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The Constitution of India
Chapter IV A

Fundamental Duties

ARTICLE 51A
Fundamental Duties- It shall be the duty of every citizen of India-

(@)

(b)

(€)
(d)

(e)

(f)
(9)

(h)

(i)

1),

(k)

to abide by the Constitution and respect its ideals and institutions,
the National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national
struggle for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon
to do so;

to promote harmony and the spirit of common brotherhood amongst
all the people of India transcending religious, linguistic and regional
or sectional diversities, to renounce practices derogatory to the
dignity of women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests,
lakes, rivers and wild life and to have compassion for living
creatures;

to develop the scientific temper, humanism and the spirit of inquiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and
collective activity so that the nation constantly rises to higher levels
of endeavour and achievement;

who is a parent or guardian to provide opportunities for education
to his child or, as the case may be, ward between the age of six
and fourteen years.

\2




S

The coordination committee formed by GR No. Abhyas - 2116/(Pra.Kra.43/16) SD - 4
Dated 25.4.2016 has given approval to prescribe this textbook in its meeting held on 3.3.2017

MATHEMATICS
Part-1

STANDARD NINE

Maharashtra State Bureau of Textbook Production and
Curriculum Research, Pune.

The digital textbook can be obtained through DIKSHA App on
a smartphone by using the Q. R. Code given on title page of the
textbook and useful audio-visual teaching-learning material of

the relevant lesson will be available through the Q. R. Code
given in each lesson of this textbook.




First Edition : 2017
Reprint : 2021

)

(© Maharashtra State Bureau of Textbook Production and
Curriculum Research, Pune - 411 004.

The Maharashtra State Bureau of Textbook Production and
Curriculum Research reserves all rights relating to the book. No
part of this book should be reproduced without the written
permission of the Director, Maharashtra State Bureau of
\_ Textbook Production and Curriculum Research, Pune. )

N

( Mathematics Subject Committee )

Dr Jayashri Atre
Shri. Dadaso Sarade

Smt. Lata Tilekar

[ Dr Mangala Naralikar
Shri. Ramakant Sarode
Shri Sandeep Panchbhai

kSmt. Ujjwala Godbole (Member-Secreta@

(Chairman) )
(Member)
(Member)
(Member)
(Member)
(Member)

( Mathematics Study Group (State) )

rSmt. Pooja Jadhav
Shri. Pramod
Thombare
Shri. Rajendra
Chaudhari
Shri. Annappa Parit
Shri Shreepad
Deshpande
Shri. Bansi Havale
Shri. Umesh Rele
Shri. Chandan Kulkarni
Smt. Anita Jave
Smt. Bageshri Chavan
Shri. Kalyan Kadekar
Shri. Sandesh
Sonawane
Shri. Sujit Shinde
Dr Hanumant Jagtap
Shri. Pratap Kashid
Shri. Kashiram
Bavisane
Shri. Pappu Gade
Smt. Rohini Shirke

Shri. Rama Vanyalkar )

Shri.
Smt.
Shri.
Shri.

Ansar Shaikh
Suvarna Deshpande
Ganesh Kolte
Suresh Date

Shri. Prakash Zende

Shri. Shrikant
Ratnaparakhi

Shri. Suryakant Shahane

Shri. Prakash Kapse

Shri. Saleem Hashmi

Smt. Arya Bhide

Shri. Milind Bhakare

Shri. Dnyaneshwar
Mashalkar

Shri. Lakshman
Davankar

Shri. Sudhir Patil

Shri. Rajaram Bandgar
Shri. Pradeep Godase
Shri. Ravindra Khandare
Shri. Sagar Sakude

J

/Smt. Prajakti Gokhale (Invitee)
Shri. V. D. Godbole (Invitee)
Gmt. Taruben Popat (Invitee)

(Cover and Illustrations

\ J

Dhanashri Mokashi

Computer Drawings :
Sandeep Koli, Mumbai

Co-ordination : Ujjwala Godbole
I/C Special Officer for Mathematics

Translation : Smt. Prajakti Gokhale
Smt. Taruben Popat
Smt. Mrinalini Desai

Scrutiny : Dr Jayashri Atre

Shri. V. D. Godbole
Co-ordination :
Dhanavanti Hardikar
Academic Secretary for Languages
Santosh Pawar
Assistant Special officer, English

Production :

Sachchitanand Aphale

Chief Production Officer

Sanjay Kamble, Production Officer
Prashant Harne, Asst.Production Officer

Typesetting : D.T.P Section
Textbook Bureau, Pune.
Paper : 70 GSM Cream wove
Printer : RUNA GRAPHICS, PUNE

Print Order No. : N/PB/2021-22/1,60,000

Vivek Uttam Gosavi, Controller
Maharashtra State Textbook Bureau,
Prabhadevi, Mumbai - 400 025.




The Constitution of India

Preamble

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC and to secure to
all its citizens:

JUSTICE, social, economic and political ;

LIBERTY of thought, expression, belief, faith
and worship;

EQUALITY of status and of opportunity;
and to promote among them all

FRATERNITY assuring the dignity of
the individual and the unity and integrity of the
Nation;;

IN OUR CONSTITUENT ASSEMBLY this
twenty-sixth day of November, 1949, do HEREBY
ADOPT, ENACT AND GIVE TO OURSELVES
THIS CONSTITUTION.



NATIONAL ANTHEM

Jana-gana-mana-adhinayaka jaya hé
Bharata-bhagya-vidhata,

Panjaba-Sindhu-Gujarata-Maratha
Dravida-Utkala-Banga

Vindhya-Himachala-Yamuna-Ganga
uchchala-jaladhi-taranga

Tava subha nameé jage, tava subha asisa mage,
gahé tava jaya-gatha,

Jana-gana-mangala-dayaka jaya hé
Bharata-bhagya-vidhata,

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

PLEDGE

India is my country. All Indians
are my brothers and sisters.

[love my country, and [ 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.

To my country and my people,
I pledge my devotion. In their
well-being and prosperity alone lies

my happiness.




Dear Students,

Welcome to the ninth standard!

You are now going to begin your studies at the secondary level after
completing your primary education curriculum. You had only one Mathematics
textbook up to the eighth standard, now you will use two textbooks — Mathematics
Part-I and Mathematics Part-II.

In this Mathematics Part-I textbook, you will get acquainted with several
topics in the areas of Numbers, Algebra, Commercial Mathematics and Data
Handling. These topics are useful for all students in various fields. Algebra and
Statistics will provide the foundation for higher studies.

Different activities are given in the textbook to help you understand
the different concepts. Other activities have been provided for revision and
additional practice. You are expected to do all these. You can also explore
the internet to get more information regarding concepts in the textbook and
to obtain more practice examples. We expect you to do the activities, solve
the examples and draw inferences after discussing them with your friends. You
will get through the course joyfully if you follow the three point plan of —

a deep study of the textbook, activity-based learning and ample practice.

So come on! Let us study Mathematics in the company of our teachers,

parents, friends and the internet. Best wishes to you for your studies!

o

(Dr Sunil Magar)
Pune Director
Date : 28 April, 2017 Maharashtra State Bureau of Textbook
Akshaya Tritiya Production and Curriculum Research, Pune.

Indian Solar Year :
8 Vaishakh 1939




It is expected that students will develop the following competencies
after studying the syllabus of Mathematics Part I in Standard IX

Area

Topic

Competency statement

1. Knowledge of
Numbers

1.1 Sets

1.2 Real numbers and
quadratic surds

Students will be able to—

know the different sets of numbers in
the number system.

determine the subset relation between
pairs of sets.

identify finite and infinite sets.

use Venn diagrams to show relation
between different sets.

construct examples on sets.

understand that every point on a
number line is associated with a real
number.

identify the surds of order two and
perform mathematical operations on
them.

2. Algebra

2.1 Polynomial

2.2 Linear equations in
two variables

identify polynomials and do operations
on them.

solve word problems using two
variables.

3. Commercial
Mathematics

3.1 Financial planning

3.2 Ratio and
proportion

know about the tax system and
compute taxes.

compute income tax for salaried
persons.

use theorem on equal ratios.

solve word problems based on direct
and inverse variation.

4. Data handling
(Statistics)

4.1 Frequency
distribution

4.2 Measures of central
tendency

prepare grouped and ungrouped
frequency distribution tables.

prepare cumulative frequency tables.

find and make use of measures of
central tendencies for the given data.




Instructions for teachers

The textbook ‘Mathematics Part I’ contains many fundamental concepts. Some
concerts are developed according to the principle ‘from concrete to abstract’.
The book also contains concepts in Economics related to Mathematics and some
extension of Mathematics of the area of statistics. Teachers are expected to study
them in detail. It is also expected that a teacher should make use of activities,
discussions, question-answers, group projects etc. while teaching the subject. The
teacher should read the textbook thoroughly, note the activities given in the book
and encourage the students to do them. The teacher should also try to invent new
activities.

It is more important to understand basic concepts in Mathematics rather than
the calculations. Many examples are included in the book which will develop
student’s logical thinking. The teachers are advised to construct such examples
with the help of the students. In the textbook, some examples are star marked,
which indicates that they require a little higher order of thinking. If students solve
examples logically but with a different method, please do encourage them.

In the process of evaluation, it is advised to think of open ended questions and
activity sheets. Teachers should endeavour to develop such methods of evaluation.

The list of practicals given in the textbook should be taken as a specimen.
Teachers can frame different practicals of their own. Different activities in the
textbook are included in the practicals. Encourage the students to do those activities
also. We hope that the evaluation method based on them will be helpful to develop
different competencies in further studies.

List of some practicals (specimen)

(1) Consider your class as a universal set and draw Venn diagrams for the set of
students who play Kho-kho, Kabbadi or any other games.

(2) Represent 2 + /3, 5- /2 etc. on the number line.

(3) Divide a polynomial of degree three or four by a linear polynomial using
different methods of division and check whether the answers are unique.

(4) By using the given tables compute the income tax of a salaried person whose
statements of income and investments are given.

(5) Prepare a group frequency distribution table for the given numerical data.

(6) Find the percentage of various components using an easily available strip of
medical tablets.

(7) To solve some challenging problems based on Linear equations using two
variables.
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Sets

Let’s study.

® Sets - Introduction e Types of sets @ \enn diagrams
e Equal sets, subset e Universal set @ Intersection and Union of sets
e Number of elements in a set

Let’s recall.

Some pictures are given below. It contains the group of things you know.

1! 2! 3! 41 51 6’
7,8,9,10, 11,
12, ...
Flower Bunch of Flock of birds Pile of note- Collection of
bouquet keys books numbers

We use special word for each of the collection given above. In all the above
examples we can clearly list the objects of that collection. We call the collection of
such objects as “Set’.

Now, observe the collection. ‘Happy children in the village’, ‘Brilliant students of
the class’. In both the examples the words ‘Happy’ and ‘Brilliant’ are relative terms,
because the exact meaning of these words ‘to be happy’ and ‘to be brilliant’ differ
from person to person. Therefore, these collections are not sets.

See the examples given below and decide whether it is a set or not.

(1) Days of a week (2) Months in a year
(3) Brave children in the class (4) First 10 counting numbers
(5) Strong forts of Maharashtra (6) Planets in our solar system
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Let’s learn.

If we can definitely and clearly decide the objects of a given collection then that
collection is called a set.

Generally the name of the set is given using capital letters A, B, C,.....Z

The members or eclements of the set are shown by using small Iletters
a b, c ..

If a is an element of set A, then we write it as ‘a € A and if a is not an
element of set A then we write ‘a ¢ A’ .

Now let us observe the set of numbers.

N={1 2 3 ...} is a set of natural numbers.
W= {0, 1, 2, 3, . . .} is a set of whole numbers.
I ={.,-3 -2,-1,0, 1, 2, ...} is a set of integers.
Q is a set of rational numbers.

R is a set of real numbers.

(Methods of writing sets )

There are two methods of writing set.

(1) Listing method or roster method

In this method, we write all the elements of a set in curly bracket. Each of the
elements is written only once and separated by commas. The order of an element is
not important but it is necessary to write all the elements of the set.

e.g. the set of odd numbers between 1 and 10, can be written as

as, A={3 5 7 9orA={7 35 9}

If an element comes more than once then it is customary to write that element
only once. e.g. in the word ‘remember’ the letters ‘r, m, e’ are repeated more than
once. So the set of letters of this word is written as A = {r, e, m, b}

(2) Rule method or set builder form

In this method, we do not write the list of elements but write the general element
using variable followed by a vertical line or colon and write the property of the
variable.

eg. A ={x | X € N, 1<Xx <10} and read as 'set A is the set of all ‘X’ such
that ‘X’ is a natural number between 1 and 10"
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eg. B = { x| X is a prime number between 1 and 10}

set B contains all the prime numbers between 1 and 10. So by using listing method
set B can be written as B = {2, 3, 5, 7}

Q is the set of rational numbers which can be written in set builder form as

Q={g | pge a0}

and read as ‘Q’ is set of all numbers in the form P

g such that p and ( are integers

where ( is a non-zero number.’

Illustrations : In the following examples each set is written in both the methods.

Rule method or Set builder form Listing method or Roster method
A={ x| Xis a letter of the word ‘DIVISION’.} A={D,1,V,S, O, N}
B ={y |y is a number such that y> = 9} B={-3, 3}
C ={z |zisamultiple of 5 and is less than 30} C=4{5, 10, 15, 20, 25}

Ex. : Fill in the blanks given in the following table.

Listing or Roster Method Rule Method

A={245¢,8, 10,12, 14} A = {X| X is an even natural number less than 15}

.................. B = { X| X is a perfect square number between 1 to 20}

.................. D ={y]| yisacolour in the rainbow}

.................. P={x |xisan integerand, -3<x<3}

Practice set 1.1

(1) Write the following sets in roster form.
(i) Set of even natural numbers  (ii) Set of even prime numbers from 1 to 50

(iii) Set of negative integers (iv) Seven basic sounds of a sargam (sur)

(2) Write the following symbolic statements in words.
(1) g € Q (i)-2 ¢ N (iii) P={p | p is an odd number}

3
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(4)

Q)

Write any two sets by listing method and by rule method.

Write the following sets using listing method.
(i) All months in the indian solar year.

(i1) Letters in the word ‘COMPLEMENT".
(ili) Set of human sensory organs.

(iv) Set of prime numbers from 1 to 20.

(v) Names of continents of the world.

Write the following sets using rule method.

(i) A={14,09, 16,25, 36,49, 64, 81, 100}
(i) B={6, 12, 18, 24, 30, 36, 42, 48}

(iii) C={S,M, |, L, E}

(iv) D = {Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, Saturday}

(v) X={a, et}
Let’s learn.
Types of sets
Name of set Definition Example
A = {2}

Singleton Set |A Set consisting of a single element

is called a singleton set.

A is the set of even prime
numbers.

set or an empty set. Null set is
represented by { } or a symbol

¢_(phi)

If there is not a single element in |B = {x|x is natural number
Empty Set or |the set which satisfies the given
Null Set condition then it is called a Null

between 2 and 3.}
“B={}or¢

Finite Set elements are limited and countable

If a set is a null set or number of |C

then it is called as ‘Finite set’.

{p| p is a number from
1 to 22 divisible by 4.}

{4, 8, 12, 16, 20}

Infinite Set unlimited and uncountable then the

If number of elements in a set is

set 1s called ‘Infinite set’.

N=4{123...}

<




Ex. Write the following sets using listing method and classify into finite or infinite set.
(1) A={x | x € Nand x is an odd number} (i) B={x |x &€ Nand3x-1=0}
@) C={x| x € N, and x is divisible by 7 }
(iv) D={(a, b) | a,beWa +b =9} (v) E={x | x € I,x=100}
(vi) F={(a, b) |abeQ, a+b=11}

Solution: (i) A={x |x € Nand X is an odd number.}
A={1,3,5,7, .. } This is an infinite set.
(i) B={x |x e Nand3x-1=0}
3X—f|1.:0 So3X=1 x:%
But 3 N .B={ 1} .. B is finite set.

(i) C={x |x € Nandx isdivisible by 7.}
C=1{7,14,21,...} This is an infinite set.

(iv) D={(a,b) | a,be W,a+b=9}
We have to find the pairs of a and b such that, a and b are whole numbers
and a+b=09.
Let us first write the value of a and then the value of b. By keeping this order
set D can be written as
D={(0,9), (1,8), (2,7), 36), (45), (54), (6,3), (7,2), (8,1), (9,0)},
In this set, number of pairs are finite and could be counted.

. Set D is a finite set.
(v) E={x|x e I, x2=100}
E ={-10, 10}. .. E is afinite set.
(vi) F={(@hb) |abeQ a+h=11}
F={(6,5), (3, 8), (3.5,7.5), (15, 26),. . .} infinitely many such pairs can be
written.

.. F is an infinite set.

Remember this !

N, W, I, Q, R all these sets are infinite sets.
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Let’s learn.

Equal sets

Two sets A and B are said to be equal, if every element of set A is in set B and every

element of set B is in set A.
'Set A and set B are equal sets', symbolically it is written as A = B.

Ex (1) A={x |xisaletter of the word ‘listen’.} SoA={0,s,t e n}
B ={y |yisa letter of the word ‘silent’.} S.oB={s i, len,t}
Though the elements of set A and B are not in the same order but all the elements
are identical.
S.A=B

Ex(2) A={x|x=2n,ne N,0<x<10}, A={24,6,8, 10}
B ={y |yisanevennumber,1<y <10}, B={2 46,8, 10}
.. Aand B are equal sets.
Now think of the following sets.
C={1,357} D={2357}
Are C and D equal sets ? Obviously “No’
Becausel € C,1¢ D,2€ D,2¢C
.. Cand D are not equal sets. It is written as C # D
Ex(3) If A={1,2 3}and B={1, 2, 3, 4}then A # B verify it.
Ex(4) A={x |xisprimenumberand 10 <Xx < 20} and B = {11, 13, 17, 19}
Here A= B. Verify,

Practice set 1.2

(1) Decide which of the following are equal sets and which are not ? Justify your answer.
A={x|3x-1=2}
B = { x | xis a natural number but X is neither prime nor composite.}
C={x|xe N, x<2}
(2) Decide whether set A and B are equal sets. Give reason for your answer.
A = Even prime numbers B={x| 7x-1=13}
(3) Which of the following are empty sets ? why ?

(i) A={a] a isanatural number smaller than zero.}

(i) B={x|x?=0} (i) C={x|5x—2=0, x € N}

O



(4) Write with reasons, which of the following sets are finite or infinite.
(i) A={x]|x<10,xisanatural number} (v) Set of apparatus in laboratory
(i) B={y|y<-1,yisaninteger} (vi) Set of whole numbers
(iii) C = Set of students of class 9 from your school.  (vii) Set of rational number
(iv) Set of people from your village.

Let’s learn.

(Venn diagrams)

British logician John Venn was the first to use closed figures to represent sets. Such rep-
resentations are called 'Venn diagrams'. Venn diagrams are very useful, in order to understand and
illustrate the relationship among sets and to solve the examples based on the sets.

Let us understand the use of Venn diagrams from the following example.
eg. A={1,2,3,4,5} 4

John Venn is the ﬁrst\
Set A is shown by Venn diagram. Mathematician who gave
the Mathematical form to
‘logic’ and ‘probability’.

His famous book is ‘Logic
1834-1923

S of chance’. y
B={x|—-10<x<0, Xisan integer} 0o -1 -2 -3
Venn diagram given alongside represents the setB. | -4 -5 -6 -7B
-8 -9 -10

If A and B are two given sets and every element of set B is also an element of set A then
B is a subset of A which is symbolically written as B C A. It is read as 'B is a subset of A’ or
'B subset A'.
Ex(1) A={12234,56,7,8}
B={24,6,8}
Every element of set B is also an element of set A.
. BCA.

This can be represented by Venn diagram as shown above.

&
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Activity : Set of students in a class and set of students in the same class who can )

Students in
a class

Students
who can
swim

swim, are shown by the Venn diagram.

Observe the diagram and draw
Venn diagrams for the following subsets.
(1) (i) set of students in a class
(i1) set of students who can ride bicycles in the same class
(2) Asetof fruits is given as follows.
{guava, orange, mango, jack fruit, chickoo, jamun, custard apple, papaya, plum}
Show these subsets. (i) fruit with one seed (ii) fruit with more than one seed.

Let’s see some more subsets.

Ex (2) N = set of natural numbers. | = set of integers.

Here N C I. because all natural numbers are integers.

Ex (3) P={Xx]| xissquarerootof 25} S={y|yel,-5<y<5}

Let’s write set Pas P ={-5, 5}

Let’swritesetSas S={-5-4,-3,-2,-1,0,1,2,3,4,5}
Here every element of set P is also an element of set S.

. PCS

Remember this !

(1) Everysetisasubset of itself. i.e. ACA
(ii) Empty set is a subset of every set i.e. ) C A
(i) IfA=B thenACBandBC A

(iv) If AcBandBcC AthenA=B

Ex.

IfA={1, 3, 4,7, 8} then write all possible subsets of A.
ie. P={1,3} T={4,7,8} V={14,8}, S={1,4,7,8}

In this way many subsets can be written. Write five more subsets of set A.




é Activity : Every student should take 9 triangular sheets of paper and one plate.\
Numbers from 1 to 9 should be written on each triangle. Everyone should keep
some numbered triangles in the plate. Now the triangles in each plate form a subset
of the set of numbers from 1 to 9.

Sujata Hameed Mukta Nandini Joseph

AN AN/A ANA AN/ARA /A A
AAA AAN A A A

Look at the plates of Sujata, Hameed, Mukta, Nandini, Joseph with the numbered
triangles. Guess the thinking behind selecting these numbers. Hence write the

subsets in set builder form.
N\ J
Let’s discuss.

Ex.. Some sets are given below.
A={..,-4,-2,0,2,4,6,..} B={1,23, ..}
c={.,-12,-6,0,6,12,18....}y D={..,-8,-4,0,4,8, ..}
I ={..,-3,-2,-1,0,1,2,3,4, ...}
Discuss and decide which of the following statements are true.
(i) Alis a subset of sets B, C and D.
(i) B is a subset of all the sets which are given above.

Let’s learn.

(Universal set )

Think of a bigger set which will accommodate all the given sets under consideration
which in general is known as Universal set. So that the sets under consideration are the
subsets of this Universal set.

Ex (1) Suppose we want to study the students in class 9 who frequently remained absent.
Then we have to think of all the students of class 9 who are in the school. So all
the students in a school or the students of all the divisions of class 9 in the school
is the Universal set.

&



Let us see the another example.

Ex (2) A cricket team of 15 students is to be selected from a school. Here all the students

from school who play cricket is the Universal set. A team of 15 cricket players

Is a subset of that Universal set.
Generally, the universal set is denoted
by ‘U’ and in Venn diagram it is

represented by a rectangle.

(Complement of a set)

U

All Students in school
who play cricket

Team of cricket
players

Suppose U is an universal set. If B C U, then the set of all elements in U, which are not

in set B is called the complement of B. It is denoted by B or BC.

B’ is defined as follows.
B'={x|x € U,and x ¢ B}
Ex(l) U={123456 789,10}
A={2 4, 6,8,10}
- A'={1,3,5,7,9}

Ex (2) Suppose U={1,3,09, 11,13, 18, 19}
B={3,09,11, 13}
. B'={1,18, 19}
Find (B")" and draw the inference.

1 3 5 A |U
2 A/
4 6 8
10 9
B’ |[U
1 18

19

(B")' is the set of elements which are not in B' but in U.

is(B')'=B?

Understand this concept with the help of Venn diagram.

Complement of a complement is the given set itself.

Remember this !

Properties of complement of a set.

(i) No elements are common in Aand A"

(i) AcUandA'c U

(iii) Complement of set U is empty set. U' = ¢

(iv) Complement of empty setis U. ¢'=U




Practice set 1.3

1) HA={a b c de}, B={c def} C={b d}, D= {a e}
then which of the following statements are true and which are false ?
()Ccc B (I)AcD (i)DbcB (VDcC A (VVBC A (ViCcC A
(2) Take the set of natural numbers from 1 to 20 as universal set and show set X
and Y using Venn diagram.
() X={x| xe N,and 7 < x < 15}
(i) Y={y]| y € N,y is prime number from 1 to 20}
3 U=4{1 2 37 8,9 10, 11, 12}
P={1, 3, 7, 10}
then (i) show the sets U, P and P' by Venn diagram. (ii) Verify (P') = P
4) A ={1, 3, 2, 7} then write any three subsets of A.

(5) (i) Write the subset relation between the sets.
P is the set of all residents in Pune.
M is the set of all residents in Madhya Pradesh.
| is the set of all residents in Indore.
B is the set of all residents in India.
H is the set of all residents in Maharashtra.
(if) Which set can be the universal set for above sets ?

(6" Which set of numbers could be the universal set for the sets given below?
(i) A = set of multiples of 5, B = set of multiples of 7.
C = set of multiples of 12
(i) P = set of integers which are multiples of 4.
T = set of all even square numbers.

(7) Let all the students of a class is an Universal set. Let set A be the students who
secure 50% or more marks in Maths. Then write the complement of set A.

Let’s learn.

(Operations on sets)

Intersection of two sets
Suppose A and B are two sets. The set of all common elements of A and B is called
the intersection of set A and B. It is denoted as A M B and read as A intersection B.

ANB={x| xe Aand X € B}

[0



Ex 1) A={1, 3 5 7} B={23 6 8}

Let us draw Venn diagram. /A B ;
The element 3 is common in set A and B. - \\ - )
SLANB={3} > - ‘\
~—x<| [
Ex (2) A={1,3,9,11, 13} B={1,09, 11}
A

The elements 1, 9, 11 are common in set A and B.

S ANB={1,9,11} But B={1,9, 11} 0
3
S ANB=B

Here set B is the subset of A. 13
S IfBC Athen ANB=B, similarly,ifBMA=B,thenBC A

Remember this !

Properties of Intersection of sets

(1) ANB=BNA (2) IFAC Bthen ANB=A
(3) FANB=BthenBC A 4)ANBC AandANBCB
G) ANA = 6)ANA=A MANG=0

Activity : Take different examples of sets and verify the above mentioned properties.

Let’s learn.

Disjoint sets

Let, A={1,3,5,9}
and B =4{2, 4, 8} are given.

Confirm that not a single element is common in set

A and B. These sets are completely different from each other.
So the set A and B are disjoint sets. Observe its \enn diagram.

-

Activity | : Observe the set A, B, C given by
Venn diagrams and write which of these are
disjoint sets.

N




(Activity Il : Letthe set of English alphabets be
the Universal set.
The letters of the word 'LAUGH!' is one set
and the letter of the word 'CRY" is another set.
We can say that these are two disjoint sets.

Observe that intersection of these two sets is empty.

N
(Union of two sets)

Let A and B be two given sets. Then the set of all elements of set A and B is called the
Union of two sets. It is written as AU B and read as 'A union B'.

AUB={x|xe Aor xe B}
Ex(1) A={1-3-50}
B ={0, 3,5}
AuB= {3,-50,-1 3,5}
Note that, ALUB=BUA

Ex (2) U
Observe the Venn diagram and write the following sets
using listing method.
MU (@A @i)B (ivyVAUB (WVANB
(vi) A" (vii) B’ (viii)(A W B)' (ix) (AN B)’
12 11 9
Solution : u={1223,4,56,7,8,9, 10, 11, 12}
A={2,4,6,8, 10}, B={123,5,7,8, 10}
AUB={123,456,7,8,10} AN B={8§, 10}
A'={1,3,57,09, 11,12} B'={2,4,6,9, 11, 12}
(AU B) ={9, 11, 12} (ANB) ={1,2,3,4, 56,7,9,11, 12}
Ex (3) A={1,23,45} B={23}

Let us draw its Venn diagram.

AU B={1,2 3,45}

Observe that set Aand A U B have the same
elements.

Hence, if BC AthenAU B=A
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Remember this !

Properties of Union of sets

(H)AUB=BUA (2) IFAC BthenAUB=B
B)ACAUB, BCAUB HAUA=U
GYAU A=A B)AU d=A

Let’s learn.

<Number of elements in a set>

LetA={3,6,9, 12,15} is a given set with 5 elements.
Number of elements in set Aiis denotedasn (A). .. n(A)=5
Let B={6, 12, 18, 24, 30, 36} S.n(B)=6

Number of elements in Union and Intersection of sets.

Let us consider the set A and set B as given above,

n(A)+n(B)=5+6=11----(I)

AU B={36,9, 12, 15, 18, 24, 30,36} .. n(AU B) = 9-------- (1)

To find A M B means to find common elements of set A and set B.

AN B={6,12} L. n(ANB) = 2-------- (1n

In n (A) and n (B) elements in A M B are counted twice.
“nA)+nB)-n(ANB)=5+6-2 =9 and n(AUB)=9

From equations (), (1) and (111), we can write it as follows.

“n(AuB)=n(A)+n(B)-n(AM B)

B
Verify the above rule for the given Venn diagram. 18
24
n(A) = , n(B)= 30 36
n(AU B)= ,N(ANM B)=
“n(AUB)=n(A)+n(B)-n(AMNB)
Remember this !
n(AUB)=n(A)+n(B)-n(AN B)
means n(A)+n(B)=n(AUB)+n (AN B)
Ex. Let A={1,2,3,5,7,9, 11, 13} B={1,24,6,8,12,13}

Verify the above rule for the given set A and set B.




Let’s learn.

(Word problems based on sets)

Ex.

In a class of 70 students, 45 students like to play Cricket. 52 students like to play
Kho-kho. All the students like to play atleast one of the two games. How many
students like to play Cricket or Kho-kho ? How many students like to play only
Cricket ?

Solution : We will solve this example in two ways.

Method I : Total number of students = 70

Let A be the set of students who likes to play Cricket.
Let B be the set of students who likes to play Kho-kho.
Hence the number of students who likes to play Cricket or Kho-khoisn (AU B)
" Nn(AUB)=70
Number of students who likes to play both Cricket and Kho-kho =n (A M B)
n (A) =45, n(B) =52
We know,n (AU B)=n(A)+n(B)-n(AMN B).
n(ANB) = n(A)+n(B)-n(AUB)
= 45+52-70=27

". Number of students who likes to play both the games are 27,

Number of students who likes to play Kho-kho are 45.

". Number of students who likes to play only Cricket = 45 -27 = 18
. AN B is the set of students who play both the games. .". n (AN B)=27

Method II :  Given information can be shown by Venn diagrams as follows.

Letn (AnB)=x,n(A)=45n(B) =52,

/A Bj We know that,n (AuB) =70
\\‘ “n(AnB)=x=n(A)+n(B)-n(AuB)
(45-X) 50 —Ix =45+52-70=27
LU/ Students who like to play only cricket = 45 — 27
=18
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Practice set 1.4

(1) If n(A)=15,n(AUB)=29, n(ANB)=7then n(B) = ?

(2)  In a hostel there are 125 students, out of which 80 drink tea, 60 drink coffee and 20
drink tea and coffee both. Find the number of students who do not drink tea or coffee.

(3)  Inacompetitive exam 50 students passed in English. 60 students passed in Mathematics.
40 students passed in both the subjects. None of them fail in both the subjects. Find the

number of students who passed at least in one of the subjects ?

(4)  Asurvey was conducted to know the hobby of 220 students of class IX. Out of which
130 students informed about their hobby as rock climbing and 180 students informed
about their hobby as sky watching. There are 110 students who follow both the hobbies.
Then how many students do not have any of the two hobbies ? How many of them
follow the hobby of rock climbing only ? How many students follow the hobby of sky

watching only ?

(5) Observe the given Venn diagram and write the following sets.

()A  (ii)B (i)AUB (iv)U
WA (vi)B'  (vii) (AU B)’

S

OO OOOOOOS Pr0b|em Setl OO OOOOOOS

(1) Choose the correct alternative answer for each of the following questions.
(i) If M={1,3,5}, N={2,4,6},then M N="?
(A){1,2,3,4,56} (B){1,3,5F (CO)¢ (D){2 4,66}
(i) P={x|xis an odd natural number, 1 < x < 5}
How to write this set in roster form?
(A) {135 (B){1,23 4,5} © {13+ (D){3 5}

@ayrP=4{1,2, ... , 10}, What type of set P is ?
(A) Null set  (B) Infinite set (C) Finite set (D) None of these

(iv) MUN={1,2,3,4,5 6}and M = {1, 2, 4} then which of the following
represent set N ?
(A){1,2,3} (B){3,4,56} (C{256} (D) {4,5,6}



)

(3)

(4)

()
(6)

(7)

(v) If P M, then Which of the following set represent PM\(P U M) ?
(AVP (B)M (C)PUM (D)P'"M
(vi) Which of the following sets are empty sets ?
(A) set of intersecting points of parallel lines (B) set of even prime numbers.
(C) Month of an english calendar having less than 30 days.
DO)P={x| xel,-1<x<1}
Find the correct option for the given question.
(i)  Which of the following collections is a set ?
(A) Colours of the rainbow (B) Tall trees in the school campus
(C) Rich people in the village (D) Easy examples in the book
(i)  Which of the following set represent N M W?
A){1,2,3 ..} B{0,123, ..} (©Of{0y D){}
(i) P={x| xisa letter of the word ' indian'} then which one of the following is
set P in listing form ?
(A){i,n,d} B){i,nd,a} (C){i,n,di,a} (D){n,d, a}
(iv) f T={1,2,3,4,5}and M ={3,4,7,8}ythenTU M=7?
(A){1,2,3,4,5 7} (B){1,2,3,7,8}
(©){1,2,3,4,5 7,8} (D) {3, 4}

Out of 100 persons in a group, 72 persons speak English and 43 persons speak French.
Each one out of 100 persons speak at least one language. Then how many speak only
English ? How many speak only French ? How many of them speak English and French

both ?

70 trees were planted by Parth and 90 trees were planted by Pradnya on the occasion of
Tree Plantation Week. Out of these; 25 trees were planted by both of them together. How

many trees were planted by Parth or Pradnya ?
Ifn(A)=20,n(B)=28and n(A U B)=36then n(A N B)=?

Inaclass, 8 students out of 28 have only dog as their pet animal at home, 6 students have
only cat as their pet animal. 10 students have dog and cat both, then how many students

do not have a dog or cat as their pet animal at home ?

Represent the union of two sets by Venn diagram for each of the following.
()A={3,4,5 7} B ={1, 4, 8}

(inP={a,b,c,e,f} Q={l,m,n,e, b}
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(8)

(9)

10)

(iii) X = {x | x is a prime number between 80 and 100}
Y = {y| yisanodd number between 90 and 100 }

Write the subset relations between the following sets

X = set of all quadrilaterals Y = set of all rhombuses

S = set of all squares T = set of all parallelograms
V = set of all rectangles

If M is any set, then write M U ¢ and M M .

Observe the Venn diagram and write the
givensets U,A,B,A UBand AN B.

11 13

@I nA)=7 nB)=13, n(ANnB)=4, then n(A UB}="?

-

Activity I : Fill in the blanks with elements of that set.
Uu={1,3,5,8,9, 10, 11, 12, 13, 15}
A={1,11,13} B={8,5, 10,11, 15} A ={.... 1B ={.... }

Verify : ANB) =A"U B, (AUB)=A"NB
Activity II : Collect the following information from 20 families nearby your
house.

(1)  Number of families subscribing for Marathi Newspaper.
(i) Number of families subscribing for English Newspaper.

(i) Number of families subscribing for both English as well as Marathi Newspaper.

Show the collected information using Venn diagram.

y

N



Real Numbers

® Properties of rational numbers
e Comparison of quadratic surds

Let’s study.

® Properties of irrational numbers ® Surds
e Operations on quadratic surds

e Rationalization of quadratic surds.

In previous classes we have learnt about Natural numbers, Integers and Real numbers.

Let’s recall.

N = Setof Natural numbers ={1, 2, 3,4, ...}
W = Setof Whole numbers={0, 1, 2, 3,4,...}

| = SetoflIntegers ={...,-3,-2,-1,0,1,2,3,..}
Q = Setof Rational numbers = {f |p,q el qg#0}

R = Setof Real numbers.

NCWcCIc QC R

Order relation on rational numbers :

pP
q

-—-and % are rational numbers where g >0, s>0

() Ifpxs=qgxr then gz L (i) Ifpxs>gxr then §> £
(i) fpxs<qxr then Z< L
q S
Let’s learn.
(Properties of rational numbers)
If a, b, ¢ are rational numbers then
Property Addition Multiplication
1. Commutative a+b=b+a axb=bxa

2. Associative

(a+b)+c=a+(b+0)

ax(bxc)=(axh)yxc

3. ldentity

a+0=0+a=a

axl=1lxa=a

4. Inverse

a+((-a)=0

1
ax— =1 azxo0
. ( )




Let’s recall.

Decimal form of any rational number is either terminating or non-terminating recurring type.

Terminating type Non terminating recurring type
1w 2 =04 @) 7 =0472202.. = 0472
5 36
7 .
(2) ~ 64 =—0.109375 (2 ;—Z =1.2692307692307... = 1.2692307
(3) % =12.625 (3) % =1.513513513... = 1.513
Let’s learn.

: : . P
@'o express the recurring decimal in ; form)

. . . P
Ex. (1) Express the recurring decimal 0.777.... in ; form.

Solution : Let x=0.777...= 0.7

S 10x= 7.777..=7.7

. 10x—x= 7.7-0.7

LIX=7

- 7
B
-7
. 0.777.. =5
Ex. (2) Express the recurring decimal 7.529529529... in 5 form.

Solution : Let X = 7.529529... =7.529

1000 X = 7529.529529... =7529.529 . Use your
L L brain power!
1000 X — X =7529.529 — 7.529 How to convert
999 X = 7522.0 Lox =22 2.43 in £ form 7
999 q
7522
529 = —999



Remember this !

(1) Note the number of recurring digits after decimal point in the given rational number.
Accordingly multiply it by 10, 100, 1000.
e.g. In 2.3, digit 3 is the only recurring digit after decimal point, hence to convert 2.3
in 5 form multiply 2.3 by 10.
In 1.24 digits 2 and 4 both are recurring therefore multiply 1.24 by 100.
In 1.513 digits 5, 1 and 3 are recurring so multiply 1.513 by1000.

(2) Notice the prime factors of the denominator of a rational number. If the prime factors
are 2 or 5 only then its decimal expansion is terminating. If the prime factors are other
than 2 or 5 also then its decimal expansion is non terminating and recurring.

Practice set 2.1

1. Classify the decimal form of the given rational numbers into terminating and
non-terminating recurring type.

13 2 ... 29 . 17 11

i) 22 i) = i) == iv) 20 V) —

() = (i) 5 (i) = (v) L V) %
2. Write the following rational numbers in decimal form.

. 127 ..\ 25 ..y 23 .4 17

) — i) == i) =2 iv) — %

M 355 ()99 ()7 (iv) (V) g
3. Write the following rational numbers ins form.

(i) 0.6 (i) 0.37  (iii) 3.17 (iv) 15.89 (v)2.514

Let’s recall.

The numbers /2 and /3 shown on a number line are not rational numbers means they are
irrational numbers.

"Bz 0 1)

On a number line OA = 1 unit. Point B which is left to the point O is at a distance of 1 unit.

Co-ordinate of point B is —1. Co-ordinate of point P is +/2 and its opposite number — /2 is shown
by point C. The co-ordinate of point C is — /2 . Similarly, opposite of V3 is — /3 which is the

20

co-ordinate of point D.




Let’s learn.

( Irrational and real numbers)

J2 is irrational number. This can be proved using indirect proof.

Let us assume that /2 is rational. So v/2 can be expressed in g form.

p . .
~ is the reduced form of rational number hence p and g have no common factor other

q
than 1.
P P’ : :
J2 = P 2= 7 (Squaring both the sides)
2q2 — pz
p? is even.

p is also even means 2 is a factor of p. ....(I)

p=2t SLopP= AR tel
20°=4t (" p*=209) .. QF=2t2 . g*iseven. .. (iseven.
2 is a factor of Q. (1))

From the statement (1) and (I1), 2 is a common factor of p and q both.
This is contradictory because in § ; we have assumed that p and g have no common
factor except 1.
Our assumption that /2 is rational is wrong.
J2 is irrational number.
Similarly, one can prove that v/3, /5 are irrational numbers.

Numbers /2, \/§, J5 can be shown on a number line.

The numbers which are represented by points on a number line are real numbers.
Inanutshell, Every point on a number line is associated with a unique a '‘Real number"
and every real number is associated with a unique point on the number line.

We know that every rational number is a real number. But /2, V3, -2, m,
3 ++/2 etc. are not rational numbers. It means that Every real number may not be a rational

number.



(Decimal form of irrational numbers)

Find the square root of 2 and 3 using devision method.

Square root of 2 Square root of 3
1.41421... 1.732....
1 \2.00 00 00 00.... 1\3.(70@0_00_0....
+1 -1 +1\-1
24 \100 27\ 200
+4 \—96 +7 \-189
281 \ 400 343\ 1100
+1 \-281 +3 \-1029
2824 \ 11900 3462 \007100
+ 4 \-11296 + 2\ -6924
28282 | 60400 3464 \ 0176
+ 2 \—56564
28284 1 \ 0383600
2 =1.41421... 3 =1.732...

Note that in the above division, numbers after decimal point are unending, means it is
non-terminating. Even no group of numbers or a single number is repeating in its quotient. So
decimal expansion of such numbers is non terminating, non-recurring.

J2 /3 are irrational numbers hence 1.4142... and 1.732... are irrational numbers too.
Moreover, a number whose decimal expansion is non-terminating, non-recurring is

/Activity I A
Draw three or four circles of different radii on a card board. Cut these circles. Take a thread
and measure the length of circumference and diameter of each of the circles. Note down the
readings in the given table.

irrational.

C
Ratio = < From table the ratio 7 is
d - -
nearly 3.1 which is con-

stant. This ratio is denoted

by 7 (pi).

No. | radius | diameter | circumference
(r) (d) (©)
1 7cm
2 8cm
3 | 55cm

(23]




(Activity 11 )

To find the approximate value of T, take the wire of length 11 cm, 22 cm and 33 cm each.
Make a circle from the wire. Measure the diameter and complete the following table.
Circle | Circumference | Diameter Ratio of
No. () (d) (c) to (d) Verify ratio of circumference
1 11cm to the diameter of a circle is
2 22 cm 22
approximately — .
3 33cm PP 7
= J

Ratio of the circumference of a circle to its diameter is constant number which is
irrational. This constant number is represented by the symbol 7t. So the approximate value

of mis 27—2 or 3.14.

The great Indian mathematician Aryabhat in 499 ce has calculated the value of 7t as

62832
—— = 3.1416.
20000 3 0

We know that, /3 isan irrational number because its decimal expansion is non-terminating,

non-recurring. Now let us see whether 2 +./3 is irrational or not ?

Let us assume that, 2 +./3 is not an irrational number.

. . p pP
If 2 +./3 isrational thenlet2 +./3 = g .. Weget 3= g - 2.
In this equation left side is an irrational number and right side rational number, which is
contradictory, so 2 +./3 is not a rational but it is an irrational number.

Similarly it can be proved that 2+/3 is irrational. The sum of two irrational numbers can

be rational or irrational. Let us verify it for different numbers.
ie,2+ 3 +(-3)=2, 45 + .6 =4, B++5)-(5)=3,
23X 3=6 V2 x 5 =40, 255 =5

Remember this !

Properties of irrational numbers
(1) Addition or subtraction of a rational number with irrational number is an irrational number.

(2) Multiplication or division of non zero rational number with irrational number is also an
irrational number.
(3) Addition, subtraction, multiplication and division of two irrational numbers can be either

a rational or irrational number.



Let’s learn.

(Properties of order relation on Real numbers)

1. Ifaand b are two real numbers then only one of the relations holds good.
ie.a=bora<bora>bhb
2. Ifa<bandb<cthena<c 3.Ifa<b thena+c<b+c
4. Ifa<band c>0thenac<bc and Ifc<0thenac >bc
Verify the above properties using rational and irrational numbers.

(Square root of a Negative number)

We know that, if /a=bthenb?=a.

Hence if /5 =X then x2=5.

Similarly we know that square of any real number is always non-negative. It means that
square of any real number is never negative. But (/-5 )2 =-5 .. /-5 is not a real number.

Hence square root of a negative real number is not a real number.

Practice set 2.2

(1) Show that 4 /2 is an irrational number.

(2) Prove that 3 + +/5 is an irrational number.
(3) Represent the numbers /5 and 410 on a number line.
(4) Write any three rational numbers between the two numbers given below.

(i) 0.3 and -0.5 (ii) —2.3 and —2.33
(ifi) 5.2 and 5.3 (iv) -4.5and 4.6
Let’s learn.

(Root of positive rational number)
We know that, if X2 = 2 then X = V2 or x=- \/E, where. /2 and —J2 are irrational

numbers. This we know, %/7 , %/8, these numbers are irrational numbers too.
If nis a positive integer and X" = a, then X is the n root of a . X= /2 . This root may be

rational or irrational.
For example, 25 =32 .". 2 is the 5" root of 32, but if X5 =2 then x= 32 , which is an

irrational number.



We know that 5 is a rational number but /5 is not rational. Square root or cube root of
any real number is either rational or irrational number. Similarly n root of any number is
either rational or irrational.

If n is an integer greater than 1 and if a is a positive real number and n* root of a
is X then it is writtenas x"=aor Ja =X

If ais a positive rational number and n" root of a is x and if x is an irrational number
then x is called a surd. (Surd is an irrational root.)

Inasurd %/a the symbol «/ is called radical sign, n is the Order of the surd and a is
called radicand.

(1) Leta=7,n=3,then 37 isasurd because 3/7 is an irrational number.
(2) Leta=27,n=3then 327 isnota surd because 327 = 3 is not an irrational number. .
(3) 3/8 isasurdor not ?

Let 33=p p®=8. Cube of which number is 8 ?

We know 2 is cube-root of 8 or cube of 2 is 8.
.. 38 is not a surd.
(4) Whether s is surd or not ?
Here a =8, Order of surd n = 4; but 4" root of 8 is not a rational number.

43 is an irrational number. .. #3gis a surd.

This year we are going to study surds of order 2 only, means /3, /7, J42 etc.
The surds of order 2 is called Quadratic surd.

<Simp|est form of a surtD
(1) a8 = J16x3= 16 X V3 =443 (ii) V98 = a9x2 = Va9 X /2 =742

J2, 43, J5 , .... these type of surds are in the simplest form which cannot be simplified

further.

<Similar or like surds>

4 .
J2 342, 3 J2 are some like surds.

If p and q are rational numbers then p./a, q+/a are called like surds. Two surds are said

to be like surds if their order is equal and radicands are equal.



J45 and /80 are the surds of order 2, so their order is equal but radicands are not same,
Are these like surds? Let us simplify it as follows :
V45 = J9x5= 9 x 5 =35 and /80 = V16x5 = /16 x 5 =445
. 3.5 and 4./5 are now similar or like surds
means /45 and /80 are similar surds.

Remember this !

In the simplest form of the surds if order of the surds and redicand are equal then
the surds are similar or like surds.

Let’s learn.

(Comparison of surds)

Leta and b are two positive real numbers and

Ifa<b then a xa < b xa

If a2<ab ..(I) Similarly ab<Db? ..(Il)

a2<b? ..[from (I) and (11)]

Butifa>bthen a®>b*andif a =b then a?=Db?

hence if a <b then a’< b?

Here a and b both are real numbers so they may be rational numbers or surds. By using
above properties, let us compare the surds.

(i) 62,55 (ii) 8+/3, V192 (i) 72, 53
J36 x 2 [2]V25 x B NI ENT \/Ex\/E\/Ex\@
N NS N N Jos L2175
But 72[<1]125 But 192 [=]192 But 98 75
~6v2 [ sy Jioz =1 yis2 NG 543
g3 [=] V192
Or Or
(622 [_](5+5) (722 [ 153
72 < 125 98 > 75
5642 55 RN D) 53




<Operations on like su rds>

Mathematical operations like addition, subtraction, multiplication and division can be done

on like surds.
Ex (1) Simplify : 73 +29/3 Use your
. brain power !
Solution : 74/3 +29./3 = (7 + 29) v/3 =363
V3 NCESTIRE NN TS
Ex (2) Simplify : 743 — 2943 J100736 2 100 ++36
Solution : 7.3 —29+/3 = (7 - 29) 3 =223
1
Ex (3) Simplify : 138 + 5 v8 ~5V8
1
Solution :13V8 + 5 ¥8 ~5v8 =(13+ % _5) J5 = (26+1-10) /5
2
=T =L 53
2 2
17
=5 22 =172

Ex (4) Simplify : 8+/5 +v 20 — /125
Solution : 85 +/20 — /125 =8J5+ /4x5 —25%5

= 8J5+2/5-55

= (8+2-5) /5

= 5\/§
Ex. (5) Multiply the surds v7 x Va2
Solution : V7 x 42 = J7x42 = J7x7x6=76 (776 is an irrational number.)

Ex. (6) Divide the surds : 125 =+ J5

o 125 (125 o
Solution: ~ 5~ =5 = J25 =5 (5 is a rational number.)

EX. (7) V50 X+/18 = v25x2x/9x2 =52 x 342 =15 x 2=30

Note that product and quotient of two surds may be rational numbers which can be observed

in the above Ex. 6 and EX. 7.



(Rationalization of surd)

If the product of two surds is a rational number, each surd is called a rationalizing factor

of the other surd.
Ex. (1) If surd +/2 is multiplied by 2 we get 2x2 = 4. /4 =2 is a rational number.
soV2 s rationalizing factor of V2
Ex. (2) Multiply /2 x /8
J2 x /8 = 16 =4 is a rational number.
.. /2 is the rationalizing factor of /g .
Similarly 8/2 is also a rationalizing factor of /2 .
because V2 x 842 = 8 V2 x V2 =8x 2=16.
J6, J16 /50 are the rationalizing factors of /2 .

Remember this !

Rationalizing factor of a given surd is not unique. If a surd is a rationalizing factor of a
given surd then a surd obtained by multiplying it with any non zero rational number is also
a rationalizing factor of the given surd.

Ex. (3) Find the rationalizing factor of /27 .

Solution: V27 = V9%x3 =33 ..3/3 x /3 =3 x 3=09isarational number.
. /3 is the rationalizing factor of /27 .
Note that, v/27 =33 means33 x 3,3 =9x3=27.

Hence 3 /3 is also a rationalizing factor of +/27 . In the same way 4 /3, 73, ... are
also the rationalizing factors of /27 . Out of all these /3 is the simplest rationalizing factor.

Ex. (4) Rationalize the denominator of 1

J5
1 1
Solution : NG = 5 X % = % ....(multiply numerator and denominator by \/5.)

3
Ex. Rationalize the denominator of —= .
5) 0 e the deno 0 NG

. 3
Solution : N NG ><—\/7 = 557~ 12
..(multiply 2./7 by /7 is sufficient to rationalize.)




Remember this !

We can make use of rationalizing factor to rationalize the denominator.
It is easy to use the numbers with rational denominator, that is why we rationalize it.

Practice set 2.3

(1) State the order of the surds given below.
()7 Gi)5Viz (i) Y10 (v) V39 (v) VI8
(2) State which of the following are surds. Justify.
G 1 Giy Yo Gii) B (v) V256 (v) P64 (vi) \/?
(3) Classify the given pair of surds into like surds and unlike surds.
(i) V52,5413 (i) V68,53 (iii) 418, 742
(iv) 1912, 63 (V) 5422, 7433 (vi)5+5, V75
(4) Simplify the following surds.
() N27 (i) V50 (iii) V250 (iv)V112  (v) V168

(5) Compare the following pair of surds.

(i) 742,5+3 (i) V247, 274 (i) 247, V28

(iv)5v5,72 (v)4v42,942  (vi)5+/3,9 (vii) 7,245
(6) Simplify.

(1)5v3 +843 (ii) 95 — 445 + V125

(iii) 7428 — 27 -3 (iv) \/’—gﬁ +247
(7) Multiply and write the answer in the simplest form.
(i) 312 x V18 (i) 312 X 715
(iii) 3+/8 x 5 (iv) 58 x 2/8
(8) Divide, and write the answer in simplest form.
() os = 2 (i) 125 + 50 (i) V54 = V27 (iv) 310 + 5

(9) Rationalize the denominator.

O o ()2 W35 O
J5 14 J7 93 A3



Let’s recall.

We know that,
If 2 >0,b>0then Vab = Jaxb

(a+b)(a—b)=d* —b*: (Va) =a. Ja?=a
Multiply.
Ex. (1) J2(+/8 +4/18) Ex. (2)([ V2)(2\3-342)
2x8 +/2x18 = V3(23-32)-2(23-342)
=\/R+\/% = \/§x2\/§—\/§x3\/§—\/§x2\/§+ 2><3\/§
= 2x3-3J6-2J6+3x2
= 40 = 6-5J6+6
= 10 = 12-5V6
Let’s learn.

(Binomial guadratic surd )

J5 + 3; 3+ /5 are the binomial quadratic surds form. 5 — v3; 3 - /5 are also
4 4

binomial quadratic surds.

Study the following examples.
e (Ja++b)(Va-1b)=(Ja)-(vb)=2a-b
© (V5 +B)(\5 - V3)=(VB)- (\3)=5-3=2
© (VBHT)(VEB-T) = (JBY-(VT)=3-7=-4

* GHEIG-B)=(Gr-(B)r=s 5= =

The product of these two binomial surds (/5 + J3)and (V5 - J3 ) is a rational number,
hence these are the conjugate pairs of each other.

Each binomial surds in the conjugate pair is the rationalizing factor for other.

Note that for /5 + /3, the conjugate pair of binomial surd is \/5— /3 or V3—+/5 .
Similarly for 7 + /3, the conjugate pair is 7 —+/3 or 3 —7.

€



Remember this !

The product of conjugate pair of binomial surds is always a rational number.

Let’s learn.

(Rationalization of the denominato@

The product of conjugate binomial surds is always a rational number - by using this

property, the rationalization of the denominator in the form of binomial surd can be done.

Ex. (1) Rationalize the denominator ﬁ :
Solution : The conjugate pair of /5 —3is V5 +3 .
S SRR B i R o I R
B3 5B T 5B (5B 53 2
8

Ex. (2) Rationalize the denominator 302405

Solution : The conjugate pair of 3./2+./5 IS W2 — 5

8 __ 8 325
3245 325 3W2-05
8(3v2 - V5)

(32) - ()
_ 8x3v2 -85 _ 2442 -85 _ 2442 -85

9%2 -5 18-5 13

Practice set 2.4

(1) Multiply.
(i) V3(J7 - 3) (i) (V5 —V7)2 (i) 32— V3)(4V3-12)
(2) Rationalize the denominator.
i) —=—= () —ror (i) () O
NENP) 245342 7+443 J5+3

€



Let’s learn.

( Absolute Value)

If X is a real number then absolute value of X is its distance from zero on the number line
which is written as | X[, and |X| is read as Absolute Value of x or modulus of x.

If X >0 then |X| =X If X is positive then absolute value of x is x.

If x =0then |X] =0 If x is zero then absolute value of x is zero.

If x <Othen |X| =—x If x is negative then its absolute value is opposite of x.

Ex. (1) [3] =3, =3[ =—(-3) =3, 0] =0
The absolute value of any real number is never negative.
Ex. (2) Find the value.
(i) [9-51=[4] =4 (i) [8-13|=|-5|=5
(iii) I8[—[-3|=5 (iv) 18/x[4|=8x4=32
Ex. (3) Solve X -5|=2.
Solution : [X-5[=2 SoX=5=+42 or Xx-5=-2
JoX=2+5 or X=-2+5

X=7 or X=3

Practice set 2.5

(1) Find the value.
i) [15- 2] (ii) |4 -9]| (iii) |71x[—4]
(2) Solve.
8—X X
(i) 13x-51=1 (i) 17-2x|=5  Gii) | 5~ [=5 ) |5+ |=5
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Activity (I) : There are some real numbers

written on a card sheet. Use these numbers A

and construct two examples each of

addition, subtraction, multiplication and c @@
division. Solve these examples. @

Activity (II) : Start
J3
l X2
X /8
W | 24
l +10/6
7 —
+43 x~/2
+3
X3\/§ \/g % \4
465 | ¢—— ¢«—— 31
\/+5
End
-

J

OO0 Problem Setz OOOOOOOOOOOOOOOOOOOOOC

(1) Choose the correct alternative answer for the questions given below.

(i) Which one of the following is an irrational number ?

16 3
mwg(mﬁ © 5 (D) V196
(i) Which of the following is an irrational number?

(A)0.17 (B)1.513 (C) 0.2746 (D) 0.101001000.....
(iii) Decimal expansion of which of the following is non-terminating recurring ?

2 3 3 137
A5 B ©) 11 (D) 55

(iv) Every point on the number line represent, which of the following numbers?
(A) Natural numbers (B) Irrational numbers

(C) Rational numbers (D) Real numbers

e P .
(v) The number 0.4 in — formis .....
40 4 3.6 36

4 .
(A) 3 B) 9 ©€) o D)o



(vi) What is ~/n, if n is not a perfect square number ?
(A) Natural number (B) Rational number
(C) Irrational number (D) Options A, B, C all are correct.
(vii) Which of the following is not a surd ?
W7 @ Ve (D)1
(viii) What is the order of the surd 3/75 ?
(A) 3 (B) 2 (C)6 (D)5
(ix) Which one is the conjugate pair of 2+/5++/3 ?
(A)-2/5+v3  (B)-2+5-+3 (C)243- 5 (D)3 +25
(x) The value of | 12 = (13+7) X 4 i v
(A) —68 (B) 68 (C) -32 (D) 32.
(2) Write the following numbers in § form.
(i) 0.555 (ii) 29.568  (iii) 9.315315... (iv) 357.417417... (v)30.219
(3) Write the following numbers in its decimal form.
R i A I N (N (O
7 11 13 8
(4) Show that 5 +./7 is an irrational number.
(5) Write the following surds in simplest form.
03 & (i) ~3 45
(6) Write the simplest form of rationalising factor for the given surds.
()32 ()50 (i) VI W) IV () (i) 4
(7) Simplify.

(i)g 147+§\/§_%\/ﬁ (ii) 5\/§+2\/ﬁ+% (iii) \/R—S\/Eﬂ/ﬁ—%
(IV) 4412 75 - 7448 v) 2\@—\/7_—%

(8) Rationalize the denominator.
L1 L2 1 ) 1 12
WE Wim  WFEm WM3Ean VWiga
O

€



Polynomials

Let’s study.

® Introduction to Polynomials ® QOperations on polynomials
® Degree of the polynomial ® Synthetic Division
® Value of the polynomial e Remainder theorem

p* -

Teacher :

Madhuri :

Vivek

Rahul

Teacher :

Sara

John

Teacher :

Let’s discuss.

%pz +p; m2+2n® — /3ms; 6 are all algebraic expressions.

Dear Students, consider each term of the expressions p® - %pz +p,
m2+ 2n® - /3 m®, 6 and state the power of each variable.

In the expressions p® — ljpz + p powers of p are 3, 2, 1 respectively.

Sir, in the expression m?+ 2n3 — /3 ms the powers of the variable are 2, 3,
5 respectively.

Sir, apparently there is no variable in the expression 6. But 6 = 6 X 1 =
6 x X° Therefore, the power of the variable is O.

In all algebraic expressions given above the powers of the variable are positive
integers or zero. i.e. whole numbers.

In an algebraic expression, if the powers of the variables are whole numbers

then that algebraic expression is known as polynomial. 6 is also a polynomial.

6, - 7, % 0, ﬁ etc. are constant numbers can be called as Constant

polynomial. 0 is also a constant polynomial.

Are ,/y + 5 and 1.3 polynomials?

Sir, /'y +5 is notya polynomial, because 'y +5 = y% + 5, here power of
y is %which IS not a whole number.

Sir, 1_ 3 is also not a polynomial because 17— 3 =y* — 3, here power of
y is — 1 which is not a whole number.

Write any five algebraic expressions which are not polynomials.

Explain why these expressions are not polynomials ? Justify your answer.

® Is every algebraic expression a polynomial ?

® Is every polynomial an algebraic expression ?



Types of polynomials (based on number of terms)

|
[ I !

1
2X, 5 X'+ X, M -3m SY -2y 45, X - 3 X+ 5X
J ) )
Only one term Two terms Three terms
in the polynomial in the polynomial in the polynomial
Monomial Binomial Trinomial

Polynomials are written as p(x), q(m), r(y) according to the variable used.

For example, p(x) = X* + 2x2 +5x = 3, qM)=m’+ m -7, r(y)=y>+5

Let’s learn.

(Degree of a polynomial in one variable)

Teacher :

Jija
Teacher

Ashok
Teacher
Radha
Teacher

In the polynomial 2x” — 5x + 9 which is the highest power of the variable ?

. Sir, the highest power is 7.
: In case of a polynomial in one variable, the highest power of the variable is

called the Degree of the polynomial.

Now tell me, what is the degree of the given polynomial?

. Sir, the degree of the given polynomial 2x” — 5X + 9 is 7.

: What is the degree of the polynomial 10 ?

: 10 = 10 x 1 = 10 x X°therefore the degree of the polynomial 10 is O.

: Just like 10, degree of any non zero constant polynomial is 0. Degree of

zero polynomial is not defined.

(Degree of a polynomial in more than one variable)

The highest sum of the powers of variables in each term of the polynomial is the

degree of the polynomial.

Ex. 3m®n® + 7m2n® — mn is a polynomial in two variables m and n. Degree of the

polynomial is 9. (as sum of the powers 3+6=9,2+3=51+1=2)

€
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Activity | : Write an example of a monomial, a binomial and a trinomial having variable x and
degree 5.

Monomial Binomial Trinomial

Activity Il : Give example of a binomial in two variables having degree 5.
\_ J

Types of polynomial (based on degree)

Polynomial in one variable

d

-

3X -1, 7y 2y +y + 1, - 3% X+ X+2X+ 3, m-m
A4
Degree 1 Degree 2 Degree 3
\\4
Linear polynomial Quadratic polynomial Cubic polynomial
N4 J’
Standard form Standard form Standard form
ax + b ax> + bx + ¢ ax’ + bx* + cx + d
here a and b are here a, b, c are here a, b, c, d are
coefficients and a # 0 coefficients and a # 0 coefficients and a # 0

Polynomial : ax"+a x""'+ ..+ ax + ax+ a,is a polynomial in x with degree n

, @,, &, a,are the coefficients and a =0

Standard form, coefficient form and index form of a polynomial

p(x) = x — 3x> + 5 + x*is a polynomial in x, which can be written in descending
powers of its variable as x* — 3x? + X + 5. This is called the standard form of the polynomial.
But in this polynomial there is no term having power 3 of the variable we can write it as
0x3. It can be added to the polynomial and it can be rewritten as x* + 0x® — 3x? + X + 5.

This form of the polynomial is called Index form of the polynomial.



One can write the coefficients of the variables by considering all the missing terms in

the standard form of the polynomial. For example : x® — 3x?> + Ox — 8 can be written as

(1, -3, 0, —8). This form of the polynomial is called Coefficient form.
Polynomial (4, 0, -5, 0, 1) can be written by using variable y as

4y* + 0y® — 5y? + Qy + 1. This form is called Index form of the polynomial.

Ex. p(m) =3m° — 7m + 5m3 + 2

Write the polynomial in standard form 3m>+ 5md - 7m + 2

Write it in the index form by considering all

. . . 3m>+ Om*+ 5m® + 0m? — 7m + 2
the missing terms with coefficient zero.

Write it in a coefficient form (3,0,50, -7, 2)

Degree of the polynomial 5

Ex (1) Write the polynomial X + 3X — 5 in coefficient form.

Solution: X*+3x -5=Xx¥+0x>+3x -5
.. given polynomial in coefficient form is (1, 0, 3, — 5)

Ex (2) (2, -1, 0, 5, 6) is the coefficient form of the polynomial. Represent it in index

form.
Solution:  Coefficient form of the polynomial is (2, — 1, 0, 5, 6)

". index form of the polynomial is 2x* — x>+ Ox? + 5x + 6 i.e. 2x* — X3+ 5X + 6

Practice set 3.1

1. State whether the given algebraic expressions are polynomials ? Justify.
Q)y+ = (ii) 2 = 5x (iii) X2 + 7X + 9
(iv) 2m‘¥ +7m -5 (v) 10
2. Write the coefficient of M?® in each of the given polynomial.
@H md (i) _73+ m - Jsm? (i) %Zm3— 5m2+7m -1
3. Write the polynomial in x using the given information.
(i) Monomial with degree 7 (i1) Binomial with degree 35

(iii) Trinomial with degree 8



4. Write the degree of the given polynomials.

(i) V5 (i) x° (iii) x? (iv) V2mo - 7 ) 2p - 7

(vi) 7y = y3+y® (vii) Xyz + xy - z (viii) m3n” = 3m°n + mn
5. Classify the following polynomials as linear, quadratic and cubic polynomial.

(i) 2x2 + 3x+ 1 (i) 5p (i) V2 y- 1

(iv) m® + 7m2 + %m - (v) a2 (vi) 3re

6. Write the following polynomials in standard form.

(i) m® + 3+ 5m (i) - 7y +ys +3y°— 1 +2y* -y
7. Write the following polynomials in coefficient form.

(i) x® -2 (i) 5y (iii) 2m* - 3m? + 7 (iv) —%
8. Write the polynomials in standard form.

(i (1, 2, 3) (i) (5,0, 0,0, - 1) (i) (- 2,2, - 2, 2)

9. Write the appropriate polynomials in the boxes.

Quadratic polynomial Binomial
X+ X+ X+ 5,

Cubic polynomial 2X* + 5x + 10, Trinomial
............................. X+ 9,
3X* + 5X

Linear polynomial | —— —_— Monomial

Let’s recall.

(1) Coefficients are added or subtracted while adding or subtracting like algebraic terms,
e.g. 5m* - 7m*= (5 - 7)m3 = -2m?

(2) While multiplying or dividing two algebraic terms, we multiply or divide their
coefficients. We also use laws of indices.

—4y® x 2y?z = -8y°z ; 12a%h + 3ab? =

4a
b



Let’s learn.

<Operations on polynomials >

The methods of addition, subtraction, multiplication and division of polynomials is

similar to the operation of algebraic expressions.

Ex (1) Subtract : 5a* — 2a from 7a? + 5a + 6.
Solution : (7a? + 5a+ 6) — (5a? - 2a)
=7a’+5a+6 - 5a + 2a

=7a®-5a’+b5a+2a+6

=2a’+7a+6

Ex (2) Multiply : — 2a X 5a?

Solution : — 2a X 5a2= -10a?

Ex (3) Multiply :(m? - 5) X (m¥+ 2m - 2)

Solution : (M? = 5) X (M*+ 2m - 2) (Each term of second
}polynomials is multiplied by
=m>(m*+2m - 2) - 5 (Mm¥+ 2m - 2) each term of first polynomial.)

=m°+2md - 2m?- 5mé - 10m + 10

=m°+2m3 - 5méd - 2m? - 10m + 10  (Like terms taken together.)
=m® - 3m®*- 2m?- 10m + 10

Here the degree of the product is 5.

Ex (4) Add : 3m?n + 5mn? - 7mn and 2m?n — mn?+ mn.
Solution : (3m2n + 5mn? — 7mn) + (2m2n — mn?+ mn)
=3m2n + 5mn? - 7mn + 2m?n — mn?+ mn

=3m2n + 2m?n + 5mn? - mn? - 7mn + mn  (Like terms are arranged.)

= 5m2n + 4mn? — 6mn (Like terms are added.)



Let’s recall.

Degree of one polynomial is 3 and the degree of other polynomials is 5. Then what
is the degree of their product ?

What is the relation between degree of multiplicand and degree of a multiplier with
degree of their product ?

Ex (5) Divide (2 + 2x?) + (X + 2) and write the answer in the given form.
Dividend = Divisor X Quotient + Remainder
Solution : Let us write the polynomial in standard form. p(x) = 2 + 2x?

2+ 2X2 =2X*+ 0X + 2

2X - 4 Dividend = divisor X quotient + remainder
X2 B 0D 2+ 2 = (X+2) x (2x —4) +10

- q(x), divisor = (X + 2)

T Xl s(x), quotient = 2x — 4 and

- 4X -8

rf r(x), remainder = 10

10
Sop(x) = g(x) x s(x) + r(x).
Method Il : Linear method of division :

Divide (2x?+2) + (X + 2)
To get the term 2x? multiply (X + 2) by 2xand subtract 4x.
2X(X+2) — 4x = 2%?
Dividend = 2x2 + 2 = 2x(Xx+2) —4x + 2 ..(I)
To get the term —4x multiply (x+2) by —4 and add 8.
—4 (X+2) + 8 = —4X
oo (2 +2) = 2X(X+2) — 4(x+2) + 8 + 2 ..from (1)
o2 +2)=(x+2) (2x - 4) + 10

Dividend = divisor X quotient + remainder.



Remember this !

If s(x) and p(x) are two polynomials such that degree of s(x) is greater than or equal
to the degree of p(x) and after dividing s(x) by p(x) the quotient is g(x) then

s(X) = p(x) x q(x) + r(x), where r(x) = 0 or degree of r(x) < 0.

Euclid's division lemma

Practice set 3.2

(1)

)

3)

(4)

Q)

(67

Use the given letters to write the answer.

(i) There are ‘a’ trees in the village Lat. If the number of trees increases every year
by ‘b’, then how many trees will there be after ‘x’ years?

(i) For the parade there are y students in each row and x such row are formed. Then,
how many students are there for the parade in all ?

(iii) The tens and units place of a two digit number is m and n respectively. Write
the polynomial which represents the two digit number.

Add the given polynomials.

(i) x*—2x2 - 9;5x3+2x +9

(i) — 7m* + 5m*+ {2 ; 5m* - 3m® + 2m?+ 3m - 6
(iii) 2y> + 7y+5;3y+ 9 ; 3y?— 4y -3

Subtract the second polynomial from the first.
(i) X2— 9X + 3 ; = 19X + 3 + 7X?
(i) 2ab? + 3a’b - 4ab ; 3ab - 8ab?+ 2a%b

Multiply the given polynomials.

(i) 2x ; x>= 2x -1 (i) x>=1 ; X3+ 2x% +2 (iii) 2y +1; y>— 2y3 + 3y
Divide first polynomial by second polynomial and write the answer in the form
‘Dividend = Divisor X Quotient + Remainder’.

(i) x*- 64; X — 4 (i) 5X5+ 4x*=3x3+ 2X2+ 2; X2 — X

Write down the information in the form of algebraic expression and simplify.

There is a rectangular farm with length (2a2 + 3b?) metre and breadth (a? + b?) metre.
The farmer used a square shaped plot of the farm to build a house. The side of the
plot was (a? — b?) metre. What is the area of the remaining part of the farm ?



. . . _ _ )
Activity : Read the following passage, write the appropriate amount in the boxes and
discuss.

Govind, who is a dry land farmer from Shiralas has a 5 acre field. His family includes
his wife, two children and his old mother. He borrowed one lakh twenty five thousand
rupees from the bank for one year as agricultural loan at 10 p.c.p.a. He cultivated
soyabean in x acres and cotton and tur in y acres. The expenditure he incurred was as
follows :

He spent Rs. 10,000 on seeds. The expenses for fertilizers and pesticides for the
soyabean crop was 2000 x rupees and 4000 x? rupees were spent on wages and cultivation
of land. He spent 8000 Yy rupees on fertilizers and pesticides and rupees 9000 y? for
wages and cultivation of land for the cotton and tur crops.

Let us write the total expenditure on all the crops by using variables x and y.

+ | 2000 x | + 4000 x*| + [ 8000y | + rupees

He harvested 5 x? quintals soyabean and sold it at Rs. 2800 per quintal. The cotton
crop yield was %yz quintals which fetched Rs. 5000 per quintal. The tur crop yield was
4y quintals and was sold at Rs. 4000 per quintal. Let us write the total income in rupees
that was obtained by selling the entire farm produce, with the help of an expression

using variables x and Y.

+ + rupees

N J

Let’s learn.

(Synthetic division )

We know, how to divide one polynomial by other polynomial. Now we will learn an

easy method for division of polynomials when divisor is of the form X + a or X — a.
Ex (1) Divide the polynomial (3x3+ 2x? — 1) by (X + 2).
Solution : Let us write the dividend polynomial in the coefficient form.
Index form of the dividend polynomial is 3x3+ 2x? — 1 =3x3+ 2x*+ 0 x - 1
". coefficient form of the given polynomial = (3, 2, 0, — 1)

Divisor polynomial = X + 2



Let us use the following steps for synthetic

dvision. e First row
) ) N Second row
(1) Draw one horizontal and one vertical line =~ ————— Third row
as shown alongside.
(2) Divisor is X + 2. Hence take opposite
number of 2 which is -2 -2 32 0 -1Firstrow
Write -2 to the left of the vertical line |
as shown. Write the coefficient form of | \g Third row
the dividend polynomial in the first row.
(3) Write the first coefficient as it is in the
third row.
(4) The product of 3 in the third row with -2 3 2 0 -1
divisor -2 is —6. Write this =6 in the | -6 8 -16
second row below the coefficient 2. | \; -4 8 - 17 Remainder

Addition of 2 and -6 which is -4, is

to be written in the third row.

Similarly by multiplying and adding, last addition is the remainder, which is (- 17)
and coefficient form of the Quotient is (3, — 4, 8).

.. Quotient = 3x? - 4x+ 8 and Remainder = — 17

A+ 22 -1 = (X+ 2)(3x2 - 4x+ 8) - 17

This method is called the method of synthetic division. The same division can be

done by linear method of division as shown below.
X+ 2x2 -1 =3x¢(X+ 2) - 6x*+ 2x2 -1

=3 (X+2) -4x2-1
=3 (X+ 2) —4x2-8x+ 8x -1
=3X*(X+2) - 4xX (x+2)+8x-1
=3 (X+2) —-4x (X+2)+8x+16-16 -1
=32 (X+2) - 4X (X+2)+8(x+2) - 17

A+ 2x2 - 1 = (X+ 2)(3x? - 4x + 8) — 17



Ex (2) Divide (2y*- 3y3+ 5y —4) = (Y- 1)
Solution : Synthetic division : Dividend = 2y* -3y®+ by —4 =2y* - 3y*+ 0y?+ 5y- 4
Divisor =y -1 Opposite of -1 is 1.
1 2 -3 0 S -4
2 -1 -1 4

| 2 -1 -1 4 |I| Remainder

Coefficient form of the quotient is (2, -1, -1, 4) .
.. Quotient = 2y® - y?— y + 4 and Remainder = 0
Linear method : 2y* — 3y3+ 5y — 4 = 2y3(y — 1)+ 2y3 - 3y3+ 5y - 4
=2y¥(y -1 -y (y-1) -y*+5 -4
=2y¥(y -1 -y (y-1)-y(y-1)+4y -4
=@y -y -y+4((y-1)

Remember this !

In the division by synthetic method the divisor polynomial is
in the form X + a or X — a whose degree is 1.

Practice set 3.3

1. Divide each of the following polynomials by synthetic division method and also by
linear division method. Write the quotient and the remainder.

(i) (2m? - 3m+ 10) ~ (m - 5) (i) (x*+ 2x3+ 3x*+ 4x + 5) + (X + 2)
(iii) (y® - 216) = (y - 6) (iv) (2x* + 3x® + 4x — 2X%) = (X + 3)
(v) (x*—=3x*-8) + (x +4) (Vi) (y’ - 3y> +5y - 1) = (y - 1)

Let’s learn.

( Value of a polynomial )

In a polynomial if variable is replaced by a number then we get the value of that
polynomial. For example if we replace x by 2 in the polynomial X + 7 we get 2 + 7 = 9
which is the value of that polynomial.

If p(X) is a polynomial in x then the value of the polynomial for x = a is written

as p(a).



Ex (1) Find the value of the polynomial p(X) = 2x? -3x + 5 for X = 2.

Solution : Polynomial p(x) = 2x2 - 3x + 5

Put x = 2 in the given polynomial,

Sop) = 2x22-3x%x2+5
= 2X4-6+5
= 8-6+5

Sop) = 7

Ex (2) Find the value of p(y) =2y -2y + J7 fory = - 2
Solution :  p(y) = 2y®- 2y + 7
P(-2)=2X (=2 —2x (=2)+ 7
=2X (-8 -2x (-2 + &7
=_16+4+ 7
=-12+ 7

For y = — 2 the value of polynomial is — 12 + 7 .

Ex (3) If p(x) = 2x2 — x® + X + 2 then find p(0).
Solution :  p(X) = 2x2 = X3 + X + 2
p0)=2x 02-0+0+2
=2x0-0+0+2
=2
Ex (4) If the value of the polynomial m> — am + 7 for m = — 1 is 10, then find the
value of a.
Solution :  p(m) =m? - am + 7

p(-1)=(-1%-ax(-1)+7 But p(- 1) = 10 (given.)

=1l+a+7 S.8+a=10
=8+ a a=10 -8
a=2



Practice set 3.4

(1) For x = 0 find the value of the polynomial x> — 5x + 5.
(2) If p(y) = y>— 342y + 1 then find p (3+2) .

(3) If p(m) = m*+ 2m?— m+ 10 then p(a) + p(- a) = ?
(4) If p(y) = 2y3- 6y?— 5y + 7 then find p(2).

Remember this !

To find the value of a polynomial for a given value of the variable put the value in
place of the variable in each term of the polynomial.

Let’s learn.

(Remainder Theorem)

There is a relation between the value of p(x) for x = — (a x 1) that is p(- a),
and the remainder when p(x) is divided by (X + a).

To understand this relation let's learn the following example .
Ex. Divide p(x) = (4x2 = x + 2) by (x + 1)
[Note that here (X + a) is (X + 1)]

Solution : Let's divide by synthetic method.
Dividend polynomial = 4x2 — x + 2 Coefficient form of p(x) is (4, -1, 2)
Divisor polynomial = x + 1 Divisor polynomial = x + 1

Opposite of 1 is -1
4X - 5 Division

Divisor X + 1) 4X> - X + 2 Dividend -1 4 -1 2
4X* + 4X -4
| 4 -5 7 | Remainder
-5X + 2
-5X - 5
+ F Quotient = 4 X — 5 Remainder = 7
7 Remainder

Quotient = 4x — 5 Remainder = 7 .... (1)




Now we will find the relation between remainder and value of the polynomial as

follows:
In the dividend polynomial 4x? — X + 2 put X = —-1.
P(X) = 4x2 — X + 2
P =4x (1) -(-1)+2
=4Xx1+1+2
=4+ 1+2
=7

". value of the polynomial p(x) for x = — 1is 7. ...... (1

From the statement (1) and (II), the remainder when p(X) = 4x> — X + 2 is divided by

(x + a) that is X + 1 and the value of the polynomial p (x) for x = — 1, that is p(-1),
both are equal.

Hence we get the following property.

If the polynomial p(x) is divided by (x + a) then the remainder is p (—a) means it
Is same as the value of the polynomial p(x) for x = -a

This is known as the Remainder theorem.

Let's prove the theorem using Euclid's division lemma.

If p(x) is divided by (x + a)

p(X) = g(x) x (X +a) + r(x) [q(X) = Quotient, r(X) = Remainder]

If, r(x) # 0, then by rule the degree of the polynomial r(X) is less than 1 means 0.
Therefore r(x) is a real number.

r(-a) is also a real number.
Now, p(X) = gq(X) X (X + &) + r(X) ......... ()
By putting X = —a in (I) we get,

pa) = q(a) x (a-2a) +r(-a)
= q(-a) X 0 + r(-a)......... )
p-a) =  r(=a) ... from (1) and (I1)



(Activity - Verify the following examples. A
(1) Divide p(x) =3x* + x + 7 by x + 2. Find the Remainder.
(2) Find the value of p(X) = 3x2 + X + 7 when x = - 2,

(3) See whether remainder obtained by division is same as the value of p(-2). Take
one more example and verify.

N J
Ex (1) Divide x* — 5x? — 4x Dby X + 3 and find the remainder.

Solution : By Remainder Theorem By Synthetic Divison

Dividend polynomial p(x) = x* — 5x*> — 4x [Index form x*+ Ox3— 5x? — 4x + 0

Divisor = X + 3 Coefficient form = (1, 0, -5, -4, 0)

take X = - 3. _3 { 0 S .
pP(X) = x* — 5x% — 4X -3 9  -12 48
p(=3) = (-3)* - 5(-3)* - 4(-3) 1 -3 4 -16 [48
S8l -l Remainder = 48
p(-3) = 48

Ex (2) By using remainder theorem divide the polynomial X3 — 2x? — 4x — 1 by x - 1
and find the remainder.
Solution : p(X) = x® — 2x2 = 4x - 1
Divisor=x -1 .. take x=1
. Remainder = p(1) =13-2x 12-4 x 1 -1 ..(by remainder theorem)
=1-2x1-4-1
pl) =1-2-4-1=-6
. Remainder = - 6
Ex (3) If the polynomial t® — 3t? + kt + 50 is divided by (t-3), the remainder is 62. Find
the value of k.

Solution : When given polynomial is divided by (t-3) the remainder is 62. It means the

value of the polynomial when t = 3 is 62.
p(t) = & - 3t2 + kt + 50



By remainder theorem,

Remainder = p(3) = 3°- 3 x 3+ k x 3+50 . 3K + 50 = 62
=27 -3x 9+ 3k +50 : . 3k =62 - 50
=27 - 27 + 3k + 50 ! o3k =12
= 3k + 50 k:%

But remainder is 62. i k=4

Remember this !

If a polynomial p(X) is divided by (X + a) then the remainder is p(—a) where ‘@’
is a real number.

pP(X) = s(X) X (X — a) + r(x) where degree of r(x) <lorr(x)=0
In this equation by putting X = a we get, p(@a) =0+ r (a) = r ().

Hence if r(a) = 0 means (x — @) is a factor of p(x).

Let’s learn.

( Factor Theorem )

If 21 is divided by 7 then remainder is 0O, therefore we say that 7 is a factor of 21. In
the same way when a given polynomial is divided by the divisor polynomial and if the
remainder is O then we say that divisor polynomial is the factor of the dividend polynomial.

Ex (1) If p(x) = (x* + 4x — 5) is divided Ex (2) If p(X)= x® + 4X — 5 is divided by
by (X — 1) then find the remainder and X + 2 then find the remainder and hence
hence determine whether (X - 1) is a determine whether (X + 2) is a factor of

factor of p(x) or not ? p(X) or not.
Solution : p(X) = x*+4x - 5 Solution : p(X) =x¥*+4x - 5
p(1) = (1)°+ 4(1) -5 p(-2) = (-2)*+ 4(-2) - 5
=1+4-5 p(-2) = -8-8 - 5
=0 =-21
As per the remainder theorem, As per the remainder theorem,

Remainder = 0 Remainder = -21 .. Remainder # 0

© (X = 1) is a factor of p(x) . S (X + 2) is not a factor of p(x).

( Activity : Verify that (X — 1) is a factor of the polynomial x® + 4x - 5. )

0




Remember this !

p(x) is a polynomial and a is any real number, and if p(a) = 0 then (X — a) is the
factor of p(x).
Conversely if (x — a) is the factor of the polynomial p(x) then p(a) = 0.

Ex (1) Check whether, X — 2 is a factor of the polynomial x* — x> — 4 by using factor
theorem.
Solution :  p(X) = x* — x2 — 4 Divisor = x — 2
Sop)=22-22-4=8-4-4=0
.. By factor theorem (X — 2) is a factor of the polynomial (x* — X — 4).

Ex (2) If (x — 1) is the factor of the polynomial (X3 — 2x*> + mx — 4) then find the value
of m.
Solution : (X - 1) is factor of p(x). .. p(1) =0
p(x) = x® - 2x* + mx - 4
p(l)=13-2x12+mx1-4=0
" 1-2%Xx1+m-4=0
" 1-2+m-4=0 S.m-5=0 S.m=5

Activity :  We have seen the example of expenditure and income (in terms of
polynomials) of Govind who is a dry land farmer. He has borrowed rupees one lakh
twenty, five thousand from the bank as an agriculture loan and repaid the said loan at
10 p.c.p.a. He had spent ¥ 10,000 on seeds. The expenses on soyabean crop was
% 2000x for fertilizers and pesticides and ¥ 4000x? was spent on wages and cultivation.
He spent ¥ 8000y on fertilizers and pesticides and ¥ 9000y? on cultivation and wages
for cotton and tur crop.

His total income was rupees 14000x2 + 22990 v2+ 16000y.
3

By taking X = 2, y = 3 write the income-expenditure account of Govind's farming.

Solution :  Credit (Income) Debit (Expenses)

¥ 1,25,000 Bank loan T 1,37,000 loan paid with interest for seeds

% Income from soyabean X For seeds

3 Income from cotton 3 Fertilizers and pesticides for soyabean

3 Income from tur 3 Wages and cultivation charges for soyabean

3 Total income 3 Fertilizers and pesticides for cotton & tur
4 Wages and cultivation charges for cotton & tur
3 Total expenditure

J

(2]



Practice set 3.5

(1) Find the value of the polynomial 2x — 2x3+ 7 using given values for x.

(iHx=3 (i)x=-1 (iii)x =0

(2) For each of the following polynomial, find p(1), p(0) and p(- 2).
(i) p(x) = x° (ii) p(y) = y* - 2y + 5 (iii) p(x) = x* - 2x* - X

(3) If the value of the polynomial m® + 2m + a is 12 for m = 2, then find the
value of a.

(4) For the polynomial mx? — 2x + 3 if p(-= 1) = 7 then find m.
(5) Divide the first polynomial by the second polynomial and find the remainder using
remainder theorem.

N (=7x+9); (x+1) (i) ¢ - 2x*+ax —-a); (x - a)
(iii) (54m3 + 18m? - 27m + 5) ; (m - 3)

(6) If the polynomial y® — 5y? + 7y + m is divided by y + 2 and the remainder is 50 then
find the value of m.

(7) Use factor theorem to determine whether X + 3 is factor of x?+ 2x — 3 or not.

(8) If (x — 2) is a factor of x* — mx2+ 10X — 20 then find the value of m.

(9) By using factor theorem in the following examples, determine whether q(X) is a
factor p(x) or not.
Hpx)=x-x-x-1, gx)=x-1
(i) p(x) = 23 — x2 - 45, gx) =x -3

(10) If (x3 + 31) is divided by (x + 1) then find the remainder.

(11) Show that m — 1 is a factor of m? — 1and m#? - 1.

(129 Ifx - 2and x - % both are the factors of the polynomial nx? — 5x + m, then show
thatm=n=2

(13) (i) If p(x) = 2 + 5x then p(2) + p(- 2) — p(2).
(ii) If p(x) = 2x2 — 5{3x + 5 then p(5.3).

Let’s recall.

In previous classes we have learnt how to find the factors of the polynomials. Let's
revise it with some examples.

Factorize.
Ex (1) 4x*? - 25 Ex (2) 3x2+7x + 2
= (2x)? -(5)? =3+ 6X + X+ 2
= (2x +5) (2x - 5) = 3X(X + 2) +1(x + 2)

=(x+2) (3 +1)

(3]



Ex (3) 63X2 + 5X — 2 Ex (4) 6X2-5X -6

= 63X + 14X — 9 - 2 =6X2 - 99X +4X - 6

= 7X(9X + 2) -1(9x + 2) = 3X(2x - 3) +2(2x - 3)

=X +2) (7x - 1) =(2x - 3) (3x + 2)
Let’s learn.

(Factors of polynomials)

Sometimes polynomial can be written in the form ax? + bx + ¢ and hence it is easy to
find its factors.
Ex (1) Factorise : (y?-3y)? — 5(y*-3y) - 50.
Solution : Let (y?-3y) = X
"o (y2=3y)? - 5(y>-3y) - 50 = x2 — 5x — 50
= X2 — 10X + 5x — 50
= X(X = 10) +5(x - 10)
= (X -=10) (x +5)
= (y*-3y - 10) (y*-3y + 5)
= [y*-5y + 2y - 10] (y*-3y + )
= [y(y - 5) +2(y - 5)] (y*>-3y + 5)

=(y -5 (y+2) (y-3y +9)

Ex (2) Factorise.
X+2)(x=-3)Hx-7) (x-2) +64
Solution : X +2) X = 3)(X = 7) (X - 2) + 64
=X+2)X-7)(Xx-3)(x-2) +64
= (X* -=bx-14) (xX* - 5x + 6) + 64

=M-14) (mM+6)+64........ (putting X> — 5Xx = m)
=m? - 14m + 6m - 84 + 64

=m?-8m - 20

=(m -10) (m + 2)

= (X2 —= 5x = 10) (X2 = 5X + 2) .... (replace m with x? — 5x)

Practice set 3.6

(1) Find the factors of the polynomials given below.
M 2x2+x-1 (ii) 2m? + 5m - 3 (iii) 12x2 + 61X + 77

(iv) 3y2 — 2y - 1 (V) V3X2 + 4X + 3 (vi) e _3x+a
2




(2) Factorize the following polynomials.
() (X = x)? -8 (x> -—x)+12 (i) (X = 5)> —(5x — 25) — 24
(iii) (x> — 6X)? -8 (X — 6X +8) — 64 (iv) (X2 =2x +3) (x> —=2x +5) - 35
VM +2)(y-3)y+8)(y+3) +56
(vi) (y* +3y) (y* +5y -2) — 24
(vii) X = 3)(x —4)>(x -5) -6
(1) Write the correct alternative answer for each of the following questions.
(i) Which of the following is a polynomial ?
(A5 @)X (O xHT (D) 2x+ |

(i) What is the degree of the polynomial 7 ?
(A) 1 (B) 5 (C) 2 (D) 0

(ili) What is the degree of the 0 polynomial ?
(A) O (B) 1 (C) undefined (D) any real number
(iv) What is the degree of the polynomial 2x? + 5x3 + 7 ?
(A) 3 (B) 2 (C)5 (D) 7
(v) What is the coefficient form of X3 — 1 ?
A @ -1 BG-1) (€ 10,0 -1) (D) 1,3, -1)
(vi) p(X) = X2 — 7J7x + 3 then p(77) = ?

(A) 3 (B) 77 (C) 4247 +3 (D) 4947
(vii) When x = — 1, what is the value of the polynomial 2x3 + 2x ?
(A) 4 (B) 2 € -2 (D) - 4

(viii) If Xx=1 is a factor of the polynomial 3x*> + mx then find the value of m.
(A) 2 (B) -2 € -3 (D) 3

(ix) Multiply (x? — 3) (2x — 7x® + 4) and write the degree of the product.
(A) 5 (B) 3 (C) 2 (D) 0

)



(x) Which of the following is a linear polynomial ?
(A) X +5 (B) x> +5 C)x*+5 (D) x* +5
(2) Write the degree of the polynomial for each of the following.

(i) 5+ 3x* (i) 7 (iii) ax” + bx® (a, b are constants.)
(3) Write the following polynomials in standard form.
(i) 4x% + 7Tx*=x3-x + 9 (ii) p + 2p® + 10p? + 5p*-8
(4) Write the following polynomial in coefficient form.
(i) x* + 16 (ii) m®> + 2m? + 3m + 15
(5) Write the index form of the polynomial using variable x from its coefficient form.
@ @3, -2,0,7,18) (ii) (6, 1, 0, 7) (iii) (4, 5, -3, 0)

(6) Add the following polynomials.
(i) 7x*=2x3 + X + 10 ; 3x* + 15x3 + 9x?-8X + 2
(i) 3p°q + 2p°q + 7 ; 2p°q + 4pq-2p°q

(7) Subtract the second polynomial from the first.
(i) 5x2-2y + 9 ; 3x> + 5y—-7 (ii) 2x* + 3X + 5 ; X?-2X + 3

(8) Multiply the following polynomials.
(i) (M*=2m + 3)(M*=2m?2 + 3m + 2) (i) (5mé-2)(m2-m + 3)

(9) Divide polynomial 3x3-8x? + X + 7 by x-3 using synthetic method and write the
guotient and remainder.

(10) For which the value of m, X + 3 is the factor of the polynomial x3*-2mx + 21 ?

(11) At the end of the year 2016, the population of villages Kovad, Varud, Chikhali is
5x2-3y?, Ty?+ 2xy and 9x? + 4xy respectively. At the beginning of the year 2017,
X2+ Xy — y?, 5xXy and 3x?+ Xy persons from each of the three villages respectively
went to another village for education then what is the remaining total population of
these three villages ?

(12) Polynomials bx?+ x + 5 and bx®-2x+5 are divided by polynomial x-3 and the re-
mainders are m and n respectively. If m — n = 0 then find the value of b.

(13) Simplify. (8m?+ 3m — 6) — (9m — 7) + (3m? - 2m + 4)

(14) Which polynomial is to be subtracted from x?+ 13x + 7 to get the polynomial
3X?+ bx — 4?

(15) Which polynomial is to be added to 4m + 2n + 3 to get the polynomial
6m + 3n + 10?

NACA



Ratio and Proportion

Let’s study.

e Ratio ® Properties of ratios
e Operations on equal ratios e Theorem of equal ratios
e Continued proportion e k method

Let’s recall.

In earlier standards, we have learnt about ratio and proportion. We have also solved
examples based on it. Let us discuss following example.

EXx. The rawa ladoo prepared by Vimal are tasty, for which she takes 1 bowl of ghee, 3
bowls of rawa and 2 bowls of sugar.

Here proportion of rawa and sugar is 3 : 2 or 5 -

If 12 units of rawa is used, how many units of sugar are required ?

Let the number of bowls of sugar required be x.
: 312
.. from above information, 275 So3X =24 o x=38
That is for preparation of ladoo, with 12 units of rawa requires 8 units of sugar.
Alternatively we can solve the above example in the following way.

3k 3
3k bowls of rawa, 2k bowls of sugar is required because K2
If 3k = 12 then k =4 .. 2k = 2 x 4 = 8 bowls of sugar is required.

Let’s learn.

(Ratio and proportion)

The concept of ratio of two numbers can be extended to three or more numbers.

Let us see the above example of ladoos. The proportion of ghee, rawa and sugar
isl:3:2

Here proportion of ghee and rawa is 1 : 3 and that of rawa and sugar is 3 : 2,
This means the proportion of ghee, rawa and sugar is 1 : 3 : 2.

Let us take k bowls of ghee, 3k bowls of rawa and 2k bowls of sugar.

Hence for 12 bowls of rawa, how much quantity of ghee and sugar is required
can be found as follows.

Now 3k =12 .. k=4 and 2k = 8.
. 4 bowls of ghee and 8 bowls of sugar is required.

1)




The same concept can be extended for proportion of 4 or more entities.

If a, b, ¢, d are in the ratio 2 : 3 : 7 : 4 then let us assume that the numbers
are 2m, 3m, 7m, 4m. From the given information, value of m can be determined.
For example if the sum of these four numbers is 48, we find these numbers.

2m+3m+7m+4m =16 m =48

m=3
2m=6, 3m=9, /m=21, 4dm=12
required numbers are 6, 9, 21, 12

Ex (1) The proportion of compounds of nitrogen, phosphorous and potassium in certain
fertilizer is 18 : 18 : 10. Here compound of nitrogen is 18%, compound of phosphorous
is 18% and that of potassium is 10%. Remaining part is of other substances. Find the
weight of each of the above compounds in 20 kg of fertilizer.

Solution : Let the weight of nitrogen compound in 20 kg of fertilizer be x kg.
18 X _ X_18><20_36

100 20 a 100
". weight of nitrogen compound is 3.6 kg.

The percentage of phosphorous compound is also 18%.
.". Weight of compound of phosphorous is 3.6 kg.

If we assume the weight of potassium compound Y kg then

100 ) Sy =2 .. weight of potassium compound is 2 kg.

100 ~ 20
Direct proportion
A car covers a distance of 10 km consuming 1 litre of petrol.

It will cover a distance of 20 X 10 = 200 km consuming 20 litre of petrol .
Consuming 40 litre of petrol, it will cover a distance of 40 X 10 = 400 km.

Let us write this information in tabular form.

Petrol : X litre 1 20 40
Distance : y km 10 200 400
x S 20 _1 4 _ 1 )x
10 200 10 400 10 y =k

The ratio of consumption of petrol (in litre) and distance covered by the car (in kilometres),
Is constant. In such case, it is said that the two quantities are in direct proportion or in direct

variation.



Inverse proportion

A car takes two hours to cover a distance of 100 km at the speed of 50 km/hr. A bullock-

cart travels 5 km in 1 hour. To cover a distance of 100 km at the speed of 5 km/hr, the
bullock-cart takes 20 hours.
We know that, Speed X time = distance

By using the relation let us put the above information in a tabular form.

Vehicle Speed/hr (x) Time (y) X XY X Xy=KkK
Car 50 2 100
Bullock-cart 5 20 100

Hence, we see that, the product of speed of the vehicle and time is constant. In such a case

it is said that the quantities are in inverse proportion or in inverse variation.

Let’s recall.

(Properties of rat@

(1)
()
3)

4
)

a

Ratio of numbers a and b is writtenas a: b or ,

. ais called the predecessor (first term)
and b is called successor (Second term).

In the ratio of two numbers, if the second term is 100 then it is known as a percentage.
The ratio remains unchanged, if its terms are multiplied or divided by non-zero number.
e.g..3:4=6:8=9:12, Similarly 2:3:5 =8:12:20. If k is a non-zero number,

then a:b = ak:bk a:b:c =ak:bk:ck

The quantities taken in the ratio must be expressed in the same unit.

The ratio of two quantities is unitless.

For example The ratio of 2 kg and 300 g isnot 2 : 300,
but it is 2000 : 300 as (2 kg = 2000 gm) i.e. 20:3

Ex (1) The ratio of ages of Seema and Rajashree is 3 : 1. The ratio of ages of Rajashree and

Atul is 2 : 3. Then find the ratio of ages of Seema, Rajashree and Atul.

Solution : Seema's age : Rajashree's age = 3 : 1 Rajashree's age : Atul'sage =2:3

Second term of first ratio should be the same as the first term of second ratio.



Hence to get the continuous ratio, multiplying each term of the first ratio by 2. We get

3:1=6:2.
Seema's age
Rajashree's age
.. Seema’s age : Rajashree's age : Atul'sage 6:2: 3.

Rajashree'sage 2

Atul'sage 3

_6
=2

Ex (2) The length of a rectangular field is 1.2 km and its breadth is 400 metre. Find the ratio

of length to breadth.
Solution : Here the length is in kilometer and breadth is in meter. In order to find the ratio of

length to breadth, they must be expressed in same unit. Hence we convert kilometre to

meter.

1.2 km= 1.2 x1000 = 1200 m
". ratio of 1200 m, to 400 m is 1200 _3 , thatis3:1
400 1
EX (3) The ratio of expenditure and income of Mahesh is 3 : 5. Find the percentage of expenses to

his income.
Solution : The ratio of expenditure to income is 3 : 5. To convert it into percentage, convert

second term into 100.
3_3x20_60 . Expenditure - _ 60 =60% .. Mahesh spends 60% of his income.

5 5x20 100 Income 100

Ex (4) The ratio of number of mango trees to chikoo trees in an orchard is 2 : 3. If 5 more trees

of each type are planted the ratio of trees would be 5 : 7. Then find the number of mango

and chickoo trees in the orchard.

Solution : The ratio of trees is 2 : 3.
Let the number of mango trees = 2x and chikoo trees = 3X

2x+5 5
3x+5 7

14X + 35 = 15X + 25

From given condition,

c.x=10
".. number of mango trees in the orchard =2Xx =2 x10= 20

and number of chikoo trees = 3x = 3 x10= 30



EX (5) The ratio of two numbers is 5 : 7. If 40 is added in each number, then the ratio becomes

25 : 31, Find the numbers.

Solution :  Let the first number be 5X and and second number be 7X.

From the given condition,

5x+40 25
7x+40 31
31(5x+40) = 25(7x+40)
155X +1240 = 175x+1000
1240-1000 = 175x—155x
240 = 20X
X=12

. first number =5 x 12 =60 and second number=7 x 12 =84

", given numbers are 60 and 84.

Practice set 4.1

1)

2)

©)

(4)

()

(6)

(7)

(8)

From the following pairs of numbers, find the reduced form of ratio of first number to
second number.

(i) 72, 60 (ii) 38,57 (iii) 52,78

Find the reduced form of the ratio of the first quantity to second quantity.

(i) 700 %, 308 X (i) 14 X, 12 . 40 paise.

(i11) 5 litre, 2500 ml (iv) 3 years 4 months, 5 years 8 months

(v) 3.8 kg, 1900 gm (vi) 7 minutes 20 seconds, 5 minutes 6 seconds.

Express the following percentages as ratios in the reduced form.

(i) 75: 100 (ii) 44 : 100  (iii) 6.25% (iv)52:100 (v) 0.64%

Three persons can build a small house in 8 days. To build the same house in 6 days, how
many persons are required?

Convert the following ratios into percentage.

()15:25  (i)47:50  (iii) - (@ 6 w7

The ratio of ages of Abha and her mother is 2 : 5. At the time of Abha's birth her mothers
age was 27 year. Find the present ages of Abha and her mother.

Present ages of Vatsala and Sara are 14 years and 10 years respectively. After how many
years the ratio of their ages will become 5 : 4?

The ratio of present ages of Rehana and her mother is 2 : 7. After 2 years, the ratio of
their ages will be 1 : 3. What is Rehana's present age ?



Let’s learn.

<Comparison of ratios)

. .. . . a C
The numbers a, b, ¢, d being positive, comparison of ratios — , 4 can be done

using following rules :

(ii) Ifad < bc then << <

. a
(i) Ifad > bc then 3 > PR

(iii)) If ad = bc then % -

QUlog |

Compare the following pairs of ratios.

Ex(1) =7 i Ex(2) @,ﬂ
. 98 - NS
Solution: 4 x 8 7 %9 ! J3x45. NN
32 < 63 i
4.7 : J65 J56
9 8 |
! J6s > 56
i NERRY
1 8 \/g
. a-1 a+l
Ex (3) If aand b are integers and a < b, b > 1 then compare 1 bl
Solution: a<b .. a-1<b-1
. h . a-1 a+l
Now consider the subtraction 31 bl
a-1 a+l (a-1)(b+1)—(a+1)(b-1)
- _ = ]
_ 1 — 1
b-1 b (b-1)(6+1) ' Nowa<b ..a-b<o0
(ab—b+a—l)—(ab+b—a—1) 1
- b _1 . also b>-1>0 because b > 1
1
ab-b+a-1—-ab—-b+a+1 1
= 2(a—->b
- - i Zj’ - (2)
2a-2b ' 1
= i a-l_atl _o...from (1) & (2)
b1 L b1 bt
_2(a=b) ... (1) L acl a+l
b* -1 ' b1 b+l



4 3
Ex(4) Ifa:b=2:1 andb:c=4:1 then find the value of {322—202J
Solution : %z% c.a=2b %z% S b=4c
a=2b = 2x4c=8c .a=8c

Now substituting the values a=8c, b=4c

3 3
( a j — (8C)4
32b%c* 32x 4% xc? xc?
8><8><8><8><C43
32x16xc?xc?

= &y

a4
3 ) 012

Practice set 4.2

k
(1) Using the property % = Z_k , fill in the blanks substituting proper numbers in the

following.
5 L35 v 9 45 ... ..
v . 14 ... 42 35

(2) Find the following ratios.
(1) The ratio of radius to circumference of the circle.
(i) The ratio of circumference of circle with radius r to its area.
(i11) The ratio of diagonal of a square to its side, if the length of side is 7 cm.
(iv) The lengths of sides of a rectangle are 5 cm and 3.5 cm. Find the ratio of its
perimeter to area.
(3) Compare the following pairs of ratios.

NG 35 Je3 o 517
M % ) S5 7o () 5 121
_ 80 /45 92 34
V) i3 727 V) 5171

(4) (i) [OABCD is a parallelogram. The ratio of ZAand ZB of this parallelogram is 5 : 4.
Find the measure of £ B.

(i1) The ratio of present ages of Albert and Salim is 5 : 9. Five years hence ratio of their

ages will be 3 : 5. Find their present ages.



(iii) The ratio of length and breadth of a rectangle is 3 : 1, and its perimeter is 36 cm.
Find the length and breadth of the rectangle.

(iv) The ratio of two numbers is 31 : 23 and their sum is 216. Find these numbers.
(v) If the product of two numbers is 360 and their ratio is 10 : 9, then find the numbers.

2

a3 ’ a
(5 Ifa:b=3:1and b:c= 5:1 then find the value of (i) [151)ch (i) “he

a
(67) 1f V0.04x0.4xa =0.4x0.04x/b then find the ratio ;.

(7) (x+3): (x+11)=(X-2): (X+ 1) then find the value of X.

Let’s learn.

<Operations on equal ratios>

Using the properties of equality, we can perform some operations on ratios. Let's study
them.

Let us learn some properties of the equal ratios, if a, b, c, d, are positive integers.
_ a_c b d
(1) Invertendo : If e then PP
a . C
b d
axd=bxc
bxc=axd

bxc axd

axc  axe --(dividing both sides by a x c)
b _d

a C

a c b d
Af ] then PR This property is known as Invertendo.

a
(1) Alternando : If =< then -
b~ d B

C

b=

axd=bxc

e >

axd bxc

..(dividing both sides by ¢ x d)

cxd cxd
a_b
c d
a c¢ a_b . .
If P then —= L This property is known as Alternando.
C



(111) Componendo : If £ =< then
b d d
a_c¢c
b d
2.1-S41 ..(adding 1 to both sides)
b d
a+b c+d
b d
If & P € then a;)—b ctd . This property is known as Componendo.
. a_ c a-b c—d
(1V) Dividendo : If P then b 4
a_c
b d
%_1: 2—1 ...(subtracting 1 from both sides)
a-b c—d
b d
a c a-b c—d . . .
If 5o E then b d This property is known as Dividendo.
a a+b c+d
(V) Componendo-Dividendo : If =~ ~ then h o g a* b,c=d
f 2-< a+b:c+d .
P p J ...(using componendo) ....(1)
";b - ";d .. (using dividendo) ....(2)
atb _c+d  from (1) and (2)
a-b c—d
a c a+b c+d . . .
If =g hen —, = o_4 - This property is known as Componendo-dividendo.

General form of Componendo and Dividendo

a_c¢ a+b c+d .

If P then P ...(performing componendo once)

a+2b _c+2d  (performing componendo twice)

b d

a+mb c+md ) .

Generally b g ... (performing componendo m times) ...(1)
o ) a a—-mb c—md ) o )
Similarly if b d then b 4 ...(performing dividendo m time) ...(1I)
. a_c b c+md .ol
and if —=— then 2172 _ ..[dividing (1) by (Il
p = then 200 - e [dividing (1) by (11)]



Remember this !

If %:% then b_d (Invertendo) f 2=< then atb_c+d (Componendo)
a c b d b
a_c a _ b (Alternando) a_c a-b c-d (Dividendo)
Ty =ahen =g If =g then 7=
+b +d
If %=% then 272 = (Componendo-Dividendo)
a— c—d
Solved Examples :
Ex (1) If £ =2 then find the ratio 472 .
b 3 7b
Method | Method |1
Solution : If =2 then 2:é:k, a_s
b 3 5 3 b 3
...(using alternando) ; 5
. a=5k, b=3k 721
a+7b=5k+7><3k a+7b  5+21 .
7b 7x3k o - T (using
componendo)
 Sk+21k a+7b 26
C 21k 721
26k _2
21k 21
Ex. (2) If % =7 then find the ratio 242 .
Method | Method 11
Solution : %z% %:%
%=% ...(using alternando) 5761= S I7
_ 35
Let %:%:m 4
Sa-b 35-4
. a=7m b=4m " =" .(using dividendo)
54— b 5(7m) - 4m Sab_b = %
b - 4m
_  35m-4m
- 4m
- 31
= %




Ex. (3) If % = % then find the value of the

ratio

a+2b

a-2b -
Solution : Method I : Method I1 : _ %:%
Leta=7m,b=3m . 1
ai2p  TM+2x3m =6 ...(multiplying bothS|desby2)
a-2b 7m-2x3m
. - a+2b 746 (sing componendo
_ Im+6m a-2b 7- - dividendo)
7m-6m
a+2b _ 13
_ 1Bm _ 13 a-2b 1
- m T 1
Ex (@) 1t £ =2 then find the value of the ratio 222
X (4) 3 2 then find the value of the ratio T
Solution : Method | Method Il
a_b a_b
3 2 3 2
L3 (using Alternando) Let -2 -y
b 2 2
Now dividing each term of 24*3 pyp | . by substituting @ = 3t and b = 2t
Ta—-2b '
Sa 3b S(aj” Sa+3b _5(30)+3Q2) (1% 0)
b b __\D Ta-2b  7(3t)-2(2t)
Ta_2b 7(6')_2
b b b 15t +61
(3j 21t -4t
5| =|+3
7(3j-z 171
2
)
155 17
LI
2
1546
C21-4
_2
17




x 4

r_ 4x—
Ex (5) If |, ™ 5 then find the value of the ratio aanb Ay
) 4x+y
Solution :
x _ 4
b% 5
Ax 16 ...(multiplying both sides by 4)
y 5
4x+y _ 16+5 ...(using componendo-dividendo)
4x—y  16-5
dx+y 2
4x—y 11
Ax-—y _ 11
4x+y 21
3x% +y?
Ex (6) 1f5x =4y then find the value of the ratio 3 2 _ e
Solution : x 4
y 5
x _ 16
¥ 25
3 48 ...(multiplying both sides by 3)
25
3x'+y" 48425 ...(using componendo-dividendo)
3x* -y 48-25
3x*+y° _ 73
3x—y? 23
Let’s learn.

(Application of properties of equal ratios)

To solve some types of equations, it iS convenient to use properties of equal ratios rather than
using other methods.

3X*+5X+7  3x*+4x+3
10x+14  8x+6
3x*+5X+7  3x*+4x+3

10x+14  8x+6

(6x* +10x+14) (6X* +8x+6)

= ....(multiplying both sides by 2
10x+14 &X+6 ( PYINg y )

Ex (1) Solve the equation.

Solution :




(6x° +10x+14)—(10x+14)  (6X* +8x+6)—(8x+6)

= ...(using dividendo)
10x+14 8X+6
6> 6X’
10x+14 8x+6
This equation is true for x =0 .. x=0 isasolution of the given equation.

1
10x+14  8X+6

" 8x+6=10x+14
© 6-14=10x-8x
-8 =2X
X=-4

If X #0thenx?# 0, .. dividing by 6x?,

x=-4 or X=0 are the solutions of the given equation.

Ex (2) Solve. NX+7+vX-2 5
VX+T=x=2 1

(VX+T7 +VX=2)+(NX+T7 =Xx=2) 5+1
(VX +7 +%x=2) = (Vx+7 =/x=2) S 5-1

...(using componendo-dividendo)

Solution :

- = ...(squaring both sides of the equation)

4X+28=9x—18
28+18=9x—4x
46 =5x
46
— =X
5

46
X=-—"1Is the solution of the given equation.



/Activity :
Take 5 pieces of card paper. Write the following statements, one on each paper.

ath _c+d a_»b a ac c—a a
O g )=o) = (lv) = W=y

.- a C . . .
a, b, ¢, d are positive numbers and 5, = 5 1sgiven. Which of the above statements are true

d
or false, write at the back of each card, if false explain why.
I\ J
Practice set 4.3
7
1 If Z =3 then find the values of the following ratios.
Sa+3b 24’ +3b° - a-b _ Ta+9b

) Sazap () 53 (i) (V) 7, 0p

154> +4b* 47

2 If a7 then find the values of the following ratios.
L a . 1a—3b . bP=24d° . b =24’
() ; (i) 77 3) (i) yrp (W) o
3a+7b _4 3a’ - 7b’
(3) If 3Z 53 then find the value of the ratio 3 2,2 .

(4) Solve the following equations.

X2 +12X—-20 x> +8x+12 o 10X* +15x+63  2x+3
() =5 axe3 ) S 2sx+12 x5
(i) 2x+1)’ +(2x-1* 17 (V") Jax+1+4x+3 4
(2x+1)° =(2x=1)* 8 Vax+1-+/x+3 1
@x+D?+(2x+3)* _ 61 L Bx=4’-(x+D)’ _ 6l
V) Taerixe9 36 V) Gx—ay rxr 1) 189
/Activity - In the following activity, the values of a and b can be changed. That is by\
changing a : b we can create many examples. Teachers should give lot of practice to the
students and encourage them to construct their own examples.
5a*+2b° _ 3a_ _____ 2a-b_ _____
2b° 4h 2a+b
N
az +b2 a 3 a
b? b~ 4 2= TTT7T
- J




Let’s learn.

Clheorem on equal ratios)

If % = % then % = Z:; = % This property is called the theorem of equal ratios.
Prrof : Let 7 =5 =k. .. a=bkand c=dk
a+c bk+dk k(b+d) i
b+d b+d b+d
a_c_a+tc
b d b+d ;
We know that, 7 =77
a_c _ a_l:ﬂ:al+cm:
Iy =a =k e = ™ b+ dm
a C e
If R 7 = (finite terms) and if |, m, n are non-zero numbers
then each ratio = altcmtent.. (finite terms) is the general form of the above
bl +dm+ fn+...
theorem.

Use your brain power !
In a certain gymnasium, there are 35 girls and 42 boys in the kid's section, 30 girls
and 36 boys in the children's section and 20 girls and 24 boys in the teens' section. What is
the ratio of the number of boys to the number of girls in every section ?

For physical exercises, all three groups gathered on the ground. Now what is the ratio
of number of boys to the number of girls ?

From the answers of the above questions, did you verify the theorem of equal ratios ?

Ex (1) Fill in the blanks in the following statements.
~na b 4a+9b .. £=1:3=5x—3y+4z
) 3=0="" () 3= 5=~ .

Solution:(i)gzé— 4a+9b  4a+9b 4a+9b

7 4x3+9x7 12463 75
(ii)

z Sxx -3xy 4xz

T4 5x3 3x5 4x4
_S5x 3y 4z
15 15 16
_Sx—-3y+4z
C15-15+16
_Sx-3y+4z

16

x_Y
35

—-——(by the theorem of equal ratio)

20



a b c
EX(2) If 22,432 (7—2243x) (z-2x43y) @Nd X +y+2#0

) a+b+c
then prove that each ratio= ———
2(x+y+2)
. a b c
Solution : Let (x—2y+32) :(y—2z+3x) :(z—2x+3y): K.
.. by theorem of equal ratios
. a+b+c
(x=2y+32)+(y—2z4+3x)+(z—-2x+3y)
_ a+b+c
C2x+2y+2z
_a+b+c
C2(x+y+2)
a B b B c _ a+b+c
Xx=2y+3z  y-2z+43x  z-2x+3y  2x+y+z
y z X a b ¢
Ex (3) If e a erach =a+b_cthen prove that Zix x4y yiz

Solution : By invertendo, we get

b+c-a c+a-b a+b-c

y z X

b+c—a_c+a—b_a+b—c_k

Now let
y z X

.. by theorem of equal ratios
:(c+a—b}Hﬂ+b—c) o (a+b—c)+(b+c—a) i = (b+c—a)+(c+a-Db)

k

zZ+Xx xX+y y+z
2a 2b 2
=== . (I) -2 11 - 11
Z+Xx _x—l—y ( ) +Zz ( )
2a 2 2
zZ+x x+y y+z
a b ¢
z+Xx X+y y+z
14X —6x+8 7x-3
Ex (4 Ive : =
(4) Solve o e 7 3xa2

Solution : By observation, we see that multiplying by 2x the predecessor and the successor of
right hand side, we get two terms of the predecessor and the successor of the left hand

side.

But before multiplying, we must ensure that x = 0.

2



14X’ —6x+8 8 7x=3 3
Ifx=0then 15027 =7 and 57577
8 3
. 7=7 Which is a contradiction.
. X#0

. multiplying predecessor and successor of RHS by 2x.

14x2—6x+8_2x(7x—3)_k
10x> +4x+7 2x(5x+2)

14x* —6x+8 14x2—6x_k
10x* +4x+7  10x° +4x
14x* —6x+8—14x" +6x 8

10x> +4x+7-10x> —4x 7

=3

7
7x—3_§
5x+2 7

49x—-21=40x+16
49x-40x=16+21

9x =37 x=3—7
9
Practice set 4.4
(1) Fill in the blanks of the following
o x_y 3x+5y Tx-9y a_b_c_a=2b+3c_ ...
0 773 . T ) 37477 . 6-8+14

(2) 5m —n =3m +4n then find the values of the following expressions.

21 n? 3m+4n

. m + .. —
(l) m’ —n* (i) 3m—4n

(3) (i) If a(y+z) = b(z+x) = c(x+y) and out of a, b, ¢ no two of them are equal
y—z _ z—-X _ X—)y

then show that, = = :
alb—c) b(c—a) c(a->b)

i) If al = J = z and x+ Z # 0 then show that the value of
y+z#
3x-y—z 3y—-z-x 3z-x-y

each ratio is equal to 1.



(ifi) If @ tby _brtaz _ay+bz ang x+y +7 # 0 then show that =2 .
X+y x+z y+z 2

z

(iv) If 23228 _XHY then show that ——— = —=2— =
a b c b+c—a c+a-b a+b-c
3x-5y x+5z y-z . X
= = then show that every ratio = ; :

(v) If 5z+3y y-5x x-z

16x° =20x+9  4x-5 5y +40y-12  y+8
8x* +12x+21 2x+3 () 5,0y —4 142y

Solve. (i)

Let’s learn.

<Continued ProportiorD

Let us consider the ratios 4 : 12 and 12 : 36. They are equal ratios. In the two ratios, the
successor (second term) of the first ratio is equal to the predecessor (first term) of the
second ratio. Hence 4, 12, 36 are said to be in continued proportion.

If 4 =b then a, b, ¢ are in continued proportion.

c

If ac =b?, then dividing both sides by bc we get % =
C

if ac=Db?,thena, b, c arein continued proportion.

When a, b, ¢ are in continued proportion then b is known as Geometric mean
of aand c or Mean proportional of aand c.
Hence all the following statements convey the same meaning.
~ (1) % =b (2)b>=ac (3) a, b, c are in continued proportion.
C

(4) b is the geometric mean of a and c.

(5) b isthe mean proportional of aand c.

We can generalise the concept of continued proportion.
d_ e

a C . . . .
- —=—=— then a, b,c,d,eandf are said to be in continued proportion.
b c d e f

Ex (1) If x is the geometric mean of 25 and 4, then find the value of x.

Solution : x is the geometric mean of 25 and 4.

x> = 25x4
x> = 100
x = 10



Ex (2) If4a’b, 8ab? p are in continued proportion then find the value of p .

Solution : From given information, 4 @b, 8 ab?, p are in continued proportion.

4a*b  8ab*

8ab’ P
8ab* x8ab*
= ———=16b’
P 4a’b
Ex (3) Which number should be subtracted from 7, 12 and 18 such that the resultant numbers are in
continued proportion?
Solution : Let X be subtracted from 7, 12 and 18 such that resultant numbers are in contin-

ued proportion.

(7-X), (12—X), (18 — X) are in continued proportion. Tally
(12-x)? =(7-X) (18 —X) (7-X) = 7-(-18)= 25
S 14424 X + X2 =126 — 25X + X? (12-x)= 12 -(-18) = 30
—24 X +25x =126 — 144 (18 =x)= 18— (-18) =36
X =-18 302=900 and 25 X 36 =900
25, 30, 36 are in continued proportion

.. If —18 is subtracted from 7, 12, 18 the resultant numbers are in continued proportion.

The k-method is used to solve examples based on equal ratios, i.e. equal proportions.

In this simple method every equal ratio is assumed to be equal to k.
5a-3c¢ la-2c
5b-3d Tb-2d
C
Solution : Let %:; =k ..a=bk c=dk

C
Ex (1) If %: 7 then show that

Substituting values of @ and ¢ in both sides,
_ Sa=3c _5(bk)=3(dk) _k(5b=3d) _
56-3d  5b-3d (5b—3d)
RHS = 7a=2c _T(bk)=2(dk) _k(Tb=2d) _
7b—-2d 7b—2d 7b—2d
. LHS = RHS.

LHS

. Sa-3c Ta-2c
" 5b-3d Tb-2d




(a+b)’ _(b+c)’

Ex (2) If a, b, ¢ are in continued proportion then show that,

ab bc
Solution : a, b, ¢ are in continued proportion. Let %:é =k .
C
s b=ck, a=bk =ck x k = ck?
Substituting values of a and b.
(a+b)  (ck*+ck)? kK (k+1)°  (k+1)
LHS = = 2 - 23
ab (ck™)(ck) c'k k
RHS _(b+c)’ _ (ck +c)’ _ A (k+1)° _ (k+1)°
bc (ck)c c’k k
a+b)y* (b+c)
.. LHS = RHS. ( ) :( )
ab bc

Ex (3) If a, b, ¢ are in continued proportion

2 2
then show that < =%
c b +bc+c

Solution : a, b, c are in continued proportion

_0
C

Let, =k ..b=ck and a =ck?

ol IR

a_

=
2

LHs = 4=

c c

RHS = a’+ab+b’
b* +bc+c’
_ (K*c)* +k*c(ck)+(ck)’
© (ck)?* +(ck)(c)+¢?
3 e+ i + 7k
Pk +ctk+Cl
kR +k+))
AU +k+))
= k2

LHS =RHS

_a’+ab+b?

a
¢ b*+bc+c?

Ex (4) Five numbers are in continued
proportion. The first term is 5 and the last
term is 80. Find these numbers.

Solution : Let the numbers in continued
proportion be a, ak, ak?, ak®, ak®.

Here a =5 and ak* =80

c.5xki=80
Co kA =16
Sok=2 o 24=16
ak=5x%x2=10 ak?=5x4=20
ak®=5x8=40 ak*=5x16=80

.". the numbers are 5, 10, 20, 40, 80.



Practice set 4.5

(1) Which number should be subtracted from 12, 16 and 21 so that resultant numbers are in

continued proportion?
(2) If (28—x) is the mean proportional of (23—x) and (19—x) then find the value of x.

(3) Three numbers are in continued proportion, whose mean proportional is 12 and the sum

of the remaining two numbers is 26, then find these numbers.
(4) If(a+b+c)(@a-b+c)=a*+b?+ c?show that a, b, c are in continued proportion.
5) If %: g and a, b, ¢ > 0 then show that,

(i) (@+b+c)(b—c)=ab-c?

(i) (a?+ Db?) (b*+ c?)=(ab + bc)?

a2+b2_a+c
{1D) ah b

_ _ x+y x*—y°
(6) Find mean proportional of s T35
=y Xy

4 Activity :  Observe the political map of India from a Geography textbook. Study the

scale of this map.
From the given scale find the straight line distances between various cities like

(i) New Delhi to Bengaluru (ii) Mumbai to Kolkata, (iii) Jaipur to Bhubaneshvar.
. J

OO Problem Set4 OO

(1) Select the appropriate alternative answer for the following questions.

(i) If6:5=y: 20 then what will be the value of y ?
(A) 15 (B) 24 (C) 18 (D) 22.5

(i) What is the ratioof 1 mmto 1 cm ?
(A)1:100 (B)10:1 (C)1:10 (D)100:1

(iii") The ages of Jatin, Nitin and Mohasin are 16, 24 and 36 years respectively. What
is the ratio of Nitin’s age to Mohasin’s age ?

(A)3:2 B)2:3 (C)4:3 (D)3:4
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(iv) 24 Bananas were distributed between Shubham and Anil in the ratio 3 : 5, then how
many bananas did Shubham get ?
(A)8 (B) 15 (C) 12 (D)9
(v) What is the mean proportional of 4 and 25 ?
(A)6 (B) 8 (©) 10 (D) 12
(2) For the following numbers write the ratio of first number to second number in the reduced
form.
(i) 21, 48 (ii) 36, 90 (iii) 65, 117 (iv) 138, 161 (v) 114, 133
(3) Write the following ratios in the reduced form.

(i) Radius to the diameter of a circle.

(11) The ratio of diagonal to the length of a rectangle, having length 4 cm and breadth
3cm.

(111) The ratio of perimeter to area of a square, having side 4 cm.
(4) Check whether the following numbers are in continued proportion.
(i) 2,4,8 (i)1,2,3 (iii)9,12,16 (iv)3,5,8
(5) a, b, care in continued proportion. If a = 3 and ¢ = 27 then find b.

(6) Convert the following ratios into percentages..
: .\ 5 . 22 .5 144
(i) 37:500 (i) 3 (iii) 30 (iv) 6 (v) 1200
(7)  Write the ratio of first quantity to second quantity in the reduced form.
(i) 1024 MB, 1.2 GB [(1024 MB =1 GB)]

(i) 17 Rupees, 25 Rupees 60 paise  (iii) 5 dozen, 120 units

(iv) 4 sg.m, 800 sg.cm (v) 1.5Kkg, 2500 gm
8) If % :% then find the values of the following expressions.
. 4a+3b . 5a’+2b’
Y W) 572
o 4D ~_Tb—-4a
(ii) . he (iv) 7b+4a

(9) Ifa,b,c, darein proportion, then prove that

() 11a* +9ac B a’ +3ac
116> +9bd b +3bd
(ii") a+5c _ a

b*+5bd b

d+ab+b* F+ced+d?
(i) — =

a*—ab+b* F—cd+d’




(10) Ifa, b, ¢ are in continued proportion, then prove that

) a a-2b .. b a-b
(i) = (i) =
a+2b a-4c b+c a-c
2
(11) Solve: 12X +18x+42:2x+3
18> +12X+58  3x+2
2x-3 - +3 )
(12) If P _ZTV T2 then prove that every ratio = == .
3z+4y z—-x 2y-3x y
. by+cz cz+ax ax+by x_Y _z
13°) If = = then prove that =~ === .
(139 b*+c* F+ad® at+ g a b ¢

2 b2

NAA



Linear Equations in Two Variables

Let’s study.

® Introduction
Linear equation in two variables ® Solving simultaneous equations
® Simultaneous equations ® Word problems based on simultaneous equations

Let’s recall.

Ex. Solve the following equations.

4
(1) m+3=5 (2) 3y +8 =22 (3)2:2 (4)2p= Pty
m=[] y=] x=[] p=[]
(5) Which number should be added to 5 (6) Which number should be subtracted
to obtain 14 ? from 8 to obtain 2 ?
[ ]+5=14 8- ]=2
X+5=14 8—y=2

x=[] y=[_]

In all above equations, degree of the variable is 1. These are called as Linear equations.

Let’s learn.

<Linear equations in two variables>

Find two numbers whose sum is 14.

Using variables x and y for the two numbers, we can form the equation X +y =14 .
This is an equation in two variables.
We can find many values of X and y satisfying the condition.

eg. 9+5=14 7+7=14 8+6=14 4+10=14
(-1) +15=14 15+ (-1) =14 26+11.4=14 0+14 =14
100 + (-86) = 14  (-100) + (114) = 14 C1+[C1=14 L1+ 1=14

Hence, above equation has many solutions like (x =9,y =5); x=7,y=7); (x=8,y =6)

etc.



Conventionally, the solution x =9,y =5 is written as an ordered pair (9, 5) where 9 is the
value of x and 5 is the value of y. To satisfy the equation x +Yy = 14 , we can get infinite or-
dered pairs like (9,5), (7,7), (8,6), (4,10), (10,4), (-1,15), (2.6, 11.4), ... etc. All of these are
the solutions of x +y = 14.

Consider second example.

Find two numbers such that their difference is 2.
Let the greater number be x and the smaller number be y.
Then we get the equation x —y = 2

For the values of x and y, we can get following equations.
10-8=2 9-7=2 8-6=2 (-3)-(-5)=2 5.3-3.3=2
15-13=2 100-98= 2 1-Cd=2 [J-CJ=2

Here if we take values x = 10 and y = 8, then the ordered pair (10, 8) satisfies the
above equation. Here we cannot write as (8, 10) because (8, 10) will imply x = 8 and
y = 10 and it does not satisfy the equation X —y = 2 . Therefore, note that, the order of
numbers in the pair indicating solution is very important.

Now let us write the solutions of X—Yy =2 in the form of ordered pairs.

(7,5), (-2, -4), (0, -2), (5.2, 3.2), (8, 6) etc. There are infinite solutions.

Find the solution of 4m — 3n = 2.

Construct 3 different equations and find their solutions.

Now, observe the first two equations.

X+y =14 ... I

Solution of equation I : (9, 5), (7, 7), (8, 6)...

Solutions of Equation Il : (7, 5), (-2, -4), (0, -2), (5.2, 3.2), (8, 6)...
(8, 6) is the only common solution of both the equations. This solution satisfies both the equa-
tions. Hence it is the unique common solution of both the equations.

Remember this !

When we consider at the same time two linear equations in two variables those equations

are called Simultaneous equations.




4 )
Activity : On the glasses of following spectacles, write numbers such that

29 13

(i) Their sum is 42 and difference is 16 (ii) Their sum is 37 and difference is 11

(iii) Their sum is 54 and difference is 20 (iv) Their sum is ... and difference is ...
N\ J

Let’s recall.

X+y =5and 2X + 2y =10 are two equations in two variables. Find five different solu-
tions of x+y =5, verify whether same solutions satisfy the equation 2x + 2y = 10 also.
Observe both equations.

Find the condition where two equations in two variables have all solutions in common.

Let’s learn.

( Elimination method of solving simultaneous equations)

By taking different values of variables we have solved the equations X +y = 14 and
X —Yy = 2. But every time, it is not easy to solve by this method, e.g. , 2x + 3y = —4 and
X — 5y = 11. Try to solve these equations by taking different values of x and y. By this method
observe that it is not easy to obtain the solution.

Therefore to solve simultaneous equations we use different method. In this method, we
eliminate one of the variables to obtain equations in one variable. We can solve and find the
value of one of the two variables and then substituting this value in one of the given equations
we can find the value of the other variable.

Study the following example to understand this method.



Ex (1) Solve x+y=14andx-y=2.

Solution : By adding both the equations we get an equation in one variable

X+y = 14 ... I
+ X-y = 2 ... I
2x+0 = 16 Substituting X =8 in the equation (I)
2x = 16 X+y=14
« = 8 S.8+y=14
S. Yy =6

Here (8, 6) is the solution of first equation. Let us check, whether it satisfies the second
equation also.

X-y