make a new statement from each of the
given statements.

Original statement New statement
p: It rained in Delhi on ~p: It is false that it rained in Delhi
1 September 2005 on 1 September 2005.
q: All teachers are female. ~ q: Itis false that all teachers are female.
r: Mike’s dog has a black tail. ~r: Itis false that Mike’s dog has a black tail.
s:2+2=4, ~s: It is false that 2 + 2 = 4.
t: Triangle ABC is equilateral. ~t: It is false that triangle ABC is equilateral.

Each new statement in the table is a negation of the corresponding old statement. That is,
~p, ~q, ~1, ~s and ~¢ are negations of the statements p, ¢, r, s and ¢, respectively. Here, ~p is
read as ‘not p’. The statement ~p negates the assertion that the statement p makes. Notice that
in our usual talk we would simply mean ~p as ‘It did not rain in Delhi on 1 September 2005.”
However, we need to be careful while doing so. You might think that one can obtain the negation
of a statement by simply inserting the word ‘not’ in the given statement at a suitable place.
While this works in the case of p, the difficulty comes when we have a statement that begins
with ‘all’. Consider, for example, the statement g: All teachers are female. We said the negation
of this statement is ~¢: It 1s false that all teachers are female. This is the same as the statement
‘There are some teachers who are males.” Now let us see what happens if we simply insert ‘not’
in ¢q. We obtain the statement: ‘All teachers are not female’, or we can obtain the statement:
‘Not all teachers are female.” The first statement can confuse people. It could imply (if we lay
emphasis on the word ‘All’) that all teachers are male! This is certainly not the negation of g.
However, the second statement gives the meaning of ~¢, i.e., that there is at least one teacher
who is not a female. So, be careful when writing the negation of a statement!

So, how do we decide that we have the correct negation? We use the following criterion.
Let p be a statement and ~p its negation. Then ~p is false whenever p is true, and ~p is

true whenever p is false.
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ProOOFS IN MATHEMATICS

For example, if it is true that Mike’s dog has a black tail, then it is false that Mike’s dog
does not have a black tail. If it is false that ‘Mike’s dog has a black tail’, then it is true that
‘Mike’s dog does not have a black tail’.

Similarly, the negations for the statements s and ¢ are:
s: 2+ 2 =4;negation, ~s: 2 +2 # 4.
t: Triangle ABC is equilateral; negation, ~¢: Triangle ABC is not equilateral.

Now, what is ~(~s)? It would be 2 + 2 =4, which is s. And what is ~(~f)? This would be ‘the
triangle ABC is equilateral’, i.e., ¢. In fact, for any statement p, ~(~p)

is p.
Example 12 : State the negations for the following statements:
(1) Mike’s dog does not have a black tail.
(11) All irrational numbers are real numbers.
(111) /7 isirrational.
(iv) Some rational numbers are integers.
(v) Not all teachers are males.
(vi) Some horses are not brown.
(vii) There is no real number x, such that x> =—1.

Solution :

(1) Itis false that Mike’s dog does not have a black tail, i.e., Mike’s dog has a black tail.
(11) It 1s false that all irrational numbers are real numbers, i.e., some (at least one) irrational
numbers are not real numbers. One can also write this as, ‘Not all irrational numbers are
real numbers.’

(111) It1s false that /7 is 1rrational, 1.e., /> 1S not irrational.
(iv) It is false that some rational numbers are integers, i.e., no rational number is an integer.
(v) It is false that not all teachers are males, i.¢., all teachers are males.
(vi) It is false that some horses are not brown, i.e., all horses are brown.
(vii) It is false that there is no real number x, such that x> =— 1, i.e., there is at least one real
number x, such that x>=—1.

Remark : From the above discussion, you may arrive at the following Working Rule for
obtaining the negation of a statement :
(1) First write the statement with a ‘not’.

(11) Ifthere is any confusion, make suitable modification , specially in the statements involving
‘All’ or ‘Some”’.
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ProOOFS IN MATHEMATICS

EXERCISE Al4

1. State the negations for the following statements :
(1) Man is mortal. (1) Line /s parallel to line m.
(111) This chapter has many exercises.(iv) All integers are rational numbers.
(v) Some prime numbers are odd. (vi) No student is lazy.

(vil) Some cats are not black.
(viii) There is no real number x, such that /x = 1.

(ix) 2 divides the positive integer a. (x) Integers a and b are coprime.

2. In each of the following questions, there are two statements. State if the second is the
negation of the first or not.

(1) Mumtaz is hungry. (11) . Some cats are black.
Mumtaz is not hungry. Some cats are brown.
(111) All elephants are huge. (iv) All fire engines are red.
One elephant is not huge. All fire engines are not red.

(v) Noman isacow.
Some men are Cows.

A1.6 Converse of a Statement

We now investigate the notion of the converse of a statement. For this, we need the notion of a
‘compound’ statement, that is, a statement which is a combination of one or more ‘simple’
statements. There are many ways of creating compound statements, but we will focus on those
that are created by connecting two simple statements with the use of the words ‘if” and ‘then’.
For example, the statement ‘If it is raining, then it is difficult to go on a bicycle’, is made up of
two statements:

p: It is raining

q: Itis difficult to go on a bicycle.

Using our previous notation we can say: If p, then g. We can also say ‘p implies ¢’, and
denote it by p = ¢.

Now, supose you have the statement ‘If the water tank is black, then it contains potable
water.” This is of the form p = ¢, where the hypothesis is p (the water tank is black) and the
conclusion is ¢ (the tank contains potable water). Suppose we interchange the hypothesis and
the conclusion, what do we get? We get g = p, 1.e., if the water in the tank is potable, then the
tank must be black. This statement is called the converse of the statement p = q.
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In general, the converse of the statement p = ¢ is ¢ = p, where p and ¢ are statements.
Note that p = g and ¢ = p are the converses of each other.

Example 13 : Write the converses of the following statements :
(1) If Jamila is riding a bicycle, then 17 August falls on a Sunday.

(i1) If 17 August is a Sunday, then Jamila is riding a bicycle.

(111) If Pauline is angry, then her face turns red.

(iv) If a person has a degree in education, then she is allowed to teach.
(v) Ifapersonhas a viral infection, then he runs a high temperature.

(vi) If Ahmad is in Mumbai, then he is in India.

(vi1) If triangle ABC is equilateral, then all its interior angles are equal.

(viii) If x is an irrational number, then the decimal expansion of x is non-terminating non-
recurring.

(ix) If x — a is a factor of the polynomial p(x), then p(a) = 0.

Solution : Each statement above is of the form p = ¢. So, to find the converse, we first
identify p and ¢, and then write ¢ = p.

(1) p: Jamila is riding a bicycle, and g: 17 August falls on a Sunday. Therefore, the converse is:
If 17 August falls on a Sunday, then Jamila is riding a bicycle.

(i1) This 1s the converse of (i). Therefore, its converse is the statement given in
(1) above.

(111) If Pauline’s face turns red, then she is angry.
(iv) Ifa person is allowed to teach, then she has a degree in education.
(v) If a person runs a high temperature, then he has a viral infection.
(vi) If Ahmad is in India, then he is in Mumbai.
(vii) If all the interior angles of triangle ABC are equal, then it is equilateral.

(viil) If the decimal expansion of x is non-terminating non-recurring, then x is an irrational
number.
(ix) If p(a) = 0, then x — a 1s a factor of the polynomial p(x).

Notice that we have simply written the converse of each of the statements above without
worrying if they are true or false. For example, consider the following statement: I[f Ahmad is in
Mumbai, then he is in India. This statement 1s true. Now consider the converse: If Ahmad is in
India, then he is in Mumbai. This need not be true always — he could be in any other part of India.
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EOILINGIOUNS p = ¢ 6163TD FaMNJIEI LDMISEMEOWITENS], § = p ETITLSNGLD. BHe0 Q[P0 p
OMID ¢ SHBWET SaDMIHET SHGWD. p => g LDOHMID ¢ = p 6IFTLIEST QR6DTMI LDMHEYDTEITI6DT
LDM|SHEWEVG6T SH&SLD.

TBHHIHHTEG 13 : Speupd aunsSwrhisefles LDMGENEs FoanNMIGENET 61(LDESIS.

(1) guleon em&sBeT RLBADMET 6T6vfl6d, Sp&H6VB 17 EHMUADMISSPEMLOUNED QUHSME!.
(i1) Obs6en® 17 Emuim erevlled gibeom emaadeT QUGSMDM6T.
(iii) umeSesr GamuLILGSMTEsT eTeslled Dieuetig (P&HLD HeusHSBnE).

(iv) @meufiLid  seveflufwedleo LLLD (degree) mLULNetT, DleusT &evell &HLIN&ES
S| B&SILGSMIT.

(V) emaumse eweugeo Gmmil (Viral infection) QmeSmEl e6vfled JlQUHEHS SHMUIES6D
B®EEDSI.

(Vi) Oislbg| (pbewLIuTed @HSSDMT erevfled Seurr GbSwinefled GHSSMMIT.

(vil) ABC &10088 (Wp&HBST6uuTD 6T6vfled D6t e16060M 2 L' GHTEUIHISHEHD FLDLD.

(viii) x eretTLgy @@ NBHAPMT etevor eTevfled, x P6tT HFID efifleunsSHOTENS  (WPREUDME)
WOHID HHOU HHDU QUITSS).

(ix) x—a et6drug LieOYMILILIS CaHmemen p(x) Bebr smevofl erevfled p(a)=0 Sp&Lb.

Hia) : GG FemLLLL Q6UCENTH FanHMID p = q eepeunn| 2 eienen.  SpaEGey,

LDMISH6M606MULS  HeTTBLIRLILISNS, WPSHedld p OHMID g SHBWEUDEDD HEDLITENTHISED6IT

sei® Ime g = p eieiim) e1s Geuetor(BLb.

(1) p: zibeonr em&sBeiT QLBBDM6IT. OMID g: 17 Spsev® @R ©TUIDMISSPeDUTED
QBB H5G6U, LDMIFHENEOWINESTENal 17 Dhs606 EMUIDHMISSLEND eTevfled, gaLbeom
WSS QU BSDI6T.

(il) @& sabml (1). B& NS &GN, DUFH6ST LbMIGEeOWITerg GG sevorL (i)
ObSLD.

(iii) unebevlletT (WpaD HeuBHMEO Di6wsiT BHTUSHIL6TT SHSBDET.

(iv) e@meut &hiss SienIdssILBSDT eefled SeufiLid sHeoeflufwedled LILLLD 2 6iTeng).

(V) Rpeumhse sMmusss BmsSng| eefled Saumed enauged Chml SibheHSnE.

(Vi) Ois0g @pSwinelleo Sm&EDTT ereofled SHeum wpLDewLIUTEDd GHSHSMITIT.

(vii) ABC ufletr 616060 2 1'GaM6muThISEHLD FLDLD 6T60fl60 DI FLOLGS (LPSHBHMETD Dh@SLD.
(viii) x @etr 55D efifleunssd ey WHMID HHDU HHDL UITSG| 6T63fl6d X eT6dTLS)
QH 6NBHAPOT 616007 DHGLD.
(ix) p(a) = 0 erevflev, x — a et6dTLIg LIOYMILILIS CaHmemer p(x) Best &nmemll SpGLD.
Ghsamil QeUOEIT(H FaDMIGEHHSD HUDMIET LDMISHENEOEHIL, HEMEU 2_6TOTEmLDWI,
QUMW  ef6dTm UMT&SMDGOEW  [BMD 61 UBSCDTD  ET6TLNSS  SHeU6slls&eaLD.
TBSHHSM LIS, SDOIHD ansESLSmS SHeuesll. Jsbg eun BbSHwneied QmsSoT
eTeufled Sieurt (pLbewLuTed SHSHDMT. B! TLIOWMTPSHIGLD 2 6voremDUING S(Hae GevevoTiUIS)
Siadlib Gevewev. JleuT GHuwineflesr eriLGHulled GeuetoT(BLOTETTTEID G(HESHE0MLD.
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ProOOFS IN MATHEMATICS

In mathematics, especially in geometry, you will come across many situations where
p = q is true, and you will have to decide if the converse, i.e., ¢ = p, is also true.

Example 14 : State the converses of the following statements. In each case, also decide
whether the converse is true or false.

(1) If n 1s an even integer, then 2n + 1 1s an odd integer.

(11) If the decimal expansion of a real number is terminating, then the number is rational.

(111) If a transversal intersects two parallel lines, then each pair of corresponding angles is
equal.

(iv) If each pair of opposite sides of a quadrilateral is equal, then the quadrilateral is
a parallelogram.

(v) Iftwo triangles are congruent, then their corresponding angles are equal.

Solution :

(1) The converse is ‘If 2n + 1 1s an odd integer, then » is an even integer.” This is a false
statement (for example, 15=2(7) + 1, and 7 is odd).

(11) ‘If areal number is rational, then its decimal expansion is terminating’, is the converse.
This 1s a false statement, because a rational number can also have a non-terminating recurring
decimal expansion.

(111) The converse is ‘If a transversal intersects two lines in such a way that each pair of
corresponding angles are equal, then the two lines are parallel.” We have assumed, by Axiom
6.4 of your Class IX textbook, that this statement is true.

(iv) ‘If a quadrilateral is a parallelogram, then each pair of its opposite sides is equal’, is the
converse. This is true (Theorem 8.1, Class IX).

(v) ‘If the corresponding angles in two triangles are equal, then they are congruent’, is the
converse. This statement is false. We leave it to you to find suitable counter-examples.

EXERCISEA1.5

1. Write the converses of the following statements.
(1) Ifitishotin Tokyo, then Sharan sweats a lot.
(11) If Shalini is hungry, then her stomach grumbles.
(111) If Jaswant has a scholarship, then she can get a degree.
(iv) Ifaplanthas flowers, then it is alive.

(v) Ifananimalis a cat, then it has a tail.
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&6u0fl58860, &mliLIs eugeflwedleo :  p = ¢ eT6TLIS| 2_6UUTEMIDWINGEYD G0t
LDMISEDEOWINEDT G = P, ETEOTLIGILD 2_6G0T6MLDUIT  G606WEOUIT 6T60TM] (LPLeeY V&I Geuevorioul
LI6D ShSITLIRISGENET 6THT 6\SHT6T6ITEH6IT.

BHHBBTEG 14 1 Spaumd ansSwunisealis DSOS awgIH. ReueeuT6TH6
LDMISHEWEVUILD 2_6T0TeWLDWIM? GWIMLIWLIT? 6T60TM)] (DI GYGFUIL|ITISHET.

(1) n er6tTLIZ) SULEWL (PP 6T6vfled, 21 + 1 eT60TLS @MH RMHEWMD (LPAD 616001 DhSLD.

(ii) @ 6Wbul erevorevofledrt HFD efifleun&ELD (LpIgay6TeNE) 6T6vfled HHbg 6Tetor eNdaLpm) erevor
SDbSLD.

(ii1) Bm Beweror CaHMGHDET VB SMUSHSGEULIR (transversal) OO EHDSI eT6ufleD, 66UEGUM(H
Gz 955 CHMEWIMHISEHLD FLDLD.

(iv) ®® BD&ISSe60 @aeaun G SMUGSHISEHD FLNsS RdLULI6T, HbHS
[BTDSILDTENS| R BEVESID Sh&SLD.

(V) 8ueor® (PSCHTETIHIGET FTEUFIDD 6T6vfled, HeUDM6tT 955 GHTETIhISHEBHLD FLDLD.

Sty :

(1) mIFHEmEs: sapml, 27+ 1 er6iLIg| QMDD AP etevfled 7 eT6dTLIS R(H STLEWL (P
6T6U0T al,@ua eTETLIS| R(H FHEOUDTET Fadmn@LD. E@ESHISHM LIS, 15=2(7)+ 1,
DHMILD 7 6T6STLIH RMHEWM 616507

(i1) ‘@ 6wuwl ersoreorneots eNBsApm eTevor etevfled g6t H&D efifleunsEsd (wigey
C\&ITETOTL ).~ eTeTLIGS LDQ|§6U)6\)U.IIT@LD 88 seunnes &agpgpn@ua e6\euesiled  (H

Adspm  eTeTERITENSl.  (WPReybD SHU SGLL ek S0  dlflansssms
E\GTEVTLSMHOYD B ([HESHEVITLD.

(i) ‘o6 enschalLle & CarEaemsr, QeI G 055 CHTEWIMmISST FLDLDTS
BmH&BHD euenduiled e BELwmulesr, amsﬂ@ GHMBSHEHD BewevoT CHTBHET SH&LD.’
6160TLIGS LDM) 56060 SpGSD. O P aGLL UMLLILSSSHSH60, e1BGsmeT 6.4 GediLig,
B55a0Mm 2 eoremCUl 6T60TM| 26mHE5|6TGEITLD.

(iv) ‘®G BMHSIDTEE SeneusIb 66, @eaeanm Gxme GSTILSEHMHSET FLDLD,
e160TLIGS LDMIFHENEOWNGSLD. P& 2 ewrembinest samonGd @sbhmb 8.1 ausLy 9)

(V) 80 WSCaTemIhEeTe 65 CaHTUuIhIGH6T FIDLD 6T6ufl6D, DHem6u FT6UFLD @5(865rr60‘011‘51&5m

Sp&SLD. 601G LDMISEMEOWITGLD. BSHFabhml SUMLLITETS. BSDSHTEN $865 6IHTLDEOM
TBSBISHHT DL [HraIBGeT SHevoTBLIIQUMBIS6T.

minma ALS
1. SpeurHd Eapmiserfleds LDMIGEDEOEHU! 6T(LDSIS.

(i) CLm&8BwWsfled QeuILD PSS BHHSTO FI6oT NSHWDMS  eflwiTene
efl(BeumeoT.

(i1) exnedleslled LSGSTEO SlaueT QUM LPEVILPESHSLD.

(iil) ReveUBSBNG 2 FH6efFHaFTems HewLSHEGEWIMUNET Si6UsT LILLLD GILIMEOITLD.

(iv) @@ 6\&FIQuT6D LDEVITEH6IT 2 _6iTorTenT 6IITMTED, G 2 UNBLEST 2 6Teng eredim)
G\LIM(BEIT.

(V) @ dleom@ Lyememns mesEWTuieT, Si5heE eumed 2 ewr(®.
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ProOOFS IN MATHEMATICS

2. Write the converses of the following statements. Also, decide in each case whether the
converse 1is true or false.

(1) Iftriangle ABC is isosceles, then its base angles are equal.
(11) Ifan integer is odd, then its square is an odd integer.
(ii1) Ifx*=1,thenx=1.
(iv) IfABCD is a parallelogram, then AC and BD bisect each other.
(v) Ifa, b and c, are whole numbers, thena + (b +¢)=(a +b) +c.
(vi) Ifxand y are two odd numbers, then x + y is an even number.

(vi1) If vertices of a parallelogram lie on a circle, then it is a rectangle.

Al.7 Proof by Contradiction

So far, in all our examples, we used direct arguments to establish the truth of the results. We
now explore ‘indirect’ arguments, in particular, a very powerful tool in mathematics known as
‘proof by contradiction’. We have already used this method in Chapter 1 to establish the
irrationality of several numbers and also in other chapters to prove some theorems. Here, we
do several more examples to illustrate the idea.

Before we proceed, let us explain what a contradiction is. In mathematics, a contradiction
occurs when we get a statement p such that p is true and ~p, its negation, is also true. For
example,

a .
p: x= 7 where a and b are coprime.

q: 2 divides both ‘a’ and ‘b’.
If we assume that p is true and also manage to show that g is true, then we have arrived at a
contradiction, because g implies that the negation of p is true. If you remember, this is exactly

what happened when we tried to prove that /7 1s irrational (see Chapter 1).
How does proof by contradiction work? Let us see this through a specific example.
Suppose we are given the following :

All women are mortal. A is a woman. Prove that A is mortal.

Even though this is a rather easy example, let us see how we can prove this by
contradiction.

® [ ct us assume that we want to establish the truth of a statement p (here we want to show
that p : ‘A is mortal’ is true).
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2. Yetteu@Hld Fapmiserfledr DMNISHENEOHEMET 61(WSI%H. GAYD SieWeU  REUCGUTETNIEYLD
EDEVLLIMEBTS) 2_6TOTeMLDIWIT? EWIMLIWIT? 6T60TM] (LPIge)] Q\FUIS.
(1) ABC @mp @m&wuss wpeGsnemibd eefled ig6ei SHiessens CamemimigeT &LLD.
(i) R wWeueTg SHELM eT6wTemTTs: SBHSTE0, HHEHT QUTGSHDIENSH (b RDHELM
L PR SHSLD.
(iii) x*=1 erevflev, x = 1.
(iv) ABCD etettug) @emewursd etesflev, AC wibmib BD eettemn omOT6Tn SahHELns
FaM\BLD.
(V) a, b etetiuent (pp erevor&en, (Whole Numbers) etedfleo a + (b + ¢) = (a + b) + c.
SbSLD.
(Vi) x HMID ¥y BH RHEWD 6TTTHET 6T6vfl6d, X + ) ET6ITLIS| R(H BILEOL 61600 DbGSLD.

(Vi) @ Dwesisdet 2 sdlset @b LD Bg AHemwhIHLILIT, g VG
6\F6U6USLD.

A 1.7 @namurn_(B mepuanib (Proof by contradlctlon)
85| euewguiled, 616060 TBESHHTLBSH6TIQYID [BIILD, @lgsu&,aﬂsm 93_666r6mm6mu_| Beweo BMISS,
GrBle QUTSMISHEMETEW LIW6TLIBSSHS6uLD. @6l j'_F;I'ILD ‘LDEDAPSLDITEDT sungmsmm SolLLINS,
SHWGSHO @b FoESOUMUBS SHENUNE  TeoTUMLed [BebL6wID ererlensl L
SHIMLGEUTLD. 6w [HMD LMLLD 8-Q60 Li6v erenurserienn eflBapmggeimenioeml Beneomb L
LwelTL@SSuleTGemb.  Goeyd Geuml Hleo  UMLMmIsaTed, CHDMHISET [BebLil&S6D
LIWeiTLBSSWETCTND. BhiG, BESHIHMS TBSHSIMIHS LoGan) 6BSH5IS ST (B&HED6T
O\&FUWIGeuLD.

WP S60l6D (g)[rsovrurr(B (Contradiction) Grsurgprrs\) 6T60TE0T  6T6OTLIENS efleurfliGuimb.
seuuilgeflieded p 616D Fahm) 2 EUuTemLDWINTSEID DHMID SISHE5T MILILE Sabm ~p e6sTLGILD
2_6WTEMLDILIMGEID HeWDW|D GUINg), (PTeWILITG 660G QUBSME. TBSSHISHSHTLLTS.

p:x :%, 8860 a, DHMID b SpBulenal Sieug SMTLIST 6T6TTSH6IT, JSMeUFH d, LDHMILD

b Seupmett 125 s6fly Gauml ebs EILNGIGSHTTEUIL|D SHewLIWng).

q: ‘a’ DHOMID ‘b’ 2 e6dTD 61601 EUSHBMDG).

D 6I60ILIS)| 2 6U0TemD  eT6dTm)  [HITLD Leﬂ&ﬂ(‘éypnw LD,I‘DQ]LD srsusnrr(%m@w q eTesTLGILD
O _6U0T6WLD 6T60T 5rru> ST BCeUTGLDWITEBTITE0 'II;ITLD &(H @[rafarurn_sml_ EUHSHEDL )] Bm&SCDD
61631 E\LIM(H6IT. eT6l6uT6Dfl6d P US6DT LDMILILIESDMITEN g ETETTLISILD 2_6T0T6mID 61607 2_EWTTSSHISDE-
D /2 w6 elBHAPMT eT6v0T eT6aHSHMLL (WD Gung, Wss sflwngs B&IGea HL&HSS)
ETEUTLIENS, [BEm6EtTaYsS Fam)s. (@15§mrru.ub 1 & umée)

(PITETOTLIML 1QEDM60  [BerfLIGToTLD STGOTLI| ersnsnrrgj QFweLBENE? SMUILL a5
TBSHIGHHTLMLE O\SHTEOTTB BeWSLI LIMTEHSE0ITLD.

SLDEUHEUETTENEY O\HTBSHSLILIL(BETOTET 616018

6T6D6IT GILIGIOTSHEHLD MLILISTOTEUTSHET A 6T63TLIG| (H 6I1LI6tor A GMLILIGTETEN6T DbeuT6iT
er6or [BerpLal.

® sahm) p ulest 2 evoreniDenl [BeweoHTLL GeuTor(BLD 6T60T [HTLD 2emHE5|56)SHTETETEOMLD.
@m® D p: ‘A @OULETETEUET SheuM6T, 6T6iTLIS 2 _6TTemid 6T60T [BMD BepLliss
GeuetoT(BLD)
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® So, we begin by assuming that the statement is not true, that is, we assume that the negation
of p is true (i.e., A is not mortal).

® We then proceed to carry out a series of logical deductions based on the truth of the
negation of p. (Since A is not mortal, we have a counter-example to the statement ‘All
women are mortal.” Hence, it is false that all women are mortal.)

® [fthis leads to a contradiction, then the contradiction arises because of our faulty assumption
that p 1s not true. (We have a contradiction, since we have shown that the statement ‘All
women are mortal” and its negation, ‘Not all women are mortal” is true at the same time.
This contradiction arose, because we assumed that A 1s not mortal.)

® Therefore, our assumption is wrong, i.€., p has to be true. (So, A is mortal.)

Let us now look at examples from mathematics.

Example 15 : The product of a non-zero rational number and an irrational number is irrational.

Solution :

Statements Analysis/Comment

We will use proof by contradiction. Let 7 be a non-
zero rational number and x be an irrational number.

m 5
Let r=—, where m, n are integers and m # 0,
n

n # 0. We need to prove that rx is irrational.

Assume rx is rational. Here, we are assuming the
negation of the statement that

we need to prove.

Then rx=2, g# 0, where p and ¢ are integers. This follow from the previous
q

statement and the definition of a
rational number.

Rearranging the equation rx = e q#0,and
q

using the fact that » =", we get X=£=;—Z.
n
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a5 ) DI iT Spiial / emiiy
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8m@ ®mrD, BepAssluL  Geuevoriouwl
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88 wGHosW sappies B®HE
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Since np and mgq are integers and mq # 0, Using properties of integers,
x 1s a rational number. and definition of a rational
number.

This is a contradiction, because we have shown x | This is what we were looking
to be rational, but by our hypothesis, we have x | for — a contradiction.
1s irrational.

The contradiction has arisen because of the faulty| Logical deduction.
assumption that »x is rational. Therefore, rx
1s irrational.

We now prove Example 11, but this time using proof by contradiction. The proofis given
below:

Statements Analysis/Comment
Let us assume that the statement is note true. As we saw earlier, this is the
starting point for an argument using
‘proof by contradiction’.

So we suppose that there exists a prime number This is the negation of the
p >3, which is not of the form 6n+ 1 or 6n + 5, | statement in the result.
where 7 is a whole number.

Using Euclid’s division lemma on division by 6, Using earlier proved results.
and using the fact that p is not of the form 67 + 1
orbn+ 5 wegetp=6norbn+2or6n+3

or 6n + 4.
Therefore, p is divisible by either 2 or 3. Logical deduction.
So, p isnot a prime. Logical deduction.

This is a contradiction, because by our hypothesis | Precisely what we want!
p 1s prime.

The contradiction has arisen, because we assumed
that there exists a prime number p > 3 which is
not of the form 6n + 1 or 6n + 5.

Hence, every prime number greater than 3 is of the| We reach the conclusion.
form 6n + 1 or 6n + 5.

Class 10 262 Mathematics



S0l 5IHLICITRIBHET

np whHmIb Mg eetiuest wpwsset, mq =0,
Op&5Ceu X e16iTLISH R(H NBHAPM 616001 SpGSLD.

Ppwsseflesr uewmseT OHMID 6NBHLMI
agenrsaflel euedIWenH SeubHenmL
LIWLIETTLIBSS1560.

85 @B wpIewLIN(®, eI6)6uTestlen X 6T6dTLISI (b
6fBspm) 616507 16N [HITLD SHITL QU ETTGNTILD. <4660
DG SOLIGET O\SmeTensHuiledT LIg X eheTesTLIS)
6fl&S PO 6T6T0T.

BossETeN Bib @it LUMTSEGDTD - S
prevorLIn®

8B5 WPIeTUT(® QUHSSHEST SMICILD [FLDG| SHEUMTesT
DensLDMET /X 160TLIG) 65 LPM) 6T600r ET60TLICS SpsC6
X eletiLg @ eNdspmm erevor.

Sas fHumer 2 wilLy.

Seofl BMD a@ESHSEMG 11 - & pyeoTLMLigenTed BerpLilsseomd. BerpLewrd SGL
O&MBSHSLILILBETETE).
0D DI 6T Spuial / epiiy

SaDDTETTE 2_6TTeWD 606D 6T6dTM)| e IGLIMLD

IB ITLD (p 6671 601 G LD &Mhmeumm,
(LPTETOTLIMTLIQ60TITEL [BerhLIETISSNG B&IG6y
(PS60 QUMSLD.

eTeoT@eu, 61 + 1 Sleveog 6m + 5, eretim - aulgefled
Seveongeunm 3 & 6l HPHHDNET @(H LIS 616007 p
>3 BH&HSDE 660N C\SHT6ITS.

88 W6y Fanmies MmIILE FaDDTELD.

ups6e0l-RetT euGSSHH0 CamiunenL (lemma) Q&nevo®
6-A60 au@Lliugent Bg) wHmID p etevrug 6n + 1
Sisveog) 61 + 5 SpBw eligefled FELEMED  ETEITLIENSE
&M LSS p = 61 Slevevs 61 + 2 Aevevg 6n +
3 Sievevg) 671 1 4. 6163TLISI HOLHBMG).

Wpeiteor@LD  BeHLSSLILLL  (LPIR6YSHEmeITL
LWSTUGSS

Op&EB6U p eT6tTLG| 2 Di6V6vs| 3 HeO QUSLBEDE.

SM&s THWMesT O _WILIL.

S5 P 6I6HILIG| LIS 616001 <SH606V.

Si1&e MHwmesr 2 il

88 @m wrewuT® &SMIewid [HDG &HINSHE
C\GTETEMSWITEI P (H LIGIT 616001 6T6ITLISIT6D.

85Iy B&ESGS CsmeallilrLg).

8D WIeurLT® 6(WSEUDSTEs HTeuord, HMD 671 +
1 Sieveog 6n+5 SpBw eugsfleo Geveons 3-22
i, ewflw usm eevor p > 3 QeIM BHESSEDE)
a6t 25588

566y, 3-8 sfiLuOflu Q6ue6UTH LST 6T6v0TEm)ILD
6n + 1 Seveog) 61 + 5 pPw euigefed 2 6iteng)

BD sflwimesr (pipefiDG GUbSEHLIBGSHITLD.
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ProOOFS IN MATHEMATICS

Remark : The example of the proof above shows you, yet again, that there can be several ways

of proving a result.

Theorem A1.2 : Out of all the line segments, drawn from a point to points of a line not

passing through the point, the smallest is the perpendicular to the line.

Proof : P
X N Y
- A AM .
Fig./Al.5
Statements Analysis/Comment

and PM, PA ,PA_, . .. etc., be the line segments
drawn from P to the points of the line XY, out of
which PM is the smallest (see Fig. A1.5).

Let XY be the given line, P a point not lying on XY

Since we have to prove that
outofall PM, PA ,PA . ..
etc., the smallest is perpendi-
cular to XY, we start by
taking these line segments.

Let PM be not perpendicular to XY

This is the negation of the
statement to be proved by
contradiction.

Draw a perpendicular PN on the line XY, shown
by dotted lines in Fig. A1.5.

We often need
constructions to prove our
results.

PN is the smallest of all the line segments PM,
PA ,PA ,...etc., whichmeans PN <PM.

Side of right triangle is less
than the hypotenuse and
known property of numbers.

This contradicts our hypothesis that PM is the
smallest of all such line segments.

Precisely what we want!

Therefore, the line segment PM is perpendicular
to XY.

We reach the conclusion.
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S0l 5IHLICITRIBHET

anmmI : GG 2 6item [BepLETTSDET TBSHSHSHMLTEOG. SHL SHHDL, @ (LPIREns
ueo aufiserfled BerpLiGSLILL6OMD 6eTeiTLMSBW ST BSBDE.

Cxhmib Al.2: @ Leteflulled Smbal, Sisei auflGw 61560eons GBI I B&HenDHS
Yyemeflaense euemgwlu@lD eeoeom Gasmi@genseafiagb, wWeas HABwusmens,

SNECHMLIDSHTE (1EHIGSHSCHTEL ShGSLD.

MBeHLICTLD P

&

F
>

u1bA 1.5

v

M M)15 6T

Spuia) / SHiy

XY et6tiug) Q&n1@ssUIULL CHITGHTE 6r6iis:. P etedim
yetefl XY Gamiigedt Bg Sewwowns @m Leer
whmib  PM, PA |, PA . Spdwesr Leerfl P udled
SoH 8sn® XY, LBng)LD;F,g, yeTerll & 58S
auIWLILIBLD GamBsglenrBaet, eubnieo PM
6Ly LssHnwig).

PM, PA, PA,, . . .Sp8w Leoeumniled
XY, &;&nasr @gg.j&@&nGL IS\ SAMLIGI
e BebLilsesLLL  Goueuurieuigme,
BTD B&CHTLBSSITTBSHeT 615515
Q&MeaT(® C\SMLMIGSHEOITLD.

PM eaetiugy XY &8 6OFh@SHSTS Q606med 6T6u1sh
6\&MeTGeuLD.

pesorLn® @smgpu.‘ﬂsurrrso @@lﬁ]&;&uul_
(Seuscquu.l mp@&@ 85 LML
Fabml SHGLD.

uLb A 1.5 gev smiewemn CsnG XY&@ PN esim
(dotted) 6\ 5hIGSSIGCHTB RETEDD CUDTES.

Bg  wpresemer Bebliles [HMD
Slgsslg o0 NEDIDLILIGEDET C1FIIL
GeuevoTiy 2_6iTerE).

PM, PA,, PA,, . . .Sp8w ueveupmled PN eretiLGs
WasFdw CanE DpGb: Jigmeug PN < PM.

AemBasnen, WHEHTEISIOD LSS
Sieneureng siemGamseii Aiwg HOID
aenseafier QO Mbs LewLsmarL
LWIETLIBSSISH60

88 B &HUss estetemswner PM eetLGs
sreoemauhenpwd eflLsdBlw CHME  eTTUSHES
WprerrLGES.

85ICeu H&ES Cseme!

Op&Ceu, CaMLBsgIen® eeiug PM eetiuGs XY
SSHMEN C1FHIGSSSH CHMLIGSLD.

IBMTD (LPIREME EUBSEMLIHESHTLD.
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ProOOFS IN MATHEMATICS

EXERCISE A1.6

1. Suppose a +b =c +d, and a < c. Use proof by contradiction to show b > d.

2. Let r be a rational number and x be an irrational number. Use proof by contradiction to
show that » + x is an irrational number.

3. Use proof by contradiction to prove that if for an integer a, a* is even, then so is a.
[Hint : Assume a is not even, that is, it is of the form 2n + 1, for some integer n, and then
proceed. ]

4. Use proof by contradiction to prove that if for an integer a, a” is divisible by 3, then a is
divisible by 3.

5. Use proof by contradiction to show that there is no value of n for which 6" ends with the
digit zero.

6. Prove by contradiction that two distinct lines in a plane cannot intersect in more than one
point.

Al.8 Summary

In this Appendix, you have studied the following points :

1. Different ingredients of a proof and other related concepts learnt in Class IX.
2. Thenegation of a statement.

3. The converse of a statement.

4. Proofby contradiction.
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wiba AlL.6

1. a+b=c+d, oMb a < c er61&. (pFevorLIMLLTED [BepLIS@SLD ApewmeDWILI LIWeTLGSS
b > d ettt BerpL.

2. retetiLg) eNSSAPMI 6T600T LDOHMID X 6T60TLIS| R NBHUPON eT6v0T 6T601&H. + + X 6T6TLIS)
@ NS5O eT6tor eT6tTm) (PTeTITLING BeHLISGSLD (LPeDMemULs: C\&Tetor® BerpLi.

3. @@ BehISSD (WPpemmemulll LWeTLGSS a e16Tn (PReNih& a’ eTedTLg) QL enL
ETEVOTETOITS: B(HBSTE0 a 61651 (WPWeDG 7 6T60TLISH| BIL6WL 6T600T6v0S: BAHHSTEO
a ereiTLGID @IUemL eTevorGevor etetim) BerpLi.
SO : a eT6tTLg| BIUEDL 6T600T Si6VeD eT6tIM] 2end, JiGMeugl, SiF N 6160
agGsenld @ WPpWelh® 2n + 1, e6tim eugefled SHLLSTHOID 2en1H88)5615M600H
Bebligs wphULeYD)

4. (poevOTUMLITEdT [BerhLIGuoT (LPemMEMUIL! LWISTLIBSS, a et6din Wppefih@ o’ eTedrLg)
3 Ope0 auGLGGLWTUNET ¢ eTETLIGID 3 Sp6e0 UGB eretTm) [BerpLil.

5. wuesrun® Bepi&GD wWepmemulll LiWeTLGSS 7 6T 6bs LSLINDGSLD 6" 6T6dTLISHE
WPlge)| Beo&aD SFLIOWNS BhHEHs (PRUING| ETEOTSHSHTL(.

6. @Cr FegHett L5 SlewEs BIuG OeueuGoaim GCaMBSHEMTEsIEN6), &etTemMElL

Sifsonenr  Leefigmefled QaILISaSMeToNg FTSHUILSIEOWED  6IGITLIENS  (LPITITLITG
BeplIs&D pevpulleormed BerpLa.

A 1.8 UTLFF(HHBID

85 LettesllememrLilfed, [BraiseT SLDSHSHEWIL SH(IBSHIHENET LIQSHSTSH6T:

1. 9 Spb auELIIed &M BepLewhiS6 6T LIg&H6T DHMID ST SHEHEUOSHET.

2. @ sapnmler eTSMDenMD

3. @ FamnmlesT LDMISEN6D

4. wpuevorUN® pewm [BerHLIETOTLD.
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AnsweRrs /HINTS

ANSWERS/HINTS
I . N
EXERCISE 1.1
1. (i) 22x5x7 (i) 22 x 3 x 13 (iii) 32 x 52 x 17

(iv) 5x7x11x13 (v) 17 x 19 x 23
2. (i) LCM =182; HCF =13(ii) LCM =23460; HCE=2 (iii)) LCM =3024; HCF =6
3. (i) LCM=420; HCF =3 (ii) LCM =11339; HCF =1 _ (iii) LCM = 1800; HCF =1
4. 22338 7. 36 minutes

EXERCISE 2.1

1. (i) No zeroes (ii) 1 (iii) 3 (iv) 2 (v) 4 (vi) 3
EXERCISE 2.2
1. (i) 2,4 (i) 55 i) 1.2
(iv) -2,0 (v) —JI5.41s (i) 1,2
2. (i) 40 —x—4 (i) 3@ -32x+1 (i) ¥ + 5
(iv) ¥ —x+1 V) 42+ x + 1 (Vi) X2 — dx + 1

EXERCISE 3.1
1. (i) Required pair of linear equations is
x +y=10; x —y =4, where x is the number of girls and y is the number of boys.

To solve graphically draw the graphs of these equations on the same axes on graph
paper.
Girls =7, Boys = 3.

Class 10 268 Mathematics



LTI 101 § / SUIIYB6T

AL B6IT /| GMLIL|BH6IT
[ a— . |
uuimal 1.1

1. (1) 22x5x7 (1) 22 x 3 x 13 (1) 32 x 52 x 17

(iv) 5x7x11x13  (v) 17x19x23
2. ()B8.8..0=182;15.60um.&m=13(ii).5.8..0=23460;5.e0um.&n= 2(iii )5.8..0=3024;5.eum.&sm= 6
3. ()B.8..0=420;15.60um.sm=3 (ii)5.8..0=11339; B.6um.sn=1(iii ).5.8..0=1800;5.6um.&m = 1

4. 22338 7. 36 BLOLMIs6IT
mina 2.1
1. (1) p@efnesT eoemeo @) 1 (iil) 3 (iv) 2 (v) 4 (vi) 3
uuima 2.2
. oy 11 1 3
1. (1) 2,4 (11) i (111) iy
(iv) 2,0 (R R R U B
2. (i) 42— x4 (ii) 32— 32x+1  (iii) x 445
(iv) ¥ —x+1 (V) 4x> +x+1 (vi) X2 —4x + 1
uuima 3.1

1. (1) Gseweuwnest Gmiflw sweTLTGSHET Geame

x+y=10; x —y =4, @n& x eetiug wreorelseafletr erecvrenflleens ) ereiTLIg
LDMevoTeUTS61Tl60T  6T6tOTEmIheme:. Q& FLDETUNBSHEMET Siiss, CUHILILESTerMed QGT
Sigsgerflett 158 cuemIUIOILD.

woevoreflgerfletT eTevuTevvilgHema = 7, DmevoTeuTSerfletr eTetuTetuildHems = 3.
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AnswgeRs /HINTS

(11) Required pair of linear equations is
5x +7y=150; 7x + 5y = 46, where x and y represent the cost (in ¥) of a pencil and of a
pen respectively.
To solve graphically, draw the graphs of these equations on the same axes on graph
paper.
Cost of one pencil =% 3, Cost of one pen =3 5

2. (1) Intersectatapoint  (ii) Coincident (111) Parallel
3. (1) Consistent (i1) Inconsistent (111) Consistent
(iv) Consistent (v) Consistent
4. (i) Consistent (ii) Inconsistent (ii1) Consistent (iv) Inconsistent
The solution of (i) above, is given by y = 5 — x, where x can take any value, i.e., there are
infinitely many solutions.
The solution of (ii1) above 1s x =2, y =2, 1.e., unique solution.
5. Length =20 m and breadth =16 m.
6. One possible answer for the three parts:
(1) 3x+2y-7=0 (i) 2x+3y—12=0 (i) 4x+6y—16=0
7. Vertices of the triangle are (-1, 0), (4, 0) and (2, 3).
EXERCISE 3.2
1. 1) x=9, y=5 (i1) s=9, t=6 (i1) y=3x-3,
where x can take any value, i.e., infinitely many solutions.
(iv) x=2, y=3 v)x=0,y=0 (vi)x=2, y=3
2. x=-2, y=5 m=-1

3

. (1) x—y =126, x =3y, where x and y are two numbers (x > y); x =39, y=13.
(i1) x —y =18, x+y =180, where x and y are the measures of the two angles in degrees;
x=99, y=2_8I.
(111) 7x + 6y =3800, 3x + 5y = 1750, where x and y are the costs (in ¥) of one bat and one
ball respectively; x = 500, y = 50.
(iv) x+10y=105, x+ 15y =155, where x is the fixed charge (in ¥) and y is the charge (in
I per km); x =5, y=10; I 255.
(v) 1lx—-9y+4=0, 6x—5y+3=0,where x and y are numerator and denominator of the

fraction; % (x=7,y=9).

(vi) x=3y—-10=0,x— 7y + 30=0, where x and y are the ages in years of Jacob and his
son; x =40, y = 10.
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2.
3.

4.

AL B / SDIILSH6T

(11) Gsemeuwmesr Coiflul FweoTLMGS6T G2z

S5x+7y=>50; 7x + 5y =46, @& x - eluedledletr eflemev, y - Guesrmefletr efemev. Q&
FDSTLNBHEmeT Siiss, cuenILLSFTefled @8 H&Hserflenr L5g euemIWeLD.

eettdledletr eflemen = I 3, Guevrmeflesr eflemed = I 5

(1) @wm yeteflulled Qeuipsasmerdestment. (ii) etimedt g ety (iil) Semevor
(i) Semsey (ii) eeueur (ii1) Sewaey

(iv) Bewaey (V) Bewsey

(1) ewzey (i1) epeueurm (i11) QPewsey (iv) seeueum

@G0 2 6o (i) &1 Sitey ¥ =5 —x, wPlGw OHTHHHLULILB6ITeNG. IS X 6B
LDSLIEHLLILD 61STETTQHESHEVID. FTeUG), ET6TTeWIDN HTEUSH6T 2_6iTErTeT.

GGe0 2 sitar (iii) 601 Sitey x =2, y =2, Ssneug 96T @ Sie.

5. Bemb =20 15 wHMID Asevd = 16 15
6. cpTIDGID B SW6TD eNeHLUITETTS),

2.
3.

(1) 3x+2y-7=0 (i) 2x+3y—12=0 (i) 4x+6y—16=0
WwaGanemisdeit epesim 2 gdseT (—1, 0), (4, 0) womib (2, 3).
puinal 3.2
(1) x=9, y=5 (i) s=9, t=6 (i) y =3x-3,

ShiG X 6lhG LDSLIEMLILID C\GSTETOTQIHEHSHEVMD. HSNEUT), 6TETTETDM SITEYSH6IT _6iT6IT6T.
(iv) x=2, y=3 v)x=0,y=0 (vi)x=2, y=3
x=-2,y=5 m=-1
(1) x—y=26, x=3y, @m& X LDOMID y SpBW @uewor® erewrasit (x > y); x =39,y =13.
(i) x—y =18, x+y =180, @mhi& X LDOHMILD y SpBwemer RIetor® CHMTETT 66T,
x=99, y=38I.

(i) 7x+ 6y = 3800, 3x + 5y = 1750, @i x HMILD y eT6dTLIET WPeMEU! € LDL6WL

o ukSest eflewed (I 60); x = 500, y = 50.
(iv) x +10y =105, x + 15y =155, @i X 6T60TLIG] [BEWEOUITETT LILI6TOT SLL6voTLD ( I6D)
LDMMILD y etedTug) B.5. & Lwesnr sl Levord (I 60); x =5, y =10; T 255.

(v) 11x—9y+4=0,6x—5y+3=0, @i X LDOHMILDY 6TEITLIENSN OFHTSS, L&D % (x=7,y=09).

(vi) x=3y—-10=0,x— 7y +30 =0, @& X LDOMILD ¥ eT6ITLIEHEN 2RM&LI DHMILD LDS6dfl60T
awg| (Spemrdseflev); x =40, y = 10.
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AnswgeRs /HINTS

EXERCISE 3.3

19 5

. _ 19 :é .. _ _ _9 _ 5
1. (1)x—5,y s (i) x=2, y=1 (111) x 3 YT 53

(iv) x=2, y=-3
2. (1) x—y+2=0,2x—y—1=0, where x and y are the numerator and denominator of the

. 3
fraction; 5

(11) x—3y+10=0, x—2y—10=0, where x and y are the ages (in years) of Nuri and Sonu
respectively. Age of Nuri (x) = 50, Age of Sonu (y) =20.

(i1) x+y=9, 8 —y =0, where x and y are respectively the tens and units digits of the
number; 18.

(iv) x+2y=40, x+y=25, where x and y are respectively the number of I 50 and I 100
notes; x = 10, y = 15.
(v) x +4y =27, x + 2y =21, where x is the fixed charge (in %) and y is the additional
charge (in %) per day; x =15, y=3.

EXERCISE 4.1
1. (1) Yes (i1) Yes (111) No (iv) Yes
(v) Yes (vi) No (vi1) No (viii) Yes
2. (1) 2x* +x—528 =0, where x is breadth (in metres) of the plot.
(i1) x*+x—306 =0, where x is the smaller integer.
(ii1) x*+32x—273 =0, where x (in years) is the present age of Rohan.
(iv) u?—8u— 1280 =0, where u (in km/h) is the speed of the train.

EXERCISE 4.2

1. (i) -2,5 i) —2,2 iii) —, -2
() (if) 2.2 (if) -2
11 11
) 35 ™ 5%
2. (1) 9,36 (i1) 25, 30
3. Numbers are 13 and 14. 4. Positive integers are 13 and 14.
5. Scmand 12 cm 6. Number of articles = 6, Cost of each article =3 15
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vuinga 3.3

. _Q :g .. _ _ :i :_5
1. (1)x—5,y s (i) x=2, y=1 (111) x 53:YT 5

(iv) x=2, y=-3

: _ _ . L . .3
2. 1) x—y+2=0,2x-y—-1=0, M X DOMILD ) eT6tTLIENEN OISTSS, LS. Lietreord 5

(i) x—=3y+10=0, x—-2y—-10=0, @m& x OMILD ) eT6dTLIFH PewDEW Tl LDHMILD
Ganevyeflett auLIG 6T (Spetor®serlev) mmfl euwgl (x) = 50, Gsney euwg (1) = 20.

(iii) x +y=9, 8x -y =0, @& x LHMILD  6160TLIH WPODCW LSS LDOMID 65N SIT6vT
L wdhysei; 18.

(iv) x +2y =40, x + y = 25, @mi& x HMID y er6tilg  wpewmGw I 50 wodmib I 100
Gmm@Gaser; x = 10,y = 15.

(V) x+4y=27, x+2y =21, @mi& x 6165TLZH R(H HTWETEG Beweowlnesr 61&Feve)] (I6v)

LDMHMILD ) 6163TLIG FaBSHe0 6\F6vey (Ied) ; x =15, y =3.

uuima 4.1
1. (i) Spw (i1) OpIb (1i1) Sevemen (iv) Spid
(V) Opb (vi) @evoemev (vil) Zevemeo (viil) Qpib

2. (1) 2x*+x—528=0, @@ x 6165TLIG) LDEmeuTUN6tT DiGHevLD (LB Liigerfle).
(i) x*+x—306=0, 8m& x eTetTLIg| ALl (PSS
(iil) x*+32x—273 =0, @k x eetTLg) (euBLMEISHET60) Conaesilett HHELMMSWI GULIF).
(iv) u*—8u—1280=0, @@ u eretTLig) (B.15/1p6wofll) Gouleletr Geussid.

minHa 4.2
1. () -2,5 (ii) ,z,% (iif) _%, 2

i) 55 ™) w10

2. (1) 9,36 (i1) 25, 30

3. etevorseit 13 WHmid 14. 4.156m8 ppsS6iT 13 Hmid 14.

5. 5e&.15. wpmib 12 aF.5.  6.6un@pLsefleir eretrentlidens = 6, euAuN T ELIMBerfledT
eflemeo = 15
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EXERCISE 4.3
3+4/3

2

. (1) Real roots do not exist (ii) Equal roots; E (i11) Distinct roots;

NEINA]
. (1) k=£ 20 (i)k=6
. Yes.40m, 20 m 4. No 5. Yes. 20 m, 20 m
EXERCISE 5.1

[y

W N

[y

. (1) Yes. 15,23,31,... forms an AP as each succeeding term is obtained by adding 8 in its
preceding term.

2
(if) No. Volumes are V, 2. @ v,-(iii)  Yes. 150,200, 250, . . . form an AP,

(iv) No. Amounts are 10000 [1 + %)’ 10000[1 + %)z , 10000(1 + %T,

2. (i) 10, 20, 30, 40 (i) —2,-2,-2,-2 (iii) 4,1,-2,-5
(iv) 71,_%, 0,% (v) - 1.25,— 1. 50, - 1.75, - 2.0

3. (1) a=3, d=-2 (i) a=-5, d=4
(iif) a=§,d=§ (iv)a=0.6, d=1.1

4. (i) No (i) Yes.d=1:42:s
(iii) Yes.d=-2;-9.2,-11.2,—13.2 (iv)  Yes.d=4; 6,10, 14

(v) Yes.d=2;3+4/2,3+5/2,3+6y2 (vi) No

(vii) Yes. d==4; — 16,20, — 24 (viii)  Yes. d =0; _%, _%, _%
(ix) No (x) Yes. d=a; 5a, 6a, 7a
(xi) No (xii) Yes. d=2; /50,72, /98
(xiii)No (xiv) No (xv) Yes. d=24; 97, 121, 145

EXERCISE 5.2
1. (i) a, =28 (i) d=2 (iii) a = 46 (iv) n=10 (v) a, =35
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uuinga 4.3

1.(i)PUpiileLpeoriusmeit @6oemev(ii) SDLDTETT ePEOTET; . - (iii ) eueiBeuT) ePEOTIEST; izﬁ

3 3
2. () k== 205 (i) k=6
3. Oy, 40185, 2015 4. wpuing 5. @b, 20185, 2015
uuimal 5.1

1. (i) &, 15, 23, 31, .. AP egnLfleo weremiing 8 & Csigsme JHESS52-MmiLi] SmLEESLD.
2
(if) @edeves. sem Sieneymeriein rssmewfsems V, 2. @ v,

(iii) &b, 150, 200, 250, . . . AP e\anLons ebL@LD.

(iv) @soemev, EUDTESASTENS euflspaiLie: 10000 [1 v %j 10000[1 - %f : 10000(1 - %f
2. (i) 10,20, 30, 40 (i) —2,-2,-2,-2 (iii) 4, 1,-2, -5

(iv) ,1,_%, o,% (v) =1.25,-1.50,~1.75,- 2.0
3. (i) a=3, d=-2 (i) a=-5, d=4

(iif) a%,d:g (iv)a=0.6, d=1.1

4. (i) @soemeo (i) @b, 4 :%; 4,%, 5
(iii) @b, d==2;-9.2,-11.2,—13.2 (iv)  Sub,d=4; 6,10, 14
(V) b, d=2;3+4/2,3+5v2,3+6J2 (Vi)  @evemev

(vii) Sptb, d=—4; — 16,20, — 24 (Vi) Db, d = 0; _%, _%, _%
(ix) @6vemev (X) Oy, d=a; Sa, 6a, Ta
(xi) @eoeweo  (xii) Db, d = 2; V/50,72,98

(xiii) @evemev (xiv) B6v6m60 (xv) Opo, d=124;97,121, 145

uuima 5.2
1. () a=28  (i)d=2  (ii)a=46 (V) n=10  (v)a =35
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2. (1) C (i) B
3. (1) (i) fi8],(8] (iii) [63] s
(iv) [-2] . [0].[2].[4] (v) [53]. 23 . [8]. 17
4. 16th term 5. (1) 34 (i) 27
6. No 7. 178 8. 64
9. 5th term 10. 1 11. 65th term
12. 100 13. 128 14. 60
15. 13 16. 4,10, 16,22, ...
17. 20th term from the last term is 158.
18. —13,-8, -3 19. 11thyear 20. 10

EXERCISE 5.3

1. (i) 245 (ii) ~180 (iii) 5505 (iv) 2_(3)

2. (i) 1046 % (ii) 286 (iii) — 8930

3. () n=16,S =440 (i) d= % S,=273 (iii) a=4, S, =246

1
(iv) d=-1,a,=8 V) a= _3?5,%:8?5 (Vi) n=35, a =34

(Vii)n=6,d=% (viiy n=7, a=-38 (ix) d=6
(x) a=4
4. 12. By puttinga =9,d =8, S= 636 in the formula S = g[2a +(n-1)d], we get a quadratic
equation 4n* + 5n — 636 = 0. On solving, we get n = —%’ 12. Out of these two roots only
one root 12 1s admissible.

5.n=16,d=§ 6. n=38, S=6973 7. Sum=1661

8. S, = 5610 9. n? 10. (i) S ;=525 (ii) S, = 465
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2. (1) C (i1) B
3. (1) (i1) 18].8] (iif) [o4. 8
(v) [=2], [o], [2], [4] (V) [53], 23 . (8], 7
4. 16 eugl 2 min] 5. (1) 34 (1) 27
6. No 7. 178 8. 64
9. 5 eugl 2 M 10. 1 11. 65 eug 2 M|
12. 100 13. 128 14. 60
15. 13 16. 4,10, 16,22,...
17. senLdl 2 mifedlmmbg 20 eug 2 mi]158.
18. —13, -8, -3 19. 1leug eu@HLLD 20. 10

uuinal 5.3
L () 245 (i) —180 (i) 5505 (iv)
2. (i) 1046 5 (ii) 286 (iii) — 8930

\=273 (i) a=4, S, =246

1

3. (i) n=16,S =440 (ii)d=§, S
(iv) d=-1,a,~8 V) a= _3?5,%:8?5 (Vi) n=35, a =34

(Vii)n=6,d=% (viiy n=7, a=-38 (ix) d=6
x) a=4
4.12.a=9,d=8,S=636 &S = J[2a+(n-)dl emd &5506860 LHSE OUigTeDd
SLHEGSD @pLie Fettun® 4n” + 5n— 636 = 0. @a6t1 Sitey n = —%’ 12. @b Soewor®
CLPEVTRIGETI6D 12 6T63TM eLp60&6ems DLBLD 6T(BSSHIHOSTOTH6TEMITLD.
5.n=16, d=5 6. n=38, S=6973 7. euongsi> = 1661

8. S, = 5610 9. n? 10. (i) S ;=525 (ii) S, = - 465
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11. S,=3,8,=4; a,=S,-S,=1; S,=3, ¢,=S,-S, =1,
a,=S,-S,=-15 a =S -S =5-2n.

1

12. 4920 13. 960 14. 625 15. % 27750
16. Values of the prizes (in %) are 160, 140, 120, 100, 80, 60, 40.
17. 234 18. 143 cm

19. 16 rows, 5 logs are placed in the top row. By putting S=200, a =20, d =—1 in the formula

S= g[Za +(n - 1)d], we get, 41n—n> =400. On solving, n= 16, 25. Therefore, the number
of rows is either 16 or 25. a,, =a +24 d=—-4

i.e., number of logs in 25th row is — 4 which is not possible. Therefore n = 25 is not
possible. For n=16, a,, = 5. Therefore, there are 16 rows and 5 logs placed in the top

TOW.
20. 370 m
EXERCISE 5.4 (Optional)*
1. 32nd term 2. S,,=20,76 3. 385 cm
4. 35 5. 750 m?
EXERCISE 6.1
1. (1) Similar (11) Similar (111) Equilateral

(iv) Equal, Proportional 3. No
EXERCISE 6.2
1. (1) 2cm (i1) 2.4 cm
2. (i) No (i1) Yes (iii1) Yes
9. Through O, draw a line parallel to DC, intersecting AD and BC at E and F respectively.
EXERCISE 6.3
1. (i) Yes.AAA,AABC~APQR (ii) Yes.SSS,AABC~AQRP
(iii) No (iv) Yes. SAS, AMNL~A QPR
(v) No (vi) Yes.AA,ADEF~APQR

2. 55°,55°, 55°
14. Produce AD to a point E such that AD = DE and produce PM to a point N such that
PM=MN. Join EC and NR.
15. 42 m
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11. S,=3,8,=4; a,=S,-S,=1; S,=3, ¢,=S,-S, =1,
a,=S,-S,=—15 a =S -S =5-2n.

12. 4920 13. 960 14. 625 15. % 27750

16. ufsiOun@Lsefss waiyse (360) 160, 140, 120, 100, 80, 60, 40,

17. 234 18. 143 6.8

19. 16 Bewnseit, 5 SevorenipaeT Ged Bewguied emeusasLILILBeTermesr. S =200, a = 20,

d=-1@S= %[Za +(n—-1d] 60 LBSE OFUISTeL 411 — n* =400 SewL&ESME). Sreflev |

n=16,25. 9p5Ce1, Quevni® Bevrsefled eTGHEMID 1F 6T6vr 16 Di6v6vg 25.
a,=a+24d=4 ercoiGey, 25 6ug) eurflenauileo 2 6o HEUTELDEET ETETTEUTIS6WE: — 4 GT6ITLIS)
eNSAWIBe06me0. A&HBeu, 1 = 25 etetTugl sTHBWIL606me0. 1 = 16, a,, = 5. eT6u1C6u,16
Bewgaeit DMHMILD Goed Bewguled 5 HevoTemDEHOT SIHEHBSLD.

20. 370 5
uuimd 5.4 (@BUIUSBDHSLULL FHI)*

1. 32eug 2y 2. S, =20, 76 3. 385 6118
4. 35 5. 750 5°

mina 6.1
1. (1) eugbauTgsHEmEU (11) eugeeuTESHEMEU (iii) FLOUGSLD

(iv) &, NS5 3. 86vem60

uuimal 6.2
1. () 26818 (ii) 2.4 e1.18
2. (i) @evewed (ii) Spib (iiii) @b

9. O euflwnas, DC & Qeweworing @ CaMB euewnBSHTed, HHCHTH wWewmBW E ohmid
F 9p8w @ misefleo AD wpmib BC & eauGéms.

uuina 6.3
1. (i) @pb, AAA, AABC~APQR(ii) Sptb, SSS, AABC~AQRP
(iii) @eveweo (iv) @b, SAS, A MNL~A QPR
(V) @6veme (vi) @pib, AA, A DEF~APQR

2. 55°,55°, 55°
14. AD & Br@weung, E @ .80 AD=DE, PM & BiGweung), N @L&860 PM = MN eteor
Op&. EC pmib NR &2 SememrgaaiLb.
15. 4216
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11.

EXERCISE 7.1

. () 22 (i) 442 (i) 2(a’+b*
39; 39 km 3. No 4. Yes 5. Champa is correct.
(1) Square (11) No quadrilateral (111) Parallelogram
(-7,0) 8. -9,3 9. +4, QR =+/41, PR = /82,92
.3x+y-5=0

EXERCISE! 7.2

.1, 3) 2. [2, -g) : [o, _9

J61m; 5thline at a distance of 22.5m 4.2 :7

1:1;[%0} 6. x=6, y=3 7. (3, = 10)
[_2, _EJ 9, [_1, 9,(0,5), [1% 10. 24 sq. units

EXERCISE 8.1

. (1) sinA=l,cosA=ﬁ (ii) sinc=g, cosC=l
25 25 25 25
0 3. cosA=ﬁ’ tanA = 4. sinA =2 geen =
4 J7 17 8
sin@ = i, cosf = 2: tan 0 = i, cotO = 2: cosecO = 13
13 13 12 5 5
49 oo 49
(1) “ (1) o 8. Yes
i) 1 (i) 0 10. sinP - % cosP = % tanP = %
(1) False (1) True (11) False (iv) False (v) False
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uuima 7.1
1. (i) 242 (i) 442 (iii) 2 +p>
2. 39; 398.5. 3. Qeoemev 4. SpID 5. gun sflwng sganfuig)
6. (i) smOwD (ii) BIHSID HeBLUINE (iil) SewevOTHILD
7. (—=7,0) 8. -9,3 9. +4, QR =+41,PR = 82,92
10. 3x+y-5=0

uuina 7.2

1. (1,3) 2. [z, -2} : [o, _9

3. Jo118; 22.5 15 gmusdHeo 5 eug eulflens 4. 2 : 7

5. 1:1;[%0} 6. x=6, y=3 7. 3, = 10)

8. [_% _?J 9. [—1,9,(0,5), [1%) 10. 24 #gi1 SHe0&S61T
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EXERCISE Al.1

1. (1) Ambiguous (i1) True (111) True (iv) Ambiguous
(v) Ambiguous
2. (1) True  (i1) True (111) False  (iv) True (v) True

3. Only (i) is true.
4. (i) Ifa>0and a* > b? then a > b.
(i1) Ifxy>0andx*=)? thenx =y.
(iii) If (x +y)*=x*+y*and y # 0, then x = 0.
(iv) The diagonals of a parallelogram bisect each other.

EXERCISE Al.2

1. Aismortal 2. ab is rational

3. Decimal expansion of /|7 is non-terminating non-recurring.
4. y=17 5. ZA=100°, £ C=100°, £ D =180°
6. PQRS is arectangle.

7.

Yes, because of the premise. No, because /3721 = 61 which is not irrational. Since the
premise was wrong, the conclusion is false.

EXERCISE A1.3

1. Take two consecutive odd numbers as 2n + 1 and 2x + 3 for some integer .

EXERCISE Al14

[y

. (1) Man is not mortal.
(11) Line /is not parallel to line m.
(111) The chapter does not have many exercises.
(iv) Notall integers are rational numbers.
(v) All prime numbers are not odd.
(vi) Some students are lazy.
(vii) All cats are black.

(vii1) There is at least one real number x, such that \/; =—1.
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muima Al.1

1. (1) esefleupmg (i) 2 evoremip (iiil) 2 evremid  (iv) O erfleubmg

(v) egefleubms
2. (1) ewpws  (ii) 6Wwbwl (iii) ewwwbg  (iv)euwws (V) ewbul
3. (ii) LLGGW 6WDul.
4. (i) a> 0 womid a* > berevflev a > b.

(i1) xy > 0 bmid x* = )* eT6vfled X = y.

(iii) (x +y)* =x*+ y’omib y # 0 erevfled x = 0.

(iv) BemeTHEISDHET LPEMEVEILLIKISET QETEMMOITETN B(HFDSFMIBLD.

uuimal A1.2
A @pliubmesit 2. ab eretiLg) NS APMT 6T6TOT
J17 861 550 eflifleunssd (peudms WHMID SHDL HHDL CUTTG).
y=17 5. ZA=100° £ C=100° £ D =180°

PQRS @@ 6Feueusid

A

Opld, OBNESHSBLLLL 3721 =61 NBHAPHT eT6v0T DH6ved. OBMBHSLILLL QLD
SEUDTETISHTED (LPIRELD HOUM| Sp&SLD,

unimna Al1.3

1. gCGaeId R WPW 7 5, BTG IBS550HS RDEMD eevSHeTTS 21 + 1 HMID
2n +3 Op5 TBHGHIS CSMeTeTeayLD.

uuima Al4

[y

. (1) werflsesr SmULHMeN6sT.

(11) [/ Gaen® m CaHMLRMHE BeWewuTng: RMHEHSHTG).

(iii) M vev LUIDHHSHEDET O\SHTEILSMTS 606D

(iv) ereveorm WpWEHEHED 6NBFHLPM 6TETISHET HED6D

(V) OIemesisg LIST eTelIsEbhD M6nM 6T600TSH6IT H6D6D

(vi) dleo omevoreurtaset GFMDELIMSH6IT

(Vil) eT6D6OIT LLEWEBISHEBLD SH(BLIL BDSHS0 SHSHGLD.

(viil) Jx =—1, eTeImEnLDESHEUDSHUTED GSDMIBSLILFID 6([H 6IDUI 616501 X Sheus BH&HESLD,
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(ix) 2 does not divide the positive integer a.
(x) Integers a and b are not coprime.

2. (1) Yes (11) No (111) No (iv) No (v) Yes

EXERCISE Al.S
1. (1) IfSharan sweats a lot, then it is hot in Tokyo.
(11) If Shalini’s stomach grumbles, then she is hungry.
(111) IfJaswant can get a degree, then she has a scholarship.
(iv) Ifaplantis alive, then it has flowers.
(v) Ifananimal has atail, then it is a cat.
2. (1) Ifthe base angles of triangle ABC are equal, then it is isosceles. True.
(11) Ifthe square of an integer is odd, then the integer is odd. True.
(i) Ifx=1, thenx*=1. True.
(iv) IfAC and BD bisect each other, then ABCD is a parallelogram. True.
(v) Ifa+(b+c)=(a+b)+c,then a, b and ¢ are whole numbers. False.
(vi) Ifx+y1isaneven number, thenx and y are odd. False.

(vi1) If a parallelogram is a rectangle, its vertices lie on a circle. True.

EXERCISE Al.6
1. Suppose to the contrary b <d.
3. See Example 10 of Chapter 1.
6. See Theorem 5.1 of Class IX Mathematics Textbook.
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(ix) 2 Opevrg Wews WP ‘@ e QUGSLILISE0Em6D
(X) a HMID b eT6tTLINEN SMTLISHT ETETMSHET H6060.

2. (i) @b (i) @evewed  (iii)@edemeo  (iv)@evemen  (V)Bid

uufimal Al1.5
1. (1) spewfibe eflwriemey HPHsNs: auBSMG ererfled GLMSHHCWITeNed QeULILID SHPHSLD.
(i1) expmedlesflufletr euuim wpeIPeTTISHBMS 6eT6tlen. SleusT LIFU|L6T SHSHBDET.
(iil) geveubdDE& ULLLD SenLsE&ELwnesrmed, HaueflLb Ll 2 g6l Ognens 2 6.
(iv) @ &R 2 u[HLEST 2 6Teng) eT6ufled, DiFI LDEVITHEMENS 6\&TeTTT(B6TENE).
(V) @ efeomiBng eumed 2 6iterng) eT6ofled gl LLeWeT SH@GLD.
2. (1) wpsCamevoridb ABC 601 Slgsger GaMewummiseT & - 616sfled, g QHIFLDLISES
WP&CHTETID SpHGSLD. GIDLL.
(i1) @ wWweilesr TGS RMHevM eT6ufled, Db (PAPEID RMEMD 6T6T0T SH@&LD. GIDUL.
(ii1) x =1 erevfled x> = 1 SpGLD. EWDUI.
(iv) AC wpmib BD gettempowinetinl Bman&ssan@L  eefleo, ABCD eetiug @@
SMETTHID Dh@LD. 6IDU.
(V) a+(b+c)=(a+b)+ceresflled a, b IDOHMID ¢ SpBWETT APID 6TETISHET. CEIDWILIDDS).
(Vi) x +y eT6tTLg @RH SBOL6WL 6T6v0T 6T6vfled, X DHMILD ¥ ETETTLIENEN ERMEMM 6TETITH6IT.
AWDUIWLIDME)
(Vi) @ SEDETTHILDNESH| \FUeUSHDNS RHLILN6H, HFH6i 2 Fa6T @ QU LFHHetn L5g)
MBI ([HEGLD. DU
mimal Al.6
1. s b < d er6v18 Q\&METS.
3. leug S5SUMLSHEO, BSSHISHST G 10 & LIMTSLD.
6. ReTUSMD EUGLIL &ewilgl LMLLILS555560 C5MHMID 5.1 & LMT&ESe|LD,
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4 O )
FUNDAMENTAL DUTIES

Fundamental duties: It shall be the duty of every citizen of India-
(@) to abide by the Constitution and respect its ideals and institutions, the National Flag and the
National Anthem;

(b) to cherish and follow the noble ideals which inspired our national struggle for freedom;

(c) to uphold and protect the sovereignty, unity and integrity of India;

(d) to defend the country and render national service when called upon to do so;

(e) to promote harmony and the spirit of common brotherhood amongst all the people of India
transcending religious, linguistic and regional or sectional diversities; to renounce practices
derogatory to the dignity of women;

(f)  to value and preserve the rich heritage of our composite culture;

(g) to protect and improve the natural environment including forests, lakes, rivers and wild life,
and to have compassion for living creatures;

(h) to develop the scientific temper, humanism and the spirit of inquiry and reform;

to safeguard public property and to abjure violence.

to strive towards excellence in all spheres of individual and collective activity so that the
nation constantly rises to higher levels of endeavour and achievement;

who is a parent or guardian, to provide opportunities for education to his child or, as the case
may be ward between the age of six and fourteen years;

(e
=

e
&

- Constitution of India,

\_ Part IV A (Article 51 A) /

/ Right of Children to Free and Compulsory Education (RTE) Act, 2009 \
The RTE Act provides for the right of children to free and Compulsory Education to every child
in the age group of 6 — 14 years which came into force from 1 April 2010 in Andhra Pradesh.
Important provisions of RTE Act
e Ensure availability of schools within the reach of the children.
* Improve School infrastructure facilities.
e Enroll children in the class appropriate to his / her age.
 Children have a right to receive special training in order to be at par with other children.
e Providing appropriate facilities for the education of children with special needs on par with other children.
* No child shall be liable to pay any kind of fee or charges or expenses which may prevent him or her from
pursuing and completing the elementary education. No test for admitting the children in schools.
* No removal of name and repetition of the child in the same class.
* No child admitted in a school shall be held back in any class or expel from school till the completion of
elementary education.
* No child shall be subjected to physical punishment or mental harassment.
e Admission shall not be denied or delayed on the ground that the transfer and other certificates have not been
provided on time.
» Eligible candidates alone shall be appointed as teachers.
e The teaching learning process and evaluation procedures shall promote achievement of appropriate
competencies.
* No board examinations shall be conducted to the children till the completion of elementary education.
*  Children can continue in the schools even after 14 years until completion of elementary education.
* No discrimination and related practices towards children belonging to backward and marginalized
communities.
e The curriculum and evaluation procedures must be in conformity with the values enshrined in the constitution

and make the child free of fear and anxiety and help the child to express views freely. j
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