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        Vande Mataram
Vande Mataram!

Sujalam, suphalam, malayaja shitalam,

Shasyashyamalam, Mataram!

Vande Mataram!

Shubhrajyotsna pulakitayaminim,

Phullakusumita drumadala shobhinim,

Suhasinim sumadhura bhashinim,

Sukhadam varadam, Mataram!

Vande Mataram, Vande Mataram!

- Bankimchandra Chatterji
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Our National Anthem  | 

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

úΘ′Υ •Θλ

⊥∴ ΚΠ Τ∴ ≅ƒΡôΥΚ ⊥Υ ú
ΣôςΘ ΣôχΥ ↑ΘôΘô

ΣφΜôΣ ″ϕι Ï⊥ςôΘ ΤςôγΟô
ƒςô↑Ο ∆ιΚΩ ΣδΚô
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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.

Pledge  |  

- Pydimarri Venkata Subba Rao

∆ßƒùΤô→

ΒϕƒΥô Φ∴Õ ΡôÓ− ΒϕƒΥν ≅û∴ΞÚλ Φ∴Õ ∆Οτ
♦[κ×Κρ− Φτ ΡôγûΟ Ρôτ ùΣ↔Õλ úΡ′χ€ú[τ− ΒϕΡôγ⁄τ ΣΨλ

   ùΣÚûΤχΚôΚÜλ ΣτØΚ Τς×ε ′[κ♦σΚôΚÜλ Ρôτ ùΣÚ♥Θλ
   ≅ûΟ€ú[τ−

ΒϕΡôγ⁄τ ùΣÚûΤχÏι ΘÏϕÕ ↑Ζδ€Ο Φτßλ ΣôÓΣÓúΞτ−
ΦτàûΟΥ ùΣσú[ôν+ Α′↔ΥνΚρ+ Φ∴χÏ ΞΥƒο êιúΘôν
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ΚôγÓúΞτ− ↑ΩδÏΚ↓Οιƒο ΚÚûΠ ΚôγÓúΞτ−
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≅ΞνΚρ ΡΩØλ ΞΖØλ ùΣßΞƒúΩ Ρôτ Φτßλ Τ€θε′ ΚôηúΣτ−

- ûΣ⁄Τν↔ ùΞδΚΟ ÑκΣôςôπ



Learning Outcomes (i-iv)
Κσ[ο ↑ûΖÜΚρ

Chapter 1 Real Numbers June 2
≅ιƒΥôΥλ 1 ùΤµùΥηΚρ

Chapter 2 Polynomials June-July 20
≅ιƒΥôΥλ 2 ΣοÛßκ×χúΚôûΞΚρ

Chapter 3 Pair of Linear Equations in two variables July 48
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Chapter 5 Arithmetic Progressions July-August 98
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Chapter 6 Triangles August 146
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Chapter 7 Coordinate Geometry August-September 198
≅ιƒΥôΥλ 7 ΑΥιùΘôûΩ Ξ⁄↑Υο

Appendix.1 Proofs in Mathematics 226
♦τ±ûΠκ×`1 Κ∞Θ ♣ìΣΠδΚρ

Answers 268
↑ûΟΚρ

MATHEMATICS
Κ∞Θλ

Class / ΞÏκ× - X
Semester - 1

Contents
ùΣôÚΖΟχΚλ

    Chapter Content Month Pg.No.

Teacher corner Student corner



1 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
• Can prove an irrational number as irrational with the help of

"Proof by contradiction".
• Utilize fundamental theorem of arithmetic in real life situations

effectively.

2 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.

3 Pair of Linear equations in After Completion of this lesson every student will be able to
two variables • 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.

4 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 of the roots of given quadratic equation.
• Utilize the knowledge of quadratic equations in real life situa-

tions effectively.

Chp.
No. CHAPTER NAME Specific LOs mapped
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1 ùΤµùΥηΚρ ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ
• ↑€ΘØß Τσßλ ↑€ΘØ[ô ΦηΚûΖ Σσ°Υ ≅°ûΞ

ùΣßΞν− ≅ϕΘ ΦηΚûΖ ΣΥτΣÓιΘ Κ∞Θ ≅⁄κΣûΟ
ùΜΥοΚûΖ ΣΥτΣÓιƒ Κ∞Θ ≅⁄κΣûΟ ùΜΥοΚûΖ
ùΜµΞν−

• ≅⁄κΣûΟ Φη Κ∞Θ úΘσ[Τô∴Õ ΙπùΞôÚ ΣÏ
ΦηΚûΖÙλ ΣΚô ΦηΚ↓τ ùΣÚχΚο ΣΩ∴ôΚ ΦÝΘ
Ø⁄Ùλ Φτß áß€τ[Õ− úΤÛλ ′[κΣô∴ ΒϕΘ
Κôς∞ΣÓιÕΘο Θ±ιÕΞΤô∴Õ Φ∴ ≅°Ξν−

• ↑ € Θ Ø [ ô  Φ η Κ û Ζ  ↑ € Θ Ø [ ô  Φ η  Φ τ ß
ØςτΣôÓØû[ ♣ìΣΠλ êΩλ ♣ì♦χΚΩôλ−

• ΘλØûΟΥ ≅τ[ôΟ Ξôθ↑ο ≅⁄κΣûΟ Φη∞Υο
úΘσ[ιûΘ ΣΥτΣÓιÕΞν−

2 ΣοÛßκ×χúΚôΠδΚρ ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ
• úΡ↔Υ Τσßλ ΒÚκ× úΚôûΞΚρ+ ′Ω ØκΣ⁄

úΚôûΞΚ↓τ éϖ≥ΥδΚûΖ ΚηÓ♦⁄κΣν−
• ΞûςΣΟδΚûΖ ΣΥτΣÓιƒ ΣοÛßκ× úΚôûΞΚûΖ

Ï°ιÕ ΚôγÓΞν−
                                     •   éϖ≥Υλ Τσßλ ùΚÝ ΒûΟúΥ ∆ρΖ ùΘôΟνûΣ

≅°Ξν−
• ΘλØûΟΥ ≅τ[ôΟ Ξôθ↑ο ΣοÛßκ× úΚôûΞΚûΖ

ΣτΣÓιÕΞν−
3 ΒÚΤô°Κ↓ο ú⊥ô⁄      ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ

úΡ↔Υ ΣΥτΣôÓΚρ • ùΞγ⁄ ùΚôρÞλ úΚôÓΚ↓τ ¾νÜΚûΖ ΞûςΣΟλ êΩλ
ΚηΟ°Ξν−

                               •   ΙÚ ú⊥⁄ úΡ↔Υ ΜΤτΣôÓΚρ ΒûΠΥô∴ûΞΥô
≅οΩÕ Ιτßλ úΚôÓΚΖô ΦτΣûΘ ↑€ΘδΚûΖ
Ικ♦γÓ ≅°Ξν−

• ΒΥσΚ∞Θ Øû[♠ο ΒûΜϕΘ úΚôÓΚρ+ Μôν♣ûΩ
úΚôÓΚρ Τσßλ ΒûΠ úΚô⁄Κρ ùΞγ⁄ ùΚôρΣûΞΥô
∋≅( ΙπΞôΘûΞΥô Φ∴ ¾νÜ ΚôηΣν−

• ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚûΖ ΡλØûΟΥ ≅τ[ôΟ
Ξôθ↑ο ΣΥτΣÓιÕΞν−

4  ΒÚΣ⁄ ΜΤτΣôÓΚρ ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ
• ΦπΞûΚΥô∴ ΜΤτΣôÓΚρ ΒÚΣ⁄ ΜΤτΣôÓΚρ Φ∴

ΚηΟ°Ξν−
• ΒÚΣ⁄ úΚôûΞΚρ Τσßλ ΒÚΣ⁄ ΜΤτΣôÓΚρ ΒûΟúΥ

∆ρΖ úΞσßûΤûΥ ≅°Ξν−
• ΒÚΣ⁄ ΜΤτΣôÓΚΖôΚ ∆ρΖ ΦϕΘ ΙÚ ãΨûΩÙλ

ΒÚΣ⁄ ΜΤτΣôÓΚΖôΚ ΤôσßΞν−
• ùΚôÓχΚκΣγΟ ΒÚΣ⁄ ΜΤτΣôÓΚûΖ Κôς∞ΣÓιÕΞν−
• ΒÚΣ⁄ ΜΤτΣôÓΚ↓τ êΩδΚ↓τ ΘτûΤûΥ ≅°Θο−
• Θλ ≅ τ[ô Ο Ξ ô θ↑ο ΒÚΣ⁄ ΜΤ τΣô ÓΚû Ζ

ΣΥτΣÓιÕΞν−

Ξ−
Φη

≅ιƒΥôΥιƒτ ùΣΥν Ï°κ♦γΟ Κσ[ο ↑ûΖÜΚρ

Κσ[ο ↑ûΖÜΚρ
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5 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 of any given arithmetic

progression.
• Extend any given arithmetic progression if the common differ-

ence and first term are given.
• Find the problem of n terms in an arithmetic progression.
• Utilize the knowledge of Arithmetic Progressions in real life situ-

ations effectively.

6 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.

7 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.

LEARNING OUTCOMES
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Ξ−
Φη

≅ιƒΥôΥιƒτ ùΣΥν

5 áγÓùΘôΟν Ξ↔ûΜ ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ

• ùΘôΟν Φτ[ôο Φτ∴ ≅°Ξν−

• ùΚôÓχΚκΣγΟ ≅ΖÅγûΟ áγÓιùΘôΟ↔ο ΦÝÕΞν−

• ùΚôÓχΚκΣγΟ áγÓ ùΘôΟ↔τ ùΣôÕ ↑ιƒΥôΜλ Τσßλ
n ΞÕ ∆ßκûΣ ΚηΟ°Ξν−

• ØΘο ∆ßκ× Τσßλ ùΣôÕ ↑ιƒΥôΜλ ùΚôÓχΚκΣγΟ
áγÓ ùΘôΟûς ↑↔ιÕ ΦÝÕΞν−

• áγÓ ùΘôΟ↔τ »nµ ΚΞÕ ∆ßκûΣ ΚηΟ°Ξν−

• ΘλØûΟΥ  ≅τ[ôΟ  Ξôθ↑ο  áγÓ  ùΘôΟûς  ΣΥτ
ΣÓιÕΞν−

6 ØχúΚôΠδΚρ ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ
• ≅⁄κΣûΟ ↑€Θ ΜΤ úΘσ[ιûΘ ΞûςΥßκΣν−
• ΘλØûΟΥ ≅τ[ôΟ Ξôθ↑ο ≅⁄κΣûΟ ↑€Θ ΜΤ

úΘσ[λ Τσßλ ≅Θτ ΤßΘûΩûΥ ΣΥτΣÓιÕΞν−
• úΚô−úΚô−úΚô−/úΚô−úΚô−/Σ−úΚô−Σ−/Σ−Σ−Σ− Ξ⁄ùΞôιΘο

Ση×ΚûΖ ΣΥτΣÓιƒ ΒςηÓ ØχúΚôΠδΚρ
Ξ⁄ùΞôιΘûΞΥô ≅οΩÕ Ξ⁄ùΞôιΘûΞ ≅οΩΞô Φ∴
ΚηΟ°Ξν−

• ùΚôÓχΚκΣγΟ ΚΠχÏΚ↓ο ≅⁄κΣûΟ ↑€Θ ΜΤλ
Τσßλ Ξ⁄ùΞôιΘ Ση×ΚûΖ ΣΥτΣÓιƒ ¾νκΣν−

• Ρλ ≅τ[ôΟ Ξôθ↑ο ØχúΚôΠδΚ↓τ ≅°ûΞ
ΣΥτΣÓιÕΞν−

7 ΑΥιùΘôûΩ Ξ⁄↑Υο ΒκΣôΟλ Ø⁄ϕΘÜΟτ ΤôΠΞνΚρ ×↔ϕÕχùΚôηΟûΞ

• ãιƒςιûΘ ΣΥτΣÓιƒ Κôν≈′Υτ ΘΖιƒο ∆ρΖ

ΒςηÓ ×ρ↓ΚÞχÏ ΒûΟΣγΟ çςιûΘ ΚηΟ°Ξν−

• ΙÚ úΚôγÓ ÕηûΟ Ï°κ♦γΟ ↑€Θιƒο ♦↔χÏλ

×ρ↓ûΥ ΚηΟ°Ξν−

• ΒςηÓ ×ρ↓ΚûΖ Βû∴χÏλ úΚôγÓ ÕηûΟ
ùΚôÓχΚκΣγΟ ×ρ↓ ΦϕΘ ↑€Θιƒο ♦↔χÏλ Φ∴
ΚηΟ°Ξν−

• ùΚ ôÓχΚ κΣ γΟ úΚô γÓιÕ ηû Ο ØεΜΤχá °Ó λ

×ρ↓ΚûΖ ΚηΟ°Θο−

• ΘΤÕ ≅τ[ôΟ Ξôθ↑ο ΑΥιùΘôûΩ Ξ⁄↑Υο
≅°ûΞ ΣΥτΣÓιÕΞν−

Ï°κ♦γΟ Κσ[ο ↑ûΖÜΚρ

Κσ[ο ↑ûΖÜΚρ

iv



2Class 10 Mathematics

REAL NUMBERS

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 b. 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 ( 0)p qq ¹ , is

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

factorisation of the denominator q of p
q

. You will see that the prime factorisation of q will

completely reveal the nature of the decimal expansion of p
q

.

So let us begin our exploration.

REAL NUMBERS



310 Αλ ΞÏκ×        Κ∞Θλ

ùΤµùΥηΚρ

1
1.1 ≅°ØΚλ
ùΤµ ΦηΚ↓τ ∆ΩΚιûΘκΣσ° 8Αλ ΞÏκ♦ο ′ΩΞσ°σÏ ≅°ØΚΤô€ ΒÚκÀνΚρ−
úΤÛλ ↑€ΘØ[ô ΦηΚûΖ Ï°ιÕλ Κσß ΒÚκÀνΚρ− ΒϕΘ ≅ιƒΥôΥιƒο
ùΤµΦηΚûΖ Ï°ιÕ úΤÛλ ′Ω ΚÚιÕχΚûΖ ↑ΞôƒχΚ ∆ρúΖôλ− ΒϕΘ ↑ΞôΘιûΘ
♥ûΚ ØÝχΚ↓τ ′Ω Øχ€ΥΤô∴ Ση×ΚûΖ ♦↔Ü 0−1 Τσßλ 0−2,ο ↑ΞôƒχΚ
∆ρúΖôλ− ΒΘτ ùΣΥνΚρ Øû[úΥ ëχ↓⁄τ ΞÏιΘο Ξ→Øû[ Τσßλ ≅⁄κΣûΟ
Φη∞Υο Κ∞Θ úΘσ[λ−

ùΣΥÚχúΚσ[ôν úΣôΩúΞ ëχ↓⁄τ ΞÏιΘο Ξ→Øû[Υô∴Õ ØÝχΚ↓τ
ΞÏιΘúΩôÓ ùΘôΟν×ûΟΥÕ− Φ↓ûΤΥôΚ á[úΞηÓΤô∴ôο a Φàλ ♥ûΚ ØÝûΞ b
Φàλ Τσ[ ♥ûΚ ØÝ ΞÏχÏλ úΣôÕ Áƒ r ΑÏλ− ΒϕΘ r Α∴Õ b ûΥ ↑Ο′°ΥÕ−
∆δΚ↓ο ΣΩν ΒûΘ ΞΨχΚΤôΚ ¿ρ ΞÏιΘο Øû[ Φτß Σ⁄ιƒÚχ€ÈνΚρ− ΒÕ
áßΞΘσÏλ ×↔ϕÕχùΚôρÞΞΘσÏλ Φ↓ûΤΥôΚ ΒÚϕΘôÛλ ΒÕ ØÝ ΦηΚ↓τ
ΞÏΣÓλ Ση×ΚÞΟτ ùΘôΟν×ûΟΥ ΣΩ ΣΥτΣôÓΚûΖχ ùΚôηÓρΖÕ− ≅Ξσ°ο
′ΩΞσû[ Ρôλ ΣΥτΣÓιΘκúΣô€ú[ôλ− Øχ€ΥΤôΚ ΒςηÓ ♥ûΚ ØÝχΚ↓τ ÁκùΣÚ
ùΣôÕ Κôς∞ ∋Á−ùΣô−Κ( ΑÏλ−

Τß×[λ ≅⁄κΣûΟ Φη∞Υο úΘσ[λ ΒςηÓ ♥ûΚ ØÝχΚ↓τ ùΣÚχΚÛΟτ
ùΘôΟν×ûΟΥ ′Ω ΣΥτΣôÓΚûΖχ ùΚôηÓρΖÕ− ΙπùΞôÚ ΣÏ ΦηûΠÙλ ΣΚô
ΦηΚ↓τ ùΣÚχΚο ΣΩ∴ôΚ ΦÝΘ Ø⁄Ùλ ΦτΣûΘÙλ úΤÛλ ΒϕΘ ùΜΥοØû[
ΙπùΞôÚ ΣÏ ΦηÔχÏλ Θ±ιÕΞΤô∴Õ ΦτΣûΘÙλ ≅°ϕƒÚκÀνΚρ− ΒÕ
Φη∞Υο úΘσ[ιƒο Øχ€ΥΤô∴ ΣδΚ↓κΣôµ ΒÚχ€[Õ− ΒÕ áßΞΘσÏλ ×↔ϕÕ
ùΚôρΞΘσÏλ Φ↓ûΤΥôΚ ΒÚϕΘôÛλ Κ∞Θ Õû[♠ο ΑΨΤô∴ Τσßλ Ï°κ♦ΟΘχΚ
ΣΥτΣôÓΚûΖχ ùΚôηÓρΖÕ− ≅⁄κΣûΟ Φη∞Υο úΘσ[ιƒτ ΒςηÓ  Øχ€ΥΤô∴
ΣΥτΣôÓΚ↓ο Ιτß 8Αλ ΞÏκ♦ο ↑€ΘØ[ô ΦηΚΖô∴ 2 , 3  Τσßλ

5 Α€ΥΞσ°τ ♣ìΣΠλ Τσù[ôτß ↑€ΘØß ΦηΚûΖ ΘΜΤ Ξ⁄↑ο ↑↔ιÕ

ΦÝÕΞÕ ≅ΘôΞÕ ↑€ΘØß Φη ( 0)p qq ¹ Η Ø⁄Üß ≅οΩÕ Ø⁄Ü[ô  ÑΨο ΘΜΤ

ΦηΠôΚ ΦÝÕΞÕ− ΒûΘ ↑€ΘØß Φη p
q
τ ΣÏƒ qûΥ ΣΚô Κôς∞κΣÓιÕΞƒτ

êΩΤôΚ ↑€ΘØß Φη p
q
↑τ ΘΜΤ ↑↔ΞôχΚιƒτ ΒΥοûΣ ΚηΟ°Υ Ø⁄Ùλ−

ΒκúΣôÕ ΡΤÕ ΑµûΞι ùΘôΟδÏúΞôλ−

ùΤµùΥηΚρ



4Class 10 Mathematics

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 × 2, 253 = 11 × 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 :

7 × 11 × 23 = 1771 3 × 7 × 11 × 23 = 5313

2 × 3 × 7 × 11 × 23 = 10626 23 × 3 × 73 = 8232

22 × 3 × 7 × 11 × 23 = 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
of numbers, all the primes and all
possible products of primes. The
question is – can we produce all the
composite numbers this way? What do
you think? Do you think that there may
be a composite number which is not the
product of powers of primes? Before
we answer this, let us factorise positive
integers, that is, do the opposite of what
we have done so far.

We are going to use the factor tree
with which you are all familiar. Let us
take some large number, say, 32760, and
factorise it as shown.
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1.2 ≅⁄κΣûΟ Φη∞Υο úΘσ[λ

   Øτ ΞÏκ×Κ↓ο ΦϕΘ ΙÚ ΒΥο ΦηûΠÙλ ΣΚô Κôς∞Κ↓τ ùΣÚχΚσΣΩ∴ôΚ
ΦÝΘ Ø⁄Ùλ Φτß Σ⁄ιƒÚκÀνΚρ− ∆ΘôςΠΤôΚ 2 = 2, 4 = 2 × 2, 253 = 11 × 23 Τσßλ
ΣΩ ΒκúΣôÕ ΒϕΘ ΒΥο ΦηΚûΖ úΞß úΚôΠιƒο ΣôνχΚ ØΥσ′κúΣôλ− ≅ΘôΞÕ
ΣΚôΦηΚûΖ ùΣÚχÏΞΘτ êΩΤôΚ ΒΥο ΦηΚûΖ ùΣ[ Ø⁄ÙΤô> ΒκúΣôÕ
ΣôνκúΣôλ−

2, 3, 7, 11 Τσßλ 23 Φàλ ΣΚô ΦηΚ↓τ ùΘôÏκûΣ ΦÓιÕχ ùΚôρúΞôλ− ΒϕΘ
ΦηΚ↓ο ′Ω Φη∞χûΚúΥô ≅οΩÕ ≅û∴ιÕ ΦηΚûΖúΥô Ρôλ ↑Úλ×λ
Φη∞χûΚ♠ο ÁηÓλ ÁηÓλ ùΣÚχ€ ♥ΚκùΣ↔Υ ΦηΚ↓τ ùΣÚχΚο ΣΩτΚ↓τ
ùΘôÏκûΣ ùΣ[ Ø⁄Ùλ ∋ΣΩΞ→Κ↓ο(− ′Ω Σγ⁄Υο •úΨ ùΚôÓχΚκΣγÓρΖÕ−

7 × 11 × 23 = 1771 3 × 7 × 11 × 23 = 5313
2 × 3 × 7 × 11 × 23 = 10626 23 × 3 × 73 = 8232
22 × 3 × 7 × 11 × 23 = 21252

úΤÛλ ΣΩ+
¿ ΦÓιÕχùΚôηΟ ΣΚô ΦηΚ↓τ ùΘôÏκΣô∴Õ ΜôιƒΥΤô∴ ≅û∴ιÕ ΣΚô

ΦηΚûΖÙλ ùΚôηÓρΖÕ Φ∴χ
ùΚôρúΞôλ− ΒϕΘ ùΘôÏκ♦τ ≅ΖûΞ
Σσ° ∆τ∴ôο Ε€χΚ Ø⁄ÙΤô> ΒϕΘ
ùΘôÏκΣô∴Õ Ø⁄Üß Φη∞χûΚ
♠Ωô∴ ØÝχΚûΖ ≅οΩÕ Ø⁄Ü[ô
Φη∞χûΚ♠Ωô∴ ØÝχΚûΖ
ùΣσßρΖΘô> Αλ Ø⁄Ü[ô
Φη∞χûΚ♠Ωô∴ ΣΚô ΦηΚûΖ
ùΣσßρΖÕ− ΒûΞΚûΖ Ρôλ Ø⁄ϕΘ
ΤγÓλ ΦοΩô Ξ→Κ↓úΩÙλ
ΒûΠχÏλ úΣôÕ ΡΤχÏ Ø⁄↑Ωô
ΦηΚ↓τ ùΘôÏκ× €ûΟχ€τ[∴−
ΒûΞ ≅û∴ιÕλ ΜôιƒΥΤô∴ ΦοΩô
ΣΚô ΦηΚ↓τ ùΣÚχΚο ΣΩτ ΑÏλ−
ΦοΩô ΣÏ ΦηΚûΖÙλ ΒúΘ Øû[♠ο
ΣΚô ΦηΚ↓τ ùΣÚχΚο ΦηΠôΚ
ΦÝΘ Ø⁄ÙΤô> ¿ Φτ∴ ♣û∴χ€[ôµ
ΣΚô ΦηΚ↓τ ≅ÓχÏΚ↓τ ùΣÚχÏι
ùΘôûΚΥôΚ ΒοΩôΘ ΙÚ ΣÏ Φη
ΒÚχΚ Ξôµκ× ∆ηΟô> ΒϕΘ
↑∴ô↑σÏ ↑ûΟ ≅↓κΣΘσÏ ØτΣôΚ
♥ûΚ ØÝχΚûΖ Ρôλ Øτ ùΜµΘÕ úΣôτß úΞß úΚôΠιƒο Κôς∞κΣÓιΘ
ØΥσ′κúΣôλ−

Ρôλ ≅û∴ΞÚχÏλ ΡτÏ ùΘ↔ϕΘ Κôς∞ε ùΜ⁄ Φτ[ Øû[ûΥκ ΣΥτΣÓιΘ
Κôς∞κΣÓιΘ←ο ùΜµΥ úΣô€ú[ôλ− ′Ω ùΣ↔Υ ΦηΚûΖ ≅ΘôΞÕ 2165/Η ΣΟιƒο
Κôγ⁄ΥκΣ⁄ Κôς∞κΣÓιÕúΞôλ−
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Carl Friedrich Gauss
(1777 – 1855)

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 is often referred to as the ‘Prince of
Mathematicians’ and is considered one of the three greatest
mathematicians of all time, along with Archimedes and
Newton. He has made fundamental contributions to both
mathematics and science.

So we have factorised 32760 as 2 × 2 × 2 × 3 × 3 × 5 × 7 × 13 as a product of primes,
i.e., 2 × 2 × 2 × 3 × 3 × 5 × 7 × 13 as a product of powers of primes. Let us try another number,
say, 123 456789. This can be written as 32 × 3803 × 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

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 × 3 × 5 × 7 as the same as 3 × 5 × 7 ×
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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Κôνο ùΣγ↔ε
ùΚΖυ

(1777 – 1855)

  úΘσ[λ  0−1  ≅⁄κΣûΟ  Φη∞Υο  úΘσ[λ  Φτß
≅ûΨχΚκΣÓΞΘσÏ ØτΣôΚúΞ ≅ΘσÏ ΒûΠΥô∴ ΙÚ
ΞûςΥû[ ëχ↓γ⁄τ êΩδΚρ Φàλ ×ιΘΚλ IX ο ΑµÜ
ùΣôÚρ 03ο ΣƒÜ ùΜµΥκΣγ⁄ÚϕΘÕ− ΒκΣ⁄♠Úκ♦àλ
Κôνο ùΣγ↔ε ùΚΖυ ΦτΣΞςôο Μ↔Υô∴ ΙÚ♣ìΣΠλ
Φη Κ∞Θ Αςôµε′χ ΚγÓûς♠ο ùΚôÓχΚκΣγΟÕ−

  Κôνο ùΣγ↔ε ùΚΖυ ΦτΣΞûς Κ∞Θ ΞοÛΡνΚ↓τ
ΒΖΞςΜν Φτß ≅ûΨχ€[ôνΚρ− ♥Κ ′[ϕΘ êτß Κ∞Θ
ΞοÛΡνΚΖôΚ Ανχ€♥⁄υ Τσßλ ♣ëγΟτ Α€ΥΞúςôÓ
ùΚΖυ ΦτΣΞÚλ ΚÚΘκΣÓ€[ôν− Α∴ôο ΒλêΞ↔ο
ùΚΖυ Θ±ε′[κ×ûΟΥΞν− Κ∞Θ Τσßλ ≅°↑Υ←ο ΒΞν
≅⁄κΣûΟΥô∴ ΣδΚ↓κûΣ ≅↓ιÕρΖôν−

ΒκúΣôÕ Ρôλ 32760 Η 2 × 2 × 2 × 3 × 3 × 5 × 7 × 13 Φàλ ΣΚô ΦηΚ↓τ ùΣÚχΚο
ΣΩ∴ôΚ ΦÝƒú∴ôλ− ≅ΘôΞÕ+ 32760 = 23 × 32 × 5 × 7 × 13 ΣΚô ΦηΚ↓τ ≅ÓχÏΚ↓τ
ùΣÚχΚσΣΩτ ΑÏλ− 123456789 Φàλ Τσù[ôÚ Φη∞σÏ ΒûΘ ØΥσ′κúΣôλ−
ΒûΘ 32 × 3803 × 3607 ΦàλΣ⁄ ΦÝΘΩôλ− Αλ 3803 Τσßλ 3607 Η ΣΚô ΦηΚΖô>
Φτß úΜôƒχΚ úΞηÓλ− ∋úΞß ′Ω ΒΥο ΦηΚÞχÏ ΒûΘ ØΥσ′ ùΜµÕ Σôν( ΒÕ
♦τΞÚλ ΚÚÕχúΚôρΚÞχÏ Ξ→ΞÏχ€[Õ− ΙπùΞôÚ ΣÏ ΦηΚûΖÙλ ΣΚô ΦηΚ↓τ
ùΣÚχΚο ΣΩ∴ôΚ ΦÝΘ Ø⁄Ùλ− ΒϕΘ áσß Μ↔Υô∴Õ ΒÕ ≅⁄κΣûΟ Φη∞Υο
úΘσ[λ Φ∴ ≅ûΨχΚκΣÓ€[Õ− ΒÕ ØÝχΚûΖκ Σσ°Υ Øχ€ΥΤô∴ Σ⁄κ♦û∴
ΑÏλ− ΒκùΣôÝÕ ΒϕΘ úΘσ[ιûΘ Μ↔Υô∴ Øû[♠ο ΦÝÕúΞôλ−

úΘσ[λ 1.1 (≅⁄κΣûΟ Φη∞Υο úΘσ[λ) : ΙπùΞôÚ ΣÏ ΦηûΠÙλ ΣΚô
ΦηΚ↓τ ùΣÚχΚο ΣΩ∴ôΚ ΦÝΘ Ø⁄Ùλ− ΣΚô Κôς∞Κ↓τ ΦÝΘκΣÓλ Ξ↔ûΜûΥ
Θ↑νιÕ ΒϕΘ Κôς∞κΣÓιΘο Θ±ιÕΞΤô∴Õ−

≅⁄κΣûΟ ΦηΚ∞Θ úΘσ[Τô∴Õ ΙπùΞôÚ ΣÏΦηΚûΖÙλ ΣΚô ΦηΚ↓τ
ùΣÚχΚο  ΣΩ∴ôΚ  ΦÝΘ  Ø⁄Ùλ  Φτß  áß€τ[Õ−  úΤÛλ  ′[κΣôΚ  ΒϕΘ

Ξ↔ûΜ♠ο úΞηÓΤô∴ôÛλ ΦÝƒχ ùΚôρΖΩôλ− ≅ΘôΞÕ ùΚôÓχΚκΣγΟ ΣÏ ΦηûΠ
Ιúς Ξ→ Øû[♠ο ΤγÓúΤ ΣΚô ΦηΚ↓τ ùΣÚχΚο ΣΩ±τ Ξ↔ûΜ Ρôλ ΚÚιƒο
ΦÓιÕχùΚôρΖ úΞη⁄Υ ≅Ξ′Υ♥οûΩ− ∆ΘôςΠΤôΚ 2 × 3 × 5 × 7 ûΥ Φàλ Ξ↔ûΜûΥ
3  ×  5  ×  7  ×  2 Φ∴Üλ úΞß ΜôιƒΥΤô∴ Ξ→Κ↓Ûλ ΦÝƒχ ùΚôρΖΩôλ− ΒûΘ
≅⁄κΣûΟΥôΚχ ùΚôηÓ ♦τΞÚλ áσû[ ΦÝΘΩôλ− ≅ΘôΞÕ+

ΙÚ ΒΥο Φη∞τ ΣΚô Κôς∞ΥôχΚο ΦτΣÕ ≅Θτ ΣΚô Κôς∞Κ↓τ Ξ↔ûΜûΥι
Θ↑νιÕ Θ±ιÕΞΤô∴Õ−

Κôς∞κΣÓιΘο Θ±ιÕΞΤô∴Õ Φτßλ áß€[Õ− Α∴ôο ΣΚô ΦηΚ↓τ ΦϕΘ
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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 it as x = p1p2 ... pn, where p1, p2,...,
pn are primes and written in ascending order, i.e., p1 £ p2£ . . . £ pn. If we combine the same
primes, we will get powers of primes. For example,

32760 = 2 × 2 × 2 × 3 × 3 × 5 × 7 × 13 = 23 × 32 × 5 × 7 × 13

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 4n, where n is a natural number. Check whether there is any
value of n for which 4n ends with the digit zero.

Solution : If the number 4n, for any n, were to end with the digit zero, then it would be divisible
by 5. That is, the prime factorisation of 4n would contain the prime 5. This is not possible
because 4n = (2)2n; so the only prime in the factorisation of 4n is 2. So, the uniqueness of the
Fundamental Theorem of Arithmetic guarantees that there are no other primes in the factorisation
of 4n. So, there is no natural number n for which 4n 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 = 21 × 31 and 20 = 2 × 2 × 5 = 22 × 51.

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

Note that HCF(6, 20) = 21 =Product of the smallest power of each common prime
factor in the numbers.

LCM (6, 20) = 22 × 31 × 51 =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) × LCM(6, 20) = 6 × 20.
In fact, we can verify that for any two positive integers a and b, HCF (a, b) × LCM (a, b) =
a × 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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ùΣôÕΞôΚ ùΚôÓχΚκΣγΟ ΙÚ ΣÏ Φη xΗ  x = p1p2 ... pn Φ∴ ΦÝΘΩôλ− ΒδÏ p1,
p2,..., pn ΦτΣûΞ ΓßΞ↔ûΜ♠ο ΦÝΘΣγΟ ΣΚô ΦηΚρ− ≅ΘôΞÕ p1 £ p2£ . . . £ pn ΒϕΘ
♣ûΩ♠ο Ιúς ↑ΘΤô∴ Κôς∞Κρ €ûΟχΚκ ùΣßλ úΣôÕ ΣΚô ΦηΚ↓τ ≅ÓχÏΚρ
€ûΟχÏλ− ΙÚ Øû[ Ρôλ ΒϕΘ ΦηΚ↓τ ΓßΞ↔ûΜ♠ο ∆ρΖÕ Φ∴χ ùΚôηΟôο
ΒϕΘ ùΣÚχΚο ≅ûΤκ× Θ±ιÕΞΤô∴Õ− ΦÓιÕχΚôγΟôΚ+

32760 = 2 × 2 × 2 × 3 × 3 × 5 × 7 × 13 = 23 × 32 × 5 × 7 × 13

ΒϕΘ ΣΚô ΦηΚ↓τ Ξ↔ûΜ ΓßΞ↔ûΜ ΦτΣΘôο 2165/ Φàλ ΣÏ Φη∞τ
Κôς∞ΥôχΚο Θ±ιÕΞΤô∴Õ− ≅⁄κΣûΟ Φη∞Υο úΘσ[ιƒσÏ ΣΩ ΣΥτΣôÓΚρ
∆ηÓ ≅Ξσßρ ′ΩΞσû[ ΣôνκúΣôλ−

ΦÓιÕχΚôγÓ 1 : 4n Φτ[ ΦηûΠ ΚÚÕúΞôλ− ΒδÏ n ϑν ΒΥο Φη n τ ΦϕΘ
Τƒκ♦σΚôΞÕ 4n éϖ≥Υιƒο Ø⁄ΞûΟÙΤô Φ∴ Μ↔ΣôνχΚÜλ−

¾νÜ : n ϑν ΒΥο Φη 4n Φτ[ Φη éϖ≥ΥιÕΟτ Ø⁄ΞûΟΥ úΞηÓùΤ±ο ≅Õ
4ο Μ↔ΥôΚ ΞÏΣΟ úΞηÓλ ≅ΘôΞÕ 4n Φτ[ Φη∞τ ΣΚô Κôς∞Κ↓ο 4 Φτ[
ΣΚô Φη ΒÚχΚ úΞηÓλ− Α∴ôο ΒÕ ΜôιƒΥΤοΩ Γù∴±ο  4n = (2)2n− ΑΚúΞ 4n

τ Κôς∞Κ↓ο ΒÚχΚχá⁄Υ Ιúς ΙÚ ΣΚô Φη 1 ΤγÓúΤ− ΣΚô Κôς∞Κ↓ο 4
ΒοΩôΘ ΚôςΠιΘôο 4n éϖ≥Υιƒο Ø⁄ÙΤôß n Φτ[ ΒΥο Φη ΓÕ♥οûΩ−

 ≅⁄κΣûΟ Φη∞Υο úΘσ[ιûΘ ΣΥτΣÓιƒ ΒςηÓ ♥ûΚ ΦηΚ↓τ Á−ùΣô−Κô−
∋ÁκùΣÚ ùΣôÕ Κôς∞( Τσßλ Á−′−Τ−∋ Áε′ß ùΣôÕ ΤΟδÏ( Α€ΥΞσû[ ΦπΞôß
ΚôηΣÕ ΦτΣûΘ ΓσΚ∴úΞ Κσ°Úχ€ÈνΚρ− ΒϕΘ Øû[ ΣΚô Κôς∞ΥôχΚο Øû[
Φτß ≅ûΨχΚκΣÓ€[Õ− •θΚηΟ ΦÓιÕχΚôγ⁄τ êΩλ Ρôλ ΒûΘ ΙÚØû[ ♣û∴Ü
áßúΞôλ−

ΦÓιÕχΚôγÓ 2 : 5 Τσßλ 1/τ Á−′−Τ− Τσßλ Á−ùΣô−Κô−ûΞ ΣΚô Κôς∞ΥôχΚο
Øû[♠ο ΚηÓ♦⁄−

¾νÜ : ΡΤχÏ €ûΟκΣÕ 6 = 21 × 31  Τσßλ 20 = 2 × 2 × 5 = 22 × 51

(6, 20)τ Á−ùΣô−Κô = 2 Τσßλ (6, 20) τ Á−′−Τ− = 2 × 2 × 3 × 5 = 60

(6, 20)τ Á−ùΣô−Κô = 21 = ΦηΚ↓τ ùΣôÕ Κôς∞Κ↓τ ♥Κε′°Υ ≅ÓχÏΚ↓τ
  ùΣÚχΚο−

(6, 20) τ Á−′−Τ= 22 × 31 × 51 =ΦηΚ↓τ ΙπùΞôÚ ΣΚôχΚôς∞Κ↓τ ♥ΚκùΣ↔Υ
      ≅ÓχÏΚ↓τ ùΣÚχΚο−

úΤσΚηΟ ΦÓιÕχΚôγ⁄←ÚϕÕ (6, 20) τ Á−ùΣô−Κ− ×  (6, 20)τ Á−′−Τ− = 6 × 20 Φ∴
≅°€ú[ôλ− a ,b Φàλ ΦϕΘ ΒÚ ♥ûΚ ØÝχΚÞχÏλ (a, b)τ Á−ùΣô−Κô × (a, b)τ
Á−′−Τ = a × b. ΒςηÓ ΦηΚ↓τ Á−ùΣô−Κô− ùΘ↔Ùλ úΣôÕ ΒϕΘ Øû[ûΥ ΣΥτΣÓιƒ
Á−′−Τ− ûΞ ΚηΟ°ΥΩôλ−
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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 = 25 × 3, 404 = 22 × 101

Therefore, the HCF of these two integers is 22 = 4.

Also, LCM (96, 404) = 96 404 96 404 9696
HCF(96, 404) 4

´ ´
= =

Example 4 : Find the HCF and LCM of 6, 72 and 120, using the prime factorisation method.
Solution : We have :

6 = 2 × 3, 72 = 23 × 32, 120 = 23 × 3 × 5
Here, 21 and 31 are the smallest powers of the common factors 2 and 3, respectively.
So, HCF (6, 72, 120) = 21 × 31 = 2 × 3 = 6

23, 32 and 51 are the greatest powers of the prime factors 2, 3 and 5 respectively involved in
the three numbers.
So, LCM (6, 72, 120) = 23 × 32 × 51 = 360
Remark : Notice, 6 × 72 × 120 ¹ HCF (6, 72, 120) × 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:

(i) 140 (ii) 156 (iii) 3825 (iv) 5005 (v) 7429
2. Find the LCM and HCF of the following pairs of integers and verify that LCM × HCF =

product of the two numbers.
(i) 26 and 91 (ii) 510 and 92 (iii) 336 and 54

3. Find the LCM and HCF of the following integers by applying the prime factorisation
method.
(i) 12, 15 and 21 (ii) 17, 23 and 29 (iii) 8, 9 and 25

4. Given that HCF (306, 657) = 9, find LCM (306, 657).
5. Check whether 6n can end with the digit 0 for any natural number n.
6. Explain why 7 × 11 × 13 + 13 and 7 × 6 × 5 × 4 × 3 × 2 × 1 + 5 are composite numbers.
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ΦÓιÕχΚôγÓ 3: ΣΚô Κôς∞ΥôχΚο Øû[ûΥ ΣΥτΣÓιƒ 85 Τσßλ 3/3τ Á−ùΣô−Κô−
ΚηÓ♦⁄− ≅Θτ êΩλ Á−′−Τ−ûΞ ΚηÓ♦⁄−
¾νÜ : 85 Τσßλ 3/3 ΣΚô Κôς∞ΥôχΚο ♦τΞÚΤôß

96 = 25 × 3, 404 = 22 × 101
Φ∴úΞ+ 85 Τσßλ 3/3τ Á−ùΣô−Κô− 22 = 4.

úΤÛλ (96, 404) τ Á−′−Τ− = 96 404 96 404 9696
HCF(96, 404) 4

´ ´
= =

ΦÓιÕχΚôγÓ 4 :  5+ 61 Τσßλ 01/τ Á−ùΣô−Κô− Τσßλ Á−′−Τ−ûΞ ΣΚô Κôς∞ΥôχΚο
Øû[♠ο ΚηÓ♦⁄−

¾νÜ : ΡΤχÏ €ûΟκΣÕ+

6 = 2 × 3, 72 = 23 × 32, 120 = 23 × 3 × 5
ΒδÏ+ 21 Τσßλ 31 Øû[úΥ ùΣôÕ Κôς∞Κρ 1 Τσßλ 2τ Ïû[ϕΘΣγΜ ≅ÓχÏΚΖôÏλ−
Φ∴úΞ+       (6, 72, 120)τ Á−ùΣô−Κô−  = 21 × 31 = 2 × 3 = 6

23, 32 Τσßλ 51 ΦτΣ∴ Øû[úΥ ΣΚô Κôς∞Κ↓τ ∆ΥνϕΘ ≅ÓχÏΚΖôÏλ−

Φ∴úΞ+ (6, 72, 120) τ Á−′−Τ− =23 × 32 × 51 = 360
Ï°κ×: 6 × 72 × 120 ¹ (6, 72, 120) τ Á−ùΣô−Κô− × (6, 72, 120)τ Á−′−Τ− Φ∴úΞ êτß
ΦηΚ↓τ ùΣÚχΚο ΣΩτ ≅ϕΘ ΦηΚ↓τ Á−ùΣô−Κô− Τσßλ Á−′−Τ− ùΣÚχΚο
ΣΩàχÏ ΜΤΤοΩ−

Σ♠σ′ 1.1
1. ♦τΞÚλ ΦηΚûΖ ΣΚôχΚôς∞Κ↓τ ùΣÚχΚο ΣΩ∴ôΚ ΦÝÕ−

(i) 140 (ii) 156 (iii) 3825 (iv) 5005 (v) 7429
2. ♦τΞÚλ ØÝχΚ↓τ Á−′−Τ Τσßλ Á−ùΣô−Κô− ΚηÓ♦⁄ιÕ Á−′−Τ− × Á−ùΣô−Κô− =

ΒςηÓ ΦηΚ↓τ ùΣÚχΚο ΣΩτ Φàλ ∆[ûΞ Μ↔Σôν−

(i) 26 Τσßλ 91 (ii) 510 Τσßλ 92 (iii) 336 Τσßλ 54
3. ♦τΞÚλ ØÝχΚ↓τ Á−′−Τ− Τσßλ− Á−ùΣô−Κô−ûΞ ΣΚô Κôς∞ΥôχΚο Øû[♠ο

ΚηÓ♦⁄−

(i) 12, 15 Τσßλ 21 (ii) 17, 23 Τσßλ 29 (iii) 8, 9 Τσßλ 25
4. (306, 657)τ Á−ùΣô−Κô− = 9, Φ±ο (306, 657)τ Á−′−Τ−ûΞ ΚηÓ♦⁄−

5. 6n Φàλ Φη n τ ΦϕΘ ΒΥο ΦηÔχÏλ éϖ≥Υιƒο Ø⁄ΞûΟÙλ Φ∴χΚôγÓ−

6. 7 × 11 × 13 + 13 Τσßλ 7 × 6 × 5 × 4 × 3 × 2 × 1 + 5 Α€ΥûΞ ΣÏ Φη Φ∴ ♣ì♦−
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* Not from the examination point of view.

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, a number ‘s’ is called irrational if it cannot be written in the form ,p
q  where p and

q are integers and q ¹ 0. Some examples of irrational numbers, with which you are already
familiar, are :

2 ,2, 3 , 15 , , 0.10110111011110 . . .
3

p - , etc.

Before we prove that 2  is irrational, we need the following theorem, whose proof is
based on the Fundamental Theorem of Arithmetic.
Theorem 1.2 : Let p be a prime number. If p divides a2, then p divides a, where a is a positive
integer.
*Proof : Let the prime factorisation of a be as follows :

a = p1p2 . . . pn, where p1,p2, . . ., pn are primes, not necessarily distinct.
Therefore, a2 = (p1p2 . . . pn)( p1p2 . . . pn) = p2

1 p2
2 . . . p

2
n.

Now, we are given that p divides a2. Therefore, from the Fundamental Theorem of Arithmetic, it
follows that p is one of the prime factors of a2. However, using the uniqueness part of the
Fundamental Theorem of Arithmetic, we realise that the only prime factors of a2 are p1, p2, . . .,
pn. So p is one of p1, p2, . . ., pn.
Now, since a = p1 p2 . . . pn, p divides a.

We are now ready to give a proof that 2  is irrational.
The proof is based on a technique called ‘proof by contradiction’. (This technique is discussed
in some detail in Appendix 1).
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* úΘνÜχΚô∴ úΡôχ€ο ≅οΩ

7.  ΙÚ ↑ûΖΥôγÓ ƒΟ←ο ΙÚ ΞγΟ Ξ⁄Ξ ΣôûΘ Ιτß ∆ρΖÕ− úΜô±Υô 07
♣♥ΟδΚ↓ο ≅ûΘ Ñσ° ΞÚΞôρ− ς↑χÏ 01 ♣♥ΟδΚρ úΘûΞκΣÓ€[Õ− ΒÚΞÚλ
Ιúς ΒΟιƒο ΒÚϕÕ Ιúς úΡςιƒο ΡΟχΚ ùΘôΟδÏλúΣôÕ ΦιΘû∴ ♣♥ΟδΚÞχÏ
♦[Ï ≅ΞνΚρ ÁηÓλ ΜϕƒκΣôνΚρ>

1.3 ↑€Θ Ø[ô ΦηΚ↓τ ΤßΣôνûΞ

  ΙτΣΘôλ ΞÏκ♦ο ↑€ΘØ[ô ΦηΚûΖ Σσ°Ùλ ≅Θτ Ση×ΚûΖ Σσ°Ùλ Σ⁄ι¾νΚρ
úΤÛλ ↑ƒΘØß ΦηΚρ Τσßλ ↑€ΘØ[ô ΦηΚρ ΒςηÓλ úΜνϕÕ ΦκΣ⁄
ùΤµùΥηΚûΖ ∆ÚΞôχÏ€τ[∴ ΦτΣûΘ Σσ°Ùλ Σ⁄ιƒÚκÀνΚρ− ↑€ΘØ[ô
ΦηΚûΖ ΦκΣ⁄ Φη úΚôγ⁄τ ÁÕ Ï°ιÕχ ΚôγΟκΣÓ€[Õ ΦτΣûΘ Σσ°Ùλ
Σ⁄ιƒÚκÀνΚρ− Α∴ôο ↑€ΘØ[ô ΦηΚ↓τ ♣ìΣΠιûΘ Σσ° Σ⁄ιƒÚχΚΤôγúΟôλ−
ΒϕΘ ≅ιƒΥôΥιƒο ↑€ΘØ[ô ΦηΚρ+ ≅ΘôΞÕ 2 , 3 , 5  ùΣôÕΞôΚ p  ( p ΣΚô
Φη) Α€ΥΞσ°τ ♣ìΣΠιûΘ ΣôνχΚκúΣô€ú[ôλ− ΒϕΘ ♣ìΣΠδΚÞχΚôΚ ≅⁄κΣûΟ
Φη∞Υο úΘσ[ιûΘ ΣΥτΣÓιΘκúΣô€ú[ôλ−

‘s’ Φàλ ΦηûΠ ,p
q  ΒδÏ p ,q ØÝχΚρ q ¹ 0 Φàλ Ξ⁄↑ο ΦÝΘ Ø⁄Υô↑γΟôο

≅ûΘ ↑€ΘØ[ô Φη Φ∴ ≅ûΨχΚκΣÓΞûΘ ♣û∴Ü áßδΚρ− ΡΤχÏ Øτ∴úς
ùΘ↔ϕΘ ′Ω ↑€ΘØ[ô ΦηΚρ:

2 ,2, 3 , 15 , , 0.10110111011110 . . .
3

p - ,Φàλ ΣΩ.

2  Η ↑€ΘØ[ô Φη Φ∴ ♣ì♦χÏλ ØτΣôΚ ♦τΞÚλ úΘσ[λ ΡΤχÏ
úΘûΞκΣÓ€[Õ− ΒϕΘ úΘσ[ιƒτ ♣ìΣΠλ ≅⁄κΣûΟ Φη∞Υο úΘσ[ιûΘ êΩΤôΚ
ùΚôηÓρΖÕ−
úΘσ[λ 1.2 :  p ΙÚ ΣΚô Φη− a2Η p ΞÏχÏùΤ±ο, aûΞÙλ p ΞÏχÏλ− ΒδÏ a ΙÚ
♥ûΚ ØÝ−
*♣ìΣΠλ :  a τ ΣΚô Κôς∞ΥôχΚûΩ ♦τΞÚΤôß ΚÚÕúΞôλ−

a = p1p2 . . . pn, ΒδÏ p1,p2, . . ., pn ΣΚô ΦηΚρ Ιúς Τôƒ↔Υô∴ ΦηΚΖôΚ ΒÚχΚ
úΞη⁄Υ ≅Ξ′Υ♥οûΩ−
Φ∴úΞ+ a2 = (p1p2 . . . pn)( p1p2 . . . pn) = p2

1 p2
2 . . . p

2
n.

p Α∴Õ a2ûΞ ΞÏχÏλ Φ∴ ùΚôÓχΚκΣγÓρΖÕ− Φ∴úΞ ≅⁄κΣûΟ Φη∞Υο
úΘσ[κΣ⁄ p Α∴Õ a2τ ΙÚ ΣΚô Κôς∞− ≅⁄κΣûΟ ΦηΚ∞Θ úΘσ[ιûΘ Θ±ιÕΞιûΘ
ΣΥτΣÓιΘκΣÓλ úΣôÕ a2 τ ΣΚô Κôς∞ΥôÏλ− ΒκúΣôÕ p1, p2, . . ., pn.
Φ∴úΞ+ p1, p2, . . ., pnΚ↓ο pÙλ ΙÚ Κôς∞ΥôÏλ−
ΒκúΣôÕ+a = p1 p2 . . . pn, aΗ pΞÏχÏλ−

Ρôλ ΒκúΣôÕ 2  Φàλ ↑€ΘØ[ô Φη∞τ ♣ìΣΠιƒσÏ ΑÙιΘΤôΚ ∆ρúΖôλ−
ΒϕΘ ♣ìΣΠλ ‘ØςηΣôÓ Øû[ ♣ìΣΠλ’ Φàλ ∆χƒûΥ ΜôνϕΘÕ− (ΒϕΘ ∆χƒûΥ
Σσ° ♦τ ΒûΠκ×,0ο ↑ΞôƒχΚκΣγÓρΖÕ−)
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Theorem 1.3 : 2  is irrational.

Proof : Let us assume, to the contrary, that 2  is rational.

So, we can find integers r and s (¹ 0) such that 2  = r
s .

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

to get ,2 a
b

=  where a and b are coprime.

So, b 2  = a.

Squaring on both sides and rearranging, we get 2b2 = a2. Therefore, 2 divides a2.
Now, by Theorem 1.3, it follows that 2 divides a.
So, we can write a = 2c for some integer c.
Substituting for a, we get 2b2 = 4c2, that is, b2 = 2c2.
This means that 2 divides b2, 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 b have no common factors other than 1.

This contradiction has arisen because of our incorrect assumption that 2  is rational.

So, we conclude that 2  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 (¹ 0) such that 3  = a
b
×

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, 3b a= ×

Squaring on both sides, and rearranging, we get 3b2 = a2.
Therefore, a2 is divisible by 3, and by Theorem 1.3, it follows that a is also divisible by
3.
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b (b ¹ 0)

úΘσ[λ 1.3 : 2  ↑€ΘØ[ô Φη−

¾νÜ : ØςηΣôÓ Øû[ êΩλ 2  ↑€ΘØß Φη ΦτΚ−

2  = r
s .Φàλ Σ⁄  r  Τσßλ s (¹ 0) Φàλ ΒςηÓ ØÝχΚûΖ ΚηΟ°ΥΩôλ−

ΙÚ úΞûΖ r Τσßλ s 0Η Θ↑ς ùΣôÕ Κôς∞ ΓÕλ ΒοûΩ Φ±ο ΡΤχÏ €ûΟκΣÕ

,2 a
b

=  a + b ΜôνΣΚô ΦηΚρ−

 b 2  = a.

ΒÚ×[Øλ ΞνΚκΣÓιΘ ΡΤχÏ €ûΟκΣÕ 2b2 = a2− Φ∴úΞ a2Η 1 ΞÏχÏλ− úΘσ[λ 0−2
êΩλ a ûΞÙλ 1 ΞÏχÏλ−

Φ∴úΞ a = 2c  Φ∴ ΦÝΘΩôλ− (c ΙÚ ØÝ Φη).
aτ ΤƒκûΣ ♦ςƒ♠Ο Ρôλ ùΣßΞÕ+ 2b2 = 4c2, ≅ΘôΞÕ+ b2 = 2c2.
ΒΘτ ùΣôÚρ+ b2Η 1 ΞÏχÏλ− Φ∴úΞ bûΞÙλ 1 ΞÏχÏλ−  (úΘσ[λ 0−2τ Σ⁄).
Φ∴úΞ+ a Τσßλ b 1 Η ùΣôÕ Κôς∞ΥôΚ ùΣσ°ÚχΚ úΞηÓλ−

Α∴ôο ΒÕ a Τσßλ b 0Η Θ↑ς ΦϕΘùΞôÚ ùΣôÕ Κôς∞ûΥÙλ ùΣσ°ÚχΚ↑οûΩ
Φàλ áσßχÏ ØςηΣôΟ∴Õ−

ΒϕΘ ØςηΣôÓ 2 ↑€ΘØß Φη Φ∴ ΘΞ[ôΚ ΦÓιÕ ùΚôηΟΘτ ↑ûΖúΞΥôÏλ−

ΑûΚΥôο 2  ΙÚ ↑€ΘØ[ô Φη Φ∴ Ø⁄Ü ùΜµΥΩôλ−

ΦÓιÕχΚôγÓ 5 : 3  ↑€ΘØ[ô Φη Φ∴ ♣ì♦−

¾νÜ : ØςηΣôΟôΚ 3  Η ↑€ΘØß Φη Φ∴ ùΚôρúΞôλ−

Φ∴úΞ+ 3  = a
b
× Φàλ Σ⁄ a Τσßλ b (¹ 0) Φàλ ΒςηÓ ØÝχΚûΖ ΚηΟ°ΥΩôλ−

a Τσßλ b χÏ 0Η Θ↑ς úΞú[Õλ ùΣôÕ Κôς∞ ΒοûΩùΥ±ο a Τσßλ b ΜôνΣΚô
ΦηΚρ ΑÏλ−

Φ∴úΞ+ 3b a= ×

 ΒÚ×[Øλ ΞνΚκΣÓιΘ ΡΤχÏ €ûΟκΣÕ 3b2 = a2.
Φ∴úΞ+ a2 Η 2 ΞÏχÏλ úΘσ[λ 0−2τ Σ⁄ a ûΞÙλ 2 ΞÏχÏλ.
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So, we can write a = 3c for some integer c.
Substituting for a, we get 3b2 = 9c2, that is, b2 = 3c2.
This means that b2 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 :
l the sum or difference of a rational and an irrational number is irrational and
l 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.

That is, we can find coprime a and b (b ¹ 0) such that 5 3 a
b

- = ×

Therefore, 5 3a
b

- = ×

Rearranging this equation, we get 53 5 – a b a
b b

-
= = ×

Since a and b are integers, we get 5 – a
b

 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 3 2  is irrational.

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

That is, we can find coprime a and b (b ¹ 0) such that 3 2 a
b

= ×



1710 Αλ ΞÏκ×        Κ∞Θλ

ùΤµùΥηΚρ

Φ∴úΞ ΡΤχÏ €ûΟκΣÕ+ a = 3c + c ΙÚ ØÝ−

aτ ΤƒκûΣ ♦ςƒ♠Ο ΡΤχÏ €ûΟκΣÕ+ 3b2 = 9c2, ≅ΘôΞÕ, b2 = 3c2.
ΒΘτ ùΣôÚρ Φτ∴ùΞ±ο b2Η 2 ΞÏχÏλ− Φ∴úΞ b ûÙλ 2 ΞÏχÏλ−(úΘσ[λ
1.3τΣ⁄).
Φ∴úΞ+ a Τσßλ b Α€ΥûΞχÏ 2λ ΙÚ ùΣôÕ Κôς∞Υô€[Õ−
Α∴ôο ΒÕ a Τσßλ b Α€ΥûΞ ΜôνΣΚô ΦηΚρ Φàλ úΚôγΣôγÓχÏ ØςΠô∴Õ−

 3  ΙÚ ↑€ΘØß Φη Φ∴ ♣û∴ιÕ ùΚôηΟΘτ ↑ûΖΞôΚúΞ ΒϕΘ ØςηΣôÓ

ΦÝϕΘÕ− Φ∴úΞ 3  ↑€ΘØ[ô Φη−
   ΙτΣΘôλ ΞÏκ♦ο Ρôλ Ï°κ♦γΟΣ⁄9

l ΙÚ ↑€ΘØß Φη Τσßλ ↑€ΘØ[ô Φη∞τ áÓΘο ≅οΩÕ úΞßΣôÓ
ΦκúΣôÕλ ↑€ΘØ[ô Φη−

l éϖ≥ΥΤσ[ ΙÚ ↑€ΘØß Φη Τσßλ ΙÚ ↑€ΘØ[ô Φη∞τ ùΣÚχΚοΣΩτ
Τσßλ ΧÜ ↑€ΘØ[ô Φη ΑÏλ−

ΦÓιÕχΚôγÓ 6 : 5 – 3  ↑€Θ Ø[ô Φη Φ∴χΚôγÓ−

¾νÜ: ØςηΣôÓ Øû[♠τ êΩλ 5 – 3  ΙÚ ↑€ΘØß Φη ΦτΚ−

Φ∴úΞ+ 5 3 a
b

- = × ΦàλΣ⁄ a Τσßλ b (b ¹ 0)  Φàλ ΜôνΣΚô ΦηΚûΖ Ρôλ

ΚηΟ°ΥΩôλ−

Φ∴úΞ+ 5 3a
b

- = ×

ΜΤτΣôγûΟ Τôσ°ΥûΤχΚ ΡΤχÏ €ûΟκΣÕ 53 5 – a b a
b b

-
= = ×

 a +b ØÝχΚρ− Φ∴úΞ+ 5 – a
b

 ΙÚ ↑€ΘØß Φη− Φ∴úΞ ΒΘσÏ ΜΤΤô∴ 3  Ùλ ΙÚ

↑€ΘØß Φη−
ΒÕ 3  ↑€ΘØ[ô Φη Φàλ úΚôγΣôγ⁄σÏ ØςΠô∴Õ−

 5 – 3  ↑€ΘØß Φη Φ∴ ♣û∴ιÕ ùΚôηΟΘτ ↑ûΖΞôΚúΞ ΒϕΘ ØςηΣôÓ
ΓσΣγΟÕ−

Φ∴úΞ+5 3-  ΙÚ ↑€ΘØ[ô Φη Φ∴ Ø⁄Ü ùΜµΥΩôλ−

ΦÓιÕχΚôγÓ 7 : 3 2  ↑€ΘØ[ô Φη Φ∴χΚôγÓ−

¾νÜ: ØςηΣôÓ Øû[♠τ êΩλ 3 2  ↑€ΘØ[ô Φη ΦτΚ−

Φ∴úΞ+ 3 2 a
b

= × ΦàλΣ⁄ a Τσßλ b (b ¹ 0)  ΜôνΣΚô ΦηΚûΖ ùΣ[Ωôλ−
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Rearranging, we get 2
3
a
b

= ×

Since 3, a and b are integers, 
3
a
b

 is rational, and so 2  is rational.

But this contradicts the fact that 2  is irrational.

So, we conclude that 3 2  is irrational.

EXERCISE 1.2

1. Prove that 5  is irrational.

2. Prove that 3 2 5+  is irrational.

3. Prove that the following are irrationals :

(i) 1
2

(ii) 7 5 (iii) 6 2+

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 p is a prime and p divides a2, 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, q, r) × LCM (p, q, r) ¹ p × q × r, where p, q, r are positive integers
(see Example 8). However, the following results hold good for three numbers
p, q and r :

LCM (p, q, r) = HCF( , , )
HCF( , ) HCF( , ) HCF( , )

p q r p q r
p q q r p r

× × ×
× ×

HCF (p, q, r) = LCM( , , )
LCM( , ) LCM( , ) LCM( , )

p q r p q r
p q q r p r

× × ×
× ×
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Τôσ°ΥûΤχΚ ΡΤχÏ €ûΟκΣÕ 2
3
a
b

= ×

 3, a Τσßλ b Α€ΥûΞ ØÝχΚρ−Φ∴úΞ 
3
a
b

 ↑€ΘØß Φη−Φ∴úΞ 2 λ ↑€ΘØßΦη−

Α∴ôο ΒÕ 2  ↑€ΘØ[ô Φη Φàλ úΚôγΣôγ⁄σÏ ØςΠô∴Õ−

Φ∴úΞ+ 3 2  ↑€ΘØ[ô Φη ΑÏλ−

Σ♠σ′ 1.2

1. 5  ↑€ΘØ[ô Φη Φ∴ ♣ì♦−

2.  3 2 5+  ↑€ΘØ[ô Φη Φ∴ ♣ì♦−

3. ♦τΞÚΞ∴Ξσû[ ↑€ΘØ[ô Φη Φ∴ ♣ì♦−

(i) 1
2

(ii) 7 5 (iii) 6 2+

1.4 Ρôλ Κσ[ûΞ

ΒϕΘ ≅ιƒΥôΥιƒο ♦τΞÚΞ∴Ξσû[ Σσ° Σ⁄ιúΘôλ−:

1. ≅⁄κΣûΟ Φη∞Υο úΘσ[λ−

ΙπùΞôÚ ΣÏ ΦηûΠÙλ ΣΚô ΦηΚ↓τ ùΣÚχΚοΣΩ∴ôΚ ΦÝΘΩôλ− ΒÕ
Θ±ιÕΞΤô∴Õ− €ûΟχÏλ ΣΚô Κôς∞ΚûΖ Ξ↔ûΜ€ςΤκΣ⁄ ΦÝÕ€ú[ôλ−

2. p ΙÚ ΣΚô Φη p Α∴Õ a2 Η ΞÏχÏλ Φ±ο p  Α∴Õ a ûΞÙλ ΞÏχÏλ ΒδÏ
a ΦτΣÕ ♥ûΚ ØÝ−

3. 2, 3  ↑€ΘØ[ô ΦηΚ↓τ ♣ìΣΠλ−

ΚσúΣô↔τ ΚΞ∴ιƒσÏ

( p, q, r)τ Á−ùΣô−Κô− ×  (p, q, r)τ Á−′−Τ− ¹ p × q × r ΒδÏ p, q, r ♥ûΚ
ØÝχΚρ ∋ΦÓιÕχΚôγÓ 7Η ΣôνχΚÜλ( Φ∴ ΡΤχÏ ùΘ↔Ùλ Α∴ôÛλ
♦τΞÚλ ∆[Ξô∴Õ  p, q Τσßλ r Φàλ êτß ΦηΚÞχΚô∴ ′[κΣô∴
Ιτß:

(p, q, r)τ Á−′−Τ− =

(p, q, r)τ Á−ùΣô−Κô− =

p, q. r. (p, q, r)τ Á−ùΣô−Κô−

(p, q)τ Á−ùΣô−Κô− −(q, r)τ Á−ùΣô−Κô− −(p, r)τ Á−ùΣô−Κô−

p, q. r. (p, q, r)τ Á−′−Τ

(p, q)τ Á−′−Τ− − (q, r)τ Á−′−Τ− − (p, r)τ Á−′−Τ−
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2
2.1 Introduction

In Class IX, 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, 2y2 – 3y + 4 is a
polynomial in the variable y of degree 2, 5x3 – 4x2 + x – 2  is a polynomial in the variable x of

degree 3 and 7u6 – 4 23 4 8
2

u u u+ + -  is a polynomial in the variable u of degree 6. Expressions

like 1
1x -

, 2x + , 2
1
2 3x x+ +

 etc., are not polynomials.

A polynomial of degree 1 is called a linear polynomial. For example, 2x – 3, 3 5,x +

2y + , 2
11

x - , 3z + 4, 2 1
3

u + , etc.,  are all linear polynomials. Polynomials such as 2x + 5 – x2,

x3 + 1, etc., 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’. 2 2 ,2 3
5

x x+ -  y2 – 2, 22 3 ,x x- +

2 2 22 12 5, 5 , 4
3 3 7
u u v v z- + - +  are some examples of quadratic polynomials (whose coefficients

are real numbers). More generally, any quadratic polynomial in x is of the form ax2 + bx + c,
where a, b, c are real numbers and a ¹ 0. A polynomial of degree 3 is called a cubic polynomial.

POLYNOMIALS
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2
2.1 ≅°ØΚλ

Ρôλ IX Αλ ΞÏκ♦ο ΙÚ Τô°ûΥ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ♠τ Σ⁄ûΥ
Σ⁄ιƒÚχ€ú[ôλ− p(x) ΦτΣÕ x Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ Φ±ο x τ
♥ΚκùΣ↔Υ ≅ÓχûΚ Ρôλ p(x) úΚôûΞ♠τ Σ⁄ Φτ€ú[ôλ ΦτΣûΘ ♣û∴Ü áνΚ−
ΦÓιÕχΚôγΟôΚ 4x + 2 ΦτΣÕ x Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ− ΒΘτ Σ⁄ 1,
2y2 –  3y +  4  ΦτΣÕ y Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ− ΒΘτ Σ⁄ 2,
5x3 – 4x2 + x – 2  ΦτΣÕ x Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ− ΒΘτ Σ⁄ 3

Τσßλ 7u6 – 4 23 4 8
2

u u u+ + -  ΦτΣÕ u Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ− ΒΘτ

Σ⁄ 6. Α∴ôο 1
1x -

, 2x + , 2
1
2 3x x+ +

 úΣôτ[ûΞ ΣοÛßκ×χ úΚôûΞΚρ ≅οΩ.

1 Η Σ⁄ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ úΡ↔Υ ΣοÛßκ× úΚôûΞ Φ∴κΣÓλ−

2x – 3, 3 5,x +  2y + , 2
11

x - , 3z + 4, 2 1
3

u + , úΣôτ[ûΞ úΡ↔Υ ΣοÛßκ×χ úΚôûΞχÏ

ΦÓιÕχΚôγΟôÏλ− 2x + 5 – x2, x3 + 1, úΣôτ[ûΞ úΡ↔Υ ΣοÛßκ×χ úΚôûΞΚρ ≅οΩ.

2 Η Σ⁄ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞΚρ ΒÚΣ⁄ ΣοÛßκ× úΚôûΞ ΑÏλ−
‘quadratic’ Φτ[ ùΜôο ‘quadrate’ Φàλ ùΜôο←←ÚϕÕ ΞϕΘÕ− ΒΘτ ùΣôÚρ ‘ΞνχΚλ’

ΑÏλ. 2 2 ,2 3
5

x x+ -  y2 – 2, 22 3 ,x x- +  2 2 22 12 5, 5 , 4
3 3 7
u u v v z- + - +  úΣôτ[ûΞ ΒÚΣ⁄

ΣοÛßκ×χ úΚôûΞχÏ ′Ω ∆ΘôςΠδΚρ ΑÏλ− (ΒΞσ°τ ùΚÝχΚρ ùΤµ ΦηΚρ
ΑÏλ).      ax2 + bx + c ΦτΣÕ x Η Τô°ΥôΚ ùΚôηΟ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ
ùΣôÕ Ξ⁄Ξλ ΑÏλ− ΒδÏ a, b, c Α€ΥûΞ ùΤµ ΦηΚρ úΤÛλ a ¹ 0. Σ⁄ 3 Η ∆ûΟΥ
ΣοÛßκ×χ úΚôûΞ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ Φ∴κΣÓλ.

ΣοÛßκ×χ úΚôûΞΚρ
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Some examples of  a cubic polynomial are 2 – x3, x3, 32 ,x  3 – x2 + x3, 3x3 – 2x2 + x – 1. In fact,
the most general form of a cubic polynomial is

ax3 + bx2 + cx + d,

where, a, b, c, d are real numbers and a ¹ 0.

Now consider the polynomial p(x) = x2 – 3x – 4. Then, putting x = 2 in the polynomial, we
get p(2) = 22 – 3 × 2 – 4 = – 6. The value ‘– 6’, obtained by replacing x by 2 in x2 – 3x – 4, is the
value of x2 – 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), is called the value of p(x) at x = k, and is denoted by p(k).

What is the value of p(x) = x2 –3x – 4 at x = –1? We have :

p(–1) = (–1)2 –{3 × (–1)} – 4 = 0

Also, note that p(4) = 42 – (3 ´ 4) – 4 = 0.

As p(–1) = 0 and p(4) = 0, –1 and 4 are called the zeroes of the quadratic polynomial x2 –
3x – 4. More generally, a real number k 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  k is  a  zero of p(x)  =  2x + 3, then p(k)  = 0 gives us

2k + 3 = 0, i.e., k = 3
2

- ×

In general, if k is a zero of p(x) = ax + b, then p(k) = ak + b = 0, i.e., bk
a

-
= ×  So, the zero

of the linear polynomial ax + b is (Constant term)
Coefficient of

b
a 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 k 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.



2310 Αλ ΞÏκ×           Κ∞Θλ

ΣοÛßκ×χúΚôûΞΚρ

2 – x3, x3, 32 ,x  3 – x2 + x3,  3x3 – 2x2 + x – 1 úΣôτ[ûΞ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ
′Ω ΦÓιÕχΚôγÓΚρ ΑÏλ. ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ ùΣôÕ Ξ⁄Ξλ

ax3 + bx2 + cx + d ΑÏλ,
ΒδÏ a, b, c, d Α€ΥûΞ ùΤµ ΦηΚρ úΤÛλ a ¹ 0.

ΒκúΣôÕ p(x) = x2 – 3x – 4 Φτ[ ΣοÛßκ×χ úΚôûΞûΥ ΦÓιÕχ ùΚôρúΞôλ−
ΒδÏ x = 2 Φ∴ ♦ςƒ♠γΟôο p(2) = 22 – 3 × 2 – 4 = – 6 Φ∴ ΡΤχÏ €ûΟχÏλ. x2 – 3x – 4
Φτ[ ΣοÛßκ×χ úΚôûΞ♠ο  x χÏ ΣƒΩôΚ 2 Η ♦ςƒ♠γΟôο ΒΘτ Τƒκ× ‘– 6’−
ΒúΘúΣôο x = 0 ΦàλúΣôÕ p(x) τ Τƒκ× p(0) = – 4 ΑÏλ.

p(x) ΦτΣÕ x Η Τô°ΥôΚ ùΚôηΟ ΣοÛßκ×χ úΚôûΞ úΤÛλ k ΦτΣÕ ΙÚ ùΤµ
Φη Φ±ο p(x) ο x χÏ ΣƒΩôΚ k Η ♦ςƒ♠Ο €ûΟχÏλ Τƒκ× p(k) Φ∴ ΦÝÕ€ú[ôλ.

x = –1 Φ±ο p(x) = x2 –3x – 4 τ Τƒκ× Φτ∴?
p(–1) = (–1)2 –{3 × (–1)} – 4 = 0

ΒúΘúΣôο+ p(4) = 42 – (3 ´ 4) – 4 = 0.
p(–1) = 0 Τσßλ p(4) = 0, Φ∴úΞ –1 Τσßλ 4 ΦτΣûΞ x2 –  3x – 4 Φτ[ ΒÚΣ⁄

ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ Φ∴κΣÓλ− ùΣôÕΞôΚ p(x) Φàλ ΣοÛßκ×χ
úΚôûΞ♠ο ΓúΘàλ ΙÚ ùΤµùΥη k χÏ p(k) = 0 Φ±ο k ΦτΣÕ ≅χúΚôûΞ♠τ
éϖ≥Υλ Φ∴κΣÓλ.

úΡ↔Υ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥιûΘ ΦπΞôß ΚηÓ♦⁄κΣÕ Φ∴ IX λ
ΞÏκ♦ο Κσ°Úχ€ú[ôλ− ∆ΘôςΠΤôΚ p(x) = 2x + 3 Φàλ ΣοÛßκ×χ úΚôûΞ♠τ

éϖ≥Υλ k Φ±ο p(k) = 0 ≅ΘôΞÕ 2k + 3 = 0, úΤÛλ k = 3
2

- ×

ùΣôÕΞôΚ k ΦτΣÕ p(x) = ax + b τ éϖ≥Υλ Φ±ο p(k) = ak + b = 0, ≅ΘôΞÕ,
bk

a
-

= ×  Φ∴úΞ+ úΡ↔Υ ΣοÛßκ×χ úΚôûΞ ax + b τ éϖ≥Υλ (Constant term)
Coefficient of

b
a x

- -
= .

Φ∴úΞ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥Υλ ≅Θτ ùΚÝχΚÞΟτ ùΘôΟν×ûΟΥÕ−
∆Υν ≅ÓχÏ ΣοÛßκ×χ úΚôûΞΚ↓τ éϖ≥ΥδΚÞλ ≅ûΞΚ↓τ ùΚÝχΚ↓τ ÁÕ
ΑΘôςκΣγÓρΖΘô? ∆ΘôςΠΤôΚ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚÞχÏλ
≅Ξσ°τ ùΚÝχΚÞχÏλ ΒûΟúΥ ùΘôΟν× ∆ρΖΘô?

ΒϕΘ ≅ιƒΥôΥιƒο ΒϕΘ úΚρ↑χÏ ΣƒûΩ ΚôΠ Ρôλ ØΥσ′ ùΜµúΞôλ−
úΤÛλ ΣοÛßκ×χ úΚôûΞ♠τ ΞÏιΘο ùΜµΞ→ûΥκ Σσ° ΚσúΣôλ.

2.2 ΣοÛßκ×χ úΚôûΞ éϖ≥ΥδΚ↓τ Ξ⁄↑Υο ùΣôÚρ

p(x) Φàλ ΣοÛßκ×χ úΚôûΞχÏ k ΓúΘàλ ΙÚ ùΤµùΥη p(k) = 0 Φ±ο p(x) τ
éϖ≥Υλ Φτ€ú[ôλ− Α∴ôο ΙÚ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ Γτ
Øχ€ΥιÕΞλ ΞôµϕΘûΞ? ΒΘσÏ Σƒο ≅°Υ Ρôλ ΒκúΣôÕ úΡ↔Υ Τσßλ ΒÚΣ⁄
úΚôûΞΚ↓τ ΞûςΣΟ ↑ΖχΚδΚρ úΤÛλ ≅Ξσ°τ éϖ≥ΥδΚ↓τ Ξ⁄↑Υο
ùΣôÚûΖκ Σσ° ΣôνκúΣôλ−

Τô°← ∆ßκ×
x τ ùΚÝ
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Consider first a linear polynomial ax + b, a ¹ 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

y = 2x + 3 –1 7

From Fig. 2.1, you can see that
the graph of y = 2x + 3 intersects the
x-axis mid-way between x = –1 and
x = – 2,

that is, at the point 3 , 0
2

æ ö-ç ÷
è ø

.

You also know that the zero of

2x + 3 is 3
2

- . Thus, the zero of the

polynomial 2x + 3 is the
x-coordinate of the point where the
graph of y = 2x + 3 intersects the x-
axis.

In general, for a linear polynomial ax + b, a ¹ 0, the graph of y = ax + b is a straight line

which intersects the x-axis at exactly one point, namely, , 0b
a

-æ ö
ç ÷
è ø

. Therefore, the linear

polynomial ax + b, a ¹ 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 x2 – 3x – 4. Let us see what the graph* of y = x2 – 3x – 4 looks like. Let
us list  a few values of y = x2 – 3x – 4 corresponding to a few values for x as given in Table 2.1.

Fig. 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 ¹ 0 Φàλ úΡ↔Υ ΜΤτΣôγûΟ ΚΞ±− y = ax + b Φàλ úΡ↔Υ úΚôûΞ♠τ
ΞûςΣΟλ ΙÚ úΡνχúΚôÓ Φ∴ IX λ ΞÏκ♦ο Σ⁄ιÕρúΖôλ− ∆ΘôςΠΤôΚ y = 2x + 3
Φàλ ΣοÛßκ×χ úΚôûΞ♠τ ΞûςΣΟλ ΙÚ úΡνχúΚôÓ úΤÛλ ΒÕ (– 2, –1) Τσßλ
(2, 7) Φàλ ×ρ↓Κρ Ξ→úΥ ùΜο€[Õ.

x –2 2

y = 2x + 3 –1 7

ΣΟλ.2.1 Η ΚΞ±χÏλ úΣôÕ+
y = 2x + 3 τ ΞûςΣΟλ x-≅εûΜ
x = –1 úΤÛλ x = – 2, χÏ ΒûΟúΥ

ùΞγÓ€[Õ− ≅ΘôΞÕ 3 , 0
2

æ ö-ç ÷
è ø

 ο

ùΞγÓ€[Õ− ΑΚúΞ x = 3
2

-  ΦτΣÕ

2x + 3 Φàλ ΣοÛßκ×χ
úΚôûΞ♠τ éϖ≥Υλ ΑÏλ−
≅ΘôΞÕ 2x + 3 Φàλ ΣοÛßκ×χ
úΚôûΞ♠τ éϖ≥Υλ ΦτΣÕ y =
2x + 3 Φàλ úΡνχúΚôÓ x-≅εûΜ
ùΞγÓλ ×ρ↓♠τ  x-≅εÑ
çςΤôÏλ.

ùΣôÕΞôΚ ax + b, a ¹ 0 Φàλ úΡ↔Υ ΣοÛßκ×χ úΚôûΞχÏ y = ax + b ΞûςΣΟλ ΙÚ

úΡνχúΚôγûΟ Ï°χ€[Õ− úΤÛλ ΒχúΚôÓ x-≅εûΜ , 0b
a

-æ ö
ç ÷
è ø

 Φàλ Ιúς ΙÚ ×ρ↓♠ο

ΤγÓλ ùΞγÓλ− Φ∴úΞ ax + b, a ¹ 0 Φàλ úΡ↔Υ ΣοÛßκ×χ úΚôûΞ♠τ Ιúς ΙÚ
éϖ≥Υ Τƒκ× ΦτΣÕ y = ax + b Φàλ úΡνχúΚôÓ x-≅εûΜ ùΞγÓλ ×ρ↓♠τ x-≅εÑ
çςΤôÏλ.

Ρôλ ΒκúΣôÕ ΒÚΣ⁄χ úΚôûΞ♠τ éϖ≥ΥδΚÞχΚô∴ Ξ⁄↑Υο ùΣôÚûΖ ùΘ↔ϕÕ
ùΚôρΖΩôλ− x2 – 3x – 4 Φàλ ΒÚΣ⁄χ úΚôûΞûΥ ΦÓιÕχ ùΚôρúΞôλ−  y = x2 – 3x – 4 τ
ΞûςΣΟλ* ΦκΣ⁄ ΒÚχÏλ Φ∴ Ρôλ ΣôνκúΣôλ− ≅γΟΞûΠ 2.1 ο Κôγ⁄ΥΞôß    x τ
′Ω Τƒκ×ΚÞχÏ y = x2 – 3x – 4 τ ′Ω Τƒκ×ΚûΖ Σγ⁄Υ←ÓúΞôλ.

ΣΟλ. 2.1

* ΒÚΣ⁄ Τσßλ ØκΣ⁄ ΣοÛßκ× úΚôûΞΚ↓τ ΞûςΣΟλ ΞûςúΞôλ
ΦτΣΘτ ùΣôÚρ ΤôΠΞνΚρ ΞûςΥ úΞηÓùΤτΣΘοΩ− ≅ΘôΞÕ
ΤôΠΞνΚûΖ Τƒκ♦Óλ úΡôχ€ο ≅οΩ−
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Table 2.1

x – 2 –1 0 1 2 3 4 5

y = x2 – 3x –  4 6 0 – 4 – 6 – 6 – 4 0 6

If we locate the points listed above
on a graph paper and draw the graph, it
will actually look like the one given in
Fig. 2.2.

In fact, for any quadratic polynomial
ax2 + bx + c, a ¹ 0, the graph of the
corresponding equation y = ax2 + bx + c
has one of the two shapes either open
upwards like  or open downwards like

 depending on whether a > 0 or a < 0.
(These curves are called parabolas.)

You can see from Table 2.1 that –1
and 4 are zeroes of the quadratic
polynomial.Also note from Fig. 2.2 that
–1 and 4 are the x-coordinates of the
points where the graph of y = x2 – 3x – 4
intersects the x-axis. Thus, the zeroes of
the quadratic polynomial x2 – 3x – 4 are
x-coordinates of the points where the
graph of y = x2 – 3x – 4 intersects the
x-axis.

This fact is true for any quadratic polynomial, i.e., the zeroes of a quadratic polynomial
ax2 + bx + c, a ¹ 0, are precisely the x-coordinates of the points where the parabola representing
y = ax2 + bx + c intersects the x-axis.

From our observation earlier about the shape of the graph of y = ax2 + bx + c, the following
three cases can happen:

Fig. 2.2
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≅γΟΞûΠ 2.1

x – 2 –1 0 1 2 3 4 5

y = x2 – 3x –  4 6 0 – 4 – 6 – 6 – 4 0 6

≅γΟΞûΠ♠ÛρΖ ×ρ↓ΚûΖ
ΞûςΣΟιƒο Ï°ιÕ ΞûςΣΟλ
ΞûςúΞôλ −  ΒÕ  •úΨ
ùΚôÓχΚκΣγÓρΖ ΣΟλ.2.2 Η úΣôο
ΒÚχÏλ.

ΓúΘàλ ΙÚ ΒÚΣ⁄ úΚôûΞ
ax2 + bx + c, a ¹ 0 χÏ ΙιΘ y = ax2 + bx
+ c Φτ[ ΜΤτΣôγ⁄τ ΞûςΣΟλ 
Ξ⁄Ξιƒο úΤσ×[ΤôΚ ƒ[ϕúΘô
≅οΩÕ   Ξ⁄Ξιƒο •θ×[ΤôΚ
ƒ[ϕúΘô ΚôΠκΣÓλ− ΒϕΘ ΞûΖÜ
a >  0  ≅οΩÕ  a <  0  Τƒκ×ΚûΖ
ΜôνϕƒÚχÏλ .  (ΒϕΘ ΞûΖÜ
≅ûΤκûΣ Ρôλ  ΣςΞûΖΥλ
Φτ€ú[ôλ.)

≅γΟΞûΠ  2.1 Η Ρôλ
ΣôνιúΘôΤô∴ôο+ ùΚôÓχΚκΣγΟ
ΒÚΣ⁄ úΚôûΞ♠ο éϖ≥ΥδΚρ –1
úΤÛλ 4 Φ∴ ≅°ΥΩôλ− úΤÛλ ΣΟλ
2.2 ο –1 Τσßλ 4 ΦτΣûΞ x-≅εûΜ
ùΞγÓλ ×ρ↓Κρ ΑÏλ− y = x2 – 3x –
4 Φàλ ΞûςΣΟιƒο  x -≅εûΜ
ùΞγÓλ ×ρ↓Κρ ≅ϕΘ ΒÚΣ⁄
ΜΤτΣôγ⁄τ éϖ≥ΥδΚρ ΑÏλ− x2

–  3x – 4 Φàλ ΒÚΣ⁄ úΚôûΞ♠τ
éϖ≥ΥδΚρ y = x2 –  3x – 4 Φàλ
ΞûςΣΟλ x-≅εûΜ ùΞγÓλ x-≅εÑ
çςδΚρ ΑÏλ.

ΒÕ ≅û∴ιÕ ΒÚΣ⁄ ΣοÛßκ× úΚôûΞΚÞχÏλ ∆ηûΤΥôÏλ− ≅ΘôΞÕ ax2 +
bx + c, a ¹ 0 Φàλ ΒÚΣ⁄ úΚôûΞ♠τ éϖ≥ΥδΚρ y = ax2 + bx + c, x-≅εûΜ ùΞγÓλ
×ρ↓♠τ x-≅εÑ çςδΚρ ΑÏλ.

Ρôλ úΤσΚηΟΞσ°←ÚϕÕ y = ax2 + bx + c τ ΞûςΣΟιûΘ •θΚôÔλ êτß
ΞûΚΚ↓ο ΞûΚκΣÓιΘΩôλ:

ΣΟλ. 2.2
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Case (i) : Here, the graph cuts x-axis at two distinct points A and A¢.

The x-coordinates of A and A¢ are the two zeroes of the quadratic polynomial ax2 + bx + c
in this case (see Fig. 2.3).

Fig. 2.3

Case (ii) : Here, the graph cuts the x-axis at exactly one point, i.e., at two coincident points. So,
the two points A and A¢ of Case (i) coincide here to become one point A (see Fig. 2.4).

Fig. 2.4
The x-coordinate of A is the only zero for the quadratic polynomial ax2 + bx + c in this

case.
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ΞûΚ (i) : ΒϕΘ ΞûΚ ΞûςΣΟλ x-≅εûΜ A Τσßλ A¢ Φàλ ΒςηÓ ùΞπúΞß ×ρ↓Κ↓ο
ùΞγÓ€[Õ.

ΒδÏ A Τσßλ A¢ ×ρ↓Κ↓τ x-≅εÑ çςδΚρ ax2 + bx + c Φτ[ ΒÚΣ⁄χ
úΚôûΞ♠τ ΒςηÓ éϖ≥ΥδΚρ ΑÏλ (ΣΟλ. 2.3 Η Σôν).

ΣΟλ. 2.3

ΞûΚ (ii) : ΒϕΘ ΞûΚ♠ο ΞûςΣΟλ x-≅εûΜ Ιúς ΙÚ ×ρ↓♠ο ùΘôÓ€[Õ− ≅ΘôΞÕ+
ΒςηÓ Ιτ°Υ ×ρ↓Κρ− Φ∴úΞ A Τσßλ A¢ ×ρ↓Κρ ΞûΚ (i) ο Ιτ° Ιúς ×ρ↓ A
ΑΚ Τôß€[Õ (ΣΟλ. 2.4 Η Σôν).

ΣΟλ. 2.4
ΒϕΘ ΞûΚ♠ο ax2 + bx + c Φàλ ΒÚΣ⁄ úΚôûΞχÏ A ↑τ x-≅εÑ çςλ Ιúς ΙÚ

éϖ≥Υλ Α€[Õ.
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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).

Fig. 2.5

So, the quadratic polynomial ax2 + bx + c has no zero in this case.

So, you can see geometrically that a quadratic polynomial can have either two distinct
zeroes or two equal zeroes (i.e., one zero), or no zero. This also means that a polynomial of
degree 2 has atmost two zeroes.

Now, what do you expect the geometrical meaning of the zeroes of a cubic polynomial to
be? Let us find out. Consider the cubic polynomial x3 – 4x. To see what the graph of y = x3 – 4x
looks like, let us list a few values of y corresponding to a few values for x as shown in Table 2.2.

Table 2.2

x –2 –1 0 1 2

y = x3 – 4x 0 3 0 –3 0

Locating the points of the table on a graph paper and drawing the graph, we see that the
graph of y = x3 – 4x actually looks like the one given in Fig. 2.6.
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ΞûΚ (iii) : ΒδÏ ΞûςΣΟλ ØÝΞÕλ x-≅εÑχÏ úΤΩôΚúΞô ≅οΩÕ x-≅εÑχÏ
•ΨôΚúΞô x-≅εûΜ ùΞγΟôΤο ∆ρΖÕ (ΣΟλ. 2.5 Η Σôν).

ΣΟλ. 2.5

Φ∴úΞ+ ΒπΞûΚ ΒÚΣ⁄ úΚôûΞ ax2 + bx + c χÏ éϖ≥ΥδΚρ ΒοûΩ.

úΤσΚôÔλ Ξ⁄↑Υο ãθ♣ûΩΚ↓ο ΒÚϕÕ ϑν ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ
ΒςηÓ ùΞπúΞ[ô∴ éϖ≥ΥδΚρ ≅οΩÕ ΒÚ ΜΤΤô∴ éϖ≥ΥδΚρ (≅ΘôΞÕ Ιúς ΙÚ
éϖ≥Υλ) ≅οΩÕ éϖ≥ΥδΚρ ΒοΩôΤο ΒÚχΚΩôλ− ΒΘτ ΚÚιÕ Φτ∴ùΞ±ο Σ⁄ 2
Η ùΚôηΟ ΙÚ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ ≅ƒΚΣγΜλ ΒςηÓ éϖ≥ΥδΚρ ΒÚχÏλ.

ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚ↓τ Ξ⁄↑Υο Øû[♠ο ×↔ϕÕùΚôρΖ
¿ ΦƒνΣôνκΣÕ Φτ∴? x3 – 4x Φτ[ ΙÚ ØκΣ⁄ úΚôûΞûΥ ΦÓιÕχùΚôρúΞôλ− y = x3

– 4x τ ΞûςΣΟλ ΦπΞôß ΒÚχÏλ ΦτΣûΘ ΣôνχΚ ≅γΟΞûΠ 2.2 ο ∆ρΖΞôß x
χÏ ′Ω Τƒκ×ΚûΖ ùΚôÓιÕ ≅ΘσÏ ΙιΘ y Τƒκ×ΚûΖ ΚôηúΣôλ.

≅γΟΞûΠ 2.2

x –2 –1 0 1 2

y = x3 – 4x 0 3 0 –3 0

≅γΟΞûΠ♠ÛρΖ ×ρ↓ΚûΖ ΞûςΣΟιƒο Ï°ιÕ ΞûςΣΟλ ΞûςúΞôλ− y = x3 –
4x τ ΞûςΣΟλ ΣΟλ. 2.6 ο ∆ρΖÕ úΣôτß ΒÚχÏλ.
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We see from the table above that – 2, 0
and 2 are zeroes of the cubic polynomial
x3 – 4x. Observe that – 2, 0 and 2 are, in fact,
the x-coordinates of the only points where
the graph of y = x3 –  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 x3 and
x3 – x2. We draw the graphs of y = x3 and
y = x3 – x2 in Fig. 2.7 and Fig. 2.8
respectively.

Fig. 2.7 Fig. 2.8

Fig. 2.6
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x3 –  4x Φàλ ØκΣ⁄ ΣοÛßκ×χ
úΚôûΞχÏ – 2, 0 Τσßλ 2 ΦτΣûΞ
éϖ≥ΥδΚρ Φ∴ ≅°ΥΩôλ− y = x3 – 4x
Φàλ ΞûςΣΟλ x-≅εûΜ ùΞγÓλ
×ρ↓Κ↓τ x-  ≅εÑ çςδΚρ – 2,  0
Τσßλ 2 ΑÏλ− ΒϕΘ ΞûΖÜ x-≅εûΜ
3 ×ρ↓Κ↓ο ΤγÓλ ùΞγÓ€τ[∴− x-
≅ε′τ ≅εÑ çςδΚρ ΣοÛßκ×χ
úΚôûΞ♠τ éϖ≥ΥδΚρ ΑÏλ.

úΤÛλ ′Ω ΦÓιÕχΚôγÓΚûΖ
ΣôνκúΣôλ− ØκΣ⁄ ΣοÛßκ×χ
úΚôûΞΚρ x3 Τσßλ x3 – x2 Α€ΥΞσû[
ΦÓιÕχùΚôρúΞôλ− ΣΟλ 2.7 Τσßλ ΣΟλ
2.8 ο ∆ρΖΞôß y = x3 Τσßλ y = x3 – x2

ΞûςΣΟιûΘ ΞûςúΞôλ.

ΣΟλ. 2.7 ΣΟλ. 2.8

ΣΟλ. 2.6
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Note that 0 is the only zero of the polynomial x3. Also, from Fig. 2.7, you can see that 0 is
the x - coordinate of the only point where the graph of y = x3 intersects the
x-axis. Similarly, since x3 – x2 = x2 (x – 1),  0 and 1 are the only zeroes of the polynomial x3 – x2.
Also, from Fig. 2.8, these values are the x-coordinates of the only points where the graph of
y = x3 – x2 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).

Fig. 2.9

Solution :
(i) The number of zeroes is 1 as the graph intersects the x-axis at one point only.

(ii) The number of zeroes is 2 as the graph intersects the x-axis at two points.
(iii) The number of zeroes is 3. (Why?)

O OO

O OO

 (i)



3510 Αλ ΞÏκ×           Κ∞Θλ

ΣοÛßκ×χúΚôûΞΚρ

ΣΟλ 2.7 ←ÚϕÕ x3 Φàλ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥Υλ 0 ΤγÓλ ΦτΣûΘ
ΚΞ±χΚ− y = x3 ΞûςΣΟιƒο x-≅εûΜ 0 Φτ[ Ιúς ΙÚ ×ρ↓♠ο ΤγÓλ ùΞγÓ€[Õ−
ΒπΞôú[ y = x3 – x2 = x2 (x – 1), x3 – x2 Φτ[ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ 0
Τσßλ 1 ΑÏλ− ΣΟλ.2.8 ←ÚϕÕ y = x3 – x2 Φτ[ ΞûςΣΟλ x-≅εûΜ ùΞγÓλ ×ρ↓Κ↓τ
x-≅εÑ çςδΚρ éϖ≥ΥδΚρ ΑÏλ.

úΤσΚôÔλ ∆ΘôςΠδΚρ êΩλ ΙÚ ØκΣ⁄ úΚôûΞχÏ ≅ƒΚΣγΜλ 3 éϖ≥ΥδΚρ
ΒÚχÏλ  Φ∴ ≅°ΥΩôλ−  ≅ΘôΞÕ  Σ⁄ 3 ΑΚ ùΚôηΟ ΓúΘàλ ΙÚ ΣοÛßκ×χ
úΚôûΞχÏ ≅ƒΚΣγΜΤôΚ 3 éϖ≥Υλ ΤγÓλ ΒÚχÏλ.
Ï°κ× : ùΣôÕΞôΚ, n Σ⁄ ùΚôηΟ ΙÚ ΣοÛßκ×χ úΚôûΞ p(x), y = p(x) Φτ[ ΞûςΣΟλ
x-≅εûΜ ≅ƒΚΣγΜΤôΚ n ×ρ↓Κ↓ο ùΞγÓλ Φ∴χá[Ωôλ− Φ∴úΞ n Η Σ⁄ΥôΚ ùΚôηΟ
ΣοÛßκ×χ úΚôûΞ p(x) χÏ ≅ƒΚΣγΜΤôΚ n éϖ≥ΥδΚρ ΒÚχÏλ.

ΦÓιÕχΚôγÓ 1 : •úΨ ùΚôÓχΚκΣγÓρΖ ΞûςΣΟδΚρ.2.9 Η ΚΞ±− ΙπùΞôτßλ y =
p(x) τ ΞûςΣΟλ ΑÏλ− ΒδÏ p(x) ΦτΣÕ ΣοÛßκ×χ úΚôûΞ ΑÏλ− ΙπùΞôÚ
ΞûςΣΟιƒ←ÚϕÕ p(x) τ éϖ≥Υ Τƒκ×ΚûΖχ ΚηÓ♦⁄ÙδΚρ.

ΣΟλ. 2.9

¾νÜ :
(i) ΞûςΣΟλ x-≅εûΜ Ιúς ΙÚ ×ρ↓♠ο ùΞγÓ€[Õ− Φ∴úΞ éϖ≥ΥδΚ↓τ Φη∞χûΚ 1.

(ii) ΞûςΣΟλ x-≅εûΜ ΒςηÓ ×ρ↓Κ↓ο ùΞγÓ€[Õ− Φ∴úΞ éϖ≥ΥδΚ↓τ Φη∞χûΚ 2.
(iii) éϖ≥ΥδΚ↓τ Φη∞χûΚ 3. (Γτ?)

O OO

O OO

 (i)
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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 some polynomials p(x). Find the
number of zeroes of p(x), in each case.

Fig. 2.10
2.3 Relationship between Zeroes and Coefficients of a Polynomial

You have already seen that zero of a linear polynomial ax + b is b
a- . We will now try to answer

the question raised 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) = 2x2 – 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 × 2x2 = 12x2. So, we write

2x2 – 8x + 6 = 2x2 – 6x – 2x + 6 = 2x(x – 3) – 2(x – 3)
= (2x – 2)(x – 3) = 2(x – 1) (x – 3)
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(iv) éϖ≥ΥδΚ↓τ Φη∞χûΚ 1. (Γτ?)
(v) éϖ≥ΥδΚ↓τ Φη∞χûΚ 1. (Γτ?)

(vi) éϖ≥ΥδΚ↓τ Φη∞χûΚ 4. (Γτ?)
Σ♠σ′ 2.1

1. •úΨ ùΚôÓχΚκΣγÓρΖ 2.10 ο ∆ρΖ ΣΟδΚρ  y = p(x) τ ΞûςΣΟδΚρ ΑÏλ−

p(x) τ éϖ≥ΥδΚ↓τ Φη∞χûΚûΥ ΚηÓ♦⁄.

ΣΟλ. 2.10
2.3 ΣοÛßκ×χ úΚôûΞ♠τ ùΚÝχΚÞχÏλ éϖ≥ΥδΚÞχÏλ ΒûΟúΥ ∆ρΖ ùΘôΟν×

ax + b Φàλ úΡ↔Υ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥Υλ b
a-  Φ∴ ΡΤχÏι ùΘ↔Ùλ− 2.1

♦↔↑ο úΚγΚκΣγΟ ↑∴ô↑σÏ Ρôλ ΒκúΣôÕ ↑ûΟûΥ ΚôηúΣôλ− ϑν ΒÚΣ⁄
ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚÞχÏλ ùΚÝχΚÞχÏλ ΒûΟúΥΥô∴ ùΘôΟνûΣ
≅°Υ ØΥσ′κúΣôλ− ΒΘσΚôΚ ϑν ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ p(x) = 2x2 – 8x + 6 Η
ΦÓιÕχùΚôρúΞôλ− IX λ ΞÏκ♦ο ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞûΥ ≅Θτ ΡÓ ∆ßκûΣ
♦↔ιΘο Øû[♠ο Κôς∞κΣÓιÕλ Øû[ûΥ ΚσÈνΚρ− ΡΤχÏ ùΚôÓχΚκΣγΟ úΚôûΞ♠ο
ΡÓ ∆ßκ× ‘– 8x’ Η ΒςηÓ ∆ßκ×Κ↓τ áÓΘΩôΚ ♦↔κúΣôλ− ΒΘτ ùΣÚχΚσΣΩτ
6 × 2x2 = 12x2. Φ∴úΞ+

2x2 – 8x + 6 = 2x2 – 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) = 2x2 – 8x + 6 is zero when x – 1 = 0 or x – 3 = 0, i.e., when x = 1 or
x = 3. So, the zeroes of 2x2 – 8x + 6 are 1 and 3. Observe that :

Sum of its zeroes = 2
( 8) (Coefficient of )1 3 4
2 Coefficient of

x
x

- - -
+ = = =

Product of its zeroes  = 2
6 Constant term1 3 3
2 Coefficient of x

´ = = =

Let us take one more quadratic polynomial, say, p(x) = 3x2 + 5x – 2. By the method of
splitting the middle term,

3x2 + 5x – 2  = 3x2 + 6x – x – 2 = 3x(x + 2) –1(x + 2)
= (3x – 1)(x + 2)

Hence, the value of 3x2 + 5x – 2 is zero when either 3x – 1 = 0 or x + 2 = 0, i.e., when x =
1
3

 or x = –2. So, the zeroes of 3x2 + 5x – 2 are 1
3

 and – 2. Observe that :

Sum of its zeroes = 2
1 5 (Coefficient of )( 2)
3 3 Coefficient of

x
x

- -
+ - = =

Product of its zeroes = 2
1 2 Constant term( 2)
3 3 Coefficient of x

-
´ - = =

In general, if a* and b* are the zeroes of the quadratic polynomial p(x) = ax2 + bx + c,
a ¹ 0, then you know that x – a and x – b are the factors of p(x). Therefore,

ax2 + bx + c = k(x – a) (x – b), where k is a constant
= k[x2 – (a + b)x + a b]
= kx2 – k(a + b)x + k a b

Comparing the coefficients of x2, x and constant terms on both the sides, we get
a = k, b = – k(a + b) and c = kab.

This gives a + b = –b
a

,

 ab = c
a

* a,b are Greek letters pronounced as ‘alpha’ and ‘beta’ respectively. We will use later one more letter
‘g’ pronounced as ‘gamma’.
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 x – 1 = 0 ≅οΩÕ x – 3 = 0 Φàλ úΣôÕ p(x) = 2x2 – 8x + 6 éϖ≥ΥΤô€[Õ− Φ∴úΞ 2x2

– 8x + 6 τ éϖ≥ΥδΚρ 1 Τσßλ 3 ΑÏλ−

ΒδÏ éϖ≥ΥδΚ↓τ ùΤôιΘλ = 2
( 8) (Coefficient of )1 3 4
2 Coefficient of

x
x

- - -
+ = = =

éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ  = 2
6 Constant term1 3 3
2 Coefficient of x

´ = = =

Ρôλ ΒκúΣôÕ Τσù[ôÚ ΒÚΣ⁄χ úΚôûΞûΥ ΦÓιÕχ ùΚôρúΞôλ− p(x) = 3x2 + 5x
– 2. ΡÓ ∆ßκûΣ ♦↔ιÕ ΦÝΘ,

3x2 + 5x – 2  = 3x2 + 6x – x – 2 = 3x(x + 2) –1(x + 2)
= (3x – 1)(x + 2)

Φ∴úΞ+ 3x – 1 = 0 ≅οΩÕ x + 2 = 0 ΦàλúΣôÕ 3x2 + 5x – 2 éϖ≥ΥΤô€[Õ−

   ≅ΘôΞÕ x = 1
3

 ≅οΩÕ x = –2. ΑΘΩôο 3x2 + 5x – 2 τ éϖ≥ΥδΚρ 1
3

 úΤÛλ – 2

ΑÏλ− Βƒ←ÚϕÕ Ρôλ ♦τΞÚλ ùΘôΟνûΣ ΚôΠΩôλ :

éϖ≥ΥδΚ↓τ ùΤôιΘλ = 2
1 5 (Coefficient of )( 2)
3 3 Coefficient of

x
x

- -
+ - = =

éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ = 2
1 2 Constant term( 2)
3 3 Coefficient of x

-
´ - = =

ùΣôÕΞôΚ, p(x) = ax2 + bx + c, a ¹ 0 τ éϖ≥ΥδΚρ a* Τσßλ b* Φ±ο x – a Τσßλ
x – b Α€ΥûΞ p(x) τ Κôς∞Κρ ΑÏλ− Φ∴úΞ,

ax2 + bx + c = k(x – a) (x – b), ΒδÏ k ΙÚ Τô°←
= k[x2 – (a + b)x + a b]
= kx2 – k(a + b)x + k a b

ΒûΘ p(x) τ x2, x ùΚÝχΚÞΟàλ Τσßλ Τô°← ∆ßκ×Οàλ Ικ♦Ο+ Ρôλ ùΣßΞÕ

a = k, b = – k(a + b) Τσßλ c = kab.

Βƒ←ÚϕÕ a + b = –b
a

,

 ab = c
a

    Φ∴ €ûΟχ€[Õ−

* a,b ΦτΣûΞ €úςχΚ ΦÝιÕΚρ− ΒûΞΚûΖ ‘ΑοΣô’ Τσßλ ‘ÀγΟô’ Φ∴ Σ⁄χ€ú[ôλ−
ΒπΞôú[ Τσù[ôÚ ΦÝιÕ ‘g’ ûΞ áΟ ΣΥτΣÓιÕ€ú[ôλ− ΒûΘ ‘ΚôΤô’ Φ∴ Σ⁄χ€ú[ôλ.

(x τ ùΚÝ)

Τô°← ∆ßκ×

x2 τ ùΚÝ

x2 τ ùΚÝ

(x τ ùΚÝ)
x2 τ ùΚÝ

Τô°← ∆ßκ×

x2 τ ùΚÝ
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i.e., sum of zeroes = a + b = 2
(Coefficient of )
Coefficient of

b x
a x

-
- = ,

product of zeroes = ab = 2
Constant term

Coefficient of
c
a x

= .

Let us consider some examples.

Example 2 : Find the zeroes of the quadratic polynomial x2 + 7x + 10, and verify the relationship
between the zeroes and the coefficients.
Solution : We have

x2 + 7x + 10 = (x + 2)(x + 5)
So, the value of x2 + 7x + 10 is zero when x + 2 = 0 or x + 5 = 0, i.e., when x = – 2 or x = –5.
Therefore, the zeroes of x2 + 7x + 10 are – 2 and – 5. Now,

sum of zeroes = 2
(7) –(Coefficient of ) ,–2 (–5) – (7)
1 Coefficient of

x
x

-
+ = = =

product of zeroes = 2
10 Constant term( 2) ( 5) 10
1 Coefficient of x

- ´ - = = = ×

Example 3 : Find the zeroes of the polynomial x2 – 3 and verify the relationship between the
zeroes and the coefficients.
Solution : Recall the identity a2 – b2 = (a – b)(a + b). Using it, we can write:

x2 – 3 = ( )( )3 3x x- +

So, the value of x2 – 3 is zero when x = 3  or x = – 3×

Therefore, the zeroes of x2 – 3 are 3  and 3- ×

Now,

sum of zeroes =
2

(Coefficient of ) ,3 3 0
Coefficient of

x
x

-
- = =

product of zeroes = ( )( ) 2
3 Constant term3 3 – 3

1 Coefficient of x
-

- = = = ×
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Φ∴úΞ+ ϑν ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ

éϖ≥ΥδΚ↓τ ùΤôιΘλ = a + b = 2
(Coefficient of )
Coefficient of

b x
a x

-
- = ,

       éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ = ab = 2
Constant term

Coefficient of
c
a x

= .

•θΞÚλ ∆ΘôςΠδΚûΖ ΚΞ±.

ΦÓιÕχΚôγÓ 2 : x2 + 7x + 10 Φàλ ΒÚΣ⁄χ úΚôûΞ♠τ éϖ≥ΥδΚûΖ ΚηΟ°ϕÕ
éϖ≥ΥδΚÞχÏλ+ ùΚÝχΚÞχÏλ ΒûΟúΥ ∆ρΖ ùΘôΟνûΣ Μ↔Σôν.
¾νÜ :       x2 + 7x + 10 = (x + 2)(x + 5) ΑÏλ−

Φ∴úΞ+ x + 2 = 0 ≅οΩÕ x + 5 = 0 Φàλ úΣôÕ x2 + 7x + 10 τ Τƒκ× éϖ≥ΥΤô€[Õ−
≅ΘôΞÕ+ x = – 2 ≅οΩÕ x = –5. Φ∴úΞ+ x2 + 7x + 10 τ éϖ≥ΥδΚρ – 2 Τσßλ – 5. ΒκúΣôÕ,

éϖ≥ΥδΚ↓τ ùΤôιΘλ  = 2
(7) –(Coefficient of ) ,–2 (–5) – (7)
1 Coefficient of

x
x

-
+ = = =

éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ  = 2
10 Constant term( 2) ( 5) 10
1 Coefficient of x

- ´ - = = = ×

ΦÓιÕχΚôγÓ 3 : x2 – 3 τ éϖ≥ΥδΚûΖ ΚηΟ°ϕÕ éϖ≥ΥδΚÞχÏλ+ ùΚÝχΚÞχÏλ
ΒûΟúΥ ∆ρΖ ùΘôΟνûΣ Μ↔Σôν.
¾νÜ : a2 – b2 = (a – b)(a + b). Φàλ Øσù[ôÚûΤûΥ ♣û∴ÜΣÓιƒχ ùΚôρÞδΚρ−
ΒûΘ ΣΥτΣÓιƒ:

x2 – 3 = ( )( )3 3x x- +

Φ∴úΞ+ x = 3  or x = – 3×  Φàλ úΣôÕ x2 – 3 τ Τƒκ× éϖ≥ΥΤô€[Õ−

ΑΚúΞ+ x2 – 3 τ éϖ≥ΥδΚρ 3  Τσßλ 3- ×ΑÏλ−

ΒκúΣôÕ,

éϖ≥ΥδΚ↓τ ùΤôιΘλ = 
2

(Coefficient of ) ,3 3 0
Coefficient of

x
x

-
- = =

éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ = ( )( ) 2
3 Constant term3 3 – 3

1 Coefficient of x
-

- = = = ×

(x τ ùΚÝ)
x2 τ ùΚÝ

Τô°← ∆ßκ×

x2 τ ùΚÝ

(x τ ùΚÝ)
x2 τ ùΚÝ

Τô°← ∆ßκ×

x2 τ ùΚÝ

Τô°← ∆ßκ×

x2 τ ùΚÝ

(x τ ùΚÝ)
x2 τ ùΚÝ
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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 ax2 + bx + c, and its zeroes be a and b.
We have

a + b = – 3 = b
a

- ,

and ab = 2 = c
a

.

If a = 1, then b = 3 and c = 2.
So, one quadratic polynomial which fits the given conditions is x2 + 3x + 2.

You can check that any other quadratic polynomial that fits these conditions will be of the
form k(x2 + 3x + 2), where k 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) = 2x3 – 5x2 – 14x + 8.

You can check that p(x) = 0 for x = 4, – 2, 1
2

×  Since p(x) can have atmost three zeroes,

these are the zeores of 2x3 – 5x2 – 14x + 8. Now,

sum of the zeroes =
2

3
1 5 ( 5) (Coefficient of )4 ( 2)
2 2 2 Coefficient of

x
x

- - -
+ - + = = = ,

product of the zeroes = 3
1 8 – Constant term4 ( 2) 4
2 2 Coefficient of x

-
´ - ´ = - = = .

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

{ } 1 14 ( 2) ( 2) 4
2 2

ì ü ì ü´ - + - ´ + ´í ý í ý
î þ î þ

= 14– 8 1 2 7
2

-
- + = - =  = 3

Coefficient of
Coefficient of

x
x

.

In general, it can be proved that if a, b, g are the zeroes of the cubic polynomial
ax3 + bx2 + cx + d, then
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ΦÓιÕχΚôγÓ 4 : ϑν ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚ↓τ ùΤôιΘλ úΤÛλ
éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ Øû[úΥ – 3 Τσßλ 2, Φ±ο úΚôûΞûΥ ΚηÓ♦⁄.
¾νÜ :  ax2 + bx + c Φàλ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ a Τσßλ b ΦτΚ.

a + b = – 3 = b
a

- ,

Τσßλ ab = 2 = c
a

.

Ρôλ a = 1 Φ∴χ ùΚôηΟôο b = 3 Τσßλ c = 2.
Φ∴úΞ ùΚôÓχΚκΣγΟ ♣ΣϕΘû∴χÏ ∆γΣγÓ ΡΤχÏ úΘûΞΥô∴ ΒÚΣ⁄ ΣοÛßκ×χ
úΚôûΞ x2 + 3x + 2 ΑÏλ.

k(x2 + 3x + 2) ΒδÏ k ϑν ùΤµ Φη− ΓúΘàλ ΙÚ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ
ΒûΞ ùΣôÚϕÕΤô Φ∴ Μ↔Σôν.

Ρôλ ΒκúΣôÕ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞΚûΖ ΚΞ±κúΣôλ− ØκΣ⁄ ΣοÛßκ×χ
úΚôûΞΚ↓τ éϖ≥ΥδΚÞχÏλ+ ≅Ξσ°τ ∆ßκ×Κ↓τ ùΚÝχΚÞχÏλ ΓúΘàλ
ùΘôΟν× ∆ρΖΘô? Φ∴ ΣôνκúΣôλ−

p(x) = 2x3 – 5x2 – 14x + 8 Φàλ ΣοÛßκ×χ úΚôûΞûΥ ΦÓιÕχùΚôρúΞôλ.

x = 4, – 2, 1
2

 Φàλ Τƒκ×ΚÞχÏ p(x) = 0 Α€[Õ− p(x) χÏ ≅ƒΚΣγΜΤôΚ êτß

éϖ≥ΥδΚρ ΒÚχÏλ Φ∴ ΡΤχÏι ùΘ↔Ùλ− Φ∴úΞ+ 2x3 – 5x2 – 14x + 8 τ éϖ≥ΥδΚρ

4, – 2 Τσßλ 1
2
 ΑÏλ. ΒκúΣôÕ+

éϖ≥ΥδΚ↓τ ùΤôιΘλ =
2

3
1 5 ( 5) (Coefficient of )4 ( 2)
2 2 2 Coefficient of

x
x

- - -
+ - + = = = ,

éϖ≥ΥδΚ↓τ ùΣÚχΚσΣΩτ = 3
1 8 – Constant term4 ( 2) 4
2 2 Coefficient of x

-
´ - ´ = - = = .

ΒΘàΟτ Τσù[ôÚ ′[κ× ùΘôΟν×λ Ρôλ ΒδÏ ΚôΠΩôλ− éϖ≥ΥδΚûΖ ΒςηÓ
ΒςηΟôΚ ΦÓιÕχ ùΚôηÓ ≅Ξσ°τ ùΣÚχΚσΣΩ±τ ùΤôιΘιûΘ ΚôÔλúΣôÕ
ΡΤχÏ ×ƒΥ ùΘôΟν× €ûΟχ€[Õ− ≅ΘôΞÕ+

{ } 1 14 ( 2) ( 2) 4
2 2

ì ü ì ü´ - + - ´ + ´í ý í ý
î þ î þ

= 14– 8 1 2 7
2

-
- + = - =  = 3

Coefficient of
Coefficient of

x
x

.

ùΣôÕΞôΚ+ ax3 + bx2 + cx + d Φτ[ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ a,
b, g Φ±ο

(x2 τ ùΚÝ)
x3 τ ùΚÝ

x τ ùΚÝ
x3 τ ùΚÝ

Τô°← ∆ßκ×

x3 τ ùΚÝ



44Class 10 Mathematics

POLYNOMI ALS

a + b + g = –b
a

,

ab + bg + ga = c
a

,

a b g = – d
a

.

Let us consider an example.

Example 5* : Verify that 3, –1, 1
3

-  are the zeroes of the cubic polynomial p(x) = 3x3 – 5x2 –

11x – 3, and then verify the relationship between the zeroes and the coefficients.
Solution : Comparing the given polynomial with ax3 + bx2 + cx + d, we get

a = 3, b = – 5, c = –11, d = – 3. Further
p(3) = 3 × 33 – (5 × 32) – (11 × 3) – 3 = 81 – 45 – 33 – 3 = 0,
p(–1) = 3 × (–1)3 – 5 × (–1)2 – 11 × (–1) – 3 = –3 – 5 + 11 – 3 = 0,

3 21 1 1 13 5 11 3
3 3 3 3

pæ ö æ ö æ ö æ ö- = ´ - - ´ - - ´ - -ç ÷ ç ÷ ç ÷ ç ÷
è ø è ø è ø è ø

,

            = 1 5 11 2 2– 3 – 0
9 9 3 3 3

- + - = + =

Therefore, 3, –1 and 1
3

-  are the zeroes of 3x3 – 5x2 – 111x – 3.

So, we take a = 3, b = –1 and g = 1
3

- ×

Now,
1 1 5 ( 5)3 ( 1) 2
3 3 3 3

b
a

- - -æ öa + b + g = + - + - = - = = =ç ÷
è ø

,

1 1 1 113 ( 1) ( 1) 3 3 1
3 3 3 3

c
a

-æ ö æ öab+ bg + g a = ´ - + - ´ - + - ´ = - + - = =ç ÷ ç ÷
è ø è ø

,

1 ( 3)3 ( 1) 1
3 3

d
a

- - -æ öabg = ´ - ´ - = = =ç ÷
è ø

.

* Not from the examination point of view.
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a + b + g = –b
a

,

ab + bg + ga = c
a

,

a b g = – d
a

.

ΙÚ ∆ΘôςΠιûΘ ΣôνκúΣôλ.

ΦÓιÕχΚôγÓ 5* :  3, –1, 1
3

-  Α€ΥûΞ p(x) = 3x3 – 5x2 – 111x – 3 Φτ[ ØκΣ⁄ ΣοÛßκ×χ

úΚôûΞ♠τ éϖ≥ΥδΚΖô> Φ∴ Μ↔Σôν− úΤÛλ éϖ≥ΥδΚÞχÏλ+ ùΚÝχΚÞχÏλ
ΒûΟúΥ ∆ρΖ ùΘôΟνûΣ Μ↔Υôν.
¾νÜ : ùΚôÓχΚκΣγΟ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ ax3 + bx2 + cx + d ∆Οτ Ικ♦Ó−

a = 3, b = – 5, c = –11, d = – 3 ΑÏλ− úΤÛλ

p(3) = 3 × 33 – (5 × 32) – (11 × 3) – 3 = 81 – 45 – 33 – 3 = 0,
p(–1) = 3 × (–1)3 – 5 × (–1)2 – 11 × (–1) – 3 = –3 – 5 + 11 – 3 = 0,

3 21 1 1 13 5 11 3
3 3 3 3

pæ ö æ ö æ ö æ ö- = ´ - - ´ - - ´ - -ç ÷ ç ÷ ç ÷ ç ÷
è ø è ø è ø è ø

,

            = 1 5 11 2 2– 3 – 0
9 9 3 3 3

- + - = + =

ΑΚúΞ, 3, –1 Τσßλ 1
3

-  Α€ΥûΞ 3x3 – 5x2 – 111x – 3 τ éϖ≥ΥδΚρ ΑÏλ.

ΒκúΣôÕ+ a = 3, b = –1 Τσßλ g = 1
3

-  Φ∴χ ùΚôηΟôο+

ΒκúΣôÕ,
1 1 5 ( 5)3 ( 1) 2
3 3 3 3

b
a

- - -æ öa + b + g = + - + - = - = = =ç ÷
è ø

,

1 1 1 113 ( 1) ( 1) 3 3 1
3 3 3 3

c
a

-æ ö æ öab+ bg + g a = ´ - + - ´ - + - ´ = - + - = =ç ÷ ç ÷
è ø è ø

,

1 ( 3)3 ( 1) 1
3 3

d
a

- - -æ öabg = ´ - ´ - = = =ç ÷
è ø

.

* úΘνÜχΚô∴ úΡôχ€ο ≅οΩ−
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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) x2 – 2x – 8 (ii) 4s2 – 4s + 1 (iii) 6x2 – 3 – 7x

(iv) 4u2 + 8u (v) t2 – 15 (vi) 3x2 – x – 4
2. Find a quadratic polynomial each with the given numbers as the sum and product of its

zeroes respectively.

(i) 1 , 1
4

- (ii) 12 ,
3

(iii) 0, 5

(iv) 1, 1 (v) 1 1,
4 4

- (vi) 4, 1

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 ax2 + bx + c, where a, b, c
are real numbers with a ¹ 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 ax2 + bx + c, then

b
a

a +b = - , c
a

ab = .

6. If a, b, g are the zeroes of the cubic polynomial ax3 + bx2 + cx + d, then

b
a

-
a + b + g = ,

c
a

ab+ b g + g a = ,

and d
a

-
ab g = .
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Σ♠σ′ 2.2

1. •θΞÚλ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞΚ↓τ éϖ≥ΥδΚûΖ ΚηΟ°ϕÕ+
éϖ≥ΥδΚÞχÏλ+ ùΚÝχΚÞχÏλ ∆ρΖ ùΘôΟνûΣ Μ↔Σôν .
(i) x2 – 2x – 8 (ii) 4s2 – 4s + 1 (iii) 6x2 – 3 – 7x

(iv) 4u2 + 8u (v) t2 – 15 (vi) 3x2 – x – 4
2. ′Ω ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞΚ↓τ éϖ≥ΥδΚ↓τ ùΤôιΘλ úΤÛλ

ùΣÚχΚσΣΩτ ùΚôÓχΚκΣγÓρΖÕ− ΙπùΞôÚ ΞûΚ♠Ûλ ≅ΘσΚô∴ ΒÚΣ⁄
ΣοÛßκ×χ úΚôûΞûΥ ΚηÓ♦⁄.

(i) 1 , 1
4

- (ii) 12 ,
3

(iii) 0, 5

(iv) 1, 1 (v) 1 1,
4 4

- (vi) 4, 1

2.4 Ρôλ Κσ[ûΞ

ΒϕΘ ≅ιƒΥôΥιƒο •θΞÚλ ΚÚιÕΚûΖ Κσú[ôλ:
1. ΙÚ ΣοÛßκ×χ úΚôûΞ♠τ Σ⁄Κρ Øû[úΥ 1, 2 Τσßλ 3 Φ±ο ≅Ξσû[ úΡ↔Υ+

ΒÚΣ⁄+ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞΚρ Φτ€ú[ôλ.
2. x Η Τô°ΥôΚÜλ ùΤµùΥηΚûΖ ùΚÝχΚΖôΚÜλ ùΚôηΟ ΒÚΣ⁄ ΣοÛßκ×χ

úΚôûΞ ax2 + bx + c ΑÏλ− ΒδÏ a, b, c ùΤµùΥηΚρ úΤÛλ a ¹ 0.
3. p(x) Φàλ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ ≅Θτ ΞûςΣΟλ y = p(x), x-

≅εûΜ ùΞγÓλ ×ρ↓♠ο x -≅ε′τ ≅εÑçςδΚρ ΑÏλ.
4. ΙÚ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ ≅ƒΚΣγΜΤôΚ 2 éϖ≥ΥδΚÞλ+ ØκΣ⁄

ΣοÛßκ×χ úΚôûΞχÏ ≅ƒΚΣγΜΤôΚ 3 éϖ≥ΥδΚÞλ ΒÚχÏλ.
5. a úΤÛλ b Κρ ϑν ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥ΥδΚρ Φ±ο

 ax2 + bx + c, a ¹ 0 Φ±ο

b
a

a +b = - , c
a

ab = .

6. a, b, g Øû[úΥ ØκΣ⁄ ΣοÛßκ×χ úΚôûΞ ax3 + bx2 + cx + d τ éϖ≥ΥδΚρ
úΤÛλ a ¹ 0 Φ±ο

b
a

-
a + b + g = ,

c
a

ab+ b g + g a = ,

úΤÛλ   d
a

-
ab g = .
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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 ̀  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 IX, to represent
such situations as linear equations in two variables.

PAIR OF LINEAR EQUATIONS

IN TWO VARIABLES
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ΒÚΤô°Κ↓ο ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ

3
3.1 ≅°ØΚλ

•θχΚηΟ ãθ♣ûΩΚ↓ο ΓúΘàλ Ιτû[ ¿δΚρ ΚΟϕÕ ΞϕÕ ΒÚκÀνΚρ−

≅€Ωô ≅ΞÞûΟΥ €ςôΤιÕ ƒÚ↑Ψô↑σÏ ùΜτß ΒÚϕΘôρ− ≅Ξρ ≅δÏ
∆ρΖ Βςôγ⁄∴δΚρ Τσßλ  (Hoopla) ΞûΖΥλ ↑ûΖΥôγÓ ∋ΙÚ ΞûΖΥιûΘ ≅Θτ
Φƒúς ∆ρΖ ùΣôÚρ ÁÕ Φ°Υ úΞηÓλ− ΦϕΘ ùΣôÚρ ÁÕ ≅ϕΘ ΞûΖΥλ ØÝûΤΥôΚ
↑Ý€[úΘô ≅ϕΘ ùΣôÚρ ΡΤχÏ €ûΟχÏλ(− ↑ûΖΥô⁄∴ôρ− ΦιΘû∴ Øû[ ΞûΖΥλ
↑ûΖΥôγÓ ↑ûΖΥô⁄∴ôúΖô ≅ƒο Σôƒ ≅ΖÜ Βςôγ⁄∴δΚ↓ο Γ°∴ôρ− ΙπùΞôÚ
Βςôγ⁄∴ιƒο ΓßΞΘσÏ ` 3 ùΚôÓχΚ úΞηÓλ− ΞûΖΥλ ↑ûΖΥôγÓ ↑ûΖΥôΟ ` 4
ùΚôÓχΚ úΞηÓλ− ≅Ξρ ̀  20 ùΜΩÜ ùΜµÕ ΦιΘû∴ Øû[ Βςôγ⁄∴ιƒÛλ+ ΦιΘû∴
Øû[ ΞûΖΥλ ↑ûΖΥôγûΟÙλ ↑ûΖΥôΟ Ø⁄Ùλ>

ΒûΘ Ρôλ ΣΩ Ξ→Κ↓ο ¾νχΚ ØΥσ′κúΣôλ− ≅Ξν ΙÚ Øû[ Βςôγ⁄∴ιƒο
Γ°∴ôο ΒÕ ΜôιƒΥΤô> ≅οΩÕ ΒςηÓØû[ Βςôγ⁄∴ιƒο Γ°∴ôο ΜôιƒΥΤô>
Ρôλ IXλ ΞÏκ♦ο Σ⁄ιΘ ΒÚ Τô°Κ↓ο úΡ↔Υ ΜΤτΣôÓΚûΖ ùΚôηÓ ΒûΘ ¾νχΚ
ØΥσ′κúΣôλ−

ΒÚΤô°Κ↓ο ú⊥ô⁄
úΡ↔Υ ΜΤτΣôÓΚρ



50Class 10 Mathematics

PAIR OF LINEAR EQUATIONS IN TWO VARIABLES

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:

y = 1
2

x (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, is called an inconsistent 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:

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

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

(iii) 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.

(i) x – 2y = 0 and 3x + 4y – 20 = 0 (The lines intersect)

(ii) 2x + 3y – 9 = 0 and 4x + 6y – 18 = 0 (The lines coincide)

(iii) x + 2y – 4 = 0 and 2x + 4y – 12 = 0 (The lines are parallel)

Let us now write down, and compare, the values of 1 1 1

22 2

, anda b c
ca b

 in all the three examples.

Here, a1, b1, c1 and a2, b2, c2 denote the coefficents of equations given in the general form in
Section 3.2.
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ΒϕΘ ≅ÔÏØû[♠ο ØΥσ′ ùΜµúΞôλ9

≅€Ωô Βςôγ⁄∴ιƒο Ñσ°Υ Φη∞χûΚûΥ x Φτßλ+ ΞûΖΥλ ↑ûΖΥôγÓ
↑ûΖΥô⁄Υ Φη∞χûΚûΥ y Φ∴χ ùΚôρúΞôλ− ΒκúΣôÕ ΒϕΘ ãΨÛχÏ ΒςηÓ
ΜΤτΣôÓΚρ ∆ÚΞôÏλ−

y = 1
2

x (1)

3x + 4y = 20 (2)

ΒϕΘ ΜΤτΣôÓΚÞχÏ Ρôλ ¾νÜ ΚôΠ Ø⁄ÙΤô> ΒΘσÏ ΣΩ Ξ→Κρ ∆ρΖ∴−
≅Ξσû[ ΒϕΘ ≅ιƒΥôΥιƒο Σ⁄κúΣôλ−

3.2 ΞûςΣΟ Øû[ êΩλ ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚ↓ο ¾νûΞ ΚηΟ°Θο

ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚÞχÏ ¾νÜ ΒοûΩ Φ±ο ≅ûΞ ΙπΞô ú⊥ô⁄ úΡ↔Υ
ΜΤτΣôÓΚρ Φ∴κΣÓλ− ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚÞχÏ Ιúς ΙÚ ¾νÜ ΒÚχÏλ
Φ±ο ≅ûΞ ΒûΜÜ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ Φ∴κΣÓλ− ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ
ΜΤλ Φ±ο ≅ûΞ Μôν ♣ûΩ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ Φ∴κΣÓλ− Μôν♣ûΩ ú⊥ô⁄
ΜΤτΣôÓΚρ ΦκùΣôÝÕλ∋ΒûΜÜ ú⊥ô⁄ ΜΤτΣôÓΚΖôΚ( ΒÚκΣûΞ ΦτΣûΘ ♣û∴↑ο
ùΚôρΚ−

Ρôλ ΒκúΣôÕ ΒÚ Τô°Κ↓ο ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚ↓τ úΡν úΚôÓΚρ
ΦπΞôß ΒÚχÏλ− úΤÛλ ≅Ξσ°τ ¾νÜΚρ Ï°ιÕ ΚôηúΣôλ−

(i) ΒςηÓ úΡν úΚôÓΚÞλ ΙÚ ×ρ↓♠ο ùΞγ⁄ ùΚôηΟôο+ ≅ϕΘ
ΜΤτΣôÓΚÞχÏ Ιúς ΙÚ ¾νÜ ΒÚχÏλ ∋ΒûΜÜ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ(−

(ii) ΒςηÓ úΡν úΚôÓΚÞλ ΒûΠ úΚôÓΚρ Φ±ο ≅Ξσ°σÏ ¾νÜΚρ ΒοûΩ−
∋ΙπΞô ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ(

(iii) ΒςηÓ úΡν úΚôÓΚÞλ Ιτ°τ ÁÕ Τσù[ôτß Ιτßλ Φ±ο ≅Ξσ°σÏ
ΦηΠσ[ ¾νÜΚρ ∆ηÓ ∋Μôν ♣ûΩ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ(−

♦τΞÚλ êτß ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚûΖ ΚΞ±−

(i) x – 2y = 0 úΤÛλ 3x + 4y – 20 = 0 (ùΞγ⁄ ùΚôρÞλ úΚôÓΚρ)

(ii) 2x + 3y – 9 = 0 úΤÛλ 4x + 6y – 18 = 0 (Ιτßλ úΚôÓΚρ)

(iii) x + 2y – 4 = 0 úΤÛλ 2x + 4y – 12 = 0 (ΒûΠ úΚôÓΚρ)
a1, b1, c1 úΤÛλ a2, b2, c2 ΦτΣûΞΚρ ΒÚ Τô°♠ο ≅ûΤιΘ ú⊥ô⁄ úΡ↔Υ

ΜΤτΣôÓΚ↓τ ÏΠΚδΚρ ΦτΚ− úΤο ∆ρΖ ΦÓιÕχΚôγÓΚ↓ο  1 1 1

22 2

, anda b c
ca b

Τƒκ×ΚûΖ  Φ∴ Ικ♦ÓúΞôλ−

Τσßλ
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Table 3.1

Sl Pair of lines 1

2

a
a

1

2

b
b

1

2

c
c Compare the Graphical Algebraic

No. ratios representation interpretation

1. x – 2y = 0 1
3

2
4
- 0

20-
1 1

2 2

a b
a b

¹ Intersecting Exactly one

3x + 4y – 20 = 0 lines solution
(unique)

2. 2x + 3y – 9 = 0 2
4

3
6

9
18
-
-

1 1 1

2 2 2

a b c
a b c

= = Coincident Infinitely

4x + 6y – 18 = 0 lines many solutions

3. x + 2y – 4 = 0 1
2

2
4

4
12
-
-

1 1 1

2 2 2

a b c
a b c

= ¹ Parallel lines No solution
2x + 4y – 12 = 0

From the table above, you can observe that if the lines represented by the equation
 a1x + b1y + c1 = 0

and a2x + b2y + c2 = 0

are (i) intersecting, then 1 1

2 2

a b
a b

¹ ×

(ii) coincident, then 1 1 1

2 2 2

a b c
a b c

= = ×

(iii) parallel, then 1 1 1

2 2 2

a b c
a b c

= ¹ ×

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)
is 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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≅γΟΞûΠ 3.1
1

2

a
a

1

2

b
b

1

2

c
c

1. x – 2y = 0 1
3

2
4
- 0

20-
1 1

2 2

a b
a b

¹

3x + 4y – 20 = 0

2. 2x + 3y – 9 = 0 2
4

3
6

9
18
-
-

1 1 1

2 2 2

a b c
a b c

= =

4x + 6y – 18 = 0

3. x + 2y – 4 = 0 1
2

2
4

4
12
-
-

1 1 1

2 2 2

a b c
a b c

= ¹

2x + 4y – 12 = 0

úΤσΚηΟ ≅γΟΞûΠ♠ο ΒÚϕÕ+
 a1x + b1y + c1 = 0

Τσßλ a2x + b2y + c2 = 0 Φτ[ ΜΤτΣôÓΚ↓τ úΚôÓΚρ−

(i) 1 1

2 2

a b
a b

¹ ×Φ±ο ùΞγ⁄χ   

(ii) 1 1 1

2 2 2

a b c
a b c

= = ×Φ±ο Ιτ°τ ÁÕ Ιτß Ιτßλ−

(iii) 1 1 1

2 2 2

a b c
a b c

= ¹ × Φ±ο ΒûΠ úΚôÓΚρ ΑÏλ−

úΡ↔Υ ú⊥ô⁄ úΚôÓΚ↓ο ΒΘτ ΤßΘûΩÙλ ùΤµΥôÏλ− úΤÛλ ΦÓιÕχΚôγÓΚρ
ùΚôηÓ ΒΞσû[ Μ↔ΣôνχΚΩôλ− Ρôλ ΒκúΣôÕ ′Ω ΦÓιÕχΚôγÓΚûΖ ΚΞ±χΚΩôλ−
ΦÓιÕχΚôγÓ 1 :

x + 3y = 6 (1)
2x – 3y = 12 (2)

Φτ[ ú⊥ô⁄ ΜΤτΣôÓΚρ ΒûΜÜ ΜΤτΣôÓΚΖô> ΦτΣûΘ ΞûςΣΟλ ΞûςϕÕ Μ↔Σôν−
úΤÛλ ΒΞσ°τ ¾νûΞ ΞûςΣΟιƒο ΚηÓ♦⁄−
¾νÜ : Ρôλ ΒκúΣôÕ ΜΤτΣôÓ (1) Τσßλ (2)τ ΞûςΣΟιûΘ ΞûςΣΟ Θô↓ο ΞûςúΞôλ−
ΙπùΞôÚ ΜΤτΣôγ⁄σÏλ ΒςηÓ ¾νÜΚûΖ ΚηÓ♦⁄κúΣôλ− ≅ûΞ ≅γΟΞûΠ
2−1ο ùΚôÓχΚκΣγÓρΖ∴−

Ξ−
Φη

ú⊥ô⁄ úΡ↔Υ
ΜΤτΣôÓΚρ

↑€ΘδΚ↓τ
Ικ♦ÓΘο ΞûςΣΟλ

ΒΥσΚ∞Θ
↑Ξςλ

ùΞγ⁄χ
ùΚôρÞλ
úΚôÓΚρ

Ιτßλ
úΚôÓΚρ

ΒûΠ
úΚôÓΚρ

Ιúς ΙÚ
¾νÜ

Ø⁄↑Ωô
¾νÜ

¾νÜ ΒοûΩ

ùΚôρÞλ
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Table 3.2

x 0 6 x 0 3

y = 6
3

x- 2 0 y = 2 12
3

x - – 4 –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
i 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.

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

5x – 8y + 1 = 0 (1)

3x – 24
5

y  + 3
5

 = 0 (2)

Solution : Multiplying Equation (2) by 5 ,
3

 we get

5x – 8y + 1 = 0
But,  this is 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.

Fig. 3.1
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x 0 6 x 0 3

y = 6
3

x- 2 0 y = 2 12
3

x - – 4 –2

A(0, 2), B(6, 0), P(0, – 4) úΤÛλ
Q(3, – 2) ×ρ↓ΚûΖ ΞûςΣΟΘô↓ο Ï°−
úΤÛλ AB Τσßλ PQ ×ρ↓ΚûΖ ΣΟλ2−0ο
Κôγ⁄ΥΣ⁄ ΒûΠ−

B (6, 0) Φτ[ ×ρ↓♠ο AB Τσßλ
PQ úΡν úΚôÓΚρ ùΞγ⁄χ ùΚôρ€τ[∴−
Φ∴úΞ ΒϕΘ úΡ↔Υ ΜΤτΣôÓΚ↓τ ¾νÜ
x = 6 Τσßλ  y =  0,  ΑÏλ− Φ∴úΞ
ùΚôÓχΚκΣγΟ ΜΤτΣôÓΚρ ΒûΜÜ
ΜΤτΣôÓΚρ ΑÏλ−

ΦÓιÕχΚôγÓ 2 : •úΨ ùΚôÓχΚκΣγΟ úΡ↔Υ ΜΤτΣôÓΚÞχÏ ¾νÜΚρ ΒοûΩΥô>
Ιúς ΙÚ ¾νΞô> ≅οΩÕ Ø⁄↑οΩô ¾νΞô> Φ∴ ΞûςΣΟλ ΞûςϕÕ ΚηÓ♦⁄−

5x – 8y + 1 = 0 (1)

3x – 24
5

y  + 3
5

 = 0 (2)

¾νÜ : ΜΤτΣôÓ (2) Η 5 ,
3

 ο ùΣÚχ€∴ôο 5x – 8y + 1 = 0 €ûΟχÏλ− ΜΤτΣôÓ (1)λ

ΒÕÜλ ΜΤλ− Φ∴úΞ ΜΤτΣôÓ (1) Τσßλ (2) χÏ Ø⁄↑Ωô ¾νÜΚρ ∆ρΖ∴−

ΞûςΣΟιƒο ′Ω ×ρ↓ΚûΖ Ï°ιÕ ΒûΘ Μ↔Σôν−

ΦÓιÕχΚôγÓ 3 : ΜôλΣô Õ∞χΚûΟχÏ ùΜτß ′Ω ΜγûΟ Τσßλ úΣηγΚûΖ Ξôδ€
ΞϕΘôρ− ≅ΞÞûΟΥ úΘô→ ΦιΘû∴ ΜγûΟ Τσßλ úΣηγΚûΖ Ξôδ€∴ôµ> Φ∴χ
úΚγΟôρ− ≅ΘσÏ ≅Ξρ “Ρôτ Ξôδ€Υ ΜγûΟΚ↓τ Φη∞χûΚ úΣηγΚ↓τ
Φη∞χûΚ♠τ ΒÚΤΟδûΚ ↑Ο 1 Ïû[Ü− ≅πΞôú[ ΜγûΟΚ↓τ Φη∞χûΚ
úΣηγΚ↓τ Φη∞χûΚ♠τ ΡôτÏ ΤΟδûΚ ↑Ο ΡôτÏ Ïû[Ü” Φτ[ôρ− ΜôλΣô
Ξôδ€Υ ΜγûΟ Τσßλ úΣηγ Φη∞χûΚûΥ ΚηΟ°Υ ≅ΞÞûΟΥ úΘô→χÏ ∆ΘΞ
Ø⁄ÙΤô>

ΣΟλ 3.1
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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

y = 4x – 4 – 4 0

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, i.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.

(i) 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.

Fig. 3.2
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¾νÜ :úΣηγΚ↓τ Φη∞χûΚûΥ x ΦτΚ− ΜγûΟΚ↓τ Φη∞χûΚûΥ  y ΦτΚ−

y = 2x – 2               (1)

 úΤÛλ y = 4x – 4               (2) Φτ[ ΜΤτΣôÓΚρ ∆ÚΞô€τ[∴−

≅γΟΞûΠ 2−2ο Κôγ⁄ ∆ρΖΣ⁄ ΜΤτΣôÓ (1) Τσßλ (2) χÏ ΒςηÓ ¾νÜΚûΖ
ΚηÓ♦⁄ιÕ ≅ûΘ ΞûςΣΟιƒο Ï°−

≅γΟΞûΠ 3.3

x 2 0

y = 2x – 2 2 – 2

x 0 1

y = 4x – 4 – 4 0

×ρ↓ΚûΖ Ï°ιÕ ≅Ξσû[ ΣΟλ 2−1ο
Κôγ⁄ΥΣ⁄ ΒςηÓ úΡνúΚôÓΚΖôΚ ΞûςΚ−

ΒϕΘ ΒςηÓ úΡνúΚôÓΚÞλ (1, 0) Φτ[ ×ρ↓♠ο ùΞγ⁄χ ùΚôρ€τ[∴− Φ∴úΞ
x = 1, y = 0 ΦτΣÕ ΡΤχÏ úΘûΞΥô∴ ¾νÜ ΑÏλ− Φ∴úΞ Ξôδ€Υ úΣηγΚ↓τ
Φη∞χûΚ 0− úΤÛλ ΜγûΟΚρ ΓÕλ ΞôδΚ ↑οûΩ−

ùΚôÓχΚκΣγΟ ♣ΣϕΘû∴ΚÞχÏ ΒϕΘ ¾νÜΚρ ùΣôÚϕÕ€τ[∴Ξô> ΦτΣûΘ Μ↔ΣôνχΚ−

Σ♠σ′ 3.1

1. ùΚôÓχΚκΣγΟ ΚΠχÏΚûΖ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ Ξ⁄↑ο ΦÝƒ+ ≅Ξσ°σÏ
ΞûςΣΟλ êΩλ ¾νÜ ΚôηΚ−

(i) X λ ΞÏκ× ΤôΠΞνΚρ 0/ úΣν Κ∞Θ ↑∴ô⁄ ↑∴ô↑ο ΣδÏ ùΣσ[ôνΚρ−
Βƒο ΚΩϕÕ ùΚôηΟ ΤôΠ↑Κ↓τ Φη∞χûΚ ΤôΠΞνΚ↓τ
Φη∞χûΚûΥ ↑Ο 3 ≅ƒΚλ Φ±ο ↑∴ô⁄ ↑∴ô↑ο ΚΩϕÕùΚôηΟ
ΤôΠΞ+ ΤôΠ↑Κρ ΦιΘû∴ úΣν>

ΣΟλ 3.2
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(ii) 5 pencils and 7 pens together cost ̀  50, whereas 7 pencils and 5 pens together cost ̀
46. Find the cost of one pencil and that of one pen.

2. On comparing the ratios 1 1 1

2 2 2

, and
a b c
a b c

, find out whether the lines representing the following

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

(i) 5x – 4y + 8 = 0 (ii) 9x + 3y + 12 = 0
7x + 6y – 9 = 0 18x + 6y + 24 = 0

(iii) 6x – 3y + 10 = 0
2x – y + 9 = 0

3. On comparing the ratios 1 1

2 2

,a b
a b

 and 1

2

c
c , find out whether the following pair of linear

equations are consistent, or inconsistent.
(i) 3x + 2y = 5 ; 2x – 3y = 7 (ii) 2x – 3y = 8 ; 4x – 6y = 9

(iii) 3 5 7
2 3

x y+ = ; 9x – 10y = 14 (iv) 5x – 3y = 11 ; – 10x + 6y = –22

(v) 4 2 8
3

x y+ =  ; 2x + 3y = 12

4. Which of the following pairs of linear equations are consistent/inconsistent? If consistent,
obtain the solution graphically:
(i) x + y =  5, 2x + 2y = 10

(ii) x – y =  8, 3x – 3y = 16
(iii) 2x + y – 6 = 0, 4x – 2y – 4 = 0
(iv) 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:
(i) intersecting lines (ii) parallel lines

(iii) 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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(ii) 4 ùΣτ′οΚρ 6 úΣ∴ôχΚ↓τ ↑ûΩ ` 50− ≅πΞôú[ 6 ùΣτ′οΚρ Τσßλ
4 úΣ∴ôχΚρ ↑ûΩ ` 46 Φ±ο ΙπùΞôÚ úΣ∴ô Τσßλ ùΣτ′οΚ↓τ
↑ûΩ Φτ∴>

2. 1 1 1

2 2 2

, and
a b c
a b c

↑€ΘδΚûΖ Ικ♦γÓ •úΨ ùΚôÓχΚκΣγÓρΖ ú⊥ô⁄ ΜΤτΣôÓΚ↓τ

úΚôÓΚρ ùΞγ⁄ ùΚôρÞλ úΚôÓΚΖô> ΒûΠ úΚôÓΚΖô> ≅οΩÕ Ιτßλ
úΚôÓΚΖô> Φ∴χ ΚηÓ♦⁄−

(i) 5x – 4y + 8 = 0 (ii) 9x + 3y + 12 = 0
7x + 6y – 9 = 0 18x + 6y + 24 = 0

(iii) 6x – 3y + 10 = 0
2x – y + 9 = 0

3. 1 1

2 2

,a b
a b

 Τσßλ 1

2

c
c ↑€ΘδΚΖûΖ Ικ♦γÓ •úΨ ùΚôÓχΚκΣγÓρΖ ú⊥ô⁄ ΜΤτΣôÓΚρ

ΒûΜϕΘ ΜΤτΣôÓΚΖô> ≅οΩÕ ΙπΞô ú⊥ô⁄ ΜΤτΣôÓΚΖô Φ∴ ΚηÓ♦⁄−

(i) 3x + 2y = 5 ; 2x – 3y = 7 (ii) 2x – 3y = 8 ; 4x – 6y = 9

(iii) 3 5 7
2 3

x y+ = ; 9x – 10y = 14 (iv) 5x – 3y = 11 ; – 10x + 6y = –22

(v) 4 2 8
3

x y+ =  ; 2x + 3y = 12

4. •θΚηΟ úΡ↔Υ ú⊥ô⁄ ΜΤτΣôÓΚ↓ο ΦûΞ ΒûΜϕΘ ΜΤτΣôÓΚρ.ΙπΞô ú⊥ô⁄
ΜΤτΣôÓΚρ> ΒûΜϕΘ ΜΤτΣôÓΚρ Φ±ο ΞûςΣΟλ êΩλ ¾νÜ ΚôηΚ−

(i) x + y =  5, 2x + 2y = 10
(ii) x – y =  8, 3x – 3y = 16

(iii) 2x + y – 6 = 0, 4x – 2y – 4 = 0
(iv) 2x – 2y – 2 = 0, 4x – 4y – 5 = 0

5. ≅ΚΩιûΘ ↑Ο 3Á ≅ƒΚ ¿ΖØûΟΥ ùΜπΞΚιƒτ Ñσ[Ζ↑ο Σôƒ 25Á Φ±ο
ùΜπΞΚιƒτ ¿Ζ+ ≅ΚΩδΚûΖ ΚηÓ♦⁄−

6. 2x + 3y – 8 = 0 ΦτΣÕ ùΚôÓχΚκΣγΟ ΙÚ úΡ↔Υ ΜΤτΣôÓ− ΒΘσÏ

(i) ùΞγÓλ úΚôÓΚρ (ii) ΒûΠúΚôÓ

(iii) Ιτßλ úΚôÓ Φ∴ êτß úΡ↔Υ ΜΤτΣôÓΚûΖ ΞûςΣΟιƒο Ï°−

7. x – y + 1 = 0 Τσßλ 3x + 2y – 12 = 0 Φτ[ ΜΤτΣôÓΚÞχÏ ΞûςΣΟλ ΞûςΚ− ΒΘτ
≅εÑ ×ρ↓Κρ x-≅ε′ο ΙÚ ØχúΚôΠ Ξ⁄ûΞ ∆ÚΞôχÏλ− ≅ϕΘ ØχúΚôΠ
ΣÏƒûΥ ♣Ψ←ÓΚ−

Τσßλ
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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

linear equations has non-integral coordinates like ( )3 , 2 7 , (–1.75, 3.3), 
4 1,

13 19
æ ö
ç ÷
è ø

, 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.

Example 4 : Solve the following pair of equations by substitution method:

7x – 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

7(3 – 2y) – 15y = 2

i.e., 21 – 14y – 15y = 2

i.e., – 29y = –19

Therefore, y = 19
29

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

x = 3 – 192
29

æ ö
ç ÷
è ø

 = 49
29

Therefore, the solution is x = 49
29

, y = 19
29

.
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3.3 ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚ↓τ ¾νÜΚûΖ ΒΥσΚ∞Θ Øû[♠ο ΚηΟ°Θο9

ØϕûΘΥ ♦↔↑ο úΡ↔Υ ΜΤτΣôÓ ú⊥ô⁄Κ↓τ ¾νûΞ ΞûςΣΟλ êΩλ ΚηΟ°Ùλ
Øû[ûΥ Κσßχ ùΚôηúΟôλ− Α∴ôο ¾νûΞ Ï°χÏλ ×ρ↓Κρ ≅εÑ çςδΚρ ØÝ

ΦηΚΖôΚ ΒοΩôΘ úΣôÕ ΒλØû[ Μσß Κ⁄∴λ− ∆ΘôςΠιƒσÏ ¾νÜΚρ ( )3 , 2 7 , (–

1.75, 3.3), 
4 1,

13 19
æ ö
ç ÷
è ø

Φàλ Ξ⁄↑ο ΒÚχÏλ úΣôÕ ΞûςΣΟιƒο ♦ûΨ ΓσΣΟ Ξôµκ×

∆ρΖÕ− ΒλΤôƒ↔Υô∴ ¾νÜΚûΖ ΚηΟ°Υ Τôσß Øû[Κρ ∆ρΖΘô> ΒΥσΚ∞Θ
Øû[♠ο ≅úΡΚ Øû[Κρ ∆ρΖ∴− ≅ƒο ′ΩΞσû[ Κσßχ ùΚôρúΞôλ−

3.3.1 ♦ςƒÂγÓ Øû[: ′Ω ΦÓιÕχ ΚôγÓΚρ ùΚôηÓ ΒϕΘ Øû[ûΥ ↑ΖχÏúΞôλ−

ΦÓιÕχΚôγÓ 4 : •θΚηΟ úΡ↔Υ ú⊥ô⁄ ΜΤτΣôÓΚûΖ ♦ςƒÂγÓ Øû[♠ο ¾νχΚ−

7x – 15y = 2 (1)

x + 2y = 3 (2)

¾νÜ :

Σ⁄ 1  : ΙÚ ΜΤτΣôγ⁄ο ∆ρΖ ΒÚ Τô°Κ↓ο ΙÚ Τô°ûΥ Τσù[ôÚ Τô°♠τ
ùΣôÚΖôΚ Τôσ° ΦÝÕ− ΜΤτΣôÓ ∋1(Η ΦÓιÕ ùΚôρúΞôλ−

                             x + 2y = 3

x = 3 – 2y (3)

Σ⁄ 2 : ΜΤτΣôÓ (1)ο x τ ΤƒκûΣ ♦ςƒ♠Ο+

7(3 – 2y) – 15y = 2

21 – 14y – 15y = 2

– 29y = –19

Φ∴úΞ+ y = 19
29

Φ∴ ΡΤχÏ €ûΟχÏλ−

Σ⁄ 3 : ΜΤτΣôÓ (3)ο y τ ΤƒκûΣ ♦ςƒ♠Ο+

x = 3 – 192
29

æ ö
ç ÷
è ø

 = 49
29

Φ∴úΞ+ x = 49
29

, y = 19
29

ΦτΣ∴ ¾νÜ ΑÏλ−
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Verification : Substituting x = 49
29

 and y = 19
29

, 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, i.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, I 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 t be the ages (in years) of Aftab and his daughter, respectively. Then, the
pair of linear equations that represent the situation is

s – 7 = 7 (t – 7), i.e.,  s – 7t + 42 = 0 (1)

and s + 3 = 3 (t + 3), i.e.,  s – 3t = 6 (2)

Using Equation (2), we get s = 3t + 6.

Putting this value of s in Equation (1), we get

(3t + 6) – 7t + 42 = 0,

i.e., 4t = 48, which gives t = 12.

Putting this value of t in Equation (2), we get

s = 3 (12) + 6 = 42
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Μ↔ΣôνιΘο: ΒςηÓ ΜΤτΣôÓΚ↓Ûλ x = 49
29

 Τσßλ y = 19
29

Η ♦ςƒ♠γÓ Μ↔ΣôνχΚ−

♦ςƒÂγÓ Øû[ ♥ΚÜλ Φ↓ûΤΥô∴Õ− ΒΘû∴ Σ⁄κΣ⁄ΥôΚ ΣôνκúΣôλ−

Σ⁄ 1 : ΙÚ Τô°ûΥ Τσù[ôÚ Τô°♠τ ùΣôÚΖôΚ Τôσß−  y Η x τ ùΣôÚΖôΚ Τôσ°
Τσù[ôÚ ΜΤτΣôγ⁄ο ♦ςƒ♠Ó− Βƒο ΦÕ ΡΤχÏ Φ↓ΘôΚ ∆ρΖúΘô ≅ûΘ ΦÓιÕχ
ùΚôρΖΩôλ−

Σ⁄ 2 : Σ⁄ 0ο €ûΟιΘ ΜΤτΣôγûΟ Τσù[ôÚ ΜΤτΣôγ⁄ο ♦ςƒ♠γÓ ≅ûΘ y ο ΙÚ
Τô° ΜΤτΣôΟôΚ+ ≅ΘôΞÕ x τ ùΣôÚΖôΚ Τôσß− x τ ΤƒκûΣ ΚηÓ♦⁄− ′Ω
úΡςδΚ↓ο ΦÓιÕχΚôγÓ 8 Τσßλ 0/ο ∆ρΖΞôß Τô°Κρ ΒοΩôΤο áσßΚΖôΚ
ΒÚχÏλ− ≅ϕΘ áσß Μ↔Υô∴Õ Φ±ο+ ≅ϕΘ úΡ↔Υ ΜΤτΣôÓΚρ Ø⁄↑οΩô ¾νÜΚûΖ
ùΚôηÓΒÚχÏλ Φ∴ Ø⁄↑σÏ ΞςΩôλ− ≅ϕΘ áσß ΘΞß Φ±ο ≅ϕΘ úΡ↔Υ
ΜΤτΣôÓΚρ ΙπΞô ΜΤτΣôÓΚρ ΑÏλ−

Σ⁄ 3  :  x (≅( y τ ΤƒκûΣ  Σ⁄  1ο  ∆ρΖ  ΜΤτΣôγ⁄ο  ♦ςƒ♠γÓ  Σ⁄  0ο  ∆ρΖ
Τô°Κ↓τ ΤƒκûΣ ΚηΟ°ΥΩôλ−

Ï°κ× : ΙÚ Τô°♠τ ΤƒκûΣ Τσù[ôÚ Τô°♠τ ùΣôÚΖôΚ ΦÝƒ+ ♦ςƒ♠γÓ úΡ↔Υ
ΜΤτΣôγ⁄τ ¾νûΞ Ρôλ ùΣß€ú[ôλ− Φ∴úΞ ΒλØû[ûΥ ♦ςƒÂγÓ Øû[ Φτ€ú[ôλ−

ΦÓιÕχΚôγÓ 5 : ♦τΞÚλ ΜΤτΣôγûΟ ¾ν9, ≅κΟôκ (Aftab) ≅Ξτ ΤΚ↓Ολ “6
ΞÚΟδΚÞχÏ Øτ Φτ ΞΥÕ ≅κúΣôûΘΥ ∆τ ΞΥûΘκ úΣôο 6 ΤΟδÏ ΒÚϕΘÕ−
≅πΞôú[ ΒκúΣôƒ←ÚϕÕ 2 ΞÚΟδΚρ Κ→ιÕ Φτ ΞΥÕ ∆τ ΞΥƒσÏ êτß
ΤΟδÏ ΑÏλ−”  ∋ΒÕ ΑνΞΤôΚ ∆ρΖΘô>( Φτ[ôτ− ΒϕΘ ãΨûΩ ΒΥσΚ∞Θ Øû[♠ο
ΦÝƒ ♦ςƒÂγÓ Øû[♠ο ¾νχΚ 9

¾νÜ : ≅κΟôκ (Aftab) Τσßλ ≅ΞÞûΟΥ ΤΚ↓τ ΞΥûΘ s Τσßλ t ∋ΞÚΟδΚρ( ΦτΚ−
ΒϕΘ ãΨÛχÏ úΡ↔Υ ΜΤτΣôÓ

s – 7 = 7 (t – 7), ≅οΩÕ  s – 7t + 42 = 0 (1)

Τσßλ s + 3 = 3 (t + 3), ≅οΩÕ  s – 3t = 6 (2)

(2)λ ΜΤτΣôγûΟ ΣΥτΣÓιƒ s = 3t + 6Η ùΣ[Ωôλ−

 sτ ΤƒκûΣ ΜΤτΣôÓ (1)ο ♦ςƒ♠γΟôο+

(3t + 6) – 7t + 42 = 0,

4t = 48,  t = 12 Φ∴ ùΣ[Ωôλ−

t τ ΤƒκûΣ ΜΤτΣôÓ (2)ο ♦ςƒ♠γΟôο

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 is `18. 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

x = 9 3
2

y- (3)

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

4(9 3 )
2

y-  + 6y = 18

i.e., 18 – 6y + 6y = 18

i.e., 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 = 0 and 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 – 2y

Now, we substitute this value of x in Equation (2) to get
2(4 – 2y) + 4y – 12 = 0
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Φ∴úΞ ≅κΟôκ Τσßλ ≅Ξρ ΤΚ↓τ ΞΥÕ Øû[úΥ 31 Τσßλ 01 ΞÚΟδΚΖôÏλ−

  ΚΠχ€ο ùΚôÓχΚκΣγΟ ♣ΣϕΘû∴χÏ ΒϕΘ Τƒκ×Κρ Μ↔ΥôΚ ∆ρΖΘô Φ∴ Μ↔ΣôνχΚ−

ΦÓιÕχΚôγÓ 6 :  ΙÚ ΚûΟ♠ο 1 ùΣτ′οΚρ Τσßλ 2 ≅→κΣôτΚ↓τ ↑ûΩ `9
Τσßλ 3 ùΣτ′οΚρ Τσßλ 5 ≅→κΣôτΚ↓τ ↑ûΩ `18 Φ±ο ΙÚ ùΣτ′ο
Τσßλ ΙÚ ≅→κΣôτ ↑ûΩûΥ ΚηÓ♦⁄−

¾νÜ : ùΚôÓχΚκΣγΟ ↑Ξςιƒτ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ

2x + 3y = 9 (1)

4x + 6y = 18 (2)

 2x + 3y = 9 Φτ[ ΜΤτΣôγ⁄ο ΒÚϕÕ x τ ΤƒκûΣ  y ο ùΣ[Ωôλ−

x = 9 3
2

y- (3)

ΜΤτΣôÓ ∋1(ο x τ ΤƒκûΣ ♦ςƒ♠γΟôο

4(9 3 )
2

y-  + 6y = 18

≅οΩÕ 18 – 6y + 6y = 18

18 = 18 Φ∴ Ρôλ ùΣ[Ωôλ−

ΒϕΘ áσß  yτ ΦοΩô Τƒκ×ΚÞχÏλ ùΤµ ΑÏλ− Φ∴úΞ y χÏ ¾νΞôΚ ΦϕΘ ΙÚ
ΤƒκûΣÙλ á[ Ø⁄ΥôÕ− Φ∴úΞ  xχÏλ ΙÚ Ï°κ♦γΟ ΤƒκûΣ á[ Ø⁄ΥôÕ− ΒϕΘ
ãΨο Γτ ΓσΣγΟÕ Φτ[ôο ΒςηÓ ΜΤτΣôÓΚÞλ Ιτú[− Φ∴úΞ ΜΤτΣôÓ (1)
Τσßλ (2) χÏ Ø⁄↑οΩô ¾νÜΚρ ∆ρΖ∴− Φ∴úΞ ùΣτ′ο Τσßλ ≅→κΣôτΚÞχÏ
ΙÚ Ï°κ♦γΟ ↑ûΩûΥ á[Ø⁄ΥôÕ− Γù∴±ο ùΚôÓχΚκΣγΟ ãΨÛχÏ ùΣôÕΞô∴
ΣΩ ¾νÜΚρ ∆ρΖ∴−

ΦÓιÕχΚôγÓ7 : ùΚôÓχΚκΣγΟ ΜΤτΣôγ⁄ο ΒςηÓ Βς♠οΚρ ùΜο€τ[∴−
ΒςηÓλ Ιτû[ Ιτß úΤôƒ ùΚôρÞΤô>
x + 2y – 4 = 0 Τσßλ 2x + 4y – 12 = 0−
¾νÜ: ùΚôÓχΚκΣγΟ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ−

x + 2y – 4 = 0 (1)
2x + 4y – 12 = 0 (2)

ΜΤτΣôÓ ∋0(ο  x τ ΤƒκûΣ y ο ùΣ[Ωôλ−
x = 4 – 2y

Ρôλ ΒκúΣôÕ ΜΤτΣôÓ ∋1(ο  x τ ΤƒκûΣ ♦ςƒ♠γΟôο

2(4 – 2y) + 4y – 12 = 0
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i.e., 8 – 12 = 0
i.e., – 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 + y = 14 (ii) s – t = 3

x – y = 4 6
3 2
s t
+ =

(iii) 3x – y = 3 (iv) 0.2x + 0.3y = 1.3
9x – 3y = 9 0.4x + 0.5y = 2.3

(v) 2 3 0x y+ = (vi) 3 5 2
2 3
x y
- = -

3 8 0x y- =
13

3 2 6
x y
+ =

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.
(i) The difference between two numbers is 26 and one number is three times the other.

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

(iii) 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) A fraction becomes 9
11

, if 2 is added to both the numerator and the denominator. If,
3 is added to both the numerator and the denominator it becomes 5

6
. Find the fraction.
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≅ΘôΞÕ 8 – 12 = 0
– 4 = 0

ΒÕ ΙÚ ΘΞ[ô∴ áσß−

Φ∴úΞ+ ΒϕΘ áσßχÏ ùΣôÕΞô∴ ¾νÜ ΒοûΩ− ΑΚúΞ ΒϕΘ ΒςηÓ Βς♠οΚÞλ
úΤôƒχ ùΚôρΖôÕ−

Σ♠σ′ 3.2

1. ♦ςƒÂγÓ Øû[♠ο ♦τΞÚλ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚ↓τ ¾νÜ ΚôηΚ−

(i) x + y = 14 (ii) s – t = 3

x – y = 4 6
3 2
s t
+ =

(iii) 3x – y = 3 (iv) 0.2x + 0.3y = 1.3
9x – 3y = 9 0.4x + 0.5y = 2.3

(v) 2 3 0x y+ = (vi) 3 5 2
2 3
x y
- = -

3 8 0x y- =
13

3 2 6
x y
+ =

2. 2x + 3y = 11 Τσßλ 2x – 4y = – 24 Η ¾νχΚ úΤÛλ y = mx + 3ο ‘m’ τ ΤƒκûΣ
ΚηÓ♦⁄−

3. ♦τΞÚλ ΚΠχÏΚûΖ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓ Ξ⁄↑ο ΦÝÕΚ− úΤÛλ ≅Ξσ°τ
¾νÜΚûΖ ♦ςƒÂγÓ Øû[♠ο ΚηÓ♦⁄χΚ−
(i) ΒςηÓ ΦηΚ↓τ ↑ιƒΥôΜλ 15 úΤÛλ ≅ƒο ϑν Φη Τσù[ôÚ Φη∞ο

êτß ΤΟδÏ Φ±ο ≅ϕΘ ΦηΚûΖ ΚηÓ♦⁄−
(ii) ΒςηÓ ♥ûΚ ♣ςκ× úΚôΠδΚ↓ο ùΣ↔Υ úΚôΠλ ′°Υ úΚôΠιûΘ ↑Ο

07/ ≅ƒΚλ Φ±ο ≅ϕΘ úΚôΠδΚûΖ ΚηÓ♦⁄−
(iii) ΙÚ €↔χùΚγ Κσß ùΚôÓκΣΞν ΘτàûΟΥ ÏÝ↑σΚôΚ 6 ΤγûΟΚρ Τσßλ

5 ΣϕÕΚûΖ ̀  3800χÏλ ♦τ∴ν 2 ΤγûΟΚρ Τσßλ 4 ΣϕÕΚûΖ ̀  1750χÏλ
Ξôδ€∴ôν− ΙπùΞôÚ ΤγûΟ Τσßλ Σϕƒτ ↑ûΩûΥ ΚηÓ♦⁄−

(iv) ΙÚ ΡΚςιƒο ΑγúΟô ΚγΟΠΤô∴Õ ♣ûΩΥô∴ ΚγΟΠιÕΟτ ΣΥΠλ ùΜµÙλ
çςιƒσÏ ΓσΣÜλ úΜνιÕ Ξã←χΚκΣÓ€[Õ− 0/€−Á ΣΥΠιƒσÏ ` 105 λ+
04€−Á ΣΥΠιƒσÏ ̀  155λ Ξã←ιΘôο Βƒο Ïû[ϕΘ ΣγΜ ΚγΟΠλ ΦπΞΖÜ>
úΤÛλ 0€−Á ΣΥΠιƒσÏ ΚγΟΠλ ΦπΞΖÜ> ΙÚΞν 14€−Á ΣΥΠλ ùΜµΘôο
ΦπΞΖÜ ΣΠλ ùΜÛιΘ úΞηÓλ>

(v) ΙÚ ♦τ∴ιƒτ ΣÏƒ+ ùΘôÏƒ ∆Οτ 1Η áγ⁄∴ôο 9
11
Α€[Õ− úΤÛλ ΣÏƒ

Τσßλ ùΘôÏƒÙΟτ 2Η áγ⁄∴ôο 5
6
Α€[Õ Φ±ο ≅ϕΘ ♦τ∴ιûΘ ΚηÓ♦⁄−
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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 ` 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 ̀  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 eliminate y, because the coefficients of y
are the same. So, we get

(28x – 27x) – (12y – 12y) = 8000 – 6000
i.e., x = 2000
Step 3 : Substituting this value of x in (1), we get

9(2000) – 4y = 2000

i.e., y = 4000
So, the solution of the equations is x = 2000, y = 4000. Therefore, the monthly incomes of the
persons are ` 18,000 and ` 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 elimination method,

because we eliminate one variable first, to get a linear equation in one variable.
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(vi) ΗϕÕ ΞÚΟδΚÞχÏ ♦[Ï ⊥ôΚκ ΞΥÕ ≅ΞàûΟΥ ΤΚ±τ ΞΥƒο êτß
ΤΟδÏ ΑÏλ− ΗϕÕ ΞÚΟδΚÞχÏ Øτ× ⊥ôΚκ ΞΥÕ ≅ΞàûΟΥ ΤΚ±τ
ΞΥƒο ΓÝ ΤΟδÏ Φ±ο ≅ΞνΚÞûΟ ΘσúΣôûΘΥ ΞΥÕ Φτ∴>

3.3.2 ¿χΚο Øû[

Ρôλ ΒκùΣôÝÕ ΙÚ Τô°ûΥ ¿χΚο Øû[♠ο ΚηΟ°ΘûΩ ΣôνκúΣôλ− ♦ςƒÂγÓ
Øû[ûΥ ↑Ο ΒÕ ÑΩΣΤô∴Õ− ΒλØû[♠ο ΦπΞôß ¾νιΘο ΦτΣûΘ ΣôνκúΣôλ−

ΦÓιÕχΚôγÓ 8 : ΒςηÓ ΡΣνΚ↓τ ΞÚΞôµ ↑€ΘδΚρ 9 : 7 úΤÛλ ≅ΞνΚ↓τ
ùΜΩÜ ↑€ΘδΚρ 4 : 3 ΙπùΞôÚΞÚλ ΤôΘιƒσÏ ̀  2000 úΜ♥χ€[ôνΚρ Φ±ο ≅ΞνΚ↓τ
ΤôΘ ΞÚΤôûΥχ ΚηÓ♦⁄−

¾νÜ : ΒςηÓ ΡΣνΚ↓τ ΞÚΞôûΥ ` 9x Τσßλ ` 7x Φτßλ ùΜΩÜΚûΖ  ` 4y Τσßλ
` 3y Φτßλ Ï°κúΣôλ− ΒϕΘ ãΨÛχΚô∴ ΜΤτΣôÓ+

9x – 4y = 2000 (1)
7x – 3y = 2000 (2)

Σ⁄ 1 : ΜΤτΣôÓ ∋0(Η 2Αο+ ΜΤτΣôÓ∋1(Η 3Αο ùΣÚχ€ y τ ùΚÝχΚûΖ ΜΤτΣÓιÕΚ−
ΒκùΣôÝÕ Ρôλ ùΣßλ ΜΤτΣôÓ+

27x – 12y = 6000 (3)
28x – 12y = 8000 (4)

Σ⁄  2 : ΜΤτΣôÓ ∋2(Η ΜΤτΣôÓ ∋3(ο ΒÚϕÕ Κ→ιÕ yΗ ¿χÏΚ− Γù∴±ο y τ
ùΚÝχΚρ ΜΤλ− Φ∴úΞ+

(28x – 27x) – (12y – 12y) = 8000 – 6000
x = 2000

Σ⁄ 3 : ∋0(ο  x τ ΤƒκûΣ ♦ςƒ♠Ó−

9(2000) – 4y = 2000

y = 4000

Φ∴úΞ+ x = 2000, y = 4000 ΦτΣÕ ΒϕΘ ΜΤτΣôγ⁄τ ¾νÜΚρ ΑÏλ− Φ∴úΞ ΡΣνΚ↓τ
ΤôΘ ΞÚΤô∴λ ` 18,000 Τσßλ ` 14,000 ΑÏλ−

Μ↔ΣôνιΘο : 18000 : 14000 = 9 : 7+
ùΜΩÜΚ↓τ ↑€ΘδΚρ = 18000 – 2000 : 14000 – 2000 = 16000 : 12000 = 4 : 3

Ï°κ× :

1. úΤσΚηΟ ΦÓιÕχΚôγ⁄ο Ρôλ ΣΥτΣÓιƒΥ Øû[ ¿χΚο Øû[ ΑÏλ− Φ∴úΞ
úΡ↔Υ ΜΤτΣôγ⁄ο ΙÚ Τô°ûΥ ØΘ←ο ¿χ€ú∴ôλ−
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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 = 8 (1)
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

i.e., 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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úΤσΚηΟ ΦÓιÕχΚôγ⁄ο Ρôλ y Η ¿χ€ú∴ôλ− x Η ¿χ€Ùλ ΒûΘ ùΜµΥΩôλ− ØΥτß
Σôν−

2. úΤÛλ ♦ςƒÂγÓ Øû[ Τσßλ ΞûςΣΟ Øû[♠Ûλ ΒϕΘ ΚΠχ€σÏ ¾νÜ Κôη−
ØΥτß ΣôνιÕ ΦϕΘ Øû[ Φ↓ûΤΥô∴Õ áß−

Ρôλ ΒκúΣôÕ ¿χΚο Øû[♠τ Σ⁄ ♣ûΩΚûΖ ΣôνκúΣôλ−

Σ⁄ 1 : ΓΘôΞÕ ΙÚ Τô°♠τ ( x ≅οΩÕ y) ùΚÝχΚρ ΜΤλ ΑÏλ Σ⁄ éϖ≥ΥΤσ[
ØÝΞôο ΒςηÓ ΜΤτΣôÓΚûΖÙλ ùΣÚχÏΚ−

Σ⁄ 2 : ΙÚ Τô°ûΥ ¿χÏΞΘσΚôΚ áγΟúΩô ∋≅( Κ→ιΘúΩô ùΜµΚ− ΒκúΣôΘ Ρôλ ΙÚ
Τô°ûΥ ùΚôηΟ ΜΤτΣôγûΟ ùΣÚúΞôλ− Σ⁄ 2χÏ ùΜο−

Σ⁄ 1ο Τô°Κρ ≅σ[ ùΤµ áσû[ ùΣσ[ôο ≅ϕΘ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚÞχÏ
Ø⁄↑οΩô ΦηΠσ[ ¾νÜΚρ ∆ηÓ−

Σ⁄ 1ο Τô°Κρ ≅σ[ ùΤµΥσ[ áσß Φ±ο ≅ϕΘ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚÞχÏ
¾νÜΚρ ΒοûΩ− ≅ûΞ ΙπΞô ú⊥ô⁄ ΜΤτΣôÓΚρ−

Σ⁄ 3 : ΙÚ Τô°ûΥ (x ≅οΩÕ y) ùΚôηΟ ΜΤτΣôγûΟ ¾νιÕ ≅Θτ ΤƒκûΣ ΚηÓ♦⁄−

Σ⁄ 4 : ≅ϕΘ ΤƒκûΣ x (≅οΩÕ y) ØΘ←ο ∆ρΖ ΜΤτΣôγ⁄ο ♦ςƒ♠γÓ Τô°Κ↓τ
ΤƒκûΣ ùΣ[Ωôλ−

ΒκúΣôÕ úΤÛλ ′Ω ∆ΘôςΠδΚûΖ ΣôνκúΣôλ−

ΦÓιÕχΚôγÓ 9 : ¿χΚο Øû[ûΥ ΣΥτΣÓιƒ ♦τΞÚλ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôγ⁄σÏ
ùΣôÚιΘΤô∴ ¾νÜΚûΖ ΚηÓ♦⁄−

2x + 3y = 8 (1)
4x + 6y = 7 (2)

¾νÜ :
Σ⁄ 1 : ΜΤτΣôÓ ∋0(Η 1Αο ΜΤτΣôÓ ∋1(Η 0Αο ùΣÚχ€ x τ ùΚÝûΞ ΜΤτΣÓιÕΚ−
ΒκúΣôÕ Ρôλ ùΣßλ ΜΤτΣôÓ+

4x + 6y = 16 (3)
4x + 6y = 7 (4)

Σ⁄ 2 : ΜΤτΣôÓ ∋2(ο ΒÚϕÕ ΜΤτΣôÓ ∋3(Η Κ→

(4x – 4x) + (6y – 6y) = 16 – 7
0  = 9− ΒÕ ΘΞ[ô∴ áσß−

Φ∴úΞ+ ΒϕΘ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚÞχÏ ¾νÜΚρ ΒοûΩ−

ΦÓιÕχΚôγÓ 10 : ϑν Χ↔ΩχΚ Φη úΤÛλ ≅Ξσ°τ ΒΩχΚδΚûΖ Τôσ° ≅ûΤκΣΘôο
ΓσΣÓλ ×ƒΥ Φη Α€ΥΞσ°τ áγÓιùΘôûΚ 55− ΒΩχΚδΚ↓τ ↑ιƒΥôΜλ 1
Φ±ο ≅ϕΘ ΦηûΠχ ΚηÓ♦⁄− ΒÕúΣôτ[ ΦηΚρ ΦιΘû∴ ΒÚχÏλ>
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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 10 x + 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
i.e., 11(x + y) = 66
i.e., x + y = 6 (1)
We are also given that the digits differ by 2, therefore,
either x – 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 get x = 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 = 66 and 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 :
(i) x + y = 5 and 2x – 3y = 4 (ii) 3x + 4y = 10 and 2x – 2y = 2

(iii) 3x – 5y – 4 = 0 and 9x = 2y + 7(iv) 2 1 and 3
2 3 3
x y yx+ = - - =

2. Form the pair of linear equations in the following problems, and find their solutions
(if they exist) by the elimination method :
(i) If we add 1 to the numerator and subtract 1 from the denominator, a fraction reduces to

1. It becomes 1
2

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

(ii) 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?

(iii) 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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¾νÜ: ΣιΘôλ ΒΩχΚλ Τσßλ Ιτ[ôλ ΒΩχΚιƒο x Τσßλ yΗ ♦ςƒ♠γÓ 10 x + y
Φτ[ ↑↔Ξô∴ Ξ⁄↑ο ΦÝÕΚ− (∆ΘôςΠΤôΚ 56 = 10(5) + 6).

ΒΩχΚδΚûΖ Τôσ°∴ôο+ Ιτ[ôλ ΒΩχΚιƒο x λ ΣιΘôλ ΒΩχΚιƒο y λ ΞÚλ−
≅ϕΘ Φη∞τ ↑↔Ξô∴ Ξ⁄Ξλ 10y + x (∆ΘôςΠΤôΚ 56 τ ΒΩχΚδΚûΖ Τôσ°∴ôο
65 = 10(6) + 5).
ùΚôÓχΚκΣγΟ ♣ΣϕΘû∴Κ↓τ Σ⁄+

(10x + y) + (10y + x) = 66
11(x + y) = 66

x + y = 6 (1)
ΒΩχΚδΚ↓τ ↑ιƒΥôΜλ 1 Φ±ο+

x – y = 2 (2)
             ≅οΩÕ y – x = 2 (3)

x – y = 2 Φ∴χùΚôηÓ ∋0(Η ∋1(ο ¿χΚο Øû[♠ο ¾νιΘôο+ x = 4 Τσßλ y = 2 Φ∴
€ûΟχÏλ− ΒϕΘ Øû[♠ο Ρôλ ùΣÚλ Φη 31−

y – x = 2 Φ∴χùΚôηÓ ∋0(Η ∋2(ο ¿χΚο Øû[♠ο ¾νιΘôο x = 2 Τσßλ y = 4 Φ∴
€ûΟχÏλ− ΒλØû[♠ο Ρôλ ùΣßλ Φη 13−

ΒδÏ ΡΤχÏ 31 Τσßλ 13 ΒςηÓ ΦηΚρ €ûΟχ€τ[∴−

Μ↔ΣôνιΘο : ΒδÏ 42 + 24 = 66 Τσßλ 4 – 2 = 2. ΒπΞôú[+ 24 + 42 = 66 Τσßλ 4 – 2 = 2.
Σ♠σ′ 3.3

1. ♦τΞÚλ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚûΖ ♦ςƒÂγÓ Øû[ Τσßλ ¿χΚο Øû[♠ο
¾νχΚ 9
(i) x + y = 5 Τσßλ 2x – 3y = 4(ii) 3x + 4y = 10 Τσßλ 2x – 2y = 2

(iii) 3x – 5y – 4 = 0 Τσßλ 9x = 2y + 7 (iv) 2 1 and 3
2 3 3
x y yx+ = - - =

2. ♦τΞÚλ ΚΠχÏΚûΖ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓ Ξ⁄↑ο ΦÝÕΚ− úΤÛλ ≅Ξσ°σÏ
¿χΚο Øû[♠ο ¾νÜ ΚôηΚ− ∋¾νÜ ΒÚϕΘôο(

(i) ΙÚ ♦τ∴ιƒτ ùΘôÏƒÙΟτ 0Η áγ⁄ ΣÏƒ♠ο ΒÚϕÕ 0Η Κ→ιΘôο ≅ϕΘ ♦τ∴λ

0 Α€[Õ− ΣÏƒÙΟτ 0Η ΤγÓλ áγ⁄∴ôο 1
2
 Α€[Õ Φ±ο ≅ϕΘ ♦τ∴λ ΦÕ>

(ii) ΗϕÕ ΞÚΟδΚÞχÏ Øτ× ♣ë↔υ úΜôà↑τ ΞΥƒο 2 ΤΟδÏ ΒÚϕΘôτ−
ΣιÕ ΞÚΟδΚÞχÏ ♦[Ï ♣ë↔υ úΜôà↑τ ΞΥƒο 1 ΤΟδÏ Α€[ôτ
Φ±ο ΘσúΣôÕ ♣ë↔υ Τσßλ úΜôà↑τ ΞΥÕ Φτ∴>

(iii) ϑν Χ↔ΩχΚ Φη∞τ ΒΩχΚδΚ↓τ áÓΘο 8− úΤÛλ ≅Θτ ΒΩχΚδΚûΖ
Τôσ° ΒςηÓ ΤΟδΚôχ€∴ôο ≅Õ ≅ϕΘ Φη∞τ ΙτΣÕ ΤΟδ€σÏ ΜΤλ
Φ±ο ≅ϕΘ ΦηûΠ ΚηÓ♦⁄−

Τσßλ
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(iv) Meena went to a bank to withdraw ` 2000. She asked the cashier to give her
` 50 and ` 100 notes only. Meena got 25 notes in all. Find how many notes of
` 50 and ` 100 she received.

(v) A lending library has a fixed charge for the first three days and an additional charge
for each day thereafter. Saritha paid ̀  27 for a book kept for seven days, while Susy
paid ̀  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:
(i) graphical method

(ii) algebraic method
2. Graphical Method :

The graph of a pair of linear equations in two variables is represented by two lines.
(i) 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.
(ii) If the 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 :
(i) Substitution Method

(ii) Elimination Method
4. If a pair of linear equations is given by a1x + b1y + c1 = 0 and a2x + b2y + c2 = 0, then the

following situations can arise :

(i) 1 1

2 1

a b
a b

¹  : In this case, the pair of linear equations is consistent.

(ii) 1 1 1

2 2 2

a b c
a b c

= ¹  : In this case, the pair of linear equations is inconsistent.

(iii) 1 1 1

2 2 2

a b c
a b c

= =  : In this case, the pair of linear equations  is dependent and consistent.

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) Á∴ô Ξδ€♠ο ΒÚϕÕ ` 2000 ùΣ[ ↑Úλ♦∴ôρ− ≅Ξρ ΚôΜôΖ↔Ολ ` 50
Τσßλ ` 100 úΡôγÓΚρ ΤγÓλ ùΚôÓχÏΤôß úΚγΟôρ− Á∴ô ùΤôιΘλ 14
úΡôγÓΚûΖ ùΣσ[ôρ Φ±ο ≅ƒο ̀  50 úΡôγÓΚρ+ ̀  100 úΡôγÓΚρ ΦιΘû∴>

(v) ΙÚ ×ΚθùΣσ[ èΩΚιƒο ×ιΘΚιƒσÏ ØΘο êτß ΡôγΚÞχÏ Ïû[ϕΘ
ΣγΜ ΚγΟΠØλ ≅ΘσÏ úΤο ΑÏλ ΡôγΚÞχÏ Θ±ΥôΚÜλ ΚγΟΠλ
Ξã←χΚκΣÓ€[Õ− Μ↔Θô  ` 27 ùΜÛιƒ ΙÚ ×ιΘΚιûΘ ΓÝ ΡôγΚρ
ûΞιƒÚϕΘôρ− Ñ′ ̀  21 ùΜÛιƒ ΙÚ ×ιΘΚιûΘ ΗϕÕ ΡôγΚρ ûΞιƒÚϕΘôο
Φ±ο Ïû[ϕΘΣγΜ ΚγΟΠλ ΦπΞΖÜ> Ρôρ ΙτßχÏ ΚγΟΠλ ΦπΞΖÜ>

3.4 Ρôλ Κσ[ûΞ
ΒϕΘ ≅ιƒΥôΥιƒο ♦τΞÚΞ∴Ξσû[ Κσú[ôλ−

1. ΙÚ ú⊥ô⁄ úΡ↔Υ ΜΤτΣôγûΟ ΦÝÕΘο úΤÛλ
(i) ΞûςΣΟ Øû[

(ii) ΒΥσΚ∞Θ Øû[♠ο ¾νÜ ΚôΠο−
2. ΞûςΣΟ Øû[9

ΒςηÓ Τô°Κρ ùΚôηΟ  úΡ↔Υ  ú⊥ô⁄  ΜΤτΣôÓΚρ  ΞûςΣΟλ  ΒςηÓ úΡν
úΚôÓΚΖôο Ï°χΚκΣÓ€[Õ−
(i) ΒςηÓ úΡνúΚôÓΚρ Ιúς ×ρ↓♠ο ùΞγ⁄ ùΚôηΟôο ≅Ξσ°σÏ Ιúς ΙÚ

¾νÜ ΤγÓúΤ ΒÚχÏλ− ΒπΞô[ô∴ ΜΤτΣôÓΚρ ΒûΜϕΘ ΜΤτΣôÓΚρ ΑÏλ−
(ii) ΒςηÓ úΡνúΚôÓΚρ Ιτ°τÁÕ Ιτß Ιτ°∴ôο ≅Ξσ°σÏ Ø⁄↑οΩô

¾νÜΚρ ΒÚχÏλ− ΒπΞô[ô∴ ΜΤτΣôÓΚûΖ Μôν♣ûΩ ΜΤτΣôÓΚρ ΦτΣν−
(iii) ΒςηÓ úΡνúΚôÓΚρ ΒûΠ Φ±ο ≅Ξσ°σÏ ¾νÜΚρ ΒÚχΚôÕ− ΒπΞô[ô∴

ΜΤτΣôÓΚρ ΙπΞô ΜΤτΣôÓΚρ Φ∴κΣÓλ−
3. ΒΥσΚ∞Θ Øû[9 úΡ↔Υ ú⊥ô⁄ ΜΤτΣôÓΚ↓τ ¾νÜΚûΖ Ρôλ

(i) ♦ςƒÂγÓ Øû[
(ii) ¿χΚο Øû[♠Ûλ ΚôΠΩôλ−

4. a1x + b1y + c1 = 0 úΤÛλ a2x + b2y + c2 = 0 Α€ΥûΞ ùΚôÓχΚκΣγΟ úΡ↔Υ ú⊥ô⁄
ΜΤτΣôÓΚρ Φ±ο ≅Ξσ°σ€ûΟúΥ ∆ρΖ ùΘôΟν×

(i) 1 1

2 1

a b
a b

¹  Φ±ο ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ ΒûΜϕΘ ΜΤτΣôÓΚρ ΑÏλ−

(ii) 1 1 1

2 2 2

a b c
a b c

= ¹  Φ±ο ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ ΙπΞô ΜΤτΣôÓΚρ ΑÏλ−

(iii) 1 1 1

2 2 2

a b c
a b c

= =  Φ±ο ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚρ Μôν♣ûΩ ΜΤτΣôÓΚρ ΑÏλ−

5. ≅τ[ôΟ ΞôθχûΚ ♣ΚθÜΚûΖ ΜΤτΣôΟôΚ ΦÝÕλúΣôÕ ≅ûΞ úΡ↔Υ ΜΤτΣôÓΚΖôΚ
ΒÚκΣƒοûΩ− Α∴ôο Μ↔Υô∴ ♦ςƒÂÓΚ↓τ êΩλ ≅ûΞΚûΖ ú⊥ô⁄ úΡ↔Υ
ΜΤτΣôÓΚΖôΚ Τôσ[ Ø⁄Ùλ−
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4
4.1 Introduction
In Chapter 2, you have studied different types of polynomials. One type was the quadratic
polynomial of the form ax2 + bx + c, a ¹ 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
metres. Then, its length should be (2x + 1) metres.
We can depict this information pictorially as shown
in Fig. 4.1.
Now, area of the hall = (2x + 1). x m2 = (2x2 + x) m2

So, 2x2 + x = 300 (Given)
Therefore, 2x2 + x – 300 = 0

So, the breadth of the hall should satisfy the equation 2x2 + 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
x2 – 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
ax2 + bx = c. Later,

QUADRATIC EQUATIONS

Fig. 4.1
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4
4.1 ≅°ØΚλ

  ≅ιƒΥôΥλ 1ο ΣοúΞß ΞûΚΥô∴ ΣοÛßκ×χ úΚôûΞΚûΖκ Σσ° ¿δΚρ
Σ⁄ιÕρÇνΚρ− Βƒο ax2 + bx + c, a ¹ 0 ΦτΣÕ ΙÚ ΞûΚΥô∴ ΒÚΣ⁄ ΣοÛßκ×χ
úΚôûΞΥôÏλ− ΒϕΘ ΣοÛßκ×χúΚôûΞ éϖ≥ΥιƒσÏ
ΜΤτΣÓιÕλúΣôÕ Ρôλ ΙÚ ΒÚΣ⁄ε ΜΤτΣôγûΟ
ùΣß€ú[ôλ− ΣΩ ≅τ[ôΟ ΞôθχûΚ ãθ♣ûΩΚûΖ Ρôλ
û Κ Υ ô Þ λ ú Σ ô Õ  Β Ú Σ ⁄  Μ Τ τ Σ ô γ û Ο  Μ ϕ ƒ χ Κ
úΡ↔Ó€τ[∴− ΦÓιÕχΚôγΟôΚ ΙÚ ùΘôηÓ ≅[χΚγΟûΖ
2// ΜÕς ÁγΟν ΣςκΣΖûΞχ ùΚôηΟ ΙÚ ♦ςôνιΘû∴
áΟ ιûΘ ΚγΟ Ø⁄ Ü ù Μµ€ [Õ− ≅Θτ ¿Ζ λ+
≅ΚΩιûΘ↑Ο ΒÚΤΟδÏ ≅ƒΚΤôÏλ− áΟιƒτ ¿Ζλ
Τσßλ ≅ΚΩλ Φτ∴ΞôΚ ΒÚχΚ úΞηÓλ> ΙÚ úΞûΖ áΟιƒτ ≅ΚΩλ x ÁγΟν
Φ±ο ≅Θτ ¿Ζλ  (2x + 1) ÁγΟςôΚ ΒÚχΚ úΞηÓλ− ΣΟλ 3−0ο Κôγ⁄ΥΞôß ΒϕΘ
ΘΚΞûΩ Ρôλ ΣΟΤôΚ ′ιΘ↔χΚΩôλ−
 ΒκùΣôÝÕ+ áΟιƒτ ΣςκΣΖÜ =(2x + 1). x Á2 = (2x2 + x) Á2

ΑûΚΥôο+ 2x2 + x = 300 (ùΚôÓχΚκΣγΟûΞ)
Φ∴úΞ+ 2x2 + x – 300 = 0

Φ∴úΞ áΟιƒτ ≅ΚΩλ 2x2 + x – 300 = 0 Φτ[ ΒÚΣ⁄ ΜΤτΣôγûΟ ƒÚκƒΣÓιΘ úΞηÓλ−

ΒÚΣ⁄εΜΤτΣôγ⁄σΚô∴ ¾νÜΚûΖ ØΘ←ο ΚηΟ°ϕΘΞνΚρ Σô♦úΩô±ΥνΚρ  Φ∴
ΡλΣκΣÓ€[Õ− ΦÓιÕχΚôγΟôΚ ùΚôÓχΚκΣγΟ ♥ûΚ áγÓιùΘôûΚ Τσßλ ♥ûΚ
ùΣÚχÏιùΘôûΚχÏλ ΒςηÓ ♥ûΚ ΦηΚûΖ ΦπΞôß ΚηÓ♦⁄κΣÕ Φτß ≅ΞνΚρ
ùΘ↔ϕÕ ûΞιƒÚϕΘ∴ν Τσßλ ΒϕΘ ♦ςεΜû∴ x2 – px + q = 0 Ξ⁄↑ο ∆ρΖ ΒÚΣ⁄
ΜΤτΣôγûΟ ¾νκΣΘσÏ ΜΤλ− €úςχΚ Κ∞ΘúΤûΘ ëχ↓γ ¿ΖδΚûΖ ΚηΟ°Υ Ξ⁄↑Υο
≅ÔÏØû[ûΥ úΤλΣÓιƒ∴ôν− ΡΤÕ Βτû[Υ ùΜôσΚΖφ′Υιƒο ¿ΖδΚûΖ
ΚηΟ°Θο+ ΒÚΣ⁄ε ΜΤτΣôÓΚ↓τ ¾νÜΚρ+ ΒÚΣ⁄ε ΜΤτΣôÓΚûΖ ¾νκΣÕ+
ùΣôÕΞ⁄↑ο ∆ρΖ ΒÚΣ⁄εΜΤτΣôγ⁄τ ¾νûΞ ΚôÔλ Øû[ûΥ ΚηÓ♦⁄ιΘ ùΣÚûΤ
ΣηûΟΥ ΒϕƒΥ Κ∞ΘúΤûΘΚûΖ ΜôÚλ− ∆ηûΤ♠ο ♦ςλΤÏκΘô (€−Ø−598–665)
ax2 + bx = c Φτ[ Ξ⁄↑ο ∆ρΖ ΒÚΣ⁄ε ΜΤτΣôγûΟ ¾νχÏλ ãιƒςιûΘ ∆ÚΞôχ€
ùΚôÓιΘôν− ≅Θτ♦[Ï+

ΒÚΣ⁄ ΜΤτΣôÓΚρ

ΣΟλ 4.1
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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 ax2 + bx + c = 0, where a, b, c are
real numbers, a ¹ 0. For example, 2x2 + x – 300 = 0 is a quadratic equation. Similarly, 2x2 – 3x +
1 = 0, 4x – 3x2 + 2 = 0 and 1 – x2 + 300 = 0 are also quadratic equations.

In fact, any equation of the form p(x) = 0, where p(x) is 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, ax2 + bx + c = 0, a ¹ 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:

(i) 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.

(ii) 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 :

(i) 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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′↔ΘςôεΜô↔Υô (C.E. 1025) ΦτΣΞν ΙÚ ãιƒςιûΘ ΞÚ↑ιΘôν− ≅ÕúΞ (ΣôυΚςô II
Αο ΦÓιÕûςχΚκΣγΟ) ΞνχΚ ØÝûΤΥôχΚο Øû[♠ο ΒÚΣ⁄ε ΜΤτΣôγ⁄û∴ι
¾νχÏλ ãιƒςΤôΚ ΒÚκΣûΘ ΒκúΣôÕ Ρôλ ≅°€ú[ôλ− ≅úς♦Υ ΡôγÓ Κ∞Θ úΤûΘ
Αο,χΞô↔≥♥ (Γ[ιΘôΨ €−Ø− 800) ΣοúΞß ΞûΚΥô∴ ΒÚΣ⁄ε ΜΤτΣôÓΚûΖκ
Σσ° ≅°ϕƒÚϕΘôν− ΑκςΚôλ Σôν ∝µΥô ≅,Ρô′ Θôτ ΦÝƒΥ èΩô∴ ‘ûΩΣν
ΦλΣúΟôúςôλ (Liber embadorum)’ ΗúςôκΣô↑ο €−Ø− 0324ο ùΞ↓♠Óλ úΣôÕ ùΞπúΞß
ΒÚΣ⁄ε ΜΤτΣôÓΚÞχΚô∴ ¾νÜΚûΖ ØÝûΤΥôΚ ùΚôÓιƒÚϕΘôν−

ΒϕΘ ≅ιƒΥôιƒο ΒÚΣ⁄ε ΜΤτΣôÓΚûΖ Σσ°Ùλ ≅Ξσ°τ ¾νÜΚûΖ
ΚôηΣΘσΚô∴ ΣοúΞß Øû[ΚûΖ Σσ°Ùλ Σ⁄χΚΩôλ− úΤÛλ ≅τ[ôΟ ΞôθχûΚ
ãΨ←ο ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ΣΥτΣôÓΚρ ′ΩΞσû[ ΣôνχΚΩôλ−

4.2 ΒÚΣ⁄ε ΜΤτΣôÓΚρ
   x Η Τô°ΥôΚχ ùΚôηΟ ϑν ΒÚΣ⁄ε ΜΤτΣôÓ Φτ[ ΜΤτΣôÓ ax2 + bx + c = 0 Ξ⁄↑ο
ΒÚχÏλ ΒδÏ a, b, c ùΤµùΥηΚρ+ úΤÛλ a ¹ 0− ΦÓιÕχΚôγΟôΚ  2x2 + x – 300 = 0
ΦτΣÕ ΙÚ ΒÚΣ⁄εΜΤτΣôÓ ΑÏλ− ΒπΞôú[  2x2 – 3x + 1 = 0, 4x – 3x2 + 2 = 0 Τσßλ
1 – x2 + 300 = 0 úΣôτ[ûΞÙλ ΒÚΣ⁄ε ΜΤτΣôÓΚúΖ ΑÏλ−

p(x) = 0 ΦτΣÕ Σ⁄ 1Η ùΚôηΟ ΙÚ ΣοÛßκ×χ úΚôûΞ Φ±ο  p(x)=0 Ξ⁄ΞιƒÛρΖ
≅û∴ιÕ ΜΤτΣôÓΚÞλ ΒÚΣ⁄ε ΜΤτΣôÓ ΑÏλ− Α∴ôο  p(x) úΚôûΞ♠ÛρΖ
∆ßκ×ΚûΖ ≅Ξσ°τ ≅ÓχÏΚûΖκ ùΣôßιÕ Β[δÏ Ξ↔ûΜ♠ο ΦÝƒ∴ôο ≅Õ
ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ùΣôÕ Ξ⁄Ξλ ΑÏλ− ≅ΘôΞÕ ax2 + bx + c = 0, a ¹ 0 ΦτΣÕ
ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ùΣôÕΞ⁄Ξλ Φτß ≅ûΨχΚκΣÓ€[Õ−

ΒÚΣ⁄ε ΜΤτΣôÓΚρ ΡλûΤε Ñσ°ÙρΖ ∆Ω€ο ΣοúΞß ãθ♣ûΩΚ↓Ûλ
Κ∞Θιƒτ ùΞπúΞß Õû[Κ↓Ûλ úΘôτß€τ[∴− ΙÚ ′Ω ΦÓιÕχΚôγÓΚûΖ ΚÚιƒο
ùΚôρúΞôλ−
ΦÓιÕχΚôγÓ 1 : ♦τΞÚλ ãθ♣ûΩΚûΖ Κ∞Θ Ξ⁄↑ο Ï°κ♦ΟÜλ−
(i) ⊥ôτ Τσßλ ≥Ξτƒ ΒÚΞ↔ΟØλ úΜνιÕ 34 úΚô←Κρ ∆ρΖ∴− ΒÚΞÚλ 4

úΚô←ΚûΖ ùΘôûΩιÕ↑γΟ∴ν− ΒκúΣôÕ ΒÚΞ↔Ολ ∆ρΖ úΚô←Κ↓τ
Φη∞χûΚΚ↓τ ùΣÚχΚσΣΩτ 013− ΒÚΞ↔ΟØλ ùΘôΟχΚιƒο ΦιΘû∴ úΚô←Κρ
ΒÚϕƒÚχÏλ ΦτΣûΘ ΚηΟ°Υ ØΥοúΞôλ−

(ii) ΙÚ Ï⁄ûΜι ùΘô→←ο ΙπùΞôÚ ΡôÞλ ΙÚ Ï°κ♦γΟ Φη∞χûΚ♠Ωô∴
ΙπùΞôÚ ùΣôλûΤΚûΖ ΘΥôν ùΜµΞôνΚρ− ≅ϕΘ Ρô↓ο ΘΥô↔χΚκΣγΟ ΙπùΞôÚ
ùΣôλûΤ♠τ ↑ûΩΥô∴Õ 44 ←ÚϕÕ ΘΥô↔χΚκΣγΟ ùΣôλûΤΚ↓τ
Φη∞χûΚûΥ Κ→κΣΘσÏ ΜΤλ− ≅ϕΘ Ï°κ♦γΟ Ρô↓ο ΘΥô↔χΚκΣγΟ
ùΣôλûΤΚ↓τ Φη∞χûΚ ΚηΟ°Υ ØΥοúΞôλ−

¾νÜ :
(i) ⊥ô±Ολ ∆ρΖ úΚô←Κ↓τ Φη∞χûΚ x ΦτΚ−

≥Ξτƒ♠Ολ ∆ρΖ úΚô←Κ↓τ Φη∞χûΚ = 45 – x (Γτ?).
4 úΚô←ΚûΖ ùΘôûΩιΘ ♦[Ï ⊥ô±Ολ ∆ρΖ úΚô←Κ↓τ Φη∞χûΚ = x – 5
4 úΚô←ΚûΖ ùΘôûΩιΘ ♦[Ï ≥Ξτƒ♠Ολ ∆ρΖ úΚô←Κ↓τ Φη∞χûΚ

= 45 – x – 5
          = 40 – x
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Therefore, their product = (x – 5) (40 – x)
= 40x – x2 – 200 + 5x
= – x2 + 45x – 200

So, – x2 + 45x – 200 = 124 (Given that product = 124)
i.e., – x2 + 45x – 324 = 0
i.e., x2 – 45x + 324 = 0
Therefore, the number of marbles John had, satisfies the quadratic equation

x2 – 45x + 324 = 0
which is the required representation of the problem mathematically.

(ii) 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) = 750
i.e., 55x – x2 = 750
i.e., – x2 + 55x – 750 = 0
i.e., x2 – 55x + 750 = 0
Therefore, the number of toys produced that day satisfies the quadratic equation

x2 – 55x + 750 = 0
which is the required representation of the problem mathematically.

Example 2 : Check whether the following are quadratic equations:
(i) (x – 2)2 + 1 = 2x – 3 (ii) x(x + 1) + 8 = (x + 2) (x – 2)

(iii) x (2x + 3) = x2 + 1 (iv) (x + 2)3 = x3 – 4

Solution :
(i) LHS = (x – 2)2 + 1 = x2 – 4x + 4 + 1 = x2 – 4x + 5

Therefore, (x – 2)2 + 1 = 2x – 3 can be rewritten as
x2 – 4x + 5 = 2x – 3

i.e., x2 – 6x + 8 = 0
It is of the form ax2 + bx + c = 0.
Therefore, the given equation is a quadratic equation.
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ΑûΚΥôο+ ΒΞσ°τ ùΣÚχΚσΣΩτ = (x – 5) (40 – x)
= 40x – x2 – 200 + 5x
= – x2 + 45x – 200

Φ∴úΞ+ – x2 + 45x – 200 = 124
≅ΘôΞÕ+ – x2 + 45x – 324 = 0
≅ΘôΞÕ+    x2 – 45x + 324 = 0

ΑûΚΥôο ⊥ô±Ολ ∆ρΖ úΚô←Κ↓τ Φη∞χûΚûΥ ΒϕΘ ΒÚΣ⁄ε ΜΤτΣôÓ
ƒÚκƒΣÓιÕ€τ[Õ−

x2 – 45x + 324 = 0
ΒϕΘ ΚΠχûΚ ¾νκΣΘσΚô∴ Κ∞Θ Ξ⁄Ξλ ΒÕúΞ ΑÏλ−

(ii) ΙÚ Ρô↓ο ΘΥô↔χΚκΣγΟ ùΣôλûΤΚ↓τ Φη∞χûΚ  x ΦτΚ−

ΑûΚΥôο+ ≅ϕΘ Ρô↓ο ΘΥô↔χΚκΣγΟ ΙπùΞôÚ ùΣôλûΤ♠τ ↑ûΩ (ìΣô♠ο)
= 55 – x

Φ∴úΞ+ ≅ϕΘ Ρô↓ο ΘΥô↔χΚκΣγΟ ùΣôλûΤΚ↓τ ùΤôιΘ ↑ûΩ (ìΣô♠ο) = x
(55 – x)

ΑûΚΥôο+ x (55 – x) = 750
55x – x2 = 750

– x2 + 55x – 750 = 0
x2 – 55x + 750 = 0

ΑûΚΥôο+ ≅ϕΘ Ï°κ♦γΟ Ρô↓ο ΘΥô↔χΚκΣγΟ ùΣôλûΤΚ↓τ Φη∞χûΚûΥ
ΒϕΘ ΒÚΣ⁄ε ΜΤτΣôÓ ƒÚκƒΣÓιÕ€[Õ−

x2 – 55x + 750 = 0
ΒϕΘ ΚΠχûΚ ¾νκΣΘσΚô∴ Κ∞Θ Ξ⁄Ξλ ΒÕúΞ ΑÏλ−

ΦÓιÕχΚôγÓ 2 : ♦τΞÚλ ΜΤτΣôÓΚρ ΒÚΣ⁄ε ΜΤτΣôÓΚΖô Φ∴ úΜôƒχΚÜλ−
(i) (x – 2)2 + 1 = 2x – 3 (ii) x(x + 1) + 8 = (x + 2) (x – 2)

(iii) x (2x + 3) = x2 + 1 (iv) (x + 2)3 = x3 – 4
¾νÜ :
(i) LHS = (x – 2)2 + 1 = x2 – 4x + 4 + 1 = x2 – 4x + 5

ΑûΚΥôο+ (x – 2)2 + 1 = 2x – 3
x2 – 4x + 5 = 2x – 3 Φτßλ ΦÝΘΩôλ−
x2 – 6x + 8 = 0

ΒÕ ax2 + bx + c = 0 Φàλ Ξ⁄↑ο ∆ρΖÕ−
ΑΚúΞ+ ùΚôÓχΚκΣγΟ ΜΤτΣôÓ ΙÚ ΒÚΣ⁄ε ΜΤτΣôÓ ΑÏλ−
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(ii) Since x(x + 1) + 8 = x2 + x + 8 and (x + 2)(x – 2) = x2 – 4
Therefore, x2 + x + 8 = x2 – 4
i.e., x + 12 = 0
It is not of the form ax2 + bx + c = 0.
Therefore, the given equation is not a quadratic equation.

(iii) Here, LHS = x (2x + 3) = 2x2 + 3x
So, x (2x + 3) = x2 + 1 can be rewritten as

2x2 + 3x = x2 + 1
Therefore, we getx2 + 3x – 1 = 0
It is of the form ax2 + bx + c = 0.
So, the given equation is a quadratic equation.

(iv) Here, LHS = (x + 2)3 = x3 + 6x2 + 12x + 8
Therefore, (x + 2)3 = x3 – 4 can be rewritten as

x3 + 6x2 + 12x + 8 = x3 – 4
i.e., 6x2 + 12x + 12 = 0 or, x2 + 2x + 2 = 0
It is of the form ax2 + bx + c = 0.
So, the given equation is a quadratic equation.

Remark : Be careful! In (ii) 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 :
(i) (x + 1)2 = 2(x – 3) (ii) x2 – 2x = (–2) (3 – x)

(iii) (x – 2)(x + 1) = (x – 1)(x + 3) (iv) (x – 3)(2x +1) = x(x + 5)
(v) (2x – 1)(x – 3) = (x + 5)(x – 1) (vi) x2 + 3x + 1 = (x – 2)2

(vii) (x + 2)3 = 2x (x2 – 1) (viii) x3 – 4x2 – x + 1 = (x – 2)3

2. Represent the following situations in the form of quadratic equations :
(i) The area of a rectangular plot is 528 m2. 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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(ii) x(x + 1) + 8 = x2 + x + 8 Τσßλ (x + 2)(x – 2) = x2 – 4
ΑûΚΥôο x2 + x + 8 = x2 – 4

x + 12 = 0
ΒÕ ax2 + bx + c = 0 Φàλ Ξ⁄↑ο ΒοûΩ−

ΑΚúΞ+ ùΚôÓχΚκΣγΟ ΜΤτΣôÓ ΒÚΣ⁄ε ΜΤτΣôÓ ≅οΩ−

(iii) ΒδÏ+ LHS = x (2x + 3) = 2x2 + 3x
x (2x + 3) = x2 + 1 Φ∴ ΦÝΘΩôλ−

2x2 + 3x = x2 + 1
ΑûΚΥôο x2 + 3x – 1 = 0
ΒÕ ax2 + bx + c = 0 Φàλ Ξ⁄↑ο ∆ρΖÕ−

ΑΚúΞ ùΚôÓχΚκΣγΟ ΜΤτΣôÓ ΙÚ ΒÚΣ⁄ε ΜΤτΣôÓ ΑÏλ−

(iv) ΒδÏ+ LHS = (x + 2)3 = x3 + 6x2 + 12x + 8
ΑûΚΥôο+ (x + 2)3 = x3 – 4  Φ∴ ΦÝΘΩôλ−

x3 + 6x2 + 12x + 8 = x3 – 4
6x2 + 12x + 12 = 0 or, x2 + 2x + 2 = 0

ΒÕ ax2 + bx + c = 0 Φàλ Ξ⁄↑ο ∆ρΖÕ−

ΑΚúΞ+ ùΚôÓχΚκΣγΟ ΜΤτΣôÓ ΙÚ ΒÚΣ⁄ε ΜΤτΣôÓ ΑÏλ−

Ï°κ× : ΚΞ∴ΤôΚ ΒÚ  úΤÛρΖ ΦÓιÕχΚôγ⁄ο (ii) ΞÕ ΜΤτΣôÓ ΣôνκΣΘσÏ ΒÚΣ⁄ε
ΜΤτΣôÓ úΣôο ùΘ↔Ùλ Α∴ôο ≅Õ ΒÚΣ⁄ε ΜΤτΣôÓ ≅οΩ−

(iv) ΞÕ ΜΤτΣôÓ ØκΣ⁄ ΜΤτΣôÓ úΣôο úΘôτ°∴ôÛλ ≅Õ ΒÚΣ⁄ε ΜΤτΣôúΟ
ΑÏλ− ΑΚúΞ ΙÚ ΜΤτΣôÓ ΒÚΣ⁄ε ΜΤτΣôΟô> ΒοûΩΥô Φ∴ Ø⁄Ü ùΜµΞΘσÏ
Øτ ≅ûΘ ÑÚχΚ úΞηÓλ−

Σ♠σ′ 4.1

1. ♦τΞÚλ ΜΤτΣôÓΚρ ΒÚΣ⁄ε ΜΤτΣôÓΚΖô Φ∴ úΜôƒχΚÜλ−

(i) (x + 1)2 = 2(x – 3) (ii) x2 – 2x = (–2) (3 – x)
(iii) (x – 2)(x + 1) = (x – 1)(x + 3)(iv) (x – 3)(2x +1) = x(x + 5)
(v) (2x – 1)(x – 3) = (x + 5)(x – 1)(vi) x2 + 3x + 1 = (x – 2)2

(vii) (x + 2)3 = 2x (x2 – 1) (viii) x3 – 4x2 – x + 1 = (x – 2)3

2. ♦τΞÚλ ãθ♣ûΩΚûΖ ΒÚΣ⁄ε ΜΤτΣôÓ Ξ⁄↑ο Ï°κ♦ÓΚ−

(i) ΙÚ ùΜπΞΚ Ξ⁄Ξ Τû∴♠τ ΣςκΣΖÜ 417Á2 ≅Θτ ¿Ζλ ∋ÁγΟ↔ο( ≅ΚΩιûΘ
úΣôΩ ΒςηÓ ΤΟδÏ Κôγ⁄Ûλ Ιτß ≅ƒΚλ Φ±ο ≅ϕΘ Τû∴♠τ ¿Ζ+
≅ΚΩδΚûΖ ΚηÓ♦⁄χΚ úΞηÓλ−
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(ii) The product of two consecutive positive integers is 306. We need to find the
integers.

(iii) 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 2x2 –  3x + 1 = 0. If we replace x by  1  on  the
LHS of this equation, we get (2 × 12) – (3 × 1) + 1 = 0 = RHS of the equation.
We say that 1 is a root of the quadratic equation 2x2 – 3x + 1 = 0. This also means that 1 is a zero
of the quadratic polynomial 2x2 – 3x + 1.

In general, a real number a is called a root of the quadratic equation
ax2 + bx + c = 0, a ¹ 0 if a a2 + ba + c = 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 ax2 + bx + c and the roots of the quadratic equation ax2 + 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 2x2 – 5x + 3 = 0, by factorisation.
Solution : Let us first split the middle term – 5x as –2x –3x [because (–2x) × (–3x) = 6x2 =
(2x2) × 3].
So, 2x2 – 5x + 3 = 2x2 – 2x – 3x + 3 = 2x (x – 1) –3(x – 1) = (2x – 3)(x – 1)
Now, 2x2 – 5x + 3 = 0 can be rewritten as (2x – 3)(x – 1) = 0.
So, the values of x for which 2x2 – 5x + 3 = 0 are the same for which (2x – 3)(x – 1) = 0, i.e., either
2x – 3 = 0 or x – 1 = 0.

Now, 2x – 3 = 0 gives 3
2

x =  and x – 1 = 0 gives x = 1.

So, 3
2

x =  and x = 1 are the solutions of the equation.

In other words, 1 and 3
2

 are the roots of the equation 2x2 – 5x + 3 = 0.
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(ii) ùΘôΟνε′Υô∴ ΒςηÓ ♥ûΚ ØÝχΚ↓τ ùΣÚχΚσΣΩτ 2/5 Φ±ο ≅ϕΘ
ØÝχΚûΖ ΚôηΣΘσΚô∴ ΒÚΣ⁄ε ΜΤτΣôÓ−

(iii) úςôΚ±τ Θôµ ≅Ξû∴↑Ο 15 ΞÚΟδΚρ ùΣ↔ΥΞν− 2 ΞÚΟδΚρ Κ→ιÕ
ΒÚΞ↔τ ΞΥÕΚ↓τ ùΣÚχΚσΣΩτ 25/ Φ±ο úςôΚ±τ ΞΥûΘ
ΚôηΣΘσΚô∴ ΒÚΣ⁄ε ΜΤτΣôÓ−

(iv) ΙÚ Βς♠ο ≠ςô∴ úΞΚιƒο 37/ €−Á çςιûΘ ΣΥ∞χ€[Õ− ≅ΘàûΟΥ
úΞΚλ 7 €−Á/Τ Ïû[ιΘôο ≅úΘ ùΘôûΩûΞ ΚΟχΚ 2 Τ∞ úΡςλ ≅ƒΚΤôΚ
ΦÓιÕχ ùΚôη⁄ÚχÏλ+ Βς♠←τ úΞΚιûΘ ΚôηΣΘσΚô∴ ΒÚΣ⁄ε ΜΤτΣôÓ−

4.3 Κôς∞κΣÓιÕΘο êΩλ ΒÚΣ⁄ε ΜΤτΣôγ⁄σÏ ¾νÜ ΚôΠο

2x2 – 3x + 1 = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγûΟ ΦÓιÕχ ùΚôρúΞôλ− ΒϕΘ ΜΤτΣôγ⁄ο
RHS ΣχΚιƒο x χÏ ΣƒΩôΚ 0Η ♦ςƒ♠γΟôο ΡΤχÏ €ûΟκΣûΞ (2 × 12) – (3 × 1) + 1 = 0
= ΜΤτΣôγ⁄τ RHS. 2x2 –  3x +  1  =  0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩλ 0 Φ∴χ
áßúΞôλ− ≅ΘôΞÕ 0 ΦτΣÕ 2x2 – 3x + 1 Φτ[ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥
Τƒκ× ΑÏλ−

ùΣôÕΞôΚ ax2 + bx + c =  0,  a ¹ 0 χÏ a a2 + ba + c =  0 Φ±ο a ûΞ ΒÚΣ⁄ε
ΜΤτΣôγ⁄τ êΩλ Φτ€ú[ôλ− úΤÛλ  a = a ΦτΣûΘ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ¾νÜ
Φτßλ á[Ωôλ− ≅οΩÕ a ΦτΣÕ ΒÚΣ⁄ε ΜΤτΣôγûΟ ♣û[Ü ùΜµ€[Õ
Φ∴Ωôλ− ax2 + bx + c  Φτ[ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥Υ Τƒκ×ΚÞχÏ
ax2 + bx + c  Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚÞλ Ιτú[ ΦτΣûΘ ΚΞ±χΚÜλ−

≅ιƒΥôΥλ 1Βο ΙÚ ΒÚΣ⁄ ΣοÛßκ×χ úΚôûΞχÏ ≅ƒΚΣγΜΤôΚ ΒςηÓ
éϖ≥Υ Τƒκ×Κρ ΒÚχÏλ Φ∴ Ρôλ ΚΞ±ιúΘôλ− ΑΚúΞ ΦϕΘ ΙÚ ΒÚΣ⁄ε
ΜΤτΣôγ⁄σÏλ ≅ƒΚΣγΜ ΒςηÓ êΩδΚúΖ ΒÚχÏλ−

Ρôλ 8Αλ ΞÏκ♦ο ΡÓ ∆ßκûΣ ΒςηΟôΚ ♦↔κΣΘτ êΩλ ΒÚΣ⁄ε ΜΤτΣôγ⁄ο
Κôς∞ΚûΖ ΦπΞôß ΚôηΣÕ ΦτΣûΘκ Σσ° ùΘ↔ϕÕ ùΚôηúΟôλ− ΒúΘ Ξ→Øû[ûΥ
ΣΥτΣÓιƒ ΙÚ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚûΖ ΚôηúΣôλ−
ΦÓιÕχΚôγÓ  3 : 2x2 – 5x + 3 = 0 Φτ[ ΜΤτΣôγ⁄τ êΩδΚûΖ Κôς∞κΣÓιÕΘο
Øû[♠ο ΚηÓ♦⁄−
¾νÜ : ØΘ←ο – 5x Φτ[ ΡÓ ∆ßκûΣ–2x –3x  Φ∴ ♦↔ιÕχ ùΚôρΖÜλ−

[Γù∴±ο (–2x) × (–3x) = 6x2 = (2x2) × 3].
Φ∴úΞ, 2x2 – 5x + 3 = 2x2 – 2x – 3x + 3 = 2x (x – 1) –3(x – 1) = (2x – 3)(x – 1)
ΒκùΣôÝÕ+ 2x2 – 5x + 3 = 0 Η (2x – 3)(x – 1) = 0 Φ∴ ΦÝΘΩôλ−
ΑûΚΥôο+ 2x2 – 5x + 3 = 0 ο xτ Τƒκ×λ (2x – 3)(x – 1) = 0ο ∆ρΖ x τ Τƒκ×λ Ιúς
ΤôƒΥôΚ ΒÚχÏλ− ≅ΘôΞÕ  2x – 3 = 0 ≅οΩÕ x – 1 = 0.

ΒκùΣôÝÕ 2x – 3 = 0 ←ÚϕÕ 3
2

x =  Τσßλ x – 1 = 0 ←ÚϕÕ x = 1 Φ∴χ €ûΟχ€[Õ−

ΑûΚΥôο+
3
2

x =  Τσßλ x = 1 Α€ΥûΞ ΜΤτΣôγ⁄τ ¾νÜΚΖôÏλ− ΒûΘ Τσù[ôÚ

↑ΘΤôΚ 1 Τσßλ 3
2

 Α€ΥûΞ 2x2 – 5x + 3 = 0τ êΩδΚρ Φ∴ á[Ωôλ− ùΚôÓχΚκΣγΟ

ΜΤτΣôγ⁄τ êΩδΚρ ΒûΞ ΦτΣûΘ Μ↔ΣôνχΚÜλ−

 =0
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Verify that these are the roots of the given equation.

Note that we have found the roots of 2x2 – 5x + 3 = 0 by factorising 2x2 – 5x + 3 into
two linear factors and equating each factor to zero.

Example 4 : Find the roots of the quadratic equation 6x2 – x – 2 = 0.

Solution : We have

6x2 – x – 2 = 6x2 + 3x – 4x – 2

= 3x (2x + 1) – 2 (2x + 1)

= (3x – 2)(2x + 1)

The roots of 6x2 – x – 2 = 0 are the values of x for which (3x – 2)(2x + 1) = 0

Therefore, 3x – 2 = 0 or 2x + 1 = 0,

i.e., x = 2
3

or x = 1
2

-

Therefore, the roots of 6x2 – x – 2 = 0 are 2 1 .and –
3 2

We verify the roots, by checking that 2 1and
3 2

-  satisfy 6x2 – x – 2 = 0.

Example 5 : Find the roots of the quadratic equation 23 2 6 2 0x x- + = .

Solution : 23 2 6 2x x- +  = 23 6 6 2x x x- - +

= ( ) ( )3 3 2 2 3 2x x x- - -

= ( )( )3 2 3 2x x- -

So, the roots of the equation are the values of x for which

( )( )3 2 3 2 0x x- - =

Now, 3 2 0x - =  for 2
3

x = .

So, this root is repeated twice, one for each repeated factor 3 2x - .

Therefore, the roots of 23 2 6 2 0x x- + =  are 2
3

, 2
3

.
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2x2 – 5x + 3 = 0 τ êΩδΚûΖ ΚηΟ°Υ+ 2x2 – 5x + 3 = 0 Η ΒςηÓ úΡ↔Υ ∋ΙÚΣ⁄(
Κôς∞Κ↓τ ùΣÚχΚΩôΚ Κôς∞κΣÓιƒ+ ♦τ∴ν ΒϕΘ ΒςηÓ úΡ↔Υ Κôς∞ΚûΖÙλ
éϖ≥ΥιƒσÏ ΜΤΤôχΚ úΞηÓλ−

ΦÓιÕχΚôγÓ 4 : 6x2 – x – 2 = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚûΖ ΚôηΚ−

¾νÜ : 6x2 – x – 2 = 6x2 + 3x – 4x – 2
= 3x (2x + 1) – 2 (2x + 1)
= (3x – 2)(2x + 1)

(3x – 2)(2x + 1) = 0 ΑÏλ Σ⁄ΥôΚ ∆ρΖ  x Τƒκ×ΚúΖ 6x2 – x – 2 = 0 τ êΩδΚΖôΚÏλ−

ΑûΚΥôο, 3x – 2 = 0 ≅οΩÕ 2x + 1 = 0,

≅ΘôΞÕ, x = 2
3

≅οΩÕ x = 1
2

-

? 6x2 – x – 2 = 0 τ êΩδΚρ 2 1 .and –
3 2

6x2 – x – 2 = 0ο  x = 2 1and
3 2

-  Η  ♦ςƒ♠γÓ  ≅ûΞ  êΩδΚûΖ  ΒοûΩΥô  Φ∴

Μ↔ΣôνχΚΩôλ−

ΦÓιÕχΚôγÓ 5 : 23 2 6 2 0x x- + = Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚûΖ ΚôηΚ−

¾νÜ : 23 2 6 2x x- +  = 23 6 6 2x x x- - +

= ( ) ( )3 3 2 2 3 2x x x- - -

= ( )( )3 2 3 2x x- -

ΑûΚΥôο ( )( )3 2 3 2 0x x- - =  ΑÏλ Σ⁄ΥôΚ ∆ρΖ x Τƒκ×ΚúΖ ΜΤτΣôγ⁄τ

êΩδΚΖôÏλ−

ΒκùΣôÝÕ, 3 2 0x - = ←ÚϕÕ 2
3

x = .

ΑûΚΥôο+ ΒϕΘ êΩλ ΒςηÓ Øû[ ƒÚλΣιƒÚλΣ ΞϕÕρΖÕ− ΙπùΞôÚ Κôς∞Ùλ

3 2x - ΑÏλ−

? 23 2 6 2 0x x- + =  τ êΩδΚρ 2
3

, 2
3

 ΑÏλ−

Τσßλ
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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 2x2 + x – 300 = 0. Applying the factorisation method, we write this equation as

2x2 – 24x + 25x – 300 = 0
2x (x – 12) + 25 (x – 12) = 0

i.e., (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:

(i) x2 – 3x – 10 = 0 (ii) 2x2 + x – 6 = 0

(iii) 22 7 5 2 0x x+ + = (iv) 2x2 – x + 1
8

 = 0
(v) 100 x2 – 20x + 1 = 0

2. Solve the problems given in Example 1.
3. Find two numbers whose sum is 27 and product is 182.
4. Find two consecutive positive integers, sum of whose squares is 365.
5. 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 ` 90, find the number of articles produced and the cost of each article.

4.4 Nature of Roots
The equation ax2 + bx + c = 0 are given by

x =
2– 4

2
b b ac

a
± -

If b2 – 4ac > 0, we get two distinct real roots 
2 4

2 2
b acb

a a
-

- +  and 
2 4

–
2 2

b acb
a a

-
- .
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ΦÓιÕχΚôγÓ 6 : ♦↔Ü 3−0ο ↑ΞôƒιΘ ♦ςôνιΘû∴ áΟιƒτ ≅ΖÜΚûΖ ΚηÓ♦⁄−

¾νÜ : ♦↔Ü 3−0ο áΟιƒτ ≅ΚΩλ x Φ∴ ΚηΟ°ϕúΘôλ− úΤÛλ x Α∴Õ 2x2 + x – 300
= 0 Φτ[ ΜΤτΣôγûΟ ƒÚκƒΣÓιÕ€[Õ− Κôς∞κΣÓιΘο Øû[ûΥ ΒϕΘ ΜΤτΣôγ⁄σÏ
ΣΥτΣÓιƒ∴ôο

2x2 – 24x + 25x – 300 = 0
2x (x – 12) + 25 (x – 12) = 0

≅ΘôΞÕ+ (x – 12)(2x + 25) = 0
ΑûΚΥôο+ ùΚôÓχΚκΣγΟ ΜΤτΣôγ⁄τ êΩδΚρ x = 12 ≅οΩÕ x = – 12.5 ΑÏλ−

x ΦτΣÕ áΟιƒο ≅ΚΩλ ΦτΣΘôο ΒÕ Ïû[ ΦηΠôΚ ΒÚχΚôÕ−

ΑΘΩôο+ áΟιƒτ ≅ΚΩλ 12 Á− ≅ΘàûΟΥ ¿Ζλ  = 2x + 1 = 25 Á−

Σ♠σ′ 4.2
1. Κôς∞κΣÓιΘο Øû[ êΩλ ♦τΞÚλ ΒÚΣ⁄ε ΜΤτΣôÓΚ↓τ êΩδΚûΖ ΚηÓ♦⁄−

(i) x2 – 3x – 10 = 0 (ii) 2x2 + x – 6 = 0
(iii) 22 7 5 2 0x x+ + = (iv) 2x2 – x + 1

8
 = 0

(v) 100 x2 – 20x + 1 = 0
2. ΦÓιÕχΚôγÓ 0ο ùΚôÓχΚκΣγÓρΖ ΚΠχÏΚûΖ ¾νχΚÜλ−
3. ΒςηÓ ΦηΚ↓τ ùΤôιΘλ 16 Τσßλ ≅Ξσ°τ ùΣÚχΚι ùΘôûΚ 071 Φ±ο

≅πùΞηΚûΖ ΚηÓ♦⁄−
4.  ùΘôΟνε′Υô∴ ΒςηÓ ♥ûΚ ØÝχΚ↓τ ΞνχΚδΚ↓τ ùΤôιΘλ 254 Φ±ο

≅ϕΘ ΦηΚûΖ ΚηÓ♦⁄−
5. ΙÚ ùΜδúΚôΠ ØχúΚôΠιƒτ ÏιÕΥςλ ≅Θτ ≅⁄κΣχΚιûΘ↑Ο 6 ùΜ−Á

Ïû[Ü− ≅Θτ ΚνΠλ 02 ùΜ−Á Φ±ο Τσ[ ΒςηÓ ΣχΚδΚûΖ ΚηÓ♦⁄−
6. Ï⁄ûΜιùΘô→ο êΩλ ΙÚ Ρô↓ο ΙÚ Ï°κ♦γΟ Φη∞χûΚ♠Ωô∴

ΤηΣôηΟδΚûΖ ΘΥô↔ιΘ∴ν− ≅ϕΘ Ï°κ♦γΟ ΙÚ Ρô↓ο ΘΥô↔χΚκΣγΟ ΙπùΞôÚ
ùΣôÚγΚ↓τ ↑ûΩ ∋ìΣô♠ο( ≅ϕΘ Ρô↓ο ΘΥô↔χΚκΣγΟ ùΣôÚγΚ↓τ
Φη∞χûΚ♠τ ΒςηÓ ΤΟδûΚ↑Ο 2 ≅ƒΚλ− ≅ϕΘ Ρô↓ο ΘΥô↔χΚκΣγΟ
ùΣôÚγΚ↓τ ùΤôιΘ ↑ûΩ ` 90 Φ±ο ΘΥô↔ιΘ ùΣôÚγΚ↓τ Φη∞χûΚ
Τσßλ ΙπùΞôÚ ùΣôÚ↓τ ↑ûΩûΥ ΚηÓ♦⁄−

4.4 êΩδΚ↓τ ΘτûΤ

ax2 + bx + c = 0 Φτ[ ΜΤτΣôγ⁄τ êΩδΚρ

x =
2– 4

2
b b ac

a
± -

b2 – 4ac > 0 Φ±ο ΒςηÓ ùΞπúΞ[ô∴ êΩδΚρ ΡΤχÏ €ûΟχ€[Õ− ≅ûΞ

2 4
2 2

b acb
a a

-
- +  Τσßλ 

2 4
–

2 2
b acb

a a
-

- .
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If b2 – 4ac = 0, then x = 0 i.e., or –
2 2 2
b b b
a a a

- ± = - ×, 0 i.e., or –
2 2 2
b b bx
a a a

- ± = - ×

So, the roots of the equation ax2 + bx + c = 0 are both 
2

b
a

-
×

Therefore, we say that the quadratic equation ax2 + bx + c = 0 has two equal real roots in
this case.

If b2 – 4ac < 0, then there is no real number whose square is b2 – 4ac. Therefore, there are
no real roots for the given quadratic equation in this case.

Since b2 – 4ac determines whether the quadratic equation ax2 + bx + c = 0 has real roots or
not, b2 – 4ac is called the discriminant of this quadratic equation.
So, a quadratic equation ax2 + bx + c = 0 has

(i) two distinct real roots, if b2 – 4ac > 0,
(ii) two equal real roots, if b2 – 4ac = 0,
(iii)  no real roots, if b2 – 4ac < 0.

Let us consider some examples.

Example 7: Find the discriminant of the quadratic equation 2x2 – 4x + 3 = 0, and hence find the
nature of its roots.
Solution : The given equation is of the form ax2 + bx + c = 0, where a = 2, b = – 4 and c = 3.
Therefore, the discriminant

b2 – 4ac = (– 4)2 – (4 × 2 × 3) = 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
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.

Fig. 4.2
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b2 – 4ac = 0 Φ±ο x = 0 i.e., or –
2 2 2
b b b
a a a

- ± = - × ≅ΘôΞÕ+0 i.e., or –
2 2 2
b b bx
a a a

- ± = - ×

ΑûΚΥôο ax2 + bx + c = 0 Φτ[ ΜΤτΣôγ⁄τ êΩδΚρ ΒςηÓλ 
2

b
a

-
×ΑΚ ΒÚχÏλ−

Φ∴úΞ ΒϕΘ ΞûΚ♠ο ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôÓ ΒςηÓ ΜΤΤô∴
ùΤµ êΩδΚûΖ ùΚôη⁄ÚχÏλ Φ∴ á[Ωôλ−

b2 – 4ac < 0 Φ±ο b2 – 4ac Η ƒÚκƒΣÓιÕλ ùΤµ Φη ΦÕÜλ ΒοûΩ− ΑûΚΥôο
ΒϕΘ ΞûΚ♠ο ùΚôÓχΚκΣγΟ ΒÚΣ⁄ε ΜΤτΣôγ⁄σÏ ùΤµ êΩδΚρ ΒοûΩ−

 b2 –  4ac ΦτΣÕ ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄σÏ ùΤµ êΩδΚρ
∆ρΖ∴Ξô> ΒοûΩΥô> ΦτΣûΘ ♣νΠ♠χÏλ− ΑΚúΞ b2 – 4ac Η ΒÚΣ⁄ε ΜΤτΣôγ⁄τ
ΘτûΤχΚôγ⁄ Φτß ≅ûΨχΚκΣÓ€[Õ−

ΑûΚΥôο+ ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôÓ Α∴Õ+

(i) b2 – 4ac > 0 Φ±ο ΒςηÓ ùΞπúΞ[ô∴ ùΤµ êΩδΚρ−

(ii) b2 – 4ac = 0 Φ±ο ΒςηÓ ΜΤΤô∴ ùΤµ êΩδΚρ−

(iii)  b2 – 4ac < 0 Φ±ο ùΤµ êΩδΚρ ΒοûΩ−

   ′Ω ΦÓιÕχΚôγÓΚûΖ ΣôνκúΣôλ−

ΦÓιÕχΚôγÓ 7: 2x2 – 4x + 3 = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ΘτûΤχΚôγ⁄ûΥ ΚηΟ°ϕÕ
≅Θτ êΩλ êΩδΚ↓τ ΘτûΤûΥκ Σσ° áß−

¾νÜ : ùΚôÓχΚκΣγΟ ΜΤτΣôÓ ax2 + bx + c = 0 Φàλ Ξ⁄↑ο ∆ρΖÕ− ΒδÏ+ a = 2,
b = – 4 Τσßλ c = 3 ΑûΚΥôο ΘτûΤχΚôγ⁄

b2 – 4ac = (– 4)2 – (4 × 2 × 3) = 16 – 24 = – 8 < 0
Φ∴úΞ+ ùΚôÓχΚκΣγΟ ΜΤτΣôγ⁄σÏ ùΤµ êΩδΚρ ΒοûΩ−

ΦÓιÕχΚôγÓ 8 : 02Á ↑γΟØρΖ ΙÚ ΞγΟΞ⁄Ξ éδΚô↑τ ΦοûΩ♠τ ÁÕ ΙÚ
ΚλΣλ ≅ûΤχΚκΣΟ úΞηÓλ− ↑γΟιƒτ ΒςηÓ Øû∴Κ↓Ûλ éδΚô↑τ ΦοûΩ♠τ
ÁÕ A Τσßλ B Φτ[ ΒΟδΚ↓ο ÖûΨΞô♠ο ùΣôÚιΘκΣγÓρΖÕ− ΒςηÓ
ÖûΨΞô♠←ÚϕÕ ΚλΣιƒσÏ ΒûΟúΥ ∆ρΖ ùΘôûΩÜΚÞχÏ ∆ρΖ úΞßΣôÓ 6
ÁγΟν ΑΚ ΒÚχÏλ Σ⁄ ΚλΣιûΘ ≅ûΤχΚ Ø⁄ÙΤô> Αλ
Φ±ο ΒςηÓ ÖûΨΞô♠←ÚϕÕ ≅ϕΘ ΚλΣλ ΦπΞΖÜ çςιƒο
ΒÚχÏλ>

¾νÜ : ØΘ←ο ΣΟλ Ιτß ΞûςúΞôλ− ∋ΣΟλ 3−1Η Σôν(

ΚλΣλ ≅ûΤχΚ úΞη⁄Υ ×ρ↓ P ΦτΚ− B ÖûΨΞô♠ο ΒÚϕÕ
ΚλΣιƒτ çςλ  x ΦτΚ− ≅ΘôΞÕ BP = x Á− ΒκúΣôÕ ΒςηÓ
ÖûΨΞô♠←ÚϕÕ ΚλΣιƒτ ùΘôûΩÜχÏ ∆ρΖ úΞßΣôÓ
= AP – BP ≅οΩÕ (BP–AP)=7 Á− ΑûΚΥôο AP = (x + 7) Á−

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

Therefore, AP2 + PB2 = AB2 (By Pythagoras theorem)
i.e., (x + 7)2 + x2 = 132

i.e., x2 + 14x + 49 + x2 = 169
i.e., 2x2 + 14x – 120 = 0
So, the distance ‘x’ of the pole from gate B satisfies the equation

x2 + 7x – 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

b2 – 4ac = 72 – 4 × 1 × (– 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 x2 + 7x – 60 = 0, by the quadratic formula, we get

x = 7 289
2

- ±  = 7 17
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.

Example 9 : Find the discriminant of the equation 3x2 – 2x + 1
3

 = 0 and hence find the nature of
its roots. Find them, if they are real.

Solution : Here a = 3, b = – 2 and 1
3

c = .

Therefore, discriminant b2 – 4ac = (– 2)2 – 4 × 3 × 1
3

 = 4 – 4 = 0.

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

The roots are 2 2 1 1, ,, , .i.e., , i.e.,
2 2 6 6 3 3

b b
a a

- -
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ΒκúΣôÕ+ AB = 13+ AB ΦτΣÕ ↑γΟλ−

ÐAPB = 90° (Γτ?)
ΑûΚΥôο+ AP2 + PB2 = AB2 (♦ΘôΚςυ úΘσ[ιƒτ Σ⁄)
≅ΘôΞÕ+ (x + 7)2 + x2 = 132

x2 + 14x + 49 + x2 = 169
2x2 + 14x – 120 = 0

Φ∴úΞ+ ΒϕΘ ΜΤτΣôγûΟ ƒÚκƒΣÓιÕλ  ‘x’ τ ΤƒκúΣ B ÖûΨΞô♠←ÚϕÕ PχÏ
∆ρΖ çςλ ΑÏλ−

x2 + 7x – 60 = 0
Φ∴úΞ+ ΒϕΘ ΜΤτΣôγ⁄σÏ ùΤµ êΩδΚρ ΒÚϕΘôο ΤγÓúΤ ΚλΣιûΘ
≅ûΤκΣΘσΚô∴ Ξôµκ× ΒÚχÏλ− ΒÕ ≅πΞôß ∆ρΖΘô ΒοûΩΥô Φ∴ ΣôνχΚ
≅Θτ ΘτûΤχ Κôγ⁄ûΥ ΣôνκúΣôλ−

b2 – 4ac = 72 – 4 × 1 × (– 60) = 289 > 0.
ΑΚúΞ+ ΒϕΘ ΒÚΣ⁄ ΜΤτΣôγ⁄σÏ ΒςηÓ ùΞπúΞß ùΤµêΩδΚρ ∆ρΖ∴− úΤÛλ
éδΚô↑τ ΦοûΩ♠τ ÁÕ ΚλΣλ ≅ûΤχΚΩôλ−

x2 + 7x – 60 = 0 ΒϕΘ ΒÚΣ⁄ε ΜΤτΣôγûΟ ãιƒςιûΘ ΣΥτΣÓιƒ ¾νιΘο

x = 7 289
2

- ±  = 7 17
2

- ±

?  x = 5 ≅οΩÕ – 12.
x ΦτΣÕ ÖûΨΞô♠ο BχÏλ ΚλΣιƒσÏλ ΒûΟúΥ ∆ρΖ çςλ Φτ[ôο ≅Õ Κη⁄κΣôΚ

♥ûΚΥôΚúΞ ΒÚχΚ úΞηÓλ− ΑûΚΥôο+ x = – 12 Η ↑γÓ↑Ó− ΑûΚΥôο x = 5−
≅ΘôΞÕ ÖûΨΞô♠ο B ←ÚϕÕ 4Á çςιƒÛλ ÖûΨΞô♠ο A←ÚϕÕ 01Á çςιƒÛλ

éδΚô↑τ ΦοûΩ♠τ ÁÕ ΚλΣλ ≅ûΤχΚκΣΟ úΞηÓλ−

ΦÓιÕχΚôγÓ 9 : 3x2 –  2x + 1
3

 = 0 Φτ[ ΜΤτΣôγ⁄τ ΘτûΤ Κôγ⁄ûΥ ΚηÓ♦⁄

Τσßλ êΩδΚ↓τ ΘτûΤûΥ áß êΩδΚρ ùΤµ Φ±ο ≅Ξσû[ ΚηÓ♦⁄−

¾νÜ : ΒδÏ+ a = 3, b = – 2 Τσßλ 1
3

c = .

ΘτûΤχΚôγ⁄ b2 – 4ac = (– 2)2 – 4 × 3 × 1
3

 = 4 – 4 = 0.

Φ∴úΞ ùΚôÓχΚκΣγΟ ΒÚΣ⁄ ΜΤτΣôγ⁄σÏ ΒςηÓ ΜΤΤô∴ ùΤµ êΩδΚρ ∆ρΖ∴−

êΩδΚρ 2 2 1 1, ,, , .i.e., , i.e.,
2 2 6 6 3 3

b b
a a

- -
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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 – 4 3 x + 4 = 0

(iii) 2x2 – 6x + 3 = 0
2. Find the values of k for each of the following quadratic equations, so that they have two

equal roots.
(i) 2x2 + kx + 3 = 0 (ii) kx (x – 2) + 6 = 0

3. Is it possible to design a rectangular mango grove whose length is twice its breadth, and
the area is 800 m2? 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. Is it possible to design a rectangular park of perimeter 80 m and area 400 m2? If  so, find
its length and breadth.
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Σ♠σ′ 4.3

1. ♦τΞÚλ ΒÚΣ⁄ε ΜΤτΣôÓΚ↓τ êΩδΚ↓τ ΘτûΤûΥ ΚηÓ♦⁄− ùΤµ
êΩδΚρ ΒÚϕΘôο ≅Ξσû[ ΚηÓ♦⁄−

(i) 2x2 – 3x + 5 = 0 (ii) 3x2 – 4 3 x + 4 = 0
(iii) 2x2 – 6x + 3 = 0

2. ♦τΞÚλ ΒÚΣ⁄ε ΜΤτΣôÓΚÞχÏ ΒςηÓ ΜΤΤô∴ ùΤµ êΩδΚρ ΒÚϕΘôο
k τ ΤƒκûΣ ΚηÓ♦⁄−

(i) 2x2 + kx + 3 = 0 (ii) kx (x – 2) + 6 = 0
3. 800 Á2 ΣςκΣΖÜλ Τσßλ ¿Ζλ ≅ΚΩιûΘ↑Ο ΒςηÓ ΤΟδÏ ΒÚχÏΤôß ΙÚ

ùΜπΞΚ Ξ⁄Ξ ΤôϕúΘôγΟιûΘ ≅ûΤχΚ Ø⁄ÙΤô>

4. ♦τΞÚλ ãθ♣ûΩ ΜôιƒΥΤô∴Θô> Αλ Φ±ο ≅ΞνΚ↓τ ΞΥÕΚûΖ ΚηÓ♦⁄−
ΒςηÓ ΡηΣνΚ↓τ ΞΥÕΚ↓τ ùΤôιΘλ 1/ ΞÚΟδΚρ− ΡôτÏ ΞÚΟδΚÞχÏ
Øτ× ≅ΞνΚ↓τ ΞΥÕΚ↓τ ùΣÚχÏι ùΘôûΚ 37−

5. Ñσ[ΖÜ 80 Á Τσßλ ΣςκΣΖÜ 400 Á2 ΒÚχÏλΣ⁄ ΙÚ ùΜπΞΚ Ξ⁄Ξ éδΚôûΞ
≅ûΤχΚ Ø⁄ÙΤô> Ø⁄ÙùΤ±ο ≅Θτ ¿Ζλ Τσßλ ≅ΚΩιûΘ ΚηÓ♦⁄−
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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 ax2 + bx + c = 0, where a, b, c are real
numbers and a ¹ 0.

2. A real number a is said to be a root of the quadratic equation ax2 + bx + c =  0,  if
aa2 + ba + c = 0. The zeroes of the quadratic polynomial ax2 + bx + c and the roots of the
quadratic equation ax2 + bx + c = 0 are the same.

3. If we can factorise ax2 + bx + c, a ¹ 0, into a product of two linear factors, then the roots
of the quadratic equation ax2 + bx + c = 0 can be found by equating each factor to zero.

4. Quadratic formula: The roots of a quadratic equation ax2 + bx + c = 0 are given by
         2 4 ,

2
b b ac

a
- ± -  provided b2 – 4ac ³ 0.

5. A quadratic equation ax2 + bx + c = 0 has
(i) two distinct real roots, if b2 – 4ac > 0, (ii) two equal roots (i.e., coincident roots), if

b2 – 4ac = 0, and (iii)no real roots, if b2 – 4ac < 0.
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4.5 Ρôλ Κσ[ûΞ
    ΒϕΘ ≅ιƒΥôΥιƒο ¿δΚρ ♦τΞÚΞ∴Ξσû[ ΚσÈνΚρ−

1. x Φàλ Τô°ûΥχ ùΚôηΟ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ùΣôÕΞ⁄Ξλ  ax2 + bx + c = 0+
ΒδÏ a, b, c ΦτΣ∴ ùΤµ ΦηΚρ úΤÛλ a ¹ 0.

2. aa2 + ba + c = 0 Φ±ο a ΦτΣÕ ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ ùΤµ
êΩΤôΚ Φ∴κΣÓλ− ax2 + bx + c = 0 Φàλ ΣοÛßκ×χ úΚôûΞ♠τ éϖ≥Υ
Τƒκ×ΚÞλ ax2 + bx + c  Φàλ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚÞλ Ιτú[ ΑÏλ−

3. ax2 + bx + c, a ¹ 0Η ΒςηÓ Κôς∞Κ↓τ ùΣÚχΚΩôΚ ΦÝƒ ΙπùΞôτû[Ùλ
éϖ≥ΥιƒσÏ ΜΤΤôχÏΞΘτ êΩλ ax2 + bx + c = 0 τ êΩδΚûΖ ΚηΟ°ΥΩôλ−

4. b2 –  4ac ³ 0 Φ±ο ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ε ΜΤτΣôγ⁄τ êΩδΚûΖ

ΚôηΣΘσΚô∴ ãιƒςλ 
2 4 ,

2
b b ac

a
- ± -

5. ax2 + bx + c = 0 Φτ[ ΒÚΣ⁄ ΜΤτΣôÓ

(i) b2 – 4ac > 0 Φ±ο ΒςηÓ ùΞπúΞ[ô∴ ùΤµêΩδΚûΖ ùΣσ°ÚχÏλ−

(ii) b2 – 4ac = 0 Φ±ο ΒςηÓ ΜΤΤô∴ êΩδΚûΖ ùΣσ°ÚχÏλ−

(iii) b2 – 4ac < 0 Φ±ο ùΤµ êΩδΚûΖ ùΣσ°ÚχΚôÕ−
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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 :

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

8000, 8500, 9000, . . . .
(ii) 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 cm) of the 1st, 2nd,
3rd, . . ., 8th rung from the bottom to the top are,
respectively

45, 43, 41, 39, 37, 35, 33, 31

(iii) In a savings scheme, the amount becomes 5
4

 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

ARITHMETIC PROGRESSIONS

Fig. 5.1
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5
5.1 ≅°ØΚλ

ΒΥσûΚ♠ο ∆ρΖ ΣΩ ùΣôÚγΚρ ≅ΘôΞÕ ã↔ΥΚôϕƒ é↑ο ∆ρΖ ΒΘθΚρ+
úΘ∴ûΟ♠ο ∆ρΖ ÕûΖΚρ+ ΤχΚôεúΜôΖχ Κƒ↔ο ∆ρΖ Θô±ΥδΚρ+ ≅τ∴ô′κ
ΣΨιƒÛρΖ ÑÚρ Τσßλ ΞôûΨκé úΣôτ[Ξσ°ο ≠ςô∴ ≅ûΤκ× ≅ûΤϕƒÚκΣûΘ
¿δΚρ ΚΞ±ιƒÚκÀνΚρ.

ΡλØûΟΥ ≅τ[ôΟ ΞôθχûΚ♠ο ♣ΚÝλ úΤÛλ ′Ω ≠ςô∴ ≅ûΤκ×ΚûΖ ΒκúΣôÕ
Ρôλ ΣôνχΚΩôλ− ΒÕúΣôτ[ ′Ω ΦÓιÕχΚôγÓΚρ :

(i) Ã∴ô ΙÚ úΞûΩχÏ ↑ηΠκ♦ιΘôρ− ØΘο
ΤôΘ ΕƒΥλ ` 8000 ΑΚÜλ+ ΑηÓ ΕƒΥ
∆ΥνÜ ` 500 ΑΚÜλ ∆ρΖ ΙÚ úΞûΩχÏ
úΘνϕùΘÓχΚκΣγΟôρ− ≅Ξ↓τ ØΘο+ ΒςηÓ+
êτ[ôλ ΑηÓ ΕƒΥλ (`-ο) Øû[úΥ

8000, 8500, 9000, . . . .

(ii) ϑν Γ∞♠ÛρΖ Σ⁄♠τ ¿ΖδΚρ •→ÚϕÕ
úΤΩôΚ 2 ùΜ−Á Ïû[ϕÕ ùΚôηúΟ ùΜο€[Õ−
(ΣΟλ.5.1 Η Σôν). •θΣ⁄♠τ ¿Ζλ 45 ùΜ−Á−
•→ÚϕÕ ØΘο+ ΒςηΟôλ+ êτ[ôλ, . . ., ΦγΟôλ
Σ⁄♠τ ¿ΖδΚρ (ùΜ−Á−ο) Øû[úΥ

45, 43, 41, 39, 37, 35, 33, 31

(iii) ΙÚ úΜ♥κ× ƒγΟιƒο ùΘôûΚΥô∴Õ ΙπùΞôÚ 3 ΞÚΟδΚÞχÏ ♦[Ï 5
4

 ΤΟδÏ
∆Υν€[Õ− ΒϕΘ ƒγΟιƒο ̀  8000 Η ØΘÄÓ ùΜµΘôο 3, 6, 9 Τσßλ 12 ΞÚΟδΚÞχÏ
♦[Ï €ûΟχΚχá⁄Υ Øƒνε′ ≅ûΟϕΘ ùΘôûΚ (`-ο) Øû[úΥ :

10000, 12500, 15625, 19531.25

áγÓιùΘôΟν Ξ↔ûΜΚρ

ΣΟλ. 5.1
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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, 32, . . . .

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

Fig. 5.3
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(iv) 1, 2, 3, . . . ≅ΩÏΚρ ΣχΚδΚΖôΚ ∆ûΟΥ ΜÕςδΚ↓ο ΒÚχΚχá⁄Υ ϑςΩÏ
ΜÕςδΚ↓τ Φη∞χûΚ Øû[úΥ (ΣΟλ.5.2 Η Σôν)

12, 22, 32, . . . .

ΣΟλ. 5.2
(v) _€Ωô ΘτàûΟΥ ΤΚ↓τ ΞΥÕ 0  ΑΚ ΒÚχÏλúΣôÕ ` 100 Η ≅ΞÞûΟΥ

ΣΠκùΣγ⁄♠ο úΣôγΟôρ− ΙπùΞôÚ ΞÚΟØλ ` 50 Η ≅ƒΚκΣÓιƒ∴ôο ØΘο+
ΒςηΟôλ+ êτ[ôλ+ ΡôτΚôλ ♦[ϕΘ Ρô↓ο ≅ΞÞûΟΥ ΣΠκùΣγ⁄♠ο ΒÚχÏλ
ùΘôûΚ (`-ο) Øû[úΥ

100, 150, 200, 250, . . .,
(vi) ΙÚ ú⊥ô⁄ ØΥοΚρ ≅Ξσ°τ ØΘο ΤôΘιƒο ∆σΣιƒ ùΜµΥ ♥ΚÜλ ΒΖûΤΥôΚ

∆ρΖ∴− ΒςηΟôΞÕ Τσßλ ΙπùΞôÚ ≅ÓιΘ ΤôΘδΚ↓Ûλ ≅ûΞ ΙÚ ×ƒΥ
ú⊥ô⁄ûΥ ∆σΣιƒ ùΜµ€τ[∴− ΙπùΞôÚ ×ƒΥ ú⊥ô⁄ ØΥοΚÞλ ≅Θτ ΒςηΟôΞÕ
ΤôΘιƒ←ÚϕÕ ΙπùΞôÚ ΤôΘØλ Τσù[ôÚ ×ƒΥ ú⊥ô⁄ûΥ ∆ÚΞôχÏ€τ[∴ (ΣΟλ.5.3
Η Σôν). ØΥοΚρ ΓÕλ Β[χΚ↑οûΩ Φτß ûΞιÕχùΚôηΟôο 1ΞÕ, 2ΞÕ, 3ΞÕ, .
. ., 6ΞÕ ΤôΘιƒο ΒÚχΚχá⁄Υ ØΥο ú⊥ô⁄Κ↓τ Φη∞χûΚ Øû[úΥ :

1, 1, 2, 3, 5, 8

ΣΟλ. 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 :

(i) 1, 2, 3, 4, . . .

(ii) 100, 70, 40, 10, . . .

(iii) –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 (ii), each term is 30 less than the term preceding it.

In (iii), each term is obtained by adding 1 to  the term preceding it.

In (iv), 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 is 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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úΤσΚηΟ ΦÓιÕχΚôγÓΚ↓←ÚϕÕ ′Ω ≅ûΤκ×ΚûΖ Ρôλ ΚôΠΩôλ− ′ΩΞσ°ο
ùΘôΟν ∆ßκ×Κρ Øτàßκ×Οτ ΙÚ ♣ûΩΥô∴ ΦηûΠχ áγÓΞΘôÛλ úΤÛλ ′Ω
ΙÚ ♣ûΩΥô∴ ΦηûΠ ùΣÚχÏΞΘôÛλ €ûΟχ€τ[∴− Τσù[ôτ°ο ≅ÓιΘÓιΘ
ΦηΚ↓τ ΞνχΚλ Φτßλ ΚôΠΩôλ.

ΒϕΘ ≅ιƒΥôΥιƒο ØϕûΘΥ ∆ßκ×Οτ ΙÚ ♣ûΩΥô∴ ΦηûΠ áγÓΞΘôο
€ûΟχÏλ ≅ûΤκûΣ Σσ° ↑ΞôƒκúΣôλ− n ΞÕ ∆ßκ× Τσßλ ùΘôΟνε′ΥôΚ ∆ρΖ n
∆ßκ×Κ↓τ áÓΘûΩ ΦπΞôß ΚôηΣÕ ΦτΣûΘÙλ úΤÛλ ≅τ[ôΟ ΞôθχûΚ
♦ςεΜû∴ΚûΖ ¾νκΣƒο ΒϕΘ ≅°ûΞ ΣΥτΣÓιÕΞûΘ Σσ°Ùλ ΣôνκúΣôλ.
5.2 áγÓιùΘôΟν Ξ↔ûΜΚρ

♦τΞÚλ ΦηΚρ Σγ⁄ΥûΩ ΚΞ±ÙδΚρ :
(i) 1, 2, 3, 4, . . .

(ii) 100, 70, 40, 10, . . .
(iii) –3, –2, –1, 0, . . .
(iv) 3, 3, 3, 3, . . .
(v) –1.0, –1.5, –2.0, –2.5, . . .

ΒϕΘ Σγ⁄Υ←ο ∆ρΖ ΙπùΞôÚ ΦηÔλ ϑν ∆ßκ× ΑÏλ.
úΤúΩ ùΚôÓχΚκΣγΟ ΙπùΞôÚ Σγ⁄Υ←ο ϑν ∆ßκ× ùΚôÓχΚκΣγΟôο ≅ÓιΘ

∆ßκûΣ ∆τ∴ôο ΦÝΘØ⁄ÙΤô? ≅κΣ⁄Υô∴ôο ΒûΘ ΦπΞôß ΦÝÕΞôµ? ≅úΡΚΤôµ
Φη ≅ûΤκ× ≅οΩÕ ↑ƒûΥ ùΣôßιÕ ΦÝÕÅνΚρ− ≅ϕΘ ↑ƒΚûΖ ΣôνκúΣôλ.

(i) ο ΙπùΞôÚ ∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκûΣ ↑Ο 1 ≅ƒΚλ.
(ii) ο ΙπùΞôÚ ∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκûΣ ↑Ο 30 Ïû[Ü.
(iii) ο ΙπùΞôÚ ∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκûΣ ↑Ο 1 Η áγÓΞΘôο €ûΟχ€[Õ.
(iv) ο Σγ⁄Υ←ο ∆ρΖ ΙπùΞôÚ ∆ßκ×λ 3 ΑΚ ∆ρΖÕ− ≅ΘôΞÕ ΙπùΞôÚ

∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκ×Οτ 0 Η áγÓΞΘôο (≅οΩÕ Κ→κΣΘôο) €ûΟχ€[Õ.
(v) ο ΙπùΞôÚ ∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκ×Οτ – 0.5 Η áγÓΞΘôο (≅ΘôΞÕ

0.5 Η Κ→κΣΘôο) €ûΟχ€[Õ.
úΤúΩ á°Υ Σγ⁄Υ←ο ΙπùΞôÚ ∆ßκ×λ ≅ΘσÏ ØϕûΘΥ ∆ßκ×Οτ ΙÚ

♣ûΩΥô∴ ΦηûΠ áγÓΞΘôο ≅οΩÕ Κ→κΣΘôο €ûΟχ€[Õ Φτß ≅°€ú[ôλ−
ΒπΞô[ô∴ ΦηΚ↓τ Σγ⁄ΥûΩ áγÓιùΘôΟν Ξ↔ûΜ ( AP ) Φτ€ú[ôλ.

Φ∴úΞ, ϑν ΦηΣγ⁄Υ←ο ØΘο ∆ßκûΣ Θ↑ς Τσ[ ∆ßκ×Κρ ≅Ξσ°τ
ØϕûΘΥ ∆ßκ×Οτ ΓúΘàλ ΙÚ ♣ûΩΥô∴ ΦηûΠ áγÓΞΘôο €ûΟχÏλ
Σγ⁄ΥûΩ áγÓιùΘôΟν Ξ↔ûΜ Φτ€ú[ôλ.

ΒϕΘ ♣ûΩΥô∴ Φη áγÓιùΘôΟν Ξ↔ûΜ♠τ ùΣôÕ ↑ιƒΥôΜλ Φτß ≅ûΨχΚκΣÓλ−
≅Õ ♥ûΚ+ Ïû[ ≅οΩÕ éϖ≥ΥΤôΚ ΒÚχΚΩôλ ΦτΣûΘ ♣û∴↑ο ùΚôρ.
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Let us denote the first term of an AP by a1, second term by a2, . . ., nth term by an and the
common difference by d. Then the AP becomes a1, a2, a3, . . ., an.
So, a2 – a1 = a3 – a2 = . . . = an – an – 1 = 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, – 2.9, – 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 ̀  ) given by a school to the toppers of Classes I to XII are, respectively,
200, 250, 300, 350, . . ., 750.

(e) The total savings (in ̀ ) after every month for 10 months when ̀  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, a + d, a + 2d, 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 (e) 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 (i) 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 is 6 and the common difference d is 3, then the AP is
 6, 9,12, 15, . . .

and if a is 6 and d is – 3, then the AP is
6, 3, 0, –3, . . .
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ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× a1, ΒςηΟôΞÕ ∆ßκ× a2, . . ., n ΞÕ
∆ßκ× an Τσßλ ùΣôÕ ↑ιƒΥôΜιûΘ d Φτßλ Ï°χ€ú[ôλ− Φ∴úΞ áγÓιùΘôΟν
Ξ↔ûΜ a1, a2, a3, . . ., an.
ΑΚúΞ, a2 – a1 = a3 – a2 = . . . = an – an – 1 = d.
áγÓιùΘôΟν Ξ↔ûΜχÏ úΤÛλ ′Ω ΦÓιÕχΚôγÓΚûΖ ΣôνκúΣôλ:
(a) ΙÚ Σρ↓♠ο Βû[ΞΠχΚιƒσΚôΚ Ξ↔ûΜΥôΚ ♣τ[ ΤôΠΞνΚ↓τ ∆ΥςδΚρ

( ùΜ−Á−ο ) 147 , 148, 149, . . ., 157.
(b) ΙÚ ΡΚςιƒο ⊥∴Ξ↔ ΤôΘιƒτ ΙÚ Ξôςιƒο ΣƒΞô∴ ♥Κχ Ïû[ϕΘ ùΞκΣ♣ûΩ

ΓßΞ↔ûΜ♠ο ( ùΜο′Υυ ⁄€↔ )
– 3.1, – 3.0, – 2.9, – 2.8, – 2.7, – 2.6, – 2.5

(c) ` 1000 ΚΟû∴ 5 % ÅΘλ ΙπùΞôÚ ΤôΘØλ ùΜÛιƒΥ ♦[Ï ΙπùΞôÚ ΤôΘØλ
ùΜÛιΘ úΞη⁄Υ ùΘôûΚ 950, 900, 850, 800, . . ., 50.

(d) ΙÚ Σρ↓♠ο 1 ØΘο 12 λ ΞÏκ×Ξûς ΙπùΞôÚ ΞÏκ♦Ûλ ≅ƒΚ ΤƒκùΣη
ùΣσ[ ΤôΠΞνΚÞχÏ ΞΨδΚκΣγΟ Σ↔ÑιùΘôûΚ (`-ο) Øû[úΥ 200, 250, 300,
350, . . ., 750.

(e) ΙπùΞôÚ ΤôΘØλ `50 ÅΘλ 10 ΤôΘδΚÞχÏ úΜ♥κ× ùΜµΘôο ΙπùΞôÚ ΤôΘ
Βßƒ♠Ûλ ∆ρΖ ùΘôûΚ Øû[úΥ 50, 100, 150, 200, 250, 300, 350, 400, 450, 500.
úΤúΩ ∆ρΖ Σγ⁄ΥοΚρ ΙπùΞôτßλ Γτ áγÓιùΘôΟν Ξ↔ûΜ ΑÏλ ΦτΣûΘ

↑ΖχÏΞΘσÏ ΒÕ ΙÚ Σ♠σ′ΥôΚ ∆ρΖÕ.
a, a + d, a + 2d, a + 3d, . . .

ΙÚ áγÓιùΘôΟν Ξ↔ûΜûΥ Ï°χ€[Õ− Βƒο a ΦτΣÕ ØΘο ∆ßκ× Τσßλ d ΦτΣÕ
ùΣôÕ ↑ιƒΥôΜλ ΑÏλ− ΒÕ áγÓιùΘôΟν Ξ↔ûΜ♠τ ùΣôÕΞ⁄Ξλ Φτ[ûΨχΚκΣÓ€[Õ.

(a) ←ÚϕÕ (e) ΞûςÙρΖ ΦÓιÕχΚôγÓΚ↓ο Ø⁄Üß ∆ßκ×Κρ ∆ρΖûΘ ΚΞ±−
ΒπΞô[ô∴ áγÓιùΘôΟν Ø⁄Üß áγÓιùΘôΟν Ξ↔ûΜ Φ∴κΣÓλ− ΒιΘûΚΥ ΙπùΞôÚ
áγÓιùΘôΟν Ξ↔ûΜ♠Ûλ ΚûΟ′ ∆ßκ× ΒÚκΣûΘ ΚΞ±− ΒϕΘ ♦↔↑ο (i) ØΘο (v)
ΞûςÙρΖ ΦÓιÕχΚôγÓΚ↓ο ∆ρΖ áγÓιùΘôΟν Ξ↔ûΜΚρ Ø⁄Ξσ[ áγÓιùΘôΟνΚρ
ΑÏλ− ΒûΞ Ø⁄Ü[ô áγÓιùΘôΟν Ξ↔ûΜ Φτß ≅ûΨχΚκΣÓλ− ΒπΞô[ô∴
áγÓιùΘôΟν Ξ↔ûΜΚρ Ø⁄Ü ùΣ[ôÕ− úΤÛλ ΚûΟ′ ∆ßκ× ΒÚχΚôÕ.

ΒκúΣôÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜûΥκ Σσ° ≅°Υ+ ∆∴χÏι úΘûΞΥô∴
Ïû[ϕΘΣγΜ ↑Ξςλ Φτ∴? ØΘο ∆ßκ× ùΘ↔ϕΘôο úΣôÕΤô? ≅οΩÕ ùΣôÕ ↑ιƒΥôΜλ
ΤγÓλ ùΘ↔ϕΘôο úΣôÕΤô? ΙÚ áγÓιùΘôΟν Ξ↔ûΜûΥ ΚηΟ°Υ ØΘο ∆ßκ× a
Τσßλ ùΣôÕ ↑ιƒΥôΜλ d ΒϕΘ ΒςηÓλ úΘûΞκΣÓ€[Õ−

ΦÓιÕχΚôγΟôΚ ØΘο ∆ßκ× a = 6 Τσßλ ùΣôÕ ↑ιƒΥôΜλ d = 3, Φ±ο ≅ϕΘ
áγÓιùΘôΟν Ξ↔ûΜ  6, 9,12, 15, . . .
Τσßλ a = 6 Τσßλ d = – 3, Φ±ο ≅ϕΘ áγÓιùΘôΟν Ξ↔ûΜ

6, 3, 0, –3, . . .
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Similarly, when
a = – 7, d = – 2, the AP is  – 7, – 9, – 11, – 13, . . .
a =  1.0, d = 0.1, the AP is  1.0, 1.1, 1.2, 1.3, . . .

a =  0, d = 1 1
2

, the AP is  0,  1 1
2 , 3, 4 1

2 , 6, . . .

a = 2, d = 0, the AP is  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 it is 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 a2 – a1 = 9  – 6 = 3,
a3 – a2 = 12 – 9 = 3,
a4 – a3 = 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, . . .,
a2 – a1 = 3 – 6 = – 3
a3 – a2 = 0 – 3 = – 3
a4 – a3 = –3 – 0  = –3

Similarly this is also an AP whose first term is 6 and the common difference is –3.

In general, for an AP a1, a2, . . ., an, we have

d = ak + 1 – ak

where ak + 1  and ak  are the (k + 1)th and the kth terms respectively.

To obtain d in a given AP, we need not find all of a2 – a1, a3 – a2, a4 – a3, . . . . It is 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.



10710 Αλ ΞÏκ×          Κ∞Θλ

áγÓιùΘôΟν Ξ↔ûΜΚρ

ΒπΞôú[+

a = – 7, d = – 2, Φ±ο áγÓιùΘôΟν Ξ↔ûΜ  – 7, – 9, – 11, – 13, . . .
a =  1.0, d = 0.1, Φ±ο áγÓιùΘôΟν Ξ↔ûΜ  1.0, 1.1, 1.2, 1.3, . . .

a =  0, d = 1 1
2

, Φ±ο áγÓιùΘôΟν Ξ↔ûΜ  0,  1 1
2 , 3, 4 1

2 , 6, . . .

a = 2, d = 0, Φ±ο áγÓιùΘôΟν Ξ↔ûΜ  2, 2, 2, 2, . . .
Φ∴úΞ a Τσßλ d ΒΞσ°τ Τƒκ× ùΘ↔ϕΘôο Ρôλ áγÓιùΘôΟν Ξ↔ûΜûΥ ΦÝΘΩôλ−

úΞßΞ→ Φτ∴? ≅ΘôΞÕ ΦηΚ↓τ Σγ⁄Υο ùΚôÓχΚκΣγΟôο ≅Õ áγÓιùΘôΟν Ξ↔ûΜΥô
Φτß á[ Ø⁄ÙΤô Τσßλ a Τσßλ d-Η ΚôηΚ? Βƒο a ØΘο ∆ßκ× ΦτΣΘôο ΒûΘ
Φ↓ΘôΚ ΦÝΘΩôλ− ΙπùΞôÚ ùΘôΟνε′Υô∴ ∆ßκ×λ ≅Θτ ØϕûΘΥ ∆ßκ×Οτ d-Η
áγÓΞΘôο €ûΟκΣÕ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ ΦτΣûΘ Ρôλ ≅°úΞôλ− Φ∴úΞ d Α∴Õ
ΦϕΘ ΙÚ ∆ßκûΣÙλ ≅Θτ ≅ÓιΘ ∆ßκ♦←ÚϕÕ Κ→κΣΘτ êΩλ ΚηΟ°ΥκΣÓ€[Õ−
≅ΘôΞÕ ΒϕΘ d ΦτΣÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο Ιúς Τôƒ↔ΥôΚ ΒÚχΚ úΞηÓλ.

ΦÓιÕχΚôγΟôΚ : 6, 9, 12, 15, . . . , Φτ[ Φη Σγ⁄ΥûΩ ΚÚÕúΞôλ−

a2 – a1 = 9  – 6 = 3,
a3 – a2 = 12 – 9 = 3,
a4 – a3 = 15 – 12 = 3

ΒδÏ ΙπùΞôÚ Ξ↔ûΜ♠Ûλ ΦϕΘ ΒςηÓ ≅ÓιΘÓιΘ ∆ßκ×Κ↓τ ↑ιƒΥôΜλ
3. ΑΚúΞ ùΚôÓχΚκΣγΟ Σγ⁄Υο ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− ΒΘτ ØΘο ∆ßκ×
a = 6 Τσßλ ùΣôÕ ↑ιƒΥôΜλ d = 3 ΑÏλ.

6, 3, 0, – 3, . . ., Φτ[ ΦηΚρ Σγ⁄ΥÛχÏ

a2 – a1 = 3 – 6 = – 3
a3 – a2 = 0 – 3 = – 3
a4 – a3 = –3 – 0  = –3

ΒπΞôú[ ΒÕÜλ ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− Βƒο ØΘο ∆ßκ× 6 Τσßλ
ùΣôÕ ↑ιƒΥôΜλ –3 ΑÏλ.

ùΣôÕΞôΚ a1, a2, . . ., an, Φτ[ áγÓιùΘôΟν Ξ↔ûΜχÏ

d = ak + 1 – ak

ΒδÏ ak + 1  Τσßλ ak  ΦτΣ∴ Øû[úΥ ( k + 1)ΞÕ Τσßλ kΞÕ ∆ßκ× ΑÏλ.
ùΚôÓχΚκΣγΟ áγÓιùΘôΟν Ξ↔ûΜχÏ d-Η ΚôΠ a2 – a1, a3 – a2, a4 – a3, . . . . Η ΚôΠ

úΘûΞ♠οûΩ− ΒΞσßρ Ιτß ΚηΟ°ϕΘôο úΣôÕΤô∴Õ.
1, 1, 2, 3, 5, . . . . Φτ[ Φη Σγ⁄ΥûΩ ΚÚÕúΞôλ− ΓúΘàλ ≅ÓιΘÓιΘ ΒςηÓ

∆ßκ×Κ↓τ ↑ιƒΥôΜλ ΙτßúΣôο ΒοûΩ ΦτΣûΘ á[Ωôλ− ΑΚúΞ ΒÕ ΙÚ
áγÓιùΘôΟν Ξ↔ûΜ ΑΚôÕ−
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Note that to find d in the AP : 6, 3, 0, – 3, . . ., we have subtracted 6 from 3 and not 3
from 6, i.e., we should subtract the kth term from the (k + 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 : 3
2

, 1
2

, – 1
2

, – 3
2

 , . . ., write the first term a and the common
difference d.

Solution : Here,a = 3
2 , d = 1

2  – 3
2  = – 1.

Remember that we can find d using any two consecutive terms, once we know that the numbers
are in 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, . . . (ii) 1, – 1, – 3, – 5, . . .
(iii) – 2, 2, – 2, 2, – 2, . . . (iv) 1, 1, 1, 2, 2, 2, 3, 3, 3, . . .
Solution :(i) We have a2 – a1 = 10 – 4 =   6

a3 – a2 = 16 – 10 =  6
a4 – a3 = 22 – 16  = 6

i.e., ak + 1 – ak  is the 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.
(ii) a2 – a1 =  – 1 – 1 = – 2

a3 – a2 =  – 3 – ( –1 ) = – 3 + 1 = – 2
 a4 – a3 = – 5 – ( –3 ) = – 5 + 3 = – 2

i.e., ak + 1 – ak  is the same every time.
So, the given list of numbers forms an AP with the common difference d = –2.
The next two terms are:

– 5 + (– 2 ) = – 7 and – 7 + (– 2 ) = – 9
(iii) a2 – a1 = 2 – (– 2) = 2 + 2 = 4

a3 – a2  = – 2 – 2 = – 4
As a2 – a1  ¹  a3 – a2 , the given list of numbers does not form an AP..
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6, 3, 0, – 3, . . ., Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο d- Η ΚôΠ 3 ←ÚϕÕ 6 Η Κ→χ€ú[ôúΤ
Θ↑ς 6 ←ÚϕÕ 3 Η ≅οΩ ΦτΣûΘ ΚΞ±− ≅ΘôΞÕ (k + 1) ΞÕ ∆ßκ× ′°ΥÕ
Φτ[ôÛλ Ρôλ (k + 1) ΞÕ ∆ßκ♦←ÚϕÕ k ΞÕ ∆ßκûΣΘôτ Κ→χΚ úΞηÓλ.

′Ω ΦÓιÕχΚôγÓΚρ êΩλ ΒϕΘ ΚÚιûΘ ùΘ↓ΞôΚ ×↔ϕÕχùΚôρΖΩôλ.

ΦÓιÕχΚôγÓ 1 : 3
2

, 1
2

, – 1
2

, – 3
2

 , . . ., Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× a

Τσßλ ùΣôÕ ↑ιƒΥôΜλ d Η ΚôηΚ.

¾νÜ : ΒδÏ, a = 3
2 , d = 1

2  – 3
2  = – 1.

ΦηΚρ áγÓιùΘôΟν Ξ↔ûΜ♠ο ∆ρΖÕ Φτß ùΘ↔ϕΘôο+ ΓúΘàλ ≅ÓιΘÓιΘ
ΒςηÓ ∆ßκ×ΚûΖ ΣΥτΣÓιƒ d Η ΚôΠΩôλ ΦτΣûΘ ♣û∴↑ο ùΚôρ.

ΦÓιÕχΚôγÓ 2 : ♦τΞÚλ ΦηΚρ Σγ⁄Υ←ο ΦûΞ áγÓιùΘôΟν Ξ↔ûΜ♠ο ∆ρΖÕ?
áγÓιùΘôΟν Ξ↔ûΜ♠ο ∆ρΖÕ Φ±ο ≅ÓιΘ ΒςηÓ ∆ßκ×ΚûΖ ΦÝÕΚ :

(i) 4, 10, 16, 22, . . . (ii) 1, – 1, – 3, – 5, . . .
(iii) – 2, 2, – 2, 2, – 2, . . . (iv) 1, 1, 1, 2, 2, 2, 3, 3, 3, . . .
¾νÜ : (i) Ρôλ ùΣßΞÕ a2 – a1 = 10 – 4 =   6

a3 – a2 = 16 – 10 =  6
a4 – a3 = 22 – 16  = 6

≅ΘôΞÕ, ak + 1 – ak  ΦτΣÕ ΙπùΞôÚ Øû[Ùλ Ιúς Τôƒ↔ΥôΚ ∆ρΖÕ.
ΑΚúΞ+ ùΚôÓχΚκΣγΟ ΦηΚ↓τ Σγ⁄Υο ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− Βƒο
ùΣôÕ ↑ιƒΥôΜλ d = 6.
≅ÓιΘ ΒςηÓ ∆ßκ×Κρ: 22 + 6 = 28 Τσßλ 28 + 6 = 34.
(ii) a2 – a1 =  – 1 – 1 = – 2

a3 – a2 =  – 3 – ( –1 ) = – 3 + 1 = – 2
 a4 – a3 = – 5 – ( –3 ) = – 5 + 3 = – 2

≅ΘôΞÕ, ak + 1 – ak  ΦτΣÕ ΙπùΞôÚ Øû[Ùλ Ιúς Τôƒ↔ΥôΚ ∆ρΖÕ.
ΑΚúΞ+ ùΚôÓχΚκΣγΟ ΦηΚ↓τ Σγ⁄Υο ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− ΒΘτ
ùΣôÕ ↑ιƒΥôΜλ d = – 2.
≅ÓιΘ ΒςηÓ ∆ßκ×Κρ:   –  5 + (– 2 ) = – 7 Τσßλ – 7 + (– 2 ) = – 9
(iii) a2 – a1 = 2 – (– 2) = 2 + 2 = 4

a3 – a2  = – 2 – 2 = – 4
ΒδÏ a2 – a1  ¹  a3 – a2 , Φ∴úΞ ùΚôÓχΚκΣγΟ ΦηΚ↓τ Σγ⁄Υο áγÓιùΘôΟν Ξ↔ûΜ ΑΚôÕ.
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(iv) a2 – a1 = 1 – 1 = 0
a3 – a2 = 1 – 1 = 0
a4 – a3 = 2 – 1 = 1

Here, a2 – a1 = a3 – a2 ¹ a4 – a3.
So, the given list of numbers does not form an AP.

EXERCISE 5.1

1. In which of the following situations, does the list of numbers involved make an arithmetic
progression, and why?

(i) The taxi fare after each km when the fare is ` 15 for the first km and ` 8 for each
additional km.

(ii) The amount of air present in a cylinder when a vacuum pump removes 1
4

 of the air
remaining in the cylinder at a time.

(iii) 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 ` 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 (ii) a = –2, d = 0
(iii) a = 4, d = – 3 (iv) a = – 1, d =  1

2
(v) a = – 1.25,     d = – 0.25

3. For the following APs, write the first term and the common difference:
(i) 3, 1, – 1, – 3, . . . (ii) – 5, – 1, 3, 7, . . .

(iii) 1 5 9 13, , , ,
3 3 3 3  . . . (iv) 0.6, 1.7, 2.8, 3.9, . . .

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, . . . (ii) 5 72, , 3, ,
2 2

 . . .

(iii) – 1.2, – 3.2, – 5.2, – 7.2, . . . (iv) – 10, – 6, – 2, 2, . . .

(v) 3, 3 2+ , 3 2 2+ , 3 3 2 ,+  . . . (vi) 0.2, 0.22, 0.222, 0.2222, . . .

(vii) 0, – 4, – 8, –12, . . . (viii) – 1
2

, – 1
2

, – 1
2

, – 1
2

, . . .
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(iv) a2 – a1 = 1 – 1 = 0
a3 – a2 = 1 – 1 = 0
a4 – a3 = 2 – 1 = 1

ΒδÏ, a2 – a1 = a3 – a2 ¹ a4 – a3.
Φ∴úΞ+ ùΚôÓχΚκΣγΟ ΦηΚ↓τ Σγ⁄Υο áγÓιùΘôΟν Ξ↔ûΜ ΑΚôÕ.

Σ♠σ′ 5.1

1. ♦τΞÚλ ãθ♣ûΩΚ↓ο ΦϕΘ ãθ♣ûΩ♠ο €ûΟχÏλ ΦηΚ↓τ Σγ⁄Υο ΙÚ
áγÓιùΘôΟν Ξ↔ûΜ ΑÏλ?

(i) ΙÚ Οôχ′ ØΘο ΙÚ €−Á ΣΥΠιƒσÏ ` 15 ÅΘØλ+ ≅Θτ ♦[Ï ΙπùΞôÚ
€−Á−χÏλ ` 8 ÅΘØλ ΘϕΘôο ΙπùΞôÚ €−Á−♠τ ΚγΟΠλ.

(ii) ΙÚ ùΞσ°Οχ ÏΨôµ ′←ηΟ↔ο ∆ρΖ Κôσ°ο 1
4

 ΣôΚιûΘ ùΞ↓úΥσßλ
Φ±ο ΙπùΞôÚ Øû[Ùλ ′←ηΟ↔ο ÁΘØρΖ Κôσ°τ ≅ΖÜ.

(iii) ΙÚ €Πß ùΞγΟ ØΘο ΙÚ ÁγΟÚχÏ ` 150 λ+  ≅Θτ  ♦τ  ΙπùΞôÚ
ÁγΟÚχÏλ ` 50 λ ùΜΩΞôÏλ− Φ±ο ΙπùΞôÚ ÁγΟÚχÏλ ΑÏλ ùΜΩÜ.

(iv) ΙÚ Ξδ€♠ο ` 10000 Η ΞÚΟιƒσÏ 8 % áγÓΞγ⁄ ÅΘλ úΜ♥χΚκΣÓ€[Õ
Φ±ο ΙπùΞôÚ ΞÚΟχ ΚûΟ′♠ο Ξδ€χ ΚΠχ€ο ∆ρΖ ΣΠλ.

2. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× a Τσßλ ùΣôÕ ↑ιƒΥôΜλ d Α€ΥûΞ
•úΨ ùΚôÓχΚκΣγÓρΖ∴− ØΘο ΡôτÏ ∆ßκ×ΚûΖ ΦÝÕΚ:

(i) a = 10, d = 10 (ii) a = –2, d = 0
(iii) a = 4, d = – 3 (iv) a = – 1, d =  1

2
(v) a = – 1.25, d = – 0.25

3. ♦τΞÚλ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× Τσßλ ùΣôÕ ↑ιƒΥôΜιûΘ ΦÝÕ:
(i) 3, 1, – 1, – 3, . . . (ii) – 5, – 1, 3, 7, . . .

(iii) 1 5 9 13, , , ,
3 3 3 3  . . . (iv) 0.6, 1.7, 2.8, 3.9, . . .

4. ♦τΞÚΞ∴Ξσ°ο ΦûΞ áγÓιùΘôΟν Ξ↔ûΜ♠ο ∆ρΖÕ? áγÓιùΘôΟν Ξ↔ûΜ♠ο
∆ρΖÕ Φ±ο ùΣôÕ ↑ιƒΥôΜλ d Τσßλ ≅ÓιΘ êτß ∆ßκ×ΚûΖ ΦÝÕΚ.

(i) 2, 4, 8, 16, . . . (ii) 5 72, , 3, ,
2 2

 . . .

(iii) – 1.2, – 3.2, – 5.2, – 7.2, . . . (iv) – 10, – 6, – 2, 2, . . .

(v) 3, 3 2+ , 3 2 2+ , 3 3 2 ,+  . . . (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, a2, a3, a4, . . . (xii) 2, 8, 18 , 32,  . . .

(xiii) 3, 6, 9 , 12 ,  . . . (xiv) 12, 32, 52, 72, . . .
(xv) 12, 52, 72, 73, . . .

5.3 nth Term of an 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 ` 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 ` (8000 + 500) = ̀  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 × 500)
= ` [8000 + (3 – 1) × 500] (for the 3rd year)
= ` 9000

Salary for the 4th year   = ` (9000 + 500)
= ` (8000 + 500 + 500 + 500)
= ` (8000 + 3 × 500)
= ` [8000 + (4 – 1) × 500] (for the 4th year)
= ` 9500

Salary for the 5th year    = ` (9500 + 500)
= ` (8000+500+500+500 + 500)
= ` (8000 + 4 × 500)
= ` [8000 + (5 – 1) × 500] (for the 5th 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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(vii) 0, – 4, – 8, –12, . . . (viii) – 1
2

, – 1
2

, – 1
2

, – 1
2

, . . .

(ix) 1, 3, 9, 27, . . . (x) a, 2a, 3a, 4a, . . .
(xi) a, a2, a3, a4, . . . (xii) 2, 8, 18 , 32,  . . .

(xiii) 3, 6, 9 , 12 ,  . . . (xiv) 12, 32, 52, 72, . . .
(xv) 12, 52, 72, 73, . . .

5.3 ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ n ΞÕ ∆ßκ×

ΣÏƒ 5.1 ο ∆ρΖ ãθ♣ûΩûΥ ÁηÓλ ΦÓιÕχùΚôρúΞôλ− Ã∴ô ΙÚ úΞûΩχΚôΚ
↑ηΠκ♦ιΘôρ− ΙÚ ΤôΘ ΜλΣΖλ ` 8000 ΑΚÜλ+ ΑηÓ ΕƒΥ ∆ΥνÜ ` 500
ΑΚÜλ ∆ρΖ ΙÚ úΞûΩχÏ úΘνϕùΘÓχΚκΣγΟôρ− ≅Ξ↓τ ΗϕΘôλ ΑηÓ ΤôΘ
ΜλΣΖλ Φτ∴ΞôΚ ΒÚχÏλ?

ΒΘσÏ ↑ûΟ ΚôΠ úΞηÓΤô∴ôο+ ØΘ←ο ≅ΞÚûΟΥ ΒςηΟôΞÕ ΑηÓ ΤôΘ
ΜλΣΖλ ΦπΞΖÜ Φτß Ρôλ ΣôνκúΣôλ.

≅Õ ` (8000 + 500) = ` 8500. ΒπΞôú[ 3ΞÕ,  4ΞÕ Τσßλ 5ΞÕ  Αη⁄τ  ΤôΘ
ΜλΣΖλ ΚôΠ ØϕûΘΥ ΑηÓΟτ ` 500 Η áγÓΞΘτ êΩλ ΚηÓχùΚôρΖΩôλ−
 ΑΚúΞ+ 3ΞÕ Αη⁄σΚô∴ ΜλΣΖλ = ` (8500 + 500)

= ` (8000 + 500 + 500)
= ` (8000 + 2 × 500)
= ` [8000 + (3 – 1) × 500](for the 3ΞÕ Αη⁄σÏ)
= ` 9000

4ΞÕ Αη⁄σΚô∴ ΜλΣΖλ   = ` (9000 + 500)
= ` (8000 + 500 + 500 + 500)
= ` (8000 + 3 × 500)
= ` [8000 + (4 – 1) × 500](for the 4ΞÕ Αη⁄σÏ)
= ` 9500

5ΞÕ Αη⁄σΚô∴ ΜλΣΖλ    = ` (9500 + 500)
= ` (8000+500+500+500 + 500)
= ` (8000 + 4 × 500)
= ` [8000 + (5 – 1) × 500](for the 5ΞÕ Αη⁄σÏ)
= ` 10000

úΤÛρΖΞσ°←ÚϕÕ 8000, 8500, 9000, 9500, 10000, . . . Φτ[ ΦηΚρ Σγ⁄Υο
€ûΟχ€[Õ ΦτΣûΘ ΚΞ±−

ΒϕΘ ΦηΚρ áγÓιùΘôΟν Ξ↔ûΜ♠ο ∆ρΖΘô? (Γτ?)
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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 ̀  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 + ` 500

=  ` úû
ù

êë
é ++++

times 13
500....5005005008000

+ ` 500

=  ` [8000 + 14 × 500]

=  ` [8000 + (15 – 1) × 500] = ` 15000

i.e., First salary + (15 – 1) × Annual increment.

In the same way, her monthly salary for the 25th year would be

` [8000 + (25 – 1) × 500] = ` 20000

= First salary + (25 – 1) × 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.

Let a1, a2, a3, . . . be an AP whose first term a1 is a and the common difference is d.

Then,

the second terma2 = a + d = a + (2 – 1) d

the third term a3 = a2 + d = (a + d) + d = a + 2d = a + (3 – 1) d

the fourth terma4 = a3 + d = (a + 2d) + d = a + 3d = a + (4 – 1) d

. . . . . . . .

. . . . . . . .

Looking at the pattern, we can say that the nth term an = a + (n – 1) d.

So, the nth term an of the AP with first term a and common difference d is given by
an = a + (n – 1) d.

an is also called the general term of the AP. If there are m terms in the AP, then am
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ΒκúΣôÕ+ úΤσΚηΟ ≅ûΤκ♦←ÚϕÕ ≅ΞÚûΟΥ 6ΞÕ Αη⁄σΚô∴ ΜλΣΖιûΘ
ΚôΠ Ø⁄ÙΤô? 15ΞÕ Αη⁄σΚô∴ ΜλΣΖλ? ≅Ξν ΒúΘ úΞûΩ♠ο ùΘôΟνϕÕ
ΒÚκΣΘôΚ ùΚôρúΞôλ− ≅ΞÚûΟΥ 25ΞÕ Αη⁄σΚô∴ ΜλΣΖλ Φτ∴ΞôΚ ΒÚχÏλ?
ΒδÏ ΘσúΣôûΘΥ ΑηÓ ΜλΣΖλ ØϕûΘΥ ΑηÓ ΜλΣΖιÕΟτ ` 500 Η áγ⁄
ΚΠχ€Ó€ú[ôλ− ΒûΘ ÑÚχΚΤôΚ ùΜµΥ Ø⁄ÙΤô? Ρôλ ΣôνχΚΩôλ− úΤúΩ ΜλΣΖλ
ΚΠχ€γΟ Øû[♠ο ΒÚϕÕ ∆δΚÞχÏ ϑςΖÜ ×↔ϕƒÚχÏλ.

15ΞÕ Αη⁄σΚô∴ ΜλΣΖλ =  14ΞÕ Αη⁄σΚô∴ ΜλΣΖλ + ` 500

=  ` 

+ú
û

ù
ê
ë

é
+++++ 4444 34444 21

times13

500...5005005008000
` 500

=  ` [8000 + 14 × 500]

=  ` [8000 + (15 – 1) × 500] = ` 15000

≅ΘôΞÕ, ØΘο ΜλΣΖλ + (15 – 1) × ΑηÓ ΕƒΥ ∆ΥνÜ.

ΒπΞôú[+ ≅ΞÚûΟΥ 25ΞÕ Αη⁄σΚô∴ ΤôΘ ΜλΣΖλ

` [8000 + (25 – 1) × 500] = ` 20000

= ØΘο ΜλΣΖλ + (25 – 1) × ΑηÓ ΕƒΥ ∆ΥνÜ

ΒϕΘ ΦÓιÕχΚôγ⁄←ÚϕÕ 15ΞÕ ∆ßκ× ≅οΩÕ 25ΞÕ ∆ßκûΣ ΦπΞôß ΦÝÕΞÕ
ΦτΣÕ ΡΤχÏ ×↔€[Õ− úΤÛλ ΒϕΘ Øû[ûΥ ΣΥτΣÓιƒ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ
n ΞÕ ∆ßκûΣ ΚôΠΩôλ.

a1, a2, a3, . . . ΦτΣÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ ΦτΚ− ΒΘτ ØΘο ∆ßκ× a1 Τσßλ
ùΣôÕ ↑ιƒΥôΜλ d.

Φ∴úΞ,        ΒςηΟôΞÕ ∆ßκ×     a2 = a + d = a + (2 – 1) d

 êτ[ôΞÕ ∆ßκ×         a3 = a2 + d = (a + d) + d = a + 2d = a + (3 – 1) d

 ΡôτΚôΞÕ ∆ßκ× a4 = a3 + d = (a + 2d) + d = a + 3d = a + (4 – 1) d

. . . . . . . .

. . . . . . . .

úΤσΚηΟ ≅ûΤκûΣ ΣôνχÏλúΣôÕ n ΞÕ ∆ßκ× an = a + (n – 1) d.

Φ∴úΞ, ØΘο ∆ßκ× a Τσßλ ùΣôÕ ↑ιƒΥôΜλ d ∆ρΖ áγÓιùΘôΟν Ξ↔ûΜ♠τ
n ΞÕ ∆ßκ× an = a + (n – 1) d.

02 Øû[Κρ
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represents the last term which is sometimes also denoted by l.
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 an = a + (n – 1) d
So, a10 = 2 + (10 – 1) × 5 = 2 + 45 = 47
Therefore, the 10th term of the given AP is 47.

Example 4 : Which term of the AP : 21, 18, 15, . . . is – 81? Also, is any term 0? Give reason
for your answer.
Solution : Here, a = 21, d = 18 – 21 = – 3 and an = – 81, and we have to find n.
As an = a + ( n – 1) d,
we have – 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 an = 0. If such an n is there, then

21 + (n – 1) (–3) = 0,
i.e., 3(n – 1) = 21
i.e., n = 8
So, the eighth term is 0.

Example 5 : Determine the AP whose 3rd term is 5 and the 7th term is 9.
Solution : We have

a3 = a + (3 – 1) d = a + 2d = 5 (1)
and a7 = 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 AP is 3, 4, 5, 6, 7, . . .
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an ΦτΣÕ áγÓιùΘôΟν Ξ↔ûΜ♠τ ùΣôÕ ∆ßκ× Φτßλ ≅ûΨχΚκΣÓ€[Õ−
ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο m ∆ßκ×Κρ ΒÚϕΘôο am ΦτΣÕ ΚûΟ′ ∆ßκûΣ Ï°χÏλ−
ΒûΘ l Φτß Ï°κΣν.

′Ω ΦÓιÕχΚôγÓΚûΖ ΣôνκúΣôλ.
ΦÓιÕχΚôγÓ 3 : 2, 7, 12, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ 10 ΞÕ ∆ßκûΣ ΚηÓ♦⁄−

¾νÜ : ΒδÏ, a = 2, d = 7 – 2 = 5 Τσßλ n =  10.
an = a + (n – 1) d

ΑΚúΞ, a10 = 2 + (10 – 1) × 5 = 2 + 45 = 47
Φ∴úΞ+ ùΚôÓχΚκΣγΟ áγÓιùΘôΟν Ξ↔ûΜ♠τ 10 ΞÕ ∆ßκ× 47 ΑÏλ.

ΦÓιÕχΚôγÓ 4 : 21, 18, 15, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο – 81 ΦτΣÕ ΦιΘû∴ΥôΞÕ
∆ßκ×? ΓúΘàλ ΙÚ ∆ßκ× 0 ΑÏΤô? ∆τ ↑ûΟχÏ ΚôςΠλ áß.
¾νÜ : ΒδÏ, a = 21, d = 18 – 21 = – 3 Τσßλ an = – 81, úΤÛλ Ρôλ n Η ΚôΠ úΞηÓλ.

an = a + ( n – 1) d,
– 81 = 21 + (n – 1)(– 3)
– 81 = 24 – 3n

– 105 = – 3n
ΑΚúΞ, n = 35
Φ∴úΞ+ ùΚôÓχΚκΣγΟ áγÓιùΘôΟν Ξ↔ûΜ♠τ 35 ΞÕ ∆ßκ× – 81 ΑÏλ.
≅ÓιÕ an = 0 ΑÏΤôß ΓúΘàλ ΙÚ ∆ßκ× ∆ρΖΘô Φ∴ Ρôλ ΚηΟ°Υ úΞηÓλ−
≅πΞôß ∆ρΖÕ Φ±ο,

21 + (n – 1) (–3) = 0,
3(n – 1) = 21

n = 8
ΑΚúΞ 8 ΞÕ ∆ßκ× 0 ΑÏλ.

ΦÓιÕχΚôγÓ 5 : ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 3ΞÕ ∆ßκ× 5 Τσßλ 7 ΞÕ ∆ßκ× 9
Φ±ο ≅ϕΘ áγÓιùΘôΟν Ξ↔ûΜûΥ ΚôηΚ−

¾νÜ :    a3 = a + (3 – 1) d =  a + 2d = 5           (1)
Τσßλ a7 = a + (7 – 1) d = a + 6d = 9 (2)
 (1) Τσßλ (2) ú⊥ô⁄ úΡ↔Υ ΜΤτΣôÓΚûΖ ¾νκΣΘôο, Ρôλ ùΣßΞÕ

a = 3, d = 1
Φ∴úΞ+ 3, 4, 5, 6, 7, . . . ΦτΣÕ úΘûΞΥô∴ áγÓιùΘôΟν Ξ↔ûΜ ΑÏλ−
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Example 6 : Check whether 301 is a term of the list of numbers 5, 11, 17, 23, . . .
Solution : We have :

a2 – a1 = 11 – 5 = 6, a3 – a2 = 17 – 11 = 6, a4 – a3 = 23 – 17 = 6
As ak + 1 – ak is the 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

an = a + (n – 1) d
So, 301 = 5 + (n – 1) × 6
i.e., 301 = 6n – 1

So, n = 302 151
6 3

=

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, an = 99.

As an = a + (n – 1) d,
we have 99 = 12 + (n – 1) × 3

i.e., 87 = (n – 1) × 3

i.e., n – 1 = 87
3

 = 29

i.e., 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, l = – 62,
where l =  a + (n – 1) d
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ΦÓιÕχΚôγÓ 6 : 5, 11, 17, 23, . . . Φτ[ ΦηΚ↓τ Σγ⁄Υ←ο 301 ΦτΣÕ ΙÚ ∆ßκ× ΑÏΤô>

¾νÜ : a2 – a1 =  11 – 5 = 6, a3 – a2 = 17 – 11 = 6, a4 – a3 = 23 – 17 = 6
k = 1, 2, 3,....... Τƒκ×ΚÞχÏ (ak + 1 – ak) ΦτΣÕ Ιúς Τôƒ↔ΥôΚ ΒÚκΣΘôο ùΚôÓχΚκΣγΟ
ΦηΚ↓τ Σγ⁄Υο ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ.
ΒκúΣôÕ, a = 5 Τσßλ    d = 6.
301 Φàλ ∆ßκ× ΒϕΘ áγÓιùΘôΟν Ξ↔ûΜ♠τ n ΞÕ ∆ßκ× ΦτΚ.

an = a + (n – 1) d
Φ∴úΞ, 301 = 5 + (n – 1) × 6
≅ΘôΞÕ, 301 = 6n – 1

ΑΚúΞ, n = 302 151
6 3

=

Α∴ôο n ΦτΣÕ ΙÚ ♥ûΚ ΦηΠôΚ ΒÚχΚ úΞηÓλ (Γτ?).
Φ∴úΞ, 301 ΦτΣÕ ùΚôÓχΚκΣγΟ ΦηΚρ Σγ⁄Υ←ο ΒÚχΚôÕ.

ΦÓιÕχΚôγÓ 7 : 3 Αο ΞÏΣΟχá⁄Υ Χ↔ΩχΚ ΦηΚρ ΦιΘû∴?
¾νÜ : 3 Αο ΞÏΣΟχá⁄Υ Χ↔ΩχΚ ΦηΚ↓τ Σγ⁄Υο :

12, 15, 18, . . . , 99
ΒÕ ΙÚ áγÓιùΘôΟςô> Αλ− ΒδÏ, a = 12, d = 3, an = 99.

an = a + (n – 1) d,
99 = 12 + (n – 1) × 3
87 = (n – 1) × 3

≅ΘôΞÕ, n – 1 = 87
3

 = 29

≅ΘôΞÕ, n = 29 + 1 = 30
Φ∴úΞ 3 Αο ΞÏΣΟχá⁄Υ Χ↔ΩχΚ ΦηΚρ 30 ∆ρΖ∴.

ΦÓιÕχΚôγÓ 8 : 10, 7, 4, . . ., – 62 Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο ΚûΟ′♠←ÚϕÕ (
ØΘο ∆ßκûΣ úΡôχ€ )11 ΞÕ ∆ßκûΣ ΚηÓ♦⁄−

¾νÜ : ΒδÏ, a = 10, d = 7 – 10 = – 3, l = – 62,
l =  a + (n – 1) d
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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)
i.e., – 72 = (n – 1)(–3)
i.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, a15 = 10 + (15 – 1)(–3) = 10 – 42 = – 32
i.e., the 11th term from the last term is – 32.
Alternative Solution :

If we write the given AP in the reverse order, then a = – 62 and d = 3 (Why?)
So, the question now becomes finding the 11th term with these a and d.
So, a11 = – 62 + (11 – 1) × 3 = – 62 + 30 = – 32
So, the 11th term, which is now the required term, is – 32.

Example 9 : A sum 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

Simple Interest = P×R ×T
100

So, the interest at the end of the1st year = 1000 × 8×1
100

`  =  ` 80

The interest at the end of the2nd year = 1000× 8× 2
100

`  = ` 160

The interest at the end of the3rd year =
1000× 8× 3

100
`  = ` 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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ΚûΟ′♠ο ΒÚϕÕ 11 ΞÕ ∆ßκûΣχΚôΠ áγÓιùΘôΟν Ξ↔ûΜ♠ÛρΖ ùΤôιΘ
∆ßκ×Κ↓τ Φη∞χûΚûΥ ΚôΠ úΞηÓλ.
Φ∴úΞ, – 62 = 10 + (n – 1)(–3)

– 72 = (n – 1)(–3)
n – 1 = 24

n = 25
Φ∴úΞ+ ùΚôÓχΚκΣγΟ áγÓιùΘôΟν Ξ↔ûΜ♠ο 25 ∆ßκ×Κρ ∆ρΖ∴.

ΚûΟ′♠←ÚϕÕ 11 ΞÕ ∆ßκ× ΦτΣÕ 15 ΞÕ ∆ßκΣôÏλ. (≅Õ 14 ΞÕ ∆ßκΣοΩ
ΦτΣûΘ ΚΞ±− Γτ?)
Φ∴úΞ, a15 = 10 + (15 – 1)(–3) = 10 – 42 = – 32
≅ΘôΞÕ ΚûΟ′♠←ÚϕÕ 11 ΞÕ ∆ßκ× – 32 ΑÏλ.
ΤôσßØû[♠ο ¾νÜ :

ùΚôÓχΚκΣγΟ áγÓιùΘôΟν Ξ↔ûΜûΥ ♦τú∴ôχ€ ΦÝƒ∴ôο a = – 62 Τσßλ
d = 3 (Γτ?)
Φ∴úΞ ΒκúΣôÕ úΚρ↑ ΒϕΘ a Τσßλ d ∆Οτ 11 ΞÕ ∆ßκûΣ ΚηÓ♦⁄κΣΘôÏλ.
Φ∴úΞ, a11 = – 62 + (11 – 1) × 3 = – 62 + 30 = – 32
Φ∴úΞ, ΒκúΣôÕ úΘûΞκΣÓλ 11 ΞÕ ∆ßκ× – 32 ΑÏλ.

ΦÓιÕχΚôγÓ 9 : Αη⁄σÏ 8% Θ±Ξγ⁄ ÅΘλ ̀  1000 ùΘôûΚ ØΘÄÓ ùΜµΥκΣÓ€[Õ−
ΙπùΞôÚ  Αη⁄τ  Βßƒ♠ο  €ûΟχÏλ  Ξγ⁄ûΥ  ΚΠχ€Ó−  ΒϕΘ  Ξγ⁄Κρ  ΙÚ
áγÓιùΘôΟν Ξ↔ûΜ ΑÏΤô? Αλ Φ±ο 30 ΞÕ ΑηÓ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ûΥ
ΚΠχ€Ó.
¾νÜ : Θ±Ξγ⁄ûΥ ΚΠχ€ÓΞΘσΚô∴ ãιƒςλ ΡΤχÏ ùΘ↔Ùλ−

Θ±Ξγ⁄ = P×R ×T
100

Φ∴úΞ+ ØΘο ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄  = 1000 × 8×1
100

`  =  ` 80

                  2 λ ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄   = 1000× 8× 2
100

`  = ` 160

                   3 λ ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ =
1000× 8× 3

100
`  = ` 240

ΒπΞôú[ 4 Αλ, 5 Αλ ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ûΥ ùΣ[Ωôλ−

Φ∴úΞ 1 λ, 2 Αλ, 3 Αλ, . . . ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ (`-ο) Øû[úΥ

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 a30.

Now, a30 = a + (30 – 1) d = 80 + 29 × 80 = 2400

So, the interest at the end of 30 years will be ` 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, an = 5
As, an = a + (n – 1) d
We have, 5 = 23 + (n – 1)(– 2)
i.e., – 18 = (n – 1)(– 2)
i.e., 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 an the nth term of the AP:

a d n an

(i) 7 3 8 . . .

(ii) – 18 . . . 10 0

(iii) . . . – 3 18 – 5

(iv) – 18.9 2.5 . . . 3.6

(v) 3.5 0 10 5 . . .
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ΒϕΘ Σγ⁄Υ←ο ≅ÓιΘÓιΘ ΒςηÓ ∆ßκ×ΚÞχÏ ΒûΟúΥ ∆ρΖ ↑ιƒΥôΜλ 80,
Φ∴úΞ ΒÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− ≅ΘôΞÕ d = 80. úΤÛλ a = 80.

Φ∴úΞ 30 ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ûΥ ΚôΠ Ρôλ a30 Η ΚôΠ úΞηÓλ.

ΒκúΣôÕ, a30 = a + (30 – 1) d = 80 + 29 × 80 = 2400

Φ∴úΞ+ 30 ΞÕ ΞÚΟ Ø⁄↑ο €ûΟχÏλ Ξγ⁄ ` 2400.

ΦÓιÕχΚôγÓ 10 : ΙÚ ΤΩνκΣÓûΚ♠ο ØΘο Ξ↔ûΜ♠ο 23 úςô⊥ô ùΜ⁄ΚÞλ+ 2 ΞÕ
Ξ↔ûΜ♠ο 21 úςô⊥ô ùΜ⁄ΚÞλ, 3 ΞÕ Ξ↔ûΜ♠ο 19 ....... ∆ρΖ∴− ΚûΟ′ Ξ↔ûΜ♠ο 5
úςô⊥ô ùΜ⁄Κρ ∆ρΖ∴− Φ±ο ΤΩνκΣÓûΚ♠ο ∆ρΖ Ξ↔ûΜΚρ ΦιΘû∴?
¾νÜ : 1 ΞÕ, 2 ΞÕ, 3 ΞÕ, . . ., Ξ↔ûΜ♠ο ∆ρΖ úςô⊥ô ùΜ⁄Κ↓τ Φη∞χûΚ :

23, 21, 19, . . ., 5
ΒÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ (Γτ?). ΤΩνκΣÓûΚ♠ο ∆ρΖ Ξ↔ûΜΚ↓τ
Φη∞χûΚ n ΦτΚ.
ΒδÏ a = 23, d = 21 – 23 = – 2, an = 5

an = a + (n – 1) d
5 = 23 + (n – 1)(– 2)

– 18 = (n – 1)(– 2)
n = 10

Φ∴úΞ+ ΤΩνκΣÓûΚ♠ο 10 Ξ↔ûΜΚρ ∆ρΖ∴.

Σ♠σ′ 5.2

1. áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× a, ùΣôÕ ↑ιƒΥôΜλ d Τσßλ n ΞÕ ∆ßκ×
an Φ±ο ♦τΞÚλ ≅γΟΞûΠûΥ ♣ςκ×Κ:

a d n an

(i) 7 3 8 . . .

(ii) – 18 . . . 10 0

(iii) . . . – 3 18 – 5

(iv) – 18.9 2.5 . . . 3.6

(v) 3.5 0 10 5 . . .
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2. Choose the correct choice in the following and justify :
(i) 30th term of the AP: 10, 7, 4, . . . , is

(A) 97 (B) 7 7 (C) –77 (D) – 87

(ii) 11th term of the AP: – 3, 1
2

- , 2, . . ., is

(A) 28 (B) 2 2 (C) –38 (D) – 48 1
2

3. In the following APs, find the missing terms in the boxes :
(i) 2,  , 26

(ii)  , 13,  , 3

(iii) 5,  ,  , 19
2

(iv) – 4,  ,  ,  ,  , 6

(v)  , 38,  ,  ,  , – 22
4. Which term of the AP : 3, 8, 13, 18, . . . ,is 78?
5. Find the number of terms in each of the following APs :

(i) 7, 13, 19, . . . , 205 (ii) 18, 115
2

, 13, . . . , – 47

6. Check whether – 150 is a term of the 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 is 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 of the 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 250?
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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2. ♦τΞÚΞ∴Ξσ°ο Μ↔Υô∴ ↑ûΟûΥ úΘνϕùΘÓ Τσßλ ♣ΥôΥκΣÓιÕ :
(i) 10, 7, 4, . . . , Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ 30 ΞÕ ∆ßκ× 9

(A)  97 (B) 7 7 (C) –77 (D) – 87

(ii) – 3, 1
2

- , 2, . . ., Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ 11 ΞÕ ∆ßκ×

(A) 28 (B) 2 2 (C) –38 (D) – 48 1
2

3. ♦τΞÚλ áγÓιùΘôΟν Ξ↔ûΜΚ↓ÛρΖ ùΣγ⁄Κ↓ο ↑ÓΣγΟ ∆ßκ×ΚûΖ ΚηÓ♦⁄:
(i) 2,  , 26

(ii)  , 13,  , 3

(iii) 5,  ,  , 19
2

(iv) – 4,  ,  ,  ,  , 6

(v)  , 38,  ,  ,  , – 22
4. 3, 8, 13, 18, . . . , Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο 78 ΦτΣÕ ΦιΘû∴ΥôΞÕ ∆ßκ×?
5. ♦τΞÚλ ΙπùΞôÚ áγÓιùΘôΟν Ξ↔ûΜ♠Ûλ ∆ρΖ ∆ßκ×Κ↓τ Φη∞χûΚûΥ ΚôηΚ:

(i) 7, 13, 19, . . . , 205 (ii) 18, 115
2

, 13, . . . , – 47
6. 11, 8, 5, 2 . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο –150 ϑν ∆ßκΣôÏΤô Φ∴ úΜôƒιÕ Σôν−
7. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο 11 ΞÕ ∆ßκ× 38, 16 ΞÕ ∆ßκ× 73. Φ±ο 31 ΞÕ

∆ßκûΣ ΚηÓ♦⁄.
8. 50 ∆ßκ×ΚûΖ ùΚôηÓρΖ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 3 ΞÕ ∆ßκ× 12 Τσßλ

ΚûΟ′ ∆ßκ× 106. Φ±ο ≅ϕΘ áγÓιùΘôΟν Ξ↔ûΜ♠τ 29 ΞÕ ∆ßκûΣ ΚηÓ♦⁄.
9. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 3 ΞÕ Τσßλ 9 ΞÕ ∆ßκ×Κρ Øû[úΥ 4 Τσßλ – 8

Φ±ο ΦιΘû∴ΥôΞÕ ∆ßκ× / ΑΚ ΒÚχÏλ?
10. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 17 ΞÕ ∆ßκΣô∴Õ 10 ΞÕ ∆ßκûΣ ↑Ο 7 ≅ƒΚλ

Φ±ο ùΣôÕ ↑ιƒΥôΜιûΘ ΚôηΚ.
11. 3, 15, 27, 39, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο ΦϕΘ ∆ßκ× 54 ΞÕ ∆ßκûΣ ↑Ο

132 ≅ƒΚΤôΚ ΒÚχÏλ?
12. ΒςηÓ áγÓιùΘôΟν Ξ↔ûΜΚρ Ιúς ùΣôÕ ↑ιƒΥôΜιûΘ ùΣσßρΖ∴− ≅Ξσ°τ 100

ΞÕ ∆ßκ×Κ↓τ ↑ιƒΥôΜλ 100 Φ±ο ≅Ξσ°τ 1000 ΞÕ ∆ßκ×Κ↓τ ↑ιƒΥôΜλ Φτ∴?
13. 7 Αο ΞÏΣΟχá⁄Υ êτ°ΩχΚ ΦηΚρ ΦιΘû∴?
14. 10 Τσßλ 250 χÏ ΒûΟ♠ÛρΖ 4 τ ΤΟδ€Κρ ΦιΘû∴?
15. 63, 65, 67, . . . Τσßλ 3, 10, 17, . . .  Φτ[ ΒςηÓ áγÓιùΘôΟν Ξ↔ûΜΚ↓τ n τ

ΦϕΘ Τƒκ♦σÏ n ΞÕ ∆ßκ×Κρ ΜΤΤôΚ ΒÚχÏλ?
16. êτ[ôΞÕ ∆ßκ× 16 Τσßλ 7 ΞÕ ∆ßκ× 5 ΞÕ ∆ßκûΣ ↑Ο 12 ≅ƒΚΤôΚ ∆ûΟΥ

áγÓιùΘôΟûς ΚôηΚ.
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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

` 200 each year. In which year did his income reach ̀  7000?
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 n.

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, ` 150 on her second birthday,
` 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) + (99 + 2) + . . . + (3 + 98) + (2 + 99) + (1 + 100)
= 101 + 101 + . . . + 101 + 101 (100 times)

So, S = 100 101 5050
2
´

= , i.e., the sum = 5050.
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17. 3, 8, 13, . . ., 253 Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ ΚûΟ′♠←ÚϕÕ 20 ΞÕ ∆ßκûΣ ΚôηΚ.
18. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο 4ΞÕ Τσßλ 8ΞÕ ∆ßκ×Κ↓τ áÓΘο 24 úΤÛλ 6ΞÕ

Τσßλ 10ΞÕ ∆ßκ×Κ↓τ áÓΘο 44. Φ±ο ØΘο êτß ∆ßκ×ΚûΖ ΚôηΚ.
19. ÑκΣôςôπ 1995 Αη⁄ο ` 5000 ΜλΣΖιƒο úΞûΩûΥ ùΘôΟδ€∴ôν− úΤÛλ

ΙπùΞôÚ ΞÚΟØλ ̀  200 ΜλΣΖ ∆ΥνΞôΚ ùΣσ[ôν− ΦϕΘ ΑηÓ ≅ΞςÕ ΜλΣΖλ
` 7000 Η ≅ûΟÙλ?

20. ςôλΚô← ΙÚ ΞÚΟιƒτ ØΘο Ξôςιƒο ` 5 Η úΜ♥ιÕ ♦τ∴ν Θ∴Õ Ξôς
úΜ♥κûΣ ` 1.75 ΑΚ ∆Υνιƒ∴ôν− n ΞÕ Ξôςιƒο ≅ΞÚûΟΥ úΜ♥κ× ` 20.75
ΑΚ ΒÚϕΘôο n Η ΚηÓ♦⁄.

5.4 ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ  n ∆ßκ×Κ↓τ ùΤôιΘλ
♦↔Ü 5.1 ο ùΚôÓχΚκΣγΟ ãθ♣ûΩûΥ
ÁηÓλ ΚÚιƒο ùΚôρúΞôλ− _€Ωô
Θ∴Õ ΤΚÞχÏ ΙÚ ΞΥΘôΚ ΒÚϕΘúΣôÕ
` 100 Η ΤΚ↓τ ΣΠκùΣγ⁄♠ο ΒγΟôν−
ΒςηΟôΞÕ ♦[ϕΘΡô↓τ úΣôÕ ` 150 +
êτ[ôΞÕ ♦[ϕΘΡô↓τ úΣôÕ ` 200
Τσßλ ΒπΞôú[ ΙπùΞôÚ ♦[ϕΘΡôρ
úΣôÕλ ùΘôΟν€[Õ− ≅ΞÚûγΥ ΤΚ↓τ
21 ΞÕ ♦[ϕΘΡôΖτß ΣΠκùΣγ⁄♠ο
ΦπΞΖÜ ΣΠλ úΜΚ↔χΚκΣÓλ?

ΒδÏ ØΘο+ ΒςηΟôλ+ êτ[ôλ −−−−−−− ♦[ϕΘΡô↓ο ùΣγ⁄♠ο ∆ρΖ ΣΠλ
Øû[úΥ 100, 150, 200, 250, . . . ΒπΞôß 21 ΞÕ ♦[ϕΘΡôρ Ξûς ùΘôΟν€[Õ− 21 ΞÕ
♦[ϕΘΡôρ Ξûς ΣΠκùΣγ⁄♠ο ∆ρΖ ùΤôιΘ ΣΠιûΘ ΚηΟ°Υ úΤúΩ á°Υ 21
ΦηΚûΖ Ξ↔ûΜΥôΚ ΦÝƒ áγΟ úΞηÓλ− ΒπΞôß ùΜµΞÕ úΡςιûΘ ÅΠôχÏΞÕ
ΤγÓΤοΩôΤο Κ⁄∴Τô∴Õλ áΟ Φτß ∆δΚΖôο Ε€χΚ Ø⁄€[Θô? ΒûΘ Φ↓ΘôχΚ
Ø⁄ÙΤô? ùΤôιΘλ ΚôÔλ Øû[ûΥ ΚηΟ°ϕΘôο ≅Õ ΜôιƒΥΤôÏλ− Ρôλ ΣôνχΚΩôλ.

Κôυ Θ∴Õ 10 ΞÕ ΞΥƒο ùΜµΘ ΙÚ ΚΠχûΚ ΒκúΣôÕ Ρôλ ΚÚÕúΞôλ
(≅ιƒΥôΥλ 1 ο ¿δΚρ Σ⁄ιΘΞûςκΣσ°) 1 ←ÚϕÕ 100 Ξûς ∆ρΖ ♥ûΚ ΦηΚ↓τ
ùΤôιΘλ ΚôÔΤôß ΒΞ↔Ολ úΚγΚκΣγΟÕ− ≅Ξν ∆Οú∴ ùΤôιΘλ 5050 Φτß
↑ûΟΥ↓ιΘôν− ≅Ξν ΦπΞôß ùΜµƒÚκΣôν Φτß ∆δΚΖôο Ε€χΚ Ø⁄€[Θô? ≅Ξν
♦τΞÚΤôß ΦÝƒ∴ôν :

S = 1 + 2 + 3 + . . . + 99 + 100
ÁηÓλ ≅Ξσû[ ƒÚκ♦ ΦÝƒ∴ôν

S = 100 + 99 + . . . + 3 + 2 + 1
ΒςηûΟÙλ áγ⁄+ •θΚηΟΞôß ùΣσ[ôν

2S = (100 + 1) + (99 + 2) + . . . + (3 + 98) + (2 + 99) + (1 + 100)
= 101 + 101 + . . . + 101 + 101 (100 Øû[)

Φ∴úΞ, S  = 100 101 5050
2
´

= , ≅ΘôΞÕ ùΤôιΘλ = 5050.
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We will now use the same technique to find the sum of the first n terms of an AP :
a, a + d, a + 2d, . . .

The nth term of this AP is a + (n – 1) d. Let S denote the sum of the first n terms of the AP.
We have

S = a + (a + d ) + (a + 2d ) + . . . + [a + (n – 1) d ] (1)
Rewriting the terms in reverse order, we have

S = [a + (n – 1) d ] + [a + (n – 2) d ] + . . . + (a + d ) + a (2)
On adding (1) and (2), term-wise. we get

timesn
dnadnadnadnaS ])1(2[])1(2[...])1(2[])1(2[2 -++-+++-++-+

=

or, 2S = n [2a + (n – 1) d ] (Since, there are n terms)

or, S =
2
n  [2a + (n – 1) d ]

So, the sum of the first n terms of an AP is given by

S =
2
n  [2a + (n – 1) d ]

We can also write this as S =
2
n  [a + a + (n – 1) d ]

i.e., S =
2
n  (a + an) (3)

Now, if there are only n terms in an AP, then an = l, the last term.
From (3), we see that

S =
2
n  (a + l ) (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 is 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.



12910 Αλ ΞÏκ×          Κ∞Θλ

áγÓιùΘôΟν Ξ↔ûΜΚρ

ΡôØλ ΒúΘ Øû[ûΥ ♦τΣσ° a, a + d, a + 2d, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ
ØΘο n ∆ßκ×Κ↓τ ùΤôιΘιûΘ ΚôηúΣôλ :

ΒϕΘ áγÓιùΘôΟν Ξ↔ûΜ♠τ n ΞÕ ∆ßκ× a +  (n – 1) d. ΒϕΘ áγÓιùΘôΟν
Ξ↔ûΜ♠τ ØΘο n ∆ßκ×Κ↓τ ùΤôιΘλ S ΦτΚ−

S = a + (a + d ) + (a + 2d ) + . . . + [a + (n – 1) d ] (1)
∆ßκ×ΚûΖ ♦τú∴ôχ€ Τôσ°ΥûΤιΘôο ΡΤχÏ €ûΟκΣÕ

S = [a + (n – 1) d ] + [a + (n – 2) d ] + . . . + (a + d ) + a (2)
(1) Τσßλ (2) Η ∆ßκ×Ξô↔ΥôΚ áγ⁄∴ôο Ρôλ ùΣßΞÕ

timesn
dnadnadnadnaS ])1(2[])1(2[...])1(2[])1(2[2 -++-+++-++-+

=

≅οΩÕ                   2S = n [2a + (n – 1) d ] (ΒδÏ n ∆ßκ×Κρ ∆ρΖ∴)

≅οΩÕ                     S =  
2
n  [2a + (n – 1) d ]

Φ∴úΞ, ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο n ∆ßκ×Κ↓τ áγÓιùΘôûΚ

S =
2
n  [2a + (n – 1) d ]

ΒûΘ Ρôλ ΒπΞôß áΟ ΦÝΘΩôλ   S = 
2
n  [a + a + (n – 1) d ]

≅ΘôΞÕ, S =
2
n  (a + an) (3)

ΒκúΣôÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο n ∆ßκ×Κρ ΤγÓλ ΒÚϕΘôο an = l,
(3) ←ÚϕÕ

S =
2
n  (a + l ) (4)

ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× Τσßλ ΚûΟ′ ∆ßκ× ùΚôÓχΚκΣγÓ
ùΣôÕ ↑ιƒΥôΜλ ùΚôÓχΚκΣΟôΘúΣôÕ ΒϕΘ Ξ⁄Ξλ ΣΥàρΖΘôΚ ΒÚχÏλ.

ΒκúΣôÕ Ρôλ ΑςλΣιƒο ΣôνιΘ ↑∴ô↑σÏ ƒÚλΣÜλ ùΜοúΞôλ− _€ΩôÜûΟΥ
ΤΚ↓τ 1 ΞÕ, 2 ΞÕ, 3 ΞÕ, 4 ΞÕ, . . ., ♦[ϕΘΡôρΚρ ≅τß ΣΠκùΣγ⁄♠ο ∆ρΖ
ΣΠλ Øû[úΥ 100, 150, 200, 250, . . ., ΒÕ ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ.

21 ΞÕ ♦[ϕΘΡôΖτß ≅ΞÚûΟΥ ΣΠκùΣγ⁄♠ο ∆ρΖ ùΤôιΘ ΣΠιûΘ Ρôλ
ΚΠχ€Ο úΞηÓλ− ≅ΘôΞÕ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο 21 ∆ßκ×Κ↓τ ùΤôιΘλ
ΚôΠ úΞηÓλ.

n Øû[Κρ
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Here, a = 100, d = 50 and n = 21. Using the formula :

S = [ ]2 ( 1)
2
n a n d+ - ,

we have S = [ ]21 2 100 (21 1) 50
2

´ + - ´  = [ ]21 200 1000
2

+

= 21 1200
2
´  = 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 Sn in place of S to denote the sum of first n terms of the AP. We write S20 to
denote the sum of the first 20 terms of an AP. The formula for the sum of the first n 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 n terms and the sum to
first (n – 1) terms of it, i.e., an = Sn – Sn – 1.

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 = [ ]2 ( 1)
2
n a n d+ -

Therefore, S = [ ]22 16 21( 5)
2

+ -  = 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, S14 = 1050, n = 14, a = 10.

As Sn = [ ]2 ( 1)
2

+ -
n a n d ,

so, 1050 = [ ]14 20 13
2

+ d = 140 + 91d
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ΒδÏ, a = 100, d = 50 Τσßλ n = 21. ãιƒςιûΘ ΣΥτΣÓιƒ∴ôο :

S = [ ]2 ( 1)
2
n a n d+ - ,

S = [ ]21 2 100 (21 1) 50
2

´ + - ´  = [ ]21 200 1000
2

+

= 21 1200
2
´  = 12600

ΑΚúΞ+ 21 ΞÕ ♦[ϕΘΡôΖτß ≅ΞÚûΟΥ ΣΠκùΣγ⁄♠ο ∆ρΖ ùΤôιΘ ΣΠλ
` 12600 ΑÏλ.

ΒϕΘ ãιƒςιûΘ ΣΥτΣÓιΘôΤο ♥Κ Φ↓ΘôΚ ΒϕΘ ΚΠχûΚ ¾νχΚ Ø⁄ÙΤô?
áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο n ∆ßκ×Κ↓τ ùΤôιΘλ ΚôΠ S χÏ ΣƒΩôΚ Sn Η

ΣΥτΣÓιÕ€ú[ôλ− ΒΘ∴ôο Ρôλ ΦιΘû∴ ∆ßκ×ΚûΖ áγΟ úΞηÓùΤτß ΡΤχÏι
ùΘ↔€[Õ− ØΘο 20 ∆ßκ×Κ↓τ ùΤôιΘιûΘ S20 Φτß ΦÝÕ€ú[ôλ− ØΘο n ∆ßκ×Κ↓τ
ùΤôιΘλ ΚôÔλ ãιƒςιƒο S, a, d Τσßλ n Φτ[ ΡôτÏ ≅ΖûΞΚρ ∆ρΖ∴− Βƒο
ΓúΘàλ êτß ùΘ↔ϕΘôο Ρôλ ΡôτΚôΞûΘ ΚηÓ♦⁄χΚΩôλ.
Ï°κ× : ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο ØΘο n ∆ßκ×Κ↓τ ùΤôιΘιƒσÏλ Τσßλ
ØΘο (n – 1) ∆ßκ×Κ↓τ ùΤôιΘιƒσÏλ ∆ρΖ ↑ιƒΥôΜλ n ΞÕ ∆ßκ× ΑÏλ−
≅ΘôΞÕ, an = Sn – Sn – 1.

′Ω ΦÓιÕχΚôγÓΚûΖ ΣôνκúΣôλ.
ΦÓιÕχΚôγÓ 11 : 8, 3, –2, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο 22 ∆ßκ×Κ↓τ
áÓΘûΩ ΚηÓ♦⁄.
¾νÜ : ΒδÏ, a = 8, d = 3 – 8 = –5, n = 22.

S = [ ]2 ( 1)
2
n a n d+ -   Φτß ΡΤχÏι ùΘ↔Ùλ−

ΑûΚΥôο, S = [ ]22 16 21( 5)
2

+ -  = 11(16 – 105) = 11(–89) = – 979

Φ∴úΞ+ ΒϕΘ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο 22 ∆ßκ×Κ↓τ áÓΘο – 979 ΑÏλ.

ΦÓιÕχΚôγÓ 12 : ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο 14 ∆ßκ×Κ↓τ áÓΘο 1050.
ØΘο ∆ßκ× 10 Φ±ο 20 ΞÕ ∆ßκûΣ ΚôηΚ.

¾νÜ : ΒδÏ, S14 = 1050, n = 14, a = 10.

Sn = [ ]2 ( 1)
2

+ -
n a n d ,

1050 = [ ]14 20 13
2

+ d = 140 + 91d
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i.e., 910 = 91d
or, d = 10
Therefore, a20 = 10 + (20 – 1) × 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 sum is 78?
Solution : Here, a = 24, d = 21 – 24 = –3, Sn = 78. We need to find n.

We know that Sn = [ ]2 ( 1)
2

+ -
n a n d

So, 78 = [ ]48 ( 1)( 3)
2

+ - -
n n  = [ ]51 3

2
-

n n

or 3n2 – 51n + 156 = 0
or n2 – 17n + 52 = 0
or (n – 4)(n – 13) = 0
or n = 4 or 13
Both values of n are admissible. So, the number of terms is 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 5th to 13th will be zero. This

is 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 :
(i) the first 1000 positive integers (ii) the first n positive integers

Solution :
(i) Let S = 1 + 2 + 3 + . . . + 1000

Using the formula  Sn = ( )
2

+
n a l  for the sum of the first n terms of an AP, we have

S1000 =
1000 (1 1000)

2
+  = 500 × 1001 = 500500

So, the sum of the first 1000 positive integers is 500500.
(ii) Let Sn = 1 + 2 + 3 + . . . + n

Here a = 1 and the last term l is n.
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≅ΘôΞÕ, 910 = 91d
≅οΩÕ, d = 10
ΑûΚΥôο, a20 = 10 + (20 – 1) × 10 = 200, ≅ΘôΞÕ 20 ΞÕ ∆ßκ× 200.

ΦÓιÕχΚôγÓ 13 : 24, 21, 18, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο ΦιΘû∴ ∆ßκ×Κ↓τ
ùΤôιΘλ 78 ΑÏλ?
¾νÜ : ΒδÏ, a = 24, d = 21 – 24 = –3, Sn = 78. Ρôλ n Η ΚôΠ úΞηÓλ.

Sn = [ ]2 ( 1)
2

+ -
n a n d   Φτß ΡΤχÏι ùΘ↔Ùλ−

Φ∴úΞ, 78 = [ ]48 ( 1)( 3)
2

+ - -
n n  = [ ]51 3

2
-

n n

≅οΩÕ 3n2 – 51n + 156 = 0
≅οΩÕ n2 – 17n + 52 = 0
≅οΩÕ (n – 4)(n – 13) = 0
≅οΩÕ n = 4 or 13
n τ ΒςηÓ Τƒκ×ΚûΖÙλ ΦÓιÕχùΚôρΖΩôλ− ΑΚúΞ ∆ßκ×Κ↓τ Φη∞χûΚ 4
≅οΩÕ 13.
Ï°κ×Κρ:
1. ΒϕΘ ΞûΚ♠ο ØΘο 4 ∆ßκ×Κ↓τ ùΤôιΘλ = ØΘο 13 ∆ßκ×Κ↓τ ùΤôιΘλ = 78.
2. ΒςηÓ ↑ûΟΚÞúΤ ΜôιƒΥλ Γù∴±ο 5 ΞÕ ∆ßκ♦←ÚϕÕ 13 ΞÕ ∆ßκ×Κρ

Ξûς♠Ωô∴ ùΤôιΘλ / Α€↑Ó€[Õ− ≅ΘôΞÕ a ♥ûΚ+ d Ïû[ΥôΚ ΒÚκΣΘôο
′Ω ∆ßκ×Κρ ♥ûΚΥôΚÜλ+ ′Ω ∆ßκ×Κρ Ïû[ΥôΚÜλ ΒÚχ€τ[∴− Τσßλ
≅ûΞ ΙτßχùΚôτß ΤƒκΣσß úΣôµ↑Óλ.

ΦÓιÕχΚôγÓ 14 : ùΤôιΘλ ΚôηΚ :
(i) ØΘο 1000 ♥ûΚ ØÝχΚρ (ii) ØΘο n ♥ûΚ ØÝχΚρ

¾νÜ :     (i) S = 1 + 2 + 3 + . . . + 1000 ΦτΚ−

ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο n ∆ßκ×Κ↓τ áÓΘûΩ ΚôÔλ ãιƒςλ

Sn = ( )
2

+
n a l  Η ΣΥτΣÓιƒ∴ôο+ Ρôλ ùΣßΞÕ

S1000 =
1000 (1 1000)

2
+  = 500 × 1001 = 500500

Φ∴úΞ+ ØΘο 1000 ♥ûΚ ØÝχΚ↓τ ùΤôιΘλ 500500 ΑÏλ.
(ii) Sn = 1 + 2 + 3 + . . . + n ΦτΚ−

ΒδÏ a = 1 Τσßλ ΚûΟ′ ∆ßκ× l = n.
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Therefore, Sn =
(1 )

2
n n+ or Sn = 

( 1)
2

n n +

So,  the sum of first n positive integers is given by

Sn = ( + 1)
2

n n

Example 15 : Find the sum of first 24 terms of the list of numbers whose nth term is given by
an = 3 + 2n

Solution :
As an = 3 + 2n,
so, a1 = 3 + 2 = 5

a2 = 3 + 2 × 2 = 7
a3 = 3 + 2 × 3 = 9

M

List of numbers becomes 5, 7, 9, 11, . . .
Here, 7 – 5 = 9 – 7 = 11 – 9 = 2 and so on.
So, it forms an AP with common difference d = 2.
To find S24, we have n = 24, a = 5, d = 2.

Therefore, S24 = [ ]24 2 5 (24 1) 2
2

´ + - ´  = [ ]12 10 46+  = 672

So, sum of first 24 terms of the list of numbers is 672.

Example 16 : A manufacturer 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 :

(i) the production in the 1st year (ii) the production in the 10th year
(iii) the total production in first 7 years
Solution : (i) 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 an.
Then, a3 = 600  and a7 = 700
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ΑûΚΥôο, Sn =
(1 )

2
n n+

≅οΩÕ  Sn = 

( 1)
2

n n +

Φ∴úΞ,  ØΘο n ♥ûΚ ØÝχΚ↓τ ùΤôιΘλ

Sn = ( + 1)
2

n n

ΦÓιÕχΚôγÓ 15 : an = 3 + 2n Η n ΞÕ ∆ßκΣôΚ ùΚôηΟ ΦηΚρ ùΘôΟ↔τ ØΘο 24
∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ−

¾νÜ :
an = 3 + 2n,
a1 = 3 + 2 = 5
a2 = 3 + 2 × 2 = 7
a3 = 3 + 2 × 3 = 9

M

ΦηΚρ Σγ⁄Υο 5, 7, 9, 11, . . .
ΒδÏ, 7 – 5 = 9 – 7 = 11 – 9 = 2
Φ∴úΞ+ ΒÕ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− ΒΘτ ùΣôÕ ↑ιƒΥôΜλ d = 2.
n = 24, a = 5, d = 2 Α€ΥΞσû[ ùΚôηÓ Ρôλ S24 Η ΚôΠ úΞηÓλ.

ΑûΚΥôο, S24 = [ ]24 2 5 (24 1) 2
2

´ + - ´  = [ ]12 10 46+  = 672

Φ∴úΞ ùΚôÓχΚκΣγΟ ΦηΚρ Σγ⁄Υ←ο ØΘο 24 ∆ßκ×Κ↓τ ùΤôιΘλ 672.

ΦÓιÕχΚôγÓ 16 : ΙÚ ùΘôûΩχΚôγ′κ ùΣγ⁄ ΘΥô↔χÏλ ♣ßΞ∴λ 3 Αλ ΑηÓ 600
ùΘôûΩχΚôγ′κ ùΣγ⁄ΚûΖÙλ+ 7 Αλ ΑηÓ 700 ùΘôûΩχΚôγ′κ ùΣγ⁄ΚûΖÙλ
ΘΥô↔χ€[Õ− ΒϕΘ ΘΥô↔κ× ΙπùΞôÚ ΞÚΟØλ ΙÚ ♣ûΩΥô∴ Φη∞χûΚ♠ο
∆ΥÚ€[Õ Φ∴χùΚôρúΞôλ− ♦τΞÚΞ∴Ξσû[ ΚôηΚ :

(i) ØΘο ΑηÓ ΘΥô↔ιΘûΞ (ii) 10 Αλ ΑηÓ ΘΥô↔ιΘûΞ

(iii) ØΘο 7 ΑηÓΚ↓ο ΘΥô↔ιΘ ùΤôιΘλ

¾νÜ : (i) ΘΥô↔κ× ΙπùΞôÚ ΑηÓλ ΙÚ ♣ûΩΥô∴ Φη∞χûΚ♠ο ∆ΥÚΞΘôο
1Αλ,  2Αλ,  3Αλ, . . ., ΑηÓΚ↓ο ΘΥô↔χΚκΣÓλ ùΘôûΩχΚôγ′κ ùΣγ⁄Κ↓τ
Φη∞χûΚ ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ.
n Αλ Αη⁄ο ΘΥô↔χΚκΣÓλ ùΘôûΩχΚôγ′κ ùΣγ⁄Κ↓τ Φη∞χûΚ an ΦτΚ.
Φ∴úΞ, a3 = 600  Τσßλ a7 = 700
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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.
(ii) Now a10 = a + 9d = 550 + 9 × 25 = 775
So, production of TV sets in the 10th year is 775.

(iii) Also, S7 = [ ]7 2 550 (7 1) 25
2

´ + - ´

= [ ]7 1100 150
2

+  = 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:
(i) 2, 7, 12, . . ., to 10 terms. (ii) –37, –33, –29, . . ., to 12 terms.

(iii) 0.6, 1.7, 2.8, . . ., to 100 terms. (iv) 1 1 1, ,
15 12 10

 , . . ., to 11 terms.
2. Find the sums given below :

(i) 7 + 110
2

 + 14 + . . . + 84 (ii) 34 + 32 + 30 + . . . + 10

(iii) –5  + (–8) + (–11) + . . . + (–230)
3. In an AP:

(i) given a = 5, d = 3, an = 50, find n and Sn.
(ii) given a = 7, a13 = 35,  find d and S13.

(iii) given a12 = 37, d = 3, find a and S12.
(iv) given a3 = 15, S10 = 125, find d and a10.
(v) given d = 5, S9 = 75, find a and a9.

(vi) given a = 2,  d = 8,  Sn = 90, find n and an.
(vii) given a = 8, an = 62, Sn = 210, find n and d.

(viii) given an = 4, d = 2,  Sn = –14, find n and a.
(ix) given a = 3, n = 8, S = 192, find d.
(x) given l = 28,  S = 144,  and there are total 9 terms. Find a.
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≅οΩÕ, a + 2d = 600
a + 6d = 700

úΤσΚηΟ ΜΤτΣôÓΚûΖ ¾νιΘôο+ Ρôλ ùΣßΞÕ d = 25 Τσßλ a = 550.
ØΘΩôλ Αη⁄ο ΘΥô↔χΚκΣγΟ ùΘôûΩχΚôγ′κ ùΣγ⁄Κρ 550.
(ii) ΒκúΣôÕ a10 = a + 9d = 550 + 9 × 25 = 775
Φ∴úΞ 10 Αλ ΑΠ⁄ο ΘΥô↔χΚκΣγΟ ùΘôûΩχΚôγ′κ ùΣγ⁄Κρ 775.

(iii) úΤÛλ, S7 = [ ]7 2 550 (7 1) 25
2

´ + - ´

= [ ]7 1100 150
2

+  = 4375

Φ∴úΞ ØΘο 7 ΑηÓΚ↓ο ΘΥô↔χΚκΣγΟ ùΤôιΘ ùΘôûΩχΚôγ′κ ùΣγ⁄Κρ 4375.

Σ♠σ′ 5.3

1. ♦τΞÚλ áγÓιùΘôΟν Ξ↔ûΜΚ↓τ ùΤôιΘλ ΚôηΚ:
(i) 2, 7, 12, . . .,  10 ∆ßκ×Κρ Ξûς. (ii) –37, –33, –29, . . ., 12 ∆ßκ×Κρ Ξûς

(iii) 0.6, 1.7, 2.8, . . .,100 ∆ßκ×Κρ Ξûς. (iv)  1 1 1, ,
15 12 10

 , . . ., 11 ∆ßκ×Κρ Ξûς.
2. •úΨ ùΚôÓχΚκΣγΟΞσ°τ ùΤôιΘδΚûΖ ΚôηΚ :

(i) 7 + 110
2

 + 14 + . . . + 84 (ii) 34 + 32 + 30 + . . . + 10

(iii) –5  + (–8) + (–11) + . . . + (–230)
3. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠ο:

(i) a = 5, d = 3, an = 50, Φ±ο n Τσßλ Sn Η ΚôηΚ.
(ii) a = 7, a13 = 35,  Φ±ο d Τσßλ S13 Η ΚôηΚ.

(iii) a12 = 37, d = 3, Φ±ο a Τσßλ S12 Η ΚôηΚ.
(iv) a3 = 15, S10 = 125, Φ±ο d Τσßλ a10 Η ΚôηΚ.
(v) d = 5, S9 = 75, Φ±ο a Τσßλ a9 Η ΚôηΚ.

(vi) a = 2,  d = 8,  Sn = 90, Φ±ο n Τσßλ an Η ΚôηΚ.
(vii) a = 8, an = 62, Sn = 210, Φ±ο n Τσßλ d Η ΚôηΚ.

(viii) an = 4, d = 2,  Sn = –14, Φ±ο n Τσßλ a Η ΚôηΚ.
(ix) a = 3, n = 8, S = 192, Φ±ο d Η ΚôηΚ.
(x) l = 28,  S = 144,  Τσßλ ùΤôιΘ ∆ßκ×Κρ 9 Φ±ο a Η ΚôηΚ.
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4. How many terms of the AP : 9, 17, 25, . . . must be taken to give a sum of 636?
5. 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.
6. The first and the last terms of an AP are 17 and 350 respectively. If the common difference

is 9, how many terms are there and what is their sum?
7. Find the sum of first 22 terms of an AP in which d = 7 and 22nd term is 149.
8. Find the sum of first 51 terms of an AP whose second and third terms are 14 and 18

respectively.
9. If the sum of first 7 terms of an AP is 49 and that of 17 terms is 289, find the sum of

first n terms.
10. Show that a1, a2, . . ., an, . . . form an AP where an is defined as below :

(i) an = 3 + 4n (ii) an = 9 – 5n
Also find the sum of the first 15 terms in each case.

11. If the sum of the first n terms of an AP is 4n – n2, what is the first term (that is S1)? What
is the sum of first two terms? What is the second term? Similarly, find the 3rd, the 10th
and the nth terms.

12. Find the sum of the first 40 positive integers divisible by 6.
13. Find the sum of the first 15 multiples of 8.
14. Find the sum of the odd numbers between 0 and 50.
15. A contract on construction job specifies a penalty for delay of completion beyond a certain

date as follows: ` 200 for the first day, ` 250 for the second day, ` 300 for the third day,
etc., the penalty for each succeeding day being ̀  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?

16. 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 ̀  20 less than its preceding prize, find the
value of each of the prizes.

17. 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?

18. A spiral is 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

semicircles? (Take p = 22
7 )
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4. 9, 17, 25, . . . Φτ[ áγÓιùΘôΟν Ξ↔ûΜ♠ο 636 Φàλ ùΘôûΚûΥ ùΣßΞΘσÏ
ΦιΘû∴ ∆ßκ×ΚûΖ áγΟ úΞηÓλ?

5. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο ∆ßκ× 5, ΚûΟ′ ∆ßκ× 45 Τσßλ áÓΘο 400.
Φ±ο ≅Θτ ∆ßκ×Κ↓τ Φη∞χûΚ Τσßλ ùΣôÕ↑ιƒΥôΜλ Α€ΥΞσû[ ΚôηΚ.

6. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο Τσßλ ΚûΟ′ ∆ßκ×Κρ Øû[úΥ 17 Τσßλ
350, ùΣôÕ ↑ιƒΥôΜλ 9, Φ±ο ≅Ξσ°ο ∆ρΖ ∆ßκ×Κρ ΦιΘû∴ Τσßλ
≅Ξσ°τ áÓΘο Φτ∴?

7. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ d = 7 Τσßλ 22 ΞÕ ∆ßκ× 149. Φ±ο ØΘο 22
∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ−

8. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ΒςηΟôΞÕ Τσßλ êτ[ôΞÕ ∆ßκ×Κρ Øû[úΥ
14 Τσßλ 18. Φ±ο ØΘο 51 ∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ.

9. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 7 ∆ßκ×Κ↓τ ùΤôιΘλ 49 Τσßλ 17 ∆ßκ×Κ↓τ
ùΤôιΘλ 289, Φ±ο ØΘο n ∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ.

10. an ♦τΞÚΤôß ΞûςΥßχΚκΣÓ€[Õ− a1, a2, . . ., an, . . . ΙÚ áγÓιùΘôΟν Ξ↔ûΜ Φ∴χΚôγÓ:
(i) an = 3 + 4n (ii) an = 9 – 5n

úΤÛλ ΙπùΞôÚ ΞûΚ♠Ûλ ØΘο 15 ∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ.
11. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ ØΘο n ∆ßκ×Κρ Ξûς ùΤôιΘλ 4n – n2, Φ±ο

ØΘο ∆ßκ× (S1) Φτ∴? ØΘο ΒςηÓ ∆ßκ×Κ↓τ ùΤôιΘλ Φτ∴? ΒςηΟôλ
∆ßκ× Φτ∴? ΒπΞôú[ 3ΞÕ, 10ΞÕ Τσßλ n ΞÕ ∆ßκ×ΚûΖ ΚôηΚ.

12. 6 Αο ΞÏΣΟχá⁄Υ ØΘο 40 ♥ûΚ ØÝχΚ↓τ ùΤôιΘλ ΚôηΚ.
13. 8 τ ΤΟδÏΚ↓ο ØΘο 15 ∆ßκ×Κ↓τ ùΤôιΘλ ΚôηΚ.
14. 0 Τσßλ 50 χÏ ΒûΟκΣγΟ Ισû[ ΦηΚ↓τ ùΤôιΘλ ΚôηΚ.
15. ΙÚ ΚγÓΤô∴κ Σ∞χΚô∴ ΙκΣϕΘλ ΙÚ Ï°κ♦γΟ úΘƒχÏ ≅κΣôο ΚôΩΘôΤΘλ

Α∴ΘσΚô∴ ≅ΣςôΘλ ♦τΞÚΤôß Ï°χΚκΣÓ€[Õ: ØΘο ΡôÞχÏ ` 200,
ΒςηΟôΞÕ ΡôÞχÏ ` 250, êτ[ôΞÕ ΡôÞχÏ ` 300, ΙπùΞôÚ ≅ÓιΘÓιΘ
ΡôγΚÞχΚô∴ ≅ΣςôΘλ ≅Θτ ØϕûΘΥ ΡôûΖ↑Ο ̀  50 ≅ƒΚλ− 30 ΡôγΚρ Σ∞ûΥ
ΘôΤΘκΣÓιƒ∴ôο ΙκΣϕΘχΚôςν ≅ΣςôΘΤôΚ ùΜÛιΘ úΞη⁄Υ ùΘôûΚ ΦπΞΖÜ?

16. ΙÚ Σρ↓♠ÛρΖ ΤôΠΞνΚÞχÏ ≅ΞνΚ↓τ ΙγÓùΤôιΘ Κο↑ι ƒ[àχΚôΚ    ̀
700 Η ùΜΩÜ ùΜµΘÕ− ΙπùΞôÚ Σ↔Ñι ùΘôûΚÙλ ≅Θτ ØϕûΘΥ Σ↔ÑιùΘôûΚûΥ↑Ο
` 20 Ïû[Ü− Φ±ο ΙπùΞôÚ Σ↔ÑιùΘôûΚ♠τ ΤƒκûΣ ΚôηΚ.

17. ΙÚ Σρ↓♠ο ΤôÑχ ΚγÓκΣôγûΟ Ïû[χΚ ΤôΠΞνΚρ Σρ↓ûΥ Ñσ°Ûλ ΤςχΚτßΚûΖ
ΡΟ Ø⁄Ü ùΜµΘ∴ν− ΙπùΞôÚ ♦↔Ü ΤôΠΞνΚÞλ ≅ΞνΚρ Σ⁄χÏλ ΞÏκ♦σÏ
ΜΤΤô∴ ùΜ⁄ΚûΖ ≅ΘôΞÕ I Αλ ΞÏκ× Σ⁄χÏλ ΙÚ ♦↔Ü ΤôΠΞνΚρ 1 ùΜ⁄Ùλ+ II
Αλ ΞÏκ× Σ⁄χÏλ ΙÚ ♦↔Ü ΤôΠΞνΚρ 2 ùΜ⁄ΚÞλ ΡΟ úΞηÓλ− ΒπΞôß XII Αλ
ΞÏκ× Ξûς ùΜµΥ úΞηÓλ Φτß Ø⁄Ü ùΜµΘôνΚρ− ΙπùΞôÚ ΞÏκ♦Ûλ êτß
♦↔ÜΚρ ΒÚϕΘôο ΤôΠΞνΚΖôο ΡΟκΣγΟ ùΤôιΘ ùΜ⁄Κρ ΦιΘû∴?

18. ΣΟλ 5.4 ο Κôγ⁄ÙρΖûΘκ úΣôΩ ùΘôΟνε′Υô∴ ≅ûςΞγΟδΚΖôο ΙÚ ÑÚρ
ùΜµΥκΣÓ€[Õ− ≅ûςΞγΟιƒτ ûΤΥδΚρ A ο Αςλ♦ιÕ A Τσßλ B ΚÞχÏ
ΒûΟúΥ Τô°χùΚôηúΟ ΒÚχ€[Õ− úΤÛλ ≅ûςΞγΟιƒτ ΑςδΚρ Øû[úΥ
0.5 ùΜ−Á, 1.0 ùΜ−Á, 1.5 ùΜ−Á, 2.0 ùΜ−Á, . . . ΒπΞôß 13 ≅ûςΞγΟδΚρ ∆ρΖÕ

Φ±ο ÑÚ↓τ ùΤôιΘ ¿Ζλ ΦπΞΖÜ? (p = 22
7 Φ∴ ΦÓιÕχùΚôρ )
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Fig. 5.4

[Hint : Length of successive semicircles is l1, l2, l3, l4, . . . with centres at A, B, A, B, . . .,
respectively.]

19. 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
placed and how many logs are in the top row?

Fig. 5.5

20. 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).

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 competitor is 2 × 5 + 2 × (5 + 3)]

5 m 3 m 3 m
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ΣΟλ. 5.4

[Ï°κ× : ùΘôΟνε′Υô∴ ≅ûςΞγΟιƒτ ¿ΖδΚρ Øû[úΥ l1, l2, l3, l4, . . . Τσßλ
≅Ξσ°τ ûΤΥδΚρ Øû[úΥ A, B, A, B, . . ., ]

19. 200 ΤςιÕηÓΚρ •ÝρΖΞôß ≅Óχ€ ûΞχΚκΣγÓρΖÕ: •θ Ξ↔ûΜ♠ο 20
ΤςιÕηÓΚÞλ, ≅Θτ úΤο Ξ↔ûΜ♠ο 19 ΤςιÕηÓΚÞλ, ≅ΘτúΤο 18 ΤςιÕηÓΚÞλ
≅Óχ€ ûΞχΚκΣγÓρΖÕ (ΣΟλ. 5.5 Η Σôν). 200 ΤςιÕηÓΚûΖ ≅Óχ€ ûΞκΣΘσÏ
ΦιΘû∴ Ξ↔ûΜΚρ úΘûΞ? Τσßλ úΤο Ξ↔ûΜ♠ο ΦιΘû∴ ΤςιÕηÓΚρ ΒÚχÏλ?

ΣΟλ. 5.5
20. ∆ÚûΖχ€ΨδÏ ΣϕΘΥλ Ιτ°ο ΑςλΣκ×ρ↓♠ο Ξô↓ Ιτß ûΞχΚκΣγÓρΖÕ−

≅ƒ←ÚϕÕ 5 Á çςιƒο ØΘο ∆ÚûΖχ€ΨδÏλ Τσßλ Τσ[ ∆ÚûΖχ€ΨδÏΚρ
ΙÚ úΡνχúΚôγ⁄τ úΤο 3 Á ΒûΟùΞ↓♠ο ûΞχΚκΣγÓρΖ∴− ΒπΞôß 10
∆ÚûΖχ€ΨδÏΚρ ≅ϕΘ úΚôγ⁄τ ÁÕ ∆ρΖ∴ (ΣΟλ.5.6 Η Σôν).

ΣΟλ. 5.6

ΙÚ úΣôγ⁄ΥôΖν Ξô↓ ΒÚχÏλ ΒΟιƒ←ÚϕÕ ùΘôΟδ€ ≅Ú€ÛρΖ ∆ÚûΖχ€ΨδûΚ
ΦÓιÕχùΚôηÓ ϑ⁄ΞϕÕ Ξô↓♠ο úΣôΟ úΞηÓλ− ≅ÓιΘ ∆ÚûΖχ€ΨδûΚ ΦÓκΣΘσÏ
ÁηÓλ ϑ⁄ €ΨδûΚ ΦÓιÕχùΚôηÓ ΞϕÕ Ξô↓♠ο úΣôΟ  úΞηÓλ−  ΒπΞôß
ùΤôιΘ ∆ÚûΖχ€ΨδÏΚûΖÙλ Ξô↓♠ο úΣôÓλ Ξûς ΒúΘ Øû[♠ο ùΘôΟνϕÕ
ùΜµΥ úΞηÓλ− ≅ϕΘ úΣôγ⁄ΥôΖν ϑΟ úΞη⁄Υ ùΤôιΘ çςλ ΦπΞΖÜ?
[Ï°κ× : Ιτ[ôΞÕ+ ΒςηΟôΞÕ ∆ÚûΖχ€ΨδûΚ ΦÓιÕΞς ≅ϕΘ úΣôγ⁄ΥôΖν
ϑΟ úΞη⁄Υ çςλ (ÁγΟνΚ↓ο)  2 × 5 + 2 × (5 + 3)]

5 m 3 m 3 m
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EXERCISE 5.4 (Optional)*

1. Which term of the AP : 121, 117, 113, . . ., is
its first negative term?
[Hint : Find n for an < 0]

2. The sum of the third and the seventh terms of
an AP is 6 and their product is 8. Find the sum
of first sixteen terms of the AP.

3. A ladder has rungs 25 cm apart.
(see Fig. 5.7). The rungs decrease uniformly
in length from 45 cm at the bottom to 25 cm
at the top. If the top and the bottom rungs are

12
2

m apart, what is the length of the wood

required for the rungs?

[Hint : Number of rungs = 250 1
25

+ ]

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 : Sx – 1 = S49 – Sx]

5. A small terrace at a football ground comprises of 15 steps each of which is 50 m long and
built of solid concrete.

Each step has a rise of 1
4

 m and a tread of 1
2

 m. (see Fig. 5.8). Calculate the total volume
of concrete required to build the terrace.
[Hint : Volume of concrete required to build the first step = 31 1 50 m

4 2
´ ´ ]

Fig. 5.8

Fig. 5.7

* These exercises are not from the examination point of view.
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Σ♠σ′ 5.4 (↑ÚκΣκ Σ♠σ′)*

1. 121, 117, 113, . . ., Φτ[ áγÓιùΘôΟν
Ξ↔ûΜ♠ο ØΘο Ïû[ ∆ßκ× ΦÕ? [Ï°κ×
: an < 0 ΒÚχÏΤôß n τ ΤƒκûΣ ΚôηΚ ]

2. ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ 3 ΞÕ Τσßλ
7 ΞÕ ∆ßκ×Κ↓τ ùΤôιΘλ 6. úΤÛλ
ùΣÚχΚσΣΩτ 8. Φ±ο ØΘο 05 ∆ßκ×Κ↓τ
ùΤôιΘλ ΚôηΚ.

3. ΙÚ Γ∞♠τ Σ⁄Κρ 25 ùΜ−Á− ΒûΟùΞ↓♠ο
≅ûΤϕÕρΖ∴.(ΣΟλ.5.7 Η Σôν). Σ⁄Κ↓τ
¿Ζλ •→ÚϕÕ úΤΩôΚ ≅⁄ΣôΚλ  45
ùΜ−Á−♠←ÚϕÕ úΤúΩ 25 ùΜ−Á− Ξûς Ιúς
≠ςôΚ Ïû[€[Õ− ≅⁄ Τσßλ ∆ε′ Σ⁄ΚÞχÏ

ΒûΟκΣγΟ çςλ 
12
2

 Á Φ±ο Γ∞κΣ⁄

≅ûΤχΚ úΘûΞΥô∴ ΚγûΟ♠τ ¿Ζλ Φτ∴?

[Ï°κ× : Σ⁄Κ↓τ Φη∞χûΚ = 250 1
25

+ ]

4. 1 ØΘο 49 Ξûς ùΘôΟνε′Υô∴ Φη∞χûΚ ∆ûΟΥ ΙÚ Ξ↔ûΜ♠ο ÅÓΚρ ∆ρΖ∴−
ΓúΘàλ ΙÚ Åγ⁄σÏ ùΚôÓχΚκΣγΟ Φη x Φ∴χ ùΚôηΟôο ΒϕΘ Åγ⁄σÏ Øτ
∆ρΖ ÅÓΚ↓τ Φη∞χûΚ♠τ ùΤôιΘλ+ ≅ΘσÏ ≅ÓιÕρΖ ÅÓΚ↓τ
Φη∞χûΚ♠τ ùΤôιΘιƒσÏ ΜΤΤôΚ ∆ρΖΞôß ≅ϕΘ ÅγÓ Φη x ∆ρΖÕ
Φ∴χΚôγÓ− úΤÛλ x τ ΤƒκûΣ ΚηÓ♦⁄.
[Ï°κ× : Sx – 1 = S49 – Sx]

5. ΙÚ ΚôοΣϕÕ ûΤΘô∴ιƒο 15 Σ⁄ΚûΖ  ∆ûΟΥ  ΙÚ  úΤûΟ  Κôτ€ÃγΟôο

ΚγΟκΣγÓρΖÕ− ΒΘτ ΙπùΞôÚ Σ⁄♠τ ¿Ζλ 50 Á+ ≅ΚΩλ 
1
2

 Á− ΙπùΞôÚ

Σ⁄Ùλ ≅ΘσÏ Øτ ∆ρΖ Σ⁄χÏ 1
4

 Á− ∆Υςιƒο ∆ρΖÕ (ΣΟλ.5.8 Η Σôν).
úΤûΟûΥ ΚγÓΞΘσÏ úΘûΞκΣÓλ Κôτ€Ãγ⁄τ ùΤôιΘ Κ∴≅ΖÜ ΚôηΚ.

[Ï°κ× : ØΘοΣ⁄ ≅ûΤχΚι úΘûΞΥô∴ Κôτ€Ãγ⁄τ Κ∴≅ΖÜ = 31 1 50 m
4 2
´ ´ ]

ΣΟλ. 5.8

ΣΟλ. 5.7

* ΒϕΘκ Σ♠σ′ úΘνÜχÏ↔ΥÕ ≅οΩ.
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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 form of an AP is a, a + d, a + 2d, a + 3d, . . .

2. A given list of numbers a1, a2, a3, . . . is an AP, if the differences a2 – a1, a3 – a2,
a4 – a3, . . ., give the same value, i.e., if ak + 1 – ak 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) is
given by an = a + (n – 1) d.

4. The sum of the first n terms of an AP is given by :

S = [ ]2 ( 1)
2
n a n d+ -

5. If l 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 = ( )
2
n a l+

A NOTE TO THE READER

If a,  b, c are in AP, then b = 
2

a c+  and b is called the

arithmetic mean of a and c.



14510 Αλ ΞÏκ×          Κ∞Θλ

áγÓιùΘôΟν Ξ↔ûΜΚρ

5.5 ùΘôÏκ×

ΒϕΘ ≅ιƒΥôΥιƒο ¿δΚρ ♦τΞÚΞ∴Ξσû[ ΚσÈνΚρ :
1. ΙÚ ΦηΚ↓τ Σγ⁄Υ←ο ØΘο ∆ßκûΣ Θ↑ς ÁΘØρΖ ∆ßκ×Κρ ≅û∴ιÕλ

≅Ξσ°σÏ  Øτ  ∆ρΖ  ∆ßκ×Οτ  ΙÚ  ♣ûΩΥô∴  ΦηûΠ  d áγÓΞΘôο
ΓσΣÓ€τ[ ΦηΚ↓τ Σγ⁄ΥûΩ áγÓιùΘôΟν Ξ↔ûΜ (AP) Φτ€ú[ôλ− ΒϕΘ
♣ûΩΥô∴ Φη d ùΣôÕ ↑ιƒΥôΜλ Φτß ≅ûΨχΚκΣÓ€[Õ.
áγÓιùΘôΟν Ξ↔ûΜ♠τ ùΣôÕΞ⁄Ξλ a, a + d, a + 2d, a + 3d, . . .

2. a2 – a1, a3 – a2, a4 – a3, . . ., Τƒκ×Κρ ΜΤλ Φ±ο a1, a2, a3, . . . Φτ[ ΦηΚ↓τ Σγ⁄Υο
ΙÚ áγÓιùΘôΟν Ξ↔ûΜΥôÏλ− ≅ΘôΞÕ ak +  1 – ak ΦτΣÕ k τ ùΞπúΞ[ô∴
Τƒκ×ΚÞχÏ Ιúς Τôƒ↔ΥôΚ ∆ρΖÕ.

3. ØΘο ∆ßκ× a Τσßλ ùΣôÕ ↑ιƒΥôΜλ d ∆ρΖ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ♠τ n
ΞÕ ∆ßκ× (≅οΩÕ ùΣôÕ ∆ßκ×)  an = a + (n – 1) d.

4. ΙÚ áγÓιùΘôΟ↔τ ØΘο n ∆ßκ×Κ↓τ ùΤôιΘλ :

S = [ ]2 ( 1)
2
n a n d+ -

5. ΙÚ Ø⁄Üß áγÓιùΘôΟν Ξ↔ûΜ♠τ ΚûΟ′ ∆ßκ× ≅ΘôΞÕ n ΞÕ ∆ßκ× l
Φ±ο áγÓιùΘôΟν Ξ↔ûΜ♠τ ΦοΩô ∆ßκ×Κ↓τ ùΤôιΘλ:

S = ( )
2
n a l+

ΤôΠΞνΚÞχΚô∴ Ï°κ× 9

a, b, c Α€ΥûΞ ΙÚ áγÓιùΘôΟν Ξ↔ûΜ Φ±ο b = 
2

a c+

ΒδÏ b ΦτΣÕ  a Τσßλ  c τ áγÓ ΜςôΜ↔ Φτß
≅ûΨχΚκΣÓ€[Õ.
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6
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

TRIANGLES
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6
6.1 ≅°ØΚλ

ØϕûΘΥ ΞÏκ×Κ↓ο ØχúΚôΠδΚûΖ Σσ°Ùλ ≅Ξσ°τ Ση×ΚûΖ Ï°ιÕλ
Σ⁄ιƒÚκÀνΚρ− ØχúΚôΠδΚ↓τ ΜνΞΜΤ ΣηûΣ Σσ° ΙτΣΘôλ ΞÏκ♦ο
Σ⁄ιƒÚκÀνΚρ− Ιúς Τôƒ↔Υô∴ Ξ⁄ΞιûΘÙλ Ιúς Τôƒ↔Υô∴ ≅ΖûΞÙλ ùΣσßρΖ
Ξ⁄ΞδΚûΖ ΜνΞΜΤ Ξ⁄ΞδΚρ ΦτΣν− Ιúς Τôƒ↔Υô∴ Ξ⁄ΞιûΘÙλ ùΞπúΞ[ô∴
≅ΖÜΚûΖÙλ ùΣσßρΖ Ξ⁄ΞδΚûΖ Σσ° ΒϕΘ ≅ιƒΥôΥιƒο Σ⁄κúΣôλ− Ιúς
Τôƒ↔Υô∴ Ξ⁄ΞιûΘÙλ ùΞπúΞ[ô∴ ≅ΖÜΚûΖÙλ ùΣσßρΖ Ξ⁄ΞδΚûΖ
Ξ⁄ùΞôιΘ Ξ⁄ΞδΚρ (Similar Shapes) Φτ€ú[ôλ− Ï°κΣôΚ ØχúΚôΠδΚ↓τ
Ξ⁄ùΞôκ×ûΤΚûΖ ↑ΞôιƒιÕ ♦τ∴ν ΒϕΘ ≅°ûΞ ΣΥτΣÓιƒ ♦ΘôΚôςυ úΘσ[ιûΘ
Φ↓Υ Øû[♠ο ♣ìΣΠλ ùΜµΥκúΣô€ú[ôλ−

ΤûΩΚ↓τ ∆ΥςδΚûΖÙλ ∋∆ΘôςΠΤôΚ ΒΤΥΤûΩ( ≅οΩÕ ♥Κ ùΘôûΩçςιƒο
ΚôΠκΣÓλ ùΣôÚγΚ↓τ çςδΚûΖÙλ ∋∆ΘôςΠΤôΚ ♣ΩÜ( ΦκΣ⁄ ΚηΟ°ΥΩôλ
ΦτΣûΘ Ε€χΚ Ø⁄€[Θô> ≅ΖÜ ΡôΟôûΞ ΣΥτΣÓιƒ ΒΞσû[ ≅ΖχΚ Ø⁄Ùλ Φ∴
♣û∴χ€[ôΥô>

ØχúΚôΠδΚρ

Αô+
ΤûΩ♠τ
∆ΥςιûΘ

≅ΖκΣÕ Φ↓Õ

Αô Αô
♣ΩûΞ ≠χ€ςλ

ùΜτß ≅ûΟúΞτ−
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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 (iii)]? 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?)

Fig. 6.1

Fig. 6.2
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ΒπΞô[ô∴ ∆ΥςδΚρ Τσßλ çςδΚρ Τû[ØΚ ≅ΖÅγÓ Øû[ûΥ ΣΥτΣÓιƒ
ΚηΟ°ΥκΣÓ€τ[∴− ΒλØû[ ØχúΚôΠδΚ↓τ Ξ⁄ùΞôιΘ Ση×ΚûΖ ≅⁄κΣûΟΥôΚ
ùΚôηΟûΞ ∋Φ−Κô,6 Σ♠σ′ 5−2ο ↑∴ô Φη 04 úΤÛλ Βκ×ιΘΚιƒτ ≅ιƒΥôΥλ 7
Τσßλ 8(−

6.2 Ξ⁄ùΞôιΘ Ξ⁄ΞδΚρ

ΜΤΤô∴ ΑςδΚûΖ ∆ûΟΥ ΞγΟδΚρ ΜνΞ ΜΤλ+ Ιúς Τôƒ↔Υô∴ ΣχΚ ≅ΖÜΚûΖ
∆ûΟΥ ΜÕςδΚρ ΜνΞΜΤλ− Ιúς Τôƒ↔Υô∴ ΣχΚ ≅ΖÜΚûΖ ∆ûΟΥ ΦοΩô ΜΤΣχΚ
ØχúΚôΠδΚÞλ ΜνΞΜΤλ ΦτΣûΘ Σσ° ΙτΣΘôλ ΞÏκ♦ο Σ⁄ιƒÚκÀνΚρ−

ΒκùΣôÝÕ ΓúΘàλ ΒςηÓ (≅οΩÕ
≅ƒΚΤô∴) ΞγΟδΚûΖ ΦÓιÕχùΚôρΖΩôλ−
[ΣΟλ 6.1 (i) Η Σôν] ΒûΞΚρ ΜνΞΜΤΤô>
ΒûΞΚρ ≅û∴ιÕλ Ιúς ΑςιûΘ
ùΣσ°ÚχΚ↑οûΩ− ΑûΚΥôο ≅ûΞ
ΙτßχùΚôτß ΜνΞΜΤΤοΩ− ′Ω
ΜνΞΜΤΤôΚÜλ ′Ω ΜνΞΜΤλ ΒοΩôΤÛλ
ΒÚκΣûΘ ΚΞ±− Α∴ôο ΒûΞΚρ ΦοΩôλ
Ιúς Τôƒ↔Υô∴ Ξ⁄ΞιûΘ ùΚôηÓρΖ∴−
ΒΞσû[ Φτ∴ùΞτß ≅ûΨχΚΩôλ−
Ξ⁄ùΞôιΘûΞ ΒςηÓ Ξ⁄ùΞôιΘ Ξ⁄ΞδΚρ
Ιúς Τôƒ↔Υô∴ Ξ⁄ΞιûΘÙλ ùΞπúΞ[ô∴
≅ΖÜΚûΖÙλ ùΚôηÓρΖ∴− Φ∴úΞ
ùΞπúΞ[ô∴ ΑςδΚûΖ ùΣσ°Úκ♦àλ
ΦοΩô ΞγΟδΚÞλ Ξ⁄ùΞôιΘûΞ− ΣΟλ 5−0
(ii) Τσßλ (iii)]ο ∆ρΖ ΒςηÓ ≅οΩÕ
≅ΘσÏ úΤσΣγΟ ΜÕςδΚρ Τσßλ ΜΤΣχΚ
ØχúΚôΠδΚûΖ Σσ° Φτ∴ á[Ωôλ
ΞγΟδΚ↓τ Ξ⁄ùΞôκ×ûΤ úΚôγΣôγÓΟτ
Ικ♦ÓλúΣôÕ ΦοΩô ΜÕςδΚûΖÙλ ΦοΩô
ΜΤΣχΚ ØχúΚôΠδΚûΖÙλ Ξ⁄ùΞôιΘûΞ
Φ∴ á[ Ø⁄ÙΤô>

úΤσΚôÔλ ↑ΞôΘλ êΩλ Ρôλ
♦τΞÚΤôß á[Ωôλ− ≅û∴ιÕ ΜνΞΜΤ
Ξ⁄ΞδΚÞλ Ξ⁄ùΞôιΘûΞ− Α∴ôο
≅û∴ιÕ Ξ⁄ùΞôιΘ Ξ⁄ΞδΚÞλ
ΜνΞΜΤΤοΩ−

ΞγΟØλ ΜÕςλ Ξ⁄ùΞôιΘûΞΥô>
ØχúΚôΠØλ ΜÕςØλ Ξ⁄ùΞôιΘûΞΥô>
ΣΟλ 5 −0Η ΑΘôςΤôΚ ùΚôηÓ
↑ûΟΥ↓χΚΩôλ− Ξ⁄ùΞôιΘûΞ ≅οΩ
ΦτΣûΘ ΜôτßΟτ á[Ωôλ− ∋Γτ>(

ΣΟλ 6.1

ΣΟλ 6.2
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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)

will be 45
35

55or
35

æ ö
ç ÷
è ø

 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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ΣΟλ 5−1ο ∆ρΖ ABCD Τσßλ PQRS Φàλ ΒςηÓ ΡôσΚςδΚûΖ Σσ° Φτ∴
á[Ωôλ ≅ûΞ Ξ⁄ùΞôιΘûΞΥô> ΣôνκΣΘσÏ Ξ⁄ùΞôιΘûΞΥôΚ ΒÚχΚΩôλ− Α∴ôο
∆ßƒΥôΚ á[ Ø⁄ΥôÕ− Φ∴úΞ Ξ⁄ΞδΚ↓τ Ξ⁄ùΞôκ×ûΤΚûΖ ∆ßƒ ùΜµΥ
Ξ⁄ùΞôκ×ûΤχΚô∴ ΞûςΥû[ûΥ ′Ω ↑ƒΚÞχÏ ∆γΣγÓ ∆ÚΞôχΚ úΞη⁄ÙρΖÕ−
ΒΘσÏ ΣΟλ 5−2Η ΚΞ±κúΣôλ−

Fig. 6.3
ΣΟδΚûΖ ΣôνχÏλ úΣôÕ Ιúς ♣û∴Ü ′τ∴ιûΘ ùΚôηΟ ùΞπúΞß ≅Ζ↑Ωô∴

×ûΚκΣΟδΚρ Φ∴Ωôλ− ΒϕΘ êτß ×ûΚκΣΟδΚÞλ Ξ⁄ùΞôιΘûΞΥô> Αλ ≅ûΞ
Ξ⁄ùΞôιΘûΞ− Ιúς ≅Ζ↑Ωô∴ ΒςηÓ ×ûΚκΣΟδΚûΖ ΚÚÕ ≅Õ Ιúς ΡΣ↔τ
×ûΚκΣΟλ− Ιτß ≅ΞÚûΟΥ 0/ ΞΥÕ ×ûΚκΣΟλ Τσù[ôτß ≅ΞÚûΟΥ 3/ ΞΥÕ
×ûΚκΣΟλ− Βκ×ûΚκΣΟδΚρ Ξ⁄ùΞôιΘûΞΥô> Βκ×ûΚκΣΟδΚρ Ιúς ≅Ζ↑ο
ΒÚϕΘôÛλ ≅ûΞΚρ Ιúς Ξ⁄ΞιûΘ ùΣσ°ÚχΚ↑οûΩ− Φ∴úΞ ΒûΞΚρ Ξ⁄ùΞôιΘûΞ
≅οΩ− ΙÚ ×ûΚκΣΟΚôςν Ιúς ♣ΨσΣΟιûΘ ùΚôηÓ ΦκΣ⁄ ùΞπúΞß ≅Ζ↑Ωô∴
×ûΚκΣΟδΚûΖ ≅ε′Ο Ø⁄€[Õ− ΘΣôο ΘûΩ ≅ΖÜ (stamp size) ΚΟÜ≠γÓ ≅ΖÜ
(Passport size) ΘΣôο ≅γûΟ ≅ΖÜ (Post card size) úΣôτ[ ≅ΖÜΚûΖ ùΚôηΟ
×ûΚκΣΟδΚρ Σσ° úΚρ↑κΣγ⁄ÚκΣôµ− 24♥−Á ≅ΖÜûΟΥ ′°Υ ×ûΚκΣΟΤô∴Õ
34♥−Á ∋≅οΩÕ 44♥−Á( ≅ΖÜûΟΥ ×ûΚκΣΟΤôΚ ùΣ↔ΘôχΚκΣÓ€[Õ− 24♥−Á
×ûΚκΣΟιƒο ΙÚ ′°Υ úΚôγÓιÕηûΟ ΚÚÕúΞôΤô∴ôο ΒϕΘ úΚôγÓÕηÓχÏ

ΙιΘ úΚôγÓιÕη⁄τ ≅ΖÜ 34♥−Á ×ûΚκΣΟιƒο 
45
35

55or
35

æ ö
ç ÷
è ø

 ΑΚ ΒÚχÏλ− ΒΘτ

ùΣôÚρ Φτ∴ùΞ±ο ′°Υ ×ûΚκΣΟιƒÛρΖ úΚôγÓÕηÓ 24934 ∋24944( Φàλ
↑€Θιƒο ùΣ↔ΘôχΚκΣÓ€[Õ− úΤÛλ ùΣ↔Υ ×ûΚκΣΟιƒ←ÚϕÕ 34924 ∋44924( Φàλ
↑€Θιƒο ′°ΘôχΚκΣΟΩôλ− ùΞπúΞß ≅ΖÜΚûΖ ùΚôηΟ ΒςηÓ ×ûΚκΣΟδΚ↓Ûλ
ΒΟλùΣσßρΖ ΒϕΘ ΙιΘ úΚôÓΚ↓τ ΜôµÜχ ∋úΚôΠλ( ΜΤΤôΚ ΒÚχÏλ− ΒϕΘ
Μôςιƒτ ≅⁄κΣûΟ♠ο ΒςηÓ Ξ⁄ΞδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ΞûςΥû[ûΥ
♦τΞÚΤôß ùΣ[Ωôλ− ΒςηÓ ΣΩúΚôΠδΚρ Ξ⁄ùΞôιƒÚχΚ ΜΤ Φη∞χûΚ♠Ωô∴
ΣχΚδΚûΖ ùΚôηΟ ΒςηÓ ΣΩ úΚôΠδΚρ Ξ⁄ùΞôιƒÚχΚ ∋i( ≅ûΞΚ↓τ ΙιΘ
úΚôΠδΚρ ΜΤλ ∋ii( ΙιΘ ΣχΚδΚρ ↑€ΘΜΤιƒο ΒÚχΚ úΞηÓλ−
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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 on ray OB, C¢
lies on  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

(i) Ð A = Ð A¢, Ð B = Ð B¢, Ð C = Ð C¢, Ð D = Ð D¢ and

(ii)  AB BC CD DA
A B B C C D D A

= = =
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

.

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).

Fig. 6.4
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Ï°κ×9 ΙιΘ ΣχΚδΚ↓τ ΜΤ↑€ΘΤô∴Õ ΣΩúΚôΠδΚ↓τ ≅ΖÜƒγΟ Κôς∞
∋≅οΩÕ Μôν× ♦τ∴λ( Φ∴ ≅ûΨχΚκΣÓ€[Õ− ΒϕΘ ≅ΖÜƒγΟ Κôς∞ΚûΖ Σσ°
∆ΩΚ ×[Ξ↔κΣΟδΚρ+ Κγ⁄ΟδΚ↓τ ƒγΟΣΟδΚρ úΣôτ[ úΚôγΣôÓΚ↓ο ≅ƒΚλ
ΣΥτΣÓιΘκΣÓ€[Õ− ùΣôÚιΘΤô∴ ≅ΖÜƒγΟ Κôς∞ΚûΖ ùΚôηÓ Κγ⁄ΟδΚ↓τ
ƒγΟΣΟδΚρ úΘûΞχúΚσΣ ΞûςΥκΣÓ€τ[∴−

Ξ⁄ΞδΚ↓τ Ξ⁄ùΞôκ×ûΤΚûΖ
×↔ϕÕùΚôρΖ •θΚôÔλ ùΜΥûΩ
ùΜµúΞôλ−

ùΜΥο  1  :  ∆δΚρ ΞÏκΣû[♠ο
úΤσáûς♠ο ùΣôÚιΘκΣγΟ ♥τ ↑ΖχÏ
Φ↔ÙλΣ⁄ ùΜµÕ ≅ΘσÏ úΡν•ΨôΚ
úΤûΜûΥûΞ− ΙÚ ≅γûΟ♠←ÚϕÕ ΙÚ
ΣΩúΚôΠλ ABCDΗ ùΞγ⁄ ΦÓ ≅ûΘ
ΘûςχÏ ΒûΠΥôΚÜλ ♥τ↑ΖχÏ
Τσßλ úΤûΜχÏ Τιƒ♠Ûλ ΣΟιƒο
Κôγ⁄ΥΞôß ûΞ− úΤûΜ♠τ úΤο
≅γûΟ♠τ ♣Ψ←τ ×[Ξ↔ûΥ ΞûςϕÕ
ΡôσΚςλ A¢B¢C¢D¢ Φ∴ ùΣΥ↔Ó−

  ΒϕΘ ΡôσΚςλ A¢B¢C¢D¢  ΦτΣÕ ABCDτ
ùΣ↔ÕΣÓιΘκΣγΟ ≅οΩÕ ∆ÚùΣÚχΚλ
ùΜµΥκΣγΟΘôÏλ− ≅ΘôΞÕ ♥τ↑Ζχ€τ
ΒΟλ O Φ∴χ ùΚôηΟôο  A¢ ΦτΣÕ  OAτ
úΤο ≅ûΤÙλ−   B¢ ΦτΣÕ OBτ úΤÛλ+
C¢ ΦτΣÕ OC τ úΤÛλ− D¢ ΦτΣÕ ODτ úΤÛλ ≅ûΤÙλ− ΡôσΚςδΚρ ABCD úΤÛλ
A¢B¢C¢D¢ ΦτΣûΞ Ιúς Ξ⁄ΞιûΘÙλ ùΞπúΞß ≅ΖÜΚûΖÙλ ùΚôηÓρΖ∴−

A¢ ΦτΣÕ ∆ε′ AχÏ ΙιΘΘôΚ ∆ρΖÕ− ΒûΘ A¢ « A Φ∴ Ï°ÂγΟôο Ï°χ€ú[ôλ−
ΒπΞôú[ B¢ « B, C¢ « C úΤÛλ D¢ « D.

úΚôΠδΚûΖÙλ ΣχΚδΚûΖÙλ ≅ΖϕÕ ΣôνιÕ •θχΚηΟΞσû[ Μ↔ΣôνχÜλ−

(i) Ð A = Ð A¢, Ð B = Ð B¢, Ð C = Ð C¢, Ð D = Ð D¢ úΤÛλ

(ii)  AB BC CD DA
A B B C C D D A

= = =
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢

.

Βƒ←ÚϕÕ ΜΤΤô∴ Φη∞χûΚÙρΖ ΣχΚδΚûΖ ∆ûΟΥ ΒςηÓ ΣΩúΚôΠδΚρ
Ξ⁄ùΞôιΘûΞΥôΚ ΒÚχΚ úΞηÓùΤ±ο+

(i) ≅Ξσ°τ ΙιΘúΚôΠδΚρ ΦοΩôλ ΜΤΤôΚ ΒÚχΚ úΞηÓλ−

(ii) ≅Ξσ°τ ΙιΘ ΣχΚδΚρ Ιúς ↑€Θιƒο ∋↑€Θ ΜΤιƒο( ΒÚχΚ úΞηÓλ
      ΦτΣûΘ ∆ßƒκΣÓιÕ€[Õ−

ΣΟλ 6.4
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From the above, you can easily say that quadrilaterals ABCD and PQRS of
Fig. 6.5 are similar.

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.

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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úΤσΚôÔλ ΞûςΥû[κΣ⁄ ΡôσΚςδΚρ ABCD Τσßλ PQRS Α€ΥûΞ ΜνΞΜΤλ−

ΣΟλ 6.5

Ï°κ× : ΙÚ ΣΩúΚôΠλ ΒςηΟôλ ΣΩúΚôΠιƒσÏ Ξ⁄ùΞôιΘÕ úΤÛλ ΒςηΟôλ
ΣΩúΚôΠλ êτ[ôλ ΣΩúΚôΠιƒσÏ Ξ⁄ùΞôιΘÕ Φ±ο ØΘο ΣΩúΚôΠλ Τσßλ
êτ[ôλ ΣΩúΚôΠλ Ξ⁄ùΞôιΘÕ−

ΣΟλ 5−5ο ΒςηÓ ΡôσΚςδΚ↓τ ∋ΜÕςλ Τσßλ ùΜπΞΚλ( ΙιΘ úΚôΠδΚρ
ΜΤλ Α∴ôο ≅ûΞΚ↓τ ΙιΘ ΣχΚδΚ↓τ ↑€ΘδΚρ ΜΤΤôΚ ΒοûΩ− Φ∴úΞ ΒϕΘ
ΒςηÓ ΡôσΚςδΚÞλ Ξ⁄ùΞôιΘûΞ ≅οΩ−

ΣΟλ 6.6

ΒÕ úΣôΩúΞ+ ΣΟλ 5−6ο ∆ρΖ ΒςηÓ ΡôσΚςδΚ↓ο ∋ΜÕςλ Τσßλ ΜôµΜÕςλ(
≅ûΞΚ↓τ ΙιΘ ΣχΚδΚρ ↑€ΘΜΤιƒο ∆ρΖ∴− Α∴ôο ≅ûΞΚ↓τ ΙιΘ úΚôΠδΚρ
ΜΤΤôΚ ΒοûΩ Φ∴úΞ ΒϕΘ ΡôσΚςδΚρ Ξ⁄ùΞôιΘûΞ ≅οΩ−
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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 :
(i) All circles are . (congruent, similar)

(ii) All squares are . (similar, congruent)
(iii) All  triangles are similar. (isosceles, equilateral)
(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)
2. Give two different examples of pair of

(i) similar figures. (ii) non-similar figures.
3. State whether the following quadrilaterals are similar or not:

Fig. 6.8

2.1 cm

D C

A B

2.1 cm

2.1 cm 2.1 cm

4.2 cm

S

R

P

Q

4.2 cm

4.2 cm

4.2 cm
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ΣΟλ 6.7

Φ∴úΞ+ ΣΩúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤ♠τ ΒςηÓ ♣ΣϕΘû∴Κ↓ο (i) Τσßλ
(ii) ΓúΘàλ ΙτßΤγÓλ Ξ⁄ùΞôιΘûΞûΥ ♣νΠ♠χΚ úΣôÕΤô∴ΘôΚ ΒÚχΚôÕ−

ΣΥ°ε′ 6.1

1. ≅ûΟκ♦ο Ï°χΚκΣγÓρΖ Μ↔Υô∴ ΞôνιûΘΚûΖ ùΚôηÓ úΚô⁄γΟ ΒΟδΚûΖ
♣ςκ×−

(i) ΦοΩô ΞγΟδΚÞλ . (ΜνΞΜΤλ+ Ξ⁄ùΞôιΘûΞ)
(ii) ΦοΩô ΜÕςδΚÞλ . (Ξ⁄ùΞôιΘûΞ+ ΜνΞΜΤλ)

(iii) ΦοΩô  ØχúΚôΠδΚÞλ Ξ⁄ùΞôιΘûΞ− (ΒÚΜΤΣχΚλ+ ΜΤΣχΚλ)
(iv) ΜΤ Φη∞χûΚ♠ο ΣχΚδΚûΖ ùΚôηΟ ΒςηÓ ΣΩúΚôΠδΚρ Ξ⁄ùΞôιΘûΞ

Φ±ο+ (a) ≅ûΞΚ↓τ ΙιΘ úΚôΠδΚρ  − (b) ≅ûΞΚ↓τ ΙιΘ ΣχΚδΚρ
. (ΜΤλ+ ↑€Θ ΜΤλ)

2. •θΚôÔλΞσ°σÏ ùΞπúΞ[ô∴ ΒςηÓ ú⊥ô⁄ ∆ΘôςΠδΚûΖ ΦÝÕ−

(i) Ξ⁄ùΞôιΘ Ξ⁄ΞδΚρ (ii) Ξ⁄ùΞôιƒςôΘ Ξ⁄ΞδΚρ

3. •θΚôÔλ ΡôσΚςδΚûΖ ΚΞ±− ≅ûΞΚρ Ξ⁄ùΞôιΘûΞΥô>

ΣΟλ 6.8

2.1 cm
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A B
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2.1 cm 2.1 cm
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4.2 cm

4.2 cm
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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
(ii) 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 Theorem) for the same.

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
such that AP = PQ = QD = DR = RB.

Now, through B, draw any line intersecting arm AY
at C (see Fig. 6.9).

Also, through the point D, draw a line parallel to
BC to intersect AC at E. Do you observe from your

constructions that AD 3
DB 2

= ? Measure AE and

EC. What about AE
EC

? Observe that AE
EC

 is also equal to 3
2

. Thus, you can see that in D ABC, DE

|| BC and AD AE
DB EC

= . Is it a coincidence? No, it is due to the following theorem (known as the

Basic Proportionality Theorem):

Thales
(640 – 546 B.C.)

Fig. 6.9
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6.3 ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤ

ΒςηÓ ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤ Σσ°Φτ∴ áßΞôµ−

ØχúΚôΠδΚÞλ ΙÚ ΣΩúΚôΠλ ΦτΣûΘ ♣û∴Ü áß− Φ∴úΞ
ΣΩúΚôΠδΚÞχÏ ùΣôÚϕÕλ Ξ⁄ùΞôκ×ûΤ ØχúΚôΠδΚÞχÏλ ùΣôÚϕÕλ− ≅ΘôΞÕ
ΒςηÓ ØχúΚôΠδΚρ Ξ⁄ùΞôιƒÚχΚ:

(i) ≅ûΞΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤΤôΚ ΒÚχΚ úΞηÓλ−

(ii) ΙιΘ ΣχΚδΚρ ΜΤΤô∴ ↑€Θιƒο ΒÚχΚ úΞηÓλ−

Ï°κ×9 ΒςηÓ ØχúΚôΠδΚ↓τ ΙιΘúΚôΠδΚρ
ΜΤλ Φ±ο ≅ûΞ ΜΤúΚôΠ  ØχúΚôΠδΚρ Φ∴
≅ûΨχΚκΣÓ€τ[∴− ×ΚθùΣσ[ €úςχΚ Κ∞Θ úΤûΘ
úΘου ≅ΞνΚρ ΜΤúΚôΠØχúΚôΠδΚûΖ Σσ°Υ ΙÚ
Øχ€Υ ∆ηûΤûΥ ùΘ↔↑ιΘôν−

ΒÚ ΜΤúΚôΠ ØχúΚôΠδΚ↓τ ΙιΘ ΣχΚδΚ↓τ
↑€Θλ ΜΤΤôΚ ΒÚχÏλ−

ΒϕΘ ∆ηûΤ ≅⁄κΣûΟ  ↑€Θ ΜΤúΘσ[λ ∋úΘου
úΘσ[λ Φ∴Üλ( Φ∴ ≅ûΨχΚκΣÓ€[Õ−

≅⁄κΣûΟ ↑€Θ ΜΤúΘσ[ιûΘ  ×↔ϕÕùΚôρΖ
♦τΞÚλ ùΜΥûΩ ùΜµúΞôλ−

ùΜΥο 2 :  XAY Φàλ ΓúΘàλ ΙÚ úΚôΠιûΘ ΞûςΚ−
ΒΘτ ΙÚ ×Υλ  AX  ÁÕ P, Q, D, R Τσßλ B ΓúΘàλ
ΗϕÕ ×ρ↓ΚûΖ AP = PQ = QD = DR = RB ΦàλΣ⁄ ΞûςΚ−

ΒκúΣôÕ B τ Ξ→úΥ ×Υλ AY Η Cο ùΞγÓλΣ⁄ ΙÚ
úΚôÓ ΞûςΚ−

úΤÛλ D τ Ξ→úΥ BC χÏ ΒûΠΥôΚ AC Η E ο
ùΞγÓλ Σ⁄ ΙÚ úΚôÓΞûςΚ− ∆τàûΟΥ ΞûςØû[♠τ

Σ⁄ AD 3
DB 2

= ΦτΣûΘ ΚΞ±ιΘôΥô> AE Τσßλ ECΗ ≅ΖϕÕ

Σôν− AE
EC

Η Σσ° Φτ∴ ΚΞ±ιΘôµ> AE
EC

 τ Τƒκ× 3
2
ΜΤΤôΚ

∆ρΖÕ− Φ∴úΞ D ABCο DE || BC Φ±ο AD AE
DB EC

= −ΒÕ

ΓúΘεûΜΥôΚ ΓσΣγΟ ↑€Θ ΜΤΤô> ΒοûΩ ΒÕ ♦τΞÚλ
úΘσ[ιûΘ ≅⁄κΣûΟΥôΚ ùΚôηΟ ∆ηûΤ ∋≅⁄κΣûΟ
↑€Θ ΜΤúΘσ[λ Φ∴ ≅ûΨχΚκΣÓ€[Õ(

úΘου
(640 – 546 B.C.)

ΣΟλ 6.9
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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
parallel to side BC intersects other two sides AB and
AC at D and E respectively (see Fig. 6.10).

We need to prove that AD AE
DB EC

= .

Let us join BE and CD and then draw DM ^ AC and
EN ̂  AB.

Now, area of D ADE (= 1
2

 base × height) = 1
2

 AD × EN.

Recall from Class IX, that area of D ADE is denoted as ar(ADE).

So, ar(ADE) = 1
2

 AD × EN

Similarly, ar(BDE) = 1
2

 DB × EN,

ar(ADE) = 1
2

 AE × DM and ar(DEC) = 1
2

 EC × DM.

Therefore,
ar(ADE)
ar(BDE)  =

1 AD × EN AD2
1 DBDB × EN
2

= (1)

and ar(ADE)
ar(DEC)

 =
1 AE × DM AE2
1 ECEC × DM
2

= (2)

Note that D BDE and DEC are on the same base DE and between the same parallels BC and DE.

So, ar(BDE) = ar(DEC) (3)

Fig. 6.10
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úΘσ[λ 6.1 : ΙÚ ØχúΚôΠιƒτ ΙÚ ΣχΚιƒσÏ ΒûΠΥôΚ ΞûςΥκΣγΟ úΚôÓ Τσ[
ΒςηÓ ΣχΚδΚûΖ ùΞπúΞß ×ρ↓Κ↓ο ΜϕƒιΘôο+ ≅ϕΘ ΒςηÓ ΣχΚδΚÞλ
Ιúς ↑€Θιƒο ♦↔χΚκΣÓλ−

¾νÜ : ØχúΚôΠλ ABC οDE // BC ΦτΣÕ AB + AC
ΣχΚδΚûΖ Øû[úΥ D úΤÛλ E ο ùΞγÓ€[Õ−

♣ì♦χΚ 9 AD AE
DB EC

= .

 BE ΗÙλ CD ΗÙλ ΒûΠ−
DM ̂  AC ,EN ̂  AB ΞûςΚ−

D ADEτ ΣςκΣΖÜ (= 1
2

 ≅⁄κΣχΚλ × ∆Υςλ) = 1
2

 AD × EN.

D ADE τ ΣςκΣΖûΞ  ar(ADE) Φ∴ Ï°χ€ú[ôλ−

Φ∴úΞ+ ar(ADE) = 1
2

 AD × EN

ΒÕúΣôΩúΞ+ ar(BDE) = 1
2

 DB × EN,

ar(ADE) = 1
2

 AE × DM úΤÛλ ar(DEC) = 1
2

 EC × DM.

Φ∴úΞ+
ar(ADE)
ar(BDE)  =

1 AD × EN AD2
1 DBDB × EN
2

= (1)

Τσßλ
ar(ADE)
ar(DEC)

 =
1 AE × DM AE2
1 ECEC × DM
2

= (2)

 D BDE Τσßλ D DEC ΦτΣûΞ DE Φτàλ Ιúς ≅⁄κΣχΚιƒτ ÁÕλ ΒςηÓ ΒûΠ
úΚôÓΚρ+ BC + DEχÏ ΒûΟ♠Ûλ ΒÚκΣûΘ ΚΞ±−

Φ∴úΞ, ar(BDE) = ar(DEC) (3)

ΣΟλ 6.10



162Class 10 Mathematics

TRIANGLES

Therefore, from (1), (2) and (3), we have :

AD
DB

 = AE
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:

Activity 3 :  Draw an angle XAY on your
notebook and on ray AX, mark points B1, B2, B3,
B4 and B such that AB1 =  B1B2 =  B2B3 =
B3B4 = B4B.

Similarly, on ray AY, mark points
C1, C2, C3, C4 and C such that AC1 = C1C2 = C2C3
=  C3C4 =  C4C. Then join B1C1 and  BC
(see Fig. 6.11).

Note that 1

1

AB
B B  = 1

1

AC
C C (Each equal to 1

4
)

You can also see that lines B1C1 and BC are parallel to each other, i.e.,

B1C1 || BC (1)

Similarly, by joining B2C2, B3C3 and B4C4, you can see that:

2

2

AB
B B

 = 2

2

AC
C C

 
2
3

æ ö=ç ÷
è ø

and B2C2 || BC (2)

3

3

AB
B B  = 3

3

AC
C C  

3
2

æ ö=ç ÷
è ø

and B3C3 || BC (3)

4

4

AB
B B

 = 4

4

AC
C C

 
4
1

æ ö=ç ÷
è ø

and B4C4 || 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:

Fig. 6.11
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 (1), (2), (3)←ÚϕÕ+

AD
DB

 = AE
EC

Φ∴úΞ+ úΘσ[λ ♣ì♦χΚκΣγΟÕ−

ΒϕΘ úΘσ[ιƒτ ΤßΘûΩÙλ ùΤµΥôÏΤô> ΤßΘûΩ Φàλ úΚôγΣôγûΟ ×↔ϕÕ
ùΚôρΖ ♦τ ΒûΠκ×,0Η Σôν− ΒûΘ ùΘ↔ϕÕχ ùΚôρΖ •θχΚηΟ ùΜΥοΣôγûΟ
ùΜµΥΩôλ−

ùΜΥο 3  :  ∆δΚρ úΡôγÓ×ιΘΚιƒο  XAY Φτàλ
úΚôΠιûΘ ΞûςΚ− AX Κƒ↔τ úΤο B1, B2, B3, B4 Τσßλ
B Φτàλ ×ρ↓ΚûΖ AB1 = B1B2 = B2B3 = B3B4 = B4B<0
ùΜ−Á ΒÚχÏΤôß Ï°χΚ−

   ΒπΞôú[+ AY Κƒ↔τ úΤο C1, C2, C3, C4 Τσßλ C
×ρ↓ΚûΖ AC1 =  C1C2 =  C2C3 =  C3C4 =  C4C=2ùΜ−Á
ΒÚχÏΤôß Ï°χΚ− B1C1 Τσßλ BCΗ ΒûΠ ∋ΣΟλ 5−00(

1

1

AB
B B  = 1

1

AC
C C (ΙπùΞôτßλ 1

4
χÏ ΜΤλ)

B1C1 || BC (1)

ΒπΞôú[ B2C2, B3C3 Τσßλ B4C4 Α€ΥΞσû[ ΒûΠιÕ+

2

2

AB
B B

 = 2

2

AC
C C

 
2
3

æ ö=ç ÷
è ø

úΤÛλ B2C2 || BC (2)

3

3

AB
B B  = 3

3

AC
C C  

3
2

æ ö=ç ÷
è ø

úΤÛλ B3C3 || BC (3)

4

4

AB
B B

 = 4

4

AC
C C

 
4
1

æ ö=ç ÷
è ø

úΤÛλ B4C4 || BC (4)

(1), (2), (3) + (4) êΩλ ΙÚ ØχúΚôΠιƒτ ΒςηÓ ΣχΚδΚûΖ Ιúς ↑€Θιƒο
♦↔χÏλ úΚôÓ êτ[ôλ ΣχΚιƒσÏ ΒûΠ Φ∴ ≅°Υ Ø⁄€[Õ−

ùΞπúΞß ≅ΖÜΚ↓ο XAY Φàλ úΚôΠιûΘ ΞûςϕÕ AX Τσßλ AY Α€Υ
×ΥδΚ↓τ ÁÕ ΜΤΣôΚδΚûΖ ΦÓιÕχùΚôηÓ ΒϕΘ ùΜΥοΣôγûΟ ¿δΚρ ƒÚλΣÜλ
ùΜµΥÜλ− ΙπùΞôÚ Øû[Ùλ ¿δΚρ Ιúς Ø⁄ûΞ ùΣßÅνΚρ− Βƒ←ÚϕÕ Ρôλ
♦τΞÚλ úΘσ[ιûΘ ùΣßúΞôλ− ΒÕ úΘσ[λ 6.1τ ΤßΘûΩΥôÏλ−

ΣΟλ 6.11
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Fig. 6.13

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.

This theorem can be proved by taking a line DE such that
AD AE
DB EC

=  and assuming that DE is not parallel to BC

(see Fig. 6.12).

If DE is not parallel to BC, draw a line DE¢ parallel to
BC.

So, AD
DB

 = AE
E C

¢
¢ (Why ?)

Therefore, AE
EC

 = AE
E C

¢
¢ (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 D ABC at D and E respectively and is

parallel to BC, prove that AD
AB

 = AE
AC

 (see Fig. 6.13).

Solution : DE || BC (Given)

So, AD
DB

 = AE
EC

(Theorem 6.1)

or, DB
AD

 = EC
AE

or, DB 1
AD

+  = EC 1
AE

+

or, AB
AD

 = AC
AE

So, AD
AB

 = AE
AC

Fig. 6.12
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ΣΟλ 6.13

úΘσ[λ 6.2  : ΙÚ ØχúΚôΠιƒτ ΓúΘàλ ΒςηÓ
ΣχΚδΚûΖ Ιúς ↑€Θιƒο ♦↔χÏλúΚôÓ+ êτ[ôΞÕ
ΣχΚιƒσÏ ΒûΠ−

¾νÜ9 D ABCο+AD AE
DB EC

=  Φ∴ ΒÚχÏΤôß DE Φτàλ

úΚôÓ ΞûςΥκΣγÓρΖÕ−

♣ì♦χΚ 9 DE // BC
♣ìΣΠλ9 DE , BCχÏ ΒûΠ ≅οΩ Φτß ΦÓιÕχ
ùΚôρúΞôλ− ≅κúΣôÕ BCχÏ ΒûΠΥôΚ DE¢Η
ΞûςΚ−

Φ∴úΞ+
AD
DB

 = AE
E C

¢
¢ (Γτ ?)

          ?
AE
EC

 = AE
E C

¢
¢ (Γτ ?)

 úΤúΩÙρΖ ΜΤτΣôγ⁄τ ΒÚ×[Øλ 0Η áγΟ E Τσßλ E¢ ΦτΣûΞ Ιτ°τ úΤο
Ιτß ùΣôÚϕÕλ Φ∴ι ùΘ↔€[Õ− ∋Γτ(

  ′Ω ∆ΘôςΠδΚûΖ ΣΥτΣÓιƒ úΤσΚôÔλ úΘσ[ιûΘ ↑Ξ↔κúΣôλ−

ΦÓιÕχΚôγÓ 1 : ΙÚ úΚôÓ D ABCο  AB Τσßλ AC ΣχΚδΚûΖ  D Τσßλ E ο

ùΞγÓ€[Õ úΤÛλ ≅χúΚôÓ BCχÏ ΒûΠ Φ±ο
AD
AB

 = AE
AC

 (ΣΟλ 6.13) Φ∴ ♣ì♦−

¾νÜ  : DE || BC (ùΚôÓχΚκΣγÓρΖÕ)

Φ∴úΞ+
AD
DB

 = AE
EC

(úΘσ[λ 6.1)

≅οΩÕ
DB
AD

 = EC
AE

≅οΩÕ
DB 1
AD

+  = EC 1
AE

+

≅οΩÕ
AB
AD

 = AC
AE

Φ∴úΞ+
AD
AB

 = AE
AC

ΣΟλ 6.12
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Example 2 : ABCD is a trapezium with AB || DC. E and
F are points on non-parallel sides AD and BC
respectively such that EF is parallel to AB

(see Fig. 6.14). Show that AE BF
ED FC

= .

Solution : Let us join AC to intersect EF at G
(see Fig. 6.15).

AB || DC and EF || AB (Given)

So, EF || DC (Lines parallel to the same line are
parallel to each other)

Now, in D ADC,

EG || DC (As EF || DC)

So, AE
ED

 = AG
GC

(Theorem 6.1)  (1)

Similarly, from D CAB,

CG
AG

 = CF
BF

i.e., AG
GC

 = BF
FC

(2)

Therefore, from (1) and (2),

AE
ED

 = BF
FC

Example 3 : In Fig. 6.16, 
PS
SQ  = PT

TR
 and Ð PST  =

Ð PRQ. Prove that PQR is an isosceles triangle.

Solution : It is given that 
PS PT
SQ TR

= ×

So, ST || QR (Theorem 6.2)

Therefore, Ð PST = Ð PQR (Corresponding angles) (1)

Fig. 6.14

Fig. 6.15

Fig. 6.16
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ΦÓιÕχΚôγÓ 2  : Μ↔ΞΚλ ABCD ο AB || DC.
ΒûΠ♠οΩôΘ ΣχΚδΚρAD Τσßλ BC úΤο ∆ρΖ
×ρ↓Κρ Øû[úΥ E  ,  F  ΦτΣûΞ EF // AB
Φτ°ÚχÏΤôß ∆ρΖ∴ (ΣΟλ  6.14 Η Σôν)

Φ±ο+
AE BF
ED FC

=  Φ∴χΚôγÓ−

¾νÜ : AC Η ΒûΠχÏλ úΚôÓ EF Η Gο ùΞγÓλ
Σ⁄ ΞûςΥÜλ (ΣΟλ 6.15 Η Σôν).

AB || DC úΤÛλ EF || AB (ΘςÜ)

EF || DC (Ιúς úΚôγ⁄σÏ ΒûΠΥôΚ ∆ρΖ
            úΚôÓΚρ ΙτßχùΚôτß ΒûΠ)
 D ADCο+  EG ||DC ( EF || DC ΦτΣΘôο)

Φ∴úΞ+
AE
ED

 = AG
GC

(úΘσ[λ 6.1τ Σ⁄)  (1)

ΒπΞôú[+ D CABο+GF || AB

CG
AG

 = CF
BF

≅οΩÕ
AG
GC

 = BF
FC

                (2)

(1) ,(2)←ÚϕÕ+

AE
ED

 = BF
FC

ΦÓιÕχΚôγÓ  3  :ΣΟλ  6.16 ο , 
PS
SQ  = PT

TR
 Φ∴

ΒÚχÏΤôß ST ΦτΣÕ ΙÚ úΚôÓ− úΤÛλ Ð PST =
Ð PRQ Φ±ο D PQR ϑν ΒÚΜΤΣχΚ ØχúΚôΠλ
Φ∴ ♣ì♦−

¾νÜ : 
PS PT
SQ TR

= × (ΘςÜ)

Φ∴úΞ, ST || QR (úΘσ[λ 6.2)

Φ∴úΞ+ Ð PST = Ð PQR (ΙιΘ úΚôΠδΚρ) (1)

ΣΟλ 6.14

ΣΟλ 6.15

ΣΟλ 6.16
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Also, it is given that

Ð PST = Ð PRQ (2)

So, Ð PRQ = Ð PQR [From (1) and (2)]

Therefore, PQ = PR (Sides opposite the equal angles)

i.e., PQR is an isosceles triangle.

EXERCISE 6.2

1. In Fig. 6.17, (i) and (ii), DE || BC. Find EC in (i) and AD in (ii).

Fig. 6.17

2. E and F are points on the sides PQ and PR
respectively of a D PQR. For each of the following
cases, state whether EF || QR :

(i) PE = 3.9 cm, EQ = 3 cm, PF = 3.6 cm and FR = 2.4
cm

(ii) PE = 4 cm, QE = 4.5 cm, PF = 8 cm and RF = 9 cm

(iii) PQ = 1.28 cm, PR = 2.56 cm, PE = 0.18 cm and PF
= 0.36 cm

3. In Fig. 6.18, if  LM || CB and LN || CD, prove that
AM AN
AB AD

= ×

4. In Fig. 6.19, DE || AC and DF || AE. Prove that
BF BE
FE EC

= ×

Fig. 6.18

Fig. 6.19
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ΣΟλ 6.18

ΣΟλ 6.19

úΤÛλ+

Ð PST = Ð PRQ    Φ∴χ ùΚôÓχΚκΣγÓρΖÕ  (2)

Ð PRQ = Ð PQR [(1) Τσßλ (2) ←ÚϕÕ]

Φ∴úΞ+ PQ = PR   (ΜΤΤô∴ úΚôΠδΚÞχÏ Φƒúς ∆ρΖ ΣχΚδΚρ)

Φ∴úΞ+ PQR ΙÚ ΒÚ ΜΤΣχΚ ØχúΚôΠλ−

Σ♠σ′ 6.2

1. ΣΟλ 6.17, (i) Τσßλ (ii)ο, DE || BC Φ±ο (i)←ÚϕÕ EC ûΥÙλ (ii) AD ûΥÙλ
ΚηÓ♦⁄−

ΣΟλ 6.17

2.  D PQR τ PQ Τσßλ PRτ ΣχΚδΚ↓τ ÁÕ E
Τσßλ F Φàλ ΒÚ×ρ↓Κρ ≅ûΤϕÕρΖÕ
Φ±ο ♦τΞÚΞ∴Ξσßρ ΦΘσÏ EF || QR Μ↔ΥôΚ
≅ûΤÙùΤ∴  úΜôƒιÕκΣôν−

(i) PE = 3.9 ùΜ−Á, EQ = 3 ùΜ−Á, PF = 3.6 ùΜ−Á Τσßλ
FR = 2.4 ùΜ−Á

(ii) PE = 4 ùΜ−Á, QE = 4.5 ùΜ−Á, PF = 8 ùΜ−Á Τσßλ
RF = 9 ùΜ−Á

(iii) PQ = 1.28 ùΜ−Á, PR = 2.56 ùΜ−Á, PE = 0.18 ùΜ−Á
Τσßλ PF = 0.36 ùΜ−Á

3. ΣΟλ 5−07ο  LM || CB Τσßλ  LN  ||  CD

Φ±ο
AM AN
AB AD

= ×Φ∴ ♣ì♦−

4. ΣΟλ 5 − 08ο  DE || AC Τσßλ  DF  ||  AE

Φ±ο
BF BE
FE EC

= ×Φ∴ ♣ì♦−
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5. In Fig. 6.20, DE || OQ and DF || OR. Show that
EF || QR.

6. In Fig. 6.21, A, B and C are points on OP, OQ and
OR respectively such that AB || PQ and AC || PR.
Show that BC || QR.

7. Using Theorem 6.1, prove that a line drawn through
the mid-point of one side of a triangle parallel to
another side bisects the third side. (Recall that
you have proved it in Class IX).

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
diagonals intersect each other at the point O. Show

that AO CO
BO DO

= ×

10. The diagonals of a quadrilateral ABCD intersect each other at the point O such that AO CO
BO 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 (i) their corresponding angles
are equal and (ii) their corresponding sides are in the same ratio (or proportion).

That is, in D ABC and D DEF, if
(i) Ð A = Ð D, Ð B = Ð E, Ð C = Ð F and

(ii) AB BC CA ,
DE EF FD

= =  then the two triangles are similar (see Fig. 6.22).

Fig. 6.22

Fig. 6.20

Fig. 6.21
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ΣΟλ 6.20

ΣΟλ 6.21

5. ΣΟλ 5−1/ο DE || OQ Τσßλ DF || OR Φ±ο
EF || QR Φ∴χΚôγÓ−

6. ≅ÓιÕρΖ ΣΟλ 5−10ο  A, B, C ΦτΣûΞ
Øû[úΥ OP, OQ Τσßλ ORτ úΤο ∆ρΖ
×ρ↓Κρ+ AB || PQ úΤÛλ AC || PR Φ±ο BC ||
QR Φ∴χΚôγÓ

7. ΙÚ ØχúΚôΠιƒτ ΙÚΣχΚιƒτ
ûΤΥκ×ρ↓ Ξ→úΥ ùΜοÛλ úΚôÓ Τσù[ôÚ
ΣχΚιƒσÏ ΒûΠΥôΚ ΒÚϕΘôο ≅Õ
êτ[ôΞÕ ΣχΚιûΘ ΒÚΜΤλ á°Óλ Φ∴
♣ì♦−

8. ΙÚ ØχúΚôΠιƒο ΒςηÓ ΣχΚδΚ↓τ
ûΤΥκ×ρ↓Κρ ΒûΠχÏλ úΚôÓ
êτ[ôΞÕ ΣχΚιƒσÏ ΒûΠ Φ∴ ♣ì♦−

9. Μ↔ΞΚλ ABCD ο AB || DC úΤÛλ ≅Ξσ°τ
êûΩ↑γΟδΚρ Ιτû[ùΥôτß O↑ο
ùΞγ⁄χ ùΚôρ€τ[∴ Φ±ο
AO CO
BO DO

= × Φ∴χΚôγÓ−

10. ΙÚ ΡôσΚςλ ABCD ο êûΩ↑γΟδΚρ O ο ùΞγ⁄χùΚôρ€τ[∴ úΤÛλ

AO CO
BO DO

= ×Φ±ο ABCD Μ↔ΞΚλ Φ∴χΚôγÓ−

6.4 ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ♣ΣϕΘû∴Κρ

  ΒΘτ ØϕûΘΥ ♦↔↑ο ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ΞûςΥû[ûΥ
ΣôνιúΘôλ ≅ΘôΞÕ (i) ≅ûΞΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤΤôΚ ΒÚχΚ úΞηÓλ (ii)
ΙιΘ ΣχΚδΚρ ↑€ΘΜΤιƒο ΒÚχΚ úΞηÓλ−

≅ΘôΞÕ D ABC Τσßλ D DEFο
(i) Ð A = Ð D, Ð B = Ð E, Ð C = Ð F úΤÛλ

(ii) AB BC CA ,
DE EF FD

= =  Φ±ο D ABC Τσßλ D DEF ΒςηÓλ Ξ⁄ùΞôιΘûΞ− ∋ΣΟλ

5−11Η Σôν(−

                                ΣΟλ 6.22
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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 ‘D ABC ~ D 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 D ABC
~ D EDF or D ABC ~ D FED. However, we can write D BAC ~ D EDF.

Now a natural 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 (Ð A =
Ð D, Ð B = Ð E, Ð C = Ð F) and all the equality relations of the ratios of their corresponding

sides 
AB BC CA
DE EF FD

æ ö= =ç ÷
è ø

? 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).

Fig. 6.23
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ΒδÏ A χÏ ΙιΘ úΚôΠλ D+ B χÏ ΙιΘ úΚôΠλ E , C χÏ ΙιΘ úΚôΠλ F.
ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤûΥ Ï°ÂγÓ Ξ⁄↑ο ‘D ABC ~ D DEF’ Φ∴ ΦÝΘΩôλ−
ΒûΘ ‘ØχúΚôΠλ ABC Ξ⁄ùΞôιΘÕ ØχúΚôΠλ DEF’Φ∴κ Σ⁄κúΣôλ− ‘~’ Φàλ Ï°ÂÓ
Ξ⁄ùΞôκ×ûΤûΥ Ï°χ€[Õ− ‘@’ Φàλ Ï°ÂÓ ‘ΜνΞΜΤ ΣηûΣ’ Ï°κΣûΘ ΙτΣΘôλ
ΞÏκ♦ο Σ⁄ιƒÚκÀνΚρ−

ΜνΞΜΤ ØχúΚôΠδΚûΖ ΦκΣ⁄ ΙιΘ Øû∴ΚûΖ ΣΥτΣÓιƒ Ï°κ♦γÓ
ΚôγÓúΞôúΤô ≅úΘ Øû[ûΥ ΣΥτΣÓιƒ Ξ⁄ùΞôιΘ ØχúΚôΠδΚûΖÙλ
≅ûΞΚ↓τ ΙιΘ Øû∴Κ↓τ Ξ↔ûΜ €ςΤκΣ⁄ Ï°ιÕ ΚôγΟúΞηÓλ− ∆ΘôςΠΤôΚ
D ABC Τσßλ D DEF Ξ⁄ùΞôιΘûΞ Φ±ο ≅ûΘ D ABC ~ D EDF Φ∴úΞô ≅οΩÕ
D ABC ~ D FED Ï°ιÕ ΚôγΟ áΟôÕ− D BAC ~ D EDF Φ∴ Ï°ιÕ ΚôγΟΩôλ−

ΒκúΣôÕ ΒΥοΣôΚúΞ ΙÚ ↑∴ô ΦÝλ− ΒςηÓ ØχúΚôΠδΚ↓τ
Ξ⁄ùΞôκ×ûΤûΥ Μ↔ΣôνχΚ úΞηÓΤô∴ôο ∆ΘôςΠΤôΚ  ABC Τσßλ DEFΗ ΚÚÕ
≅ûΞΚ↓τ ΦοΩô ΜΤΤô∴ ∆[ÜΚΖô∴ ΙιΘ úΚôΠδΚûΖÙλ (Ð A = Ð D, Ð B = Ð E,

Ð C = Ð F) Η ΙιΘ ΣχΚδΚ↓τ ↑€ΘδΚûΖÙλ 
AB BC CA
DE EF FD

æ ö= =ç ÷
è ø

Μ↔ΣôνχΚ úΞηÓλ−

ΒκúΣôÕ úΜôƒιÕ ΣôνκúΣôλ− ΙτΣΘôλ ΞÏκ♦ο ΒςηÓ ØχúΚôΠδΚ↓τ ΜνΞΜΤ
Ση♦τ ♣ΣϕΘû∴ΚûΖ ΞÚ↑χΚ ≅ϕΘ ΒςηÓ ØχúΚôΠδΚ↓τ êτßúΜô⁄
ΣôΚδΚûΖ ΤγÓúΤ ΚÚιƒο ùΚôρúΞôλ− ΒκúΣôÕ Ξ⁄ùΞôκ×ûΤΚÞχÏλ ΒúΘ
Øû[ûΥ ΣΥτΣÓιƒ Ξ⁄ùΞôκ×ûΤχΚô∴ ♣ΣϕΘû∴ΚûΖ ΞÚ↑κúΣôλ− ≅ΘôΞÕ
ØχúΚôΠδΚ↓τ Αß úΜô⁄ ΙιΘ ΣôΚδΚûΖ ≅οΩôΤο êτß úΜô⁄ ΙιΘ ΣôΚδΚûΖ
ΤγÓúΤ ùΚôηÓ Ξ⁄ùΞôκ×ûΤχΚô∴ ♣ΣϕΘû∴ûΥ ΞÚ↑κúΣôλ ΒΘσΚôΚ ♦τΞÚλ
ùΜΥûΩ ùΜµúΞôλ−

ùΜΥο 4 : BC = 3 ùΜ−Á Τσßλ EF= 5 ùΜ−Á Φàλ ≅ΖÜΚ↓ο ΒςηÓ úΚôγÓ ÕηÓΚûΖ
ΞûςúΞôλ− Øû∴ B Τσßλ C ο  ÐPBC= 60° Τσßλ ÐQCB= 40° Φàλ ≅ΖÜΚ↓ο
ΒςηÓ úΚôΠδΚûΖ ΞûςúΞôλ− ≅Õ úΣôΩúΞ Øû∴ E Τσßλ Fο  ÐREF=60°
Τσßλ ÐSFE=40° Φàλ ΒςηÓ úΚôΠδΚûΖ ΞûςΚ− ∋ΣΟλ 5−12(

ΣΟλ 6.23
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Let rays 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
Ð B = Ð E, Ð C = Ð F and Ð A = Ð D. That is, corresponding angles of these two triangles are

equal. What can you say about their corresponding sides ? Note that BC 3 0.6.
EF 5

= =  What about

AB
DE

 and CA
FD

? On measuring AB, DE, CA and FD, you will find that AB
DE

 and CA
FD

 are also equal to

0.6 (or nearly equal to 0.6, if there is some error in the measurement). Thus, AB BC CA
DE EF FD

= = ×

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
(Angle–Angle–Angle) criterion of similarity
of two triangles.
This theorem can be proved by taking two
triangles ABC and DEF such that
Ð A = Ð D, Ð B = Ð E and Ð C = Ð F
(see Fig. 6.24)
Cut DP = AB and DQ = AC and join PQ.
So, D ABC @ D DPQ (Why ?)
This gives Ð B = Ð P = Ð E and PQ || EF (How?)

Therefore, DP
PE

 =
DQ
QF (Why?)

i.e., AB
DE

 = AC
DF

(Why?)

Similarly, AB
DE

 = BC
EF

and so AB BC AC
DE EF DF

= = .

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:

Fig. 6.24
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ΣΟλ 6.24

BP Τσßλ CQ ΚƒνΚρ Ιτû[ùΥôτß A Φàλ ×ρ↓♠Ûλ  ER Τσßλ FS Α€ΥûΞ
D Φàλ ×ρ↓♠Ûλ ùΞγ⁄ ùΚôρÞ€τ[∴− ΒςηÓ ØχúΚôΠδΚρ ABC Τσßλ
DEFο Ð B = Ð E, Ð C = Ð F Τσßλ Ð A = Ð D Φ∴ Ρôλ ΚôΠΩôλ− ≅ΘôΞÕ ΒςηÓ

ΙιΘ ΣχΚδΚûΖ Σσ° Φτ∴ á[ Ø⁄Ùλ− BC 3 0.6.
EF 5

= = ΦτΣûΘ ♣û∴↑ο ûΞ− AB
DE

Τσßλ CA
FD

τ ↑€ΘδΚρ Φτ∴> AB, DE, CA  Τσßλ FDΚûΖ ≅ΖϕÕ 
AB
DE

 Τσßλ CA
FD

Κ↓τ ↑€ΘδΚÞλ /−5χÏ ΜΤΤôΚ ∆ρΖÕ− ∋/−5 Γ[χÏû[Υ ΜΤΤôΚÜλ ΒÚχΚΩôλ−

ΒÕ ′Ω ≅ΖÅγÓ ΘΞßΘΩôΚ ΒÚχΚΩôλ( Φ∴úΞ AB BC CA
DE EF FD

= = ×ΙιΘ úΚôΠδΚρ

ΜΤΤôΚ ΒÚχÏλ Σ⁄Υô∴ ØχúΚôΠδΚûΖ ΞûςϕÕ ΒϕΘ ùΜΥûΩ ÁηÓλ ùΜµΥΩôλ−
ΙπùΞôÚ Øû[Ùλ ΙιΘ ΣχΚδΚ↓τ ↑€ΘδΚρ ΜΤΤôΚ ΒÚκΣûΘ ΚηÓ♦⁄κÀνΚρ−
ΒϕΘ ùΜΥο ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ♦τΞÚλ ♣ΣϕΘû∴ûΥ ΡΤχÏ
ΘÚ↑χ€[Õ−

úΘσ[λ 6.3 : ΒςηÓ ØχúΚôΠδΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤλ Φ±ο ≅ûΞΚ↓τ
ΙιΘ ΣχΚδΚÞλ ↑€ΘΜΤιƒο ΒÚχÏλ úΤÛλ ≅ϕΘ ΒςηÓ ØχúΚôΠδΚÞλ
Ξ⁄ùΞôιΘûΞ−
ΒϕΘ ♣ΣϕΘû∴ úΚô−úΚô−úΚô− (úΚôΠλ  ,
úΚôΠλ, úΚôΠλ) Φ∴ Ï°κ♦ΟκΣÓ€[Õ−

DABC Τσßλ DDEF τ Α€ΥûΞ úΚôΠδΚρ
Ð A = Ð D, Ð B  =  Ð E Τσßλ Ð C  =  Ð F
Φ∴ ΦÓιÕχ ùΚôρΞΘτ êΩλ ΒϕΘ úΘσ[ιûΘ
♣ìΣΠλ ùΜµΥΩôλ−

DP = AB ΦàλΣ⁄ ùΞγΟÜλ Τσßλ DQ = AC úΤÛλ
PQΗ ΒûΠ−

Φ∴úΞ+ D ABC @ D DPQ (Γτ?)
Ρôλ ùΣßΞÕ+ Ð B = Ð P = Ð E and PQ || EF (ΦκΣ⁄?)

Φ∴úΞ
DP
PE

 =
DQ
QF (Γτ?)

AB
DE

 = AC
DF

(Γτ?)

ΒÕúΣôΩúΞ+
AB
DE

 = BC
EF

Τσßλ
AB BC AC
DE EF DF

= = .

Ï°κ× : ΙÚ ØχúΚôΠιƒτ ΒςηÓ úΚôΠδΚρ Øû[úΥ Τσù[ôÚ ØχúΚôΠιƒτ
ΒςηÓ úΚôΠδΚÞχÏ ΜΤλ Φ±ο úΚôΠ áÓΘο Ση♦τΣ⁄ ≅λØχúΚôΠδΚ↓τ
êτ[ôλ úΚôΠδΚÞλ ΜΤλ− Φ∴úΞ úΚô− úΚô− úΚô− Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴ûΥ
♦τΞÚΤôßλ á[Ωôλ−
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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 = 8 cm, DE = 4.5 cm, EF = 9 cm and FD = 12 cm (see Fig. 6.25).

Fig. 6.25

So, you have : AB BC CA
DE EF FD

= = (each equal to 2
3

)

Now measure Ð A, Ð B, Ð C, Ð D, Ð E and Ð F. You will observe that
Ð A = Ð D, Ð B = Ð E and Ð C = Ð F, 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.

This theorem can be proved by taking two triangles ABC and DEF such that AB BC CA
DE EF FD

= =

(< 1) (see Fig. 6.26):



17710 Αλ ΞÏκ×             Κ∞Θλ

ØχúΚôΠδΚρ

ΙÚ ØχúΚôΠιƒτ ΒςηÓ úΚôΠδΚρ Øû[úΥ Τσù[ôÚ ØχúΚôΠιƒτ
ΒςηÓ úΚôΠδΚÞχÏ ΜΤλ Φ±ο ≅ϕΘ ΒςηÓ ØχúΚôΠδΚÞλ Ξ⁄ùΞôιΘûΞ−
  ΒûΘ ΒςηÓ ØχúΚôΠδΚ↓τ úΚô− úΚô− Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴ Φ∴Üλ á[Ωôλ−

ΙÚ ØχúΚôΠιƒτ êτß úΚôΠδΚρ Øû[úΥ Τσù[ôÚ ØχúΚôΠιƒτ êτß
úΚôΠδΚÞχÏ ΜΤλ Φ±ο ≅ûΞΚ↓τ ΙιΘ ΣχΚδΚρ ↑€Θ ΜΤιƒο ΒÚχÏλ−
ΒΘτ ΤßΘûΩ Σσ° Φτ∴ ♣û∴χ€ÈνΚρ− ΤßΘûΩÙλ ∆ηûΤΥô> ΙÚ
ØχúΚôΠιƒτ êτß ΣχΚδΚÞλ Øû[úΥ Τσù[ôÚ ØχúΚôΠιƒτ êτß
ΣχΚδΚÞχÏ ↑€ΘΜΤùΤ±ο ≅ûΞΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤΤô> ΒûΘ ♦τΞÚλ
ùΜΥο êΩλ Μ↔ΣôνχΚΩôλ−

ùΜΥο 5 :  D ABC Τσßλ D DEF Η ♦τΞÚλ ≅ΖÜΚÞΟτ ΞûςΚ− AB = 3 ùΜ−Á,
BC = 6ùΜ−Á + CA = 8 ùΜ−Á, DE = 4.5 ùΜ−Á, EF = 9 ùΜ−Á Τσßλ FD = 12 ùΜ−Á ∋ΣΟλ 5−14(

ΣΟλ 6.25

ΡΤχÏ €ûΟκΣÕ+ AB BC CA
DE EF FD

= = (ΙπùΞôτßλ 2
3
χÏ ΜΤλ)

ΒκúΣôÕ Ð A, Ð B, Ð C, Ð D, Ð E Τσßλ  Ð FΚûΖ≅Ζ↑Ó−  Ð A = Ð D, Ð B = Ð E
Τσßλ Ð C = Ð F ≅ΘôΞÕ+ ΙιΘ úΚôΠδΚρ ΜΤλ−

ùΞπúΞß ≅ΖÜΚρ ùΚôηΟ ØχúΚôΠ úΜô⁄ΚûΖ ∋ΙιΘ ΣχΚδΚρ ↑€Θ ΜΤιƒο
∆ρΖΣ⁄( ΞûςϕÕ ΒϕΘ ùΜΥûΩ ùΜµÙδΚρ− ΙπùΞôÚ Øû[Ùλ ΙιΘ úΚôΠδΚρ
ΜΤΤôΚ ∆ρΖûΘ ΚΞ±− ΒΘτ êΩλ ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ♦τΞÚλ
♣ΣϕΘû∴ûΥ ùΣ[Ωôλ−

úΘσ[λ 6.4 :  ΒςηÓ ØχúΚôΠδΚ↓τ ΙιΘ ΣχΚδΚρ ↑€Θ ΜΤλ Φ±ο ≅ûΞΚ↓τ
ΙιΘ úΚôΠ úΜô⁄ΚÞλ ΜΤλ úΤÛλ ≅λØχúΚôΠδΚρ Ξ⁄ùΞôιΘûΞ−

ΒϕΘ ♣ΣϕΘû∴ Σ−Σ−Σ− ∋ΣχΚλ , ΣχΚλ , ΣχΚλ( Ξ⁄ùΤôκ×ûΤ ♣ΣϕΘû∴ Φτ€ú[ôλ−

ΒϕΘ úΘσ[ιûΘ  D ABC Τσßλ D DEF Α€ΥûΞΚûΖ AB BC CA
DE EF FD

= =  (< 1) (ΣΟλ

6.26) Φ∴ ΦÓιÕχ ùΚôρΞΘτ êΩλ ♣ìΣΠλ ùΜµΥΩôλ−
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Fig. 6.26

Cut DP = AB and DQ = AC and join PQ.

It can be seen that DP
PE

 = 
DQ
QF and PQ || EF (How?)

So, Ð P = Ð E and Ð Q = Ð F.

Therefore, DP
DE

 = DQ
DF

 = PQ
EF

So, DP
DE

 = DQ
DF

 = BC
EF

(Why?)

So, BC = PQ (Why?)
Thus, D ABC @ D DPQ (Why ?)
So, Ð A = Ð D, Ð B = Ð E and Ð C = Ð F (How ?)

Remark : You may recall that either of the two conditions namely, (i) corresponding angles are
equal and (ii) 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 IX.
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, Ð A  =  50°,
AC = 4 cm, DE = 3 cm, Ð D = 50° and DF = 6 cm (see Fig.6.27).
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ΣΟλ 6.26

 DP = AB Η ùΞγÓ Τσßλ DQ = AC + PQΗ ΒûΠ

DP
PE

 = 
DQ
QF Τσßλ PQ || EF (ΦκΣ⁄?)

Φ∴úΞ+ Ð P = Ð E Τσßλ Ð Q = Ð F.

Φ∴úΞ, DP
DE

 = DQ
DF

 = PQ
EF

DP
DE

 = DQ
DF

 = BC
EF

(Γτ?)

BC = PQ (Γτ?)
Φ∴úΞ, Ð A = Ð D, Ð B = Ð E and Ð C = Ð F (ΦκΣ⁄?)

Ï°κ× : ΣΩúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχΚô∴ ΒςηÓ ♣ΣϕΘû∴Κ↓ο ≅ΘôΞÕ (i)
ΙιΘ úΚôΠδΚρ ΜΤλ (ii) ΙιΘ ΣχΚδΚρ ↑€ΘΜΤιƒο ΒÚχΚ úΞηÓλ+ Φàλ
♣ΣϕΘû∴Κ↓ο ΓΘôΞÕ Ιτß ΤγÓλ áΟ úΣôÕΤô∴ΘôΚ ΒÚχΚôÕ ΦτΣûΘ ¿δΚρ
♣û∴↑ο ûΞιƒÚχΚΩôλ− ΒÚκ♦àλ úΘσ[λ 5−2 Τσßλ 5−3 úΘσ[δΚûΖ
≅⁄κΣûΟΥôΚ ûΞιÕ ΣôνχÏλ úΣôÕ+ ΒςηÓ ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤχÏ
ΙÚ ♣ΣϕΘû∴ Τσù[ôτû[ Ï°κΣΘôο ΒϕΘ ΒςηÓ ♣ΣϕΘû∴ΚûΖÙλ Μ↔ΣôνχΚ
úΞηÓùΤτΣÕ ×Ω∴ô€[Õ−

ΙτΣΘôλ ΞÏκ♦ο ØχúΚôΠδΚ↓τ ΜνΞΜΤ Ση♦σΚô∴ ùΞπúΞß
♣ΣϕΘû∴ΚûΖ Σ⁄ιƒÚκΣûΘ ♣û∴Ü áßδΚρ− Σ−Σ−Σ Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴ûΥ
Σ−Σ−Σ ΜνΞΜΤ Ση×Οτ Ικ♦ΟΩôλ− ΒΘτ êΩλ Σ−úΚô−Σ− ΜνΞΜΤ Ση♦û∴
ØχúΚôΠδΚ↓τ Σ−úΚô−Σ Ξ⁄ùΞôκ×ûΤ Ση×Οτ Ικ♦Ο ♦τΞÚλ ùΜΥûΩ ùΜµúΞôλ−

ùΜΥο 6 : ♦τΞÚλ ≅ΖÜΚÞΟτ  D ABC Τσßλ D DEF Α€ΥΞσû[ ΞûςúΞôλ−
AB = 2 ùΜ−Á, Ð A = 50°, AC = 4 ùΜ−Á, DE = 3 ùΜ−Á, Ð D = 50° Τσßλ DF = 6 ùΜ−Á
(ΣΟλ 6.27).
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Fig. 6.27

Here, you may observe that AB
DE

 = AC
DF

 (each equal to 2
3

) and Ð A (included between the

sides AB and AC) = Ð D (included between the sides DE and DF). That is, one angle of a triangle
is equal to one angle of another triangle and sides including these angles are in the same ratio
(i.e., proportion). Now let us measure Ð B, Ð C, Ð E and Ð F.

You will find that Ð B = Ð E and Ð C = Ð F. That is, Ð A = Ð D, Ð B = Ð E and Ð C = Ð
F. So, by AAA similarity criterion, D ABC ~ D 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 is referred to as the
SAS (Side–Angle–Side) similarity
criterion for two triangles.

As before, this theorem can be
proved by taking two triangles ABC

and DEF such that AB AC
DE DF

=  (< 1) and

Ð A = Ð D (see Fig. 6.28). Cut DP =
AB, DQ = AC and join PQ.

Fig. 6.28
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ΣΟλ 6.27

AB
DE

 = AC
DF

 ( 2
3
χÏ ΜΤλ) Τσßλ Ð A (A ( AB Τσßλ AC ΣχΚδΚÞχÏ ΒûΟκΣγΟ

úΚôΠλ) = Ð D ( DE Τσßλ DF ΣχΚδΚÞχÏ ΒûΟκΣγΟ úΚôΠλ) ≅ΘôΞÕ+ ΒςηÓ
ØχúΚôΠδΚ↓τ ΒςηÓ ΜΤ↑€Θ ΣχΚδΚÞχÏ ΒûΟκΣγΟ úΚôΠδΚρ ΜΤλ− ΒκúΣôÕ
Ð B, Ð C, Ð E Τσßλ Ð FΚûΖ ≅Ζ↑Ο úΞηÓλ−

Ð B = Ð E úΤÛλ Ð C = Ð F≅ΘôΞÕ Ð A = Ð D, Ð B = Ð E Τσßλ Ð C = Ð F. Φ∴úΞ
úΚô−úΚô−úΚô− Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴κΣ⁄  D ABC ~ D DEF− ΒúΘ úΣôτ[ ùΜΥûΩ
≅ΘôΞÕ ØχúΚôΠδΚ↓τ ΒςηÓ ΜΤ↑€Θ ΣχΚδΚρ Τσßλ ΒκΣχΚδΚÞχÏ
ΒûΟκΣγΟ úΚôΠδΚρ ΜΤΤôΚ ∆ρΖ Σ⁄ ùΞπúΞß ØχúΚôΠδΚûΖ ùΚôηÓ
ùΜµÕΣôν− ΙπùΞôÚ Øû[Ùλ ØχúΚôΠδΚρ Ξ⁄ùΞôιƒÚκΣûΘ ΚΞ±− ΒûΞ
♦τΞÚλ úΘσ[ιƒσÏ Ξ→ΞÏχ€[Õ−

úΘσ[λ 6.5 : ΙÚ ØχúΚôΠιƒτ ΙÚ úΚôΠλ Τσù[ôÚ ØχúΚôΠιƒτ úΚôΠιƒσÏ
ΜΤλ− úΤÛλ ΒϕΘ úΚôΠδΚûΖ ∆ρΖΟχ€Υ ΣχΚδΚρ ↑€ΘΜΤλ Φ±ο ΒϕΘ
ØχúΚôΠδΚρ Ξ⁄ùΞôιΘûΞ−

ΒϕΘ ♣ΣϕΘû∴ Σ−úΚô−Σ− ∋ΣχΚλ
, úΚôΠλ , ΣχΚλ( Ξ⁄ùΞôκ×ûΤ
♣ΣϕΘû∴ Φ∴ Ï°κ♦ΟκΣÓ€[Õ−

ΒϕΘ úΘσ[ΘûΘ ♣ìΣΠλ
ùΜµΥ ♦τΞÚλ ♣ΣϕΘû∴ΚÞχÏ
∆γΣγΟ ØχúΚôΠδΚρ D ABC

Τσßλ D DEF ΚÚÕúΞôλ− AB AC
DE DF

=

(< 1) úΤÛλ Ð A = Ð D (ΣΟλ 6.28).
DP = ABΗ ùΞγÓ, DQ = AC úΤÛλ
PQΗ ΒûΠ−

ΣΟλ 6.28
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Now, PQ || EF and D ABC @ D DPQ (How ?)

So, Ð A = Ð D, Ð B = Ð P and Ð C = Ð Q

Therefore, D ABC ~ D DEF (Why?)

We now take some examples to illustrate the use of these criteria.

Example 4 : In Fig. 6.29, if PQ || RS, prove that D POQ ~ D SOR.

Fig. 6.29

Solution : PQ || RS (Given)

So, Ð P = Ð S (Alternate angles)

and Ð Q = Ð R

Also, Ð POQ = Ð SOR (Vertically opposite angles)

Therefore, D POQ ~ D SOR (AAA similarity criterion)

Example 5 : Observe Fig. 6.30 and then find Ð P.

Fig. 6.30

Solution : In D ABC and D PQR,



18310 Αλ ΞÏκ×             Κ∞Θλ

ØχúΚôΠδΚρ

ΒκúΣôÕ+ PQ || EF and D ABC @ D DPQ (ΦκΣ⁄?)

Φ∴úΞ, Ð A = Ð D, Ð B = Ð P Τσßλ Ð C = Ð Q

Φ∴úΞ+ D ABC ~ D DEF (Γτ?)

ΒϕΘ Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴ûΥ ×↔ϕÕ ùΚôρΖ ′Ω ΦÓιÕχΚôγÓΚûΖ ΣôνκúΣôλ−

ΦÓιÕχΚôγÓ 4 : ΣΟλ 5−18ο PQ || RS Φ±ο D POQ ~ D SOR Φ∴χΚôγÓ−

ΣΟλ 6.29

¾νÜ  : PQ || RS (ΘςÜ)

Φ∴úΞ+ Ð P = Ð S (Ιτß↑γΟ úΚôΠδΚρ)

Τσßλ Ð Q = Ð R

úΤÛλ Ð POQ = Ð SOR (ÏιùΘƒν úΚôΠδΚρ)

Φ∴úΞ, D POQ ~ D SOR(úΚô−úΚô−úΚô− Ξ⁄ùΞκ×ûΤ ♣ΣϕΘû∴)

ΦÓιÕχΚôγÓ 5 : ΣΟλ 6.30 Η ΚΞ± úΤÛλ Ð Pτ ΤƒκûΣ ΚηÓ♦⁄−

ΣΟλ 6.30

¾νÜ : D ABC Τσßλ  D PQRο+
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AB 3.8 1 ,
RQ 7.6 2

= =
BC 6 1
QP 12 2

= =  and 
CA 3 3 1
PR 26 3

= =

That is,
AB BC CA
RQ QP PR

= =

So, D ABC ~ D RQP (SSS similarity)

Therefore, Ð C = Ð P(Corresponding angles of similar triangles)
But Ð C = 180° – Ð A – Ð B (Angle sum property)

= 180° – 80° – 60° = 40°

So, Ð P = 40°

Example 6 : In Fig. 6.31,

OA . OB = OC . OD.

Show that Ð A = Ð C and Ð B = Ð D.

Solution : OA . OB = OC . OD (Given)

So, OA
OC

 = OD
OB

(1)

Also, we have Ð AOD = Ð COB(Vertically opposite angles) (2)

Therefore, from (1) and (2),D AOD ~D COB     (SAS similarity criterion)

So, Ð A = Ð C and Ð D = Ð B
(Corresponding angles of similar triangles)

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. 6.31

Fig. 6.32
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AB 3.8 1 ,
RQ 7.6 2

= =
BC 6 1
QP 12 2

= =  Τσßλ 
CA 3 3 1
PR 26 3

= =

≅ΘôΞÕ,
AB BC CA
RQ QP PR

= =

Φ∴úΞ+ D ABC ~ D RQP (ΣΣΣ Ξ⁄ùΞôκ×ûΤ)

Φ∴úΞ+ Ð C = Ð P(Ξ⁄ùΞôιΘ ØχúΚôΠδΚ↓τ ΙιΘ úΚôΠδΚρ)
Α∴ôο+ Ð C = 180° – Ð A – Ð B (úΚôΠ áÓΘο Ση×)

= 180° – 80° – 60° = 40°

Φ∴úΞ+ Ð P = 40°

ΦÓιÕχΚôγÓ 6 : ΣΟλ 6.31ο+

OA . OB = OC . OD.

Φ±ο Ð A = Ð C Τσßλ Ð B = Ð D Φ∴χΚôγÓ−

¾νÜ  : OA . OB = OC . OD(ùΚôÓχΚκΣγΟÕ)

Φ∴úΞ+
OA
OC

 = OD
OB

(1)

ΡΤχÏ ΓσΚ∴úΞ ΒÚκΣÕ   Ð AOD = Ð COB(ÏιùΘƒν úΚôΠδΚρ) (2)

Φ∴úΞ+ (1) Τσßλ (2) êΩλ D AOD ~D COB     (Σ−úΚô−Σ− Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴)

Φ∴úΞ+ Ð A = Ð C and Ð D = Ð B
(Ξ⁄ùΞôιΘ ØχúΚôΠδΚ↓τ ΙιΘ úΚôΠδΚρ)

ΦÓιÕχΚôγÓ 7 : 8/ ùΜ−Á ∆ΥςØρΖ ΙÚ
′ß♥ ↑ΖχÏ ΚλΣιƒ←ÚϕÕ 0−1 Á.↑
úΞΚιƒο ΡΟϕÕ ùΚôηÓ ΒÚχ€[ôρ− ↑ΖχÏ
ΚλΣιƒτ ∆Υςλ 2−5Á Φ±ο 3 ↑Ρô⁄Κρ
ΡΟϕΘ ♦[Ï ′ß♥♠τ ♣Ψ←τ ¿ΖιûΘ
ΚηÓ♦⁄−

¾νÜ  :  AB  ΦτΣÕ ↑ΖχÏ ΚλΣλ ΦτΚ−

   CD  ΦτΣÕ 3 ↑Ρô⁄Κρ ΡΟϕΘ♦[Ï
′ß♥♠τ ♣ûΩ ΣΟλ 5−21 êΩλ DE
ΦτΣÕ ′ß♥♠τ ♣Ψο DE = x ÁγΟνΚρ ΦτΚ−

ΣΟλ 6.31

ΣΟλ 6.32



186Class 10 Mathematics

TRIANGLES

Fig. 6.33

Now, BD = 1.2 m × 4 = 4.8 m.
Note that in D ABE and D CDE,

Ð B = Ð D (Each is of 90° because lamp-post
as well as the girl are standing
vertical to the ground)

and Ð E = Ð E (Same angle)
So, D ABE ~ D CDE (AA similarity criterion)

Therefore, BE
DE

 = AB
CD

i.e., 4.8 + x
x

 = 3.6
0.9

(90 cm = 90
100

 m = 0.9 m)

i.e., 4.8 + x = 4x
i.e., 3x = 4.8
i.e., 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
respectively the medians of D ABC and
D PQR. If D ABC ~ D PQR, prove that :

(i) D AMC ~ D PNR

(ii)
CM AB
RN PQ

=

(iii) D CMB ~ D RNQ
Solution : (i) D ABC ~ D PQR (Given)

So,
AB
PQ  =

BC CA
QR RP

= (1)

and Ð A = Ð P, Ð B = Ð Q and Ð C = Ð R (2)
But AB = 2 AM and PQ = 2 PN

(As CM and RN are medians)

So, from (1),
2AM
2PN  = CA

RP
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Fig. 6.33

 BD = 1.2 Á × 4 = 4.8 Á
 D ABE  Τσßλ D CDEο+
                                         Ð B = Ð D (↑ΖχÏ ΚλΣλ Τσßλ ′ß♥ ♣ΩιƒσÏ

ùΜδÏιΘôΚ ♣σΣΘôο ΙπùΞôτßλ 90°)
Τσßλ Ð E = Ð E (Ιúς úΚôΠλ)
Φ∴úΞ+ D ABE ~ D CDE(úΚô−úΚô− Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴)

Φ∴úΞ+
BE
DE

 = AB
CD

≅ΘôΞÕ+
4.8 + x

x
 = 3.6

0.9
(90 ùΜ−Á = 90

100
 Á = 0.9 Á)

4.8 + x = 4x
3x = 4.8

≅ΘôΞÕ+ x = 1.6
Φ∴úΞ+ 3 ↑Ρô⁄Κρ ΡΟϕΘ ♦[Ï ′ß♥♠τ ♣Ψ←τ ¿Ζλ 0−5 Á−

ΦÓιÕχΚôγÓ 8 : ΣΟλ 6.33ο, CM Τσßλ
RN Øû[úΥ D ABC Τσßλ
D PQRτ ûΤΥχúΚôÓΚρ D ABC ~ D PQR
Φ±ο

(i) D AMC ~ D PNR

(ii)
CM AB
RN PQ

=

(iii) D CMB ~ D RNQ Φ∴ ♣ì♦−

¾νÜ : (i) D ABC ~ D PQR (ùΚôÓχΚκΣγΟÕ)

Φ∴úΞ,
AB
PQ  =

BC CA
QR RP

= (1)

Τσßλ Ð A = Ð P, Ð B = Ð Q Τσßλ Ð C = Ð R (2)
Α∴ôο AB = 2 AM Τσßλ PQ = 2 PN

(CM Τσßλ RN ûΤΥχúΚôÓΚρ)

(1) êΩλ
2AM
2PN  = CA

RP



188Class 10 Mathematics

TRIANGLES

i.e., AM
PN

 = CA
RP

(3)

Also, Ð MAC = Ð NPR [From (2)] (4)

So, from (3) and (4),

D AMC ~ D PNR (SAS similarity) (5)

(ii) From (5), CM
RN

 = CA
RP

(6)

But CA
RP

 =
AB
PQ [From (1)] (7)

Therefore, CM
RN

 =
AB
PQ [From (6) and (7)] (8)

(iii) Again,
AB
PQ  =

BC
QR [From (1)]

Therefore, CM
RN

 = BC
QR

[From (8)] (9)

Also, CM
RN

 = AB 2 BM
PQ 2 QN

=

i.e., CM
RN

 =
BM
QN (10)

i.e., CM
RN

 =
BC BM
QR QN

= [From (9) and (10)]

Therefore, D CMB ~ D RNQ (SSS similarity)

[Note : You can also prove part (iii) 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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≅ΘôΞÕ+
AM
PN

 = CA
RP

(3)

úΤÛλ, Ð MAC = Ð NPR [ (2), (4) êΩλ]

(3) Τσßλ (4) êΩλ

D AMC ~ D PNR (Σ−úΚô−Σ− Ξ⁄ùΞôκ×ûΤ) (5)

(ii) (5)τ êΩλ
CM
RN

 = CA
RP

(6)

Α∴ôο
CA
RP

 =
AB
PQ [ (1), (7) êΩλ]

Φ∴úΞ, CM
RN

 =
AB
PQ [ (6) + (7) Τσßλ (8) êΩλ]

(iii) ÁηÓλ
AB
PQ  =

BC
QR [ (1) êΩλ]

Φ∴úΞ, CM
RN

 = BC
QR

[ (8) (9) êΩλ]

úΤÛλ, CM
RN

 = AB 2 BM
PQ 2 QN

=

≅ΘôΞÕ+
CM
RN

 =
BM
QN (10)

≅ΘôΞÕ+
CM
RN

 =
BC BM
QR QN

= [ (9) Τσßλ (10) êΩλ]

Φ∴úΞ, D CMB ~ D RNQ (Σ−Σ−Σ− Ξ⁄ùΞôκ×ûΤ)

[Ï°κ× : ΣÏƒ (i) Η ♣ì♦χΚ ΣΥτΣÓιƒΥ ≅úΘ Øû[ûΥ ΣΥτΣÓιƒ ΣÏƒ (iii)Ùλ
♣ì♦χΚΩôλ−]

Σ♠σ′ 6.3

1. ΣΟλ 5−23ο ùΚôÓχΚκΣγΟ ØχúΚôΠ úΜô⁄Κ↓ο ΦûΞ Ξ⁄ùΞôιΘûΞ> úΤÛλ
ΦϕΘ Ξ⁄ùΞôκ×ûΤ ♣ΣϕΘû∴Κ↓τ ≅⁄κΣûΟ♠ο ≅ûΞΚρ Ξ⁄ùΞôιΘûΞ Φτßλ
Ξ⁄ùΞôιΘ ØχúΚôΠδΚûΖ Ï°ÂγÓ Ξ⁄↑Ûλ ΦÝÕδΚρ−
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Fig. 6.34

2. In Fig. 6.35, D ODC ~ D OBA, Ð BOC =
125° and Ð CDO = 70°. Find Ð DOC, Ð
DCO and Ð OAB.

3. Diagonals AC and BD of a trapezium
ABCD with AB || DC intersect each other
at the point O. Using a similarity criterion

for two triangles, show that OA OB
OC OD

= × Fig. 6.35
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ΣΟλ 6.34

2. ΣΟλ 5−24ο D ODC ~ D OBA, Ð BOC = 125°
Τσßλ Ð CDO = 70° Φ±ο Ð DOC, Ð DCO
Τσßλ Ð OAB ΚûΖ ΚηÓ♦⁄−

3. AB || DC ΚûΖ ΒûΠκΣχΚδΚΖôΚ ùΚôηΟ
Μ↔ΞΚλ ABCD τ êûΩ↑γΟδΚρ ×ρ↓
O ↑ο ùΞγ⁄χ ùΚôρ€τ[∴−
ØχúΚôΠδΚ↓τ Ξ⁄ùΞôκ×ûΤ

♣ΣϕΘû∴ûΥ ΣΥτΣÓιƒ  
OA OB
OC OD

= ×  Φ∴

♣ì♦−
ΣΟλ 6.35
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4. In Fig. 6.36, 
QR QT
QS PR

=  and Ð 1 = Ð 2. Show

that D PQS ~ D TQR.

5. S and T are points on sides PR and QR of
D PQR such that Ð P = Ð RTS. Show that
D RPQ ~ D RTS.

6. In Fig. 6.37, if D ABE @ D ACD, show that
D ADE ~ D ABC.

7. In Fig. 6.38, altitudes AD and CE of D ABC
intersect each other at the point P. Show that:

(i) D AEP ~ D CDP

(ii) D ABD ~ D CBE

(iii) D AEP ~ D ADB

(iv) D PDC ~ D BEC

8. E is a point on the side AD produced of a
parallelogram ABCD and BE intersects CD
at F. Show that D ABE ~ D CFB.

9. In Fig. 6.39, ABC and AMP are two right
triangles, right angled at B and M
respectively. Prove that:
(i) D ABC ~ D AMP

(ii) CA BC
PA MP

=

10. CD and GH are respectively the bisectors
of Ð ACB and Ð EGF such that D and H lie
on sides AB and FE of D ABC and D EFG
respectively. If D ABC ~ D FEG, show that:

(i) CD AC
GH FG

=

(ii) D DCB ~ D HGE
(iii) D DCA ~ D HGF

Fig. 6.36

Fig. 6.37

Fig. 6.38

Fig. 6.39
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4. ΣΟλ 6.36ο 
QR QT
QS PR

=  Τσßλ Ð 1 = Ð 2 Φ±ο

D PQS ~ D TQR Φ∴χΚôγÓ−

5. S Τσßλ  T ΦτΣ∴  PR Τσßλ QR Φàλ
ΣχΚδΚ↓τ ÁÕ  Ð P = Ð RTS ΦàλΣ⁄ ≅ûΤϕΘ
×ρ↓Κρ Φ±ο D RPQ ~ D RTS Φ∴χΚôγÓ−

6. ΣΟλ 6.37ο D ABE @ D ACD Φ±ο D ADE ~ D ABC
Φ∴χΚôγÓ−

7. ΣΟλ 6.38ο D ABCτ ÏιÕΥςδΚρ AD Τσßλ
CE ×ρ↓ P♠ο ùΞγ⁄ ùΚôρ€τ[∴ Φ±ο
♦τΞÚΞ∴Ξσû[ ♣ì♦−

(i) D AEP ~ D CDP
(ii) D ABD ~ D CBE
(iii) D AEP ~ D ADB
(iv) D PDC ~ D BEC

8. ΒûΠΚςλ ABCDο E ΦτΣÕ AD ΣχΚιûΘ
¿γ⁄ιÕ ΞûςΞΘôο ΓσΣÓλ ΣχΚιƒτ ÁÕ
≅ûΤϕΘ ×ρ↓ úΤÛλ BE Α∴Õ CD Η Fο
ùΞγÓ€[Õ Φ±ο D ABE ~ D CFB Φ∴χΚôγÓ−

9. ΣΟλ  6.39ο  D ABC Τσßλ DAMP ΒςηÓ
ùΜδúΚôΠ ØχúΚôΠδΚρ úΤÛλ B Τσßλ M
Øû∴Κ↓ο ùΜδúΚôΠλ ≅ûΤϕÕρΖÕ Φ±ο
♦τΞÚΞ∴Ξσû[ ♣ì♦−

(i) D ABC ~ D AMP

(ii) CA BC
PA MP

=

10. D ABC Τσßλ D EFGτ ΣχΚδΚ↓τ ÁÕ AB
Τσßλ FEτ ÁÕ ≅ûΤϕΘ ×ρ↓Κρ D Τσßλ
H ΦτΚ− úΤÛλ Βκ×ρ↓Κρ CD Τσßλ GH
Α€ΥûΞ úΚôΠλ Ð ACB Τσßλ úΚôΠλ
Ð EGF Η ΒÚΜΤ á°Óλ Σ⁄ ≅ûΤϕÕρΖÕ  D
ABC ~ D FEGΦ±ο ♦τΞÚΞ∴Ξσû[ ♣ì♦−

(i) CD AC
GH FG

=

(ii) D DCB ~ D HGE
(iii) D DCA ~ D HGF

ΣΟλ 6.36

ΣΟλ 6.37

ΣΟλ 6.38

ΣΟλ 6.39
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11. In Fig. 6.40, E is a point on side CB
produced of an isosceles triangle ABC
with AB = AC. If AD ̂  BC and EF ̂  AC,
prove that D ABD ~ D ECF.

12. Sides AB and BC and median AD of a
triangle ABC are respectively propor-
tional to sides PQ and QR and median
PM of D PQR (see Fig. 6.41). Show that
D ABC ~ D PQR.

13. D is a point on the side BC of a triangle
ABC such that Ð ADC = Ð BAC. Show
that CA2 = CB.CD.

14. Sides AB and AC and median AD of a
triangle ABC are respectively
proportional to sides PQ and PR and
median PM of another triangle PQR.
Show that D ABC ~ D PQR.

15. 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.

16. If AD and PM are medians of triangles ABC and PQR, respectively where

D ABC ~ D PQR, prove that 
AB AD
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.

2. All the congruent figures are similar but the converse is not true.

3. 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 (i.e., proportion).

4. 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.

5. If a line divides any two sides of a triangle in the same ratio, then the line is parallel to the
third side.

Fig. 6.40

Fig. 6.41
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11. ΣΟλ 6.40ο ΙÚ ΒÚΜΤΣχΚ ØχúΚôΠλ
ABCτ ΙÚ ΣχΚιûΘ ¿γ⁄ιÕ ΞûςϕΘôο
ΓσΣÓλ ΣχΚιƒτ ÁÕ ≅ûΤϕΘ ×ρ↓ E
úΤÛλ AB = AC + AD ̂  BC Τσßλ EF ̂  AC
Φ±ο D ABD ~ D ECF Φ∴ ♣ì♦−

12. ØχúΚôΠλ ABCτ ΣχΚδΚρ AB Τσßλ
BC úΤÛλ ûΤΥχúΚôÓ AD Øû[úΥ
Τσù[ôÚ ØχúΚôΠλ D PQR τ ΣχΚδΚρ
PQ Τσßλ QR úΤÛλ ûΤΥχúΚôÓ PM
χÏ ↑€Θ ΜΤλ Φ±ο ∋ΣΟλ 5−30( D ABC ~
D PQR Φ∴ ♣ì♦−

13. Ð ADC = Ð BAC ΦàλΣ⁄ D Φàλ ×ρ↓
τ BC Φàλ ΣχΚλ ÁÕ ≅ûΤϕÕρΖÕ
Φ±ο CA2 = CB.CD Φ∴χΚôγÓ−

14. ABC τ ΣχΚδΚρ AB Τσßλ AC úΤÛλ
ûΤΥχúΚôÓ AD  Øû[úΥ Τσù[ôÚ
ØχúΚôΠλ PQRτ ΣχΚδΚρ PQ Τσßλ
PR úΤÛλ ûΤΥχúΚôÓ PM χÏ ↑€ΘΜΤλ
Φ±ο  D ABC ~ D PQR Φ∴χΚôγÓ−

15. 5Á ¿ΖØρΖ ΙÚ ùΜδÏιΘô∴ ΚλΣλ 3Á ¿ΖØρΖ ♣ΨûΩ Θûς♠ο
ΓσΣÓιÕ€[Õ− ≅úΘ úΡςιƒο 17Á ¿ΖØρΖ ♣ΨûΩ ΓσΣÓιÕλ úΚô×ςιƒτ
∆Υςλ Φτ∴ΞôΚ ΒÚχÏλ>

16. D ABC ~ D PQR úΤÛλ AD Τσßλ PM Øû[úΥ ABC Τσßλ PQRτ ûΤΥχúΚôÓΚρ

Φ±ο 
AB AD
PQ PM

= ×Φ∴χΚôγÓ−

6.5 Ρôλ Κσ[ûΞ

    ΒϕΘ ≅ιƒΥôΥιƒο ♦τΞÚΞ∴Ξσû[ Σσ° Σ⁄ιúΘôλ−

1. ΒςηÓ Ξ⁄ΞδΚρ Ιúς Τôƒ↔Υô∴ Ξ⁄ΞιûΘκ ùΣσß ùΞπúΞ[ô∴ ≅ΖÜΚûΖ
ùΣσ°Úκ♦àλ ≅ûΞΚûΖ Ξ⁄ùΞôιΘ Ξ⁄ΞδΚρ Φτ€ú[ôλ−

2. ΜνΞΜΤ Ξ⁄ΞδΚρ ≅û∴ιÕλ Ξ⁄ùΞôιΘûΞ ΒΘτ ΤßΘûΩ ∆ηûΤΥοΩ−

3. ΜΤΤô∴ ΣχΚδΚûΖ ùΚôηΟ Ξ⁄ΞδΚρ ♦τΞÚλ ♣ΣϕΘû∴Κρ Σ⁄ Ξ⁄ùΞôιΘûΞ−
(i) ΙιΘ úΚôΠδΚρ ΜΤλ (ii) ΙιΘ ΣχΚδΚρ ↑€Θ ΜΤιƒο ΒÚχΚ úΞηÓλ−

4. ØχúΚôΠιƒτ ΙÚ ΣχΚιƒσÏ ΒûΠΥôΚ ΞûςΥκΣÓλ úΚôÓ Τσ[ ΒςηÓ
ΣχΚδΚûΖ Ιúς ↑€Θιƒο ♦↔χÏλ−

5. ØχúΚôΠιƒτ ΒςηÓ ΣχΚδΚûΖ Ιúς ↑€Θιƒο ♦↔χÏλ úΚôÓ êτ[ôλ
ΣχΚιƒσÏ ΒûΠ−

ΣΟλ 6.40

ΣΟλ 6.41
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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.

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).
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ΚσΣΞ↔τ ΚΞ∴ιƒσÏ

 ΙÚ ùΜδúΚôΠ ØχúΚôΠιƒτ ΚνΠλ úΤÛλ ΓΘôΞÕ
ΙÚ ΣχΚλ Øû[úΥ Τσù[ôÚ ùΜδúΚôΠ ØχúΚôΠιƒτ
ΚνΠλ úΤÛλ ≅Θτ ΙÚ ΣχΚλ ØΘο ØχúΚôΠιƒτ
ΙιΘ ΣχΚιƒσÏ ↑€ΘΜΤλ Φ±ο ≅ϕΘ ΒςηÓ
ØχúΚôΠδΚÞλ Ξ⁄ùΞôιΘûΞ ΒϕΘ Ξ⁄ùΞôκ×ûΤûΥ
ùΜ−Κ−Σ− ∋ùΜδúΚôΠλ , ΚνΠλ , ΣχΚλ( Ξ⁄ùΞôκ×ûΤ
ΦτúΣôλ−

≅ιƒΥôΥλ 7ο ΦÓιÕχΚôγÓ 1χÏ ΒϕΘ Ξ⁄ùΞôκ×ûΤûΥ
ΣΥτΣÓιƒ∴ôο ♣ìΣΠλ Φ↓ΘôÏλ−

6. ΒςηÓ ØχúΚôΠδΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤλ úΤÛλ ≅ûΞΚ↓τ ΙιΘ
ΣχΚδΚρ ↑€ΘΜΤλ Φ±ο ≅ϕΘ ΒςηÓ ØχúΚôΠδΚÞλ Ξ⁄ùΞôιΘûΞ−
∋úΚô−úΚô−úΚô Ξ⁄ùΞôκ×ûΤ(

7. ΙÚ ØχúΚôΠιƒτ ΒςηÓ úΚôΠδΚρ Øû[úΥ Τσù[ôÚ ØχúΚôΠιƒτ
ΒςηÓ úΚôΠδΚÞχÏ ΜΤλ Φ±ο ≅ûΞ ΒςηÓλ Ξ⁄ùΞôιΘûΞ−

8. ΒςηÓ ØχúΚôΠδΚ↓τ ΙιΘ ΣχΚδΚρ ↑€ΘΜΤιƒο ΒÚκ♦τ ≅ûΞΚ↓τ
ΙιΘ úΚôΠδΚρ ΜΤλ− ΒϕΘ Ξ⁄ùΞôκ×ûΤûΥ Σ−Σ−Σ− Ξ⁄ùΞôκ×ûΤ ΦτúΣôλ−

9. ΙÚ ØχúΚôΠιƒτ ΙÚ úΚôΠλ Τσù[ôÚ úΚôΠΘƒσÏ ΜΤΤôΚÜλ ΒχúΚôΠιûΘ
∆ρΖΟχ€Υ ΙιΘ ΣχΚδΚÞλ ↑€ΘΜΤλ Φ±ο ≅ϕΘ ΒςηÓ ØχúΚôΠδΚÞλ
Ξ⁄ùΞôιΘûΞ− úΤÛλ ΒϕΘ Ξ⁄ùΞôκ×ûΤûΥ Σ−úΚô−Σ− Ξ⁄ùΞôκ×ûΤ ΦτΣν−
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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-coordinate, 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 + c = 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 = ax2 + bx + c (a ¹ 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.

COORDINATE GEOMETRY
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7
7.1 ≅°ØΚλ
   ΙÚ ΘΖιƒο ΙÚ ×ρ↓♠τ ΒΟιûΘ Ï°κ♦Ο ΡΤχÏ ΙÚ ú⊥ô⁄ ΑΥιùΘôûΩ
≅εÑΚρ úΘûΞ ΦτΣûΘ ¿δΚρ IXΑλ ΞÏκ♦ο Σ⁄ιƒÚκÀνΚρ− y-≅ε′←ÚϕÕ ΙÚ
×ρ↓♠τ çςλ ≅Θτ x-ΑΥ ùΘôûΩÜ ≅οΩÕ €ûΟ ≅εÑ ùΘôûΩÜ∋abscissa(
Φ∴κΣÓλ− x ≅ε′←ÚϕÕ ΙÚ ×ρ↓♠τ çςλ ≅Θτ  y-ΑΥ ùΘôûΩÜ ≅οΩÕ
ùΜδÏιÕ ≅εÑ ùΘôûΩÜ ∋ordinate( Φ∴κΣÓλ− x-≅ε′τ ÁÕρΖ ×ρ↓♠τ
ΑΥùΘôûΩÜΚρ (x, 0) Ξ⁄↑Ûλ+ ≅ε′τ ÁÕρΖ ×ρ↓♠τ ΑΥùΘôûΩÜΚρ (0, y)
Ξ⁄↑Ûλ ΒÚχÏλ−

∆δΚÞχΚô∴ ΙÚ ↑ûΖΥôγÓ ΙÚ ΞûςΣΟιΘô↓ο ΙÚ ú⊥ô⁄ ùΜδÏιÕ ≅εÑΚûΖ
ΞûςΚ− ΒκùΣôÝÕ •θΚηΟ ×ρ↓ΚûΖ Ï°κ♦ÓΚ− úΤÛλ ≅Ξσû[ ΒûΠχΚÜλ−
A(4, 8) ←ÚϕÕ B(3, 9) ←ÚϕÕ C(3, 8) ←ÚϕÕ D(1, 6) ←ÚϕÕ E(1, 5) ←ÚϕÕ F(3, 3) ←ÚϕÕ
G(6, 3) ←ÚϕÕ H(8, 5) ←ÚϕÕ I(8, 6) ←ÚϕÕ J(6, 8) ←ÚϕÕ K(6, 9) ←ÚϕÕ L(5, 8) ←ÚϕÕ
A. ×ρ↓ûΥ ΒûΠχΚÜλ− ♦[Ï P(3.5, 7), Q (3, 6) Τσßλ R(4, 6) Α€Υ ×ρ↓ΚûΖ
ΒûΠιÕ ØχúΚôΠιûΘ ∆ÚΞôχÏ− úΤÛλ  X(5.5, 7), Y(5, 6) Τσßλ Z(6, 6) Α€Υ
×ρ↓ΚûΖ ΒûΠιÕ ØχúΚôΠιûΘ ∆ÚΞôχÏ− ΒκúΣôÕ S(4, 5), T(4.5, 4) Τσßλ
U(5, 5) Α€ΥΞσû[ ΒûΠιÕ ØχúΚôΠιûΘ ∆ÚΞôχÏ− ΒßƒΥôΚ (0, 5) Τσßλ (0,
6) ×ρ↓ΚÞχÏ SΗ ΒûΠ− úΤÛλ (9, 5) Τσßλ (9, 6) ×ρ↓ΚÞχÏ UΗ ΒûΠ−
∆δΚÞχÏ €ûΟιΘ ΣΟλ Φτ∴>

ax + by + c = 0, (a, b ΦτΣûΞ Ιúς ΜΤΥιƒο éϖ≥ΥΤôΚôÕ) Φτ[ ΒÚ Τô°Κρ
ùΚôηΟ ΙÚ úΡ↔Υ ΜΤτΣôγ⁄û∴ ΞûςΣΟιƒο Ï°κ♦ÓλúΣôÕ+ ≅Õ ΙÚ úΡνúΚôΟôΚ
≅ûΤΞûΘ ¿δΚρ ΣôνιƒÚκÀνΚρ− úΤÛλ y = ax2 + bx + c (a ¹ 0) ΦτΣΘτ ΞûςΣΟΤô∴Õ
ΙÚ ΣςΞûΖΥλ ΦτΣûΘ ¿δΚρ ≅ιƒΥôΥλ 1ο ΣôνιƒÚκÀνΚρ− ∆ηûΤ♠ο
ΑΥùΘôûΩ Ξ⁄↑Υο ΦτΣÕ ∆ÚΞδΚ↓τ Ξ⁄↑ΥûΩκ Σ⁄κΣΘσΚô∴ ΒΥσΚ∞Θ
ΚÚ↑ΥôΚ ∆ÚΞôχΚκΣγÓρΖÕ− ΒΥσΚ∞ΘιûΘ ΣΥτΣÓιƒ Ξ⁄↑ΥûΩκ Σ⁄χΚÜλ−
Ξ⁄↑Υ←τ ∆Θ↑ÙΟτ ΒΥσΚ∞ΘιûΘκ ×↔ϕÕ ùΚôρΖÜλ ΒÕ ∆ΘÜ€[Õ− ΒΘτ
ΚôςΠΤôΚ ΑΥùΘôûΩ Ξ⁄↑ΥΩô∴Õ ùΣô°♠Υο+ Ξ→Κôγ⁄ ÖγΣλ  (navigation)+
♣Ω ΡÓ χΚ λ Σσ °Υ Α µÜ Τ σß λ ΚûΩ ú Σôτ[ Õ û[ Κ↓ ο ΣςΞΩ ôΚ
ΣΥτΣÓιΘκΣÓ€[Õ−

ΒϕΘ ≅ιƒΥôιƒο ΒςηÓ ×ρ↓Κ↓τ ΑΥùΘôûΩÜΚρ ΘςκΣγΟôο ≅Ξσ°σÏ
ΒûΟúΥ ∆ρΖ çςιûΘ ΦπΞôß ΚηΟ°ΞÕ úΤÛλ êτß ×ρ↓ΚΖôο ΓσΣÓλ
ØχúΚôΠιƒτ ΣςκΣΖûΞ ΦπΞôß ΚηΟ°ΞÕ ΦτΣûΘ Σσ° Σ⁄κÀνΚρ− úΤÛλ
ΒςηÓ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓι Õη⁄û∴ ùΚôÓχΚκΣγΟ ↑€Θιƒο ♦↔χÏλ
×ρ↓♠τ ΑΥùΘôûΩÜΚûΖ ΦπΞôß ΚηΟ°ΞÕ ΦτΣûΘ Σσ°Ùλ Σ⁄κÀνΚρ−

ΑΥιùΘôûΩ Ξ⁄↑Υο



200Class 10 Mathematics

COORDINATE GEOMETRY

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.e., AB
= OB – OA = 6 – 4 = 2 units.

So, if two 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 = 2 23 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
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.

Fig. 7.1

Fig. 7.2
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7.2 çςιûΘ ΚôÔλ ãιƒςλ

♦τΞÚλ ãθ♣ûΩûΥ ΚΞ±−
A ΡΚςιƒ←ÚϕÕ 25 €−Á €Ψχ€Ûλ úΤÛλ 04€−Á

ΞΟχ€Ûλ B ΡΚςλ ≅ûΤϕÕρΖÕ− A ΡΚςιƒ←ÚϕÕ B
ΡΚς ιƒσÏ ΒûΟúΥ Ùρ Ζ çςιûΘ úΡς⁄ ΥôΚ
≅Ζ↑ΟôΤο ΦκΣ⁄ ΚηÓ♦⁄κÀνΚρ− ≅ûΘ ΣôνκúΣôλ−
ΒϕΘ ãΨûΩ ΣΟλ 6−0ο Κôγ⁄ΥΣ⁄ ΞûςΣΟ Ξ⁄↑ο
ΚôγΟΩôλ− ΒϕΘ çςιûΘ ΚΠχ€Ο ¿δΚρ ♦ΘôΚςυ
úΘσ[ιûΘ ΣΥτΣÓιΘΩôλ−

ΒκùΣôÝÕ x-≅ε′τ ÁÕ ΒςηÓ ×ρ↓Κρ
∆ρΖ∴ Φ∴χ ùΚôρúΞôλ− ΡλΤôο ≅Ξσ°σ€ûΟκΣγΟ
çςιûΘ ΚôΠ Ø⁄ÙΤô> ΦÓιÕχΚôγΟôΚ ΣΟλ 6−1ο
A(4, 0) Τσßλ B(6, 0) Α€Υ ΒςηÓ ×ρ↓ΚûΖ ΦÓιÕχ
ùΚôρúΞôλ− A Τσßλ B ×ρ↓Κρ x-≅ε′τ ÁÕ
≅ûΤϕÕρΖ∴−

ΣΟιƒÚϕÕ OA  =  4   ≅ΩÏΚρ Τσßλ OB  =  6
≅ΩÏΚρ ΦτΣûΘ Ρôλ ΣôνχΚΩôλ−

Φ∴úΞ A ←ÚϕÕ Bχ€ûΟúΥ ∆ρΖ çςλ AB = OB
– OA = 6 – 4 = 2 ≅ΩÏΚρ−

Φ ∴ úΞ  Βς ηÓ  × ρ ↓ Κ ρ  x, ≅ ε ′ τ  Á Õ
≅ûΤϕƒÚϕΘôο ≅Ξσ°σ€ûΟúΥÙρΖ çςιûΘ
Φ↓ΘôΚ ΚôΠΩôλ−

ΒκùΣôÝÕ Ρôλ ΒςηÓ ×ρ↓Κρ y-≅ε′τ ÁÕ
≅ûΤϕÕρΖÕ Φ∴χ ùΚôρúΞôλ− ∆δΚΖôο
≅Ξσ°σ€ûΟúΥ ∆ρΖ çςιûΘ ΚôΠ Ø⁄ÙΤô> C(0,
3) Τσßλ D(0, 8) Α€Υ ×ρ↓Κρ y-≅ε′τ ÁÕ
≅ûΤϕƒÚϕΘôο+ úΤσΚηΟΞôß Ρôλ CD = 8 – 3 = 5
≅ΩÏΚρ Φ∴ ΚηΟ°ΥΩôλ− ∋ΣΟλ 6−1Η Σôν(−

♦[Ï+ A ←ÚϕÕ CχÏ ΒûΟúΥ ∆ρΖ çςιûΘ ∆δΚΖôο ΚôΠØ⁄Ùλ ∋ΣΟλ6−1(>
OA = 4 ≅ΩÏΚρ Τσßλ OC = 3 ≅ΩÏΚρ ΑûΚ♠∴ôο A ←ÚϕÕ CχÏ ΒûΟúΥ

∆ρΖ çςλ+ AC = 2 23 4+  = 5 ≅ΩÏΚρ− ΒπΞôú[ ¿δΚρ B ←ÚϕÕ DχÏ ΒûΟúΥ

∆ρΖ çςιûΘ = BD = 10 ≅ΩÏΚρ ΦτΣûΘ ΚηΟ°ΥΩôλ−
ΒκùΣôÝÕ ΒςηÓ ×ρ↓ΚÞλ ΑΥùΘôûΩ ≅εÑΚ↓τ ÁÕ ≅ûΤΥ↑οûΩùΥ±ο

≅Ξσ°σÏ ΒûΟúΥ ∆ρΖ çςιûΘ ΡλΤôο ΚôΠ Ø⁄ÙΤô> Αλ  Ρôλ ♦ΘôΚςυ
úΘσ[ιûΘ ΣΥτΣÓιƒ ΚôΠΩôλ− ΙÚ ΦÓιÕχΚôγûΟ ΣôνκúΣôλ−

ΣΟλ 6−2ο P(4, 6) Τσßλ Q(6, 8) Α€Υ ×ρ↓Κρ ØΘο ΚôσΣÏƒ♠ο ≅ûΤϕÕρΖ∴−
≅Ξσ°σÏ ΒûΟúΥ ∆ρΖ çςιûΘ ΚôΠ Ρôλ ♦ΘôΚςυ úΘσ[ιûΘ ΦπΞôß
ΣΥτΣÓιÕúΞôλ> P Τσßλ Q ←ÚϕÕ x-≅ε′σÏ Øû[úΥ PR Τσßλ QS χÏ
ùΜδÏιÕúΚôÓΚûΖ ΞûςΚ− P ×ρ↓♠←ÚϕÕ QS χÏ ùΜδÏιΘôΚTο ùΞγÓΤôß
ùΜδÏιÕúΚôÓ ΞûςΚ− Φ∴úΞ R  Τσßλ S ×ρ↓Κρ ≅εÑ çςδΚρ Øû[úΥ (4, 0)
Τσßλ (6, 0) ΑÏλ− Φ∴úΞ RS = 2 ≅ΩÏΚρ− úΤÛλ QS = 8 ≅ΩÏΚρ Τσßλ TS = PR
= 6 ≅ΩÏΚρ−

ΣΟλ 7.1

ΣΟλ 7.2

ΞΟχÏ

€ΨχÏ
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Therefore, QT = 2 units and PT = RS = 2 units.

Now, using the Pythagoras theorem, we
have

 PQ2 = PT2 + QT2

= 22 + 22 = 8

So, PQ = 2 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.

Fig. 7.4

Then PT = 11 units and QT = 7 units. (Why?)

Using the Pythagoras Theorem to the right triangle PTQ, we get
PQ = 2 211 7+  = 170  units.

Fig. 7.3
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ΑûΚΥôο QT = 2 ≅ΩÏΚρ PT = RS = 2 ≅ΩÏΚρ−
Β κ ù Σ ô Ý Õ +  ♦ Θ ô Κ ς υ  ú Θ σ [ ι ƒ û ∴

ΣΥτΣÓιÕΞΘτ êΩλ+

 PQ2 = PT2 + QT2

= 22 + 22 = 8
Φ∴úΞ+ PQ = 2 2 ≅ΩÏΚρ

ΒςηÓ ùΞπúΞß ΚôσΣÏƒ♠ο
≅ûΤϕÕρΖ ΒςηÓ ×ρ↓ΚÞχÏ
ΒûΟκΣγΟ çςιûΘ Ρôλ ΦπΞôß
ΚηΟ°ΥΩôλ>

P(6, 4) Τ σß λ  Q(–5, –3) Α € Υ
×ρ↓ΚûΖ ΚΞ±ÙδΚρ ∋ΣΟλ 6−3Η
ΣôνχΚÜλ(− x-≅εÑχÏ ùΜδÏιΘôΚ QS
ùΜδÏιÕúΚôγ⁄û∴ ΞûςΚ− úΤÛλR
× ρ ↓ ♠ ο  y-≅ ε û Μ  Μ ϕ ƒ χ Κ  QS
∋ ¿ γ ⁄ χ Κ κ Σ γ Ο ( ο  P × ρ ↓ ♠ ← Ú ϕ Õ
ùΜδÏιΘôΚ PT Η ΞûςΚ−

ΣΟλ 7.4

PT = 11 ≅ΩÏΚρ úΤÛλ QT = 7 ≅ΩÏΚρ ∋Γτ>(

ùΜδúΚôΠ ØχúΚôΠλ PTQο ♦ΘôΚςυ úΘσ[ιûΘ ΣΥτΣÓιÕΞΘτ

êΩλ PQ = 2 211 7+  = 170  ≅ΩÏΚρ ΡΤχÏ €ûΟχÏλ−

ΣΟλ 7.3
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Let us now find the distance between any two points
P(x1, y1) and Q(x2, y2). Draw PR and QS perpendicular to
the x-axis. A perpendicular from the point P on QS is drawn
to meet it at the point T (see Fig. 7.5).
Then, OR = x1, OS = x2. So, RS = x2 – x1 = PT.
Also, SQ = y2, ST = PR = y1. So, QT = y2 – y1.
Now, applying the Pythagoras theorem in D PTQ, we get

PQ2 = PT2 + QT2

= (x2 – x1)
2 + (y2 – y1)

2

Therefore, PQ = ( ) ( )2 2
2 1 2 1x x y y- + -

Note that since distance is always non-negative, we take only the positive square root. So,
the distance between the points P(x1, y1) and Q(x2, y2) is

PQ = ( ) ( )2 2
2 1 2 1– + –x x y y ,

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 = 2 2x y+ .

2. We can also write, PQ = ( ) ( )2 2
1 2 1 2x x y y- + - . (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 = 2 2 2 2(3 2) (2 3) 5 5 50+ + + = + =  = 7.07 (approx.)

QR = 2 2 2 2(–2 – 2) (–3 – 3) (– 4) (– 6) 52+ = + =  = 7.21 (approx.)

PR = 2 2 2 2(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.

Fig. 7.5
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ΒκùΣôÝÕ P(x1, y1) Τσßλ Q(x2, y2) ΓúΘàλ
ΒςηÓ ×ρ↓ΚÞχ€ûΟκΣγΟ çςιûΘ ΚôηúΣôλ−
x-≅ε′σÏ ùΜδÏιΘôΚ PR Τσßλ QS Η ΞûςΚ− P
×ρ↓♠←ÚϕÕ QS χÏ ΙÚ ùΜδÏιÕ úΚôγûΟ T
×ρ↓♠ο ΜϕƒχÏΤôß ΞûςΚ− (ΣΟλ 7.5Η Σôν).
♦[Ï+ OR = x1, OS = x2. Φ∴úΞ+ RS = x2 – x1 = PT.
úΤÛλ SQ = y2, ST = PR = y1. Φ∴úΞ+ QT = y2 – y1.
 D PTQο ♦ΘôΚςυ úΘσ[ιƒû∴ ΣΥτΣÓιÕΞΘτ êΩλ+

PQ2 = PT2 + QT2

= (x2 – x1)
2 + (y2 – y1)

2

Φ∴úΞ+ PQ = ( ) ( )2 2
2 1 2 1x x y y- + -

çςλ ΦτΣÕ ΦκùΣôÝÕλ Ïû[ ΦηΠôΚ ΒÚχΚôÕ+ ΑûΚΥôο Ρôλ ♥ûΚ
ΞνχΚ êΩιûΘ ΤγÓúΤ ΦÓιÕχùΚôρ€ú[ôλ ΦτΣûΘ ΚΞ±− Φ∴úΞ P(x1, y1) Τσßλ
Q(x2, y2) Α€Υ ×ρ↓ΚÞχÏ ΒûΟκΣγΟ çςλ+

PQ = ( ) ( )2 2
2 1 2 1– + –x x y y ,

ΦτΣÕ çςιƒσΚô∴ ãιƒςλ Φτß ≅ûΨχΚκΣÓ€[Õ−

Ï°κ×:
1. Ï°κΣôΚ Αƒκ×ρ↓ O(0, 0) ←ÚϕÕ ΙÚ ×ρ↓ P(x, y)  χÏ ΒûΟκΣγΟ çςλ

OP = 2 2x y+ ΑÏλ−

2.  PQ = ( ) ( )2 2
1 2 1 2x x y y- + - . Φ∴Üλ ΦÝΘΩôλ−(Γτ?)

ΦÓιÕχΚôγÓ 1  :(3, 2), (–2, –3) úΤÛλ (2, 3) Α€Υ ×ρ↓Κρ ΙÚ ØχúΚôΠιûΘ
ΓσΣÓιÕΤô> ≅πΞôù[±ο ∆ÚΞô∴ ØχúΚôΠιƒτ ΞûΚûΥ áß−

¾νÜ :  PQ, QR Τσßλ PR τ çςδΚûΖ ΚôΠ Ρôλ çςιƒτ ãιƒςιûΘ ΣΥτΣÓιÕúΞôλ−
ùΚôÓχΚκΣγΟ ×ρ↓Κρ P(3, 2), Q(–2, –3) úΤÛλ R(2, 3)

PQ = 2 2 2 2(3 2) (2 3) 5 5 50+ + + = + =  = 7.07 (úΘôςôΥΤôΚ)

QR = 2 2 2 2(–2 – 2) (–3 – 3) (– 4) (– 6) 52+ = + =  = 7.21 (úΘôςôΥΤôΚ)

PR = 2 2 2 2(3 – 2) (2 – 3) 1 ( 1) 2+ = + - =  = 1.41 (úΘôςôΥΤôΚ)

ΒδÏ ΓúΘàλ ΒςηÓ çςδΚ↓τ áÓΘο êτ[ôΞÕ çςιûΘ ↑Ο ≅ƒΚλ− Φ∴úΞ+
P, Q úΤÛλ R ×ρ↓Κρ ΙÚ ØχúΚôΠιûΘ ΓσΣÓιÕλ−

ΣΟλ 7.5
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Also, PQ2 + PR2 = QR2, by the converse of Pythagoras theorem, we have Ð 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 : Let A(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 = 2 2(1 – 4) (7 2) 9 25 34+ - = + =

BC = 2 2(4 1) (2 1) 25 9 34+ + + = + =

CD = 2 2(–1 4) (–1 – 4) 9 25 34+ + = + =

DA = 2 2(1 4) (7 – 4) 25 9 34+ + = + =

AC = 2 2(1 1) (7 1) 4 64 68+ + + = + =

BD = 2 2(4 4) (2 4) 64 4 68+ + - = + =

Since, AB = BC = CD = DA and 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 AD2 + DC2 = 34 + 34 = 68 = AC2.
Therefore, by the converse of Pythagoras
theorem, Ð D = 90°. A quadrilateral with
all four sides equal and one angle 90° is a
square. So, ABCD is a square.

Example 3 : Fig. 7.6 shows the
arrangement of desks in a classroom.
Ashima, Bharti and Camella are seated at
A(3, 1), B(6, 4) and C(8, 6) respectively.
Do you think they are seated in a line? Give
reasons for your answer.

Fig. 7.6
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úΤÛλ PQ2 + PR2 = QR2+ ♦ΘôΚςυ úΘσ[ιƒτ ΤßΘûΩ♠τΣ⁄ Ð P = 90° ΑÏλ−
Φ∴úΞ+ PQR ΦτΣÕ ΙÚ ùΜδúΚôΠ ØχúΚôΠΤôÏλ−
ΦÓιÕχΚôγÓ 2 : (1, 7), (4, 2), (–1, –1) Τσßλ (– 4, 4) Α€Υ ×ρ↓Κρ ΙÚ ΜÕςιƒτ
Øû∴Κρ Φ∴χΚôγÓ−
¾νÜ:  A(1, 7), B(4, 2), C(–1, –1) Τσßλ D(– 4, 4) Α€ΥûΞ ùΚôÓχΚκΣγΟ ×ρ↓Κρ
ΦτΚ− ABCD ΦτΣÕ ΙÚ ΜÕςλ Φ∴ Κôη♦κΣΘσΚô∴ ΙÚ Ξ→+ ≅Θτ ≅û∴ιÕ
ΣχΚδΚÞλ ΜΤΤôΚ ΒÚχΚ úΞηÓλ− úΤÛλ ≅Θτ ΒÚ êûΩ↑γΟδΚÞλ ΜΤΤôΚ
ΒÚχΚ úΞηÓλ− ΒκùΣôÝÕ+

AB = 2 2(1 – 4) (7 2) 9 25 34+ - = + =

BC = 2 2(4 1) (2 1) 25 9 34+ + + = + =

CD = 2 2(–1 4) (–1 – 4) 9 25 34+ + = + =

DA = 2 2(1 4) (7 – 4) 25 9 34+ + = + =

AC = 2 2(1 1) (7 1) 4 64 68+ + + = + =

BD = 2 2(4 4) (2 4) 64 4 68+ + - = + =

ΒδÏ+ AB = BC = CD = DA úΤÛλ AC = BD− Φ∴úΞ+ ΡôσΚςλ ABCD ο ΡôτÏ ΣχΚδΚρ
ΜΤλ úΤÛλ êûΩ↑γΟδΚρ AC Τσßλ BD ΜΤλ− ΑûΚ♠∴ôο ABCD ΙÚ ΜÕςλ
ΑÏλ−
Τσù[ôÚ ¾νÜ : úΤσΚηΟΞôß Ρôλ ΡôτÏ
ΣχΚδΚρ Τσßλ ΙÚ êû←γΟλ AC Η
ΚôηúΣôλ− ΒδÏ AD2 + DC2 = 34 + 34 = 68
= AC2− Φ ∴úΞ ♦ΘôΚςυ úΘσ[ιƒτ
ΤßΘûΩ♠τΣ⁄ Ð D = 90° ΡôτÏ ΣχΚδΚρ
ΜΤΤôΚÜλ ΙÚ úΚôΠλ 90° ∆ûΟΥ ΙÚ
ΡôσΚςλ ΙÚ ΜÕςλ ΑÏλ− Φ∴úΞ ABCD
ΙÚ ΜÕςλ ΑÏλ−
ΦÓιÕχΚôγÓ 3  : ΣΟλ 7.6 ΦτΣÕ ΙÚ
Ξ Ï κ Σ û [ ♠ ο  Ρ ô σ Κ ô ← Κ ρ
≅ûΤχΚκΣγΟ⁄ÚχÏλ ↑ΘιûΘ ΚôγÓ€[Õ−
Α×Τô+ Σôςƒ Τσßλ úΚΤοΩô Α€úΥôν
Øû[úΥ A(3, 1), B(6, 4) Τσßλ C(8, 6)
ΒΟδΚ↓ο  ≅ΤνϕÕρΖ∴ν−  ΒΞνΚρ  ΙÚ
ú Ρ ν ú Κ ô γ ⁄ ο  ≅ Τ ν ϕ Õ ρ Ζ ∴ ν  Φ ∴
♣ û ∴ χ € È ν Κ Ζ ô >  ∆ τ  ↑ û Ο χ Κ ô ∴
ΚôςΠιûΘ áß−

ΣΟλ 7.6
♣û[

♣ςο
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Solution : Using the distance formula, we have

AB = 2 2(6 3) (4 1) 9 9 18 3 2- + - = + = =

BC = 2 2(8 – 6) (6 – 4) 4 4 8 2 2+ = + = =

AC = 2 2(8 – 3) (6 – 1) 25 25 50 5 2+ = + = =

Since, AB + BC = 3 2 2 2 5 2 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 , y) 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, AP2 = BP2

i.e., (x – 7)2 + (y – 1)2 = (x – 3)2 + (y – 5)2

i.e., x2 – 14x + 49 + y2 – 2y + 1 = x2 – 6x + 9 + y2 – 10y + 25
i.e., x – y = 2

which is the required relation.

Remark : Note that the graph of the equation x – y
= 2 is 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 is 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

(6 – 0)2 + (5 – y)2 = (– 4 – 0)2 + (3 – y)2

i.e., 36 + 25 + y2 – 10y = 16 + 9 + y2 – 6y
i.e.,  4y = 36
i.e., y = 9

Fig. 7.7
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¾νÜ : çςιƒσΚô∴ ãιƒςιûΘ ΣΥτΣÓιÕΞΘτ êΩλ+

AB = 2 2(6 3) (4 1) 9 9 18 3 2- + - = + = =

BC = 2 2(8 – 6) (6 – 4) 4 4 8 2 2+ = + = =

AC = 2 2(8 – 3) (6 – 1) 25 25 50 5 2+ = + = =

AB + BC = 3 2 2 2 5 2 AC,+ = = Φ∴úΞ Ρôλ A, B Τσßλ C ×ρ↓ΚûΖ ΙÚ úΚôΟûΤΞ∴
Φ∴Ωôλ− Φ∴úΞ+ ≅ûΞ ΙÚ úΡνúΚôγ⁄ο ≅ûΤϕÕρΖ∴−

ΦÓιÕχΚôγÓ 4 :  (x , y) Φàλ ×ρ↓ A(7, 1) úΤÛλ B(3, 5) Φàλ ×ρ↓ΚÞχÏ ΜΤΤô∴
çςιƒο ∆ρΖÕ Φ±ο x Τσßλ y χÏ ΒûΟúΥÙρΖ ùΘôΟν♦û∴ ΚôηΚ−

¾νÜ: P(x, y) Φàλ ×ρ↓ A(7, 1) úΤÛλ B(3, 5)χÏ ΜΤΤô∴ çςιƒο ∆ρΖÕ ΦτΚ−

Φ∴úΞ+ AP = BP. ΑûΚΥôο AP2 = BP2

(x – 7)2 + (y – 1)2 = (x – 3)2 + (y – 5)2

x2 – 14x + 49 + y2 – 2y + 1 = x2 – 6x + 9 + y2 – 10y + 25
x – y = 2

ΒÕúΞ úΘûΞΥô∴ ùΘôΟν× ΑÏλ−
Ï°κ×  : x – y = 2 Φ τ [  Μ Τ τ Σ ô γ ⁄ τ
ΞûςΣΟΤô∴Õ ΙÚ úΡνúΚôÓ ΦτΣûΘ ΚΞ±−
ØϕûΘΥ ΞÏκ×Κ↓ο A Τσßλ B ×ρ↓χÏ
ΜΤΤô∴ çςιƒÛρΖ ×ρ↓Υô∴Õ ABτ
ùΜδÏιÕ ΒÚΜΤùΞγ⁄  ×ρ↓ ÁÕ ≅ûΤÙλ
ΦτΣûΘ ¿δΚρ ≅°ϕƒÚκÀνΚρ− Φ∴úΞ
x – y = 2 τ ΞûςΣΟΤô∴Õ ABτ ùΜδÏιÕ
ΒÚΜΤùΞγ⁄ ΑÏλ− (ΣΟλ 7.7Η Σôν).
ΦÓιÕχΚôγÓ 5  : A(6, 5) úΤÛλ B(– 4, 3)
×ρ↓ΚÞχÏ ΜΤçςιƒÛλ y-≅ε′τ ÁÕλ
≅ûΤϕÕρΖ ×ρ↓ûΥ ΚηÓ♦⁄−
¾νÜ : y-≅ε′τ ÁÕρΖ ×ρ↓♠τ Ξ⁄Ξλ (0,
y) ΦτΣûΘ Ρôλ ≅°úΞôλ− Φ∴úΞ+  A Τσßλ
B ×ρ↓ΚÞχÏ ΜΤΤô∴ çςιƒÛρΖ ×ρ↓
P(0, y) ΦτΚ−

Φ∴úΞ+ (6 – 0)2 + (5 – y)2 = (– 4 – 0)2 + (3 – y)2

36 + 25 + y2 – 10y = 16 + 9 + y2 – 6y
 4y = 36

y = 9

ΣΟλ 7.7
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So, the required point is (0, 9).

Let us check our solution :AP = 2 2(6 – 0) (5 – 9) 36 16 52+ = + =

BP = 2 2(– 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 :

(i) (2, 3), (4, 1) (ii) (– 5, 7), (– 1, 3) (iii) (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
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.

6. Name the type of quadrilateral formed,
if any, by the following points, and give
reasons for your answer:

(i) (– 1, – 2), (1, 0), (– 1, 2), (– 3, 0)

(ii) (–3, 5), (3, 1), (0, 3), (–1, – 4)

(iii) (4, 5), (7, 6), (4, 3), (1, 2)

7. Find the point on the x-axis which is equidistant from (2, –5) and (–2, 9).

8. Find the values of y for which the distance between the points P(2, – 3) and Q(10, y) is
10 units.

Fig. 7.8
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Φ∴úΞ+ úΘûΞΥô∴ ×ρ↓ (0, 9) ΑÏλ−

ΡΤχÏ €ûΟιΘ ¾ν↑û∴ Μ↔ΣôνκúΣôλ : AP = 2 2(6 – 0) (5 – 9) 36 16 52+ = + =

BP = 2 2(– 4 – 0) (3 – 9) 16 36 52+ = + =

Ï°κ× : úΤσΚηΟ Ï°κ♦←ÚϕÕ (0, 9) ΦτΣÕ y-≅εÑ Τσßλ ABτ ùΜδÏιÕ ΜΤùΞγ⁄
ùΞγ⁄χùΚôρÞλ ×ρ↓ ΑÏλ−

Σ♠σ′ 7.1
1. ♦τΞÚλ ú⊥ô⁄ ×ρ↓ΚÞχÏ ΒûΟκΣγΟ çςιûΘ ΚôηΚ :

(i) (2, 3), (4, 1) (ii) (– 5, 7), (– 1, 3) (iii) (a, b), (– a, – b)
2. (0, 0) úΤÛλ (36, 15) Α€Υ ×ρ↓ΚÞχÏ ΒûΟκΣγΟ çςιûΘ ΚôηΚ− ΣÏƒ 6−1ο

↑ΞôƒιΘÕ úΣôτß A Τσßλ B Α€Υ ΒςηÓ ΡΚςδΚÞχÏ ΒûΟκΣγΟ çςιûΘ
∆δΚΖôο ΚôΠ Ø⁄ÙΤô>

3. (1, 5), (2, 3) úΤÛλ (– 2, – 11) Α€ΥûΞ ΙÚ úΚôγÓκ×ρ↓ΚΖô> ΒοûΩΥô> Φ∴
Μ↔Σôν−

4. (5, – 2), (6, 4) Τσßλ (7, – 2) Α€Υ ×ρ↓Κρ ϑν ΒÚΜΤΣχΚ ØχúΚôΠιƒτ
Øû∴Κρ ΑÏΤô> Μ↔Σôν−

5. ΣΟλ 6−7ο Κôγ⁄ΥΣ⁄ ΙÚ ΞÏκ♦ο
3 ΡηΣνΚρ  A,  B,  C  Τσßλ  D
×ρ↓Κ↓ο ≅ΤνϕÕρΖ∴ν− ΜλΣô
Τ σ ß λ  Μ ô ♥ ←  Β Ú Ξ Ú λ
Ξ Ï κ Σ û [ χ Ï ρ  ù Μ τ ß  ′ Ω
♣♥ΟδΚρ ∆σßúΡôχ€Υ ♦[Ï ΜλΣô
Μô♥←ûΥ ΣôνιÕ “ABCD ΙÚ ΜÕςλ
Φ∴ ♣û∴χ€[ôΥô>” Φ∴χ úΚγΟôρ−
ΒΘσÏ Μô♥← Τßκ× ùΘ↔↑ιΘôν−
ç ς ι û Θ  Κ ô Ô λ  ã ι ƒ ς ι û Θ
ΣΥτΣÓιƒ ΥôÚûΟΥÕ Μ↔Υô∴
↑ûΟ Φτß Σôν− Γτ>

6. ♦τΞÚλ ×ρ↓ΚΖôο ΓσΣÓλ
ΡôσΚςιƒτ ΞûΚûΥ χ Κôη−
úΤÛλ ∆τ ↑ûΟχΚô∴ ΚôςΠιûΘ
áß:
(i) (– 1, – 2), (1, 0), (– 1, 2), (– 3, 0)

(ii) (–3, 5), (3, 1), (0, 3), (–1, – 4)
(iii) (4, 5), (7, 6), (4, 3), (1, 2)

7.  (2, –5) Τσßλ (–2, 9)Α€Υ ×ρ↓Κ↓←ÚϕÕ ΜΤΤô∴ çςιƒÛλ+  x-≅ε′τ ÁÕλ
≅ûΤϕÕρΖ ×ρ↓ûΥ ΚôηΚ−

8. P(2, – 3) Τσßλ Q(10, y) Α€Υ ×ρ↓ΚÞχ€ûΟκΣγΟ çςλ 0/ ≅ΩÏΚρ Φ±ο
y τ Τƒκ×ΚûΖ Κôη−

ΣΟλ 7.8
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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
Let us recall the situation in Section 7.2. Suppose
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 is twice its distance
from A. If P lies on AB, it will divide AB in the
ratio 1 : 2 (see Fig. 7.9). If we take A as the origin
O, and 1 km as one unit on both the axis, the
coordinates of B will be (36, 15). In order to know
the position of the tower, we must know the
coordinates of P. How do we find these
coordinates?

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, D POD and D BPC are similar.

Therefore , OD OP 1
PC PB 2

= = , and PD OP 1
BC PB 2

= =

So, 1
36 2

x
x
=

-
and 1

15 2
y

y
= ×

-

These equations give x = 12 and y = 5.
You can check that P(12, 5) meets the condition that

OP : PB = 1 : 2.
Now let us use the understanding that you may have

developed through this example to obtain the general
formula.

Consider any two points A(x1, y1) and B(x2, y2) and
assume that P (x, y) divides AB internally in the ratio m1 :

m2, i.e., 1

2

PA
PB

m
m

=  (see Fig. 7.10).

Fig. 7.9

Fig. 7.10
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9. Q(0, 1) Φàλ ×ρ↓ P(5, –3) Τσßλ R(x, 6)χÏ ΜΤΤô∴ çςιƒο ∆ρΖÕ Φ±ο
xτ Τƒκ×ΚûΖ Κôη− úΤÛλ QR Τσßλ PRτ çςδΚûΖ ΚηÓ♦⁄−

10. (x, y) Φàλ ×ρ↓ (3, 6) úΤÛλ (– 3, 4) Φàλ ×ρ↓ΚÞχÏ ΜΤΤô∴ çςιƒο
∆ρΖÕ Φ±ο x Τσßλ y χÏ ΒûΟúΥÙρΖ ∆[ûΞ ΚηÓ♦⁄−

7.3 ♦↔Üεãιƒςλ
   ΣÏƒ  6−1ο  ∆ρΖ  ãθ♣ûΩ  ♣û∴Ü
á ν ú Ξ ô λ −  ≅ Θ ô Ξ Õ  Ι Ú  ù Θ ô û Ω ú Σ ′
ÏÝΤιƒ∴ν A Τσßλ B χÏ ΒûΟ♠ο PΦàλ
ΒΟιƒο ΙÚ ≅ûΩΣςκ× úΚô×ςιûΘ ≅ûΤχΚ
♣ û ∴ ι Θ ô ν Κ ρ −  B ← Ú ϕ Õ  ≅ û Ω Σ ς κ ×
úΚô×ςιƒτ çςΤô∴Õ A←Ú ϕÕ ≅Θτ
çς ιû Θκ úΣ ôΩ Β ςη Ó Τ Ο δÏ ç ςλ
∆ρΖΞôß ≅ûΤχΚ ♣û∴ιΘôνΚρ−  P Φτ[
ΒΟλ ABτ ÁÕ ΒÚϕΘôο+ ≅Õ  ABΗ  1 : 2
Φτ[ ↑€Θιƒο ♦↔χÏλ (ΣΟιƒο Κôγ⁄ΥΞôß).
A Η Αƒκ×ρ↓ Oο ∆ρΖÕ Φ∴χùΚôρ− úΤÛλ
ΑΥ≅εÑΚ↓τ ÁÕ 0€−Á çςιûΘ 0 ≅ΩΚôΚÜλ ΦÓιÕχùΚôρúΞôλ−  B τ
ΑΥιùΘôûΩÜΚρ (36, 15)ΑÏλ− ΒκùΣôÕ Ρôλ ≅ûΩΣςκ× úΚô×ςιƒτ ♣ûΩûΥ
ΚηΟ°Υ úΞηÓλ−≅ΘôΞÕ Ρôλ  Pτ ΑΥιùΘôûΩÜΚûΖ ΚηΟ°Υ úΞηÓλ− Pτ
ΑΥιùΘôûΩÜΚûΖ ΦπΞôß ΚηΟ°ΞÕ>

 P τ ΑΥιùΘôûΩÜΚρ  (x, y) Φ∴χ ùΚôρúΞôλ− P úΤÛλ  B ←ÚϕÕ
x-≅εÑχÏ ùΜδÏιÕχúΚôÓΚρ ΞûςϕΘôο ≅Õ x-≅εûΜ D úΤÛλ E ×ρ↓Κ↓ο
Μϕƒχ€[Õ−BEχÏ ùΜδÏιÕúΚôÓ PC ΞûςΚ− ≅κúΣôÕ úΚô−úΚô− Ξ⁄ùΞôιΘ €ûΖ
úΘσ[ιƒτ Σ⁄ D POD úΤÛλ D BPC Ξ⁄ùΞôιΘûΞ ΑÏλ−

Φ∴úΞ+
OD OP 1
PC PB 2

= = , úΤÛλ PD OP 1
BC PB 2

= =

ΑûΚΥôο 1
36 2

x
x
=

-
úΤÛλ

1
15 2

y
y
= ×

-

ΒûΞ x = 12 Τσßλ y = 5 Φτ[ ΜΤτΣôÓΚûΖ ΘÚ€τ[∴−

P(12, 5) Α∴Õ OP : PB = 1 : 2 Φàλ ♣ΣϕΘû∴ûΥ
♣û[Ü ùΜµΞûΘ ¿δΚρ Μ↔ΣôνχΚΩôλ−

ΒκúΣôÕ ùΣôÕΞô∴ ãιƒςιûΘκ ùΣ[ ΒϕΘ
ΦÓιÕχΚôγ⁄τ êΩλ ¿δΚρ ∆ÚΞôχ€ÙρΖ ×↔ΘûΩ
ΣΥτΣÓιÕúΞôλ−

A(x1, y1) úΤÛλ B(x2, y2) Α€ΥûΞ ΒςηÓ ×ρ↓Κρ
Φ∴χ ùΚôρúΞôλ− P (x, y) Φàλ ×ρ↓ AB ∆γ×[ΤôΚ m1 : m2 Φτ[ ↑€Θιƒο ♦↔κΣΘôΚχ
ùΚôρúΞôλ−  ≅ΘôΞÕ+ 1

2

PA
PB

m
m

=  (ΣΟλ7.10Η Σôν).

ΣΟλ 7.9

ΣΟλ 7.10
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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,

D PAQ ~ D BPC

Therefore, PA AQ
BP PC

=  = PQ
BC

(1)

Now, AQ = RS = OS – OR = x – x1

PC  = ST = OT – OS = x2 – x
PQ = PS – QS = PS – AR = y – y1

BC = BT– CT = BT – PS = y2 – y
Substituting these values in (1), we get

1

2

m
m  = 1 1

2 2

x x y y
x x y y
- -

=
- -

Taking 1

2

m
m

 = 1

2

x x
x x
-
-

, we get x = 1 2 2 1

1 2

m x m x
m m

+
+

Similarly, taking 1

2

m
m  = 1

2

y y
y y
-
- , we get y = 1 2 2 1

1 2

m y m y
m m

+
+

So, the coordinates of the point P(x, y) which divides the line segment joining the points
A(x1, y1) and B(x2, y2), internally, in the ratio m1 : m2 are

1 2 2 1 1 2 2 1

1 2 1 2

,m x m x m y m y
m m m m

æ ö+ +
ç ÷+ +è ø

        (2)

This is 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 k : 1, then the coordinates of the point P will be

 2 1 2 1,
1 1

kx x ky y
k k

æ ö+ +
×ç ÷+ +è ø

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(x1, y1) and
B(x2, y2) is

1 2 1 2 1 2 1 21 1 1 1, ,
1 1 1 1 2 2

x x y y x x y yæ ö× + × × + × + +æ ö=ç ÷ ç ÷+ + è øè ø .

Let us solve a few examples based on the section formula.
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 AR, PS Τσßλ BT Α€ΥΞσû[ x-≅εÑχÏ ùΜδÏιΘôΚ ΞûςΚ− AQ Τσßλ PC
Α€ΥΞσû[ x-≅εÑχÏ ΒûΠΥôΚ ΞûςΚ− ΒκùΣôÝÕ úΚô−úΚô− €ûΖ úΘσ[ιƒτΣ⁄+

D PAQ ~ D BPC

ΑûΚΥôο+
PA AQ
BP PC

=  = PQ
BC

(1)

ΒκúΣôÕ+ AQ = RS = OS – OR = x – x1

PC  = ST = OT – OS = x2 – x
PQ = PS – QS = PS – AR = y – y1

BC = BT– CT = BT – PS = y2 – y
ΒλΤƒκ×ΚûΖ ΜΤτΣôÓ (1)ο ♦ςƒ♠γΟôο+ Ρôλ ùΣßΞÕ

1

2

m
m  = 1 1

2 2

x x y y
x x y y
- -

=
- -

   1

2

m
m

 = 1

2

x x
x x
-
-

Φ∴ ΦÓιÕχùΚôηΟôο  x = 1 2 2 1

1 2

m x m x
m m

+
+ ûΞ Ρôλ ùΣßúΞôλ−

≅πΞôú[+ 1

2

m
m  = 1

2

y y
y y
-
- Φ∴ ΦÓιÕχùΚôηΟôο y = 1 2 2 1

1 2

m y m y
m m

+
+

ûΞ Ρôλ ùΣßúΞôλ−

  Φ∴úΞ+ A(x1, y1) Τσßλ B(x2, y2) Α€ΥΞσ[ôο ΓσΣÓλ úΚôγÓιÕηûΟ ∆γ×[ΤôΚ
m1 : m2 ↑€Θιƒο ♦↔χÏλ ×ρ↓ P(x, y) τ ≅εÑ çςδΚρ

1 2 2 1 1 2 2 1

1 2 1 2

,m x m x m y m y
m m m m

æ ö+ +
ç ÷+ +è ø

        (2)

ΒÕ ♦↔Üεãιƒςλ Φ∴κΣÓ€[Õ−
ΒεãιƒςιûΘ A, P Τσßλ B ←ÚϕÕ y-≅εÑχÏ ùΜδÏιÕúΚôÓΚρ ΞûςϕÕ úΤσΚηΟ

ùΜΥοØû[ΚûΖ ΣΥτΣÓιƒÙλ ùΣ[Ωôλ− AB Φàλ úΚôγûΟ P Φàλ ×ρ↓ k : 1
Φτ[ ↑€Θιƒο ♦↔ιΘôο P τ ΑΥιùΘôûΩÜΚρ Øû[úΥ+

 2 1 2 1,
1 1

kx x ky y
k k

æ ö+ +
×ç ÷+ +è ø

′[κΣô∴ ΞûΚ: ΙÚ úΚôγÓιÕη⁄τ ûΤΥκ×ρ↓ ΦτΣÕ ≅ϕΘ úΚôγÓιÕηûΟ 1 :
1 Φτ[ ↑€Θιƒο ♦↔χÏλ− A(x1, y1) Τσßλ B(x2, y2) Α€ΥΞσû[ ΒûΠκΣΘôο ΓσΣÓλ
ûΤΥκ×ρ↓ P τ ΑΥιùΘôûΩÜΚρ

1 2 1 2 1 2 1 21 1 1 1, ,
1 1 1 1 2 2

x x y y x x y yæ ö× + × × + × + +æ ö=ç ÷ ç ÷+ + è øè ø .

ΒκùΣôÝÕ ♦↔Ü ãιƒςιûΘ ΣΥτΣÓιƒ ′Ω ΦÓιÕχΚôγÓΚûΖ ¾νκúΣôλ−
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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

x = 3(8) 1(4) 7
3 1
+

=
+

,  y = 3(5) 1(–3) 3
3 1
+

=
+

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 m1 : m2. Using the section formula, we
get

(– 4, 6) = 1 2 1 2

1 2 1 2

3 6 –8 10,m m m m
m m m m

æ ö- +
ç ÷+ +è ø

(1)

Recall that if (x, y) = (a, b) then x = a and y = b.

So, – 4 = 1 2

1 2

3 6m m
m m

-
+

and 1 2

1 2

8 106 m m
m m

- +
=

+

Now, – 4 = 1 2

1 2

3 6m m
m m

-
+

gives us

– 4m1 – 4m2 = 3m1 – 6m2

i.e.,  7m1 = 2m2

i.e., m1 : m2 = 2 : 7

You should verify that the ratio satisfies the y-coordinate also.

Now, 1 2

1 2

8 10m m
m m

- +
+

 =
1

2

1

2

8 10

1

m
m

m
m

- +

+
 (Dividing throughout by m2)

=

28 10
7 62 1

7

- ´ +
=

+
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ΦÓιÕχΚôγÓ 6 : (4, – 3) úΤÛλ (8, 5) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ
3 : 1 Φτ[ ↑€Θιƒο ∆γ×[ΤôΚ ♦↔χÏλ ×ρ↓♠τ ≅εÑ çςδΚûΖ ΚηÓ♦⁄−

¾νÜ: úΘûΞΥô∴ ×ρ↓♠τ ≅εÑçςδΚρ P(x, y) ΦτΚ− ♦↔Üε ãιƒςιûΘ
ΣΥτΣÓιÕΞΘτ êΩλ Ρôλ ùΣßΞÕ+

x = 3(8) 1(4) 7
3 1
+

=
+

,  y = 3(5) 1(–3) 3
3 1
+

=
+

Φ∴úΞ úΘûΞΥô∴ ×ρ↓ (7, 3) ΑÏλ−

ΦÓιÕχΚôγÓ 7  : A(– 6, 10) Τσßλ B(3, – 8) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ
úΚôγÓιÕη⁄û∴ (– 4, 6) Φàλ ×ρ↓ ΦϕΘ ↑€Θιƒο ♦↔χÏλ>

¾νÜ : (– 4, 6) Φàλ ×ρ↓ AB Η m1 : m2 Φτ[ ↑€Θιƒο ∆γ×[ΤôΚ ♦↔χ€[Õ ΦτΚ−
♦↔Üε ãιƒςιûΘ ΣΥτΣÓιÕΞΘτ êΩλ+ Ρôλ ùΣßΞÕ+

(– 4, 6) = 1 2 1 2

1 2 1 2

3 6 –8 10,m m m m
m m m m

æ ö- +
ç ÷+ +è ø

(1)

(x, y) = (a, b) Φ±ο x = a Τσßλ y = b ΦτΣûΘ ♣û∴Ü áνΚ−

Φ∴úΞ+ – 4 = 1 2

1 2

3 6m m
m m

-
+

úΤÛλ 1 2

1 2

8 106 m m
m m

- +
=

+

ΒκúΣôÕ, – 4 = 1 2

1 2

3 6m m
m m

-
+

– 4m1 – 4m2 = 3m1 – 6m2

≅ΘôΞÕ,  7m1 = 2m2

m1 : m2 = 2 : 7

ΒϕΘ ↑€Θλ  y-τ ≅εÑçςδΚûΖ ƒÚκƒΣÓιÕ€[Õ ΦτΣûΘ ¿δΚρ Μ↔ΣôνχΚ
úΞηÓλ−

ΒκúΣôÕ+ 1 2

1 2

8 10m m
m m

- +
+

 =
1

2

1

2

8 10

1

m
m

m
m

- +

+
 (ØÝΞûΘÙλ m2Αο ΞÏιΘôο)

=

28 10
7 62 1

7

- ´ +
=

+
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Therefore, the point (– 4, 6) divides the line segment joining the points A(– 6, 10) and B(3, – 8)
in the ratio 2 : 7.

Alternatively : The ratio m1 : m2 can also be written as 1

2
:1,m

m
 or k : 1. Let (– 4, 6) divide AB

internally in the ratio k : 1. Using the section formula, we get

(– 4, 6) = 3 6 8 10,
1 1

k k
k k

æ ö- - +
ç ÷+ +è ø

(2)

So, – 4 = 3 6
1

k
k
-
+

i.e., – 4k – 4 = 3k – 6

i.e., 7k = 2

i.e., 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) in the ratio 2 : 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).

Solution : Let P and Q be the points of
trisection of AB i.e., AP = PQ = QB
(see 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) 2(2) 1(4) 2( 2),
1 2 1 2

æ ö- + + -
ç ÷+ +è ø

, i.e., (–1, 0)

Now, Q also divides AB internally in the ratio 2 : 1. So, the coordinates of Q are

2( 7) 1(2) 2(4) 1( 2),
2 1 2 1

æ ö- + + -
ç ÷+ +è ø

, i.e., (– 4, 2)

Fig. 7.11



21910 Αλ ΞÏκ×          Κ∞Θλ

ΑΥιùΘôûΩÜ Ξ⁄↑Υο

A(– 6, 10) Τσßλ B(3, – 8) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕη⁄τ (– 4, 6)
Φàλ ×ρ↓  2 : 7 Φτ[ ↑€Θιƒο ♦↔χ€[Õ−

Τσù[ôÚ Øû[:  m1 : m2 Φτ[ ↑€ΘιûΘ 1

2
:1,m

m
≅οΩÕ k : 1 Φ∴ ΦÝΘΩôλ− (– 4, 6)

Φàλ ×ρ↓ AB Η ∆γ×[ΤôΚ k : 1 Φτ[ ↑€Θιƒο ♦↔χ€[Õ Φ∴χ ùΚôρúΞôλ− ♦↔Ü

ãιƒςιûΘ ΣΥτΣÓιÕΞΘτ êΩλ+ Ρôλ ùΣßΞÕ

(– 4, 6) = 3 6 8 10,
1 1

k k
k k

æ ö- - +
ç ÷+ +è ø

(2)

Φ∴úΞ, – 4 = 3 6
1

k
k
-
+

– 4k – 4 = 3k – 6
7k = 2

≅ΘôΞÕ+ k : 1 = 2 : 7
ΒûΘ ¿δΚρ y-τ ≅εÑçςιƒσÏλ Μ↔ΣôνχΚΩôλ−

Φ∴úΞ  A(– 6, 10) úΤÛλ B(3, – 8) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕη⁄û∴
(– 4, 6) Φàλ ×ρ↓ 2 : 7 Φτ[ ↑€Θιƒο ♦↔χ€[Õ−

Ï°κ× : PA  Τσßλ PB τ çςδΚûΖ ΚΠχ€γÓ ≅Ξσ°τ ↑€ΘδΚûΖ ΦÓιÕχùΚôηÓ
úΤÛλ A, P Τσßλ B Α€ΥûΞ ΙÚ úΚôγÓ×ρ↓Κρ Φ∴ ≅°ΞΘτ êΩêλ Ρôλ
ΒϕΘ ↑€ΘδΚûΖ ΚηΟ°ΥΩôλ−

ΦÓιÕχΚôγÓ 8  :  A(2, – 2) úΤÛλ B(– 7, 4) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ
úΚôγÓιÕηûΟ ØεΜΤá°Óλ ×ρ↓ûΥ ∋êτß ΜΤΣôΚδΚΖôΚ ♦↔χÏλ ×ρ↓( ΚôηΚ−

¾νÜ : AB Η êτß ΜΤΣôΚδΚΖôΚ
♦↔χÏλ ×ρ↓Κρ P Τσßλ Q ΦτΚ−
≅ Θ ô Ξ Õ +  AP = PQ = QB
(ΣΟλ 7.11Η Σôν).
Φ∴úΞ P ×ρ↓ AB Η 1 : 2 Φτ[ ↑€Θιƒο ∆γ×[ΤôΚ ♦↔χ€[Õ− ♦↔Ü ãιƒςιƒτ Σ⁄
Pτ ≅εÑçςδΚρ+

1( 7) 2(2) 1(4) 2( 2),
1 2 1 2

æ ö- + + -
ç ÷+ +è ø

,≅ΘôΞÕ (–1, 0)

ΒκùΣôÝÕ+ Q Φτ[ ×ρ↓Ùλ AB Η 2 : 1 Φτ[ ↑€Θιƒο ∆γ×[ΤôΚ ♦↔χ€[Õ−
Φ∴úΞ Q τ ≅εÑçςδΚρ

2( 7) 1(2) 2(4) 1( 2),
2 1 2 1

æ ö- + + -
ç ÷+ +è ø

≅ΘôΞÕ+ (– 4, 2)

ΣΟλ 7.11
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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 k : 1. Then by the section formula, the coordinates of the point

which divides AB in the ratio k : 1 are 5 4 6,
1 1

k k
k k

æ ö- + - -
×ç ÷+ +è ø

This point lies on the y-axis, and we know that on the y-axis the abscissa is 0.

Therefore, 5
1

k
k
- +

+
 = 0

So, k = 5

That is, the ratio is 5 : 1. Putting the value of k = 5, we get the point of intersection as 
130,
3
-æ ö

ç ÷
è ø

.

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

i.e., 6 9 1 4,
2 2
+ +æ ö

ç ÷
è ø

 = 8 2 3,
2 2

p+ +æ ö
ç ÷
è ø

i.e.,
15 5,
2 2

æ ö
ç ÷
è ø

 =
8 5,

2 2
p+æ ö

ç ÷
è ø

so, 15
2

 = 8
2

p+

i.e., p = 7
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Φ∴úΞ AB úΚôγÓιÕηûΟ êτß ΜΤΣôΚδΚΖôΚκ ♦↔χÏλ ×ρ↓Κ↓τ ≅εÑçςδΚρ
P(–1, 0) Τσßλ Q(– 4, 2) ΑÏλ−

Ï°κ×: Q ûΞ Ρôλ PBτ ûΤΥκ×ρ↓ Φ∴ Ï°ιÕ ùΚôηÓλ ùΣ[Ωôλ− Φ∴úΞ Ρôλ
Q τ ≅εÑçςδΚûΖ ûΤΥκ×ρ↓ ãιƒςιûΘ ùΚôηÓλ ùΣ[Ωôλ−

ΦÓιÕχΚôγÓ 9 :  (5, – 6) Τσßλ (–1, – 4) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ
y-≅εÑ ΦϕΘ ↑€Θιƒο ♦↔χ€[Õ úΤÛλ ùΞγÓλ ×ρ↓ûΥÙλ ΚηÓ♦⁄−

¾νÜ : ♦↔χÏλ ↑€Θλ k : 1 ΦτΚ− ♦↔Ü ãιƒςιƒτΣ⁄ k : 1 Φàλ ↑€Θιƒο AB Η

♦↔χÏλ ≅εÑçςδΚρ 5 4 6,
1 1

k k
k k

æ ö- + - -
×ç ÷+ +è ø

Βκ×ρ↓Υô∴Õ  y-≅ε′τ ÁÕρΖÕ−  y-≅ε′τ ÁÕ €ûΟΥôΥλ ΦτΣûΘ Ρôλ /
≅°úΞôλ−

ΑûΚΥôο+
5

1
k
k
- +

+
 = 0

Φ∴úΞ+ k = 5

Φ∴úΞ ♦↔χÏλ ↑€Θλ 5 : 1+ k = 5 Φàλ ΤƒκûΣ ♦↔χÏλ ×ρ↓♠τ ≅εÑçςιƒο

♦ςƒ♠Ο ùΞγÓλ ×ρ↓ 
130,
3
-æ ö

ç ÷
è ø

Η ùΣ[Ωôλ−

ΦÓιÕχΚôγÓ 10 :  A(6, 1), B(8, 2), C(9, 4) Τσßλ D(p, 3) Α€ΥûΞ ϑν ΒûΠΚςιƒτ
Ξ↔ûΜκΣ⁄ ≅ûΤÙλ ∆ε′Κρ Φ±ο  pτ ΤƒκûΣ ΚôηΚ−

¾νÜ: ϑν ΒûΠΚςιƒτ êûΩ↑γΟδΚρ Ιτû[ùΥôτß ΒÚΜΤχá°Óλ Φ∴
≅°úΞôλ−

Φ∴úΞ+ AC τ ûΤΥκ×ρ↓ ≅εÑçςδΚρ = BDτ ûΤΥκ×ρ↓ ≅εÑçςδΚρ

≅ΘôΞÕ+
6 9 1 4,

2 2
+ +æ ö

ç ÷
è ø

 = 8 2 3,
2 2

p+ +æ ö
ç ÷
è ø

15 5,
2 2

æ ö
ç ÷
è ø

 =
8 5,

2 2
p+æ ö

ç ÷
è ø

15
2

 = 8
2

p+

Φ∴úΞ p = 7
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EXERCISE 7.2

1. Find the coordinates of the point which divides the join of (–1, 7) and (4, –3) in the
ratio 2 : 3.

2. Find the coordinates of the points of trisection of the line segment joining (4, –1)
and (–2, –3).

3. To conduct Sports Day activities, in your
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

shown in Fig. 7.12. Niharika runs 1
4

th the distance

AD on the 2nd line and posts a green flag. Preet

runs 1
5 th the distance AD on the eighth line and

posts a red 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
flags, where should she post her flag?

4. Find the ratio in which the line segment joining the points (– 3, 10) and (6, – 8) is divided
by (– 1, 6).

5. 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.

6. If (1, 2), (4, y), (x, 6) and (3, 5) are the vertices of a parallelogram taken in order, find
x and y.

7. Find the coordinates of a point A, where AB is the diameter of a circle whose centre is
(2, – 3) and B is (1, 4).

8. If A and B are (– 2, – 2) and (2, – 4), respectively, find the coordinates of P such that
AP = 3 AB

7 and P lies on the line segment AB.

9. Find the coordinates of the points which divide the line segment joining A(– 2, 2) and B(2,
8) into four equal parts.

10. 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 = 1

2
 (product of its diagonals)]

Fig. 7.12
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Σ♠σ′ 7.2
1. (–1, 7) úΤÛλ (4, –3) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ 2 : 3 Φτ[

↑€Θιƒο ♦↔χÏλ ×ρ↓♠τ ≅εÑçςδΚûΖ ΚôηΚ−

2. (4, –1) úΤÛλ (–2, –3) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ êτß
ΜΤΣôΚδΚΖôΚ ♦↔χÏλ ×ρ↓Κ↓τ ≅εÑçςδΚûΖχ ΚôηΚ−

3. ↑ûΖΥôγÓ ƒ∴ ♣Κθε′ΚûΖ ΡΟιΘ ∆δΚρ
ùΜπΞΚ Ξ⁄Ξ ABCD Σρ↓ ûΤΘô∴ιƒο
ÑηΠôλ× ÕΚρΚΖôο 0Á ΒûΟùΞ↓
∆ρΖΞôß úΚôÓΚρ ΞûςΥκΣγΟ∴− ΣΟλ
6 − 0 1 ο  Κ ô γ ⁄ Υ Σ ⁄  AD Ξ → ú Υ  0 / /
éιùΘôγ⁄Κρ ≅ûΤχΚκΣγΟ∴− ♣ô↔Κô
ΒςηΟôΞÕ úΚôγ⁄ο AD ο 

1
4

çςιûΘ ϑ⁄
ΣεûΜ ♣[χùΚô⁄ûΥ ΡγΟôρ− ♦Ãι ΦγΟôΞÕ
úΚôγ⁄ο  AD ο 1

5 çςιûΘ ϑ⁄ ′Ξκ×
♣[χùΚô⁄ûΥ ΡγΟôρ− ΒςηÓ ùΚô⁄ΚûΖÙλ
ΒûΠχÏλ úΚôγÓι Õη⁄ο Μ↔Σôƒ çςιƒο
ΙÚ  ¿Ω  ♣[χùΚô⁄ûΥ  ςω♥  ΡΟúΞηÓλ−
¿Ω♣[ ùΚô⁄ûΥ ΦδÏ ΡΟ úΞηÓλ>

4. (– 3, 10) Τσßλ (6, – 8) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ  (– 1, 6)
Φàλ ×ρ↓ ΦϕΘ ↑€Θιƒο ♦↔χÏλ ΦτΣûΘ ΚôηΚ−

5. A(1, – 5) Τσßλ B(– 4, 5) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ  x-≅εÑ
ΦϕΘ ↑€Θιƒο ♦↔χÏλ ΦτΣûΘ ΚôηΚ− úΤÛλ ♦↔χÏλ ×ρ↓♠τ ≅εÑçςδΚûΖ
ΚηÓ♦⁄−

6. (1, 2), (4, y), (x, 6) Τσßλ (3, 5) Α€ΥûΞ ϑν ΒûΠΚςιƒτ Ξ↔ûΜκΣ⁄ ≅ûΤιΘ
∆ε′Κρ Φ±ο x Τσßλ yτ Τƒκ×ΚûΖ ΚηÓ♦⁄−

7. AB Η ↑γΟΤôΚ ùΚôηΟ ΙÚ ΞγΟιƒτ ûΤΥλ (2, – 3) úΤÛλ ΙÚ Øû∴ B (1, 4)
Φ±ο A ×ρ↓ ≅εÑçςδΚûΖ ΚηÓ♦⁄−

8. A , B ×ρ↓Κρ Øû[úΥ (– 2, – 2) Τσßλ (2, – 4). AB úΚôγÓιÕη⁄τ ÁÕ AP =
3 AB
7 Φ∴ ∆ρΖΞôß P ×ρ↓♠τ ≅εÑçςδΚûΖ ΚηÓ♦⁄−

9. A(– 2, 2) + B(2, 8) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ ΡôτÏ
ΜΤΣôΚδΚΖôΚ ♦↔χÏλ ×ρ↓Κ↓τ ≅εÑçςδΚûΖ ΚηÓ♦⁄−

10. (3, 0), (4, 5), (– 1, 4) , (– 2, – 1) Α€ΥΞσû[ Ξ↔ûΜΥôΚ ΦÓιÕχùΚôηΟ ΙÚ
ΜôµΜÕςιƒτ Øû∴Κρ Φ±ο ≅Θτ ΣςκΣΖûΞ ΚηÓ♦⁄−

[Ï°κ×: ΜôµΜÕςιƒτ ΣςκΣΖÜ = 1
2

 (êûΩ↑γΟδΚ↓τ ùΣÚχΚσΣΩτ)]

ΣΟλ 7.12
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A NOTE TO 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(x1, y1) and B(x2, y2) in the ratio m1 : m2 as follows :

x = 1 2 2 1

1 2

m x m x
m m

+
+

 , y = 1 2 2 1

1 2

m y m y
m m

+
+

Note that, here, PA : PB = m1 : m2.

However, if P does not lie between A and B but lies on the line
AB, outside the line segment AB, and PA : PB = m1 : m2, 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.

7.4 Summary

In this chapter, you have studied the following points :

1. The distance between P(x1, y1) and Q(x2, y2) is 2 2
2 1 2 1( ) ( ) .x x y y- + -

2. The distance of a point P(x, y) from the origin is 2 2 .x y+

3. The coordinates of the point P(x, y) which divides the line segment joining the points A(x1,

y1) and B(x2, y2) internally in the ratio m1 : m2 are 1 2 2 1 1 2 2 1

1 2 1 2

,m x m x m y m y
m m m m

æ ö+ +
×ç ÷+ +è ø

4. The mid-point of the line segment joining the points P(x1, y1) and Q(x2, y2) is
1 2 1 2,

2 2
x x y y+ +æ ö

ç ÷
è ø

.
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ΑΥιùΘôûΩÜ Ξ⁄↑Υο

ΞôΜΚÚχÏ ΙÚ Ï°κ×

A(x1,  y1) +  B(x2,  y2) Α € Υ  × ρ ↓ Κû Ζ  Βû Π χÏ λ
úΚôγÓιÕηûΟ (x, y) Φàλ ×ρ↓ m1 : m2 Φτ[ ↑€Θιƒο
∆γ×[ΤôΚ ♦↔χ€[Õ− ΣÏƒ 6−2ο ↑ΞôƒιΘΞôß ♦↔Ü
ãιƒςιƒτ Σ⁄ P τ ≅εÑçςδΚρ ♦τΞÚΤôß :

x = 1 2 2 1

1 2

m x m x
m m

+
+

 , y = 1 2 2 1

1 2

m y m y
m m

+
+

ΒδÏ PA : PB = m1 : m2 ΦτΣûΘ ΚΞ±−

ΙÚúΞûΖ P Α∴Õ A Τσßλ B χÏ ΒûΟ♠ο ≅ûΤΥôΤο
Α∴ôο AB úΚôγ ⁄ο ≅ ûΤϕƒÚ ϕ Θôο+  AB Φ τ[
úΚôγÓιÕη⁄σÏ ùΞ↓úΥ úΤÛλ PA : PB = m1 : m2 Φ±ο
Ρôλ A Τσßλ B ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕη⁄û∴
P Α∴Õ ùΞΖκ×[ΤôΚ ♦↔χ€[Õ Φ∴χ áßúΞôλ− ♦↔Ü
ãιƒςιûΘ ¿δΚρ úΤο ΞÏκ♦ο ΚσÀνΚρ−

7.4 Øχ€Υ ΚÚιÕΚρ

ΒϕΘ ≅ιƒΥôΥιƒο+ ¿δΚρ ♦τΞÚλ ΚÚιÕΚûΖ Σ⁄ι¾νΚρ−

1. P(x1, y1) Τσßλ Q(x2, y2) Α€Υ ×ρ↓ΚÞχÏ ΒûΟκΣγΟ çςλ 2 2
2 1 2 1( ) ( ) .x x y y- + -

2. Αƒκ×ρ↓♠←ÚϕÕ P(x, y) Φàλ ×ρ↓χÏ ∆ρΖ çςλ 2 2 .x y+

3. A(x1, y1) , B(x2, y2) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕηûΟ P(x, y) Φàλ
×ρ↓ m1 : m2 Φτ[ ↑€Θιƒο ∆γ×[ΤôΚ ♦↔ιΘôο ≅κ×ρ↓♠τ ≅εÑçςδΚρ

1 2 2 1 1 2 2 1

1 2 1 2

,m x m x m y m y
m m m m

æ ö+ +
×ç ÷+ +è ø

4. P(x1, y1) + Q(x2, y2) Α€Υ ×ρ↓ΚûΖ ΒûΠχÏλ úΚôγÓιÕη⁄τ ûΤΥκ×ρ↓

1 2 1 2,
2 2

x x y y+ +æ ö
ç ÷
è ø

.
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A1
A1.1 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 idea 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
a theorem 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 IX 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

PROOFS IN MATHEMATICS
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A1
A1. ≅°ØΚλ
ΣÏιΘ°Ùλ ƒ[τ Τσßλ ùΘ↓Ξô∴ ′ϕΘû∴ Α€Υ∴ Ρλ ≅τ[ôΟ Ξôθ↑ο ♥ΚÜλ
ΣΥτΣÓΣûΞ− ΦÓιÕχΚôγΟôΚ+ ≅ς′ΥοΞôƒ ΙÚΞν ∆δΚ↓Ολ+ ‘∆δΚÞχÏ Τô′οΩôΘ
≅ςΜôδΚιƒο ΡôγΟλ ΒÚκ♦τ+ ¿δΚρ Φ∴χÏ ϑγÓ úΣôΟ úΞηÓλ’ Φτß áß€ςôν
Φ∴ ûΞιÕχΚùΚôρúΞôλ− ≅Ξν ∆ηûΤ♠ο+ ¿δΚρ ≅ΞÚχÏ ϑγÓκ úΣôΟô↑⁄ο+
∆δΚÞχÏ Τô′οΩôΘ ≅ςΜôδΚλ €ûΟχΚôÕ Φ∴ ∆δΚûΖ ΡλΣûΞχ€[ôν− ≅ςΜôδΚλ
€ûΟχΚôÕ Φ∴ ∆δΚÞχÏ Τô′οΩôΘ ≅ςΜôδΚλ Φ∴ ∆δΚûΖ ΡλΣûΞχ€[ôν−
≅úΘúΣôΩ+  ‘×ιƒΜô←Κρ XYZ  ΚôΩ∞ΚûΖ ≅∞Ξν’, Φτ[ ↑ΖλΣςιƒτ êΩΤôΚ+
≅ϕΘ ΚλùΣ±Υô∴Õ+ ¿δΚρ XYZ  ΚôΩ∞ΚûΖ ≅∞ΥôΘΞν Φτ[ôο ¿δΚρ úΣôÕΤô∴
≅ΖÜ ×ιƒΜô← ≅οΩ Φ∴ ∆δΚûΖ Ø⁄Ü ùΜµΥ çηÓ€[Õ− úΤúΩ á[κΣγΟ ΒÚ
Ξôχ€ΥδΚÞúΤ ùΣôÕ ΤχΚûΖ ƒûΜƒÚκ×€[Õ ΦτΣûΘ ¿δΚúΖ ΚΞ±χΚΩôλ−
ΑΚúΞ+ Ρôλ ΣÏιΘ°Ùλ ùΜΥο Øû[ûΥ Μ↔ΥôΚκ ×↔ϕÕ ùΚôηΟôο+ ΒιΘûΚΥ
ùΣô°Κ↓ο Ρôλ ùΘ↔ΥôΤο ↑ΨúΞη⁄ΥÕ ΒοûΩ−
   ΣÏιΘ°Θ←τ Μ↔Υô∴ ΣΥ∴ô∴Õ Κ∞Θιƒτ ûΤΥιƒο ∆ρΖÕ−≅ƒÛλ Ï°κΣôΚ
♣ìΣΠδΚ↓τ  ≅ûΤκ♦ο  8Αλ  ΞÏκ♦ο  ¿δΚρ  ♣ìΣΠλ  Φτ[  ΚÚιƒσÏ
≅°ØΚκΣÓιΘκΣγ≈νΚρ− úΤÛλ ¿δΚρ ΣΩ áσßΚûΖ Ï°κΣôΚ Ξ⁄↑Υ←ο ♣ìΣΠλ
ùΜµ¾νΚρ− ♣ìΣΠλ ΦτΣÕ ΣΩ Κ∞Θχ áßΚΖôο Α∴Õ ΦτΣûΘ ♣û∴ÜáνΚ−
≅Ξσ°ο ΙπùΞτßλ ≅ΘσÏ ØϕΘΥ áσ°←ÚϕúΘô ≅οΩÕ ØτúΣ ♣ì♦χΚκΣγΟ
úΘσ[λ ≅οΩÕ ΦÓúΚôρ ≅οΩÕ Κσ♦ΘχùΚôρûΚ♠ο ΒÚϕúΘô ΘνχΚ ÃƒΥôΚ
♣ì♦χΚκΣÓ€[Õ− ΙÚ ♣ìΣΠιƒο Øχ€ΥΤô∴ ΚÚ↑Υô∴Õ ∆µιÕΠνÜ ΣÏιΘ°Θο
Øû[ ΑÏλ−
     Κ∞Θχ áσß ΦτΣÕ Φτ∴ ΦτΣûΘ ΙÚ ΤßΣôνûΞ ΒγÓ ΒκΣôΟκΣÏƒûΥι
ùΘôΟδΚΩôλ− ♦[Ï ΣΩ ΦÓιÕχΚôγÓΚûΖχ ùΚôηÓ ΡΤÕ ∆ΥνιÕΠνÜ ΣÏιΘ°Θο
ƒ[û∴ áνûΤΥôχ€χùΚôρΖ ØσΣΟΩôλ− úΤÛλ Ρôλ ΤßιΘο Φτ[ ΚÚιûΘÙλ
ΣôνχΚΩôλ− Τσßλ ùΚôÓχΚκΣγΟ áσ°τ ΤßκûΣÙλ ΚηÓ♦⁄χΚΩôλ ♦[Ï Ρôλ
ùΚôÓχΚκΣγΟ áσßχΚô∴ ΤßΘûΩûΥ ΚηÓ♦⁄ιΘο ΦτΣΘτ ùΣôÚûΖÙλ ΚσΚΩôλ−
Ø⁄↑ο Ρôλ 8 Αλ ΞÏκ♦ο Σ⁄ιΘ ΣΩ úΘσ[δΚ↓τ ♣ìΣΠδΚûΖ ≅Ω′
ΑςôµΞƒτ êΩλ ♣ìΣΠΠδΚ↓τ ΑχΚχ áßΚûΖ ΤßΣôνûΞ ùΜµúΞôλ− ΒδÏ
Ρôλ ¿δΚρ 8Αλ ΞÏκ♦úΩ Σ⁄ιΘ ØςηΣôÓ êΩλ ♣ìΣΠλ Φτ[ ΚÚιûΘÙλ
ΑςôΥΩôλ− ΒûΘ ¿δΚρ Βκ×ιΘΚιƒτ ΣΩ ΣôΟδΚ↓Ûλ ΣôνιƒÚκÀνΚρ− 

A1.2 Κ∞Θχ áσßΚ↓τ ΤßΣ↔≠Ωû∴

‘áσß’ ΦτΣÕ ΑûΠΥôΚúΞô ΑεΜ↔ΥΤôΚúΞô ≅οΩÕ úΚρ↑ΥôΚúΞô ΒοΩôΘ
ùΣôÚρ ùΚôηΟ Ξôχ€Υλ ΦτΣûΘ ♣û∴Ü áνΚ− ΦÓιÕχΚôγΟôΚ+ ‘€↔χùΚγ
∆ΩΚúΚôκûΣ ΒßƒΥôγΟιƒο ΦϕΘ ΒςηÓ ≅∞Κρ ↑ûΖΥôÓ€τ[∴> ΦτΣÕ ΙÚ

Κ∞Θ ♣ìΣΠδΚρ
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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:
· always true
· always false
· 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.

(i) The Sun orbits the Earth.
(ii) Vehicles have four wheels.

(iii) The speed of light is approximately 3 × 105 km/s.
(iv) A road to Kolkata will be closed from November to March.
(v) All humans are mortal.

Solution :
(i) This statement is always false, since astronomers have established that the Earth orbits the

Sun.
(ii) 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.
(iii) 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.
(i) All equilateral triangles are isosceles.

(ii) Some isosceles triangles are equilateral.
(iii) All isosceles triangles are equilateral.
(iv) Some rational numbers are integers.
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úΚρ↑>’ ≅Õ áσß ≅οΩ− ‘ùΜτß ∆∴Õ ÅγÓκΣôΟιûΘ Ø⁄’ ΦτΣÕ ΙÚ ΑûΠ+
áσß ≅οΩ− ‘Φτ∴ ΙÚ ≅σ×ΘΤô∴ ΒΩχÏ’ ΦτΣÕ ΙÚ ΑεΜ↔Υ Ξôχ€Υλ+ áσß
≅οΩ−

ùΣôÕΞôΚ áσßΚρ ♦τΞÚλ ΒΞσ°ο ΓúΘàλ Ιτ[ôΚ ΒÚχΚΩôλ−
· ΦκùΣôÝÕúΤ ∆ηûΤ
· ΦκùΣôÝÕúΤ ùΣôµ
· ùΘ↓Ξσ[Õ

 úΤÛλ+ ΚΠχ€ο ΙÚ áσ[ô∴Õ ∆ηûΤΥôΚúΞô ≅οΩÕ ùΣôµΥôΚúΞô ΒÚϕΘôο
ΤγÓúΤ ΓσßχùΚôρΖκΣÓλ ΦτΣûΘ ¿δΚρ 8Αλ ΞÏκ♦úΩúΥ ΚσßρÇνΚρ−
ΑΚúΞ ùΘ↓Ξσ[ûΞ ΚΠχ€Υο áσßΚΖôΚ ΓσßχùΚôρΖκ ΣΟôÕ−

Ρôλ ×↔ϕÕχùΚôηΟΞσû[ ′Ω ΦÓιÕχΚôγÓΚ↓τ êΩλ ΤßΣôνûΞ♠ΟΩôλ−

ΦÓιÕχΚôγÓ 1 : •θΞÚλ Ξôχ€ΥδΚρ ∆ηûΤΥô+ùΣôµΥô ≅οΩÕ ùΘ↓Ξσ[ûΞΥô
Φ∴ áßΚ− ∆∴Õ ΣƒûΩ ♣ΥôΥκΣÓιÕΚ−

(i) ã↔Υτ é♥ûΥε Ñσß€[Õ.
(ii) ΞôΚ∴δΚρ ΡôτÏ ΜχΚςδΚρ ∆ûΟΥûΞ.

(iii) Ι↓♠τ úΞΚλ úΘôςôΥΤôΚ 3 × 105 km/s ΑÏλ.
(iv) ΡΞλΣν ØΘο Τôνε Ξûς♠ο ΚοΚιΘô↑σÏ ùΜοÛλ ΜôûΩ Ιτß êΟκΣγ⁄ÚχÏλ−
(v) ΦοΩô Τ±ΘÚλ Β[κ×ûΟΥΞúς.
¾νÜ:
 (i) ΒπΞôχ€Υλ ΦκùΣôÝÕúΤ ùΣôµ− Γù∴±ο Ξô∴↑Υο ΞοÛ∴νΚρ é♥ ã↔Υû∴ε
   Ñσß€[Õ ΦτΣûΘ ♣ûΩΡôγ⁄ÙρΖ∴ν−
(ii) ΒπΞôχ€Υλ ùΘ↓Ξσ[Õ− Γù∴±ο ΒÕ ΦκΦΣôÝÕúΤ ùΤµΥô ≅οΩÕ ùΣôµΥô

Φτß Ø⁄Ü ΦΜµΥ Ø⁄ΥôÕ− ΒÕ ΞôΚ∴λ ΦπΞûΚΥô∴Õ ΦτΣûΘκ ùΣôÚιÕ
ΞôΚ∴δΚρ  2, 3, 4, 6, 10−−−−−−−Α€Υ Βτàλ ΣΩ Φη∞χûΚ♠ο ΜχΚςδΚûΖ
ùΚôη⁄ÚχΚΩôλ−

 (iii)ΒπΞôχ€Υλ ΦκùΣôÝÕúΤ ∆ηûΤ− ΒΥσ♦Υο ♣×ΠνΚΖôο Μ↔ΣôνχΚκΣγΟÕ−
(iv) ΒπΞôχ€Υλ ùΘ↓Ξσ[Õ Γù∴±ο ΦϕΘ ΜôûΩ ΒδÏ ΚÚΘκΣÓ€[Õ ΦτΣÕ

ùΘ↓ΞôΚ ΒοûΩ−
(v)  ΒπΞôχ€Υλ ΦκùΣôÝÕλ ∆ηûΤ Γù∴±ο ΙπùΞôÚ Τ±Θàλ Φτ[ôΞÕ

    ΙÚ Ρôρ Β[ϕúΘ ΑΚúΞηÓλ−

ΦÓιÕχΚôγÓ 2 :•θΞÚλ Ξôχ€ΥδΚρ ùΤµΥô ùΣôµΥô Φ∴χ áßΚ Τσßλ ∆δΚρ
↑ûΟûΥ ♣ΥôΥκΣÓιÕΚ−

(i) ΦοΩô ΜΤΣχΚ ØχúΚôΠØλ ΒÚ ΜΤΣχΚ ØχúΚôΠδΚρ ΑÏλ−
(ii) ′Ω ΒÚΜΤΣχΚ ØχúΚôΠδΚρ ΜΤΣχΚ ØχúΚôΠδΚρ ΑÏλ−

(iii) ΦοΩô ΒÚΜΤΣχΚ ØχúΚΚôΠδΚÞλ ΜΤΣχΚ ØχúΚôΠδΚúΖ−
(iv) ′Ω ↑€ΘØß ΦηΚρ ØÝχΚρ ΑÏλ−
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(v) Some rational numbers are not integers.
(vi) Not all integers are rational.
(vii) Between any two rational numbers there is no rational number.
Solution :

(i) This statement is true, because equilateral triangles have equal sides, and therefore are
isosceles.

(ii) This statement is true, because those isosceles triangles whose base angles are 60° are
equilateral.

(iii) This statement is false. Give a counter-example for it.

(iv) This statement is true, since rational numbers of the form ,p
q

 where p is an integer and

q = 1, are integers (for example, 33
1

= ).

(v) This statement is true, because rational numbers of the form ,p
q

 p, q are integers and

q does not divide p, are not integers (for example, 3
2

).

(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.

(vii) This statement is false. As you know, between any two rational numbers r and s lies 
2

r s+ ,

which is a rational number.
Example 3 : If x < 4, which of the following statements are true? Justify your answers.

(i) 2x > 8 (ii) 2x < 6 (iii) 2x < 8
Solution :

(i) This statement is false, because, for example, x = 3 < 4 does not satisfy 2x > 8.
(ii) This statement is false, because, for example, x = 3.5 < 4 does not satisfy 2x < 6.

(iii) 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:

(i) If the diagonals of a quadrilateral are equal, then it is a rectangle.
(ii) 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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(v) ′Ω ↑€ΘØß ΦηΚρ ØÝχΚρ ≅οΩ−
(vi) ≅û∴ιÕ ØÝχΚÞλ ↑€ΘØß ΦηΚρ ≅οΩ−
(vii) ΓúΘàλ ΒςηÓ ↑€ΘØß ΦηΚÞχÏ ΒûΟúΥ ΦϕΘ ↑€ΘØß ΦηÔλ ΒοûΩ−
¾νÜ :

(i) Βχáσß ∆ηûΤúΥ− Γù∴±ο ΜΤΣχΚ ØχúΚôΠδΚρ ΜΤΤô∴ ΣχΚδΚûΖ
ùΚôηΟûΞ− ΑΚúΞ ≅ûΞ ΒÚΜΤΣχΚ ØχúΚôΠδΚΖôÏλ−

(ii) Βχáσß ∆ηûΤúΥ− Γù∴±ο ≅⁄ιΘΖχ úΚôΠδΚρ 60° ΑΚ ≅ûΤϕΘ
ΒÚΜΤΣχΚ ØχúΚôΠδΚΖôΚ ≅ûΤϕΘ ΜΤΣχΚ ØχúΚôΠδΚúΖ ΑÏλ−

(iii) Βχáσß ùΣôµΥô∴Õ− ΒΘσÏ ΙÚ ΦƒνΤû[ ΦÓιÕχΚôγûΟ ùΚôÓχΚÜλ−

(iv) Βχáσß ∆ηûΤúΥ− Γù∴±ο ↑€ΘØß ΦηΚρ ,p
q

 Φτ[ Ξ⁄Ξλ ùΚôηΟûΞ−

ΒδÏ p, q ΦτΣûΞ ØÝχΚρ úΤÛλ q = 1 (ΦÓιÕχΚôγΟôΚ 33
1

= ).
(v) Βχáσß ∆ηûΤúΥ− Γù∴±ο  ,p

q
 Φτ[ Ξ⁄↑ο ∆ρΖ ↑€ΘØß ΦηΚ↓ο

p, q ΦτΣûΞ ØÝχΚρ+ q ΦτΣÕ p Η ΞÏχΚôÕ− ΒûΞ ØÝχΚρ ≅οΩ− (Φ−Κô 3
2

).
(vi) Βχáσ[ô∴Õ+ ↑€ΘØß Φη ≅οΩôΘ ØÝ Ιτß ∆ρΖÕ Φτß áßΞûΘκ

úΣôΩúΞ ùΣôÚρΣÓλ− ΒÕ ùΣôµ+ Γù∴±ο ≅û∴ιÕ ØÝχΚÞλ ↑€ΘØß

ΦηΚúΖ ΑÏλ−

(vii) Βχáσß ùΣôµ−  r Τσßλ s Α€Υ ΒςηÓ ↑€ΘØß ΦηΚÞχ€ûΟúΥ 
2

r s+ , Φτ[

↑€ΘØß Φη ∆ρΖÕ ΦτΣûΘ ¿δΚρ ≅°ÅνΚρ−

ΦÓιÕχΚôγÓ 3 : x < 4 Φ±ο+ ♦τΞÚλ áσßΚ↓ο ΦûΞ ∆ηûΤ> ∆τ↑ûΟûΥ
♣ΥôΥκΣÓιÕ−

(i) 2x > 8 (ii) 2x < 6 (iii) 2x < 8
¾νÜ :

(i) Βχáσß ùΣôµ+ Γù∴±ο ΦÓιÕχΚôγΟôΚ+ x = 3 < 4, 2x > 8 Η ƒÚκƒΣÓιΘôÕ−
(ii) Βχáσß ùΣôµ+ Γù∴±ο ΦÓιÕχΚôγΟôΚ+ x = 3.5 < 4 , 2x < 6 Η ƒÚκƒΣÓιΘôÕ−

(iii) Βχáσß ∆ηûΤ+ Γù∴±ο ΒÕ x < 4 ΦτΣΘσÏ ΜΤλ−
ΦÓιÕχΚôγÓ 4 : •θχΚηΟ áσßΚÞχÏ ΘÏϕΘ ♣ΣϕΘû∴ΚûΖχ ùΚôÓιÕ+ ≅Ξσû[
∆ηûΤ áσßΚΖôΚ Τôσ° ΦÝΘÜλ−

(i) ΡôσΚςλ Ιτ°τ êûΩ↑γΟδΚρ ΜΤλ Φ±ο ≅Õ ΙÚ ùΜπΞΚλ−
(ii) ΙÚ ØχúΚôΠιƒτ ΒςηÓ ΣχΚδΚ↓τ ÁΘûΤϕΘ ΒÚ ×ρ↓ΚûΖ ΒûΠχÏλ

úΡνúΚôΟô∴Õ êτ[ôΞÕ ΣχΚιƒσÏ ΒûΠΥôΚ ΒÚχÏλ−
(iii) p  ΦτΣÕ ≅û∴ιÕ ♥ûΚ ØÝΞô∴ p χÏλ ↑€ΘØ[ô Φη ΑÏλ−
(iv) ≅û∴ιÕ ΒÚΣ⁄ ΜΤτΣôÓΚÞλ ΒςηÓ ùΤµêΩδΚûΖ ùΚôηÓρΖ∴−



232Class 10 Mathematics

PROOFS IN MATHEM ATICS

Solution :
(i) If the diagonals of a parallelogram are equal, then it is a rectangle.

(ii) 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 not a  perfect square’.

EXERCISE A1.1
1. State whether the following statements are always true, always false or ambiguous. Justify

your answers.

(i) All mathematics textbooks are interesting.
(ii) The distance from the Earth to the Sun is approximately 1.5 × 108 km.

(iii) All human beings grow old.
(iv) The journey from Uttarkashi to Harsil is 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.
(i) All hexagons are polygons. (ii) Some polygons are pentagons.

(iii) Not all even numbers are divisible by 2. (iv) Some real numbers are irrational.
(v) Not all real numbers are rational.

3. Let a and b be real numbers such that ab ¹ 0. Then which of the following statements are
true? Justify your answers.
(i) Both a and b must be zero. (ii) Both a and b must be non-zero.

(iii) Either a or b must be non-zero.
4. Restate the following statements with appropriate conditions, so that they become true.

(i) If a2 > b2, then a > b. (ii) If x2 = y2 , then x = y.
(iii) If (x + y)2 = x2 + y2, 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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¾νÜ :
(i) ΙÚ ΒûΠΚςιƒτ êûΩ↑γΟδΚρ ΜΤλ Φ±ο ≅Õ ΙÚ ùΜπΞΚλ−

(ii) ΙÚ ØχúΚôΠιƒτ ΒςηÓ ΣχΚδΚ↓τ ûΤΥκ×ρ↓ΚûΖ ΒûΠχÏλ
úΡνúΚôΟô∴Õ êτ[ôΞÕ ΣχΚιƒσÏ ΒûΠΥôΚ ΒÚχÏλ−

 (iii) p  ΦτΣÕ ≅û∴ιÕ ΣΚô ΦηΚρ p χÏλ ↑€ΘØ[ô Φη ΑÏλ−
(iv) ≅û∴ιÕ ΒÚΣ⁄ ΜΤτΣôÓΚÞλ ≅ƒΚΣγΜΤôΚ ΒςηÓ ùΤµêΩδΚûΖ

ùΚôηÓρΖ∴−
Ï°κ× : úΤσΚηΟ áσßΚûΖ úΞß↑ΘΤôΚÜλ ΦÝΘΩôλ− (iii) Η  ‘ p ’ ΦτΣÕ ≅û∴ιÕ
♥ûΚ ØÝ p χÏλ ↑€ΘØßΦη ΑÏλ− Α∴ôο ØÝΞνχΚΤôΚ ΒοΩôΘ úΣôÕ
ΤγÓúΤ Φτßλ ΦÝΘΩôλ−

Σ♠σ′ A1.1
1. ♦τΞÚλ áσßΚρ ΦκùΣôÝÕλ ∆ηûΤΥô∴ûΞΥô> ∆ηûΤΥσ[ûΞΥô>

≅οΩÕ ùΘ↓Ξσ[ûΞΥô> Φ∴χáßΚ− ∆τ ↑ûΟûΥ ♣ΥôΥκΣÓιÕ−
(i) ≅û∴ιÕ Κ∞ΘκΣôΟκ×ιΘΚδΚÞλ ΑνΞιûΘ çηÓΣûΞ−

(ii) é♥♠←ÚϕÕ ã↔ΥàχÏ ∆ρΖ çςλ úΘôςôΥΤôΚ 1.5 × 108 €−Á−
(iii) ≅û∴ιÕ Τ±ΘνΚÞλ ØÕûΤΥûΟΞν−
(iv) ∆ιΘςΚô′♠←ÚϕÕ ν′ÛχÏ ΣΥΠλ ùΜµΞÕ úΜôνûΞ ∆ηΟôχÏλ−
(v) ΙÚ ùΣη ùΘôûΩúΡôχ€♠τ Ξ→úΥ ΙÚ Υôû∴ûΥ ΣôνιΘôρ−

2. ♦τΞÚλ áσßΚρ ∆ηûΤΥô∴ûΞΥô> ≅οΩÕ ∆ηûΤΥσ[ûΞΥô> Φ∴χáßΚ−
∆τ ↑ûΟûΥ ♣ΥôΥκΣÓιÕ−
(i) ΦοΩô ≅ßúΚôΠδΚÞλ ΣΩúΚôΠØ€Κρ ΑÏλ−

(ii) ′Ω ΣΩúΚôΠØ€Κρ ΗδúΚôΠδΚΖôÏλ−
(iii) ΦοΩô ΒςγûΟ ΦηΚÞúΤ 1Αο ΞÏΣÓλ Φτß ùΜôοΩ Ø⁄ΥôÕ
(iv) ′Ω ùΤµ ΦηΚρ ↑€ΘØ[ô ΦηΚρ ΑÏλ−
(v) ΦοΩô ùΤµΦηΚÞúΤ ↑€ΘØß ΦηΚΖôΚ ΒÚχΚôÕ−

3. a Τσßλ  b ΦτΣûΞ ab ¹ 0. Φτ[ûΤϕΘ ΞûΚ♠ο ∆ρΖ ùΤµ ΦηΚρ ΦτΚ−
≅κΣ⁄ùΥ±ο+ •θΞÚΞ∴Ξσ°ο ΦχáσßΚρ ∆ηûΤΥô∴ûΞ> ↑ûΟΚûΖ
♣ΥôΥκΣÓιÕ−
(i) a Τσßλ b ≅ûΞ ΒςηÓúΤ Κ→ ΑΚ ΒÚχΚ úΞηÓλ−

(ii) a Τσßλ b  ΒΞσ°ο ΓúΘàλ Ιτß •θΞÚλ áσßΚûΖ ∆ηûΤΥôÏΤôß
Τôσ° ΦÝΘÜλ−(iii)  a Τσßλ  b ΒΞσ°ο ΓúΘàλ Ιτß Ñ→ ≅οΩôΘΘôΚ
ΒÚχΚ úΞηÓλ−

4. ΘÏϕΘ ♣ΣϕΘû∴ΚûΖχ ùΚôηÓ •θΞÚλ áσßΚûΖ ∆ηûΤΥôΚ Τôσ°
ΦÝΘÜλ−
(i) a2 > b2, Φ±ο a > b ΑÏλ (ii) x2 = y2 , Φ±ο x = y ΑÏλ

(iii) (x + y)2 = x2 + y2, Φ±ο x = 0 ΑÏλ−
         (iv) ΙÚ ΡôσΚςιƒτ êûΩ↑γΟδΚρ Ιτû[ Τσù[ôτß ΒÚΜΤχ á°Óλ

∋ΒÚ ΜΤΤôΚ ùΞγÓλ(
A 1.3 ∆µιΘ°Ü ΣÏιΘ°Θο
8Α λ  Ξ Ï κ ♦ ο  ∆ µ ιΘ ° Ü  Σ Ï ιΘ ° Θ ο  (deductive reasening) Φ τ Σ Θσ Ï
≅°ØκΣÓιΘκΣγ≈νΚρ− ΒδÏ− Ρôλ ΣΩ ΦÓιÕχΚôγÓχΚûΖχ ùΚôηÓ+ ∆ηûΤ
Φτß Ρôλ Ε€χÏλ ùΚôÓχΚκΣγΟ áσßΚ↓ο ΒÚϕÕ Ø⁄ÜΚûΖ ∆µιÕχ ùΚôΠÓ
Ρôλ ΦπΞôß ∆µιΘ°Ü ΣÏιΘ°ΘûΩ ΣΥτΣÓιΘΩôλ ΦτΣûΘχ ΚôγÓúΞôλ−
ùΚôÓχΚκΣγΟ áσßΚρ Κσ♦ΘχùΚôρûΚ (premises of hypothesis) Φ∴κΣÓλ− ′Ω
ΦÓιÕχΚôγÓΚÞΟτ ùΘôΟδΚΩôλ−
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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:

(i) Bijapur is in the state of Karnataka (ii) 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 y?

Solution : Given the two hypotheses, we get y = – 6 (3) + 5 = – 13.

Example 8 : Given that ABCD is a parallelogram, and
suppose AD = 5 cm, AB = 7 cm (see Fig. A1.1). What can
you conclude about the lengths of DC and BC?

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,
the property that ‘the opposite sides of a parallelogram are equal to each other’, holds. Since
we know AD = 5 cm, 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

Fig. A1.1
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Σ⁄χ€ÈνΚρ Φτß ùΚôρúΞôλ− ¿δΚρ Σ⁄χÏλ ΣôΟκ×ιΘΚιûΘκ Σσ° Ρôλ
Φτ∴ Ø⁄ÜχÏ ΞςΩôλ>

ΦÓιÕχΚôγÓ 5 : ΒςηÓ ùΚôÓχΚκΣγΟ Κσ♦Θχ ùΚôρûΚΚûΖχ ùΚôηÓ+ ¿δΚρ
ΙÚ ÑΞôςυΥΤô∴ ΣôΟκ×ιΘΚιûΘ Σ⁄ιÕχùΚôηÓ ΒÚχ€ÈνΚρ Φτß Ε€ιÕ ∆ΠνϕÕ
ùΚôρΖΩôλ−

 Φ−Κô− /6 9 AB = 7 y = – 6x + 5, ΦτΣÕ ùΚôÓχΚκΣγΟÕ Τσßλ  x = 3 Φ∴χ ùΚôρΚ−
yτ Τƒκ× Φτ∴>

¾νÜ : ùΚôÓχΚκΣγÓρΖ ΒÚ Κσ♦Θχ ùΚôρûΚΚûΖχ ùΚôηÓ

 y = – 6 (3) + 5 = – 8+5= - 13 ΦτΣûΘ Ρôλ ùΣ[Ωôλ−

ΦÓιÕχΚôγÓ 8 : ABCD ΙÚ ΒûΠΚςλ ΦτΣÕ
ùΚôÓχΚκΣγÓρΖÕ Τσßλ AD = 5cm  AB = 7 cm
BC Τσßλ DC ΒΞσ°τ ¿ΖδΚûΖκ Σσ° ¿δΚρ
Φτ∴ Ø⁄ÜχÏ Ξς Ø⁄Ùλ>

¾νÜ  :  ABCD Ι Ú  Β û Π Κ ς λ  Φ τ Σ Õ
ùΚôÓχΚκΣγÓρΖÕ− ΑΚúΞ+ ϑÚ ΒûΠΚςιƒσÏ
ùΣôÚϕÕλ ΦοΩô Ση×ΚÞλ ABCD χÏλ ùΣôÚϕÕλ
Φ τ ß  Ρô λ  ∆ Π ς Ω ôλ −  ≅ ƒ Û λ  Ï ° κ Σ ô Κ
ΒûΠΚςιƒτ ΦƒùςƒνκΣχΚδΚρ ΜΤλ Φτ[ Ση×
ΒδÏ ùΣôÚϕÕλ AD = 5  ΦτΣûΘι ùΚôηÓ
BC = 5cm τ Σ û Θ  Ε € χ Κ Ω ô λ −  ≅ ú Θ ú Σ ô ο
DC = 7cm ΦτΣûΘÙλ Ε€ιÕ ∆ΠςΩôλ−

Ï°κ× : ΒϕΘ ΦÓιÕχΚôγ⁄ο+ ùΚôÓχΚκΣγΟ Κσ♦Θχ ùΚôρûΚ♠ο Τû[ϕƒÚχÏλ
Ση×ΚûΖ úΘ⁄χΚηÓ♦⁄ιÕ ≅Ξσû[ ΦκΣ⁄ ≅⁄χΚ⁄ ΣΥτΣÓιΘ úΞη⁄ ΒÚχÏλ
ΦτΣûΘ Ρôλ ΣôνιúΘôλ−

ΦÓιÕχΚôγÓ 9 : p  ΦτΣÕ ΦοΩô ΣΚô Φη p ,χΚÞχÏλ ↑€ΘØ[ô Φη− ΦτΣÕ

ùΚôÓχΚκΣγΟÕ Τσßλ 08312 ΙÚ ΣΚô Φη− 19423  Η  Σσ° Φτ∴ Ø⁄Ü ùΜµΞôµ>

¾νÜ : 19423  ΦτΣÕ  ↑€ΘØ[ô  Φη  Φτß  Ρôλ  Ø⁄Ü  ùΜµΥΩôλ−  úΤúΩ  ΚηΟ
ΦÓιÕχΚôγÓΚ↓ο+ Κσ♦Θχ ùΚôρûΚΚρ ∆ηûΤΥô ΒοûΩΥô ΦτΣûΘ Ρôλ ≅°úΞôλ
ΦτΣûΘ ¿δΚρ ΚΞ±ιƒÚχΚΩôλ− Ρôλ ≅ûΞ ∆ηûΤ Φτß ΚÚƒχùΚôηÓ+ ♦[Ï
≅ûΘ ∆µιΘ°Ü ΣÏιƒ°Θ←ο ΣΥτΣÓιÕ€ú[ôλ− ΦÓιÕχΚôγΟôΚ+ ΦÓιÕχΚôγÓ 8
Βο 08312 ΦτΣÕ ΙÚ ΣΚô ΦηΠô ΒοûΩΥô ΦτΣûΘ Ρôλ Μ↔ΣôνχΚ↑οûΩ−
ΡΤÕ ΞôΘιƒσΚôΚ úΞη⁄ Ρôλ ≅ûΘ ΣΚô Φη Φτß ΚÚƒχùΚôηúΟôλ− ùΚôÓχΚκΣγΟ
Ï°κ♦γΟ áσû[χùΚôηÓ ΦπΞôß Ρôλ ∆µιΘ°Ü ΣÏιΘ°ΘûΩκ ΣΥτΣÓιƒ

ΣΟλ A1.1
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is 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  is irrational, what can we conclude about the decimal expansion  of 17 ?

4. Given that y = x2 + 6 and x = – 1, what can we conclude about the value of y?

5. Given that ABCD is a parallelogram and Ð 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. Given that p  is irrational for all primes p and also suppose that 3721 is a prime. Can you
conclude that 3721  is an irrational number? Is your conclusion correct? Why or why not?

A1.4 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
the points are drawn in each case.

The lines divide the circle into mutually
exclusive regions (having no common portion).
We can count these and tabulate our results as
shown :

Fig. A1.2
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Ø⁄ÜχÏ ΞÚ€ú[ôλ ΦτΣΘτ ÁÕ ΤγÓúΤ Ρôλ ΒκΣôΟιƒο Øχ€ΥιÕΞλ ùΚôÓχ€ú[ôλ−
ΒδÏ+ Øχ€ΥΤôΚχ ΚÚÕΞÕ ΣÏιΘ°Θ←τ Μ↔Υô∴ ùΜΥοØû[ ΣΥτΣÓιÕλ ↑Θλ
ΤγÓúΤ úΤÛλ ΒκΣÏιΘ°Ùλ ùΜΥο Øû[Υô∴Õ− Κσ♦Θχ ùΚôρûΚ♠τ ∆ηûΤ♠τ
ÁúΘô+ ùΣôµ♠τ ÁúΘô ΜôνϕƒÚκΣÕ ΒοûΩ− ΒπΞôß ΒÚϕΘúΣôƒÛλ Ρôλ ΙÚ
↑_ΥιûΘχ ΚÚιƒο ùΚôρΖ úΞη⁄ΥÕ Φτ∴ùΞτ[ôο+ ΘΞ[ô∴ ∋ùΣôµΥô∴( Κσ♦Θχ
ùΚôρûΚûΥχ ùΚôηÓ ùΘôΟδÏúΞôúΤΥô♠τ Ρôλ ΘΞ[ô∴ Ø⁄ÜχÏ ΞÚúΞôλ−

Σ♠σ′ A1.2
1. ΦοΩô ùΣηΚÞλ Β[κΣσ[ΞνΚρ Φ∴χ ùΚôÓχΚκΣγΟÕ Τσßλ A ΦτΣÕ ΙÚ

ùΣη Φ∴χùΚôρΚ− A ûΞκ Σσ° ¿δΚρ Φτ∴ Ø⁄Ü ùΜµΥΩôλ>

2. ΒÚ ↑€ΘØß ΦηΚ↓τ ùΣÚχÏιùΘôûΚ ΙÚ ↑€ΘØß Φη ΦτΣÕ
ùΚôÓχΚκΣγΟÕ Τσßλ a Τσßλ b Α€ΥûΞ ↑€ΘØß ΦηΚρ Φ∴χ ùΚôρΚ− ab
Ηκ Σσ° Ρôλ Φτ∴ Ø⁄Ü ùΜµΥΩôλ>

3. ↑€ΘØ[ô ΦηΚ↓τ ΘΜΤ ↑↔ΞôχΚΤô∴Õ Ø⁄Üσ[Õ Τσßλ ƒÚλΣ ƒÚλΣ

ΞςôΘÕ ΦτΣÕ ùΚôÓχΚκΣγΟρΖÕ Τσßλ 17  ΙÚ ↑€ΘØ[ô Φη Φ∴χùΚôρΚ−

17  Βτ ΘΜΤ ↑↔ΞôχΚιûΘκ Σσ° ¿δΚρ Φτ∴ Ø⁄Ü ùΜµΥ Ø⁄ÙΤô>

4.  y = x2 + 6 Τσßλ x = – 1, Φ∴χ ùΚôÓιΘôο y Βτ ΤƒκûΣκ Σσ° Φτ∴ Ø⁄Ü
ùΜµΞôµ>

5. ABCD ΙÚ ΒûΠΚςλ ΦτΣÕ ùΚôÓχΚκΣγΟÕ Τσßλ Ð B = 80°. ΒûΠΚςιƒτ
Τσ[ úΚôΠδΚûΖκ Σσ° ¿δΚρ Φτ∴ Ø⁄Ü ùΜµΥÅνΚρ>

6. PQRS ΦτΣÕ ΦοΩô ΣΚô ΦηΚρ P χÏλ ↑ÏΘØ[ô Φη ΑÏλ Φ∴χùΚôÓχΚκ
ΣγÓρΖÕ Τσßλ 2610 ΦτΣÕ ΙÚ ΣΚô Φη Φ∴χùΚôρΚ− 3721  ΦτΣÕ
↑€ΘØ[ô Φη Φτß ∆τ∴ôο Ø⁄Ü ùΜµΥ Ø⁄ÙΤô> ∆∴Õ Ø⁄Ü Μ↔Υô∴Õ
Θô∴ô> Γτ ≅οΩÕ Γ±οûΩ>

A 1.4 ≅àΤô∴δΚρ+ úΘσ[δΚρ+ ♣ÚΠδΚρ
Τσßλ Κ∞Θ↑Υο ΣÏιΘ°Θο−

ΣΟλ A1.2  Ηχ ΚÚÕΚ− ØΘο ΞγΟιƒτ ÁÕ
ΙÚ ×ρ↓Ùλ+ ΒςηΟôλ ΞγΟιƒτ ÁÕ 1
×ρ↓Κρ+ êτ[ôΞΘτ ÁÕ 2 ×ρ↓Κρ
ΒÕúΣôΩ ΣΩ ∆ρΖ∴ − ×ρ ↓ΚûΖ
ΒûΠχÏλ úΡνúΚôÓΚ↓τ ≅û∴ιÕ
ΜôιƒΥχ áßΚÞλ ùΞπùΞôτ°Ûλ
ΞûςΥκΣγÓρΖ∴−

úΚôÓΚρ ΞγΟιûΘ ùΞπúΞ[ô∴+
≅ΘôΞÕ Ιτû[ Ιτß ↑ΩχÏλ− ΣΟλ A 1.2
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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 IX, you may remember that this intelligent guess is called a
‘conjecture’.

Suppose your conjecture is that given ‘n’ points on a circle, there are 2n – 1 mutually exclusive
regions, created by joining the points with all possible lines. This seems an extremely sensible
guess, and one can check that if n = 5, we do get 16 regions. So, having verified this formula for
5 points, are you satisfied that for any n points there are 2n – 1 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

+ ... + n = ( 1)
2

n n + . To establish its validity, it is not enough to verify the result for n = 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 n = 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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×ρ↓Κ↓τ ΣÏƒΚ↓τ
Φη∞χûΚ Φη∞χûΚ

1 1

2 2

3 4

4 8

5

6

7
ΣÏƒΚΖôΚκ ∋ùΣôÕΞô∴ûΞΚΖôΚ ΦϕΘ ΣÏƒÙλ ΒοΩôΘΞôß( ♦↔χ€τ[∴− ΒΞσû[
Ρôλ Φη∞ •θΞÚΤôß ≅γΟΞûΠκ ΣÓιΘΩôλ−

×ρ↓Κ↓τ Φη∞χûΚûΥχ ùΚôηÓ+ ΣÏƒΚ↓τ Φη∞χûΚûΥ ΚηÓ♦⁄χÏλ
ãιƒςιûΘχ áΟ ∆δΚ↓ο ′Ων ΚηÓ♦⁄χΚΩôλ− ΒπΞûΚΥô∴ ≅°ÜéνΞΤô∴
ΕΚúΤ ≅àΤô∴λ (Conjecture) Φ∴κΣÓλ ΦτΣûΘ 8 ΞÏκ♦ο ΒÚϕÕ ♣û∴Ü áνΚ−

ΙÚ ΞγΟιƒτ ÁÕ n ×ρ↓Κρ ΒÚκ♦τ+ ≅κ×ρ↓ΚûΖ ΦοΩô ΜôιƒΥΤô∴
úΚôÓΚΖôÛλ ΒûΠκΣΘôο  2n – 1 Ιτû[ Ιτß ↑ΩχÏλ ΣÏƒΚρ €ûΟχÏλ ΦτΣúΘ
∆δΚΖÕ ≅àΤô∴λ ΦτΚ− ΒÕ ♥Κε Μ↔Υô∴ ùΣôÚρΣÓλ ΕΚΤôΚι úΘôτß€[Õ−
ΒûΘ n = 5, Φ∴χ ùΚôηÓ 05 ΣÏƒΚρ €ûΟκΣûΘ ûΞιÕ Μ↔ΣôνιÕχ ùΚôρΖΩôλ− 4
×ρ↓ΚûΖχ ùΚôηÓ ãιƒςιûΘε Μ↔ΣôνιΘ ♦[Ï+  n ×ρ↓ΚÞχÏ 2n –  1 ΣÏƒΚρ
€ûΟχÏλ Φτß ƒÚκƒ ≅ûΟ€[ôΥô> ƒÚκƒ ≅ûΟ€[ôµ Φτ[ôο+ Υôúςàλ n =
25χÏ ΒÕ ùΣôÚιÕΤô Φτß ∆τû∴χ úΚγΟôο ¿ Φτ∴ Σƒο ùΜôοΞôµ> ΒιΘûΚΥ
úΚρ↑ΚÞχÏ Σƒο ùΜôοΩ ∆∴χÏ+ ΜϕúΘΚιƒσÏ ΒΟ♥οΩôΤο ΒϕΘ Ø⁄Ü Μ↔úΥ
Φτß ΚôγÓ ≅°↑σÏ ΙÚ ♣ìΣΠλ úΘûΞ ≅οΩÕ ‘n’ Βτ ΓúΘô ΙÚ Τƒκ♦σÏ
ΒλØ⁄Ü úΘôο↑ΥûΟ€[Õ ΦτΣûΘχ ΚôγΟ ΙÚ ΦƒνΤû[ ΦÓιÕχΚôγÓ úΘûΞ
∆ηûΤ♠ο+ ¿ ùΣôßûΤÙΟτ ùΜµÕ ΣôνιÕχùΚôηúΟ ΞϕΘôο n = 6, χÏ 20 ΣÏƒΚÞλ
n = 7 χÏ 46 ΣÏƒΚÞχÏλ ΞÚ€τ[∴ ΦτΣûΘκ ΣôνχΚΩôλ− ΑΚúΞ
n = 6 ΦτΣûΘ úΤσá°Υ ≅àΤô∴ιƒσÏ ΙÚ ΦƒνΤû[ ΦÓιÕχΚôγΟôÏλ− Ρôλ
8Αλ  ΞÏκ♦ο  áσû[  ùΣôµΥôΚ  ♣ì♦χΚ  Ιúς  ΙÚ  ΦƒνΤû[  ΦÓιÕχΚôγúΟ
úΣôÕΤô∴Õ Φτß Κσ[ûΘ ♣û∴Ü áνΚ−

n = 1, 2, 3, 4 5 Α€ΥΞσ°σΚô∴ ΣÏƒΚ↓τ Φη∞χûΚΚûΖ Μ↔ΣôνιΘ ♦[Ïλ
Ρôλ ♣ìΣΠιûΘ Ξσ×ßιƒχ ùΚôηúΟ ΒÚχ€ú[ôλ ΦτΣûΘ ¿δΚρ ΚΞ±ιƒÚχΚΩôλ−
Βτàλ ′Ω ΦÓιÕχΚôγÓΚûΖ ΚÚÕúΞôλ− ♦τΞÚλ Ø⁄↑û∴ ¿δΚρ ΡτÏ
≅°ÅνΚρ− ∋ΣôΟλ 0,Βο ùΚôÓχΚκΣγÓρΖÕ(

1 + 2 + 3 + ... + n = ( 1)
2

n n + .
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Now, consider Fig. A1.3, where PQ and PR are tangents to the circle drawn  from P.

You have proved that PQ = PR (Theorem 10.2).
You were not satisfied by only drawing several such
figures, measuring the lengths of the respective
tangents, and verifying for yourselves that the result
was true in each case.

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.

2. Let mx
n

= , n ¹ 0 and py
q

= , q ¹ 0

where m, n, p and q are integers.

3. So, m p mq npx y
n q nq

+
+ = + =

Fig. A1.3

Apply the definition of rationals.

The result talks about the sum of rationals,
so we look at x + y.
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ΒÕ ùΜοÛΣ⁄ Α€[Õ ΦτΣûΘ ♣ûΩ♣ßιΘ  n = 1, 2, 3
Βτàλ ΣΩΞσû[ ΤγÓλ Μ↔ΣôνιΘο úΣôÕΤô∴Õ ≅οΩ−
Γù∴±ο+ ∋úΤúΩ ∆ρΖ ΦÓιÕχΚôγ⁄ο+ Ø⁄Ü  n = 6 ΦτΣΘσÏ
úΘôο↑+ ≅ûΟϕΘûΘκ úΣôΩ( n Βτ ΓúΘô ΙÚ Τƒκ♦σÏ
ΒϕΘ Ø⁄Ü ùΣôµΥôχΚκΣΟΩôλ− ΑΚúΞ ΡΤχÏ úΘûΞΥô∴Õ
Φτ∴ùΞτ[ôο+ ΜϕúΘΚιƒσÏ ΒΟ♥οΩôΤο ≅Θτ
∆ηûΤûΥ ♣ûΩΡôγÓλ ΙÚ ♣ìΣΠúΤ ΒΘσΚô∴
♣ìΣΠιûΘ úΤο ΞÏκ×Κ↓ο ΚσÀνΚρ−

Β± ΣΟλ  A1.3 Ηχ ΚÚÕΚ− Βƒο  PQ  Τσßλ PR Α€ΥûΞ ×ρ↓ P ♠ο ΒÚϕÕ
ΞγΟιƒσÏ ΞûςΥκΣγΟ ùΘôÓúΚôÓΚρ ΑÏλ−
¿δΚρ ∋úΘσ[λ 10.2)  PQ = PR ΦτΣûΘ ØτúΣ ♣ì♦ιƒÚχ•νΚρ− ¿δΚρ ΒιΘûΚΥ ΣΩ
ΣΟδΚûΖ ΞûςϕÕ ùΘôÓúΚôÓΚ↓τ ≅ΖÜΚûΖ ≅ΖϕÕ ΣôνιÕ ΙπùΞôÚ Øû[Ùλ
Ø⁄Ü Μ↔úΥ Φτß ΣôνιÕ ≅ιÕΟτ ƒÚκƒ ≅ûΟΥ↑οûΩ−
♣ìΣΠιƒο Φτ∴ ≅Οδ€ ΒÚϕΘÕ ΦτΣÕ ♣û∴↑Úχ€[Θô> ≅ƒο ∋ùΜοÛΣ⁄ ΑÏλ
ΞôΘδΚρ Φτ[ûΨχΚκΣÓλ( ùΘôΟνε′Υô∴ áσßΚρ ΒÚϕΘ∴− ΙπùΞôÚ+ áσßΚÞλ+
≅ΘσÏ Øτú∴ ∆ρΖ ♣ì♦χΚκΣγΟ áσ°←ÚϕúΘô+ ØτúΣ ùΘ↔ϕΘ Ø⁄ÜΚ↓ο ΒÚϕúΘô
∋ΘσúΣôÕ ♣ì♦χΚκΣÓΞÕ ≅οΩôΤο( ΦÓúΚô↓ο ΒÚϕúΘô+ ∋ΘσúΣôÕ ♣ÚÀχΚκΣÓΞÕ
≅οΩôΤο(  ΞûςΥû[Κ↓ο ΒÚϕúΘô+ ≅οΩÕ ¿δΚρ ΓσΚ∴úΞ ùΚôη⁄ÚϕΘ ΕΚδΚûΖχ
ùΚôηúΟô ♣Ú♦χΚκΣγΟûΞ+ ≅Θτ♦[úΚ+ ¿δΚρ ∆δΚρ ♣ìΣΠιûΘ PQ = PR Φτ[
Ξôχ€ΥιÕΟτ Ø⁄ι¾νΚρ− ≅ΘôΞÕ ΦûΘ ♣ìχΚúΞηÓúΤô ≅ûΘ ΚûΟ′♠ο ΦÝƒÉνΚρ−
ΦϕΘ ΙÚ ♣ìΣΠØλ ΒπΞôú[ ≅ûΤχΚκΣÓ€[Õ−

Β± Ρôλ ′Ω ΦÓιÕχΚôγÓΚûΖÙλ Τσßλ úΘσ[δΚûΖÙλ Τσßλ ≅Ξσ°τ
♣ìΣΠδΚûΖÙλ ΑςôµúΞôλ− ♣ìΣΠδΚρ ΦπΞôß ≅ûΤχΚκΣÓ€τ[∴ ΦτΣûΘ ΡτÏ
×↔ϕÕ ùΚôρΖ ΒÕ ∆ΘÜλ−

úΡς⁄ ≅οΩÕ ∆µÜ Øû[ ♣ìΣΠδΚ↓ο ΒÚϕÕ Ρôλ ùΘôΟδÏúΞôλ− ΒλØû[♠ο+
Ρôλ ΣΩ áσßΚûΖ áß€ú[ôλ− ΙπùΞôτßλ ≅Θτ ØϕûΘΥ áσû[ ≅⁄κΣûΟΥôΚχ
ùΚôηΟΘôÏλ− ΙπùΞôÚ áσßλ ΘνχΚ ÃƒΥôΚ Μ↔Υô♠τ ∋≅ΘôΞÕ ùΜοÛΣ⁄ ΑÏλ ΞôΘλ
Φ±ο( ≅Õ ΘνχΚ ÃƒΥôµ Μ↔Υô∴ ↑ûΟχúΚ ∋Ø⁄ÜχúΚ( ùΜτ[ûΟÙλ−
ΦÓιÕχΚôγÓ 10 : ΒςηÓ ↑€ΘØß ΦηΚ↓τ áÓΘο ΙÚ ↑€ΘØß ΦηúΠ

¾νÜ :

Ξ↔ûΜ           áσßΚρ ΑµÜ.Ï°κ×Κρ

 Φη

ΣΟλA1.3

1. x Τσßλ y ΦτΣ∴
↑€ΘØß ΦηΚρ ΦτΚ

Ø⁄Ξô∴Õ ↑€ΘØß ΦηΚûΖκ Σσ°ΥÕ
ΦτΣΘôο x Τσßλ y ↑€ΘØß

ΦηΚÞΟτ ùΘôΟδΚΩôλ

2.  mx
n

= , Βƒο n ¹ 0 Τσßλ

        py
q

= , Βƒο q ¹ 0  ΦτΚ Βƒο
              m, n, p Α€Υ∴ ØÝχΚρ

3.

↑€ΘØß ΦηΚ↓τ
 ΞûςΥû[ΚûΖ ΒÓΘο

m p mq npx y
n q nq

+
+ = + =

Ø⁄Ξô∴Õ ↑€ΘØß ΦηΚ↓τ
áÓΘûΩκ Σσ°ΥÕ+ Φ∴úΞ Ρôλ

x, y ûΥ ΦÓιÕχùΚôρ€ú[ôλ−
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4. Using the properties of integers, we see Using known properties of
that mq + np and nq are integers. integers.

5. Since n ¹ 0 and q ¹ 0, it follows that Using known properties of
nq ¹ 0. integers.

6. Therefore, mq npx y
nq
+

+ =  is a rational Using the definition of a
number 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 k is
an integer.

3. But 6k = 2(3k), 6k + 2 = 2(3k + 1), We now analyse the
6k + 4 = 2(3k + 2), remainders given that
and 6k + 3 = 3(2k + 1). So, they are p is 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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Ï°κ× : ♣ìΣΠιƒο ∆ρΖ ΙπùΞôÚ áσßúΤ Øτ∴úΤ ♣ûΩ♣ßιΘκΣγΟ ∆ηûΤ
≅οΩÕ ΞûςΥû[ûΥ ≅⁄κΣûΟΥôΚ ùΚôηÓρΖÕ ΦτΣûΘχ ΚΞ±−

ΦÓιÕχΚôγÓ 11 : 2 Η ↑Οκ ùΣ↔Υ ΙπùΞôÚ ΣΚô ΦηÔλ 6k + 1 ≅οΩÕ 6k + 5 Φτ[
Ξ⁄↑ο ∆ρΖÕ− Βƒο k ΦτΣÕ ΙÚ ØÝ−

¾νÜ :

Ξ−Φη− áσßΚρ ΑµÜ .Ï°κ×Κρ−

4. ØÝχΚ↓τ Ση×ΚûΖκ ΣΥτΣÓιƒ,
mq + np Τσßλ nq Α€Υ∴ ØÝχΚρ

Φ∴χ Κôη€ú[ôλ−

ØÝχΚ↓τ ùΘ↔ϕΘ
Ση×ΚûΖκ

ΣΥτΣÓιÕ€ú[ôλ−

n ¹ 0 Τσßλ q ¹ 0, ΦτΣΘôο
nq ¹ 0. ΦτΣÕ ùΘôΟν€[Õ−

5. ØÝχΚ↓τ ùΘ↔ϕΘ
Ση×ΚûΖκ

ΣΥτΣÓιÕ€ú[ôλ−

6.       ΑΚúΞ
ΦτΣÕ ΙÚ ↑€ΘØß

 Φη ΑÏλ

mq npx y
nq
+

+ = ↑€ΘØß ΦηΚ↓τ ùΘ↔ϕΘ
Ση×ΚûΖκ

ΣΥτΣÓιÕ€ú[ôλ−

p ΦτΣÕ 3 Η↑Οκ ùΣ↔Υ

 ΣΚô Φη ΦτΚ−

1.

2

3.

4.

Ø⁄Ξô∴Õ 2Η ↑Οκ ùΣ↔ΥùΘôÚ ΣΚô
Φη−,Ηκ Σσ°ΥÕ ΦτΣΘôο+
ΒιΘûΚΥùΘôÚ ΦηÔΟτ

ùΘôΟδΚΩôλ−

p Η 6 Αο ΞÏιΘôο p Α∴Õ
6k, 6k + 1, 6k + 2, 6k + 3, 6k + 4,  Α€Υ

Ξ⁄Ξιƒο ∆ρΖÕ Βƒο
 k ΦτΣÕ ΙÚ ØÝ−

ëχ↓γ Βτ ΞÏιΘο
úΚôγΣôγûΟκ ΣΥτΣÓιƒ−

Α∴ôο 6k = 2(3k), 6k + 2 = 2(3k + 1),
p Τσßλ 6k + 4 = 2(3k + 2), ΑΚúΞ

ΒûΞ ΣΚô ΦηΚρ ≅οΩ−

ΦτΣÕ ΣΚô Φη Φτß
ùΚôÓχΚκΣγÓρΖΘôο+ Ρôλ ÁƒΚûΖ

ΑςôµúΞôλ−

ΑΚúΞ p ΦτΣÕ 6k + 1 ≅οΩÕ
6k + 5, Α€Υ Ξ⁄Ξιƒο ΤγÓúΤ ΒÚκΣÕ

ΜôιƒΥκΣÓλ− Βƒο k ΦτΣÕ ΙÚ ØÝ
Φη−

Τσ[ úΘνÜΚûΖ ΦοΩôλ ¿χ€↑γÓ
ΒϕΘ Ø⁄↑σÏ Ρôλ ΞÚ€ú[ôλ−

Ï°κ× : úΤúΩ ΚηΟ ΦÓιÕχΚôγ⁄ο ΣοúΞß úΘνÜΚûΖ (options) ¿χÏΞΘτ êΩλ Ρôλ
úΘûΞΥô∴ Ø⁄ÜχÏ ΞϕúΘôλ− ΒϕΘ Øû[ûΥ ′ΩΜΤΥλ ¿χÏΘο Øû[ ♣ìΣΠλ (Proof
by Exhaustion) ΦτΣν
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Theorem A1.1 (Converse of the Pythagoras
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.

Proof :

S.No. Statements Analysis

1. Let DABC satisfy the hypothesis Since we are proving a statement about
AC2 = AB2 + 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 A to D. about that we often need to take for

proving theorems.

3. By construction, DABD is a right We use the Pythagoras
triangle, and from the Pythagoras theorem, which is already
Theorem, we have AD2 = AB2 + BD2. proved.

4. By construction, BD = BC. Therefore, Logical deduction.
we have AD2 = AB2 + BC2.

5. Therefore, AC2 = AB2 + BC2 = AD2. 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,
DABC @ DABD.

8. Since DABC @ DABD, we get Logical deduction, based on
ÐABC = ÐABD, which is a right angle. previously established fact.

Fig. A1.4
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úΘσ[λ A1.1 ∋♦ΘôΚςυ úΘσ[ιƒτ ΤßΘûΩ(

ΙÚ ØχúΚôΠιƒο ΙÚ ΣχΚιƒτ ΞνχΚΤô∴Õ Τσ[
ΒÚ ΣχΚδΚ↓τ ΞνχΚδΚ↓τ áÓΘÛχÏ ΜΤΤôΚ
ΒÚκ♦τ+ ØΘο ΣχΚιƒσÏ ΦƒςûΤϕΘ úΚôΠλ ΙÚ
ùΜδúΚôΠλ ΑÏλ−

♣ÚΣΠλ 9
ΣΟλ A1.4

Ξ−Φη− áσßΚρ ΑµÜ .Ï°κ×Κρ−

0

1

2

3

4

5

6

7

DABC Υô∴Õ  AC2 = AB2 + BC2.  Φτ[
Κσ♦Θτ ùΚôρûΚûΥ ♣û[Ü

ùΜµΞΘôΚ ΒÚχΚγÓλ−

BD = BC Φτ[ûΤϕΘ ΞûΚ♠ο AB χÏ
ùΜδÏιΘôΚ BD ûΥ ΞûςΥÜλ− ♦[Ï

A ûΞ D ÙΟτ ΒûΠχΚÜλ−

≅ûΤκ♦τ Σ⁄ DABD ΙÚ ùΜδúΚôΠ
ØχúΚôΠΤôÏλ− úΤÛλ ♦ΘôΚςυ

úΘσ[ιûΘκ ΣΥτΣÓιƒ
AD2 = AB2 + BD2

≅ûΤκ♦ο ΒÚϕÕ BD = BC ΑΚúΞ
 AD2 = AB2 + BC2.

ΑΚúΞ
AC2 = AB2 + BC2 = AD2.

AC Τσßλ AD Α€Υ∴ ♥ûΚ ΦηΚρ
ΑΘΩôο AC = AD.

 AC = AD ΦτΣûΘχ Κôγ⁄ú∴ôλ−
úΤÛλ ≅ûΤκ♦∴ôο BC = BD úΤÛλ

AB Υô∴Õ  ùΣôÕ ΑΚúΞ SSS
♣ΣϕΘû∴♠τ Σ⁄
DABC @ DABD.

DABC @ DABD ΑûΚΥôο+
 ÐABC = ÐABD ΙÚ ùΜδúΚôΠλ−

ΒιΘûΚΥùΘôÚ ØχúΚôΠιûΘκ Σσ°Υ
á σ û [  Ρ ô λ  ♣ ì ♦ χ Κ  úΞ η Ó λ
ΦτΣΘôο− ΒϕΘ ØχúΚôΠιûΘ Ρôλ
ΦÓιÕχùΚôρúΞôλ−

ΒÕ  Ρ ô λ  ú Θσ[ δΚ û Ζ  ♣ ì♦ χΚ
ØσΣÓλúΣôÕ ΦÓχÏλ ∆ρÞΠνÜ ≅⁄
ΑÏλ−

Øτ∴úΤ ♣ì♦χΚκΣγΟ ♦ΘôΚςυ
úΘσ[ιûΘ ΣΥτΣÓιÕúΞôλ−

ΘνχΚ ÃƒΥô∴ ∆µκ×

ΕΚλ Τσßλ ØϕΘΥ áσû[χ ùΚôηÓ−

ΦηΚ↓τ ùΘ↔ϕΘ Ση×ΚûΖχ
ùΚôηÓ

ØτúΣ ≅°ϕúΘ úΘσ[ιûΘκ
ΣΥτΣÓιƒ−

Øτ∴úΤ ♣ûΩ ♣ßιΘκΣγΟ
∆ηûΤûΥ ΜôνϕΘ ΘôχΚ ÃƒΥô∴

∆µκ×−
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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.)

EXERCISE A1.3
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 ³ 5 is a prime number, show that p2 + 2 is divisible by 3.

[Hint: Use Example 11].
4. Let x 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 = bq + r, 0 £ r < b, where q is a whole

number. Prove that HCF (a, b) = HCF (b, r).
[Hint : Let HCF (b, r) = h. So, b = k1h and r = k2h, where k1 and k2 are coprime.]

6. A line parallel to side BC of a triangle ABC, intersects AB and AC at D and E respectively.

Prove that AD 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 ‘It rained in Delhi on 1 September 2005’ by p. We can also write this by

p : It rained in Delhi on 1 September 2005.
Similarly, let us write

q: All teachers 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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Ï°κ× 9  úΤúΩ á[κΣγΟ ΙπùΞôÚ Ø⁄ÜΚÞλ+ Ιτú[ôùΟôτß ΒûΠϕÕ+ ùΘôΟνε′Υô∴
Σ⁄♣ûΩΚûΖχ ùΚôηÓ ♣ì♦χΚκΣÓ€[Õ− ≅Ξσ°τ Ξ↔ûΜΥô∴Õ ♥Κ Øχ€Υλ− ♣ìΣΠιƒο
ΙπùΞôÚ Σ⁄♣ûΩÙλ+ ≅ΘσÏ ØϕûΘΥ Σ⁄♣ûΩûΥ ùΘôΟνϕúΘ ΞÚλ Τσßλ ùΘ↔ϕΘ
Ø⁄ÜΚûΖχ ùΚôηÓλ ΞÚλ ∋úΘσ[λ 5−8 Ηκ Σôν(

Σ♠σ′ A1.3
•θΞÚλ ΙπùΞôÚ úΚρ↑♠Ûλ Ρôλ ∆δΚûΖ ΙÚ áσû[ ♣ì♦χΚε ùΜôο€ú[ôλ−
ΙπùΞôÚ ♣ìΣΠιƒÛλ ∆ρΖ ≅û∴ιÕ Σ⁄ΚûΖÙλ Ξ↔ûΜκΣÓιÕΚ Τσßλ ≅Ξσ°ο
ΙπùΞôτ°σÏλ ΚôςΠιûΘχ áßΚ−

1. ΒÚ ≅ÓιΘÓιΘ Ισû[ ΦηΚ↓τ áÓΘο 3 Αο ΞÏΣÓλ Φ∴ ♣ì♦−
2. ΒÚ ≅ÓιΘÓιΘ Ισû[ ΦηΚûΖ ΦÓιÕχùΚôρ− ≅Ξσ°τ ΞνχΚδΚ↓τ áÓΘÛΟτ

5,Ηχ áγÓΚ− €ûΟιΘ ×ƒΥ Φη 7,Αο ΦκùΣôÝÕúΤ ΞÏΣÓλ Φ∴ ♣Ú♦−
3. p ³ 5 ΦτΣÕ ΙÚ ΣΚô Φη Φ±ο p2 + 2 ΦτΣÕ 2Αο ΞÏΣÓλ Φ∴χΚôγÓ−

∋Ï°κ× 9 ΦÓιÕχΚôγÓ 00Ηκ ΣΥτΣÓιÕ(
4. x Τσßλ y ↑€ΘØß ΦηΚρ ΦτΚ− xy ΦτΣÕ ↑€ΘØß Φη Φ∴χΚôγÓΚ−
5.  a Τσßλ b Α€ΥûΞ− ♥ûΚ ØÝχΚρ Φ±ο a = bq + r, 0 £ r < b, ΦτΣÕ ∆∴χÏι

ùΘ↔Ùλ− Βƒο q ΦτΣÕ ØÝ Φη HCF (a, b) = HCF (b, r). Φ∴ ♣Ú♦−
6.  ØχúΚôΠλ ABC, ♠ο ΣχΚλ BC χÏ ΒûΠΥô∴ úΚôÓ+ AB Τσßλ AC Α€ΥΞσû[

         D Τσßλ E Φτ[ ×ρ↓Κ↓ο Øû[úΥ ùΞγÓ€[Õ− AD AE
DB EC

= ×

A 1.5  áσ°τ Τßκ×χ áσß (Negation of a Statement)
ΒκΣôΟκΣÏƒ♠ο áσ°τ ‘Τßκ×χáσß’ Φτ[ôο Φτ∴ ΦτΣûΘκ Σσ°

ΣôνκúΣôλ− ≅ûΘι ùΘôΟδÏΞΘσÏ ØτΣôΚ+ ′Ω Ï°ÂÓΚûΖ Ρôλ ≅°ØΚκ
ΣÓιÕúΞôλ− ΒχÏ°ÂÓΚΖô∴ûΞ+ ΚÚιÕχΚûΖ ΡτÏ ×↔ϕÕ ùΚôρΞΘσÏ ∆ΘÜλ−
ØΘ←ο+ Ρôλ ΙÚ áσû[ ΙÚ Θ± ≅ΩΚôΚκ ΣôνκúΣôλ− ≅ΘσÏ ΙÚ ùΣΥûς
ΒÓúΞôλ ΦÓιÕχΚôγΟôΚ ùΜκΟλΣν , 1//4 ≅τß ƒο←♠ο ΤûΨ ùΣµΘÕ+ Φτ[
Ξôχ€ΥιûΘ p  Φ∴χÏ°κúΣôλ− ΒûΘúΥ

p : 1 ùΜκΟλΣν , 1//4 ≅τß ƒο←♠ο ΤûΨ ùΣµΘÕ+ Φ∴ ΦÝΘΩôλ− ≅úΘúΣôο

q: ΦοΩô Α′↔ΥνΚÞλ ùΣηΚρ−

r : ûΤχ ΦτΣΞ↔τ Ρôµ ΚÚκ× ΞôûΩχ ùΚôηΟÕ−

s : 2 + 2 = 4.
t : DABC ΜΤΣχΚ ØχúΚôΠλ ΑÏλ−

ΒχÏ°ÂÓΚûΖ ΒκúΣôÕ ΡΤχÏ Ξôχ€ΥδΚ↓τ Ση×ΚûΖ ΑςôµΞƒο ∆ΘÜλ−
úΤÛλ ≅Ξσû[ ΦπΞôß ΒûΠκΣÕ ΦτΣƒÛλ ∆ΘÜλ− ØΘ←ο Ρôλ ‘ΜςΖΤô∴’
Ξôχ€ΥδΚÞχÏ ùΜοúΞôλ− ♦[Ï ‘ΚΩûΞ’ Ξôχ€ΥδΚÞχÏ ùΜοΩΩôλ− •θΞÚλ
≅γΟΞûΠ♠ο Ρôλ ùΚôÓχΚκΣγΟ Ξôχ€ΥδΚ↓←ÚϕÕ ×ƒΥ Ξôχ€ΥδΚûΖ
≅ûΤχΚΩôλ−
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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: It is false that all teachers are female.

r: Mike’s dog has a black tail. ~r: It is 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, ~r, ~s and ~t are negations of the statements p, q, r, s and t, 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 q: All teachers are female. We said the negation
of this statement is ~q: It is 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 q.
However, the second statement gives the meaning of ~q, 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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≅γΟΞûΠ♠ο ΙπùΞôÚ ØΘ←ο á°Υ áσ°χÏ ΙιΘ ×ƒΥ Ξôχ€Υλ+ ØΘ←ο
á°Υ áσ°τ Τßκ×χ áσ[ôÏλ− ≅ΘôΞÕ ~p, ~q, ~r, ~s Α€ΥûΞ áσßΚρ p, q, r, s,t
ΒΞσ°τ Τßκ×χ áσßΚρ ΑÏλ− ~p áσ[ô∴Õ− áσß ‘p χÏ ΦƒνΤû[µ (not p) Φτß
Σ⁄χΚ úΞηÓλ− ≅τ[ôΟ Ξôθ↑ο Ρôλ ùΣôÕκ ΣûΟΥôκ úΣÑλ úΣôÕ ~p  ΦτΣÕ  0
ùΜκΟλΣν 1//4 ≅τß ƒο←♠ο ΤûΨ ùΣµΥ↑οûΩ− Φτß ùΣôÚρΣÓ€[Õ ΦτΣûΘ
ΚΞ±− ΑûΚΥôο Ρôλ Βƒο ♥ÏϕΘ ΚΞ∴λ ùΜÛιΘ ΒοûΩ Φτ[ ΞôνûΘûΥ ùΣôßιƒ∴ôο
úΣôÕλ Φτß ♣û∴χΚΩôλ− Ξôχ€Υλ p ♠ο ΒÕ ùΜοÛΣ⁄ ΑÏλ− Α∴ôο+ ‘ΦοΩô’ Φτß
ùΘôΟδÏλ Ξôχ€ΥδΚÞχÏ ΒÕ ùΜοÛΣ⁄ ΑΞÕ Κ⁄∴λ− q- ûΞχ ΚÚÕΚ− ~q: ΦοΩô
Α′↔ΥνΚÞλ ùΣηΚρ ΦτΣÕ ΘΞß− Βχáß ‘′Ω Αη Α′↔ΥνΚÞλ ΒÚχ€[ôνΚρ’
ΦτΣÕ ΘΞß− Βχáσß ‘′Ω Αη Α′↔ΥνΚÞλ ΒÚχ€[ôνΚρ’ Φτß ùΣôÚρΣÓλ−
ΒκùΣôÝÕ ‘ΒοûΩ’ Φτ[ ΞôνιûΘûΥ q ↑ο ùΣôÚιƒκ ΣôνχΚΩôλ− ≅οΩÕ ‘ΦοΩô
Α′↔ΥνΚÞλ ùΣηΚΖôΚ ΒÚκΣιƒοûΩ’ úΣôτ[ ΣΩ áσßΚρ ΡΤχÏχ €ûΟχΚΩôλ−

ØΘ←ο ∆ρΖ Ξôχ€Υλ ÏΨκ×ΞΘôΚ ∆ρΖÕ− ∋ΦοΩô Φτ[ ΞôνιûΘ ÁÕ ΤγΟλ
ΚΞ∴λ ùΜÛιÕúΞôΤô♠τ( ≅Õ ΦοΩô Α′↔ΥνΚÞλ ΑηΚρ Φτß áΟ ùΣôÚρΣΟΩôλ−
≅Θ∴ôο Ρôλ ΦƒνΤû[Υô∴ ‘Τßκ× áσû[’ ΦÝÕλ  úΣôÕ  ♥ΚÜλ  ΚΞ∴ΤôΚ  ΒÚχΚ
úΞηÓλ−

ΑΚúΞ+ Μ↔Υô∴ Τßκ× áσß ΦÕ Φτß ΦπΞôß Ø⁄Ü ùΜµΞÕ> •θΞÚλ ♣ΣϕΘû∴ûΥ
Ρôλ ΣΥτΣÓιÕúΞôλ−

p ΦτΣÕ áσß ΦτΚ Τσßλ ~p  ΦτΣÕ ≅Θτ Τßκ×χ áσß ΦτΚ− ΒκΣ⁄♠Úκ♦τ
p ∆ηûΤΥôΚ ΒÚχÏλúΣôÕ ~p ΦτΣÕ ùΣôµ ΑÏλ− Τσßλ p ùΣôµΥôΚ ΒÚχÏλ úΣôÕ
~p  ∆ηûΤΥôΚ ΒÚχÏλ−

ΦÓιÕχΚγΟôΚ+ ûΤχ€τ Ρôµ ΚÚκ× ΞôûΩχ ùΚôηΟÕ ΦτΣÕ ∆ηûΤ Φ±ο
ûΤχ€τ  ΡôµχÏ  ΚÚκ×  Ξôο  ΒοûΩ  ΦτΣÕ  ùΣôµ−  ûΤχ€τ  ΡôµχÏ  ΚÚκ×  Ξôο
∆ρΖÕ ΦτΣÕ ùΣôµ Φ±ο ûΤχ€τ ΡôµχÏ ΚÚκ× Ξôο ΒοûΩ ΦτΣÕ ∆ηûΤ−

ΒúΘúΣôο+ s Τσßλ t Α€Υ áσßΚ↓τ Τßκ×χ áσßΚρ Α∴ûΞ−

s: 2 + 2 = 4   Τßκ× áσß ~s: 2 + 2 = 4
t: DABC ΙÚ ΜΤΣχΚ ØχúΚôΠλ ΒΘτ Τßκ×χáσß ~t: DABC ΜΤΣχΚ ØχúΚôΠλ

≅οΩ−

ØΘ←ο á°Υ áσß. Ξôχ€Υλ ×ƒΥ Ξôχ€Υλ

p : 0,ùΜκΟλΣν 2005 ≅τß
ƒο←♠ο ΤûΨ ùΣµΘÕ−

q: ΦοΩô Α′↔ΥνΚÞλ ùΣηΚρ

r: ûΤχ€τ Ρôµ ΚÚκ× ΞôûΩχ
ùΚôηΟÕ−

s: 2 + 2 = 4

t: DABC ΙÚ ΜΤΣχΚ ØχúΚôΠλ

~p: 1 ƒο←♠ο 0,ùΜκΟλΣν 1//4 Βο ΤûΨ
ùΣµΘÕ ΦτΣÕ ΘΞß−

~ q: ΦοΩô Α′↔ΥνΚÞλ ùΣηΚρ ΦτΣÕ ΘΞß

~r: ûΤχ€τ Ρôµ ΚÚκ× ΞôûΩχ ùΚôηΟÕ
ΦτΣÕ ΘΞß

~s: 2 + 2 = 4 ΦτΣÕ ΘΞß−

~t: DABC ΙÚ ΜΤΣχΚ ØχúΚôΠλ ΦτΣÕ ΘΞß
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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 t are:
s: 2 + 2 = 4; negation, ~s: 2 + 2 ¹ 4.
t: Triangle ABC is equilateral; negation, ~t: Triangle ABC is not equilateral.

Now, what is ~(~s)? It would be 2 + 2 = 4, which is s. And what is ~(~t)? This would be ‘the
triangle ABC is equilateral’, i.e., t. In fact, for any statement p, ~(~p)
is p.

Example 12 : State the negations for the following statements:
(i) Mike’s dog does not have a black tail.

(ii) All irrational numbers are real numbers.
(iii) 2  is irrational.
(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 x2 = – 1.
Solution :

(i) It is false that Mike’s dog does not have a black tail, i.e., Mike’s dog has a black tail.
(ii) It is 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.’

(iii) It is false that 2 is irrational, i.e., 2  is 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.e., 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 x2 = – 1, i.e., there is at least one real

number x, such that x2 = – 1.
Remark : From the above discussion, you may arrive at the following Working Rule for
obtaining the negation of a statement :

(i) First write the statement with a ‘not’.
(ii) If there is any confusion, make suitable modification , specially in the statements involving

‘All’ or ‘Some’.
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Β±  ~(~t) ΦτΞôΚ ΒÚχÏλ> ≅Õ  2 + 2 ¹ 4. ΑÏλ− ≅ΘôΞÕ s: 2 + 2 = 4;  úΤÛλ

~s: 2 + 2 ¹ 4. Φτ∴ΞôΚ ΒÚχÏλ> ≅Õ ABC ΜΤΣχΚ ØχúΚôΠλ ΑÏλ− ≅ΘôΞÕ  p
ΑÏλ− ≅ΘôΞÕ p Φτ[ ΦϕΘ ΙÚ áσßχÏλ ~(~p) p p ΦτΣÕ »pµ p ΑÏλ−

ΦÓιÕχΚôγÓ 12 : •θΞÚλ Ξôχ€ΥδΚÞλ Τßκ×χ áσßΚûΖ ΦÝÕΚ−
(i) ûΤχ€τ ΡôµχÏ ΚÚκ× Ξôο ΒοûΩ−

(ii) ΦοΩô ↑€ΘØ[ô ΦηΚÞλ ùΤµ ΦηΚρ−

(iii) 2  ΦτΣÕ ↑€ΘØ[ô Φη−

(iv) ′Ω ↑€ΘØß ΦηΚρ ØÝχΚρ ΑÏλ−

(v) ΦοΩô Α′↔ΥνΚÞλ ΑηΚρ ΒοûΩ−

(vi) ′Ω ÏƒûςΚρ ΣÝκ× ♣[ιƒο ΒοûΩ−

(vii) x2 = – 1 Φτ[ ΞûΚ♠ο  x  Φτ[ ùΤµ Φη ΦÕÜλ ΒοûΩ−

¾νÜ :
(i) ûΤχ€τ ΡôµχÏ ΚÚκ× Ξôο ΒοûΩ ΦτΣÕ ΘΞß− ≅ΘôΞÕ ûΤχ€τ ΡôµχÏ ΚÚκ×

Ξôο ∆ηÓ−

(ii) ΦοΩô ↑€ΘØ[ô ΦηΚÞλ ùΤµ ΦηΚρ ΦτΣÕ ΘΞß+ ≅ΘôΞÕ+ ′Ω ∋Ïû[ϕΘÕ ΙÚ(
↑€ΘØ[ô ΦηΚρ ùΤµ ΦηΚρ ΒοûΩ− ΒûΘúΥ ‘ΦοΩô ↑€ΘØ[ô ΦηΚÞλ ùΤµ
ΦηΚρ ≅οΩ’ Φτßλ á[Ωôλ−

(iii) 2  ΦτΣÕ ↑€ΘØß Φη ΦτΣÕ ΘΞß+ ≅ΘôΞÕ+ 2  ΦτΣÕ ↑€ΘØß Φη ≅οΩ−

(iv) ′Ω ↑€ΘØß ΦηΚρ ØÝχΚρ ΑÏλ ΦτΣÕ ΘΞß ≅ΘôΞÕ+ ΦϕΘ ↑€ΘØß
ΦηÔúΤ ØÝχΚρ ≅οΩ−

(v)  ΦοΩô Α′↔ΥνΚÞλ ΑηΚρ ΒοûΩ ΦτΣÕ ΘΞß+ ≅ΘôΞÕ+ ΦοΩô Α′↔ΥνΚÞλ

ΑηΚρ−

(vi) ′Ω ÏƒûςΚρ ΣÝκ× ΞηΠλ ΒοûΩ ΦτΣÕ ΘΞß+ ≅ΘôΞÕ+ ΦοΩô ÏƒûςΚÞλ
ΣÝκ× ΞηΠλ−

(vii) x2 = – 1 Φτ[ ΞûΚ♠ο x Φτ[ ùΤµ Φη ΦÕÜλ ΒοûΩ ΦτΣÕ ΘΞß+ ≅ΘôΞÕ

x2 = – 1 Φτ[ ΞûΚ♠ο Ïû[ϕΘÕ x Φτ[ ΙÚ ùΤµ ΦηΠôΞÕ ΒÚχ€[Õ−

Ï°κ× :  ΙÚ áσ°τ Τßκ×χ áσû[ ΦÝÕλ úΣôÕ+ •θΞÚλ ′Ω ΡûΟØû[ ↑ƒΚûΖ

♦τΣσ[Ωôλ−

(i) ØΘ←ο ΒοûΩ.≅οΩ Φτ[ ΞôνιûΘÙΟτ áσû[ ΦÝÕΚ−

(ii) Βƒο ÏΨκΣλ ΓúΘ∴λ ΒÚκ♦τ ΘÏϕΘ Τôσ[δΚρ ùΜµΚ+ ∋≅ƒÛλ Ï°κΣôΚ+ ‘ΦοΩô’
≅οΩÕ ‘′Ω’ úΣôτ[ûΞ ∆ρΖ Ξôχ€ΥδΚ↓ο(
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EXERCISE A1.4
1. State the negations for the following statements :

(i) Man is mortal. (ii) Line l is parallel to line m.
(iii) This chapter has many exercises.(iv) All integers are rational numbers.
(v) Some prime numbers are odd. (vi) No student is lazy.

(vii) Some cats are not black.

(viii) There is no real number x, such that 1x = - .

(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.
(i) Mumtaz is hungry. (ii) Some cats are black.

Mumtaz is not hungry. Some cats are brown.
(iii) All elephants are huge. (iv) All fire engines are red.

One elephant is not huge. All fire engines are not red.
(v) No man is a cow.

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: It is difficult to go on a bicycle.
Using our previous notation we can say: If p, then q. We can also say ‘p implies q’, and

denote it by p Þ q.
Now, supose you have the statement ‘If the water tank is black, then it contains potable

water.’ This is of the form p Þ q, where the hypothesis is p (the water tank is black) and the
conclusion is q (the tank contains potable water). Suppose we interchange  the hypothesis and
the conclusion, what do we get? We get q Þ p, i.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 Þ q.
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Σ♠σ′  A1.4

1. •θΞÚλ áσßΚÞχΚô∴ Τßκ×χ áσßΚûΖ ΦÝÕΚ−

(i) Τ±Θτ Β[κ×ρΖΞτ− (ii) úΡνúΚôÓ l úΡνúΚôÓ m ΒΘσÏ ΒûΠ−

(iii) ΒκΣôΟλ ΣΩ Σ♠σ′ΚûΖ ∆ûΟΥÕ (iv) ΦοΩô ØÝχΚÞλ ↑€ΘØß ΦηΚρ−

(v) ′Ω ΣΚô ΦηΚρ Ισû[ ΦηΚρ (vi) ΦϕΘ ΤôΠΞàλ úΜôλúΣ° ≅οΩ−

(vii) ′Ω éû∴Κρ ΚÚκ× ≅οΩ−

(viii) 1x = -  Φτ[ ΞûΚ♠ο x, Φτ[ ΦϕΘ ùΤµ ΦηÔλ ΒοûΩ−

(ix) a Φτ[ ♥ûΚ ØÝûΞ 1 ΞÏχ€[Õ− (x) a Τσßλ b Α€Υ ØÝχΚρ ∋0,Ηι
Θ↑ς úΞß ΦϕΘ( ùΣôÕχΚôς∞ ∋Ùλ( ≅σ[ûΞ−

2. •θΞÚλ ΙπùΞôÚ úΚρ↑♠Ûλ ΒςηÓ Ξôχ€ΥδΚρ ùΚôÓχΚκΣγÓρΖ∴− ΒςηΟôΞÕ
Ξôχ€ΥδΚρ ØΘο Ξôχ€Υιƒτ Τßκ×χ áσ[ô ΒοûΩΥô Φτß áßΚ−

(i) ØλΘô⊥øχÏ Σ′χ€[Õ− (ii) ′Ω éû∴Κρ ΚÚκΣôΚ ∆ρΖ∴−

ØλΘô⊥øχÏ Σ′χΚ↑οûΩ ′Ω éû∴Κρ κùςΖτ ΑΚ ∆ρΖ∴−

(iii)  ΦοΩô Υôû∴ΚÞλ ùΣ↔Υ ∆ÚΞλ ∆ρΖûΞ (iv) ΦοΩô ¾ΥûΠκ× Ξη⁄ΚÞλ ′Κκ×

         ΙÚ Υôû∴ ùΣ↔Υ ∆ÚΞλ ΒοΩôΘÕ−  ΦοΩô ¾ΥûΠκ× Ξη⁄ΚÞλ ′Κκ× ≅οΩ−

(v) ΦϕΘ Τ±Θàλ ΣÑ ≅οΩ−

′Ω Τ±ΘνΚρ ΣÑχΚρ−

A 1.6  ΙÚ áσ°τ ΤßΘûΩ (Convers of a Statement)
ΙÚ áσ°τ ΤßΘûΩ Φτ[ ΚÚιûΘ Ρôλ Β± ÕκΣ°ΥΩôλ− ΒΘσÏ ΡΤχÏ ‘ΚΩûΞ’
Ξôχ€Υλ Φτ[ ΚÚιÕ úΘûΞκΣÓ€[Õ− ≅ΘôΞÕ+ Ιτú[ô ≅οΩÕ ≅ûΘ↑Ο ≅ƒΚΤôΚ
‘ΜςΖΤô∴’ Ξôχ€ΥδΚ↓τ ΚΩûΞΥô∴ Ξôχ€Υλ− ΚΩûΞ Ξôχ€ΥδΚûΖ ∆ηΟôχÏΞΘσÏ
ΣΩ Ξ→Κρ ∆ρΖ∴− Α∴ôο Ρôλ ΒδÏ+ ‘Φ±ο’ Τσßλ ‘ΑÏλ−’ Φτ[ ΞôνιûΘΚûΖχ
ùΚôηÓ ΒÚ ΜςΖΤô∴ Ξôχ€ΥδΚûΖ ΒûΠκΣΘτ êΩλ ∆ÚΞôÏλ ΚΩûΞ Ξôχ€ΥδΚûΖ
ΤγÓλ ΚΞ±κúΣôλ− ΦÓιÕχΚôγΟôΚ+ ‘ΤûΨ ùΣµ€[Õ Φ±ο+ ûΜχ€ρ ÁÕ ùΜοΞÕ Κ⁄∴λ
ΑÏλ− Φτ[ Ξôχ€Υλ ΒςηÓ Ξôχ€ΥδΚΖôο Α∴Õ−

p: ΤûΨ ùΣµ€[Õ−

       q: ûΜχ€ρ ÁÕ ùΜοΞÕ Κ⁄∴λ−

ØϕûΘΥ Ï°ÂÓΚûΖκ ΣΥτΣÓιƒ+ Ρôλ  p Φ±ο q  ΑÏλ− Φτß á[Ωôλ− p Α∴Õ

q  ∆ΠνιÕ€[Õ (pimlies q) Φτßλ á[Ωôλ Τσßλ ΒûΘ p Þ q Φτàλ Ï°χ€ú[ôλ− 

Β± ¿νùΘôγ⁄ ΚÚκ× ♣[λ Φ±ο ≅ƒο Ï⁄¿ν ∆ρΖÕ Φτ[ Ξôχ€ΥιûΘ
ΦÓιÕχùΚôρúΞôλ− ΒÕ p Þ q,Φτ[ Ξ⁄↑ο ∆ρΖÕ Βƒο p ΦτΣÕ Ø⁄Ü ∋≅ƒο Ï⁄¿ν

∆ρΖÕ( Κσ♦Θχ ùΚôρûΚûΥÙλ Ø⁄ûΞÙλ ΒΟλ Τôσ° ΦÝƒ∴ôο Φτ∴ €ûΟχÏλ>

q Þ p, i ΦτΣÕ €ûΟχÏλ ≅ΘôΞÕ+ ùΘôγ⁄♠ο ∆ρΖÕ Ï⁄¿ν Φ±ο+ ùΘôγ⁄ ΚÚκ× ♣[ιƒο

ΒÚχΚ úΞηÓλ− ΒϕΘ Ξôχ€ΥúΤ q Þ p Φτ[ Ξôχ€Υιƒτ ΤßΘûΩχ áσ[ôÏλ−
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In general, the converse of the statement p Þ q is q Þ p, where p and q are statements.
Note that p Þ q and q Þ p are the converses of each other.

Example 13 : Write the converses of the following statements :
(i) If Jamila is riding a bicycle, then 17 August falls on a Sunday.

(ii) If 17 August is a Sunday, then Jamila is riding a bicycle.
(iii) 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) If a person has a viral infection, then he runs a high temperature.

(vi) If Ahmad is in Mumbai, then he is in India.
(vii) 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 Þ q. So, to find the converse, we first
identify p and q, and then write q Þ p.

(i) p: Jamila is riding a bicycle, and q: 17 August falls on a Sunday. Therefore, the converse is:
If 17 August falls on a Sunday, then Jamila is riding a bicycle.

(ii) This is the converse of (i). Therefore, its converse is the statement given in
(i) above.

(iii) If Pauline’s face turns red, then she is angry.
(iv) If a 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.
(viii) 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 is 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: If Ahmad is in
Mumbai, then he is in India. This statement is 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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ùΣôÕΞôΚ p Þ q Φτ[ áσ°τ ΤßΘûΩΥô∴Õ , q Þ p  ΦτΣΘôÏλ− Βƒο Βƒο  p
Τσßλ q Α€Υ∴ áσßΚρ ΑÏλ− p Þ q  Τσßλ q Þ p  ΦτΣ∴ Ιτß Τσù[ôτ°τ
ΤßΘûΩΚρ ΑÏλ−
ΦÓιÕχΚôγÓ 13 : •θΞÚλ Ξôχ€ΥδΚ↓τ ΤßΘûΩχ áσßΚûΖ ΦÝÕΚ−

(i) ⊥♥Ωô ûΜχ€ρ ϑγÓ€[ôρ Φ±ο+ ΑΚυÓ 06 Νô♠σßχ€ΨûΤ♠ο ΞÚ€[Õ−
(ii) ΑΚυÓ 06 Νô♠ß Φ±ο ⊥ÁΩô ûΜχ€ρ ϑγÓ€[ôρ−

(iii) ΣôÄτ úΚôΣκΣÓ€[ôτ Φ±ο ≅Ξ∴Õ ØΚλ ′Ξχ€[Õ−
(iv) ΙÚΞ↔Ολ Κο↑♠Υ←ο ΣγΟλ (degree) ΒÚκ♦τ+ ≅Ξρ Κο↑ Κσ♦χΚ

≅àΤƒχΚκΣÓ€[ôν−
(v) ΙÚΞÚχÏ ûΞςο úΡôµ (Viral infection) ΒÚχ€[Õ Φ±ο ≅ΞÚχÏ ΚôµεΜο

ΒÚχ€[Õ−
(vi) ≅ΚΤÕ ØλûΣ♠ο ΒÚχ€[ôν Φ±ο ≅Ξν ΒϕƒΥô↑ο ΒÚχ€[ôν−
(vii) ABC ΜΤΣχΚ ØχúΚôΠλ Φ±ο ≅Θτ ΦοΩô ∆γúΚôΠδΚÞλ ΜΤλ−
(viii) x ΦτΣÕ ΙÚ ↑€ΘØ[ô Φη Φ±ο+ x Βτ ΘΜΤ ↑↔ΞôχΚΤô∴Õ Ø⁄Ξσ[Õ

Τσßλ ƒÚλΣ ƒÚλΣ ΞςôΘÕ−
(ix)  x – a ΦτΣÕ ΣοÛßκ×χ úΚôûΞ p(x)  Βτ Κôς∞ Φ±ο p(a)R0 ΑÏλ−
¾νÜ :  úΤúΩ á[κΣγΟ ΙπùΞôÚ áσßλ  p Þ q Φτ[Ξôß ∆ρΖ∴− ΑΚúΞ+
ΤßΘûΩûΥχ ΚηÓ♦⁄κΣΘσÏ+ ØΘ←ο p Τσßλ q Α€ΥΞσû[ ≅ûΟΥôΖδΚûΖ
ΚηÓ ♦[Ï q Þ p Φτß ΦÝΘ úΞηÓλ−

(i) p: ⊥ÁΩô ûΜχ€ρ ϑγÓ€[ôρ− Τσßλ  q: 17 ΑΚυÓ ΙÚ Νô♠σßχ€ΨûΤ♠ο
ΞÚ€[Õ− ΑΚúΞ+ ΤßΘûΩΥô∴ûΞ 06 ΑΚυÓ Νô♠σßχ€ΨûΤ Φ±ο+ ⊥ÁΩô
ûΜχ€ρ ΙγÓ€[ôρ−

(ii) ΒÕ áσß (i). ΒÕ  ΤßΘûΩ  ΑΚúΞ+  ≅Θτ  ΤßΘûΩΥô∴Õ  úΤúΩ  ΚηΟ (i)
ΑÏλ−

(iii) ΣôÄ±τ ØΚλ ′ΞϕΘôο ≅Ξρ úΚôΣιÕΟτ ΒÚχ€[ôρ−
(iv) ΙÚΞν Κσ♦χΚ ≅àΤƒχΚκΣÓ€[ôν Φ±ο ≅Ξ↔Ολ Κο↑♠Υ←ο ΣγΟλ ∆ρΖÕ−
(v) ΙÚΞÚχÏ ΚôµεΜο ΒÚχ€[Õ Φ±ο ≅ΞÚχÏ ûΞςο úΡôµ ΒÚχ€[Õ−

(vi) ≅ΚΤÕ ΒϕƒΥô↑ο ΒÚχ€[ôν Φ±ο ≅Ξν ØλûΣ♠ο ΒÚχ€[ôν−
(vii) ABC ♠τ ΦοΩô ∆γúΚôΠδΚÞλ ΜΤλ Φ±ο ≅Õ ΜΤΣχΚ ØχúΚôΠλ ΑÏλ−
(viii) x Βτ ΘΜΤ ↑↔ΞôχΚλ Ø⁄Üσ[Õ Τσßλ ƒÚλΣ ƒÚλΣ ΞςôΘÕ Φ±ο x ΦτΣÕ

ΙÚ ↑€ΘØ[ô Φη ΑÏλ−
(ix) p(a) = 0 Φ±ο, x – a ΦτΣÕ ΣοÛßκ×χ úΚôûΞ p(x) Βτ Κôς∞ ΑÏλ−

úΤσá°Υ ΙπùΞôÚ áσßΚÞχÏλ ≅Ξσ°τ ΤßΘûΩûΥ+ ≅ûΞ ∆ηûΤΥô+
ùΣôµΥô Φτß ΣôνχΚôΤúΩúΥ Ρôλ ΦÝƒ ΞÚ€ú[ôλ ΦτΣûΘχ ΚΞ±χΚÜλ−
ΦÓιÕχΚôγΟôΚ+ •θΞÚλ Ξôχ€ΥιûΘ ΚΞ±− ≅ΚΤÕ ≅Ξν ΒϕƒΥô↑ο ΒÚχ€[ôν
Φ±ο ≅Ξν ØλûΣ♠ο ΒÚχ€[ôν− ΒÕ ΦκùΣôÝÕúΤ ∆ηûΤΥôΚ ΒÚχΚ úΞη⁄ΥÕ
≅Ξ′Υλ ΒοûΩ− ≅Ξν ΒϕƒΥô↑τ ΦκΣÏƒ♠ο úΞηÓΤô∴ôÛλ ΒÚχΚΩôλ−
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In mathematics, especially in geometry, you will come across many situations where
p Þ q is true, and you will have to decide if the converse, i.e., q Þ 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.

(i) If n is an even integer, then 2n + 1 is an odd integer.
(ii) If the decimal expansion of a real number is terminating, then the number is rational.

(iii) 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) If two triangles are congruent, then their corresponding angles are equal.

Solution :
(i) The converse is ‘If 2n + 1 is an odd integer, then n is an even integer.’ This is a false

statement  (for example, 15 = 2(7) + 1, and 7 is odd).
(ii) ‘If a real number is rational, then its decimal expansion is terminating’, is the converse.

This is a false statement, because a rational number can also have a non-terminating recurring
decimal expansion.

(iii) 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.

EXERCISE A1.5
1. Write the converses of the following statements.

(i) If it is hot in Tokyo, then Sharan sweats a lot.
(ii) If Shalini is hungry, then her stomach grumbles.

(iii) If Jaswant has a scholarship, then she can get a degree.
(iv) If a plant has flowers, then it is alive.
(v) If an animal is a cat, then it has a tail.
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Κ∞Θιƒο+ Ï°κΣôΚ Ξ⁄↑Υ←ο 9  p Þ q  ΦτΣÕ ∆ηûΤΥôΚÜλ ≅Θτ
ΤßΘûΩΥô∴ q Þ p, ΦτΣÕλ ∆ηûΤΥô ΒοûΩΥô Φτß Ø⁄Ü ùΜµΥ úΞη⁄Υ
ΣΩ ΜϕΘνΣδΚûΖ Φƒν ùΚôρÅνΚρ−
ΦÓιÕχΚôγÓ 14 : •θΞÚλ Ξôχ€ΥδΚ↓τ ΤßΘûΩΚûΖ ΦÝÕΚ− ΙπùΞôτ°τ
ΤßΘûΩÙλ ∆ηûΤΥô> ùΣôµΥô> Φτß Ø⁄Ü ùΜµÙδΚρ−

(i) n ΦτΣÕ ΒςγûΟ ØÝ Φ±ο+ 2n + 1 ΦτΣÕ ΙÚ Ισû[ ØÝ Φη ΑÏλ−
(ii) ΙÚ ùΤµ Φη∞τ ΘΜΤ ↑↔ΞôχΚλ Ø⁄ÜρΖÕ Φ±ο ≅ϕΘ Φη ↑€ΘØß Φη

ΑÏλ−
(iii) ΒÚ ΒûΠ úΚôÓΚûΖ ΙÚ ÏßχÏùΞγ⁄ (transversal) ùΞγÓ€[Õ Φ±ο+ ΙπùΞôÚ

ú⊥ô⁄ ΙιΘ úΚôΠδΚÞλ ΜΤλ−
(iv) ΙÚ ΡôσΚςιƒτ ΙπùΞôÚ ú⊥ô⁄ ΦƒνΣχΚδΚÞλ ΜΤΤôΚ ΒÚκ♦τ+ ≅ϕΘ

ΡôσΚςΤô∴Õ ΙÚ ΒûΠΚςλ ΑÏλ−
(v) ΒςηÓ ØχúΚôΠδΚρ ΜνΞΜΤλ Φ±ο+ ≅Ξσ°τ ΙιΘ úΚôΠδΚÞλ ΜΤλ−
¾νÜ :

(i) ΤßΘûΩχ áσß+ 2n + 1 ΦτΣÕ Ισû[ ØÝ Φ±ο n ΦτΣÕ ΙÚ ΒςγûΟ ØÝ
Φη ΑÏλ− ΦτΣÕ ΙÚ ΘΞ[ô∴ áσ[ôÏλ− ∋ΦÓιÕχΚôγΟôΚ+ 15 = 2(7) + 1,
Τσßλ 6 ΦτΣÕ Ισû[ Φη(

(ii) ‘ΙÚ ùΤµ ΦηΠô∴Õ ↑€ΘØß Φη Φ±ο ≅Θτ ΘΜΤ ↑↔ΞôχΚλ Ø⁄Ü
ùΚôηΟÕ−’ ΦτΣúΘ ΤßΘûΩΥôÏλ− ΒÕ ΘΞςô∴ áσ[ôÏλ− Γù∴±ο ΙÚ
↑€ΘØß ΦηΠô∴Õ− Ø⁄Üσ[ ƒÚλΣ ƒÚλΣ ΞÚλ ΘΜΤ ↑↔ΞôχΚιûΘ
ùΚôηΟΘôΚÜλ ΒÚχΚΩôλ−

(iii) ‘ΙÚ ÏßχÏùΞγ⁄ ΒÚ úΚôÓΚûΖ+ ΙπùΞôÚ ú⊥ô⁄ ΙιΘ úΚôΠδΚρ ΜΤΤôΚ
ΒÚχΚλ ΞûΚ♠ο ùΞγÓúΤΥô♠τ+ ≅π↑Ú úΚôÓΚÞλ ΒûΠ úΚôÓΚρ ΑÏλ−’
ΦτΣúΘ ΤßΘûΩ ΑÏλ− 8 Αλ ΞÏκ× ΣôΟκ×ιΘΚιƒο+ ΦÓúΚôρ 5−3 ΒτΣ⁄+
Βχáσß ∆ηûΤúΥ Φτß Ε€ιÕρúΖôλ−

(iv) ‘ΙÚ ΡôσΚςΤô∴Õ ΒûΠΚςλ Φ±ο+ ΙπùΞôÚ ú⊥ô⁄ ΦƒνκΣχΚδΚρ ΜΤλ+
ΦτΣúΘ ΤßΘûΩΥôÏλ− ΒÕ ∆ηûΤΥô∴ áσ[ôÏλ ∋úΘσ[λ 7−0 ΞÏκ× 8(

(v) ΒÚ ØχúΚôΠδΚ↓τ ΙιΘ úΚôΠδΚρ ΜΤλ Φ±ο+ ≅ûΞ ΜνΞΜΤ ØχúΚôΠδΚρ
ΑÏλ− ΦτΣúΘ ΤßΘûΩΥôÏλ− Βχáσß ùΣôµΥô∴Õ− ΒΘσΚô∴ ΘχΚ ΦƒνΤû[
ΦÓιÕχΚôγûΟ ¿δΚúΖ ΚηÓ♦⁄ÙδΚρ−

Σ♠σ′  A1.5
1. •θΞÚλ áσßΚ↓τ ΤßΘûΩûΥ ΦÝÕΚ−

(i) úΟôχ€úΥô↑ο ùΞκΣλ ≅ƒΚΤôΚ ΒÚϕΘôο Μςη ≅ƒΚΤôΚ ↑ΥνûΞ
↑ÓΞôτ−

(ii) _ô←±χÏ Σ′ιΘôο ≅Ξρ Ξ♠ß ØÔØÔχÏλ−
(iii) ⊥υΞϕιƒσÏ ∆Θ↑ιùΘôûΚ €ûΟχÏúΤΥô♠τ ≅Ξρ ΣγΟλ ùΣ[Ωôλ−
(iv) ΙÚ  ùΜ⁄♠ο  ΤΩνΚρ  ∆ρΖ∴  Φτ[ôο+  ≅Õ  ∆♠ÚΟτ  ∆ρΖÕ  Φτß

ùΣôÚρ−
(v) ΙÚ ↑ΩδÏ éû∴ΥôΚ ΒÚχΚúΤΥô♠τ+ ≅ΘσÏ Ξôο ∆ηÓ−
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2. Write the converses of the following statements. Also, decide in each case whether the
converse is true or false.
(i) If triangle ABC is isosceles, then its base angles are equal.

(ii) If an integer is odd, then its square is an odd integer.
(iii) If x2 = 1, then x = 1.
(iv) If ABCD is a parallelogram, then AC and BD bisect each other.
(v) If a, b and c, are whole numbers, then a + (b + c) = (a + b) + c.

(vi) If x and y are two odd numbers, then x + y is an even number.
(vii) If vertices of a parallelogram lie on a circle, then it is a rectangle.

A1.7 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,

p: ax
b

= , 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 q is true, then we have arrived at a

contradiction, because q implies that the negation of p is true. If you remember, this is exactly
what happened when we tried to prove that 2  is 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.

l Let 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. ♦τΞÚλ áσßΚ↓τ ΤßΘûΩΚûΖ ΦÝÕΚ− úΤÛλ ≅ûΞ ΙπùΞôτ°Ûλ
ΤßΘûΩΥô∴Õ ∆ηûΤΥô> ùΣôµΥô> Φτß Ø⁄Ü ùΜµΚ−
(i) ABC ΙÚ ΒÚΜΤΣχΚ ØχúΚôΠλ Φ±ο ≅Θτ ≅⁄ιΘΖχ úΚôΠδΚρ ΜΤλ−

(ii) ΙÚ ØÝΞô∴Õ Ισû[ ΦηΠôΚ ΒÚϕΘôο+ ≅Θτ ΞôχΚΤô∴Õ ΙÚ Ισû[
ØÝ ΑÏλ−

(iii) x2 = 1 Φ±ο, x = 1.
(iv) ABCD ΦτΣÕ ΒûΠΚςλ Φ±ο+ AC Τσßλ BD Ιτû[ Τσù[ôτß ΒÚΜΤχ

á°Óλ−
(v) a, b ΦτΣ∴ ØÝ ΦηΚρ, (Whole Numbers) Φ±ο a + (b + c) = (a + b) + c.

ΑÏλ−
(vi) x Τσßλ y  ΒÚ Ισû[ ΦηΚρ Φ±ο+ x + y ΦτΣÕ ΙÚ ΒςγûΟ Φη ΑÏλ−

(vii) ΙÚ ΒûΠΚςιƒτ ∆ε′Κρ ΙÚ ΞγΟιƒτ ÁÕ ≅ûΤϕƒÚκ♦τ+ ≅Õ ΙÚ
ùΜπΞΚλ−

A 1.7 ØςηΣôγÓ ♣ìΣΠλ (Proof by contradiction)
ΒÕ Ξûς♠ο+ ΦοΩô ΦÓιΘχΚôγÓΚ↓Ûλ Ρôλ+ Ø⁄ÜΚ↓τ ∆ηûΤûΥ ♣ûΩ ♣ßιΘ+
úΡς⁄ ΞôΘδΚûΖúΥ ΣΥτΣÓιƒú∴ôλ− Β± Ρôλ+ ‘Τû[ØΚΤô∴’ ΞôΘδΚûΖ Ï°κΣôΚ+
Κ∞Θιƒο ΙÚ ΜχƒΞôµϕΘ ΚÚ↑Υô∴ ‘ςηΣôΟο ♣ìΣΠλ’ ΦτΣûΘκ Σσ°
ΑςôµúΞôλ− ΒûΘ Ρôλ ΣôΟλ 7,Βο ΣΩ ΦηΚ↓τ ↑€ΘØ[ôιΘτûΤûΥ ♣ûΩΡôγΟ
ΣΥτΣÓιƒÙρúΖôλ− úΤÛλ úΞß ′Ω ΣôΟδΚ↓ο+ úΘσ[δΚûΖ ♣ì♦χΚÜλ
ΣΥτΣÓιƒÙρúΖôλ− ΒδÏ+ ΒχΚÚιûΘ ΦÓιÕûςχΚ ΣοúΞß ΦÓιÕχ ΚôγÓΚûΖ
ùΜµúΞôλ−

 ØΘ←ο ØςηΣôÓ (Contradiction) Φτ[ôο Φτ∴ ΦτΣûΘ ↑Ξ↔κúΣôλ−
Κ∞Θ↑Υ←ο p Φτ[ áσß ∆ηûΤΥôΚÜλ Τσßλ ≅Θτ Τßκ×χ áσß ~p ΦτΣÕλ
∆ηûΤΥôΚÜλ ≅ûΤÙλ úΣôÕ+ ØςηΣôÓ ΦτΣÕ ΞÚ€[Õ− ΦÓιÕχΚôγΟôΚ−

p: ax
b

= , Βƒο a, Τσßλ b Α€ΥûΞ ≅ΘôΞÕ ΜôνΣΚô ΦηΚρ, ≅ΘôΞÕ a, Τσßλ

b ΒΞσ°τ 0Ηι Θ↑ς úΞß ΦϕΘ ùΣôÕχΚôς∞Ùλ €ûΟΥôÕ−
q: ‘a’ Τσßλ ‘b’Η 1 Φτ[ Φη ΞÏχ€[Õ−
p ΦτΣÕ ∆ηûΤ Φτß Ρôλ Ε€χ€ú[ôλ Τσßλ ΦπΞôú[àλ q ΦτΣÕλ

∆ηûΤ Φ∴ Ρôλ ΚôγÓúΞôúΤΥô∴ôο Ρôλ ΙÚ ØςηΣôγûΟ ΞϕΘûΟϕÕ ΒÚχ€ú[ôλ
Φτß ùΣôÚρ− Γù∴±ο  p ♠τ Τßκ×χáσ[ô∴ q ΦτΣÕλ ∆ηûΤ Φ∴ ∆ΠνιÕ€[Õ−
Ρôλ 2  ûΞ ↑€ΘØ[ô Φη Φ∴χΚôγΟ ØΥÛλ úΣôÕ+ ♥Κε Μ↔ΥôΚ ΒÕúΞ ΡΟχ€[Õ
ΦτΣûΘ ♣û∴Üχ áßΚ− ∋≅ιƒΥôΥλ 0 Η ΣôνχΚ(

ØςηΣôγ⁄Ωôο ♣ìΣΠλ ΦτΣÕ ΦπΞôß ùΜΥοΣÓ€[Õ> Ï°κ♦γΟ ùΘôÚ
ΦÓιÕχΚôγûΟχ ùΚôηÓ ΒûΘκ ΣôνχΚΩôλ−

•θΞÚΞ∴ûΞ ùΚôÓχΚκΣγÓρΖ∴ ΦτΚ 9
ΦοΩô ùΣηΚÞλ Β[κ×ρΖΞνΚρ A ΦτΣÕ ΙÚ ùΣη A Β[κ×ρΖΞτ ΑΞôρ

Φ∴ ♣ì♦−
l áσß p ♠τ ∆ηûΤûΥ ♣ûΩΡôγΟ úΞηÓλ Φ∴ Ρôλ Ε€ιÕχùΚôρΖΩôλ−

∋ΒδÏ Ρôλ p : ‘A  Β[κ×ρΖΞτ ΑΞôρ+ ΦτΣÕ ∆ηûΤ Φ∴ Ρôλ ♣ì♦χΚ
úΞηÓλ(
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l 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).

l 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.)

l If this leads to a contradiction, then the contradiction arises because of our faulty assumption
that p is 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 is not mortal.)

l Therefore, our assumption is wrong, i.e., 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 r be a  non-
zero rational number and x be an irrational number.

Let mr
n

= , where m, n are integers and m ¹ 0,

 n ¹ 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 prx
q

= , q ¹ 0, where p and q are integers. This follow from  the previous

statement and the definition of a
rational number.

Rearranging the equation prx
q

= , q ¹ 0, and

using the fact that mr
n

= , we get p npx
rq mq

= = .
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l ΑΚúΞ Ρôλ áσß ∆ηûΤ ΒοûΩ Φτß Ε€ιÕχ ùΚôηÓ ùΘôΟδÏúΞôλ−
≅ΘôΞÕ p ♠τ Τßκ×χ áσß ∆ηûΤ Φτß Ε€κúΣôλ− ∋≅ΘôΞÕ A
Β[κΣΘσ[Ξτ(

l ΑΚúΞ Ρôλ áσß ∆ηûΤ ΒοûΩ Φτß Ε€ιÕχ ùΚôηÓ ùΘôΟδÏúΞôλ−
≅ΘôΞÕ  p ♠τ Τ[κ×χ áσß ∆ηûΤ Φτß Ε€κúΣôλ− (≅ΘôΞÕ A Β[κΣσ[Ξρ(

l p ♠τ Τßκ×χ áσß ∆ηûΤ ΦτΣûΘ ≅⁄κΣûΟΥôΚχ ùΚôηÓ Ξ↔ûΜΥôΚ
ΘνχΚÃƒΥôΚ ′Ω ∆µκ×ΚûΖ úΤσùΚôρ€ú[ôλ− (A Β[κΣσ[Ξρ ΦτΣΘôο+ ΡΤχÏ
ΦοΩô  ùΣηΚÞλ Β[κ×ρΖΞνΚρ+ ΦτΣΘσÏ ΙÚ ΦƒνΤû[ ΦÓιÕχΚôγÓ
€ûΟιÕρΖÕ− ΑΚúΞ+ ΦοΩô ùΣηΚÞλ Β[κ×ρΖΞνΚρ ΦτΣÕ ùΣôµΥô€[Õ−

l ΒÕ ØτàχÏ ♦τ ØςΠôΚ ≅ûΤϕÕρΖÕ− ΒϕΘ ØςηΣôÓ ΞϕΘΘτ ΚôςΠλ
p ΦτΣÕ ∆ηûΤ ≅οΩ Φτ[ ΡΤÕ ΘΞ[ô∴ ΕΚúΤ−
 ∋Βƒο ØςηΣôÓ Φτ∴ùΞτ[ôο+ Ρôλ ΒδúΚ+ ‘ΦοΩô ùΣηΚÞλ Β[κ×ρΖΞνΚρ’

Τσßλ ≅Θτ Τßκ×χ áσ[ô∴ ùΣηΚ↓ο ΦοúΩôÚúΤ Β[κ×ρΖΞνΚρ ≅οΩ’
Φτ[ ΒςηûΟÙúΤ Ιúς ΜΤΥιƒο ∆ηûΤ Φ∴χ Κôγ⁄ÙρΖúôλ− ΒλØςηΣôΟô∴Õ
ΞϕΘΘτ ΚôςΠλ A ΦτΣΞν Β[κΣσ[Ξρ Φτ[ Ε€ιΘúΘ(
l ΑΚúΞô+ ΡΤÕ ΕΚúΤ ΘΞ[ô∴Õ+ ≅ΘôΞÕ p ΦτΣÕ ∆ηûΤΥôΚ ΒÚϕúΘ ΑΚ

úΞηÓλ ∋ΑΚ+ A Β[κ×ρΖΞτ ΑΞôρ(
ΦÓιÕχΚôγÓ 15 : ΙÚ  Ñ→  ≅οΩôΘ  ↑€ΘØß  Φη  Τσßλ  ΙÚ  ↑€ΘØ[ô  Φη
Α€ΥΞσ°τ ùΣÚχΚο ùΘôûΚΥô∴Õ ΙÚ ↑€ΘØ[ô Φη ΑÏλ−

¾νÜ :

Ρôλ ØςηΣôγ⁄∴ôο ♣ìΣΠιûΘκ ΣΥτΣÓιΘΩôλ−
r ΦτΣÕ Ñ→ ≅οΩôΘ ↑€ΘØß Φη Τσßλ x ΦτΣÕ

ΙÚ ↑€ΘØ[ô Φη ΦτΚ− 
mr
n

=  ΦτΚ− Βƒο  m, n
ΦτΣ∴ ØÝχΚρ m ¹ 0, n ¹ 0.  rx ΦτΣÕ ↑€ΘØ[ô
Φη Φ∴ Ρôλ ♣ì♦χΚ úΞηÓλ

 rx ΦτΣÕ ↑€ΘØß Φη Φ∴ Ε€κúΣôλ−

≅κΣ⁄ùΥ±ο 
prx
q

=  Βƒο p, Τσßλ q Α€Υ∴

ØÝχΚρ

áσßΚρ ΑµÜ . Ï°κ×

prx
q

=  p,  q ZÎ  Τσßλ ΦτΣûΘκ

 ΣΥτΣÓιƒ  q ¹ 0.
p npx

rq mq
= =

ΒδÏ Ρôλ+ ♣ì♦χΚκΣΟ úΞη⁄Υ
áσ°τ Τßκ×χáσû[ Ε€χ€ú[ôλ−

Β Õ  Ø ϕ û Θ Υ  á σ ° ο  Β Ú ϕ Õ
ùΘôΟν€[Õ− Τσßλ ↑€ΘØß ΦηΚ↓τ
Ξû[Υû[−
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Since np and mq are integers and mq ¹ 0, Using properties of integers,
x is 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.
is irrational.

The contradiction has arisen because of the faulty Logical deduction.
assumption that rx is rational. Therefore, rx
is irrational.

We now prove Example 11, but this time using proof by contradiction. The proof is 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 n 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 6n + 1
or 6n + 5, we get p = 6n or 6n + 2 or 6n + 3
or 6n + 4.

Therefore, p is divisible by either 2 or 3. Logical deduction.

So, p is not a prime. Logical deduction.

This is a contradiction, because by our hypothesis Precisely what we want!
p is 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.
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np Τσßλ mq ΦτΣ∴ ØÝχΚρ+ mq ¹ 0,
ΑΚúΞ  x ΦτΣÕ ΙÚ ↑€ΘØß Φη ΑÏλ−

ΒÕ ΙÚ ØςηΣôÓ+ Γù∴±ο x ΦτΣÕ ΙÚ
↑€ΘØß Φη Φτß Ρôλ Κôγ⁄ÙρúΖôλ− Α∴ôο
ΡΤÕ Κσ♦Θτ ùΚôρûΚ♠τ Σ⁄ x ìΦτΣÕ
↑ΚΘØ[ô Φη−

ΒϕΘ ØςηΣôÓ ΞϕΘΘτ ΚôςΠλ ΡΤÕ ΘΞ[ô∴
ΕΚΤô∴ rx ΦτΣÕ ↑€ΘØß Φη ΦτΣúΘ ΑΚúΞ
 rx ΦτΣÕ ΙÚ ↑€ΘØ[ô Φη−

ØÝχΚ↓τ Ση×Κρ Τσßλ ↑€ΘØß
Φ η Κ ↓ τ  Ξ û ς Υ û [  Β Ξ σ û [ κ
ΣΥτΣÓιÕΘο−

ΒûΘιΘôτ Ρôλ Φƒν Σôνχ€ú[ôλ , ΙÚ
ØςηΣôÓ

ΘνχΚ ÃƒΥô∴ ∆µκ×−

Β±  Ρôλ  ΦÓιÕχΚôγÓ  00  ,  Η  ØςηΣôγ⁄∴ôο  ♣ì♦χΚΩôλ−  ♣ìΣΠλ  •úΨ
ùΚôÓχΚκΣγÓρΖÕ−

áσßΚρ ΑµÜ . Ï°κ×

áσ[ô∴Õ ∆ηûΤ ≅οΩ Φτß Ε€κúΣôλ

 Φ∴úΞ+ 6n + 1 ≅οΩÕ 6n + 5, Φτ[ Ξ⁄↑ο
ΒοΩôΘΞôß 2 Η ↑Ο ≅ƒΚΤô∴ ΙÚ ΣΚô Φη  p
> 3 ΒÚχ€[Õ Φτß ùΚôρΚ−

ëχ←γ,Βτ ΞÏιΘο úΚôγΣôγûΟ (lemma) ùΚôηÓ
∋5,Αο ΞÏκΣΘτ ÁÕ( Τσßλ p ΦτΣÕ 6n + 1
≅οΩÕ 6n + 5 Α€Υ Ξ⁄↑ο ΒοûΩ ΦτΣûΘχ
ùΚôηÓ ΡΤχÏ p = 6n ≅οΩÕ 6n + 2 ≅οΩÕ 6n +
3 ≅οΩÕ 6n + 4. ΦτΣÕ €ûΟχ€[Õ−
ΑΚúΞ p ΦτΣÕ 1 ≅οΩÕ 2 Αο ΞÏΣÓ€[Õ−

ΑΚ p ΦτΣÕ ΣΚô Φη ≅οΩ−

ΒÕ ΙÚ ØςηΣôÓ ΚôςΠλ ΡΤÕ Κσ♦Θχ
ùΚôρûΚΥô∴ p ΙÚ ΣΚô Φη ΦτΣΘôο−

Βλ ØςηΣôÓ ΦÝΘΞσΚô∴ ΚôςΠλ+ Ρôλ 6n +
1  ≅οΩÕ 6n + 5  Α€Υ Ξ⁄↑ο ΒοΩôΘ 2,Η
↑Οκ ùΣ↔Υ ΣΚô Φη p > 3  Ιτß ΒÚχ€[Õ
Φτß Ε€ιΘúΘ−

ΑΚúΞ+ 2,Η ↑ΟκùΣ↔Υ ΙπùΞôÚ ΣΚô ΦηÔλ
6n + 1 ≅οΩÕ 6n + 5 Α€Υ Ξ⁄↑ο ∆ρΖÕ

Ρ ô λ  Ø τ ∴ ú Τ  Κ σ [ Ξ ô ß +
ØςηΣôγ⁄∴ôο ♣ìΣΠιƒσÏ ΒÕúΞ
ØΘο ΞôΘλ−

ΒÕ Ø⁄Ü áσ°τ Τßκ×χ áσ[ôÏλ−

Øτ∴úΤ ♣ì♦χΚκΣγΟ Ø⁄ÜΚûΖκ
ΣΥτΣÓιƒ

ΘνχΚ ÃƒΥô∴ ∆µκ×−
ΘνχΚ ÃƒΥô∴ ∆µκ×

ΒÕúΞ ΡΤχÏι úΘûΞκΣγΟÕ−

Ρôλ Μ↔Υô∴ Ø⁄↑σÏ ΞϕΘûΟϕúΘôλ−
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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 :

Fig. A1.5

Statements Analysis/Comment

Let XY be the given line, P a point not lying on XY Since we have to prove that
and PM, PA1, PA2, . . . etc., be the line segments out of all PM, PA1, PA2, . . .
drawn from P to the points of the line XY, out of etc., the smallest is perpendi-
which PM is the smallest (see Fig. A1.5). 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 We often need
by dotted lines in Fig. A1.5. constructions to prove our

results.

PN is the smallest of all the line segments PM, Side of right triangle is less
PA1, PA2, . . . etc., which means PN < PM. than the hypotenuse and

known property of numbers.

This contradicts our hypothesis that PM is the Precisely what we want!
smallest of all such line segments.

Therefore, the line segment PM is perpendicular We reach the conclusion.
to XY.
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áσß 9 úΤúΩ ∆ρΖ ♣ìΣΠιƒτ ΦÓιÕχΚôγΟô∴Õ− ƒÚλΣ ƒÚλΣ+ ΙÚ Ø⁄ûΞ
ΣΩ Ξ→Κ↓ο ♣ì♦χΚκΣΟΩôλ ΦτΣûΘúΥ ΚôγÓ€[Õ−

úΘσ[λ A1.2 : ΙÚ ×ρ↓♠ο ΒÚϕÕ+ ≅Θτ Ξ→úΥ ùΜοΩôΘ úΡνúΚôγ⁄τ ÁΘûΤϕΘ
×ρ ↓ΚÞ χÏ ΞûςΥκΣÓλ ΦοΩô úΚôγÓÕηΚ↓Ûλ+ ♥Κε ′°ΥΘô∴Õ+
≅χúΚôγ⁄σΚô∴ ùΜδÏιÕχúΚôúΟ ΑÏλ−

♣ìΣΠλ :

ΣΟλA 1.5

áσßΚρ ΑµÜ . Ï°κ×

XY ΦτΣÕ ùΚôÓχΚκΣγΟ úΡνúΚôÓ ΦτΚ− P Φτ[
×ρ↓ XY úΚôγ⁄τ ÁÕ ≅ûΤΥôΘ ΙÚ ×ρ↓
Τσßλ PM, PA1, PA2, . . . Α€Υ∴ ×ρ↓ P ♠ο
ΒÚϕÕ úΚôÓ XY, ÁΘûΤ ϕΘ ×ρ↓ ΚÞχÏ
ΞûςΥκΣÓλ úΚôγÓιÕηÓΚρ+ ΒΞσ°ο PM
ΦτΣúΘ ♥Κε′°ΥÕ−

PM ΦτΣÕ XY χÏ ùΜδÏιΘôΚ ΒοûΩ Φ∴χ
ùΚôρúΞôλ−

ΣΟλ A 1.5 Ηο Κôγ⁄ΥΞôß úΚôÓ XYχÏ PN Φτ[
(dotted) ùΜδÏιÕχúΚôÓ Ιτû[ ΞûςΚ−

PM, PA1, PA2, . . .Α€Υ ΣΩΞσ°ο  PN ΦτΣúΘ
♥Κε′°Υ úΚôÓ ΑÏλ− ≅ΘôΞÕ PN < PM.

ΒÕ ΡΤÕ Κσ♦Θχ ùΚôρûΚΥô∴ PM ΦτΣúΘ
ΦοΩôΞσû[Ùλ ↑Οε′°Υ úΚôÓ ΦτΣΘσÏ
ØςηΣÓ€[Õ−

ΑΚúΞ+ úΚôγÓιÕηÓ ΦτΣÕ PM ΦτΣúΘ  XY
χΚô∴ ùΜδÏιÕχ úΚôΟôÏλ−

PM, PA1, PA2, . . .Α€Υ ΣΩΞσ°ο
XY, χΚô∴ ÏιÕχúΚôúΟ ♥Κε′°ΥÕ
Φτß ♣ì♦χΚκΣΟ úΞη⁄ΥΘôο+
Ρôλ ΒχúΚôγÓιÕηÓΚûΖ ΦÓιÕχ
ùΚôηÓ ùΘôΟδÏ€ú[ôλ−

ØςηΣôÓ Øû[♠∴ôο ♣ì♦χΚκΣΟ
úΞη⁄Υ áσßχÏ ΒÕ Τßκ×χ
áσß ΑÏλ−

ΡΤÕ Ø⁄ÜΚûΖ ♣ì♦χΚ Ρôλ
≅⁄χΚ⁄ ′Ω ≅ûΤκ×ΚûΖ ùΜµΥ
úΞη⁄ ∆ρΖÕ−

ù Μδ ú Κ ô Π +  Ø χ ú Κ ô Π ι ƒ ο  Σ χ Κ
≅ΖΞô∴Õ ΚνΠιûΘ↑Ο ′°ΥÕ Τσßλ
Φ η Κ ↓ τ  ù Θ ↔ ϕ Θ  Σ η × Κ û Ζ κ
ΣΥτΣÓιÕΘο

ΒÕúΞ ΡΤχÏ úΘûΞ 

Ρôλ Ø⁄ûΞ ΞϕΘûΟϕúΘôλ−
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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 r + x is an irrational number.
3. Use proof by contradiction to prove that if for an integer a, a2 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, a2 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 6n ends with the
digit zero.

6. Prove by contradiction that two distinct lines in a plane cannot intersect in more than one
point.

A1.8 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. The negation of a statement.
3. The converse of a statement.
4. Proof by contradiction.
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Κ∞Θ ♣ìΣΠδΚρ

Σ♠σ′  A1.6

1. a + b = c + d, Τσßλ a < c ΦτΚ− ØςηΣôγΟôο ♣ì♦χÏλ Øû[ûΥκ ΣΥτΣÓιƒ
b > d Φτ[ ♣ì♦−

2. r ΦτΣÕ ↑€ΘØß Φη Τσßλ  x ΦτΣÕ ΙÚ ↑€ΘØ[ô Φη ΦτΚ−  r + x ΦτΣÕ
ΙÚ ↑€ΘØ[ô Φη Φτß ØςηΣôÓ ♣ì♦χÏλ Øû[ûΥχ ùΚôηÓ ♣ì♦−

3. ØςηΣôÓ ♣ì♦χÏλ Øû[ûΥκ ΣΥτΣÓιƒ a Φτ[ ØÝ↑σÏ a2 ΦτΣÕ ΒςγûΟ
ΦηΠôΚ ΒÚϕΘôο a Φτ[ ØÝ↑σÏ n ΦτΣÕ ΒςγûΟ ΦηΠôΚ ΒÚϕΘôο
a ΦτΣÕλ ΒςγûΟ ΦηúΠ Φτß ♣ì♦−

Ï°κ× 9  a ΦτΣÕ ΒςγûΟ Φη ≅οΩ Φτß Ε€+ ≅ΘôΞÕ+ ≅Õ  n Φτ[
ΓúΘàλ ΙÚ ØÝ↑σÏ 2n + 1,  Φτ[ Ξ⁄↑ο ΒÚκΣΘôΚÜλ Ε€ιÕχùΚôηÓ
♣ì♦χΚ ØσΣΟÜλ−(

4. ØςηΣôΟô∴ ♣ìΣΠ Øû[ûΥκ ΣΥτΣÓιƒ+ a Φτ[ ØÝ↑σÏ a2  ΦτΣÕ
2 Αο ΞÏΣÓúΤΥô♠τ a ΦτΣÕλ 2 Αο ΞÏΣÓλ Φτß ♣ì♦−

5. ØςηΣôÓ ♣ì♦χÏλ Øû[ûΥκ ΣΥτΣÓιƒ  n Βτ ΦϕΘ Τƒκ♦σÏλ 6n  ΦτΣΘτ
Ø⁄Ü ΒΩχΚλ Ñ→ΥôΚ ΒÚχΚ Ø⁄ΥôÕ Φ∴χΚôγÓ−

6. Ιúς ΘΖιƒτ ÁÕ ≅ûΤϕΘ ΒςηÓ ùΞπúΞß úΚôÓΚΖô∴ûΞ+ Ιτû[↑Ο
≅ƒΚΤô∴ ×ρ↓Κ↓ο ùΞγ⁄χùΚôρΞÕ ΜôιƒΥ♥οûΩ ΦτΣûΘ ØςηΣôÓ
♣ì♦χÏλ Øû[♠∴ôο ♣ì♦−

A 1.8  ΣôΟεÑÚχΚλ
ΒϕΘ ♦τ±ûΠκ♦ο+ ¿δΚρ •θχΚηΟ ΚÚιÕΚûΖ Σ⁄ι¾νΚρ:

1. 9 Αλ ΞÏκ♦ο Κσ[ ♣ìΣΠδΚ↓τ Σ⁄Κρ Τσßλ ΒΘς ΘΚΞοΚρ.

2. ΙÚ áσ°τ ΦƒνΤû[

3. ΙÚ áσ°τ ΤßΘûΩ

4. ØςηΣôÓ Øû[ ♣ìΣΠλ−
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APPENDIX 1

ANSWERS/HINTS

EXERCISE 1.1

1. (i) 22 × 5 × 7 (ii) 22 × 3 × 13 (iii) 32 × 52 × 17
(iv) 5 × 7 × 11 × 13 (v) 17 × 19 × 23

2. (i) LCM = 182; HCF = 13(ii) LCM = 23460; HCF = 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 (ii)  1 1,
2 2

(iii) 1 3,
3 2

-

(iv) –2, 0 (v)  15, 15- (vi) 4–1,
3

2. (i) 4x2 – x – 4 (ii) 23 3 2 1x x- + (iii) 2 5x +

(iv) x2 – x + 1 (v) 4x2 + x + 1 (vi) x2 – 4x + 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.
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↑ûΟΚρ / Ï°κ×Κρ

APPENDIX 1

↑ûΟΚρ / Ï°κ×Κρ

Σ♠σ′  1.1

1. (i) 22 × 5 × 7 (ii) 22 × 3 × 13 (iii) 32 × 52 × 17

(iv) 5 × 7 × 11 × 13 (v) 17 × 19 × 23

 2. (i)Á−′−Τ=182;Á−ùΣô−Κô=13(ii)Á−′−Τ=23460;Á−ùΣô−Κô= 2(iii)Á−′−Τ=3024;Á−ùΣô−Κô= 6

 3. (i)Á−′−Τ=420;Á−ùΣô−Κô=3 (ii)Á−′−Τ=11339; Á−ùΣô−Κô=1(iii)Á−′−Τ=1800;Á−ùΣô−Κô = 1

4. 22338 7. 36 ♣♥ΟδΚρ

Σ♠σ′  2.1

1. (i) éϖ≥δΚρ ΒοûΩ (ii) 1 (iii) 3 (iv) 2 (v) 4 (vi) 3

Σ♠σ′  2.2

1. (i) –2, 4 (ii)  1 1,
2 2

(iii) 1 3,
3 2

-

(iv) –2, 0 (v)  15, 15- (vi) 4–1,
3

2. (i) 4x2 – x – 4 (ii) 23 3 2 1x x- + (iii) 2 5x +

(iv) x2 – x + 1 (v) 4x2 + x + 1 (vi) x2 – 4x + 1

Σ♠σ′  3.1

1. (i) úΘûΞΥô∴ úΡ↔Υ ΜΤτΣôÓΚρ ú⊥ô⁄

x + y = 10; x – y = 4, ΒδÏ x ΦτΣÕ ΤôΠ↑Κ↓τ Φη∞χûΚ y ΦτΣÕ
ΤôΠΞνΚ↓τ Φη∞χûΚ− Βε ΜΤτΣôÓΚûΖ ¾νχΚ+ ΞûςΣΟιΘô↓ο Ιúς
≅εÑΚ↓τ ÁÕ ΞûςΥÜλ−
ΤôΠ↑Κ↓τ Φη∞χûΚ = 7, ΤôΠΞνΚ↓τ Φη∞χûΚ = 3.
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(ii) Required pair of linear equations is
5x + 7y = 50; 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 = ` 5

2. (i) Intersect at a point (ii) Coincident (iii) Parallel
3. (i) Consistent (ii) Inconsistent (iii) Consistent

(iv) Consistent (v) Consistent
4. (i) Consistent (ii) Inconsistent (iii) 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 (iii) above is x = 2, y = 2, i.e., unique solution.

5. Length = 20 m and breadth = 16 m.
6. One possible answer for the three parts:

(i) 3x + 2y – 7 = 0 (ii) 2x + 3y – 12 = 0 (iii) 4x + 6y – 16 = 0
7. Vertices of the triangle are (–1, 0), (4, 0) and (2, 3).

EXERCISE 3.2
1. (i) x = 9, y = 5 (ii) s = 9, t = 6 (iii) 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. (i) x – y = 26, x = 3y, where x and y are two numbers (x > y); x = 39, y = 13.

(ii) x – y = 18, x + y = 180, where x and y are the measures of the two angles in degrees;
x = 99, y = 81.

(iii) 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
` per km); x =5, y = 10; ` 255.

(v) 11x – 9y + 4 = 0, 6x – 5y + 3 = 0, where x and y are numerator and denominator of the

fraction; 7 ( 7, 9).
9

x y= =

(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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(ii) úΘûΞΥô∴ úΡ↔Υ ΜΤτΣôÓΚρ ú⊥ô⁄

5x + 7y = 50; 7x + 5y = 46, ΒδÏ x - ùΣτ′←τ ↑ûΩ+ y - úΣ∴ô↑τ ↑ûΩ− Βε
ΜΤτΣôÓΚûΖ ¾νχΚ+ ΞûςΣΟιΘô↓ο Ιúς ≅εÑΚ↓τ ÁÕ ΞûςΥÜλ−

ùΣτ′←τ ↑ûΩ = ` 3, úΣ∴ô↑τ ↑ûΩ = ` 5
2. (i) ΙÚ ×ρ↓♠ο ùΞγ⁄χùΚôρ€τ[∴− (ii) Ιτ[τ ÁÕ Ιτß     (iii) ΒûΠ

3. (i) ΒûΜÜ (ii) ΙπΞô (iii) ΒûΜÜ

(iv) ΒûΜÜ (v) ΒûΜÜ

4. (i) ΒûΜÜ (ii) ΙπΞô (iii) ΒûΜÜ              (iv) ΙπΞô
úΤúΩ ∆ρΖ (i) τ ¾νÜ  y =  5  –  x, Ξ→úΥ ùΚôÓχΚκΣγÓρΖÕ− ΒδÏ x ΦϕΘ
ΤƒκûΣÙλ ùΚôη⁄ÚχΚΩôλ− ≅ΘôΞÕ+ ΦηΠσ[ ¾νÜΚρ ∆ρΖ∴−

úΤúΩ ∆ρΖ (iii) τ ¾νÜ x = 2, y = 2, ≅ΘôΞÕ Ιúς ΙÚ ¾νÜ−

5. ¿Ζλ = 20 Á Τσßλ ≅ΚΩλ = 16 Á
6. êτ°σÏλ ΙÚ ΒΥτ[ ↑ûΟΥô∴Õ+

(i) 3x + 2y – 7 = 0 (ii) 2x + 3y – 12 = 0 (iii) 4x + 6y – 16 = 0
7. ØχúΚôΠιƒτ êτß ∆ε′Κρ (–1, 0), (4, 0) Τσßλ (2, 3).

Σ♠σ′  3.2

1. (i) x = 9, y = 5 (ii) s = 9, t = 6 (iii) y = 3x – 3,
ΒδÏ  x ΦϕΘ ΤƒκûΣÙλ ùΚôη⁄ÚχΚΩôλ− ≅ΘôΞÕ+ ΦηΠσ[ ¾νÜΚρ ∆ρΖ∴−

(iv) x = 2, y = 3 (v) x = 0, y = 0 (vi) x = 2, y = 3
2. x = –2, y = 5; m = –1
3. (i) x – y = 26, x = 3y, ΒδÏ x Τσßλ y Α€Υ ΒςηÓ ΦηΚρ (x > y); x = 39, y = 13.

(ii) x – y = 18, x + y = 180, ΒδÏ x Τσßλ y Α€ΥûΞ ΒςηÓ úΚôΠ ≅ΖÜΚρ;
               x = 99, y = 81.

(iii) 7x + 6y = 3800, 3x + 5y = 1750, ΒδÏ x Τσßλ y ΦτΣ∴ Øû[úΥ ΙÚ ΤγûΟ
Τσßλ Σϕƒτ ↑ûΩ (` ο); x = 500, y = 50.

(iv) x + 10y = 105, x + 15y = 155, ΒδÏ x ΦτΣÕ ♣ûΩΥô∴ ΣΥΠ ΚγΟΠλ ( `ο)
Τσßλ y ΦτΣÕ €−Á− χÏ ΣΥΠ ΚγΟΠλ (` ο); x =5, y = 10; ` 255.

(v) 11x – 9y + 4 = 0,6x – 5y + 3 = 0, ΒδÏ x Τσßλy ΦτΣûΞ ùΘôÏƒ+ΣÏƒ 
7 ( 7, 9).
9

x y= =

(vi) x – 3y – 10 = 0, x – 7y + 30 = 0, ΒδÏ x Τσßλ y ΦτΣûΞ ⊥ôΚκ Τσßλ ΤΚ±τ
ΞΥÕ (ΑηÓΚ↓ο); x = 40, y = 10.
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EXERCISE 3.3

1. (i) x = 19
5 , y = 6

5 (ii) x = 2, y = 1 (iii) x = 9
13

, y = 5
13

-

(iv) x = 2, y = –3
2. (i) x – y + 2 = 0, 2x – y – 1 = 0, where x and y are the numerator and denominator of the

fraction; 3
5
×

(ii) 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.

(iii) x + y = 9, 8x – 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  ̀  50 and ` 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. (i) Yes (ii) Yes (iii) No (iv) Yes
(v) Yes (vi) No (vii) No (viii) Yes

2. (i) 2x2 + x – 528 = 0, where x is breadth (in metres) of the plot.
(ii) x2 + x – 306 = 0, where x is the smaller integer.

(iii) x2 + 32x – 273 = 0, where x (in years) is the present age of Rohan.
(iv) u2 – 8u – 1280 = 0, where u (in km/h) is the speed of the train.

EXERCISE 4.2

1. (i) – 2, 5 (ii) 3– 2,
2

(iii) 5 , 2
2

- -

(iv) 1 1,
4 4

(v) 1 1,
10 10

2. (i) 9, 36 (ii) 25, 30
3. Numbers are 13 and 14. 4. Positive integers are 13 and 14.
5. 5 cm and 12 cm 6. Number of articles = 6, Cost of each article = ` 15
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Σ♠σ′  3.3

1. (i) x = 19
5 , y = 6

5 (ii) x = 2, y = 1 (iii) x = 9
13

, y = 5
13

-

(iv) x = 2, y = –3

2. (i) x – y + 2 = 0, 2x – y – 1 = 0, ΒδÏ x Τσßλ y ΦτΣûΞ ùΘôÏƒ+ ΣÏƒ− ♦τ∴λ 
3
5
×

(ii) x – 3y + 10 = 0, x – 2y – 10 = 0, ΒδÏ x Τσßλ y ΦτΣÕ Øû[úΥ è↔ Τσßλ
úΜôà↑τ ΞΥÕΚρ (ΑηÓΚ↓ο) è↔ ΞΥÕ (x) = 50, úΜôà ΞΥÕ (y) = 20.

(iii) x + y = 9, 8x – y = 0, ΒδÏ x Τσßλ y ΦτΣÕ Øû[úΥ ΣιÕ Τσßλ Ιτß Θô∴
ΒΟ Τƒκ×Κρ; 18.

(iv) x +  2y = 40, x + y = 25, ΒδÏ x Τσßλ y ΦτΣÕ Øû[úΥ ` 50 Τσßλ ` 100
úΡôγÓΚρ; x = 10, y = 15.

(v) x + 4y = 27, x + 2y = 21, ΒδÏ x ΦτΣÕ ΙÚ ΡôûΖχÏ ♣ûΩΥô∴ ùΜΩÜ (`ο)
Τσßλ y ΦτΣÕ áÓΘο ùΜΩÜ ( `ο) ; x = 15, y = 3.

Σ♠σ′  4.1

1. (i) Αλ (ii) Αλ (iii) ΒοûΩ (iv) Αλ

(v) Αλ (vi) ΒοûΩ (vii) ΒοûΩ (viii) Αλ

2. (i) 2x2 + x – 528 = 0, ΒδÏ x ΦτΣÕ Τû∴♠τ ≅ΚΩλ (ÁγΟνΚ↓ο).

(ii) x2 + x – 306 = 0, ΒδÏ x ΦτΣÕ ′°Υ ØÝχΚρ−

(iii) x2 + 32x – 273 = 0, ΒδÏ x ΦτΣÕ (ΞÚΟδΚ↓ο) úςôΚ±τ ΘσúΣôûΘΥ ΞΥÕ−

(iv) u2 – 8u – 1280 = 0, ΒδÏ u ΦτΣÕ (€−Á/Τ∞) Βς♠←τ úΞΚλ−

Σ♠σ′  4.2

1. (i) – 2, 5 (ii) 3– 2,
2

(iii) 5 , 2
2

- -

(iv) 1 1,
4 4

(v) 1 1,
10 10

2. (i) 9, 36 (ii) 25, 30
3. ΦηΚρ 13 Τσßλ 14. 4.♥ûΚ ØÝχΚρ 13 Τσßλ 14.
5. 5 ùΜ−Á− Τσßλ 12 ùΜ−Á− 6.ùΣôÚγΚ↓τ Φη∞χûΚ = 6, ΙπùΞôÚ ùΣôÚ↓τ

↑ûΩ = ` 15
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EXERCISE 4.3

1. (i) Real roots do not exist  (ii)  Equal roots; 2 2,
3 3

  (iii) Distinct roots; 3 3
2
±

2. (i) k = ± 2 6 (ii) k = 6
3. Yes. 40 m, 20 m 4. No 5. Yes. 20 m, 20 m

EXERCISE 5.1

1. (i) Yes. 15, 23, 31, . . . forms an AP as each succeeding term is obtained by adding 8 in its
preceding term.

(ii) No. Volumes are V, 
23V 3, V,

4 4
æ ö
ç ÷
è ø

L (iii) Yes. 150, 200, 250, . . . form an AP.

(iv) No. Amounts are 10000 
2 38 8 8, ,,1 10000 1 10000 1

100 100 100
æ ö æ ö æ ö+ + +ç ÷ ç ÷ ç ÷
è ø è ø è ø

L

2. (i) 10, 20, 30, 40 (ii) – 2, – 2, – 2, – 2 (iii) 4, 1, – 2, – 5

(iv) 1 1,–1, 0,
2 2

- (v) – 1.25, – 1. 50, – 1.75, – 2.0

3. (i) a = 3, d = – 2 (ii) a = – 5, d = 4

(iii) 1 4,
3 3

a d= = (iv) a = 0.6, d = 1.1

4. (i) No (ii) Yes. 1 9 ,; 4, 5
2 2

d =

(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 6 2+ + + (vi) No

(vii) Yes. d = – 4; – 16, – 20, – 24 (viii) Yes. 1 1 1,,0;
2 2 2

d = - - -

(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) an = 28 (ii) d = 2 (iii) a = 46 (iv) n = 10 (v) an = 3.5
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Σ♠σ′  4.3

1.(i)ùΤµêΩδΚρ ΒοûΩ(ii) ΜΤΤô∴ êΩδΚρ; 2 2,
3 3

(iii)ùΞπúΞß êΩδΚρ; 3 3
2
±

2. (i) k = ± 2 6 (ii) k = 6
3. Αλ+  40 Á+ 20 Á 4. Ø⁄ΥôÕ 5. Αλ+  20 Á+ 20 Á

Σ♠σ′  5.1

1. (i) Αλ+ 15, 23, 31, . . AP ùΘôΟ↔ο Øτ∆ßκ♦σÏ 8 Η úΜνιΘôο ≅ÓιΘ∆ßκ× €ûΟχÏλ−

(ii) ΒοûΩ− Κ∴ ≅ΖÜΚ↓τ Φη∞χûΚ V, 
23V 3, V,

4 4
æ ö
ç ÷
è ø

L

(iii) Αλ+ 150, 200, 250, . . . AP ùΘôΟςôΚ ΓσΣÓλ−

(iv) ΒοûΩ+ ùΤôιΘùΘôûΚ Ξ↔ûΜΥôΚ 10000 
2 38 8 8, ,,1 10000 1 10000 1

100 100 100
æ ö æ ö æ ö+ + +ç ÷ ç ÷ ç ÷
è ø è ø è ø

L

2. (i) 10, 20, 30, 40 (ii) – 2, – 2, – 2, – 2 (iii) 4, 1, – 2, – 5

(iv) 1 1,–1, 0,
2 2

- (v) – 1.25, – 1. 50, – 1.75, – 2.0

3. (i) a = 3, d = – 2 (ii) a = – 5, d = 4

(iii) 1 4,
3 3

a d= = (iv) a = 0.6, d = 1.1

4. (i) ΒοûΩ (ii) Αλ+ 1 9 ,; 4, 5
2 2

d =

(iii) Αλ+ d = – 2; – 9.2, –11.2, – 13.2 (iv) Αλ+ d = 4; 6, 10, 14

(v) Αλ+ d = 2 ; 3 4 2 , 3 5 2 , 3 6 2+ + + (vi) ΒοûΩ

(vii) Αλ+ d = – 4; – 16, – 20, – 24 (viii) Αλ+ 1 1 1,,0;
2 2 2

d = - - -

(ix) ΒοûΩ (x) Αλ+  d = a; 5a, 6a, 7a

(xi) ΒοûΩ (xii) Αλ+  d = 2 ;  50 , 72 , 98

(xiii)ΒοûΩ (xiv) ΒοûΩ (xv) Αλ+  d = 24; 97, 121, 145

Σ♠σ′  5.2

1. (i) an = 28 (ii) d = 2 (iii) a = 46 (iv) n = 10 (v) an = 3.5
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2. (i) C (ii) B

3. (i) 14 (ii) 18  ,  8 (iii) 6   ,  81
2

(iv) – 2   ,   0   ,   2   ,   4 (v) 53   ,   23   ,   8   ,   –7

4. 16th term 5. (i) 34 (ii) 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. 11th year 20. 10

EXERCISE 5.3

1. (i) 245 (ii) –180 (iii) 5505 (iv) 33
20

2. (i) 1046 1
2

(ii) 286 (iii) – 8930

3. (i) n = 16, Sn = 440 (ii) d = 7 ,
3

 S13 = 273 (iii) a = 4, S12 = 246

(iv) d = –1, a10 = 8 (v) a = 9
35 85,
3 3

- =a (vi) n = 5, an = 34

(vii) n = 6, d = 54
5 (viii) n = 7, a = – 8 (ix) d = 6

(x) a = 4

4. 12. By putting a = 9, d = 8, S = 636 in the formula S = [2 ( 1) ],
2

+ -
n a n d  we get a quadratic

equation 4n2 + 5n – 636 = 0. On solving, we get n = 53 , 12
4

- . Out of these two roots only

one root 12 is admissible.

5. n = 16, d = 8
3 6. n = 38, S = 6973 7. Sum = 1661

8. S51 = 5610 9. n2 10. (i) S15 = 525 (ii) S15 = – 465
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2. (i) C (ii) B

3. (i) 14 (ii) 18  ,  8 (iii) 6   ,  81
2

(iv) – 2   ,   0   ,   2   ,   4 (v) 53   ,   23   ,   8   ,   –7

4. 16 ΞÕ ∆ßκ× 5. (i) 34 (ii) 27
6. No 7. 178 8. 64

9. 5 ΞÕ ∆ßκ× 10. 1 11. 65 ΞÕ ∆ßκ×

12. 100 13. 128 14. 60
15. 13 16. 4, 10, 16, 22, . . .

17. ΚûΟ′ ∆ßκ♦←ÚϕÕ 20 ΞÕ ∆ßκ×158.

18. –13, –8, –3 19. 11ΞÕ ΞÚΟλ 20. 10

Σ♠σ′  5.3

1. (i) 245 (ii) –180 (iii) 5505 (iv) 33
20

2. (i) 1046 1
2

(ii) 286 (iii) – 8930

3. (i) n = 16, Sn = 440 (ii) d = 7 ,
3

 S13 = 273 (iii) a = 4, S12 = 246

(iv) d = –1, a10 = 8 (v) a = 9
35 85,
3 3

- =a (vi) n = 5, an = 34

(vii) n = 6, d = 54
5 (viii) n = 7, a = – 8 (ix) d = 6

(x) a = 4

4. 12. a = 9, d = 8, S = 636 Η S = [2 ( 1) ]
2
n a n d+ - Φàλ ãιƒςιƒο ΣƒÄÓ ùΜµΘôο

€ûΟχÏλ ΒÚΣ⁄ ΜΤτΣôÓ 4n2 + 5n – 636 = 0. ΒΘτ ¾νÜ n = 53 , 12
4

- . ΒϕΘ ΒςηÓ

êΩδΚ↓ο 12 Φτ[ êΩιûΘ ΤγÓλ ΦÓιÕχùΚôρ€τú[ôλ−

5. n = 16, d = 8
3 6. n = 38, S = 6973 7. ùΤôιΘλ = 1661

8. S51 = 5610 9. n2 10. (i) S15 = 525 (ii) S15 = – 465



278Class 10 Mathematics

ANSWERS/HINTS

11. S1 = 3, S2 = 4; a2 = S2 – S1 =  1; S3 = 3, a3 = S3 – S2 = –1,
a10 = S10 – S9 = – 15; an = Sn – Sn – 1 = 5 – 2n.

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 = [2 ( 1) ],
2

+ -
n a n d  we get, 41n – n2  = 400. On solving, n = 16, 25. Therefore, the number

of rows is either 16 or 25. a25 = 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, a16 = 5. Therefore, there are 16 rows and 5 logs placed in the top
row.

20. 370 m
EXERCISE 5.4 (Optional)*

1. 32nd term 2. S16 = 20, 76 3. 385 cm
4. 35 5. 750 m3

EXERCISE 6.1

1. (i) Similar (ii) Similar (iii) Equilateral
(iv) Equal, Proportional 3. No

EXERCISE 6.2

1. (i) 2 cm (ii) 2.4 cm
2. (i) No (ii) Yes (iiii) 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, D ABC ~ D PQR (ii) Yes. SSS, D ABC ~ D QRP
(iii) No (iv) Yes. SAS, D MNL ~ D QPR
(v) No (vi) Yes. AA, D DEF ~ D PQR

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. S1 = 3, S2 = 4; a2 = S2 – S1 =  1; S3 = 3, a3 = S3 – S2 = –1,
a10 = S10 – S9 = – 15; an = Sn – Sn – 1 = 5 – 2n.

12. 4920 13. 960 14. 625 15. ` 27750
16. Σ↔ÑκùΣôÚγΚ↓τ Τƒκ×Κρ (`ο)  160, 140, 120, 100, 80, 60, 40.
17. 234 18. 143 ùΜ−Á
19. 16 ♣ûςΚρ+ 5 ƒηûΤΚρ úΤο ♣ûς♠ο ûΞχΚκΣγÓρΖ∴− S = 200, a = 20,

d = –1 Η S = [2 ( 1) ]
2
n

a n d+ -  ο ΣƒÄÓ ùΜµΘôο 41n – n2  = 400 €ûΟχ€[Õ. ¾ν↑ο ,

n = 16, 25. ΑΚúΞ+ ΒςηÓ ♣ûςΚ↓ο ΓúΘàλ ΙÚ Φη 16 ≅οΩÕ 25.

a25=a+24d=–4 Φ∴úΞ+ 25 ΞÕ Ξ↔ûΜ♠ο ∆ρΖ ƒηûΤΚρ Φη∞χûΚ – 4 ΦτΣÕ
ΜôιƒΥ♥οûΩ− ΑΚúΞ+ n = 25 ΦτΣÕ ΜôιƒΥ♥οûΩ. n = 16, a16 = 5. Φ∴úΞ+16
♣ûςΚρ Τσßλ úΤο ♣ûς♠ο 5 ƒηûΤΚρ ΒÚχÏλ−

20. 370 Á
Σ♠σ′  5.4 (↑ÚκΣιƒσÏγΣγΟÕ)*

1. 32 ΞÕ ∆ßκ× 2. S16 = 20, 76 3. 385 ùΜ−Á
4. 35 5. 750 Á3

Σ♠σ′  6.1

1. (i) Ξ⁄ùΞôιΘûΞ (ii) Ξ⁄ùΞôιΘûΞ (iii) ΜΤΣχΚλ
(iv) ΜΤλ+ ↑€ΘΜΤλ 3. ΒοûΩ

Σ♠σ′  6.2

1. (i) 2 ùΜ−Á (ii) 2.4 ùΜ−Á
2. (i) ΒοûΩ (ii) Αλ (iiii) Αλ

9. O Ξ→ΥôΚ+ DC χÏ ΒûΠΥôΚ ΙÚ úΚôÓ ΞûςϕΘôο,  ≅χúΚôÓ Øû[úΥ E Τσßλ
F Α€Υ ΒΟδΚ↓ο AD Τσßλ BC Η ùΞγÓ€[Õ−

Σ♠σ′  6.3

1. (i) Αλ+  AAA, D ABC ~ D PQR(ii) Αλ+  SSS, D ABC ~ D QRP
(iii) ΒοûΩ (iv) Αλ+  SAS, D MNL ~ D QPR
(v) ΒοûΩ (vi) Αλ+  AA, D DEF ~ D PQR

2. 55°, 55°, 55°
14. AD Η ¿γÓλúΣôÕ+  E ΒΟιƒο AD = DE, PM Η ¿γÓλúΣôÕ+ N ΒΟιƒο PM = MN Φ∴

ΑÏλ− EC Τσßλ NR Η ΒûΠχΚÜλ−

15. 42 Á
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EXERCISE 7.1

1. (i) 2 2 (ii) 4 2 (iii) 22 2 +a b

2. 39; 39 km 3. No 4. Yes 5. Champa is correct.

6. (i) Square (ii) No quadrilateral (iii) Parallelogram

7. (– 7, 0) 8. – 9, 3 9. 4, QR = 41, PR = 82 , 9 2±

10. 3x + y – 5 = 0
EXERCISE 7.2

1. (1, 3) 2. 5 72, ; 0,
3 3

æ ö æ ö- -ç ÷ ç ÷
è ø è ø

3. 61m;  5th line at a distance of 22.5 m 4. 2 : 7

5. 3 ,1 : 1 ; 0
2

æ ö-ç ÷
è ø

6. x = 6, y = 3 7. (3, – 10)

8. 2 20,
7 7

æ ö- -ç ÷
è ø

9. 7 13,1, (0,5), 1,
2 2

æ ö æ ö-ç ÷ ç ÷
è ø è ø

10. 24 sq. units

EXERCISE 8.1

1. (i) 7 24,sin A = cos A =
25 25

(ii) 24 7,sin C = cos C =
25 25

2. 0 3. 7 3,cos A = tan A =
4 7

4. 15 17,sin A = sec A =
17 8

5. 5 12 5 12 13, ,, ,sin cos = tan cot cosec =
13 13 12 5 5

q = q q = q = q

7. (i) 49
64 (ii) 49

64 8. Yes

9. (i) 1 (ii) 0 10. 12 5 12, ,sin P = cos P = tan P =
13 13 5

11. (i) False (ii) True (iii) False (iv) False (v) False
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Σ♠σ′  7.1

1. (i) 2 2 (ii) 4 2 (iii) 22 2 +a b

2. 39; 39 €−Á− 3. ΒοûΩ 4. Αλ 5. ΜλΣô Μ↔ΥôΚ á°ΥÕ

6. (i) ΜÕςλ (ii) ΡôσΚςλ €ûΟΥôÕ (iii) ΒûΠΚςλ

7. (– 7, 0) 8. – 9, 3 9. 4, QR = 41, PR = 82 , 9 2±

10. 3x + y – 5 = 0
Σ♠σ′ 7.2

1. (1, 3) 2. 5 72, ; 0,
3 3

æ ö æ ö- -ç ÷ ç ÷
è ø è ø

3. 61 ;MT.  22.5 Á çςιƒο 5 ΞÕ Ξ↔ûΜ  4. 2 : 7

5. 3 ,1 : 1 ; 0
2

æ ö-ç ÷
è ø

6. x = 6, y = 3 7. (3, – 10)

8. 2 20,
7 7

æ ö- -ç ÷
è ø

9. 7 13,1, (0,5), 1,
2 2

æ ö æ ö-ç ÷ ç ÷
è ø è ø

10. 24 ΜÕς ≅ΩÏΚρ

Á
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EXERCISE A1.1

1. (i) Ambiguous (ii) True (iii) True (iv) Ambiguous
(v) Ambiguous

2. (i) True (ii) True (iii) False (iv) True (v) True
3. Only (ii) is true.
4. (i) If a > 0 and a2 > b2, then a > b.

(ii) If xy > 0 and x2 = y2, then x = y.
(iii) If (x + y)2 = x2 + y2 and y ¹ 0, then x = 0.
(iv) The diagonals of a parallelogram bisect each other.

EXERCISE A1.2

1. A is mortal 2. ab is rational
3. Decimal expansion of 17  is non-terminating non-recurring.
4. y = 7 5. Ð A = 100°, Ð C = 100°, Ð D = 180°
6. PQRS is a rectangle.

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 2n + 3 for some integer n.

EXERCISE A1.4

1. (i) Man is not mortal.
(ii) Line l is not parallel to line m.

(iii) The chapter does not have many exercises.
(iv) Not all integers are rational numbers.
(v) All prime numbers are not odd.

(vi) Some students are lazy.
(vii) All cats are black.
(viii) There is at least one real number x, such that x  = – 1.
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Σ♠σ′  A1.1

1. (i) ùΘ↓Ξσ[Õ (ii) ∆ηûΤ (iii) ∆ηûΤ (iv) ùΘ↓Ξσ[Õ

(v) ùΘ↓Ξσ[Õ

2. (i) ùΤµ (ii) ùΤµ (iii) ùΤµΥσÕ (iv)ùΤµ (v) ùΤµ
3. (ii) ΤγÓúΤ ùΤµ−
4. (i) a > 0 Τσßλ a2 > b2Φ±ο a > b.

(ii) xy > 0 Τσßλ x2 = y2 Φ±ο x = y.
(iii) (x + y)2 = x2 + y2Τσßλ y ¹ 0 Φ±ο x = 0.
(iv) ΒûΠΚςιƒτ êûΩ↑γΟδΚρ Ιτû[ùΥôτß ΒÚΜΤχá°Óλ−

Σ♠σ′  A1.2

1. A Β[κΣσ[Ξρ 2. ab ΦτΣÕ ↑€ΘØ[ô Φη

3. 17  Βτ ΘΜΤ ↑↔ΞôχΚλ Ø⁄Ξσ[Õ Τσßλ ƒÚλΣ ƒÚλΣ ΞςôÕ−

4. y = 7 5. Ð A = 100°, Ð C = 100°, Ð D = 180°
6. PQRS ΙÚ ùΜπΞΚλ

7. Αλ+ ùΚôÓχΚκΣγΟ 3721 61=  ↑€ΘØ[ô Φη ≅οΩ−  ùΚôÓχΚκΣγΟ ΒΟλ
ΘΞ[ô∴Θôο Ø⁄Üλ ΘΞß ΑÏλ+

Σ♠σ′ A1.3

1. ΓúΘàλ ΙÚ ØÝ »nµ χÏ+ ΒςηÓ ≅ÓιΘÓιΘ Ισû[ ΦηΚΖôΚ 2n + 1 Τσßλ
 2n + 3 ΑΚ ΦÓιÕχ ùΚôρΖÜλ−

Σ♠σ′ A1.4

1. (i) Τ±Θτ Β[κΣσ[Ξτ−

(ii) l úΚôÓ m úΚôγ⁄σÏ ΒûΠΥôΚ ΒÚχΚôÕ−

(iii) ΣôΟλ ΣΩ Σ♠σ′ΚûΖ ùΚôηΟΘôΚ ΒοûΩ

(iv) ΦοΩô ØÝχΚÞúΤ ↑€ΘØß ΦηΚρ ≅οΩ

(v) ≅û∴ιÕ ΣΚô ΦηΚÞλ Ισû[ ΦηΚρ ≅οΩ

(vi) ′Ω ΤôΠΞνΚρ úΜôλúΣ°Κρ

(vii) ΦοΩô éû∴ΚÞλ ΚÚκ× ♣[ιƒο ΒÚχÏλ−

(viii) x = –1, Φτ[ûΤϕΘΞûΚ♠ο Ïû[ϕΘΣγΜλ ΙÚ ùΤµ Φη x ΑΞÕ ΒÚχÏλ+
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(ix) 2 does not divide the positive integer a.
(x) Integers a and b are not coprime.

2. (i) Yes (ii) No (iii) No (iv) No (v) Yes

EXERCISE A1.5

1. (i) If Sharan sweats a lot, then it is hot in Tokyo.
(ii) If Shalini’s stomach grumbles, then she is hungry.

(iii) If Jaswant can get a degree, then she has a scholarship.
(iv) If a plant is alive, then it has flowers.
(v) If an animal has a tail, then it is a cat.

2. (i) If the base angles of triangle ABC are equal, then it is isosceles. True.
(ii) If the square of an integer is odd, then the integer is odd. True.

(iii) If x = 1, then x2 = 1. True.
(iv) If AC and BD bisect each other, then ABCD is a parallelogram. True.
(v) If a + (b + c) = (a + b) + c, then a, b and c are whole numbers. False.

(vi) If x + y is an even number, then x and y are odd. False.
(vii) If a parallelogram is a rectangle, its vertices lie on a circle. True.

EXERCISE A1.6

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 Α∴Õ ♥ûΚ ØÝ »aµ ûΞ ΞÏκΣƒοûΩ

(x) a Τσßλ b ΦτΣûΞ ΜôνΣΚô ΦηΚρ ≅οΩ−

2. (i) Αλ (ii) ΒοûΩ (iii)ΒοûΩ (iv)ΒοûΩ (v)Αλ

Σ♠σ′ A1.5
1. (i) Μς∞σÏ ↑ΥνûΞ ≅ƒΚΤôΚ ΞÚ€[Õ Φ±ο úΟôχ€úΥô↑ο ùΞκΣλ ≅ƒΚλ−

(ii) _ô←±♠τ Ξ♠ß ØÔØÔχ€[Õ Φ±ο ≅Ξρ Σ′ÙΟτ ΒÚχ€[ôρ−

(iii) ⊥υΞϕƒσÏ ΣγΟλ €ûΟχÏúΤΥô∴ôο+ ≅Ξ↓Ολ Σ⁄κ× ∆Θ↑ ùΘôûΚ ∆ηÓ−

(iv) ΙÚ ùΜ⁄ ∆♠ÚΟτ ∆ρΖÕ Φ±ο+ ≅Õ ΤΩνΚûΖχ ùΚôηÓρΖÕ−

(v) ΙÚ ↑Ωδ€σÏ Ξôο ∆ρΖÕ Φ±ο ≅Õ éû∴ ΑÏλ−

2. (i) ØχúΚôΠλ ABC τ ≅⁄ιΘΖ úΚôΠδΚρ ΜΤλ Φ±ο+ ≅Õ ΒÚΜΤΣχΚ
ØχúΚôΠλ ΑÏλ− ùΤµ−

(ii) ΙÚ ØÝ↑τ ΞνχΚλ Ισû[ Φ±ο+ ≅ϕΘ ØÝÜλ Ισû[ Φη ΑÏλ− ùΤµ−
(iii) x = 1 Φ±ο x2 = 1 ΑÏλ− ùΤµ−
(iv) AC Τσßλ BD Ιτû[ùΥôτß ΒÚΜΤχá°Óλ Φ±ο+ ABCD ΦτΣÕ ΙÚ

ΒûΠΚςλ ΑÏλ− ùΤµ−
(v) a + (b + c) = (a + b) + c Φ±ο a, b Τσßλ c Α€Υ∴ ØÝ ΦηΚρ− ùΤµΥσ[Õ−

(vi) x + y ΦτΣÕ ΙÚ ΒςγûΟ Φη Φ±ο+  x Τσßλ y ΦτΣûΞ Ισû[ ΦηΚρ−
ùΤµΥσ[Õ

(vii) ΙÚ ΒûΠΚςΤô∴Õ ùΜπΞΚΤôΚ ΒÚκ♦τ+ ≅Θτ ∆ε′Κρ ΙÚ ΞγΟιƒτ ÁÕ
≅ûΤϕƒÚχÏλ− ùΤµ−

Σ♠σ′ A1.6
1. Τô[ôΚ b £ d Φ∴χ ùΚôρΚ−
3. 1ΞÕ ≅ιƒΥôΥιƒο+ ΦÓιÕχΚôγÓ 10 Η ΣôνχÜλ−
6. ΙτΣΘôλ ΞÏκ× Κ∞Θκ ΣôΟκ×ιΘΚιƒο úΘσ[λ 5.1 Η ΣôνχΚÜλ+
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