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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.
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= 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.
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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
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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 -

e know the different sets of numbers in
the number system.

e determine the subset relation between
pairs of sets.

e identify finite and infinite sets.

e use Venn diagrams to show relation
between different sets.

e construct examples on sets.

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

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

2. Algebra

2.1 Polynomial

2.2 Linear equations in
two variables

e 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

e know about the tax system and
compute taxes.

e compute income tax for salaried
persons.

e use theorem on equal ratios.

e solve word problems based on direct
and inverse variation.

4. Data handling
(Statistics)

4.1 Frequency
distribution

4.2 Measures of central
tendency

e prepare grouped and ungrouped
frequency distribution tables.

e prepare cumulative frequency tables.

e find and make use of measures of
central tendencies for the given data.
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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 text-book 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 1to 18

Real Numbers 19to 35
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Linear Equations in Two Variables 80 to 92
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Statistics 108 to 128

Answers 129 to 136
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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.

S
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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 letters
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, . . .} 1s 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=4{3,5 7 9orA={7 3 5 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<x <10} and read as 'set A is the set of all *x’ such
that ‘X’ is a natural number between 1 and 10"

2
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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={Xx| 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) Setof even numbers (i) 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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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.
If there is not a single element in |B = {x|x is natural number
Empty Set or |[the set which satisfies the given between 2 and 3.}
Null Set condition then it is called a Null
“B={}or¢

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

¢_(phi)

If a set is a null set or number of [C = {p| p is a number from

Finite Set elements are limited and countable 1 to 22 divisible by 4.}

then it is called as ‘Finite set’.

O
1

{4, 8, 12, 16, 20}

If number of elements in a set is

Infinite Set unlimited and uncountable then the N=4{123 ...}

set 1s called ‘Infinite set’.

<
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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.

3
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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 | X is 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}

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

(4) Write with reasons, which of the following sets are finite or infinite.
(i) A={x]|x<10,xis anatural 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={1,23, 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

1834-1883 of chance’
. ' J
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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N

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.

J

N

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={4,728} V={1,4 28} S={1,4,7,8}

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

N 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.

&
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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. U
All Students in school
who play cricket

by ‘U’ and in Venn diagram it is
represented by a rectangle. players
[Complement of a set)

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

Generally, the universal set is denoted

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(1) U={123456,78,9, 10}
A={2,4,6,8, 10} 10 9
o A"'={1,3,57, 9}

Ex (2) Suppose U={1,3, 09,11, 13, 18, 19} B (U
B={3,9 11, 13} 1 18
- B'={1,18,19}
Find (B")" and draw the inference. B

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

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

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Ex 1)) A={1 3,5 7} B={2 3, 6, 8}
Let us draw Venn diagram. /A 7 B ;
The element 3 is common in set A and B. - \\ - )
. ANB={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,ifBMNA=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
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(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,-13,5}
Note that, AUB=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'={1,3,57,9, 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

33
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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 denoted asn (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={3,6,9, 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.
“n(A)+nB)-n(ANB)=5+6-2 =9 and n(AUB)=9

From equations (1), (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.
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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 ?

Solution : We will solve this example in wo 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)
“n(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(AMNB).
n(ANB) = n(A)+n(B)-n(AU B)
= 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 (AM B)=27

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

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

T We know that,n (AU B) =70
[ Af B
\‘ S n(AnB)=x=n(A)+n(B)-n(AnB)
\(@5=x) ‘\ oh by =52+45-70=27
Students who like to play only cricket = 45 — 27
s playonly

=18

35
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Practice set 1.4

1)
(2)

(3)

(4)

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

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 ?

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}
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(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}

(2) 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}thenTU M="?
(A){1,2,3,4,5 7} (B){1,2,3,7,8}
(©){1,2,3,4,5 7,8} (D) {3, 4}

(3) 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 ?

(4) 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 ?
5) Ifn(A)=20,n(B)=28and n(A UB)=36then n(A N B)="

(6) Inaclass, 8 students out of 28 have a dog as their pet animal at home, 6 students have a
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 ?

(7) 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}

37
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(iii) X = {x|xis a prime number between 80 and 100}
Y = {y| yisan odd 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

@ nA)=7 nB)=13, n(ANB)=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.
J

N
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Real Numbers

Let’s study.

® Properties of rational numbers ® Properties of irrational numbers ® Surds
e Comparison of quadratic surds e Operations on quadratic surds
e Rationalization of quadratic surds.

Let’s recall.

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

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 = {s |p,q el qg#0}
R = Setof Real numbers.

NCWcCIc QC R
Order relation on rational numbers :

gand % are rational numbers where g >0, s>0
(@ Ifpxs=qgxr thengzg (ii) |fpxs>qxrtheng>§
(i) Ifpxs<qxr then §< -
Let’s learn.
(Properties of rational numbers)
If a, b, c are rational numbers then
Property Addition Multiplication
1. Commutative a+b=b+a axb=bxa
2. Associative (a+b)y+c=a+(b+c) ax(bxc)=(axb)xc
3. ldentity a+0=0+a=a axl=1xa=a
4. Inverse a+(-a)=0 a><§ =1  (a#0)
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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
G’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
. . . P

Ex. (2) Express the recurring decimal 7.529529529... in g 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
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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 Cis — /2 . Similarly, opposite of V3 is — /3 which is the

20
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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 /2 can be expressed in £ form.

q
p
; is the reduced form of rational number hence p and g have no common factor other
than 1.
p s _ .

J2 = P 2= ra (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.
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(Decimal form of irrational numbers)

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

Square root of 2

1.41421...
1 \?.00 00 00 00....

+1 -1
24 \100
+4 \—96
281 \ 400
+1 \-281
2824 \ 11900

+ 4 \-11296
28282 | 60400
+ 2 \-—56564

28284 1 \ 0383600

2 = 1.41421...

Square root of 3
1.732....
1\ 3.00 00 00 00....
+1\-1

27\ 200
+7\-189

343\ 1100
+ 3 \-1029

3462\ 007100
+ 2\ -6924

3464 0176

A3 =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

irrational.

(Activity I

N

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.

No. | radius | diameter | circumference ) c
Ratio = E
(r) (d) (c)
1 7cm
2 8 cm
3 | 55cm

C
From table the ratio Pl IS
nearly 3.1 which is con-

stant. This ratio is denoted

by 7 (pi).

(23]
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(Activity 11 A
To find the approximate value of 7T, 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
! Iem to the diameter of a circle is
2 22 cm o)
approximately — .
3 33 cm PP 7
2 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 7. So the approximate value

of T is 27—2 or 3.14.

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

62832
—— =3.1416.
20000 3

We know that, +/3 is an 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 4
If 2 +./3 is rational thenlet2 +./3 = PRI We get 3 = 7 - 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 H-3)=2, 45 + 5 =4, (B+45)-(45)=3,
25 X 5 =6 2 % {5 = 1o, 25-45 = 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.
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Let’s learn.

CProperties 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.

CRoot of positive rational number)
We know that, if X = 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.
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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.

(Simplest form of a surd)
(1) Va8 = JVi6x3= 16 X V3 =443 (ii) o8 = /29x2 = JA9 X 2 =72
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.
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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 [=] Vi%2
Or Or
(622 [_](55) (722 [ 153
72 < 125 98 > 75
5642 55 RN D) 53

27

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

(Operations on like surds)

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) g
2
= 7 8= E\/4><2
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 NI
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.
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(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.
. N2 is rationalizing factor of /2 .
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 8v2 = 8 V2 x V2 =8 x 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 .. 33 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 . Inthe 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 \/g.)

3
Ex. Rationalize the denominator of —= .
(5) Ratio e the deno aooz\/7

. 3
Solution : NGl _2\/7Xf = 57 " 12
..(multiply 2./7 by /7 is sufficient to rationalize.)
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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) 19412, 6+/3 (v)5+22,7+/33  (vi)5+5, V75
(4) Simplify the following surds.
() V27 (i) V50 (iii) V250 (iv)V112  (v) V168

(5) Compare the following pair of surds.

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

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

(1)5v3 +843 (ii) 945 — 445 + V125

(iii) 7428 — 27 -3 (iv) \/’—gﬁ +247
(7) Multiply and write the answer in the simplest form.
(i) 312 x V18 (i) 3412 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
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Let’s recall.
We know that,
If 2 >0,b>0then Vab = Jaxb
(a+b)a—b)=d’ —b* (ﬁ) =a. Ja?=a
Multiply.
Ex. (1) J2(+/8 +4/18) Ex. (2)([ V2)(2\3-342)
2x8 +/2x18 = V3(243-3V2)-2(243-312)
16+\/% = \/§x2\/§—\/§x3\/§—\/§x2\/§+ 2><3\/§
= 2x3-3J6-2J6+3x2
= 4+6 = 6-5J6+6
= 10 = 12-5J6
Let’s learn.

(Binomial guadratic surd )

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

binomial quadratic surds.

Study the following examples.
e (Ja++b)(Va-b)=(Ja)-(vb)=2a-b
© (V5 +B)(\5 - V3)=(VB)- (\3)=5-3=2
* (\/§+\/_)(\/— \/_)_(\/_)2 (\/_)2_3 7=-4

C G EGB) EGR-(EyE 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—1/5 .
Similarly for 7 + /3, the conjugate pair is 7 —+/3 or 3 —7.

€
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Remember this !

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

Let’s learn.

(Rationalization of the denominator)

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 3

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

8 __ 8 325
3245 325 3W2-05
_8(3v2 - V)

(2] - (5]
= 8x3V2 -85 _ 242-8J5 —2442 -85

9%2 -5 18-5 13

Practice set 2.4

(1) Multiply
(i) V3(J7 - 3) (i) (V5 —V7)2 (iii) (32— V3)(43-2)
(2) Rationalize the denominator.
i) —=—= () —ror (i) () O
NENP) 245342 7+443 J5+3

€
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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 Xx=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) [7-2xI=5  Gii) | 5~ [=5 (v |5+ |=5

€
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and construct two examples each of
addition, subtraction, multiplication and
division. Solve these examples.

N

/
Activity (I) : There are some real numbers
written on a card sheet. Use these numbers A

9

+3

31

Activity (II) : Start
J3
l X2
X /8
W | 24
d +106
7 —
+43 x~/2
x3+/5 J5 %
465 | €  —
\/+5
End

Scol

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
ws ® ©5 O

(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.

(v) The number 0.4 in £ formis .....
4 40 1 3.6 36
Ay By ©€) o (Dhry
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(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 g 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 (L (O
7 11 13 8
(4) Show that 5 +./7 is an irrational number.
(5) Write the following surds in simplest form.
03 & (i) ~2 45
(6) Write the simplest form of rationalising factor for the given surds.
()32 ()50 (i) VI W) IV (W) (vi) 4
(7) Simplify.

(i)g 147+§\/§_§\/ﬁ (i) 5V3+2427+ (iii) \/R—S\/Eﬂ/ﬁ—%

1
\/5 \/_
(V) 4412 —f75 - 7/48 (V) 24/48 —/7 —%

(8) Rationalize the denominator.
L1 2 1 ) 1 12
WE Wim  WFEm WM3Ean VWiga
O

€
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Polynomials

Let’s study.

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

Let’s discuss.

p3 - %pz +p; m2+2n - /3mS; 6 are all algebraic expressions.

Teacher :

Madhuri :

Vivek

Rahul

Teacher :

Sara

John

Teacher :

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. O 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.

® |s every algebraic expression a polynomial ?

® Is every polynomial an algebraic expression ?
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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.

CDegree 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. 3mn® + 7m?n® — 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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(... . . . - . . 2
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+ f3,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?2 + X + 5.

This form of the polynomial is called Index form of the polynomial.
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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.
i)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
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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 index 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? =
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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.)
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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+ 2x = (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.
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Remember this !

Euclid's division lemma
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.

Practice set 3.2

(1) 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.

(2) 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

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

(4) Multiply the given polynomials.
(i) 2x ; x>= 2x -1 (i) x>=1 ; X3+ 2x% +2 (iii) 2y +1; y?— 2y3 + 3y

(5) 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

(6") 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 ?
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. . . _ _ )
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 .

+ | 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 gyz 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
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Let us use the following steps for synthetic

dvision. e First row
) ) Y 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 | 3 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
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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.

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.

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

Solution : Polynomial p(X) = 2x> — 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
Pp(-2)=2x (-2)P° -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
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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)
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Now we will find the relation between remainder and value of the polynomial as

follows:
In the dividend polynomial 4x?2 — X + 2 put X = —-1.
P(X) = 4x2 — X + 2
Sop(-l)=4x (- 12 - (-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 + @)

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) = q(X) X (X + &) + r(X) .......... ()
By putting X = —a in (I) we get,
p(-a) = q(-a) x (a-a) +r(-a)
= (g(-a) x 0 + r(-a)....... ()]
pa) = r-a) ... from (1) and (II)
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. . .
Activity : Verify the following examples.

(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 1 0 -5 -4 0

- 9 -12 4
p(x) = x* — 5x? — 4X : i

p(=3) = (=3)" = 5(-3)* - 4(-3)
=81 - 45 + 12
p(-3) = 48

| 1 -3 4 -16 |48

Remainder = 48

Ex (2) By using remainder theorem divide the polynomial X3 — 2x? — 4x — 1 by x - 1
and find the remainder.
Solution : p(X) = x3 - 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
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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 ! 3k = 12
= 3k + 50 k:%

But remainder is 62. E 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 O, 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
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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 54 Fertilizers and pesticides for cotton & tur
4 Wages and cultivation charges for cotton & tur
3 Total expenditure

- J
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Practice set 3.5

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

(i x=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° (i) p(y) = y* - 2y + 5 (iii) p(x) = Xt — 2% - 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
factor theorem.
N (=7x+9); (x+1) (i) ¢ - 2x*+ax -a); (x - a)
(iii) (54m3 + 18m? - 27m + 5) ; (m - 3)

(6) If the polynomial y2 — 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.

1
(129 Ifx - 2and x - 5 both are the factors of the polynomial nx? — 5x + m, then show

that m=n =2
(13) (i) If p(x) = 2 + 5x then p(2) + p(- 2) — p(2).
(i) If p(x) = 2x2 = 543x + 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]
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Ex (3) 63x? + 5x — 2 Ex (4) 6x* —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 -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
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(2) Factorize the following polynomials.
() (x®2 = x)2 -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
V) y+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 Q)X HT (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 x—1, what is a factor of the polynomial 3x?> + mX then find the value of m.
(A) 2 (B) -2 € -3 (D) 3

(ix) Multiply (X2 — 3) (2x — 7x® + 4) and write the degree of the product.
(A) 5 (B) 3 (C) 2 (D) 0

)
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(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
(ii) 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? + 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 x*-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?, 5xy 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
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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)
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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

% = % LYy =2 .". weight of potassium compound is 2 kg.

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
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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.
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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
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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) - (v) 346 w1

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 ?
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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 :
(i) If ad > bc then % >
(iii)) If ad = bc then % -

; i) If hen 2< <
3’ (i) If ad < bc then Z<d
d

Compare the following pairs of ratios

Ex(1) =7 i Ex(2) @,ﬂ
98 - NCRRA
Solution: 4 x 8 7 x 9 ! J13 %45, NN
32 < 63 i
a7 : J65 J356
9 8 :
! Jes > 56
s NN
' 8 5
. a-1 a+1
Ex (3) If aand b are integers and a < b, b # + 1 then compare 1 bil
Solution: a<b .. a-1<b-1
) h ) a-1 a+l
Now consider the subtraction 31 bil
a-1 a+l (a-1)(b+1)—(a+1)(b-1)
b-1 " b+l (b-1)(b+1) !
_(ab—b+a—l)—(ab+b—a—l) E Nowa<b .. a-b<0
b*~1 I also b%-1>0 because b=+ 1
:ab—b+a—1—ab—b+a+1 !
B -1 R Gl B (2)
_2a-2b ! b” -1
b —1 yoa-l_a+l o from (1) & (2)
2(a-b) ! b-1 b+l
ST e (1) ! a-1_a+l
. b—-1 b+1
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4 3
Ex(4) Ifa:b=2:1 andb:c=4:1 then find the value of (322—202J :

Solution : %z% s.a=2b %z% S b=4c
a=2b = 2x4c=8c s.a=8c

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

3 3
a4 _ (8C)4
32b%c* 32x 4% xc? xc?
B 8x8x8x8xc! ’
B 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 38

77287
(2) Find the following ratios.
(1) The ratio of radius to circumference of the circle.

o 9 45 L
35 O =535

(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.

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

(4) (i) [CABCD is a parallelogram. The ratio of ZAand £B 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.
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(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.

a ’ 2

(5 Ifa:b=3:1and b:c= 5:1 then find the value of (i) (151)20} (i) %
a
(67) 1f V0.04x0.4xa =0.4x0.04x/b then find the ratio ;.

(7 (x+3): X+11)=(xX—-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, ¢, 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
f eyl then ST This property is known as Invertendo
a
ernando : “=% then <=
1) Alt do: If b
d c

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
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(111) Componendo : If %= € then &30 _c*d
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 %:2 then a;)—b = C;d . This property is known as Componendo.
. a_ c a-b c—d
(1V) Dividendo : If P then b 4
a_c
b d
%—lz 2—1 ...(subtracting 1 from both sides)
a-b c—d
b d
a c a-b c—d . . .
If o d then b d This property is known as Dividendo
a c a+b c+d
(V) Componendo-Dividendo : If -"=- then —— =" a= b,c=d
a_c a+b c+d .
W7 P ...(using componendo) ....(1)
a;b - ";d .. (using dividendo) ....(2)
atb_c+d  from (1) and (2)
a-b c—d
a c a+b c+d . . .
If =g then b o_g - 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 c a—-mb c—md ) o )
Similarly if b 4 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)]
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Remember this !

a c b d +b c+d
If —=— then —=— (Invertendo) a_c¢c a — (Componendo)
b d 4 c If Pl then b p
a_c a _ b (Alternando) a_c a-b c-d (Dividendo)
If b d then c - d |f ? = 3 then B :T
b d
If % = % then th = th (Componendo-Dividendo)

Solved Examples :

Ex (1) If £ =2 then find the ratio 472 .
b 3 7b
Method | Method |1
Solution : If =2 then ﬁzé:k, a_s
b 3 5 3 b 3
...(using alternando) . s
. a=5k, b=3k 7 2l
a+7b=5k+7><3k a+7b  5+21 .
7b 7x3k o - T (using
componendo)
 5k+21k at1b 26
C 21k 7 21
_26k 26
21k 21
Ex. (2) If “=7  then find the ratio 242 .
b 4 b
Method | Method 11
.. a_1 a_T
%=% ...(using alternando) 5761= S I7
_ 35
Let %=%=m =4
Sa-b 35-4
coa=7m b=4m ab = y ...(using dividendo)
. Ba—b _ S(m)-4m 3a=b 3L
: b - 4m
_  35m-4m
- 4m
- 31
- 4
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Ex. (3) If %=% then find the value of the ratio 561145225 .
Solution : Method I : ) a_7
Leta=7m,b=3m . 1
ai2p  TM+2x3m =6 ...(multiplying both3|desby2)
" a-2b  7m-2x3m
8 - a+2b 746 (sing componendo
_ Im+6m a-2b 7-6 - 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
Sa_3 (using Alternando) Let -0 ¢
b 2 2
s Sa+3b oL
Now dividing each term of T by b. | . by substituting a = 3tand b = 2t,
Sa 3b S(Clj” Sa+3b _5(30)+3Q2) (1% 0)
b b __\D Ta-2b  7(3t)-2(21)
Ja 20 fa)_,
b b b 15t +61
(3) 21t -4t
5| =|+3
_\2) 2l
7(3j-z 171
2
)
15 3 17
I
2
1546
C21-4
21
17
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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
yi 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 )
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Solution :
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(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 gre the solutions of the given equation.

Ex (2) Solve. NX+7+vX-2 5
VX+7=4x=2 1
(NX+T+VX=2)+(NX+T7 -Vx-2) 5+1

(X7 %2 —(Jx1 T —vx=2) 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= 3 is the solution of the given equation
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/Activity : )
Take 5 pieces of card paper. Write the following statements, one on each paper.
a+b c+d
el .oa_b L. d _ac .. c _ c—a a _rc
) = T @) S=o i) = (V) S=o— W)=y
a, b, ¢, d are positive numbers and % = 2 is given. Which of the above statements are true
or false, write at the back of each card, if false explain why.

N J
Practice set 4.3

7
1 If 2= 3 then find the values of the following ratios.

b
Sa+3bh  2a*+3b° a-b _ Ta+9b
) 5,3 () 573 (i) =3 Q) "y

154> +4b* 47

2 If a7 then find the values of the following ratios.
L4 . Ta-3b b =24’ i b’ -24°
M (i) 5,38 (i) o 52 iv) s
3a+7b 4 3a* 70’
(3) If 3Z 3 then find the value of the ratio 3 2,2 .

(4) Solve the following equations.

X*+12x-20 x> +8x+12 10x* +15X+ 63 2x+3

() 35 %13 ) e osxr12 - x5
(i) 2x+1)’ +(2x-1* 17 (iv) Vax+1+4x+3 4
2x+1)*=2x-1)" 8 Jax+1-+/x+3 1
@x+D?+(2x+3)* _ 61 L Bx=4 —(x+1)’ _ 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= _____
5a° —2b* 4h 2a+b
N
az +b2 _ a 3 a
b? b~ 4 2= TTT7T
N J
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Let’s learn.
(’lheorem on equal ratios)
If £ =5 then a_arc_c This property is called the theorem of equal ratios.
b-d b brd d PPV au
Prrof : Let %z% =k . .. a= bk and c=dk
a+c_bk+dk_k(b+d)_k
b+d b+d b+d
ﬁ_ﬁ_ a—+c
b d b+d

al _cm _al+cm

Q = £ = —_——= — = —
Iy =a =k e = ™ b+ dm
a C e
If 5 d 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.

(i) a_b_4a+9% (i) X_y_z_S5x-3y+4z
3 07 . 35 4

. .,.a b 4a+9b 4a+9b 4a+9b
Solution : (i) = === - _
3 7 4x349x7 12463 75
(i)

Sxx —3xy 4xz
5x3  —3x5 4x4
Sx 3y 4z
15 15 16
_Sx—-3y+4z

T 15-15+16
_Sx—-3y+4z
16

2
5

d z
3 4

—-——(by the theorem of equal ratio)

20
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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
_2@+y+ﬂ
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 C
then prove that 7

Ex (3) If b+c—a:c+a—b:a+b—c x_x+y_y+z'

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

Now let =k.

y z x
.. by theorem of equal ratios

k:(c+a—lﬂ+(a+b—c)

= (a+b-c)+(b+c—a) i = (b+c—a)+(c+a->b)
zZ+Xx xX+y - y+z

2a 2b 2c
zZ+x x+y y+z

a b c

zZ+Xx XxX+y y+z

14x* —6x+8 7x-3

102 +4x+7  5x+2

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.

Ex (4) Solve :

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

2
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14x* —6X+8

TXx-3 =3
10x% +4x+7 —

5x+2 2

If X =0 then

8 3
7 = BY Which is a contradiction.

8
7 and

. 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
D 10X +4k+7  10x7 +4x
14x* —6x+8—14x" +6x 8

“10x +4x+7-10x —4x 7

=3
7
Tx-3 §

S5x+2 7
49x-21=40x+16

49x-40x=16+21

9x =37 S.ox=—

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 (i) 37477 6-8+14

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

2 2

om+ ) 3m+4n
() 7,2 (i) 3,,_an

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

(iv) If 2X2_ZXX_ X%V then show that ——=—>—=———
a b c b+c—a c+a-b a+b-c
3x-5y x+5z y-z . X

(v) If = = then show that every ratio = " .

5z+3y y-5x x-z

6x> —20x+9 4x-5 5y +40y-12  y+8
x> +12x+21  2x+3 () 5,0y —4 142y

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 % =
if ac=Db?,thena, b, c arein continued proportio;.
When a, b, ¢ are in continued proportion then b is known as Geometric mean
of a and 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

a c d e . . . .
— —=—=— 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
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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*
= T —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—Xx) = 7-(-18) = 25
Jo 144-24 X + X% = 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 _Ta- 2c
5h—-3d Th-2d

C
Ex (1) If %: 7 then show tha t

C
Solution : Let %:; =k ..a=bk c=dk

Substituting values of a and ¢ in both sides,
_ Sa-3c _5(bk)—3(dk) _ k(5b-3d) _,
5h—3d 5h—3d (5b-3d)
RHS = 7a=2c _7(bk)-2(dk) _k(7b-2d) _,
7b—-2d 7b—-2d 7b-2d
. LHS = RHS.

LHS

. da-3c Ta-2c
"5h—3d Th—-2d
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) . . (a+b)Y (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 | EX (4) Five numbers are in continued
proportion. The first term is 5 and the last

a a’+ab+b? . )
then show that T Y aheid term is 80. Find these numbers.

Solution : Let the numbers in continued

Solution : a, b, ¢ are in continued proportion ]
Prop proportion be a, ak, ak?, ak®, ak®.

a_b
b Here a =5 and ak* =80
. 4
Let,%:é:k b =ck and a =ck? - 5xlké=80
C
o kA =16
LHs = 2Ky
T ¢ ¢ k=2 o24=16
RHS = & tab+b ak=5x2=10 ak? =5 x 4 =20
b* +bc+c?
=(k2c)2+kzc(ck)+(ck)2 ak3:5><8=40 ak4:5><16:80
(ck)’ +(ck)(c)+ ¢’ .". the numbers are 5, 10, 20, 40, 80.

B K+ + kP
PR+ k+Cl
kR +k+))
AUk +k+))
e

LHS =RHS

a _a*+ab+b’
¢ b*+bc+c?
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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 vaue 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) (@a+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 text book. Study the

scale of this map.

From the given scale find the straight line distances between various cities like

(1) New Delhi to Bengaluru (i1) Mumbai to Kolkata, (ii1) Jaipur to Bhuvaneshvar.
. J

OO Problem Set4 SOOI

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

(1) 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

7
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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 (C) 10 (D) 12

For the following numbers write the ratio of first number to second number in the reduced
form.

(1) 21, 48 (i1) 36, 90 (iii) 65, 117 (iv) 138, 161 (v) 114, 133
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.
Check whether the following numbers are in continued proportion.
(i) 2,4,8 (ii)1,2,3 (iii)9,12,16 (iv)3,5,8
a, b, c are in continued proportion. If a = 3 and ¢ = 27 then find b.

Convert the following ratios into percentages..

: .\ 5 . 22 .5 144
(i) 37:500 (i) 3 (iii) 30 (iv) 6 (v) 1200
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
If % :% then find the values of the following expressions.
. 4a+3b .. S5a’+2b°
Y W) 572
i B D ~_Tb—4a
(ii) . he (iv) 7b+4a

If a, b, ¢, d are in proportion, then prove that

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

b*+bd b

d+ab+b* F+ced+d?
(i) — =

a*—ab+b* F—cd+d’
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(10) Ifa, b, ¢ are in continued proportion, then prove that

a a-2b
a+2b a-4c

a—>b

. .. b

| i =

(i) (ii) P ~

(11) Solve : 12x% +18x+42  2X+3
18X> +12X+58 3x+2

2x-3y z-y x+3z

12) If then prove that every ratio = = .
(12) 3z+y z-x 2y-3x P y y
. by+cz cz+ax ax+by x_Y_z
(13" If I AR S R s then prove that -~ = 5= -

Q@
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Linear Equations in Two Variables

Let’s study.

® Introduction
Linear equation in two variables e Solving simultaneous equations
e Simultaneous equations e 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..
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Convensionally, 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-0CJ=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 | : (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 two linear equations in two variables simultaneously and we get unique
common solution, then such set of equations is known as Simultaneous equations.
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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.
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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 ... Il

2x+0 = 16 Substituting X =8 in the equation (I)
2x = 16 X+y=14
< - 8 S8 +y=14
L.y =6

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

X-y=8-6 =2 istrue.
.. (8,6) is the solution for both the equations.

Hence (8, 6) is the solution of simultaneous equations X +y =14 and x -y = 2.

Ex (2) Sum of the ages of mother and son is 45 years. If son's age is subtracted from twice of
mother's age then we get answer 54. Find the ages of mother and son.
It becomes easy to solve a problem if we make use of variables.
Solution : Let the mother's today's age be x years and son's today's age be y years.
From the first condition X+Yy =45 ......... |
From the second condition 2x-y =54 ......... I

Adding equations (1) and (1) 3x+0 = 99
3x = 99
X = 33
Substituting X = 33 in equation (), 33+y = 45
y = 45-33
y = 12

Verify that X=33 andy =12 is the solution of second equation.

Today's age of mother = 33 and today's age of son = 12.
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CGeneral form of linear equation in two variables )

The general form of a linear equation in two variables is ax + by + c= 0 where a, b, ¢

are real numbers and a and b are non-zero at the same time.

In this equation the index of both the variables is 1. Hence it is a linear equation.

Ex (1) Solve the following equations

2x+3y=1..... (1

Solution : To eliminate one of the variables,
we observe that in both equations, not a sin-
gle coefficient is equal or opposite number.
Hence we will make one of them equal.

Multiply both sides of the equation (I) by 3.

3XX3+3Xy= 5x3

9x+3y = 15 .. (rnr
2x+3y =1 ... )
Now subtracting eqn (I1) from eqgn (111)
9x +3y = 15
+2X+3y =1
7x = 14
X = 2
Substituting X = 2 in one of the equations.
2Xx +3y =1
So2x2+43y =1
T 4+3y =1
3y =-3
y = -1

Verify that (2, —1) satisfies the second equation.

Ex (2) Solve the following simultaneous

equations.
3X—4y-15=0 ... 0
y+X+2=0....... (1
Solution : Let us write the equations by

shifting constant terms to RHS

XtY==2 i (1
To eliminate y, multiply second equation by

4 and add to equation (1).

3X-4y = 15
+ AX+4y = -8
X =7

X =1

Substituting X = 1 in the equation (I1).

Xty = -2
Sl+y = =2

Ty = -2-1

Yy = -3

(1, =3) is the solution of the above equations.

Verify that it satisfies equation (I) also.

3x =4y -15=0andy + X + 2 = 0. Can these equations
be solved by eliminating x ? Is the solution same ?

Use your brain power!
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Let’s learn.

(Substitution method of solving simultaneous equations)

There is one more method to eliminate a variable. We can express one variable in terms of
other from one of the equations. Then substituting it in the other equation we can eliminate the
variable. Let us discuss this method from following examples.

Ex (1) Solve 8x+3y=11 ; 3x-y=2 Ex (2) Solve. 3x—4y=16 ; 2x -3y = 10
Solution : 8X + 3y = 1. () Solution : 3x-4y=16..........(1)
2x -3y =10............. (1
X =Y =2 (1) . . .
Writing x in terms of y from equation (1).
In Equation (I1), it is easy to 3X—4y=16
express y in terms of x. 3x = 16 + 4y
3X-y=2 _l6+4y
-3
3X-2=Yy L : :
Substituting this value of x in equation (1)
Substituting y = 3x —2 in equation (). 2x—3y =10
8x+3y=11
y 2(16+4yj_3y:10
8X+3(3x-2)=11
32+8
L 8X+9x-6=11 L-3y=10
So17x-6=11 32+8y—9y:10
L 17x=11+6=17 3
32 +8y -9y =30

Sox=1
32-y =30 ..y=2
Now, substituting this value of x in the L . .

Now, substituting y = 2 in equation (1)

equation'y = 3X — 2. 3x —dy =16
y=3x1-2 o 3X—4%2 =16
Sy=1 3x -8 =16

3x =16+8

.. (1, 1) is the solution of

the given equations 3X =24

X =8
X =8andy=2
(8, 2) is the solution of the given
equations.
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Practice set 5.1

(1) By using variables x and y form any five linear equations in two variables.
(2) Write five solutions of the equation X +y = 7.
(3) Solve the following sets of simultaneous equations.
(i) x+y=4;2x-5y=1 (i) 2x+y=5;3x-y=5
(iif) 3x —5y=16; x-3y=8 (iv) 2y —x=0; 10x + 15y = 105
(V) 2x+3y+4=0;x-5y=11 (Vi) 2X—=T7y=T7;3x+y=22

Let’s learn.

CWord problems based on simultaneous equations)

While solving word problems, converting the given information into mathematical form
is an important step in this process. In the following flow-chart, the procedure for finding
solutions of word problems is given.

Steps

Read the given word problem
carefully and try to
understand it.

J

From given inf_ormation,
use proper variables for
glven quantities

)

Form the mathematical state-
ments from above variables

Use suitable method
to solve the equations

vV

Find the solution

\

Substituting the values of the
variables in both the equations,
verify your result.

\

Write the answer.

Example

Sum of two numbers is 36. If 9 is
subtracted from 8 times the first number,
we get second number. Find the numbers.

\

Let first number = X
and second number =y

)

Sum of the numbers 36 ..X +Yy =36
8 times first number = 8X

8 times first number —9 = 8X—9

.. Second number =y = 8X -9

J

X+y =36 X+y =36
+8x-y=9 | 5+y=36
. Ox =45 | .. y=36-5
X =5 | y =31
x=5 y=31

J

31+5=36..... 0
31=8%5-0 .. (I

.". the numbers are 5 and 31.
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(Word Problems)

Now we will see various types of word problems.
(1) Problems regarding age.

(2) Problems regarding numbers.
(3) Problems based on fractions.
(4) Problems based on money transactions.
(5) Problems based on geometrical properties
(6) Problems based on speed, distance, time.
Ex (1) Sum of two numbers is 103. If greater number is divided by smaller number then the
quotient is 2 and the remainder is 19. Then find the numbers.
Solution : Step 1 : To understand the given problem.
Step 2 : Use proper variables for given quantities. Also note the rule
dividend = divisor X quotient + remainder.
Let the greater number be x and the smaller number be y
Step 3 : Given information : Sum of the numbers = 103
X +Yy =103 is the first equation.

By dividing greater number by smaller numbers quotient is 2
and remainder is 19.
X=2xYy +19 ..(dividend = divisor X quotient + remainder)
X —2y =19 is the second equation.

Step4 : Letus find the solution of the equations.

X+y =103 e 0]
X=-2y =19 e ))
Subtracting egn. (1) from eqgn. (1)
X+y = 103
X-2y =19
— + —
0+3y = 84
Sy =28
Step5 : Substituting value of y in equation X +y = 103.
X+28 = 103
X = 103-28
X = 75

Step 6 : Given numbers are 75 and 28.
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Ex (2) Salil's age is 23 years more than half of the Sangram's age. Five years ago, the sum of
their ages was 55 years. Find their present ages.
Solution : Let Salil's present age be x and Sangram's present age be y .

xz% +|:|

Five years ago Salil's age = x — 5. Five years ago Sangram'sage =y — 5

Salil's age is 23 years more than half of the Sangram's age ..

The sum of their ages five years ago = 55

[ 1+ 1=55

Finding the solution by solving equations
2X =Yy + 46 2X—=Yy =46 ............. )
(x—5) + (y-5) =55
X+y=65 L. )

Adding equation (I) and (I1) Substituting X = 37 in equation (I1)

2X—y =46 i X+y = 65

T X+y =65 | o 37+y = 65
3x =111 i .y = 65-37
X =37 i Ly =28

Salil's present age is 37 years and Sangram's present age is 28 years.

Ex (3) A two digit number is 4 times the sum of its digits. If we interchange the digits, the
number obtained is 9 less than 4 times the original number. Then find the number.

Solution : Let the units place digit in original number be x, and tens place bey.

Digit in Digit in Number Sum of
tens place | units place the digits
For original number y X 10y + X y +X
Number obtained by X+Yy
interchanging the digits X y 10x +y
From first condition, 10y +X =4 (Y + X)

S0y + X =4y + 4X

SoX=4X+10y-4y =0

So=3Xx+6y=0 .. -3Xx=-6y X=2y ... ()
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From second condition, 10x+y = 2(10y+x)-9
10x+y = 20y +2x-9
10x-2x+y-20y = -9
8-19y = -9 L ()
X = 2y Q)

Substituting X = 2y in equation (I1).

16y-19y = -9 M
=3y = -9
y =3
Substituting y = 3 in equation (I).. X-2y = 0
X-2x3 =0 X-6=0 X=6
Original two digit number : 10y+x =10x3+6
= 36

Ex (4) The population of a certain town was 50,000. In a year, male population was increased
by 5% and female population was increased by 3%. Now the population became
52020. Then what was the number of males and females in the previous year?

Solution : Let the number of males in previous year be x, number of females be y

By first condition L]+ [1=50000 .......(I)

Male population increased by 5% .. number of males = % X
Female population increased by 3% .. number of females = % y.
From second condition % X + % y = 52020

[Ix+[Jy = 5202000 .. (1N
Multiplying equation (1) by 103

[Ix+[Jy = 5150000 ... (111

Subtracting equation (111) from equation (11) .
2X =5202000 — 5150000
2x =52000

". number of males=x=0L_ .. number of females=y =[_1
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4 Activity | : There are instructions written near the arrows in the following diagram. From\

this information form suitable equations and write in the boxes indicated by arrows. Select
any two equations from these boxes and find their solutions. Also verify the solutions.
By taking one pair of equations at a time, how many pairs can be formed ? Discuss the
solutions for these pairs.

Sum of my length

If the breadth is and breadth is 36
subtracted from

twice the length, the
answer is 27.

| am a rectangle. My
< length is x units and .
breadth is y units I\S/Iy breadth is

~ times of the
The difference lbngth
between my length
and breadth is 6 units
. J

Practice set 5.2

(1) Inan envelope there are some 5 rupee notes and some 10 rupee notes. Total amount of
these notes together is 350 rupees. Number of 5 rupee notes are less by 10 than number
of 10 rupee notes. Then find the number of 5 rupee and 10 rupee notes.

(2) The denominator of a fraction is 1 more than twice its numerator. If 1 is added to
numerator and denominator respectively, the ratio of numerator to denominator is 1 : 2.
Find the fraction.

(3) The sum of ages of Priyanka and Deepika is 34 years. Priyanka is elder to Deepika by 6
years. Then find their today's ages.

(4) The total number of lions and peacocks in a certain zoo is 50. The total number of their
legs 1s140. Then find the number of lions and peacocks in the zoo.

(5) Sanjay gets fixed monthly income. Every year there is a certain increment in his salary.
After 4 years, his monthly salary was Rs. 4500 and after 10 years his monthly salary
became 5400 rupees, then find his original salary and yearly increment.

(6) The price of 3 chairs and 2 tables is 4500 rupees and price of 5 chairs and 3 tables is
7000 rupees, then find the price of 2 chairs and 2 tables.
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(7) The sum of the digits in a two-digits number is 9. The number obtained by interchanging
the digits exceeds the original number by 27. Find the two-digit number.

(8" In A ABC, the measure of angle A is equal to the sum of the measures of £ B and
Z C. Also the ratio of measures of /£ B and £ C is 4 : 5. Then find the measures of
angles of the triangle.

(9" Divide a rope of length 560 cm into 2 parts such that twice the length of the smaller part

1
is equal to 3 of the larger part. Then find the length of the larger part.

(10) In a competitive examination, there were 60 questions. The correct answer would carry
2 marks, and for incorrect answer 1 mark would be subtracted. Yashwant had attempted
all the questions and he got total 90 marks. Then how many questions he got wrong ?

KOOSO Problem Set5 SOOI OO

(1) Choose the correct alternative answers for the following questions.
(1) If3x+5y=9and5x +3y=7 then What is the value of X +Vy ?
(A) 2 (B) 16 ©9 (D) 7
(i)  'When 5 is subtracted from length and breadth of the rectangle, the perimeter
becomes 26." What is the mathematical form of the statement ?
(A)x-y=8 (B)x+y=8 (C)x+y=23 (D)2x+y=21
(iii) Ajay is younger than Vijay by 5 years. Sum of their ages is 25 years. What is

Ajay's age ?
(A) 20 (B) 15 (C) 10 (D) 5
(2) Solve the following simultaneous equations.
(i)2x+y=5; 3x-y=5 (i) Xx-2y=-1; 2x-y=7
(i) x+y=11; 2x-3y=7 (iv)2x+y=-2; 3x-y=7
(V) 2x—-y=5; 3x+2y=11 (vi)x—=2y=-2; x+2y=10

(3) By equating coefficients of variables, solve the following equations.
(1) 3x —4y=7; 5x +2y=3 (if) 5x + 7y=17; 3x —2y=4
(ili) x — 2y=-10; 3x—-5y=-12  (iv)4x+y=34; X +4y=16

(4) Solve the following simultaneous equations.

X y Xy X Y
N Z4Zo4. Z_L iy —+5y=13; 2x+==19
(i) 3t © 57 (i) 3 y 5
2 3 5 4
(i) —+—-=13; ———=-2
X y Xy
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(5" A two digit number is 3 more than 4 times the sum of its digits. If 18 is added to this

(6)

number, the sum is equal to the number obtained by interchanging the digits. Find the
number.

The total cost of 6 books and 7 pens is 79 rupees and the total cost of 7 books and 5 pens
IS 77 rupeess. Find the cost of 1 book and 2 pens.

(7") The ratio of incomes of two persons is 9 : 7. The ratio of their expenses is 4 : 3. Every

(&)

person saves rupees 200, find the income of each.

If the length of a rectangle is reduced by 5 units and its breadth is increased by 3 units,
then the area of the rectangle is reduced by 8 square units. If length is reduced by 3 units
and breadth is increased by 2 units, then the area of rectangle will increase by 67 square
units. Then find the length and breadth of the rectangle.

(9" The distance between two places A and B on road is 70 kilometers. A car starts from A

and the other from B. If they travel in the same direction, they will meet after 7 hours. If
they travel towards each other they will meet after 1 hour, then find their speeds.

(10") The sum of a two digit number and the number obtained by interchanging its digits

is 99. Find the number.

/Activity : Find the fraction. )

| Numerator x |

| Denominatory |

l

N

N

If numerator is multiplied by 3 and If numerator is increased by 8 and
3 is subtracted from the denomina- denominator is doubled then the
tor then the fraction obtained is % resulting fraction is %
l Equation I l Equation II
11IX-6y+18=0 X-y+8=0

Verify the answer obtained.

". Given fracti —El
. Given fraction ==

N
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Financial Planning

. Let’s study.
e Introduction to

financial planning ® Savings and Investments
® Tax structure e Computation of Income -tax

Let’s discuss.

Anagha : Shall we buy computer ?

Mother : OKk, let's buy it next year.

Anagha : Mamma, why not now ?

Mother : Anagha, you don't know how expensive it is !
Anagha : You mean we will have to save up for it, right ?
Mother : Yes, thats the thing.

We often hear such conversations.

Everyone requires money to meet a variety of needs. That is why after spending on the
necessities of the present, everyone tries to save money to make provisions for the future
needs. That 1s what we call 'Saving' money. In order to protect our savings or even to make
them grow, we keep them as fixed deposits or buy immovable properties such as a house, land
etc. That is what we call 'investment'.

Every investor, first spends the amount required to meet primary necessities and saves the
remaining amount. One also uses these savings to make a carefully considered investments.

This is called financial planning. The main purpose of financial planning is protection and
growth of the wealth.

Financial planning is useful for making provisions for the predictable and unpredictable
expenses that each of us has to meet in our life.

Predictable expenses Unpredictable expenses
(1) Education of children and other expenses | (1) Natural disasters
for them
(2) Capital for a profession or business (2) Medical expenses for a family member.
(3) Buying a vehicle (3) Loss due to an accident
(4) Buying or building a house. (4) Sudden death
(5) Old age requirements.

The above considerations make it quite clear why financial planning is a must. However some
important points must be kept in mind as we plan our finances.
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Let’s learn.

(1) TItis for our own benefit to keep our savings safe and to make them grow. Our savings
remain safe in a bank or in a post office. Money saved in a bank is also useful for cashminus

transactions. This way, we do not have to carry large amounts of cash or worry about losing it
or getting it stolen.

(2) If the money we get or earn is in the form of cash and we keep it as it is, without
investing it, its value diminishes with time. For example, if today your can buy two pencils
for ten rupees, a few years hence, you may be able to buy only one for that amount.

(3) If the amount invested is used for expanding a business, to start an industry or other
such purposes, it contributes to the growth of the national production.

(4) If some part of the income is spent for a socially useful cause everyone benefits from
it in the long run.

(5) After spending on necessities it is beneficial to limit spending on luxuries and to
save, instead for education, medical treatment etc..

Let’s discuss.

4,
%
%, %
%, %,
Dy
oA/SS
e
Shares
%
>
v \nsurance
ey
Qe ‘9/77 .
00(//7{/ Sa\lmgs
o
postal Life A 88
PLI) SRR 325
Insurance ( ENES e o S 3
B @ T o3
? o 9% e
o % &2
pPF 2 . %0 ” SaVing
s Op, R oo Nationy, accoun;
< s O alize
63\?) N 0 Ce o bank depOSits
ot

Savings & Investments

Observe the above picture, which shows some modes of investment. Discuss them. Find
out other modes of investment and write them in the blank spaces in the picture.
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Let’s learn.

Investments

Investments are of many types. Investors often favour institutions like banks and postal
departments for investing their money because it is safe there. There is a certain risk in
investing money in shares, mutual funds, etc. That is because this money is invested in a
business or industry and if that incurs a loss, the investor suffers the loss too. On the other

hand, if it makes a profit the money is safe and there is the opportunity to get a dividend too.
An investor must take two important points into account when making an investment
namely the risk and the gain. It is possible to make big gains by taking greater risk. However
it must be kept in mind that the greater risk can also lead to greater loss.
Study the following examples based on income and investment.

Ex(1) Shamrao's income in 2015-16 after paying all taxes is Rs. 6,40,000 . He pays Rs. 2000
per month for insurance and 20% of his annual income into his provident fund. He
puts aside Rs. 500 per month for emergencies. How much money does he have for
yearly spending ?

Solution : (i) Annual income =6,40,000 rupees
(i) Insurance premium = 2000 x 12 = 24,000 rupeg(s)

(iii) Contribution to provident fund = 6,40,000 X 00 " 1,28,000 rupees
(iv) Amount put aside for emergency = 500 x 12 = 6000 rupees
.". Total planned expenditure = 24,000 + 1,28,000 + 6,000 = 1,58,000 rupees

.". Amount available for yearly expenses = 6,40,000 — 1,58,000 = 4,82,000 rupees

Ex(2) Mr. Shah invested Rs. 3,20,000 in a bank at 10% compound interest . He also invested
Rs. 2,40,000 in mutual funds. At market rates he got Rs. 3,05,000 after 2 years. How
much did he gain ? Which of his investments was more profitable ?

Solution : (i) We shall first calculate the compound interest on the money invested in the bank.

Compound interest = Amount - Principal
Thatis, I =A-P

r n

=p|l+—| - P

P( +100j

}/' n

= I+— | -1
=P K +100j }
= (1+£j2—1
= 3,20,000 100
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=3,20,000 | (1.1)" 1]
=3,20,000 [1.21-1]
=3,20,000 x 0.21

=67,200 rupees
Mr. Shah invested Rs. 3,20,000 in the bank and got Rs. 67,200 as interest.
Let us see percentage of interest obtained on the investment.

100x 67200 _

Percentage of interest = 3.20.000 =21

.". The investment in the bank gave a profit of 21%.

(i) The amount Mr. Shah got at the end of 2 years from the mutual fund = 3,05,000 rupees
.. The gain from the mutual fund = 3,05,000 — 2,40,000 = 65,000 rupees

.". Percentage gain = 65000x100 =27.08
2,40,000
The investment in the mutual fund yielded a profit of 27.08% .

It is clear that Mr. Shah's investment in the mutual fund was more profitable.

Ex(3) Mr. Shaikh invested Rs. 4,00,000 in a glass industry. After 2 years he received
Rs. 5,20,000 from the industry. Putting aside the original investment, he invested his
gains in a fixed deposit and in shares in the ratio 3 : 2. How much amount did he
invested originally in each of the schemes ?

Solution : Mr. Shaikh's profit at the end of 2 years = 5,20,000 — 4,00,000 = 1,20,000 rupees

Amount invested in the fixed deposit = % x 1,20,000

=3 % 24,000
= 72,000 rupees

Amount invested in shares = =x 1,20,000

N b

X 24,000

= 48,000 rupees
Mr. Shaikh invested 72000 rupees in the fixed deposit and 48,000 rupees in shares.

EX(4) The ratio of Mr. Anil's monthly income to expenditure is 5 : 4,. For Mr. Aman the same
figure is 3 : 2. Also, 4% of Aman's monthly income is equal to 7% of Anil's monthly
income. If Anil's monthly expenditure is 96,000 rupees

(i) Find Aman's annual income. (ii) Savings made by Mr. Anil and Mr. Aman.
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Solution: We know that savings = Income — Expenditure

Anil's income to expenditrue 5 : 4 Aman's income to expenditrue 3 : 2
Suppose Anil's income is 5X. Suppose Aman's income is 3y.
Anil's expenditure is 4X Aman's expenditure is 2y

Anil's monthly income is 9600 rupees,
.. 5X=9600
X =1920

Monthly expenditure = 4x = 4 x 1920 = 7680 rupees.

Anil's monthly expenditure is 7680 rupees. .". Anil's saving is 1920 rupees.
4% of Aman's income = 7% of Anil's income

.4 _ 7

. 12y = 9600 X 7

96007
y 12

= 5600

Aman's income =3y =3 X 5600 = 16,800 rupees

Aman's expenditue =2y = 2 x 5600 = 11,200 rupees

.. Aman's savings = 16,800 — 11,200 = 5,600 rupees

Aman's monthly income is Rs. 16,800 and Aman's saving is Rs. 5,600

Anil's monthly saving is 1,920 rupees.

4 . . i

Activity | : Amita invested some part of 35000 rupees at 4% and the rest at 5% interest for A
one year. Altogether her gain was Rs. 1530. Find out the amounts she had invested at the
two different rates. Write your answer in words.

| Invested Rs.xat4%vrate | | Invested Rs.yat5% rate |
L I:|+|:|: 35000 1 (l)

Interest\L
4 5

— X+ —y=

00~ T oo Y = 1230] ..... )

N
J 1
\_ X = |:| y= I:l
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Activity: (1) With your parent’s help write down the income and expenditure of your family for

one week. Make 7 columns for the seven days of the week. Write all expenditure
under such heads as provisions, education, medical expenses, travel, clothes and
miscellaneous. On the credit side write the amount received for daily expenses,
previous balance and any other new income.

(2) In the holidays, write the accounts for the whole month.

(A

Sohil  : Farmers get money only when they sell their produces. This profit must be sufficient

Prakash : His income will increase if agricultural products gets a reasonable price.
Nargis : Alaw of economics states that if the supply of a commodity far exceeds its demand

Rita . If the farm production is in excess and if there is a fear of fall in prices, it can be

Azam : For that, we need good warehouses.
Reshma : Credit should be easily available to farmers at low rates of interest.
Vatsala : Other farm based businesses like dairy and poultry can provide additional income.

Kunal : If then start agro-processing units and make preserves like squashes, jams, pickles,

ctivity Il : Study the Income Expenditure of Govind on page no.52 Discuss the methods)

a farmer may use who does dry land farming to enhance his income. Some stu-
dents have expressed their opinions.

to sustain for the whole year. So, financial planning is very important for him.

then its price falls. Naturally profits will also be reduced.

stocked and sent to the market only when prices recover again.

Besides, dung and urine obtained from farm animals, can also provide good quality
manure.

pulps or dried vegetables they could sell these packed products all the year round.
They could even start producing more of those tins which can be exported. y

-
Practice set 6.1

1. Alka spends 90% of the money that she receives every month, and saves Rs. 120. How
much money does she get monthly ?

2. Sumit borrowed a capital of Rs. 50,000 to start his food products business. In the first year
he suffered a loss of 20%. He invested the remaining capital in a new sweets business and
made a profit of 5%. How much was his profit or loss computed on his original capital ?

3. Nikhil spent 5% of his monthly income on his children's education, invested 14% in
shares, deposited 3% in a bank and used 40% for his daily expenses. He was left with a
balance of Rs. 19,000. What was his income that month ?.

4. Mr. Sayyad kept Rs. 40,000 in a bank at 8% compound interest for 2 years. Mr. Fernandes
invested Rs. 1,20,000 in a mutual fund for 2 years. After 2 years, Mr. Fernandes got
Rs. 1,92,000. Whose investment turned out to be more profitable ?

5. Sameera spent 90% of her income and donated 3% for socially useful causes. If she left

with Rs. 1750 at the end of the month, what was her actual income ?
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Let’s discuss.

My father is a
farmer. He does not
have to pay income
tax on agricultural
income

Whose
parents pay
taxes 7

My father is a
doctor. He pays
income tax and
professional tax

Our electricity
bill includes a
service tax

y mother is
a teacher she
pays income
tax

What is a tax ? Which are different types of taxes ? Find out more information on
following websites

ICT Tools or Links | Www.incometaxindia.gov.in, www.mahavat.gov.in, www.gst.gov.in

Let’s learn.

(Levying of taxes or Taxation)

The government makes many plans for the development of the country. It requires large
amounts of money for implementing these schemes. By charging different types of taxes the
funds are generated for implementation of these schemes.

Utility of taxes

* Provision of infrastructure / basic amenities.

* Implementing various welfare schemes.

* Implementing schemes of development and research in various fields.
Maintaining law and order.
Giving aid to people affected by natural disasters.
Defence of the country and its citizens etc.

Types of taxes

Direct taxes Indirect taxes
Taxes which are paid directly by the Taxes which are not paid directly by the
taxpayer are called direct taxes. taxpayer are called indirect taxes.
Examples : Income tax, wealth tax, Examples : Central sales tax, value
profession, customs duty, etc. added tax, service tax, excise duty, etc.

The types of taxes listed above are in accordance with the existing tax structure.
Project : Obtain more information about different types of taxes from employees and

professionals who pay taxes.
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Let’s learn.

Income tax

If the income earned in India by an individual, institute or authorised industry exceeds
the limit specified under the Income Tax Act, income tax is levied on it. In this chapter, we
shall consider only those taxes which are to be paid by individuals. Income tax is levied by the

central Government in India, income tax is levied under following two acts.

(1) Income Tax Act 1961 which came into force on. 01.04.1962.

(2) The act passed every year by parliament which makes financial provisions.

Every year sometime in February the finance Minister presents the budget for the next
financial year. It has proposals for the income tax rates. Once parliament passes the budget the
proposed rates become applicable in the following year.

Income tax rates are fixed every year in the budget.

Some Income tax related terms :

* An assessee : Any person liable to pay income tax according to the Income Tax
Rules is termed an assessee.

* Financial year : The period of one year during which the taxable income has been
earned is called a financial year. In our country, at present, the financial year is from
1t April to 31 March.

e Assessment year : The financial year immediately following a particular financial
year is called the assessment year. The tax payable for the previous financial year is
calculated during the current year. i.e. the assessment year.

Financial year and Assessment year will be clear from the table below.

Financial Year Assessment Year
2016-17 : 01-04-2016 to 31-03-2017 2017-18
2017-18 : 01-04-2017 to 31-03-2018 2018-19

e Permanent Account Number (PAN) : On applying for it, every tax-payer gets
a unique ten digit alphanumeric number from the Income Tax Department. (PAN). We are
required to mention this number in many important documents and financial transactions.
Use of the PAN : It is binding to write our PAN
on the challan used for paying our income tax to the
IT Department or our Income Tax Returns and other
official correspondence. PAN card can also be used as

a proof of identity.
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Let’s learn.

(Computation of income tax )
As income tax is a tax levied on income, it is necessary to know about the different
sources of income.

There are five main heads of income.

(1) Income from salary. (2) Income from house/property.

(3) Income from business or profession (4) Income from Capital gain

(5) Income from other sources.

Important considerations for computing the income tax payable by a salaried employee :

The total annual income (Gross Total Income) is taken into account for calculating the

tax payable. According to the sections 80C, 80D, 80G etc. of the Income Tax Act some
deductions can be availed from the total annual income. The amount remaining after these
deductions are made, is called taxable income. Income tax is levied on this taxable income.

Every year, the rules for computing income tax are changed. Hence, it is important to

know the latest rules when actually calculating the tax payable.

No tax is levied up to a certain limit of taxable income. This is called the basic exemption

limit.

* Farmer’s income from agricultural produce is exempt from taxation.

* Under section 80 G of IT Act donations to the Prime Minister's relief fund, Chief
Minister's Relief Fund and certain other donations recognized to institutions/
organizations are exempt from taxation.

* Under section 80 D, installments of premium for health insurance are exempt from
taxation.

* Generally, the maximum premissible deduction to various kinds of savings under

section 80C is Rs. 1,50,000.

General Provident Fund Sukanya Samruddhi Scheme
(GPF) for girls ¥ 1.5 lakh

Mutual fund Investment in the Post

Department for 5 years

Deductions
from annual
income according
to various
rules.

Housing Loan

National Savings Certif-
(Principal)

icate Scheme (NSC)

Public Provident

Fund(p.P.F) Life insurance policy

(LIP)

Tuition fees
(for 2 children)

Health Insurance

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Tax rates according to age of taxpayers are fixed in each year's budget. Samples of tables
showing tax rates for different income slabs are given below.

Table |

Individuals (up to the age of 60 years)
. Secondary and
Taxal()llﬁ IFgllj:og;g)slabs Income Tax Edlégzglon Higher Educa-
P tion cess
Up to 2,50,000 Nil Nil Nil
oY% 2% of 1% of Income
2,50,001 to 5,00,000 | (On taxable income minus two lakh I ° °
ncome tax tax
fifty thousand)
T 12,500 + 20% 2% of 1% of Income
5,00,001 to 10,00,000 o .
(On taxable income minus five lakh) | Income tax tax
T 1,12,500 + 30% 2% of 1% of Income
More than 10,00,000 o ;
(On taxable income minus ten lakh) | Income tax tax
(Surcharge equal to 10% of income tax payable by individuals having an annual income
of 50 lakh to one crore rupees and 15% of income tax by individuals having an annual
Income greater that one crore rupees)

Activity : Use Table | given above and write the appropriate amount/figure in the boxes for
the example given below.

Ex. Mr. Mehta's annual income is Rs. 4,50,000

e |f he does not have any savings by which he can claim deductions from his income, to
which slab does his taxable income belong ?[ |

e What is the amount on which he will have to pay income tax and at what percent rate ?

on% [ ] percentage [ ]
e On what amount will the cess be levied ? |:|

Table 11
Senior citizens (Age 60 to 80 years)
Taxable Income slabs Income Tax Education | Secondary and
(In Rupees) cess Higher Educa-
tion cess

Upto 3,00,000 Nil Nil Nil
3,00,001 to 5,00,000 5% 2% of 1% of Income

(On taxable income minus three lakh) [ Income tax tax
5,00,001 to 10,00,000 T 10,000 + 20% 2% of 1% of Income

(On taxable income minus five lakh) | Income tax tax
More than 10,00,000 ¥ 1,10,000 + 30% 2% of 1% of Income

(On taxable income minus ten lakh) | Income tax tax

(Surcharge equal to 10% of income tax payable by individuals having an annual income of
50 lakh to one crore rupees and 15% of income tax by individuals having an annual in-
come greater that one crore rupees)
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Activity : Use table Il to carry out the following activity

Ex. Mr. Pandit is 75 years of age. Last year his annual income was 13,25,000 rupees. How
much is his taxable income ? How much tax does he have to pay ?

13,25,000 - 10,00,000 = 3,25,000
According to the table he must first pay Rs. 1,10,000 as income tax. In addition, on

3,25,000 rupees he has to pay 30% income tax.

30
3,25,000 X — |:|rupees.

100 ~

Therefore, his total income tax amounts to | |+ | |=| |

2
Besides this, education cess willl be 2% of incometax [ | x T00= [ 1

1
A secondary and higher education cess at 1% of income tax = | x T00= [ ]

.. Total income tax = Income tax + education cess + secondary and higher education cess.

=1 |+ |+ |
= [ 2,13,725
Table 111
Super senior citizens (Age above 80 years)
Taxable Income slabs Income Tax Education | Secondary and
(In Rupees) cess Higher Educa-
tion cess
Upto 5,00,000 Nil Nil Nil
20% 2% of 1% of Income
5,00,001 t0 10,00,000 (On taxable income minus five lakh) | Income tax tax
¥ 1,00,000 + 30% 2% of 1% of Income
More than 10,00,000 (On taxable income minus ten lakh) | Income tax tax

(Surcharge equal to 10% of income tax payable by individuals having an annual income of
50 lakh to one crore rupees and 15% of income tax by individuals having an annual in-
come greater that one crore rupees)

Project : Obtain information about sections 80C, 80G, 80D of the Income Tax Act.
Study a PAN card and make a note of all the information it contains..

Obtain information about all the devices and means used for carrying out cash minus
transactions.
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From the following solved examples we will learn how the tables given and the deductions
available to individuals are used to compute income tax.

Ex(1) Mr. Mhatre is 50 years old. His gross total income is Rs. 12,00,000. He has invested in
the following amounts in different schemes.

(i) Insurance premium : ¥ 90,000 (if) Investment in provident fund : ¥ 25,000
(iii) Investment in PPF : ¥ 15,000 (iv) National Savings Certificate : ¥ 20,000
Find out the permissible deductions, taxable income, and the income tax payable.
Solution : (1) Total Yearly income = 12,00,000 rupees.
(2) Total savings under section 80C.

Savings Amount of Savings (rupees)
(i) Insurance premium 90,000
(if) Provident Fund 25,000
(iii) Public Provident Fund 15,000
(iv) National Savings Certificate 20,000
Total 1,50,000

According to section 80C, a maximum deduction of Rs. 1,50,000 is permissible.

(3) .. Taxable Income =Amountin [1] —Amountin [2]
=12,00,000 - 1,50,000 =10,50,000
(4) We shall use Table | to calculate Mr. Mhatre's total income tax .
Mr. Mhatre's taxable income =% 10,50,000 which is greater than ten lakh rupees.

.". According to Table (I) Income tax =% 1,12,500 + 30% (of total income minus 10 lakh)

.". 10,50,000 - 10,00,000 = 50,000
30
.. Income tax =1,12,500 + 50,000 X 100
=1,12,500 + 15,000

=1,27,500
We must also include 2% education cess and 1% secondary and higher education cess.
2
Education cess = 1,27,500 x 100° 2550 rupees

1
Secondary and higher education cess = 1,27,500 X 00 - 1275 rupees
.. Total income tax =1,27,500 + 2550 + 1275 = 1,31,325 rupees

Mr. Mhatre’s tax payable =% 1,31,325
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Ex(2) Mr. Ahmed, a 62 year old senior citizen is employed in a private company. His total
annual income is Rs.6,20,000. He has contributed Rs. 1,00,000 to the Public Provident
Fund and paid a premium of Rs. 80,000 for the year for health insurance and a donation
of Rs. 10,000 to CM's Relief Fund. What is tax payable ?

Solution : (1) Total Yearly income = 6,20,000 rupees

3)
(4)

(2) Total deduction (According to 80C)

(i) Public Provident Fund

(i) Insurance

1,00,000 rupees
80,000 rupees
1,80,000 rupees

(iii) Section 80C permits a maximum deduction of Rs. 1,50,000 rupees.
Amt. given to CM's Relief Fund (According to 80 G) = 10000 rupees.
Taxable income = (1) - [(2) + (3)]

= 6,20,000 — [1,50,000 + 10000]
=4,60,000 rupees

From table Il we see that the taxable income is in the slab 3 lakh to 5 lakh rupees.

5
.. Income tax = (Taxable income — 3,00,000)x 100

5
= (4,60,000 - 3,00,000)x -

5
= 1,60,000 X ﬁ

= 8000 rupees

Education cess is levied on income tax.

2
Education cess = 8,000 X — =160

Secondary and higher education cess : 8,000%

100

EZSO

.". Total Income tax = 8000 + 160 + 80 =% 8,240

Ex(3)

". tax payable by Mr. Ahmed is X 8,240.

Mrs. Hinduja's age is 50 years. Last year her taxable income was Rs. 16,30,000. How
much income tax has she to pay ?

Solution : Mrs Hinduja's taxable income is in the bracket of Rs. 10,00,000 and above.

Let us use Table | to compute her income tax. Accordingly, for income greater than

Rs. 10,00,000.

Income tax = Rs. 1,12,500 + 30% of total income minus ten lakh
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Mrs. Hinduja's income minus ten lakh = 16,30,000 — 10,00,000
= 6,30,000 rupees

From table |
Income tax =1,12,500 + 6,30,000 x%

=1,12,500 + 30 X 6,300
=1,12,500 + 1,89,000

= 3,01,500 rupees
On this we compute |
1% secondary and higher education cess = 100 x 3,01,500 =% 3015

2
2% education cess = Too X 3,01,500 =% 6030

.". total income tax payable =3,01,500 + 3015 + 6030
= 3,10,545

.". total income tax payable is 3,10,545 rupees

Practice set 6.2

(1) Observe the table given below. Check and decide, whether the individuals have to pay

Income tax.

S. No. Individuals Age | Taxable Income Will have to pay
) income tax or not

Q) Miss Nikita 27 ¥ 2,34,000

(i) | Mr. Kulkarni 36 ¥ 3,27,000

(iii) [ Miss Mehta 44 % 5,82,000

(iv) | Mr. Bajaj 64 | 840,000

(v) | Mr. Desilva 81 ¥ 4,50,000

(2) Mr. Kartarsingh (age 48 years) works in a private company. His monthly income after
deduction of allowances is Rs. 42,000 and every month he contributes Rs. 3000 to GPF.
He has also bought Rs. 15,000 worth of NSC (National Savings Certificate) and donated
Rs. 12,000 to the PM's Relief Fund. Compute his income tax.
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KOOI PrObIem Set 6 QOLOLLIOLLOLLOLLLLAII L0

(1)

)
3)

(4)

()

(67)

(7

(8)

Write the correct alternative answer for each of the following quesitons.
(1) For different types of investments what is the maximum permissible amount under
section 80C of income tax ?
(A) 1,50,000 rupees (B)2,50,000 rupees (C)1,00,000 rupees (D) 2,00,000rupees
(i1)) A person has earned his income during the financial year 2017-18. Then his
assessment year is ....
(A) 2016-17 (B) 2018-19 (C)2017-18 (D) 2015-16
Mr. Shekhar spends 60% of his income. From the balance he donates Rs. 300 to an
orphanage. He is then left with Rs. 3,200. What is his income ?
Mr. Hiralal invested Rs. 2,15,000 in a Mutual Fund. He got Rs. 3,05,000 after 2 years.
Mr. Ramniklal invested Rs. 1,40,000 at 8% compound interest for 2 years in a bank.
Find out the percent gain of each of them. Whose investment was more profitable ?
At the start of a year there were Rs. 24,000 in a savings account. After adding Rs. 56,000
to this the entire amount was invested in the bank at 7.5% compound interest. What will
be the total amount after 3 years ?
Mr. Manohar gave 20% part of his income to his elder son and 30% part to his younger
son. He gave 10% of the balance as donation to a school. He still had Rs. 1,80,000 for
himself. What was Mr. Manohar's income ?
Kailash used to spend 85% of his income. When his income increased by 36% his
expenses also increased by 40% of his earlier expenses. How much percentage of his
earning he saves now ?
Total income of Ramesh, Suresh and Preeti is 8,07,000 rupees. The percentages of
their expenses are 75%, 80% and 90% respectively. If the ratio of their savings is

16 : 17 : 12, then find the annual saving of each of them.

Compute the income tax payable by following individuals.
(i) Mr. Kadam who is 35 years old and has a taxable income of Rs. 13,35,000.
(i) Mr. Khan is 65 years of age and his taxable income is Rs. 4,50,000.
(i11) Miss Varsha (Age 26 years) has a taxable income of Rs. 2,30,000.

N

ICT Tools or Links

Visit www.incometaxindia.gov.in which is a website of the Government
of India. Click on the 'incometax calculator' menu. Fill in the form that gets
downloaded using an imaginary income and imaginary deductible amounts and
try to compute the income tax payable for this income.

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Statistics

Let’s study.

e Sub-divided bar-diagram
e Percentage bar-diagram
e Primary and secondary data

e Grouped and ungrouped frequency distribution
e Cumulative frequency distribution
e Mean, Median and Mode for ungrouped data

Let’s recall.

In earlier standards, we have learnt how to draw a simple bar-diagram and a joint bar-
diagram. Also, we have observed various graphs from newspapers, magazines, television etc.
and gathered information from them.

It is very important to decide according to the nature of the data, what diagram or graph

would be suitable to represent it.

A farmer has produced Wheat and Jowar in his field. The following joint bar diagram
shows the production of Wheat and Jowar. From the given diagram answer the following

questions :

(i) Which crop production has
increased consistently
in 3 years ?

(i) By how many quintals the
production of Jowar has
reduced in 2012 as
compared to 20117

(111) What is the difference
between the production of
Wheat in 2010 and 2012?

(iv) Complete the following table

using this diagram.

AA
v 4
A AAV

A

~ [aa)»

Production (in

Year Quintal)

Wheat Jowar Total

2010

2011

2012

48 12 60
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Let’s learn

(Sub-divided bar diagram)

To compare the information in the
given data, we can also draw another type
of bar-diagram

To draw it, we add the numerical values
of the entities, decide a scale and show the
total by a bar proportional to the scale. Then
we divide the bar in parts, proportional to
the entities we had added. Hence this type
of diagram is called a sub-divided bar
diagram.

Now let us show the information in the
previous example by a sub-divided bar
diagram.

(1) Show the total production of the
year 2010 by a bar. The height of the bar
should be to the decided scale.

(i) Show the production of wheat by
lower part of the bar, the height of which is
to the scale.

(iii) Obviously, remaining part of the
bar denotes the production of Jowar for the
year.

Y-axis
Scale
500 e i ;
[A22] Y-axis 1cm = 10 Quintal
60 Wheat Jowar AAK
AAA
AAA
50 i
AAA 0%o
AAA 020
AAA ogo
= AAA Sep
A o
ED A%a aaa 898
& Ada AAA 050
c asa % 0%
= Ada e2o o0
S 39 AAA 090 090
=l 040 050 050
B ogo oS0 0do
5 ogo 090 090
i=) ogo oS0 oo
< 050 050 050
a o90 090 090
20 ogo ogo 090
020 090 090
020 090 090
ogo 090 090
020 090 090
020 090 090
10 030 050 ogo
ogo 090 090
ogo oS0 090
oJ0 oS0 090
a9 o% 0%
o
4 o%o o%0 0% i
2010 2011 2012 x.Axis
v Year

(iv) Similarly draw divided bars to show productions of the years 2011 and 2012.

When two quantities are compared using percentages, it is more informative. We have
studied this before. For example, if there is Rs.600 profit on Rs.2,000 and Rs.510 profit on
Rs.1,500; Rs.600 looks greater amount. But if we calculate their percentages they are 30%
and 34% respectively. Hence it is clear that Rs.510 profit on Rs.1,500 is a more profitable

transaction.

@ercentage bar diagram D

To compare the  given
information, in a different way, it is
converted into percentages and then
a sub-divided bar diagram is drawn.
Such diagram is known as ‘Percentage
bar-diagram’.

The information in the previous
example is converted into percentages
as shown in the adjacent table.

Produc- | Produc- | Percentage production of
Year | tion of tion of Wheat as compared to
Wheat Jowar total production
(Quintal) | (Quintal)
30
2010 30 10 20 X 100 = 75%
35
2011 35 15 50 X 100 = 70%
48 _
2012| 48 | 12 | o5 X 100=80%
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The information is shown in the

Scale :
percentage bar diagram by following steps On y-axis 2 cm = 10 quintal
(i) Yearly productions of Wheat and  |y-axis Wheat [535] Jowar[§27]
Jowar are converted into percentages. )
.. . . 100 AAA AAA AAA
(i1) The height of each bar to scale is AAA AdA Ada
90 AAA AAA AAA
taken as 100. aba ada ada
g 30 AAA AAA AAA
. = AAA AAA ogo
(111) The percentage of production of |8 969 Ada S
H 5 70 ogo 020 020
Wheat is shown by the lower part of the bar |2 035 090 %9
- 60 0% 090 %9
to the scale. . 83 83 838
. .. 5 020 o020 0%
(iv) The remaining upper part of the bar = §§§ §§§ §§§
shows percentage production of Jowar. ses 3e2 269
. . 30 959 050 959
Information of more than two entities R 859 859
can be shown by a sub divided bar diagram i 8§8 8§8 8§8
. 0g0 050 050
or by a percentage bar diagram. o 358 se 5
i 2010 2&11 2012 x—;xis
ear
Solved examples :
Ex. 1. In the neighbouring figure, _
percentage bar-diagram is given. s Sy

Percentage expenses on different 06
items of two families are given.
Answer the following questions 90

based on it :
80

(1) Write the percentage
expenses of every component for
each family.

~
(=]

[©))
o

(i) Which family spends more
percent of expenses on food as
compared to the other and by how
much ?

w
o

Expenses %

B~
o

W
o

(ili) What are the percentage

expenses on other items ?
20

(iv) Which family shows more
percentage expenses on electricity? 10

(v) Which family's percentage

On y-axis 1 cm = 10%

ﬁgﬁgﬁ Others

ASASA Clothes [
7

Electricity %

O <

» Education

o

o

Food [:]

A

expense is more on education ? ]

Family A
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Solution :
(i) E
Family XPenses Food Clothes Education | Electricity Others
A 60% 10% 10% 5% 15%
B 50% 15% 15% 10% 10%

(i) Food expenses of family A are more by 10% as compared with family B.

(iii) Other expenses of family A are 15% and that of family B are 10%.

(iv) Percentage expenses on electricity of family B is greater.
(v) Percentage expenses on education are more of family B.

Practice set 7.1

(1) The following table shows the number
of Buses and Trucks in nearest lakh
units. Draw percentage bar-diagram.
(Approximate the percentages to the

nearest integer)

(2) Inthe table given below, the information
is given about roads. Using this draw

sub-divided

and percentage

bar-

diagram (Approximate the percentages
to the nearest integer)

Year No. of Trucks | No. of Buses Year Peraq_zrl'(inltmfgads Te”("ﬁzminfgads
2005-2006 47 9 2000-2001 14 10
2007-2008 56 13 2001-2002 15 11
2008-2009 60 16 2003-2004 17 13
2009-2010 63 18 2007-2008 20 19

/Activity - In the following table, the information of number of girls per 1000 boys is given\

in different States. Fill in the blanks and complete the table.

States Boys | Girls | Total Percentage of boys Percentage of girls
Assan | 1000 | 960 [1960 | i lxiD- 51% 100 — 51 = 49%
Bihar 1000 840 | 1840

Punjab [ 1000 900

Keala 1000 | 1080

Mahe | 1000 | 900

Draw percentage bar-diagram from this information and discuss the findings from the

\_ diagram.

J

10
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Use your On page 111, for the given activity, the information of
brain power! number of girls per 1000 boys is given for five states.
The literacy percentage of these five States is given below.
Assam (73%), Bihar (64%), Punjab (77%), Kerala (94%), Maharashtra (83%).
Think of the number of girls and the literacy percentages in the respective states. Can you
draw any conclusions from it ?

Let’s discuss.

To show following information diagrammatically, which type of bar-diagram is suitable?

(1) Literacy percentage of four villages.

(2) The expenses of a family on various items.

(3) The numbers of girls and boys in each of five divisions.

(4) The number of people visiting a science exhibition on each of three days.

(5) The maximum and minimum temperature of your town during the months from
January to June.

(6) While driving a two-wheeler, number of people wearing helmets and not wearing
helmet in 100 families.

Statistics

Suppose, a large group (population) is to be studied with a particular aspect. (For example,
blood pressures of senior citizens in a locality) For the purpose, a sufficiently small part of the
group is selected randomly. This small group represents the large group (sample). The
necessary information is gathered from the representative group which, in general, is numerical
in most of the cases. The analysis of the information enables us to draw conclusions. The
study of this type is called 'Statistics'.

The word Statistics is originated from the Latin word ‘status’, which means situation of
a state. This suggests that in ancient times statistics was used for administrative purposes.
Today, it is used in many fields of knowledge.

Sir Ronald Aylmer Fisher (17 February 1890 - 29 July 1962) is known as Father of
Statistics.

(Data collection )

Teacher : Suppose, you want to know how much agricultural land is owned by every family
in the village. What will you do?

Robert : Wewill visiteach house in the village and record the information about agricultural
land owned by them.

Teacher : Correct, my dear students, when we collect information of a group it is called as
‘data’. Generally it is numerical. We must know the purpose of collecting it. If
some one collects the information personally by asking questions, taking
measurements, etc. it is called as the 'Primary Data'.

112
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Afrin

Teacher :
Ramesh :

Teacher

Ketaki

Teacher :

. So, the data collected regarding agricultural land, as Robert said, is primary

data.
Yes, well said Afrin !
But what to do if we want to collect the above data in a short time ?

: What Ramesh is saying is right. In this situation we have to use another method

of data collection. Think what it could be ?

: We can go to villageTalathi office and can get the information from their records.

Correct, in some situations, because of lack of time, lack of resources, we can’t
collect information personally. In such cases, we have to use the information,
already collected in the form of records, information published in journals,
case-studies etc. The data collected from such sources is known as ‘Secondary
data’. So as suggested by Ketaki, the data collected from village Talathi office,
regarding agricultural land is secondary data.

See the following examples :
(1) The chart made from information published in news paper is secondary data.

(i) The feedback of customers in a restaurant regarding quality of the food is
primary data.

(iti) The heights of students recorded by actual measurements is primary data.

Primary data Secondary data
1. It requires more time. 1. Itisreadily available, so needs less time
2. Itisup to date and detailed information. | 2.  Itis taken from already collected data. It
3. ltis correct and reliable. IS not necesssarily up to date. It may lac
in details also.
3. It may be less reliable.

Activity : You gather information for several reasons. Take a few examples and
discuss whether the data is primary or secondary.

Practice set 7.2

(1) Classify following information as primary or secondary data.

(i)

Information of attendance of every student collected by visiting every class in
a school.

(i) The information of heights of students was gathered from school records and

sent to the head office, as it was to be sent urgently.

(iii) In the village Nandpur, the information collected from every house regarding

students not attending school.

(iv) For science project, information of trees gathered by visiting a forest.,

113
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Let’s recall.

Classification of data
EX.(1) The record of marks out of 20 in Mathematics in the first unit test is as follows.
20, 6, 14,10, 13, 15,12, 14,17,17,18, 11,19, 9, 16, 18, 14,7, 17, 20,
8, 15, 16, 10, 15, 12,18, 17, 12, 11, 11, 10, 16, 14, 16, 18, 10, 7, 17, 14,
20, 17, 13, 15, 18, 20, 12, 12, 15, 10
What is the above information called ? -Primary data
What is each of the numbers in the data called ? -A score
Answer the following questions, from the above information.
(i) How many students scored 15 marks ?
(i) How many students scored more than 15 marks ?
(iti) How many students scored less than 15 marks ?
(iv) What is the lowest score of the group ?
(v) What is the highest score the group ?

Let’s discuss.

(1) Was it easy to find out the answers of the above questions ? Did you refer the data
frequently ?

(2) What should we do to find answers easily ?

Shamim : We had to refer the data frequently. It was tedious and boaring. If we write
the data in ascending or descending order the above answers could be found
easily.

According to Shamim’s suggestion, lets us arrange the data in ascending order.

6, 7, 7, 8, 9, 10, 10, 10, 10, 10, 11, 11, 11, 12, 12, 12, 12, 12, 13, 13,
14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 16, 16, 16, 16, 17, 17, 17, 17, 17, 17,
18,18, 18, 18, 18, 19, 20, 20, 20, 20

Verify that the ascending order of scores helps to find the answers of the questions in
Ex. (1) easily.

Let’s recall.

Martin . Writing the data in a tabular form can also make the above work easy,
We have studied this in previous year. This table is known as ‘frequency
distribution table’.

Teacher : Correct Martin ! Now let us prepare a table of the information given

in example (1).
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In example (1), the lowest score is 6 and the highest score is 20. Hence in the table, we
write, numbers from 6 to 20 in the column of scores. In second column we record tally marks
and in last column, frequency by counting the tally marks. (Complete the table)

Frequency Distribution Table

Score Tally Marks Frequency (No.of students)
6 | 1
7 | 2
8
9

10 H.“ 5
11
12
13
14
15
16
17 ”,“ | 6
18
19

20 il 4
Total N =50

Make it sure that the sum of all frequencies, N is 50.

Let’s discuss.

(i) Isthe above table is very long ?
(i1) If the number of observations are more, is it difficult to make a table ?

Grouped frequency distribution table
Teacher : From above discussion, we conclude that, when number of observations is
large, preparing a table is time consuming. What can be done to condense
the data and save time ?

Rohit . In this situation, we can group the scores in the data.

115
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Teacher : Well done Rohit! If we group the scores, that means if we make their classes,
then the data will be condensed and time can be saved.
Such a table is known as grouped frequency distribution table.

These are two methods of preparing a grouped frequency distribution table.
(1) Inclusive method, (2) Exclusive method.

((1) Inclusive method (Discrete classes))

6, 7, 7, 8, 9, 10, 10, 10, 10, 10, 11, 11, 11, 12, 12, 12, 12, 12, 13, 13,
14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 16, 16, 16, 16, 17, 17, 17, 17, 17, 17,
18, 18, 18, 18, 18, 19, 20, 20, 20, 20

In the above scores the smallest is[___] and the largest is [__|. The difference between

largest and smallest scores is 20 — 6 = 14. This difference is called as ‘Range of the data’.
By noticing the range, how can we classify the data into convenient classes ?
We can take classes like this.
(i) 6to8, 9toll, 12to 14, 15t0 17, 18t0 20 or
(i) 6to10, 11to 15, 16 to 20.

By taking classes 6 — 10, 11 — 15 & 16 — 20, let us prepare frequency distribution table.

Grouped Frequency Distribution Table (inclusive method)

Class Tally marks Frequency (No.of students)
610 W 10
1-15 . e
16-20 | .. 20
N = 50

While preparing this table, 6, 10 and all scores between them are included in the class
6—10 hence such classes are known as ‘Inclusive Classes’ of discrete class.

Let’s learn.

Basic terms in statistics :

(1) Class: When the observations are divided into suitable groups, each of the groups
is called a “Class’.

(2) Class-Limit : The end values of the classes are called class-limits.
For the class 6-10, the lower class limit is 6 and the upper class limit is 10.

(3) Frequency : The total number of observations in to each class is called the
‘frequency’ of the that class.

In the above table, there are 20 observations in the class 11 to 15. Hence
frequency of the class 11 —15is 20
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4. Class width or Class Size or Class-interval : When continuous classes are given, the
difference between upper class limit and lower class limit is known as class-width.

For example, if 5 - 10, 10 - 15, 15-20, ...are given classes,
class width of 5-10is 10 - 5=5

5. Class mark : The average of the lower class limit and the upper class limit for a given
class is known as class mark

Lower class limit + Upper class limit
2

Class mark =

LI+ 1 _ 26

For example, class mark the for class 11 to 15 = =
2

=13

((2) Exclusive method (Continuous classes))

Ex. 6, 10, 10.5, 11, 15.5, 19, 20, 12, 13 are the given observations. By taking classes
6-10, 11-15, 16-20 prepare grouped frequency distribution table

Solution :
Classes Tally marks Frequency (f)
6-10 | 2
11-15 Il 3
16-20 | 2

In the above table, we could not include observations 10.3 and 15.7.

Because the numbers 10.3 and 15.7 cannot be included in any of the classes 6-10, 11-15,
16-20. Hence in order to include them, we have to change the structure of the classes. Therefore
if we take class intervals as 5-10 10-15, 15-20 the problem will be solved. The scores 10.3
and15.7 can be included in the classes 10-15 and 15-20 respectively. But still a question
arises. In which interval the score 10 should be included ? In 5-10 or 10-20 ? To overcome the
difficulty, we follow a convension. We will include the score 10 in the class 10-15 instead of
5-10. That is the upper class limit of a class should be excluded from the class. Therefore, this
is called the exclusive method of classification.

Now taking classes accordingly and as per the convention of exclusion, we can prepare
the table as follows.

Grouped frequency distribution table (Exclusive method)

Clomerel |ty [ Sty
5-10 | 1
10-15 I 5
15-20 I 2
20-25 | 1
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Remember this !

Frequency Distribution Table

\) . |
Ungrouped Grouped
¥
Ages of 9th std.
students No. of Students J/ - J/
Inclusive Method Exclusive Method
14 12 (Discrete classes) (Continuous classes)
15 23 Shoe size No.of Students Height (cm) | No.of students
2-4 12 -
16 10 145-150 18
5-7 29 150-155 27
8-10 7 155-160 3

Practice set 7.3

1)
)
€)
(4)

©)

(6)

For class interval 20-25 write the lower class limit and the upper class limit.

Find the class-mark of the class 35-40.
If class mark is 10 and class width is 6 then find the class.
Complete the following table.
Classes (age) Tally marks Frequency (No. of students)
12-13 M ]
13-14 N1 L]
14-15 [ ]
15-16 |||| [ ]
N=>f=35

In a “tree plantation’ project of a certain school there are 45 students of 'Harit Sena.' The
record of trees planted by each student is given below :
3,5,7,6,4,3,5,4,3,5,4,7,5,3,6,6,5,3,4,5,7,3,5,6, 4, 4, 3,
56,6,4,3,5,7,3,4,5,7,6,4,3,5,4,4,7.

Prepare a frequency distribution table of the data.

The value of &t upto 50 decimal places is given below :
3.14159265358979323846264338327950288419716939937510

From this information prepare an ungrouped frequency distribution table of digits
appearing after the decimal point.
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(7) In the tables given below, class-mark and frequencies is given. Construct the frequency

(8)

(9)

tables taking inclusive and exclusive classes.

(1)

Class width Frequency
5 3
15 9
25 15
35 13

(i)

Class width Frequency
22 6
24 7
26 13
28 4

In a school, 46 students of 9th standard, were told to measure the lengths of the pencils
in their compass-boxes in centimeters. The data collected was as follows.

5.5,
9.2,
15,
6.9,

By taking inclusive classes 0-5, 5-10, 10-15....

4.5,
16,
11.4,
16,

8.5,
11,
13.1,
5.7,

5, 6.5, 6,
73, 114, 127,
48, 10, 7.5,
8.9, 9.2, 10.2,

10, 12,
13.9, 16,
8.5, 6.5,
12.3, 13.7,

prepare a grouped frequency distribution

In a village, the milk was collected from 50 milkmen at a collection center in litres as

16, 15, 7,
13, 45, 4.9,
55, 9.9, 84,
7.2, 45, 5.7,
145, 10

table.

given below :

217, 75, 5,
77, 90, 92,
16, 20, 72,
55, 56, 66,
7, 35.

99,
72,
81,
67,

70,
4,

85,
o1,

12,
33,
10,
57,

15, 20,
22, 15,
16, 9,

44, 43,

30, 35,
20, 28,
25, 23,
6, 65,

45, 80,
29, 14,
26, 46,
42, 36,

By taking suitable classes, prepare grouped frequency distribution table.

(10) 38 people donated to an organisation working for differently abled persons. The amount
in rupees were as follows :

101,
101,
351,
250,

500,
351,
170,
100.

401,
251,
225,

201,
451,
260,

301,

160,
151, 260,
290, 310,

210, 125,
360, 410,
360, 425,

175,
150,
420,

190,
125,
100,

450,
161,
105,

151,
195,
170,

(i) By taking classes 100-149, 150-199, 200-249... prepare grouped frequency
distribution table.

(i1) From the table, find the number of people who donated rupees 350 or more.
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Let’s learn.

(Less than Cumulative frequency less than the upper class Iimit)

Ex. : The following information is regarding marks in mathematics, obtain out of 40, scored
by 50 students of 9th std. in the first unit test.

Class Interval | Frequency (no.of students)
0-10 02
10-20 12
20-30 20
30-40 16
Total N =50

(1) From the table, fill in the blanks in the following statements.
(i) For class interval 10-20 the lower class limit is [ Jand upper class limit is ]
(i) How many students obtained marks less than 10 ?
(iif) How many students obtained marks lessthan20? 2+ [ | =14
(iv) How many students obtained marks lessthan30 ? [_|+[ | =34
(v) How many students obtained marks less than 40 ?[__]+[__]=50

Remember this !

The sum of the frequency of a cenrtain class and all the frequencies of previous
classes is called as cumulative frequency less than the upper class limit for that given

class. In short, it is also called as ‘less than type’ cumulative frequency.

The Meaning of less than type cumulative frequency :

e e e e oy

0-10 2 2 0-10 2 2 students got less than 10 marks

10-20 12 2+12=[_1 10-20 14 14 students got less than 20 marks

20-30 20 [ 1+20=34 20-30 34 34 students got less than 30 marks

30-40 16 34+__1=50 30-40 50 50 students got less than 40 marks
Total 50 Total 50
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( (2) Cumulative frequency more than or equal to the lower class Iimit)

Classes | Frequency | Clumulative freq. Classes Cum. Meaning of cumulative frequency
freq. more than or equal to the lower class limit
0-10 2 50
10-20 12 50_ 2 =48 0-10 50 |50 students got 0 or more than 0 marks
20-30 20 48 — 12 = 36 | | 10-20 | 48 |48 students got 10 or more than 10 marks
30-40 16 36_20=16 || 20-30 | 36 |36 students got 20 or more than 20 marks
Total 50 30-40 | 16 |16 students got 30 or more than 30 marks

Ex. A sports club has organised a table-tennis tournaments. The following table gives the
distribution of players ages. Find the cumulative frequencies equal to or more than the lower

class limit and comp

lete the table.

Solution : Equal to lower limit or more than lower limit type of cumulative table.

Frequency Equal to lower limit or
Age (Year) Tally marks (No. of students) more than lower limit
10-12 Il 09 50
12-14 | MWW [ J-9=41
14-16 N [ 41-23=]
15-16 ! 05 [J-13= [
Total N =50
Practice set 7.4
(1) Complete the following cumulative freugency table :
Class Frequency Less than
(Height in cm) (No. of students) type frequency
150-153 05 05
153-156 07 o5+ 1=
156-159 15 L l+15=[_1
159-162 10 1+ =37
162-165 05 37 +5=42
165-168 03 1+ =45
Total N =45

20
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(2) Complete the following Cumulative Frequency Table :

Class Frequency More than or equal to
(Monthly income in Rs.) (No. of individuals) type cumulative frequency
1000-5000 45 L
5000-10000 v
10000-15000 e |
15000-20000 02 |
20000-25000 o5
Total N = 87

(3) The data is given for 62 students in a certain class regarding their mathematics marks out
of 100. Take the classes 0-10, 10-20.. and prepare frequency distribution table and
cumulative frequency table more than or equal to type.

55, 60, 81, 90, 45 65 45 52, 30, 85, 20, 10,
75, 95 09, 20, 25, 39, 45 50, 78§, 70, 46, 64,
42, 58, 31, 82, 27, 11, 78, 97, 07, 22, 27, 36,
35 40, 75, 80, 47, 69, 48, 59, 32, 83, 23, 17,
77, 45 05 23, 37, 38, 35, 25, 46, 57, 68, 45,
47,  49.

From the prepared table, answer the following questions :

(i) How many students obtained marks 40 or above 40 ?

(i) How many students obtained marks 90 or above 90 ?
(ili) How many students obtained marks 60 or above 60 ?

(iv) What is the cumulative frequency of equal to or more than type of the class 0-10?

(4) Using the data in example (3) above, prepare less than type cumulative frequency table
and answer the following questions.

(i) How many students obtained less than 40 marks ?
(i) How many students obtained less than 10 marks ?
(iii) How many students obtained less than 60 marks ?
(iv) Find the cumulative frequency of the class 50-60.

Let’s learn.

(Measures of central tendency )

Central Tendency : If the data collected in a survey of a group is sufficiently large, then
it generally shows a peculiar property. The numbers in the data tend to cluster around a certain
number. This property is called the central tendency of the group.

The number around which the numbers in the data tend to cluster is called measure of
central tendency. It is supposed that the measure is a representative of the data.

In statistics, the measures of central tendency mainly used are as follows.

12
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The following measures of central tendency are used :
(1) Mean : The arithmatical average of all observations in the given data is known as its

‘Arithmetic mean’ or simply ‘mean’.

The sum of all observations in the data
Total number of observation
Ex. (1) Find the mean of numbers 25, 30, 27, 23 and 25.
25+30+27+23+25 _ 130 _ 96
5 5
EX. (2) The first unit test of 40 marks was conducted for a class of 35 students. The marks
obtained by the students were as follows. Find the mean of the marks.

40, 35, 30, 25, 23, 20, 14, 15, 16, 20, 17, 37,

37, 20, 36, 16, 30, 25, 25, 36, 37, 39, 39, 40,

15, 16, 17, 30, 16, 39, 40, 35 37, 23, 16.
Solution : Here, we can add all observations, but it will be a tedious job. Here 3 students
obtained 30 marks each. So their sum is 30 + 30 + 30 = 90, which is 30 x 3. In this way the
sum of marks of all students is worked out in the following table.

Mean =

Solution :

In statistics, it is convenient to use the | Marks | No. of students f xx
Greek letter 2 (sigma) to show the sum (X)) ()

of numbers. 14 1 14x 1=14
In the adjacent table, 956 is the sum of 15 2 15x 2 =
the products 14 x 1 + 15 x 6+...+40 x 3. 16 S 16x .=
These are the products of the frequencies | 17 2 17x 2=34
and the scores; in short of 20 3 X 3=
f’s and x’s. 23 2 23x 2=
The product of first frequency and first 25 3 25% 3= ...,
score is 14 x 1, which we write as 30 3 e X T
f, X X, 35 2 35x 2=70
The product of first frequency and first | 0 g X e T
score is 15 x 2, which we write as | 37 4 | L X e T
f, % X, 39 3 39 x 3=117
In general, the product of it frequency |20 3 e X o =120
and i" score is written as f x X.. N=[_] 2 f,x; =956
So, using the letter 2, the sum of the X = Zf,-xi _ 956

products f, X X, + f, X X+ ... + f x X, N 35

27.31 marks (approximately)

Downloaded from https:// www.studiestoday.com

is in short written as X foxx _ _
". mean of the given data is 27.31.



Downloaded from https:// www.studiestoday.com

(2) Median : The scores are arranged in ascending or descending order. The number
appearing exactly at the middle position in this order is known as ‘Median’ of the
observations.

If the number of observations is even then the median is the average of the
middle two numbers.

Ex. (1) Find the median of 54, 63, 66, 72, 98, 87, 92.
Solution : Let us write the given observations in the ascending order.
54, 63, 66, 72, 78, 87, 92
Here the 4th number is at the middle position, which is 72
Median of the scores = 72

Ex. (2) Find the median of the data. 30, 25, 32, 23, 42, 36, 40, 33, 21, 43

Solution : Let us write the given observations in the ascending order.
21, 23, 25, 30, 32, 33, 36, 40, 42, 43
Here number of observations = 10 which is an even number.
.". the 5th and 6th numbers are in the middle position.
Those numbers are 32 and 33

32+33 :% _305

. median =

Let’s recall.

If the number of observations is ‘n’ and
(i) if “‘n’is odd, which observation is the median of the data ?
(if) if ‘n’ is even, the average of which two numbers is the median ?
(3) Mode : The score which is repeated maximum number of times in the given data is
known as the ‘mode’ of the data.
Ex. (1) Find the mode of 90, 55, 67, 55, 75, 75, 40, 35, 55, 95
Solution : If the data is arranged in ascending order, it is easy to find the observation
repeating maximum number of times.
Ascending order of given data. 35, 40, 55, 55, 55, 67, 75, 7590, 95
The observation repeated maximum number of times = 55.
". mode for the given data is 55.
Ex (2) The ages of workers in a certain factory are given in the following table.

Age (Year) | 19 | 21 | 25 27 30
Workers 5 15 | 13 15 7
Find the mode of their ages.

Solution : Here the maximum frequency is 15; but this is the frequency is of two
observations.

Mode =21 and 29 ... mode for ages is 21 years and 29 years.
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Practice set 7.5

(D
2
3)

4

)

(6)
(7
®)

)

Yield of soyabean per acre in quintal in Mukund's field for 7 years
was 10,7, 5, 3,9, 6, 9. Find the mean of yield per acre.

Find the median of the observations, 59, 75, 68, 70, 74, 75, 80.

The marks (out of 100) obtained by 7 students in Mathematics' examination are given
below. Find the mode for these marks.

99, 100, 95, 100, 100, 60, 90
The monthly salaries in rupees of 30 workers in a factory are given below.

5000, 7000, 3000, 4000, 4000, 3000, 3000, 3000, 8000, 4000,
4000, 9000, 3000, 5000, 5000, 4000, 4000, 3000, 5000, 5000,
6000, 8000, 3000, 3000, 6000, 7000, 7000, 6000, 6000, 4000

From the above data find the mean of monthly salary.

In a basket there are 10 tomatoes. The weight of each of these tomatoes in grams is as
follows 60, 70, 90, 95, 50, 65, 70, 80, 85, 95.

Find the median of the weights of tomatoes.

A hockey player has scored following number of goals in 9 matches.
5,4,0,2,2,4,4,3, 3. Find the mean, median and mode of the data.

The calculated mean of 50 observations was 80. It was later discovered that
observation 19 was recorded by mistake as 91. What was the correct mean?

Following 10 observations are arranged in ascending order as follows.
2,3,5,9,x+1,x+3,14,16, 19, 20
If the median of the data is 11, find the value of X.

The mean of 35 observations is 20, out of which mean of first 18 observations is 15
and mean of last 18 observation is 25. Find the 18th observation.

(10) The mean of 5 observations is 50. One of the observations was removed from the

data, hence the mean became 45. Find the observation which was removed.

(11) There are 40 students in a class, out of them 15 are boys. The mean of marks

obtained by boys is 33 and that for girls is 35. Find out the mean of all students in
the class.

(12) The weights of 10 students (in kg) are given below :

40, 35, 42,43, 37, 35,37,37,42,37. Find the mode of the data.

(13) In the following table, the information is given about the number of families and the

siblings in the families less than 14 years of age. Find the mode of the data.

No. of siblings 1 2 3 4
Families 15 25 5 5
(14) Find the mode of the following data.
Marks 35 36 37 38 39 40
No. of students 09 07 09 04 04 02
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Which is a suitable measure of Central Tendency ? The answer of this question is related
to the purpose of the survey.

For example, the number of runs scored by a player in continuous 11 matches are 41, 58,
35, 80, 23, 12, 63, 48, 107, 9, 73 respectively. To find his overall performance we have to
consider the runs he scored in each match. Hence, the suitable measure in this example is
mean.

If a company has to decide, the number of shirts to be manufactured “different sizes’. For
this out of 34, 36, 38, 40, 42, 44, which size shirts are used by maximum customers are to be
found. By observation it can be found. Here the mode is useful to decide, how many shirts to

be manufactured of each size.

KOOI LD PrObIem Set7 QLRI

(1) Write the correct alternative answer for each of the following questions.
(i) Which of the following data is not primary ?
(A) By visiting a certain class, gathering information about attendence of students.
(B) By actual visit to homes, to find number of family members.

(C) To get information regarding plantation of soyabean done by each farmer
from the village Talathi.

(D) Review the cleanliness status of canals by actually visitiing them.
(i)  What is the upper class limit for the class 25-35 ?

(A) 25 (B) 35 (C) 60 (D) 30

(ii1) What is the class-mark of class 25-35 ?
(A) 25 (B) 35 (C) 60 (D) 30

(iv) If the classes are 0-10, 10-20, 20-30... then in which class should the observation 10
be included ?

(A) 0-10 (B)10-20 (C) 0-10and 10-20 in these 2 classes (D) 20-30

(v) If x is the mean of ) ) SRTOTPRS X and y isthe meanofy,y ,....... y and Z
is the mean of X ,X ............ 0 S y then z=7
x+y - - X +; X+y
(A) 5 (B) X+y () —, (D) >,
(vi) The mean of five numbers is 80, out of which mean of 4 numbers is 46, find the
5th number :
(A)4 (B) 20 (C) 434 (D) 66

(vii) Mean of 100 observations is 40. The 9th observation is 30. If this is replaced by
70 keeping all other observations same, find the new mean.

(A)40.6  (B)40.4 (C)40.3  (D)40.7

(viii) What is the the mode of 19, 19, 15, 20, 25, 15, 20, 15?
(A) 15, (B) 20 (C) 19 (D) 25
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(ix) What is the median of 7, 10, 7, 5,9, 10 ?
(A7 (B) 9 (©)8 (D)10
(x) From following table, what is the cumulative frequency of less than type for the

class 30-40 ?
Class 0-10 10-20 | 20-30 | 30-40 | 40-50
Frequency 7 3 12 13 2

(A)13 (B)15 (C)35 (D) 22

(2) The mean salary of 20 workers is Rs.10,250. If the salary of office superintendent is
added, the mean will increase by Rs.750. Find the salary of the office superintendent.

(3) The mean of nine numbers is 77. If one more number is added to it then the mean
increases by 5. Find the number added in the data.

(4) The monthly maximum temperature of a city is given in degree celcius in the following
data. By taking suitable classes, prepare the grouped frequency distribution table
29.2, 29.0, 28.1, 28.5, 32.9, 29.2, 34.2, 36.8, 32.0, 31.0,

30.5, 30.0, 33, 325, 355, 34.0, 329, 315, 30.3, 314,

30.3, 34.7, 35.0, 32.5, 33.5, 29.0, 29.5, 29.9, 33.2, 30.2

From the table, answer the following questions.

(i) For how many days the maximum temperature was less than 34°C ?

(i) For how many days the maximum temperature was 34°C or more than 349C ?

(5) If the mean of the following data is 20.2, then find the value of p.
X, 10 15 20 25 | 30

/i 6 8 p 10 | 6

(6) There are 68 students of 9th standard from model Highschool, Nandpur. They have
scored following marks out of 80, in written exam of mathematics.
70, 50, 60, 66, 45, 46, 38, 30, 40, 47, 56, 68,
80, 79, 39, 43, 57, 61, 51, 32, 42, 43, 75, 43,
36, 37, 61, 71, 32, 40, 45, 32, 36, 42, 43, 55,
56, 62, 66, 72, 73, 78, 36, 46, 47, 52, 68, 78,
80, 49, 59, 69, 65 35 46, 56, 57, 60, 36, 37,
45, 42, 70, 37, 45, 66, 56, 47
By taking classes 30-40, 40-50, .... prepare the less than type cumulative frequency table
Using the table, answer the following questions :

(1) How many students, have scored marks less than 80 ?
(i) How many students have scored marks less than 40 ?
(iti) How many students have scored marks less than 60 ?

327
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(7) By using data in example (6), and taking classes 30-40, 40-50... prepare equal to or more
than type cumulative frequency table and answer the following questions based on it.
(1) How many students have scored marks 70 or more than 70 ?
(i)  How many students have scored marks 30 or more than 30 ?

(8) There are 10 observations arranged in ascending order as given below.
45,47,50,52 %, x+2, 60,62,63,74. The median of these observations is 53.
Find the value of x. Also find the mean and the mode of the data.

NAA

¢ ®
Pascal’s Triangle (Meru prastar) \

This arrangement is knowns as Pascal’s triangle. Write the remaining 3 lines of above
arrangement. The numbers obtained in above arrangement in horizontal lines denote

the coefficients of the expansion of (x + y)". See the following expansions :

(x+y)=1

(x+y)l=1x+1y

(X +y)2=1x2 + 2xy + 1y?

(x+y)?=1x+ 3x% + 3xy? +y?

(X +y)*=1x*+ 4x%y + 6x%y% + Axy® + 1y*

Observe the degrees of x and y in the above expansions.

Try to write the expansion of (x + y)*° from above arrangement.
AN /e
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII< AnsweI‘S>|||||||||||||||||||||||||||||||||||||||||||||||||

1. Sets

( Practice set 1.1 )

(1) (@) {2,4,6,8, ..} (i){2} (ii) {-1,-2,-3,..}(iv) {sa, re, ga, ma, pa, dha, ni}
(2 (i) %is an element of set Q. (i)  —2is not an element of set N

(iii) Set Pis aset of all p's such that p is an odd number.
(4) (i) A={Chaitra, Vaishakh, Jyeshth, Ashadh, Shravan, Bhadra, Ashwin, Kartik,
Agrahayan, Paush, Magh, Phalgun}
(i) X={C,O,M,P L, E,N, T} (i)Y ={Nose, Ears, Eyes, Tounge, Skin}
(iv) 2=42,3,5,7,11, 13,17, 19}
(v) E ={Asia, Africa, Europe, Australia, Antarctica, South America, North America}
(5) (i) A={x|x=n’neN,n<10} (i) B={x|x=6n,ne N,n<9}
(i) C={y|yisa letter in the word ‘SMILE’}
(iv) D={z|zisaday of a week} (v) X={y|yisaletterinthe word ‘eat’ }
( Practice set 1.2 )
(1) A=B=C (2) A=B (3) Aand C are empty sets.
(4) (1), (i11), (iv), (v) are finite sets (i1), (vi), (vii) are infinte sets
( Practice set 1.3 )
(1) (i), (i), (i), (v) are false and (iv), (vi) are true statements.

4 {1: {8k {2} {7}, {131 {12} {1, 7} {3, 2}, {38, 7}, {2, 7} {1, 3, 2},
{1, 2,7}, {3, 2, 7}, {1, 3, 2, 7} any three like these sets..

5) () PCH PCB, ICM ICB HCB, MCB (ii)setB

(6) (i) N,W,Ianyofthesesets. (ii) N, W, I any of these sets.

(7) Set of students getting marks less than 50% in Maths.

( Practice set 1.4 )

(1) n(B)=21 (2) Number of students who do not take any of the drinks =5
(3) Total number of students = 70

(4) The number of students who do not like rock climbing and sky-watching =20

The students who like only rock climbing = 20,
The students who like only sky watching = 70

) () A={xy,z,m,n} (i) B={p,q,r,m, n}
(i) AUB={X,¥,z,m,n,p,q,r} vy U={x,y,z,m,n,p,q,rs,t}

v) A'={p,q,r,s,t} (viiB'={XV,1zs,t} (vii) (AU B)' ={s, t}
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( Problem set 1 )

(1) @) (©) (i) (D) (i) (©) (iv) B) V) (A (vi) (A)

@ @) (A @)@ (i) (B) (@v) (C) |

(3) People speaking only English 57, People speaking only french 28,
People speaking both languages 15

(4) 135 (5) 12 (6) 4

(7) (I) % (”) Il)r\ T | ¥ (I“) X{ [ )
{ WEA A 39 i

B8 ScX, VCcX ScX, TCX, SCY,ScV, SCT,VCT YCT,

9 MUdb=M MnNd=0¢

(10) U={1,2,3,4,5,7,8,9,10,11, 13}, A={1,2,3,5, 7} B={1, 5, 8, 9, 10}
MuUB={1,23578910} A NB={15}

(11) n(A UB)=16

2. Real Numbers

( Practice set 2.1 )
(1) Terminating (i), (iii), (iv) Non recurring non terminating (ii), (V)
(2 (i) 0.635 (i) 0.25 (iii) 3.285714 (iv) 0.8 (v) 2.125
@ O 5 G)of Gi) S5 v 30t W g
( Practice set 2.2 )
(4) (1) Infinitely many numbers like —0.4, —0.3, 0.2
(if) Infinitely many numbers like —2.310, —2.320, -2.325
(i) Infinitely many numbers like 5.21, 5.22, 5.23

(iv) Infinitely many numbers like —4.51, —4.55, —4.58

( Practice set 2.3 )
@ @ 3 (i) 2 (i) 4 (iv) 2 (v) 3

(2) (1), (iii), (vi) are surds and (ii), (iv), (v) are not surds.
(3) Likesurds: (i), (iii), (iv) and unlike surds : (i), (v), (vi)
@ ()3y3 (i) 5y2 (i) 5v10 (iv) 4y7 (v) 2v42
(6) () 72 > 5/3 (i) V247 <274 (i) 2¢7 = V28
(iv) 55 < 7/5 (V) 4J42>92 (vi) 5v/3 < 9 (vii) 7 > 2/5
(6) (i) 135 (ii) 10y5 (iii)24y3 (iv) % J7
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(7)
(8)
©9)

(1)
()

(1)

1)

)
(3)
()
(6)
(7)
(8)

(i) 54 (i) 1265 (iii) 64/10 (iv) 80

()7 () 3 (i) V2 () 62

Oivs @ @ wmia oY
( Practice set 2.4 )

(i) =3+ 21 (i) v10 — 14 (iii) -18 +13/6

0 ﬁgﬁ i 3(245+342)

(i) 28 -164/3 (iv) 4- /15
( Practice set 2.5 )

(i) 13 (ii) 5 (iii) 28 (2)2 or % (if) 1 or 6 (iii) —2 or 18 (iv) 0 or —40
( Problem set 2 )

() B (i) D (i) C (iv) D (v) A

(vi) C (vii) C (vii) C (iX) C (X) B

555 . 20530 ... 9306 . . 357060 30189
M) 1000 (D “999 (1) 599 (V) 7999 (V) “999

(i) —0.714285 (i) 0.81 (iii) 2.2360679... (iv) 9.307692 (v) 3.625
(i) 3V2 () —3/5

() V2 () V2 (i) /3 (W) Vo (V2 (i) Vil

() 643 () 5 V3 (Gi) 346 (v) 25/3 W) 33

0 @A G Gee W CRR w —6<4€+ﬁ)

3

3. Polynomials

1)

(2)
©)
(4)
()

( Practice set 3.1 )

(i) No, because index of y in %, is (-1).

(i) No, because index of x in the term  5/x is (5) .

(iii) Yes. (iv) No, because index of m in the term 2m2is (-2) . (V) Yes.
()1 Gi) /3, Gi) —3

(i) x"(ii) 2x® -7 (iii) x®—2x°+ 3 other polynomials like these.

(i) 0 (ii) O (iii) 2 (iv) 10 (v) 1 (vi)5 (vii)3 (viii) 10

(i) Quadratic  (ii) Linear (iii) Linear (iv) Cubic (v) Quadratic (vi) Cubic

0
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(6)
(7)
(8)
9)

1)
)
©)
(4)
()

(6)

1)

(1)

1)
©)

Downloaded from https:// www.studiestoday.com

(i) m+5m+3 (i) Yo+ 2y* + 3y3 -y - Ty - %

() (L.0,0,-2) (i) (5.0 (i) (20,-3,0,7) ) (F)

(i) X2+ 2x+3 (i) 5x*=1 (iii) —2x3+ 2x2 - 2X + 2

Quadratic polynomial : x?; 2x2+5x + 10; 3x? + 5X;

Cubic polynomial : X3+ x?>+x+5; x3+9 Linear polynomial : X+ 7;

Binomial : X+ 7, X3+ 9: Trinomial : 2x> +5x + 10;  Monomial : X2

( Practice set 3.2 )

(i) a+bx (ii)xy (i) 10n +m

(i) 6x3—2x2+2x (i) —2m*+ 2m3+2m2+3m —6 + /2 (iii) 5y + 6y +11
(i) —6x2+10x (ii) 10ab’>+ a*h— 7ab

(i) 23—4x2—2x (i) X8+ 2X"+ 2x°—x3—2x2—2  (iii) —4y*+ 7y?+ 3y

(i) X*-64=(Xx—4) (X*+4x+16)+0

(i) 5X°+ 4x*—3x3 + 2x2 + 2= (X*=X) (5X3+ 9x*+ 6X + 8) + (8X + 2)

a*+ 7a*b?+ 2b?

( Practice set 3.3 )

(i) Quotient= 2m+ 7, Remainder =45

(i) Quotient= x® +3x — 2, Remainder =9

(iii) Quotient = y? + 6y + 36, Remainder =0

(iv) Quotient = 2x3— 3x?+ 7x — 17, Remainder =51
(v) Quotient = x3—4x%2 + 13x — 52, Remainder =200

(vi) Quotient= y?—2y + 3, Remainder =2

( Practice set 3.4 )
5 2 1 (3) 4a2+20 (4) -11

( Practice set 3.5 )
(i) 41 (i) 7 (i) 7 (2) (i) 1,0,-8 (ii) 4,5,13 (iii)) -2,0,10
0 (4) 2 (5) (i) 17 (ii) 2a®-a?—a (iii) 1544 (6) 92 (7) Yes

@) 2 (9) (i)No (i) Yes (10) 30 (11) Yes
(13) (i) -3 (ii) 80

1)

()

( Practice set 3.6 )
() (x+1) 2x—1) (i) (m+3) (@m—1) (iii) (3x+7) (4x + 11)
(V) (Y-D@EY+1) () (x+3) (V3x+1) (i) (x-4) (5 x—1)
i) X=3)(x+2)(x-2)(x+1) (i) x-13)(x-2)

12
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(i) Xx—8) X+2)(x—-4)(x—-2) (iv) (X3 —2x+10) (x*-2x-2)
(V) (?+5y-22)(y+4)(y+1) (vi) y+6)(y-1)(y+4)(y+1)
(vii) (x*—8x +18) (x2—8x + 13)

( Problem set 3 )

(1) (i) D (ii) D (i) C (iv) A (v)C (vi)A (vii) D (viii) C (ix) A(X) A
2) ()4 (ii))0 (iii) 9
(B) () 7x*—x3+4x2—x+9 (ii) 5p*+2p3+10p*+p-8
4 @ (1,0,0,0,16) (i) (1,0,0,2,3,15)
(5) (i) 3x*—2x3+ 0x2+7x +18 (ii) 6X3+ x>+ 0x+7 (iii) 4x3+5x>-3x+0
(6) (i) 10x*+13x3+9x>—7x+12 (ii) p3q+4p%q +4pg+7
(7) (i) 2x2—7y+16 (ii) x>+ 5x+2
(8) (i) m’—4m>+6m*+6m3—12m?+5m+6
(ii) 5m°—5m*+ 15m* - 2m?+2m - 6
(9) Remainder = 19 (10)m=1  (11) Total population =10x>+ 5y — Xy
(12) b=%  (13) 1Im*-8m+5  (14) —2x¢ +8x+11 (15) 2m+n+7

4. Ratio and Proportion

( Practice set 4.1 )
(1) (i) 6:5 (i) 2:3 (i) 2:3
(2) (1) 25:11 (i) 35:31 (ii) 2:1 (iv)10:17 (v) 2:1 (vi) 220:153
(3) (1)3:4 (ii) 12:25 (iii)) 1:16 (iv)13:25 (v) 4:625
(4) 4 people (5) (i) 60% (i) 94% (iii) 70% (iv) 91% (v) 43.75%
(6) Abha's age 18 years, Mother's age 45 years (7) After 6 years
(8) Present age of Rehana is 8 years.

( Practice set 4.2 )
(1) (i) 20,49, 2.5 respectively (i) 7,27, 2.25 respectively

@ (@()1l:2m  (i)2:r (iii)\/§:1 (iv) 34 : 35

@ O <3 iy N8y s 1T
N N \/12
) —“io =W >3
5.1 7.1

333

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

(4) (i) 80° (ii) Presentage of Albert is 25 years, Present age of Salim is 45 years
(iii) Length 13.5 cm, Breadth 4.5cm (iv) 124,92 (v) 20, 18
(5) (i) 729 (ii) 45:7 (6) 2:125 (7)x=5
( Practice set 4.3 )
(1) (i) 22:13 (i) 125:71 (iii))316:27 (iv) 38:11
(2) (i) 3:5 (i) 1:6 (iii) 7:43 (iv)71:179 (3)170: 173
(4) (@) x=8 (ii)) x=9 (iii)) x=2 (iv) Xx=6 (v) X= % (vi)x=3
( Practice set 4.4 )
(1) (i) 36,22 (ii) 16,2a—2b +2c
(2) (1) 29:21 (i) 23:7 4 () x=2 (i)y=1
( Practice set 4.5 )
(1) x=4 (2 x=23 (318128 0r 812,18 (6) x;ryy
( Problem set 4 )
1) (@) B (i)A (ii)B (iv) D (v) C
2 () 7:16 (i) 2:5 (iii)) 5:9 (iv) 6:7 (v) 6:7
3 (M1:2 (i) 5:4 (i) 1:1
(4) (i) and (iii) are in continued proportion. (ii) and (iv) are not in continued proportion.
(5) b=9
6) (i) 7.4% (ii) 62.5% (iii) 73.33% (iv) 31.25% (v) 12%
(7) ())5:6 (ii) 85:128 (iii)1:2 (iv) 50:1 (v) 3:5
©® () Gi)19 Gi) 33 (v) 35
(11) x=9
5. Linear Equations in Two Variables
( Practice set 5.1 )
(3 ()x=3;y=1 (i) x=2;y=1 (i) x=2; y=-2
(iv) x=6; y=3 (V) x=1; y=-2 (vi)y x=7;y=1
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( Practice set 5.2 )
(1) 30 notes of X 5 and 20 notes of X 10.
(2) % (3) Priyanka's age is 20 years, Deepika's age is 14 years
(4) 20 lions, 30 peacocks
(5) Initial salary ¥ 3900, Yearly increment ¥ 150
(6) T4000 (7) 36 (8) LA=90° /B=40° ZC=50°
(9) 420cm (10) 10

( Problem set 5 )

1) @) A (i) C (i) C
(2) ()x=2;y=1 (i) x=5y=3 (ii)x=8; y=3
(iv) x=1,y=-4 (V)Xx=3;,y=1(vi)x=4; y=3

3) () x=1,y=-1 (i) x=2;y=1 (ii)x=26; y=18 (iv) X=8;, y=2
1 1

4) (i) x=6;y=8 (ii)x=9y=2 (i)x=5;y=73 (5) 35
(6) ¥71 (7) ¥ 1800 and ¥ 1400 is the monthly income of each person respectively.
(8) length 347 units, breadth 207 units (9) 40 km/hr, 30 km/hr

(10) (i) 54, 45 (ii) 36, 63 etc.

6. Financial planning

( Practice set 6.1 )
(1) ¥1200 (2) Capital after second years I 42,000, 16% loss on initial capital.
(3) Monthly income % 50,000 (4) Shri. Farnandis (5) ¥ 25,000

( Practice set 6.2 )

(1) (i) Need not pay income tax (ii) Needs to pay (iii) Needs to pay
(iv) Needs to pay (v) Need not pay income tax
(2) %9836.50

( Problem set 6 )

1) OA (i)B (2) Income T 8750
(3) 36.73% profit of Hiralal, 16.64% profit of Ramniklal. Hiralal's profit is more.
(4) T 99383.75 (5) ¥ 4,00,000 (6) 12.5%

1)
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(7) Savings of Ramesh is ¥ 48000 ; Savings of Suresh is ¥ 51000 ; Savings of Priti is ¥ 36000
(8) (i) ¥ 213000 (ii) ¥ 7500 (iii) No tax.

7. Statistics

( Practice set 7.2 )
(1) Primary data : (i), (iii), (v)  Secondary data : (ii), (iv)

( Practice set 7.3 )
(1) Lower limit of class = 20, Upper limitof class=25 (2) 37.5 (3) 7-13

( Practice set 7.4 )
(3) (i)38 (ii))3 (iii) 19 (iv) 62 (4) ()24 (i))3 (iii) 43 (iv) 43

( Practice set 7.5 )

(1) 7 quintal (2) 74 (3) 100 (4) T 4900 (5) 75 gram
(6) Mean =3, Median = 3, Mode =4 (7)7856 (8)x=9 (9920 (10) 70
(11) 34.25 (12)37kg (13)2 (14) 35 and 37

( Problem set 7 )

1) @) C i) B (i) D (iv) B (v) A (vi) D
(vii) B (viii) A (ix) C (x) C

(2) % 26000 (3) T 127

@) (i) 24 (ii) 06

(5) p=20

6) (i) 66 (i) 14 (iii) 45

@ () 11 (i) 68
(8) X=52, Mean =55.9, Mode =52

NAA
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X+y=4
2x +3y =3
x=1], y=[]1
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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.
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= 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.
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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-I1.

Up to the eighth standard you have verified the properties of lines, triangles,
quadrilaterals, circles, etc. given in the textbook. Now you are going to give
logical proofs of these and some more properties. The skill of logical reasoning is
of utmost importance in all fields of life. This textbook gives you an opportunity
to learn the skill gradually.

Different activities are given in the textbook to help you understand different
concepts. Other activities have been provided for revision and additional
practice. You are expected to do all these and learn the proofs of properties.
Discuss the reason behind every step of a proof and learn the property.

In this textbook, Mathematics-Part II, two new topics namely Trigonometry
and Co-ordinate Geometry are introduced. These topics will provide a foundation
for higher studies. The study of Surface Area and Volume will be useful in day
to day life.

Use of internet will also help you to understand the subject. 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 :
& Vaishakh 1939
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It is expected that students will develop the following competencies
after studying Mathematics Part II syllabus in Standard IX

Area

Topic

Competency statement

1. Geometry

1.1 Euclidean Geometry

1.2 Parallel lines and pairs
of angles

1.3 Theorems on angles and
sides of a triangle.

1.4 Similar triangles

1.5 Circle

1.6 Geometric constructions

1.7 Quadrilateral

The students will be able to —

e write ‘what is given’ and ‘what is to
be proved’ from the given statement.

e write the proof of the given
statements by using logical
conclusions.

e identify the pairs of angles made by a
transversals of parallel lines.

e understand the properties of pairs of
angles and make use of them.

e write ‘Given’ ‘To prove’ and ‘proof’
of the statements.

e identify similar triangles and write the
ratios of corresponding sides.

e prove the properties of circle using
tests of congruence of triangles.

e construct triangles if different type of
information 1s given.

e write proofs of the properties of
different types of quadrilaterals.

e use ICT tools to verify the properties
of triangle, quadrilateral and circle.

3. Co-ordinate
Geometry

2.1 Basics of co-ordinate
Geometry

e explain the meaning of co-ordinates
of a point in a plane.

e describe a point by its co-ordinates.

e use ICT tools to find the co-ordinates
of a point.

3. Mensuration

3.1 Surface area and
Volume

e find the surface area and volume of a
sphere and a cone.

4. Trigonome-
try

4.1 Introduction to
trigonometry

e tell the different trigonometric ratios
using similar triangles and Pythagoras
theorem and make use of it.
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Instructions for teachers

It is expected that the teachers should go through the text book Mathematics
Part-II for std IX thoroughly. The book contains many activities and practicals.
Try to understand the purpose behind them.

The activities are of two types, (1) to write the proofs and (2) practical
verification of properties and theorems. A teacher should make use of discussion,
question-answers, group activities etc. to carry out the activities and make the text
book more useful. A teacher is also expected to encourage the students to do the
activities in the book and help them to invent new ones.

It is more important to write the proofs pursuing logical thinking than doing
them by heart. The text book contains a variety of examples to enhance students’
logical thinking. Teachers should construct more such examples with the help of
students. Examples, which require a little higher thinking ability, are star-marked.
Teachers should encourage the students who write proofs logically correct but
thinking in a different way.

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

The list of practicals given in the text book should be considered as specimen.
Teachers can frame different practicals as well as teaching aids of their own using
available material. Different activities given in the text book are included in the
practicals. We hope that the evaluation method based on all these will be helpful
to develop different competencies for further studies.

List of some practicals (specimen)

(1) To find the distance between two points on a number line.

(2) To verify the properties of angles made by a transversal of parallel lines.

(3) To verify the properties of sides and angles of a triangle using Geometric
instruments.

(4) To verify the property of median on hypotenuse of a right angled triangle.

(5) To do the construction of a triangle with given specific conditions.

(6) An activity is given in the book to derive the formula of the surface area of
a cone. Using the same activity, derive the formula for the area of a circle
which is w2,

(7) To draw proportionate map of a room on a graph paper by considering the
measurements of the things inside the room.

(8) By drawing X and Y-axes on the school ground, ask students to tell the co-or-
dinates of a students’ positions on the ground.

(9) To find the volume of a cylindrical vessel using formula. Then fill the vessel
completely with water and find the volume of the water. Compare both the
measurements.

Similar activities can be done for different three dimensional objects.

J
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1 \\ Basic concepts in Geometry |

Let’s study.

e Point, line and plane ® Betweenness
e Co-ordinates of a points and distance e Conditional statements
® Proof

Did you recognise the adjacent
picture ? It is a picture of pyramids
in Egypt, built 3000 years before
Christian Era. How the people were
able to build such huge structures in
so old time ? It is not possible to
build such huge structures without
developed knowledge of Geometry
and Engineering

The word Geometry itself sug-
gests the origin of the subject. It is
generated from the Greek words Geo
(Earth) and Metria (measuring). So

it can be guessed that the subject must have evolved from the need of measuring the Earth,
that is land .

Geometry was developed in many nations in different periods and for different con-
structions. The first Greek mathematician, Thales, had gone to Egypt. It is said that he deter-
mined height of a pyramid by measuring its shadow and using properties of similar triangles.

Ancient Indians also had deep knowledge of Geometry. In vedic period, people used
geometrical properties to build altars. The book shulba-sutra describes how to build different
shapes by taking measurements with the help of a string. In course of time, the mathemati-
cians Aaryabhat, Varahamihir, Bramhagupta, Bhaskaracharya and many others have given
valuable contribution to the subject of Geometry.

Let’s learn.

Basic concepts in geometry (Point, Line and Plane)

We do not define numbers. Similarly we do not define a point, line and plane also. These
are some basic concepts in Geometry. Lines and planes are sets of points. Keep in mind that
the word “line’ is used in the sense “straight line’.

coQooQA oA oo Aoorc0 ~00
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Co-ordinates of points and distance
Observe the following number line.

A B C O D E
-5 -4 -3 -2 -1 0 1 2 3 4 5

A
\ 4

Fig. 1.1
Here, the point D on the number line denotes the number 1. So, it is said that 1 is the
co-ordinate of point D. The point B denotes the number — 3 on the line. Hence the co-ordinate
of point B is — 3. Similarly the co-ordinates of point A and E are — 5 and 3 respectively.

The point E is 2 unit away from point D. It means the distance between points D and E
is 2. Thus, we can find the distance between two points on a number line by counting number
of units. The distance between points A and B on the above number line is also 2.

Now let us see how to find distance with the help of co-ordinates of points.

To find the distance between two points, consider their co-ordinates and subtract the
smaller co-ordinate from the larger.

The co-ordinates of points D and E are1 and 3 respectively. We know that 3 > 1.
Therefore, distance between pointsE and D=3- 1=2

The distance between points E and D is denoted as d (E,D). This is the same as I(ED),
that is, the length of the segment ED.
d(E,D)=3- 1=2 d(CD)=1-(-2)

=1+2=3

. I(ED) =2
d (E, D) = I(ED) = 2 ; -.d(C,D)=I(CD)=3
Similarly d (D, E) = 2 Similarlyd (D, C) = 3

Now, let us find d(A,B). The co-ordinate of Ais—5 and thatofBis—3; —3>-5

Sd(AB)=-3- (-5 =-3+5=2.

From the above examples it is clear that the distance between two distinct points is always
a positive number.

Note that, if the two points are not distinct then the distance between them is zero.

Remember this !

® The distance between two points is obtained by subtracting the smaller co-ordiante from
the larger co-ordinate.

e The distance between any two points is a non-negative real number.

oo>QAo<cQA oA O o 20000 s00
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Let’s learn.

Betweenness

If P, Q, R are three distinct collinear points, there are three possibilities.

& N & N &
< > Y > <

\ 4

P Q R p R Q R P Q
Fig. 1.2
(i) Point Q is between (i) Point R is between (iii) Point P is between
Pand R Pand Q Rand Q

Ifd (P, Q) +d (Q, R) =d (P, R) then it is said that point Q is between P and R. The
betweeness is shown as P - Q - R.

Solved examples

Ex (1)  Onanumber line, points A, B and C are such that
d(A,B)=5,d(B,C)=11 and d (A, C) =6.
Which of the points is between the other two ?

Solution : Which of the points A, B and C is between the other two, can be decided as

follows.

B A C
dB,C)=11.... (1) < 5 6 >
d(AB) +d(A,C)=5+6=11....(l) Fig. 1.3

S.dB,C)=dA,B)+d(A,C)....[from () and (1]
Point A is between point B and point C.

Ex(2) U,V and A are three cities on a straight road. The distance between U and Ais
215 km, betweenVV and Ais 140 km and between U and A is 75 km. Which of
them is between the other two ?

Solution : d (U,A) = 215; d(V,A) = 140; d(Uu,Vv)=T75
d(U,V) +d (VA) = 75 + 140 = 215; d (U,A) =215

Sod(UA) = d(UV) +d (VA)
.. The city V is between the cities U and A.
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Ex (3)  The co-ordinate of point A on a number line is 5. Find the co-ordinates of points on

the same number line which are 13 units away from A.

Solution : As shown in the figure, let us take points T and D to the left and right of A
respectively, at a distance of 13 units.

5-13  5+13
-8 5 18
Fig. 1.4

The co-ordinate of point T, which is to the left of A ,will be 5- 13=-8
The co-ordinate of point D, which is to the right of A, will be 5+ 13 =18
.". the co-ordinates of points 13 units away from A will be —8 and 18.
Verify your answer : d (A,D) =d(A,T) =13

Activity

(1) Points A, B, C are given aside. Check,
with a stretched thread, whether the

three points are collinear or not. If they A B C
are collinear, write which one of them
Is between the other two.

(2) Given aside are four points P, Q, R, .
and S. Check which three of them are Q
collinear and which three are non

collinear. In the case of three collinear
points, state which of them is between P
the other two.

(3) Students are asked to stand in a line for mass drill. How will you check whether the
students standing are in a line or not ?
(4) How had you verified that light rays travel in a straight line ?

Recall an experiment in science which you have done in a previous standard.
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Practice set 1.1

1. Find the distances with the help of the number line given below.

< Q P K J H O A B C D E ,

-5 -4 -3 -2 -1 0 1 2 3 4 5 6
Fig. 1.5
(i) d(B,E) (i) d(J, A) (iii) d(P, C) (iv) d(J, H)
(v) d(K, O) (vi) d(O, E) (vii) d(P, J) (viii) d(Q, B)
2. If the co-ordinate of Aiis x and that of B isy, find d(A, B).
H)x=1y=7 (i)x=6,y=-2 (iiiyx=-3,y=7
(iv)x=-4,y=-5 (V)x=-3,y=-6 (vijx=4,y=-8

3. From the information given below, find which of the point is between the other two.

If the points are not collinear, state so.

(i) d(P,R) =7, d(P, Q) = 10, d(Q,R) =3
(i) d(R, S) = 8, d(s, T) = 6, d(R, T) =4
(iiii) d(A, B) = 16, d(C, A) =9, d(B, C) =7
(iv) d(L, M) = 11, d(M, N) = 12, d(N, L) =8
(v) d(X, Y) = 15, ey, 2) =7, d(X,2) =8
(vi) d(D, E) =5, d(E, F) = 8, d(D,F)=6

4. Onanumber line, points A, B and C are such that d(A,C) =10, d(C,B)=8
Find d(A, B) considering all possibilities.

5. Points X, Y, Z are collinear such that d(X,Y) =17, d(Y,Z) =8, find d(X,Z) .

6. Sketch proper figure and write the answers of the following questions.
MIfA-B-C and I(AC)=11, I(BC)=6.5 then I(AB)=?
(i)IfR-S-T and I(ST)=3.7, I(RS)=25, then I(RT)=?
@) IfX-Y-Z and 1(X2)= W7, I(XY) = J7, then I(YZ) =?

7. Which figure is formed by three non-collinear points ?
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Let’s learn.

In the book, Mathematics - Part | for std 1X, we have learnt union and intersection of sets
in the topic on sets. Now, let us describe a segment, aray and a line as sets of points.

(1) Linesegment :
The union set of point A, point B and points between
A and B is called segment AB. Segment AB is
written as seg AB in brief. Seg AB means seg BA. A B
Point A and point B are called the end points of seg AB. Fig. 1.6
The distance between the end points of a segment
is called the length of the segment. That is 1(AB) = d (A,B)
I(AB) = 5 is also written as AB = 5.

(2) RayAB:
Suppose, A and B are two distinct points. The
union set of all points on seg AB and the A B P
points P such that A - B - P, is called ray AB. Fig. 1.7
Here point A is called the end point of ray AB.

(3) LineAB:
The union set of points on ray AB and opposite ray of ray AB is called line AB.
The set of points of seg AB is a subset of points of line AB.

\4

(4) Congruent segments :
If the length of two segments is equal A
then the two segments are congruent.

If I(AB) = I(CD) then seg AB = seg CD

1oy}

(5) Properties of congruent segements : Fig. 1.8

(1) Reflexivity : seg AB = seg AB
(if) Symmetry : If seg AB = seg CD then seg CD = seg AB
(iii) Transitivity : If seg AB= seg CD and seg CD = seg EF then seg AB = seg EF

(6) Midpoint of a segment :
If A-M-B and seg AM = seg MB, then M is
called the midpoint of seg AB. A M B
Every segment has one and only one midpoint.

Fig. 1.9
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(7) Comparison of segments :
If length of segment AB is less than the length of

segment CD, it is written as seg AB < seg CD or A B
seg CD > seg AB. C D
The comparison of segments depends upon their Fig. 1.10
lengths.
(8) Perpendicularity of segments or rays :
If the lines containing two segments, two rays or 0 C
aray and a segment are perpendicular to each
other then the two segments, two rays or the
segment and the ray arge said to be pers:endicular D rc 5 >
to each other. .
In the figure 1.11, seg AB L line CD, v
seg AB L ray CD. Fig. 1.11
(9) Distance of a point from a line :
If seg CD _L line AB and the point D lies on C
line AB then the length of seg CD is called the ’_l
distance of point C from line AB. <« —>
The point D is called the foot of the perpendicular. A Fig 1[?12 B

If I(CD) = a, then the point C is at a distance of ‘a’
from the line AB.

Practice set 1.2
1. The following table shows points on a number line and their co-ordinates. Decide
whether the pair of segments given below the table are congruent or not.

Point A B C D E
Co-ordinate -3 5 2 -7 9

(i) seg DE and seg AB (ii) seg BC and seg AD (iii) seg BE and seg AD

2. Point M is the midpoint of seg AB. If AB = 8 then find the length of AM.
3. Point P is the midpoint of seg CD. If CP =2.5, find I(CD).
4. IfFAB=5cm,BP=2cm and AP = 3.4 cm, compare the segments.
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5. Write the answers to the following questions with reference to figure 1.13.
(i) Write the name of the opposite ray of ray RP
(ii) Write the intersection set of ray PQ and rayRP. T S R P Q

N
>

(iii) Write the union set of ray PQ and ray QR. Fig. 1.13
(iv) State the rays of which seg QR is a subset.
(v) Write the pair of opposite rays with common end point R.
(vi) Write any two rays with common end point S.
(vii) Write the intersection set of ray SP and ray ST.
6. Answer the questions with the help of figure 1.14.
R U Q L P A B cC v D
-6 -4 _9 0 2 4 6
Fig. 1.14

(1) State the points which are equidistant from point B.
(11) Write a pair of points equidistant from point Q.
(iii) Find d (U,V), d (P,C), d (V.B), d (U, L).

Let’s learn.

Conditional statements and converse

The statements which can be written in the ‘If-then’ form are called conditional

statements. The part of the statement following “If” is called the antecedent, and the part
following ‘then’ is called the consequent.

For example, consider the statement : The diagonals of a rhombus are perpendicular
bisectors of each other.

The statement can be written in the conditional form as, ‘If the given quadrilateral is
a rhombus then its diagonals are perpendicular bisectors of each other.’

If the antecedent and consequent in a given conditional statement are interchanged,
the resulting statement is called the converse of the given statement.

If a conditional statement is true, its converse is not necessarily true. Study the follow-
ing examples.

Conditional statement : If a quadrilateral is a rhombus then its diagonals are perpen-
dicular bisectors of each other.
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Converse : If the diagonals of a quadrilateral are perpendicular bisectors of each other
then it is a rhombus.

In the above example, the statement and its converse are true.

Now consider the following example,

Conditional statement : If a number is a prime number then it is even or odd.
Converse : If a number is even or odd then it is a prime number.

In this example, the statement is true, but its converse is false.

Let’s learn.

Proofs

We have studied many properties of angles, triangles and quadrilaterals through activities.

In this standard we are going to look at the subject of Geometry with a different point
of view, which was originated by the Greek mathematician Euclid, who lived in the third
century before Christian Era. He gathered the knowledge of Geometry prevailing at his time
and streamlined it. He took for granted some self evident geometrical statements which were
accepted by all and called them Postulates. He showed that on the basis of the postulates
some more properties can be proved logically.

Properties proved logically are called Theorems.

Some of Euclid’s postulates are given below.

(1) There are infinite lines passing through a point.

(2) There isone and only one line passing through two
points.

(3) Acircle of given radius can be drawn taking any point
as its centre.

(4) All right angles are congruent with each other.

(5) If two interior angles formed on one side of a
transversal of two lines add up to less than two
right angles then the lines produced in that direction Euclid
intersect each other.
We have verified some of these postulates through activities.
A property is supposed to be true if it can be proved logically. It is then called a Theorem.
The logical argument made to prove a theorem is called its proof.
When we are going to prove that a conditional statement is true, its antecedent is called
‘Given part’ and the consequent is called ‘the part to be proved’.
There are two types of proofs, Direct and Indirect.

Let us give a direct proof of the property of angles made by two intersecting lines.
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Theorem : The opposite angles formed by two intersecting lines are of equal measures.
Given: Line AB and line CD intersect at point O such that A-O-B,C-0-D.

To prove : (i) ZAOC = ZBOD A C
(ii) ZBOC = ZAOD O
D B

Fig. 1.15
Proof : ZAOC+ ZBOC =180°....... (1)  (angles in linear pair)
ZBOC+ /BOD =180°....... (11)  (angles in linear pair)
ZAOC + /BOC = ZBOC+ £BOD....... [from (1) and (11)]
.. ZAOC= ZBOD....... eliminating £ZBOC.

Similarly, it can be proved that /BOC = ZAOD.

Indirect proof :

This type of proof starts with an assumption that the consequence is false. Using it and
the properties accepted earlier, we start arguing step by step and reach a conclusion. The
conclusion is contradictory with the antecedent or a property which is already accepted.
Hence, the assumption that the consequent is false goes wrong. So it is accepted that the
consequent is true.

Study the following example.
Statement : A prime number greater than 2 is odd.

Conditional statement : If p is a prime number greater than 2 then it is odd.
Given : pisa prime number greater than 2. Thatis, 1 and p are the only divisors of p.
To prove : pisan odd number.

Proof : Letus suppose that p is not an odd number.

So p is an even number
. adivisorof pis2 ... ()

But it is given that p is a prime number greater than 2 ....(given)
. 1and p are the only divisors of p ..... (1)

Statements (I) and (II) are contradictory.
". the assumption , that p is not odd is false.

This proves that a prime number greater than 2 is odd.
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Practice set 1.3

1. Write the following statements in ‘if-then’ form.
(i) The opposite angles of a parallelogram are congruent.
(i) The diagonals of a rectangle are congruent.
(iti) Inanisosceles triangle, the segment joining the vertex and the mid point of the
base is perpendicular to the base.

2. Write converses of the following statements.
(i) The alternate angles formed by two parallel lines and their transversal are
congruent.
(if) If a pair of the interior angles made by a transversal of two lines are supple-
mentary then the lines are parallel.

(iii) The diagonals of a rectangle are congruent.

OO Problem set 1 OO0

1.  Select the correct alternative from the answers of the questions given below.

(i) How many mid points does a segment have ?

(A) only one (B) two (C) three (D) many
(i) How many points are there in the intersection of two distinct lines ?
(A) infinite (B) two (C) one (D) not a single
(iii) How many lines are determined by three distinct points?
(A) two (B) three (C) one or three (D) six
(iv) Find d(A, B), if co-ordinates of A and B are —2 and 5 respectively.
(A) -2 (B)5 7 (D)3
(V) IfP-Q-R and d(P,Q) =2, d(P,R) = 10, then find d(Q,R).
(A) 12 (B) 8 (C) V96 (D) 20

2. Onanumber line, co-ordinates of P, Q, R are 3, — 5 and 6 respectively. State with reason
whether the following statements are true or false.

() d(P,Q) + d(Q,R) = d(P,R) (ii) d(PR) + d(R,Q) = d(P.Q)
(iii) d(R,P) + d(P,Q) = d(R,Q) (iv) d(P,Q) — d(P,R) =d(Q,R)
3. Co-ordinates of some pairs of points are given below. Hence find the distance between
each pair.
(i) 3,6 (i)—9,-1 (iii) — 4,5 (iv) x,— 2
(V)x+3,x— 3 (vi) — 25, — 47 (vii) 80, — 85
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4.  Co-ordinate of point P on a number line is — 7. Find the co-ordinates of points on the
number line which are at a distance of 8 units from point P.

5.  Answer the following questions.
(i) IfFA-B-C and d(A,C)=17,d(B,C)=6.5 thend (AB)="?
(i) IfP-Q-R and d(P,Q) =3.4,d(Q,R)=5.7 thend(P,R) =7

6. Co-ordinate of point A on a number line is 1. What are the co-ordinates of points on the
number line which are at a distance of 7 units from A ?

7. Write the following statements in conditional form.
(1) Every rhombus is a square.
(if) Angles in a linear pair are supplementary.
(ii1) A triangle is a figure formed by three segments.
(iv) A number having only two divisors is called a prime number.

8.  Write the converse of each of the following statements.
(1) If the sum of measures of angles in a figure is 180°, then the figure is a triangle.
(i1)  If the sum of measures of two angles is 90° then they are complement of each other.
(iii) If the corresponding angles formed by a transversal of two lines are congruent then
the two lines are parallel.
(iv) If the sum of the digits of a number is divisible by 3 then the number is divisible
by 3.

9.  Write the antecedent (given part) and the consequent (part to be proved) in the following
statements.
(i) If all sides of a triangle are congruent then its all angles are congruent.
(i) The diagonals of a parallelogram bisect each other.

10". Draw a labelled figure showing information in each of the following statements and
write the antecedent and the consequent.
(1) Two equilateral triangles are similar.
(if) If angles in a linear pair are congruent then each of them is a right angle.
(i) If the altitudes drawn on two sides of a triangle are congruent then those two sides
are congruent.

aud
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2\\ Parallel Lines |

Let’s study.

® Properties of angles formed by e Tests of parallelness of two lines
parallel linesand itstransversal e Use of properties of parallel lines

Let’s recall.
Parallel lines : The lines which are coplanar and do I
not intersect each other are called parallel lines. -
m

M—

’ Hold a stick across the horizontal parallel

N
N

bars of a window as shown in the figure.

jq,/ ) How many angles are formed ?

e Do you recall the pairs of angles formed
by two lines and their transversal ?

In figure 2.1, line n is a transversal of
line | and line m.

Here, in all 8 angles are formed. Pairs of

angles formed out of these angles are as 7

follows : Fig. 2.1
Pairs of corresponding | Pairs of alternate interior Pairs of interior angles
angles angles on the same side of the
(i) Zd, Zh (i)-Lc, Ze (i) Zb, 4_h transversal

Pairs of alternate exerior .

iy Za ] angles (i) Zc, Zh
(iiy 2, () Zd, /1 (i) £b, Le
iv) 2o ] (i) Za, £g

Some important properties :
(1) When two lines intersect, the pairs of opposite angles formed are congruent.
(2) The angles in a linear pair are supplementary.
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(3) When one pair of corresponding angles is congruent, then all the remaining pairs of
corresponding angles are congruent.

(4) When one pair of alternate angles is congruent, then all the remaining pairs of alternate
angles are congruent.

(5) When one pair of interior angles on one side of the transversal is supplementary, then
the other pair of interior angles is also supplementary.

Let’s learn.

Properties of parallel lines

Activity
To verify the properties of angles formed by a transversal of two parallel lines.
Take a piece of thick coloured paper. Draw a pair of parallel lines and a transversal
on it. Paste straight sticks on the lines. Eight angles will be formed. Cut pieces of
coloured paper, as shown in the figure, which will just fit at the corners of £1 and

Z2. Place the pieces near different pairs of corresponding angles, alternate angles
and interior angles and verify their properties.

1 /2

A S
W A —
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Let’s learn.

We have verified the properties of angles formed by a transversal of two parallel lines. Let
us now prove the properties using Euclid’s famous fifth postulate given below.

If sum of two interior angles formed on one side of a transversal of two lines is less than
two right angles then the lines produced in that direction intersect each other.

Interior angle theorem

Theorem : Iftwo parallel lines are intersected by a transversal, the interior angles on either
side of the transversal are supplementary.

Given @ line ||| linem and line n is their trans-
versal. Hence as shown in the figure

Za, /b are interior angles formed on ) Za >
one side and Zc, Zd are interior angles < c >
formed on other side of the transversal. /
Toprove : Za+ /b=180° _
o Fig. 2.2
Zd+ Zc=180
Proof . Three possibilities arise regarding the sum of measures of Za and Zb.

(i) Za+ Zb<180° (ii) La+ Zb>180° (iii) La+ £b=180°
Let us assume that the possibility (i) Za+ b <180° is true.

Then according to Euclid’s postulate, if the line | and line m are produced will
intersect each other on the side of the transversal where Za and /b are
formed.

But line | and line m are parallel lines .......... given
o Za+ /b <180° impossible .......... ()

Now let us suppose that ZLa + £b > 180° is true.

;. La+ /b>180°

But La+ Zd=180°

and Zc+/Zb=180°..... angles in linear pairs

oo Za+ Zd+ Zb+ Zc=180° +180° = 360°

S Zc+ £d=360° - (La+ £b)

If La+ /b >180° then [360° — (La + £b)] < 180°
s Zc+ /£d<180°
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.. Inthat case linel and line m produced will intersect each other on the same
side of the transversal where Zc and Zd are formed.

c.Zc+ /d <180 is impossible.
That is Za+ Zb >180° is impossible...... (II)
.. the remaining possibility,
Za+ /b=180° istrue.....from (1) and (II)
o Za+ Zb=180° Similarly, Zc+ /d=180°

Note that, in this proof, because of the contradictions we have denied the
possibilities Za + /b >180° and La + /b <180°.

Therefore, this proof is an example of indirect proof.

Corresponding angles and alternate angles theorems
Theorem : The corresponding angles formed by a transversal of two parallel lines are of
equal measure. /Zn

Given  : linel || linem & >
line n is a transversal. K

< >M
Toprove : ZLa=/XZb /
Proof : Za+./Zc=180°.... (1) angles in linear pair

A

Fig. 2.3
b+ Zc=180° ... (1) property of interior angles of parallel lines

La+/Zc=/b+ ZLc......from (1) and (1)
o ZLa=ZLb

Theorem : The alternate angles formed by a transversal of two parallel lines are of equal
measures. n
Given  : linel || linem

e aec
line n is a transversal. /{
< >M
Toprove : Zd=/b /
Proof : Zd+ Zc=180°............. (1) angles in linear pair

A

Fig. 2.4
Zc+ /Zb=180° .............. (1) property of interior angles of parallel line

Zd+ ZLe=Lc+ L. from (1) and (11)
oo Zd=2Zb
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Practice set 2.1

1. Infigure 2.5, line RP || line MS and line DK D
is their transversal. Z/DHP = 85° 8B - 85° D
Find the measures of following angles. /
(i) ZRHD (i) ZPHG ™ /G s
(iii) ZHGS (iv) ZMGK A
Fig. 2.5

2. Infigure 2.6, line p || line q and
line | and line m are transversals.
Measures of some angles are shown.
Hence find the measures of

La, /b, Lc, Zd.

C 115°

Fig. 2.6
n p
< / é > | 3. Infigure 2.7, line | || line m and
/ / line n || line p. Find ZLa, £b, Zc from
< a the given measure of an angle.

S
™

Fig. 2.7

4", Infigure2.8,sidesof ZPQR and £XYZ
are parallel to each other. Prove that, Pg X

/PQR= /XYZ

/i@
e N @
\ 4

Fig. 2.8
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5. Infigure 2.9, line AB || line CD and /}
line PQ is transversal. Measure of one R
of the angles is given.
Hence find the measures of the

\ 4

A
>
=
(93]
(o)
w

following angles.
(i) ZART (i) ZCTQ
(iii) ZDTQ  (iv) ZPRB

n
@)
PN
H
)
A\ 4

Let’s learn.

Use of properties of parallel lines

Let us prove a property of a triangle using the properties of angles made by a transversal
of parallel lines.

Theorem : The sum of measures of all angles of a triangle is 180°.
Given : A ABC is any triangle.
To prove : ZABC + ZACB + /BAC = 180°. 2

Construction : Draw a line parallel to seg BC and passing
through A. On the line take points P and Q

such that, P- A- Q. B C
Fig. 2.10

Proof : Line PQ || line BC and seg AB is a transversal.
.. ZABC = ZPAB.......alternate angles.....(1)

line PQ || line BCandseg AC isatransversal. P _ A ___.Q ____
.. ZACB = ZQAC......alternate angles.....(I1)
C. Fromland Il

/ABC + ZACB = Z/PAB + ZQAC...(lll)

Adding ZBAC to both sides of (111).
ZABC+ ZACB + ZBAC = ZPAB + ZQAC + ZBAC
= /PAB + /BAC + /QAC

= /PAC + ZQAC ..( ZPAB + /BAC = Z/PAC)
=180° ...Angles in linear pair

That is, sum of measures of all three angles of a triangle is 180°.

oA o QAoTQAOREN O oo bCT OO
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Let’s discuss.

In fig. 2.12, How will you decide (_/_I,
whether line | and line m are parallel or not ? -
m | Fig. 2.12
Let’s learn.

Tests for parallel lines
Whether given two lines are parallel or not can be decided by examining the angles
formed by a transversal of the lines.

(1) Ifthe interior angles on the same side of a transversal are supplementary then the lines
are parallel.

(2) If one of the pairs of alternate angles is congruent then the lines are parallel.
(3) If one of the pairs of corresponding angles is congruent then the lines are parallel.

Interior angles test

Theorem : If the interior angles formed by a transversal of two distinct lines are
supplementary, then the two lines are parallel.

Given : Line XY is a transversal of line AB and /‘x
line CD. < P
Z/BPQ + ZPQD =180°

\4

A\ 4

To prove : line AB || line CD

Proof  : We are going to give an indirect proof.
Let us suppose that the statement to be
proved is wrong. That is, we assume,

line AB and line CD are not parallel,
means line AB and CD intersect at point T.

So A PQT is formed.
oo ZTPQ + ZPQT + ZPTQ =180° .......... sum of angles of a triangle
but ZTPQ + ZPQT =180° ........... given

That is the sum of two angles of the triangle is 180°.

Fig. 2.14

But sum of three angles of a triangle is 180°.
oo ZPTQ=0°.

coQooQA oA 0o roorc0 p00
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.. line PT and line QT means line AB and line CD are not distinct lines.
But, we are given that line AB and line CD are distinct lines.
.. we arrive at a contradiction.
". our assumption is wrong. Hence line AB and line CD are parallel.
Thus it is proved that if the interior angles formed by a transversal are supplementary,
then the lines are parallel.
This property is called interior angles test of parallel lines.

Alternate angles test

Theorem : If a pair of alternate angles formed by a transversal of two lines is congruent
then the two lines are parallel.

Given : Linen isatransversal of line I and line m.
Zaand Zb is a congruent pair of alternate angles. /n
Thatis, La= /b < 3 >
To prove : linel || linem K
Proof : Za+ /Zc=180° ....anglesin linear pair < >m
La=Lb... given /
o Zb+ Zc=180° Fig. 2.15
But b and Zc are interior angles on the same side of the transversal.
S line ||| linem ... interior angles test

This property is called the alternate angles test of parallel lines.

Corresponding angles Test

Theorem : Ifapair of corresponding angles formed by a transversal of two lines is congruent
then the two lines are parallel.

Given  : Linenisatransversal of line | and line m.
Zaand Zb is a congruent pair of corresponding angles.
Thatis, Za= Zb ]

Toprove : linel||line m é

Proof : ZLa+ /Zc=180°....... angles in linear pair >
Za=/b ... given K
. Zb+ Zc=180° >
That is a pair of interior angles on the same
side of the transversal is congruent. Fig. 2.16
S line || linem.......... interior angles test
This property is called the corresponding angles test of parallel lines.

oA oA oA O O oo bCT OO
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Corollary I : If a line is perpendicular to two lines in a plane, then the two lines are parallel

to each other. AN
Given  : Linen_Llinel and linen L linem
To prove : linel || linem < al >
Proof . linen L line l'and line n _L line m ...given
. La=/Zc=90°
i -~ - >M
Zaand Zc are corresponding ¢
angles formed by transversal n of
\

A
line I and line m. Fig. 2.17
. line 1|/ linem ....corresponding angles test

Corollary 11 : If two lines in a plane are parallel to a third line in the plane then those two
lines are parallel to each other. Write the proof of the corollary.

Practice set 2.2

_
y o Fig. 2.18
: /
./
> | 2. Infigure 2.19, if La= Zb then

prove that line I || line m.

Fig. 2.19
3. In figure 2.20, if Za= /b and . / / / S

1. In figure 2.18,y = 108° and x =71°
Are the lines m and n parallel ? Justify ?

A

A A

< >K
Zx = Zy then prove that line | || line n. 7 e
X y
D E
A B 100° Fig. 2.20
4. Infigure 2.21, if ray BA || ray DE,
50° ZC=50° and £D =100°. Find the measure
of ZABC.
C : : . .
_ (Hint : Draw a line passing through point C and
Fig. 2.21 parallel to line AB.)

oA O AQAoOSQAOMEO <o L0 SO
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5. A In figure 2.22, ray AE || ray BD,
;3\{(7,’; ray AF is the bisector of ZEAB and
A A ] A ray BC is the bisector of ZABD.
. //\"%\D‘ Prove that line AF || line BC.
¥
Fig. 2.22
6. A transversal EF of line AB and /E
line CD intersects the lines at point P —x - P - 5 =
and Q respectively. Ray PR and ray QS S\ \.\R
are parallel and bisectors of /BPQ and \ :

A
@]
Y\'l:l\
O
)
\

ZPQC respectively.

Prove that line AB || line CD. _
Fig. 2.23

OOOOOOOOOOOOOOOOOOS Problem set 2 SO0

1.  Select the correct alternative and fill in the blanks in the following statements.

(i) If a transversal intersects two parallel lines then the sum of interior angles on the
same side of the transversal is ............

(A) 0° (B) 90° (C) 180° (D) 360°
(i) The number of angles formed by a transversal of two lines is ............
(A) 2 (B) 4 (C)8 (D) 16

(iif) A transversal intersects two parallel lines. If the measure of one of the angles is
40° then the measure of its corresponding angle is .............

(A) 40° (B) 140° (C) 50° (D) 180°
(iv) InA ABC, LZA=76°, /B =48° . LC= .............
(A) 66° (B) 56° (C) 124° (D) 28°

(v) Two parallel lines are intersected by a transversal. If measure of one of the
alternate interior angles is 75° then the measure of the other angle is .............
(A) 105° (B) 15° (C) 75° (D) 45°
2". Ray PQ and ray PR are perpendicular to each other. Points B and A are in the interior
and exterior of ZQPR respectively. Ray PB and ray PA are perpendicular to each other.
Draw a figure showing all these rays and write -
(i) A pair of complementary angles (ii) A pair of supplementary angles.
(iii) A pair of congruent angles.

oA AQAoOTSAQA OO oo lbbCT OO
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3. Provethat, if aline is perpendicular to one of the two parallel lines, then it is perpendicular
to the other line also.

4. In figure 2.24, measures of some angles - /
are shown. Using the measures find the < " > |

measures of /x and Ly and hence
show that line I || line m.

A
&

\ 4

3

Fig. 2.24

5. Line AB || line CD || line EF and line QP
D \ 5 is their transversal. If y:z=3: 7 then find
. the measure of /x. (See figure 2.25.)

A
> //v
S A
A\ 4
A\ 4

\4

Fig. 2.25 p

6. In figure 2.26, if line q || line r, b[ .
line p is their transversal and if 7d g
fle

a = 80° find the values of f and g. 7h >

Fig. 2.26
% /)
7. In figure 2.27, if line AB || line CF

B ¢ and line BC || line ED then prove that
> ZABC = ZFDE.

Fig. 2.27 k
Q

A

A

A
\ 4

A
\4

8. In figure 2.28, line PS is a transversal A ) \‘\\/7‘ B
of parallel line AB and line CD. If Ray j %’l\\\\ ST R
QX, ray QY, ray RX, ray RY are angle Soc R D
bisectors, then prove that L1 QXRY is a S
rectangle.
Fig. 2.28

aud
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3 \\ Triangles

e Theorem of remote interior angles

Let’s study.

Median of a triangle

of a triangle e Propertyofmedianonhypotenuse
e Congruence of triangles of a right angled triangle
e Theorem of isosceles triangle e Perpendicular bisector theorem
e Property of 30°- 60°- 90° angled  ® Angle bisector theorem

triangle e Similar triangles

Activity :
Draw a triangle of any measure on a thick paper. Take a point T on ray QR as shown
in fig. 3.1. Cut two pieces of thick paper which will exactly fit the corners of ZP and ZQ.
See that the same two pieces fit exactly at the corner of /PRT as shown in the figure.

\4

Let’s learn.

Theorem of remote interior angles of a triangle

Theorem: The measure of an exterior angle of a triangle is equal to the sum of its remote

interior angles. P
Given : ZPRSisan exterior angle of A PQR.
Toprove: /PRS=/PQR+ /QPR Fig. 3.2
Proof : The sum of all angles of a triangle is 180°.

.. /PQR+ ZQPR+ /PRQ=180°....() O R s>

ZPRQ + ZPRS =180°.....angles in linear pair......(I1)
.. from (1) and (1)
/PQR+ ZQPR+ /PRQ = Z/PRQ + ZPRS
.. ZPQR+ ZQPR= ZPRS....... eliminating £ZPRQ from both sides

.". the measure of an exterior angle of a triangle is equal to the sum of its remote
interior angles.

oA AQAOOSAONWIE O oo bCT O
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Use your Can we give an alternative proof of the theorem drawing a
brain power! | jine through point R and parallel to seg PQ in figure 3.2 ?

Let’s learn.

Property of an exterior angle of triangle

The sum of two positive numbers a and b, thatis (a + b) is greater than a and greater
than b also. Thatis, a+b>a, a+b>Db

Using this inequality we get one property R

relaed to exterior angle of a triangle.

If ZPRS is an exterior angle of A PQR then /\
Z/PRS> /P , ZPRS > AQ Q R S

.. an exterior angle of a triangle is greater than Fig. 3.3
its remote interior angle.

A 4

Solved examples
Ex (1) The measures of angles of a triangle are in the ratio 5 : 6 : 7. Find the measures.
Solution : Let the measures of the angles of a triangle be 5x, 6x, 7x.

. BX+6x+7x = 180°

18x = 180°

x =10°
5x=5x%x10=50°, 6x=6x10=60°, 7x=7x10=70°

*. the measures of angles of the triangle are 50°, 60° and 70°.

Ex (2) Observe figure 3.4 and find the measures of ZPRS and ZRTS.

Solution : ZPRS is an exterior angle of A PQR.
So from the theorem of remote interior angles,

/PRS = /PQR + ZQPR
=40° + 30°
=70°

In A RTS Fig. 3.4

ZTRS + ZRTS+ ZTSR =[ . sum of all angles of a triangle

s ]+ ZRTS+[]=180°

.. ZRTS +90° =180°

S ZRTS =[]
oA oA oQAOEEN O oo Lo OO
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Ex (3) Prove that the sum of exterior angles of a triangle, obtained by extending its sides in

the same direction is 360°.

Given

To prove :

Proof

p
Z/PAB, ZQBC and ZACR &

are exterior angles of A ABC
Z/PAB + ZQBC + ZACR = 360°

Method | A(Q/ C

Considering exterior ZPAB of A ABC, Fig. 3.5
ZABC and ZACB are its remote interior angles.
/PAB = /ABC + ZACB (1)
Similarly, ZACR = ZABC + ZBAC ----(I1)..theorem of remote interior angles
and ZCBQ = Z/BAC + ZACB --— (Il
Adding (1), (1) and (1),
Z/PAB + ZACR + ZCBQ
= /ABC+ /ZACB+ ZABC + /BAC + /BAC + ZACB
=2/ABC+2/ACB + 2/BAC
=2 (/ABC + /ACB + /BAC)

\ 4

ok }

=2x180° ..... sum of interior angles of a triangle
= 360°
p
d A
a
Method 11
Zc+ Zf=180° . ... (angles in linear pair) 5 o\ f 5
- ) Q e C R
Also, Za+ /d =180 Fig. 3.6

and Zb + Le = 180°
e+ i+ La+ Ld+ b+ Le=180° x 3 =540°
i+ Zd+ Le+ (La+ £Lb+ £c)=540°

f+ /d+ Le +180° = 540°
.. f+d+e=540°-180°
= 360°

oA TS QAOTSQA OO oo bCT OO
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Ex (4) Infigure 3.7, bisectors of ZB and ZC of A ABC intersect at point P.
1
Prove that ZBPC =90 + 5 ZBAC.

Complete the proof filling in the blanks.

Proof : InA ABC,

Fig. 3.7
ZBAC + ZABC + ZACB =[__]...... sum of measures of angles of a triangle

1
% ABAC+%LABC+% ZACB = x[]

....multiplying each term by%

; % /BAC + /PBC + /PCB = 90°

. /PBC+ /PCB =90° - % ZBAC .....(I)
In A BPC

ZBPC + ZPBC + ZPCB = 180° ......sum of measures of angles of a triangle

. ZBPC +| | =180° ......from (I)

. /BPC =180° — (90° — % Z/BAC)

=180°-90°+ L /BAC

2
=90° + % ZBAC
Practice set 3.1
1. Infigure 3.8, ZACD is an exterior angle of A ABC. A
/B =40°, /A =70°. Find the measure of ZACD. /\
[} (o] h )
2. InAPQR, ZP=70°, £Q =65° then find ZR. B c D

Fig. 3.8

3. The measures of angles of a triangle are x°, (x—20)°, (x—40)°.
Find the measure of each angle.

4.  The measure of one of the angles of a triangle is twice the measure of its smallest
angle and the measure of the other is thrice the measure of the smallest angle. Find the

measures of the three angles.

oA O AQAoSQAOMIEO Lo Lo SO
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In figure 3.9, measures of some angles
are given. Using the measures find the

values of x,v, z.

In figure 3.10, line AB || line DE. Find

the measures of ZDRE and £ARE
using given measures of some angles.

T
E
100°
y
X P~ 40°
N M R”
Fig. 3.9

Fig. 3.10

In A ABC, bisectors of ZAand B intersect at point O. If £C =70°. Find measure

of ZAOB.

In Figure 3.11, line AB || line CD and
line PQ is the transversal. Ray PT

and ray QT are bisectors of ZBPQ and
ZPQD respectively.
Prove that mZPTQ = 90°.

Using the information in figure 3.12,
find the measures of Za, Zb and Zc.

In figure 3.13, line DE || line GF
ray EG and ray FG are bisectors of

Z/DEF and ZDFM respectively.
Prove that,

(i) /DEG = % Z/EDF (ii) EF = FG.

oAQAoAQAoSQ O

A

A
\ 4

70 i
Fig. 3.12 \
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Let’s learn.

Congruence of triangles

We know that, if a segment placed upon another fits with it exactly then the two
segmetns are congruent. When an angle placed upon another fits with it exactly then the two
angles are congruent. Similarly, if a triangle placed upon another triangle fits exactly with it
then the two triangles are said to be congruent. If A ABC and A PQR are congruent is
written as A ABC = A PQR

A A,

1

: C C; B,
Fig. 3.14

Activity : Draw A ABC of any measure on a card-sheet and cut it out.
Place it on a card-sheet. Make a copy of it by drawing its border. Name itas A A B.C,

Now slide the A ABC which is the cut out of a triangle to some distance and make one
more copy of it. Name it A A B,C,

Then rotate the cut out of triangle ABC a little, as shown in the figure, and make another
copy of it. Name the copy as A A;B,C,. Then flip the triangle ABC, place it on another
card-sheet and make a new copy of it. Name this copy as A A,B,C, .

Have you noticed that each of A ABC,A ABC,AABC, and A ABC,is
congruent with A ABC ? Because each of them fits exactly with A ABC.

Let us verify for A A,B,C, . If we place ZA upon LA, , ZB upon £ZB,and ZC
upon ZC,, then only they will fit each other and we can say that AABC= A AB.C, .

We also have AB=AB,,BC=B,C,, CA=CA,.

Note that, while examining the congruence of two triangles, we have to write their
angles and sides in a specific order, that is with a specific one-to-one correspondence.

If A ABC = A PQR, then we get the following six equations :

ZA=/P, /B=/Q,/C=/R....(1) and AB=PQ,BC=0QR,CA=RP....(Il)

This means, with a one-to-one correspondence between the angles and the sides of two

triangles, we get three pairs of congruent angles and three pairs of congruent sides.

O QAOTSCAQAOTSQA OO Lo Lo &SSO
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Given six equations above are true for congruent triangles. For this let us see three
specific equations are true then all six equations become true and hence two triangles
congruent.

(1) In a correspondence, if two angles of AABC are equal to two angles of APQR
and the sides included by the respective pairs of angles are also equal, then the
two triangles are congruent.

P This property is called as
angle-side-angle test, which
g | ¥ A | > in short we write A-S-A test.
T R

Fig. 3.15

(2) Inacorrespondence, if two sides of A ABC are equal to two sides of A PQR and
the angles included by the respective pairs of sides are also equal, then the two
triangles are congruent.

A p

C This property is called as
side-angle-side test, which in
/\ short we write S-A-S test.
B Q # R
Fig. 3.16

(3) In a correspondence, if three sides of A ABC are equal to three sides of
A PQR, then the two triangles are congruent.

This property is called as

A 0 )
" R side-side-side test, which in
short we write S-S-S test.
B # C 5

Fig. 3.17

(4) Ifin A ABC and A PQR, ZB and £Q are right angles, hypotenuses are equal
and AB = PQ, then the two triangles are congruent.

A P

This property is called the
hypotenuse side test.
C R Q

Fig. 3.18

CQATCTTAQAOCTAQAORIEO ool O
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Remember this !

We have constructed triangles using the given information about parts of triangles. (For
example, two angles and the included side, three sides, two sides and an included angle).
We have experienced that the triangle constructed with any of these information is unique.
So if by some one-to-one correspondence between two triangles, these three parts of one
triangle are congruent with corresponding three parts of the other triangle then the two
triangles are congruent. Then we come to know that in that correspondence their three
angles and three sides are congruent. If two triangles are congruent then their respective
angles and respective sides are congruent. This property is useful to solve many problems
in Geometry.

< Practice set 3.2 >

1.  Ineach of the examples given below, a pair of triangles is shown. Equal parts of triangles
in each pair are marked with the same signs. Observe the figures and state the test by
which the triangles in each pair are congruent.

(i) (if) x L
A P
B //H\g\c Q//H\y\ R
Y Z M N
By.......... test By.......... test
A ABC = A PQR AXYZ=A LMN
(iii) ) Lt )
P N
QmR TA(Y/Q\U
N R
By.......... test By.......... test
APRQ=ASTU A LMN=A PTR
Fig. 3.19

OCQAOTSCAQAOTSQAONEO o0 &S O
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2.  Observe the information shown in pairs of triangles given below. State the test by which
the two triangles are congruent. Write the remaining congruent parts of the triangles.

(i)
A
Fig. 3.20

From the information shown in the figure,
in A ABC and A PQR

ZABC = ZPQR

seg BC = seg QR

ZACB= ZPRQ

o AABCZ APQR...[  test

SLZBAC = [ | L corresponding
angles of congruent triangles.

seg AB = |:| corresponding

=+ sides of congruent
and [ |=segPRJ triangles

3. From the information shown in the
figure, state the test assuring the
congruence of A ABC and A PQR.
Write the remaining congruent parts of
the triangles.

C Fig. 3.22 R

5. Infigure 3.24, seg AB = seg CB

and seg AD = seg CD.
Prove that

A ABD = A CBD

(i) R

p

S
Fig. 3.21

From the information shown in the figure,,
In A PTQ and A STR
seg PT = seg ST
ZPTQ= ZSTR....vertically opposite angles
seg TQ=seg TR
S APTQX ASTR...... [ test
S LTPQ=[ ] } corresponding

~ /1o’ angles of congruent
and :l = /TRS triangles.

seg PQ = [ | corresponding sides of
congruent triangles.

Q

4. As shown in the following figure, in

ALMNand A PNM, LM = PN,
LN = PM. Write the test which assures
the congruence of the two triangles.
Write their remaining congruent parts.

L p
M N
Fig. 3.23
B
C
A
D Fig. 3.24

Please note : corresponding sides of congruent triangles in short we write c.s.c.t. and
corresponding angles of congruent triangles in short we write c.a.c.t.

QAT QAOTAQAORAEO o LsCO &GO
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6. In figure 3.25, ZP= /R
seg PQ = seg RQ S T
Prove that,

Fig. 3.25
A PQT = A RQS

Let’s learn.

Isosceles triangle theorem
Theorem : If two sides of a triangle are congruent then the angles opposite to them are

congruent.
Given : In A ABC, side AB = side AC A
To prove : ZABC= ZACB /N
Construction : Draw the bisector of Z/BAC
which intersects side BC at point D.
Proof : InA ABD and A ACD
seg AB= seg AC ....... given b W ¢
ZBAD = ZCAD........construction Fig. 3.26
seg AD = seg AD ....... common side

. AABD=AACD.....| |

..ZABC= /ACB “ B-D-C
Corollary : If all sides of a triangle are congruent then its all angles are congruent.
(write the proof of this corollary.)

Converse of isosceles triangle theorem

Theorem : If two angles of a triangle are congruent then the sides opposite to them are

congruent.
Given : InAPQR, ZPQR = ZPRQ p
To prove : Side PQ = side PR /\
Construction : Draw the bisector of ZP
intersecting side QR at point M
Proof : InA PQM and A PRM Q - A,
ZPQM = ... given v
ZQPM = /RPM.....[ | Fig. 3.27

O QAOTSAQAOTQAOKEO o Lo SO
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Corollary : If three angles of a triangle are congruent then its three sides also are congruent.
(Write the proof of this corollary yourself.)

Both the above theorems are converses of each other also.
Similarly the corollaries of the theorems are converses of each other.

Use your brain power!

(1) Can the theorem of isosceles triangle be proved doing a different construction ?
(2) Can the theorem of isosceles triangle be proved without doing any construction ?

Let’s learn.

Property of 30° - 60° - 90° triangle

(" Activity |

Every student in the group should draw a
right angled triangle, one of the angles
measuring 30°. The choice of lengths of sides
should be their own. Each one should measure
the length of the hypotenuse and the length of Fig. 3.28
the side opposite to 30° angle.

One of the students in the group should fill in the following table.

Triangle Number 1 2 3 4

Length of the side
opposite to 30° angle

Length of the hypotenuse

Did you notice any property of sides of right angled triangle with one of the angles
measuring 30°? y

N

Activity 11
The measures of angles of a set square in your compass box are 30°,60° and 90°,

Verify the property of the sides of the set square.

Let us prove an important property revealed from these activities.

CCQAOTSQAOOTTQAOEEEO oo T OO
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Theorem : If the acute angles of a right angled triangle have measures 30° and 60°, then
the length of the side opposite to 30° angle is half the length of the hypotenuse.

(Fill in the blanks and complete the proof .) A
Given : InA ABC So°
ZB=90° ZC=230° ZA=60°
Toprove : AB= LAC B I
2 Fig. 3.29
Construction : Take a point D on the extended
seg AB such that AB = BD. Draw seg DC. A
Proof : A ABCand A DBC oo*
seg AB=segDB ........... | | 5l P
ZABC= /DBC ........ | | §
seg BC=segBC ............ | | D
. - D"
. o A ABC = A DBC ..... | | Fig. 3’30

.. ZBAC= /BDC ........ (c.a.c.t.)

In A ABC, Z/BAC =60° .". Z/BDC =60°

ZDAC = ZADC = ZACD =60° ...~ sum of angles of A ADC is 180°

.. A ADC is an equilateral triangle.

.. AC=AD=DC........ corollary of converse of isosceles triangle theorem
ButAB = % AD........ construction

Activity
With the help of the Figure 3.29 above fill in the blanks and complete the proof of the
following theorem.

Theorem : If the acute angles of a right angled triangle have measures 30°and 60° then

/3

the length of the side opposite to 60° angle is ~5~ Xhypotenuse

Proof : In the above theorem we have proved AB = % AC
ABz+BCz =[ ... Pythagoras theorem
1 —
R E—

.. BC? =AC?- + AC?

I —
BC = \/2§AC

O QAOTSAQAOTSQAORNEO o0 &S O
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/Activity : Complete the proof of the theorem.

Theorem : If measures of angles of a triangle are 45°, 45°, 90° then the length of each

Proof : InA ABC, /B =90° and /A= /C=45° 45°

side containing the right angle is % X hypotenuse. A

.. BC =AB
By Pythagoras theorem
AB?+ BC? =
AB? +
S 2AB? =
. AB? =
. AB

B 45° C

Fig. 3.31

AC? ...** (BC =AB)

1
ﬁAC

This property is called 45°- 45°- 90° theorem.

(1)

()

Remember this !

If the acute angles of a right angled triangle are 30°, 60°then the length of side
opposite to 30° angle is half of hypotenuse and the length of side opposite to 60° angle

N

isT3 hypotenuse . This property is called 30°-60°—90°theorem.

If acute angles of a right angled triangle are 45°, 45° then the length of each side
hypotenuse

/2
This property is called 45°—45°—-90° theorem

containing the right angle is

Let’s recall.

Median of a triangle
The segment joining a vertex and the mid-point of the side opposite to it is called a

Median of the triangle. A
In Figure 3.32, point D is the mid point of side BC. /\
.". seg AD is a median of A ABC. ) .
B 0t C
Fig. 3.32
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Activity | : Draw atriangle ABC. Draw medians
AD, BE and CF of the triangle. Let their point of

concurrence be G, which is called the centroid of

the triangle. Compare the lengths of AG and GD M
with a divider. Verify that the length of AG is twice ¢
the length of GD. Similarly, verify that the length of W

BG is twice the length of GE and the length of CG A

is twice the length of GF. Hence note the following
property of medians of a triangle of a triangle.

The point of concurrence of medians of a triangle divides each median in the ratio 2 : 1.

4 )
Activity Il : Draw a triangle ABC on a card

board. Draw its medians and denote their point of
concurrence as G. Cut out the triangle.

Now take a pencil. Try to balance the triangle —_———
on the flat tip of the pencil. The triangle is balanced
only when the point G is on the flat tip of the pencil.
This activity shows an important property of )
Fig. 3.34

the centroid (point of concurrence of the medians)
of the triangle.
-

Let’s learn.

Property of median drawn on the hypotenuse of right triangle

/Activity : In the figure 3.35, A ABC is a right angled triangle. seg BD is the median on )

hypotenuse.
Measure the lengths of the following segments
AD=...... DC=...... BD=.......

From the measurements verify that BD = % AC.

Fig. 3.35
Now let us prove the property, the length of the median is half the length of the
hypotenuse.

- J
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Theorem :

Given

To prove :

In a right angled triangle, the length of the median of the hypotenuse is half the
length of the hypotenuse. A
In A ABC, ZB =90°, seg BD is the median.

B

BD=LlAC
2

Construction : Take point E on the ray BD such thatB-D - E Fig. 3.36

Proof

and 1(BD) = I(DE). Draw seg EC.
(Main steps are given. Write the steps in between with reasons and complete the

proof.)

A ADB = A CDE .......... by S-A-S test

line AB || line EC .......... by test of alternate angles
AABC=AECB... by S-A-S test

BD = AC

Remember this !

In a right angled triangle, the length of
the median on its hypotenuse is half the length of the hypotenuse.

<

Practice set 3.3 >

1. Find the values of x and y using the /{/\\

Find the measure of ZABD and mZACD.

A
information shown in figure 3.37. B<%o? e
V\/Fig. 3.37

D

2. The length of hypotenuse of a right angled triangle is 15. Find the length of median of its
hypotenuse.

3. InAPQR, ZQ=90°, PQ=12,QR=5 and QS is a median. Find I(QS).

concurrence of the medians of A PQR .

If GT =2.5, find the lengths of PG and PT.

P
4. In figure 3.38, point G is the point of ;Kg
Q T R

Fig. 3.38
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Let’s recall.

ﬁctivity : Draw a segment AB of convenient length. Lebel its
mid-point as M. Draw a line | passing through the point M
and perpendicular to seg AB.

Did you notice that the line | is the perpendicular bisector
of seg AB ? p
Now take a point P anywhere on line . Compare the
distance PA and PB with a divider. What did you find ? You JC—— TR B
should have noticed that PA = PB. This observation shows
that any point on the perpendicular bisector of a segment is
equidistant from its end points.

Now with the help of a compass take any two points like C 1€
and D, which are equidistant from A and B. Did all such \A
points lie on the line | ? What did you notice from the

Fig. 3.39
observation ? Any point equidistant from the end points of g
a segment lies on the perpendicular bisector of the segment.
These two properties are two parts of the perpendicular
N bisector theorem. Let us now prove them. )
Let’s learn.
Perpendicular bisector theorem
Part I : Every point on the perpendicular bisector of a
segment is equidistant from the end points of Al
the segment.
Given : line lis the perpendicular bisector of seg AB at point M. ,
Point P is any point on |, /\
To prove: PA=PB e
- 1& LL| M LL| 'B
Construction : Draw seg AP and seg BP.
Proof : InA PMA and A PMB
seg PM = seg PM ....... common side
ZPMAZ= ZPMB ......... each is a right angle
seg AM = seg BM .......given v

Fig. 3.40
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.. APMAZAPMB ... S-A-S test

.. seg PAZ seg PB .......c.s.C.t.

. 1 (PA) =1 (PB)

Hence every point on the perpendicular bisector of a segment is equidistant from
the end points of the segment.

Part Il : Any point equidistant from the end points of a segment lies on the perpendicular
bisector of the segment.

Given : Point P is any point equidistant from
the end points of seg AB. That is, PA = PB.

To prove: Point P is on the perpendicular bisector of seg AB.
Construction : Take mid-point M of seg AB and draw line PM.

Proof : InA PAM and A PBM :i : }
seg PA= segPB .........

A M B
seg AM = seg BM .......
segPM= | | ... common side
.. APAM = A PBM ...... test.
.. ZPMA = /PMB......c.a.c.t.
But ZPMA + =180°
ZPMA + /PMA =180° ........ (~ ZPMB = ZPMA)
2 /PMA =
.. ZPMA=90°
. segPM LsegAB L. (1)
But Point M is the midpoint of seg AB.  ...... construction .... (2)

Fig. 3.41

. line PM is the perpendicular bisector of seg AB. So point P is on the
perpendicular bisector of seg AB

Angle bisector theorem

Part | . Every point on the bisector of an angle is equidistant
from the sides of the angle.

Given  : Ray QS is the bisector of ZPQR .
Point A is any point on ray QS
seg AB L ray QP segAC L ray QR

To prove : seg AB = seg AC

Q C R
Proof . Write the proof using test of congruence of triangles. Fig. 3.42

0> QAoCQAoSCAO0Y 0o roosrc0 H00

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Part Il : Any point equidistant from sides of an angle is on the bisector of the angle.

Given : Aisapoint in the interior of ZPQR.
seg AC L ray QR seg AB L ray QP

and AB = AC b
To prove : Ray QA is the bisector of Z/PQR. -
That is ZBQA = ZCQA R
Fig. 3.43
Proof  : Write the proof using proper test of congruence of triangles.
Let’s recall.
X
Activity
As shown in the figure, draw A XYZ
such that XZ > side XY
Find which of £Z and £Y is greater.
Y Fig. 3.44 z

Let’s learn.

Properties of inequalities of sides and angles of a triangle

Theorem : Iftwo sides of a triangle are unequal, then the angle opposite to the greater side

Is greater than angle opposite to the smaller side.
Given  : InA XYZ, side XZ > side XY
Toprove : AXYZ> AXZY

Construction : Take point P on side XZ such that
XY = XP, Draw seg YP.

Proof : InAXYP
XY = XP .........construction Y Fig.3.45 g
ZXYP = ZXPY.....isosceles triangle theorem .....(1)
ZXPY is an exterior angle of A YPZ.
. LXPY > /LPZY ... exterior angle theorem
IXYP > LPZY ... from (1)
LXYP + /LPYZ> /PZY ... Ifa>b and ¢>0 thena+c>b

IXYZ > LPZY, thatis £XYZ > /XZY

oA oOCQAoSQAROENEO oo SO
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Theorem : Iftwo angles of a triangle are unequal then the side opposite to the greater angle
is greater than the side opposite to smaller angle.
The theorem can be proved by indirect proof. Complete the following proof by
filling in the blanks.

Given : InAABC, /B> /C A

To prove : AC>AB /\
Proof : There are only three possibilities

regarding the lengths of side AB and B Fig. 3.46 ¢
side AC of A ABC

(i) AC <AB (ii) (i)

(i) Let us assume that AC < AB. (i) FAC=AB
If two sides of a triangle are then /B = ZC
unequal then the angle opposite to But > R (given)
greater side is : This also creates a contradiction.
s ZC> = is wrong
But L/C</B......... (given) .. AC > AB is the only remaining
This creates a contradiction. possibility.

< is wrong. .. AC>AB

Let’s recall.

As shown in the adjacent picture, there
Is a shop at A. Sameer was standing at C. To
reach the shop, he choose the way C — A
instead of C — B — A, because he knew B
that the way C — A was shorter than the way A
C — B — A. So which property of a triangle
had he realised ?

The sum of two sides of a triangle is
greater than its third side.

Let us now prove the property.
C

OAQAOCTSAQAOOTQAOESNO oo T O
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Theorem :

Given

To prove :

Proof

The sum of any two sides of a triangle is greater than the third side.
Pl
: A ABC is any triangle.
D //
AB +AC >BC <
AB +BC>AC x
AC + BC >AB Al 5
Construction : Take a point D on ray BA such that AD = AC. I.‘I
In A ACD, AC = AD ..... construction ,:
-. ZACD = ZADC ... c.act. B _ ¢
Fig. 3.47
. ZACD + ZACB > ZADC
. ZBCD> ZADC
.. side BD >side BC ......... the side opposite to greater angle is greater
" BA+AD>BC ... ~ BD=BA+AD
BA+AC>BC ... ~ AD =AC

1. Infigure 3.48, point A is on the bisector of ZXYZ.
If AX =2 cm then find AZ.

3.

Similarly we can prove that AB + BC >AC
and BC +AC > AB.

Practice set 3.4

Fig. 3.48

In figure 3.49, ZRST =56°, seg PT L ray ST,
seg PR L ray SR and seg PR = seg PT

Find the measure of ZRSP.
State the reason for your answer.

Fig. 3.49

In A PQR, PQ =10 cm, QR =12 cm, PR = 8 cm. Find out the greatest and the smallest

angle of the triangle.

4.

In A FAN, ZF = 80°, ZA = 40° . Find out the greatest and the smallest side of the

triangle. State the reason.

5. Prove that an equilateral triangle is equiangular.

O QAOSCQAOTSQAOKENO Lo Lo SO
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6. Prove that, if the bisector of Z/BAC of A ABC is perpendicular to side BC, then A ABC
IS an isosceles triangle.

7. Infigure 3.50, if seg PR = seg PQ,
show that seg PS > seg PQ.

8. Infigure 3.51,in A ABC, seg AD
and seg BE are altitudes
and AE = BD.

Prove that seg AD = seg BE

Let’s learn.

Similar triangles

Observe the following figures.

e

The pairs of figures shown in each part have the same shape but their sizes are different.
It means that they are not congruent.

Such like looking figures are called similar figures.

o> QAo<CQA oA 0o roosc0 H0
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We find similarity in a photo and its enlargement, also we find similarity between a road-
map and the roads.

The proportionality of all sides is an important property of similarity of two figures.
But the angles in the figures have to be of the same measure. If the angle between this roads
is not the same in its map, then the map will be misleading.

ICT Tools or Links

Take a photograph on a mobile or a computer. Recall what you do to reduce it or to
enlarge it. Also recall what you do to see a part of the photograph in detail.

Now we shall learn properties of similar triangles through an activity.

Activity : On a card-sheet, draw a triangle of sides 4 cm, 3 cm and 2 cm. Cut it out. Make
13 more copies of the triangle and cut them out from the card sheet.
Note that all these triangular pieces are congruent. Arrange them as shown in the
following figure and make three triangles out of them.

A
4 2
B 3 C
Fig. 3.52 Fig. 3.53 Fig. 3.54
1 triangle 4 triangles 9 triangles

A ABC and A DEF are similar in the correspondence ABC <> DEF.
/A =/D, /B =/E, /C = /F
AB
D

Ly AC_2_1
2 ’ E 4 2 1
........ the corresponding sides are in proportion.

and

3
6

T

Similarly, consider A DEF and A PQR. Are their angles congruent and sides
proportional in the correspondence DEF <> PQR ?

OCQAOSCQAOTSQAOEKEO Lo L0 SO
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Let’s learn.

Similarity of triangles

InA ABC and A PQR, If(i) LA=/ZP, /B=/Q, ZC= 4R and

.. AB B A - i
(i) = S = ¢ :then A ABC and A PQR are called similar triangles.

PQ OR PR
‘A ABC and A PQR are similar’ is written as ‘A ABC ~ A PQR’.
Let us learn the relation between the corresponding angles and corresponding sides of
similar triangles through an activity.

Activity : Draw a triangle AA B C, on a card-sheet and cut it out. Measure ZA , ZB,, ZC..

17171

Draw two more triangles AA,B,C, and AA,B,C, such that

2272
LAFLA=LA, /LB =/B,=/B,, LC =/C,=/C,
and B, C, > B, C, > B, C,. Now cut these two triangles also. Measure the

lengths of the three triangles. Arrange the triangles in two ways as shown in the figure.

A=A=A
R

Bl BZ B3 C3 CZ Cl
Fig. 3.55
AB  BC AcC
Check the ratios —, , — . You will notice that the ratios are equal.
AB, BC AC

AC BC AB

11 11

Similarly, see whether the ratios , , are equal.
A3C3 B3C3 AsBa

From this activity note that, when corresponding angles of two triangles are equal, the
ratios of their corresponding sides are also equal. That is, their corresponding sides are in

the same proportion.
We have seen that, in A ABC and A PQR if
. .. AB _BC AC
(i) LA=LP, /B = ZQ, ZC = /R, then (ii) = =
PQ QR PR
This means, if corresponding angles of two triangles are equal then the corresponding

sides are in the same proportion.
This rule can be proved elaborately. We shall use it to solve problems.

o> QAo<CQA oA 0o roosc0 H00
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Remember this !

If corresponding angles of two triangles are equal then the two triangles are similar.
If two triangles are similar then their corresponding sides are in proportion and
corresponding angles are congruent.

Ex. Some information is shown 0
in A ABC and A PQR in A
figure 3.57. Observe it.
Hence find the lengths of 3

side AC and PQ. O N
C 4 B R 6 Q

Fig. 3.57

Solution : The sum of all angles of a triangle is 180°.
It is given that,
/ZA=/Pand /B=/4Q .. ZC=/R
.. A ABC and A PQR are equiangular triangles.
S 4XPQ =18

. PQ = 18 =45
LY - 4 - .

.". there sides are propotional.
AB BC  AC

PQ QR PR
3 4 AC

PQ 6 7.5

Similarly 6 X AC =75 x4

7.5% 4 30
" AC = = — =5
6 6

Practice set 3.5
1. If AXYZ~ A LMN, write the corresponding angles of the two triangles and also write
the ratios of corresponding sides.

2. In A XYZ, XY =4cm, YZ=6cm XZ=5cm, If A XYZ~ A PQR and
PQ = 8 cm then find the lengths of remaining sides of A PQR.

3. Draw asketch of a pair of similar triangles. Label them. Show their corresponding angles
by the same signs. Show the lengths of corresponding sides by numbers in proportion.

O QAOSQAoOTSQAOEINO o Lo &S O
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Let’s recall.

While preparing a map of a locality, you have to show the distances between different
spots on roads with a proper scale. For example, 1 cm = 100 m, 1 cm = 50 m etc. Did you
think of the properties of triangle ? Keep in mind that side opposite to greater angle is greater.

Project :

Prepare a map of road surrounding your school or home, upto a distance of about 500
metre.

How will you measure the distance between two spots on a road ?

While walking, count how many steps cover a distance of about two metre. Suppose,
your three steps cover a distance of 2 metre. Considering this proportion 90 steps means 60
metre. In this way you can judge the distances between different spots on roads and also the
lengths of roads. You have to judge the measures of angles also where two roads meet each
other. Choosing a proper scale for lengths of roads, prepare a map. Try to show shops,
buildings, bus stops, rickshaw stand etc. in the map.

A sample map with legend is given below

6
2 1
2 7
1 6
4 3
5
6 4
3
Legend: 1. Book store 2. Bus stop 3. Stationery shop 4. Bank

5. Medical store 6. Restaurant 7. Cycle shop
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OO Problem set 3 OO0

1.  Choose the correct alternative answer for the following questions.
(i) If two sides of a triangle are 5 cm and 1.5 cm, the lenght of its third side cannot be

(A) 3.7cm (B)4.1cm (C)3.8cm (D) 3.4cm

(i) NAPQR, If ZR>/ZQthen.........
(A) QR >PR (B) PQ > PR (©O)PQ<PR (D)QR<PR

(iii) In A TPQ, LT =65°, ZP = 95° which of the following is a true statement ?
(A)PQ<TP (B)PQ<TQ O TQ<TP<PQ (D)PQ<TP<TQ

2. A ABC is isosceles in which AB = AC. Seg BD and seg CE are medians. Show that
BD = CE.

3. InAPQR, If PQ>PR and bisectors of ZQ and ZR
intersect at S. Show that SQ > SR.

4. Infigure 3.59, point D and E are on
side BC of A ABC,

such that BD = CE and AD = AE.
Show that A ABD =~ A ACE.

P
5. Infigure 3.60, point S is any point
on side QR of A PQR
Prove that : PQ + QR + RP > 2PS
Q S R
Fig. 3.60
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In figure 3.61, bisector of /BAC A
intersects side BC at point D.
Prove that AB > BD

Fig. 3.61

In figure 3.62, seg PT is the bisector of ZQPR. A
line through R intersects ray QP at point S. Prove
that PS =PR

In figure 3.63, seg AD | seg BC. £
seg AE is the bisector of ZCAB and
C-E-D. OD
Prove that E
/DAE = % (/C- /B)
A C
Fig. 3.63

Use your brain power!

We have learnt that if two triangles are equiangular then their sides are in
proportion. What do you think if two quadrilaterals are equiangular ? Are their

sides in proportion? Draw different figures and verify.

Verify the same for other polygons.

aud
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4 \\ Constructions of Triangles l

Let’s study.

To construct a triangle, if following information is given.
Base, an angle adjacent to the base and sum of lengths of two remaining sides.
Base, an angle adjacent to the base and difference of lengths of remaining two
sides.
Perimeter and angles adjacent to the base.

Let’s recall.

In previous standard we have learnt the following triangle constructions.

* To construct a triangle when its three sides are given.

* To construct a triangle when its base and two adjacent angles are given.

* To construct a triangle when two sides and the included angle are given.

* To construct a right angled triangle when its hypotenuse and one side is given.

: : A

Perpendicular bisector Theorem
e Every point on the perpendicular bisector of a Q

segment is equidistant from its end points. -7~
® Every point equidistant from the end points of _-7 /_ PR :\_\_ <

a segment is on the perpendicular bisector of A T B

the segment.

v Fig. 4.1

Let’s learn.

Constructions of triangles

To construct a triangle, three conditions are required. Out of three sides and three an-
gles of a triangle two parts and some additional information about them is given, then we can
construct a triangle using them.

We frequently use the following property in constructions.

If a point is on two different lines then it is the intersecrtion of the two lines.

coQooQooQA oo soorc0 p00
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Construction |
To construct a triangle when its base, an angle adjacent to the base and the sum
of the lengths of remaining sides is given.
Ex. Construct A ABC in which BC =6.3cm, /B =75° and AB+AC =9cm.
Solution : Let us first draw a rough figure of expected triangle.

Explanation : As shown in the rough figure,
first we draw seg BC = 6.3 cm of length. On A

the ray making an angle of 75° with seg BC,
mark point D such that

BD=AB+AC=9cm 750 D

Now we have to locate point A on B 63ecm  C

ray BD. Rough figure 4.2 &

BA+AD=BA+AC=9 7

-. AD=AC A

.. point A is on the perpendicular
bisector of seg CD. B rom C
the point of intersection of ray Rough figure 4.3

BD and the perpendicular bisec-
tor of seg CD is point A.

Steps of construction

(1) Draw seg BC of length 6.3 cm.

(2) Draw ray BP such that
m« PBC = 75°.

(3) Mark point D on ray BP such
that d(B,D) =9 cm

(4) Draw seg DC.

(5) Construct the perpendicular
bisector of seg DC .

(6) Name the point of intersection
of ray BP and the perpendicular
bisector of CD as A.

(7) Draw seg AC.
A ABC is the required triangle.

B 6.3 cm C
Fair fig. 4.4
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Practice set 4.2

Construct A PQR, in which QR =4.2cm, mZ£Q =40° and PQ + PR=8.5cm
Construct A XYZ, inwhichYZ=6cm, XY+ XZ=9cm. £ZXYZ =50°
Construct A ABC, in which BC =6.2cm, ZACB =50°, AB+AC =9.8cm

Construct A ABC, in which BC =5.2cm, ZACB =45° and perimeter of A ABC
is10 cm

o bR

Construction 11
To construct a triangle when its base, angle adjacent to the base and difference
between the remaining sides is given.

Ex (1) Construct A ABC, such that BC = 7.5 cm, ZABC =40°, AB-AC=3cm.
Solution : Let us draw a rough figure.

A
Explanation : AB-AC=3cm .. AB>AC
Draw seg BC. We can draw the ray BL such
that £ LBC = 40°. We have to locate point - 75 em C
A on ray BL. Take point D on ray BL such .
that BD = 3 cm. Rough Figure 4.5

Now , B-D-A and BD =AB - AD = 3.
It is given that AB — AC=3

.. AD=AC
.. point A is on the perpendicular bisector
of seg DC. B / C
.". point A is the intersection of ray BL and / Rough figure 4.6

the perpendicular bisector of seg DC.

Steps of construction
(1) Draw seg BC of length7.5 cm.
(2) Draw ray BL such that

Z LBC =40°

(3) Take point D on ray BL such that
BD =3 cm.

(4) Construct the  perpendicular
bisector of seg CD.

(5) Name the point of intersection of
ray BL and the perpendicular

bisector of seg CD as A. B 7.5 enf C
(6) Draw seg AC. .
A ABC is required triangle. /" \ Fair figure 4.7
4
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Ex.2 Construct A ABC, in which side BC =7 cm, £ZB =40° and AC - AB=3cm.
Solution : Let us draw a rought figure.
seg BC =7cm. AC > AB.
We can draw ray BT such that
Z TBC =40° S
PomtA isonray BT. Take point D on Rough figure 4.8
opposite ray of ray BT such that T
BD =3 cm. 2
Now AD=AB+BD=AB+3=AC
(.- AC-AB=3cm.)
.. AD=AC B 7cm
.. point A is on the perpendicular
bisector of seg CD.

A

40°

@

@)

Steps of construction

(1) Draw BC of length 7 cm.

(2) Draw ray BT such that
Z TBC =40°

(3) Take point D on the opposite
ray BS of ray BT such that
BD =3 cm.

(4) Construct perpendicular
bisector of seg DC.

(5) Name the point of intersection
of ray BT and
the perpendicular bisector
of DCasA. Fair fig. 4.10

(6) Draw seg AC.
A ABC is the required triangle.

Practice set 4.2

1. Construct A XYZ, suchthat YZ =7.4cm, £/XYZ =45° and XY —XZ=2.7cm.
2. Construct A PQR, such that QR = 6.5 cm, ZPQR =60° and PQ — PR =2.5cm.
3. Construct A ABC, such that BC =6 cm, ZABC =100° and AC — AB = 2.5 cm.
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Construction 111

To construct a triangle, if its perimeter, base and the angles which include the base are
given.

Ex. Construct A ABC such that AB + BC + CA=11.3¢cm, B =70°, ZC =60°.
Solution : Let us draw a rough figure.

Rough Fig. 4.11
Explanation : As shown in the figure, points P and Q are taken on line BC such that,

PB=AB, CQ=AC
.. PQ=PB+BC+CQ=AB+BC+AC=11.3cm.
Now in APBA, PB=BA
.. ZAPB = ZPAB and ZAPB + /PAB = extieror angleABC = 70°

...... theorem of remote interior angles
.. ZAPB = ZPAB=35°  Similarly, ZCQA= ZCAQ =30°
Now we can draw A PAQ, as its two angles and the included side is known.
Since BA=BP, point B lies on the perpendicular bisector of seg AP.
Similarly, CA = CQ, therefore point C lies on the perpendicular bisector of seg AQ
.". by constructing the perpendicular bisectors of seg AP and AQ we can get points

B and C, where the perpendicular bisectors intersect line PQ.

Steps of construction

(1) Draw seg PQ of 11.3 cm length. (5) Draw the perpendicular bisector of
(2) Draw a ray making angle of 35° at seg AP and seg AQ. Name the points as
point P B and C respectively where the

' perpendicular bisectors intersect line

(3) Draw another ray making an angle of
30° at point Q.

(4) Name the point of intersection of the
two rays as A.

PQ.
(6) Draw seg AB and seg AC.

A ABC is the required triangle.
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P BN, Jo

11.3cm
Final Fig. 4.12

\/O

N

Practice set 4.3

1. Construct A PQR, in which £Q =70°, ZR =80° and PQ + QR + PR =9.5cm.
2. Construct A XYZ, in which £Y =58°, /X =46° and perimeter of triangle is 10.5 cm.
3. Construct A LMN, in which ZM =60°, /N =80° and LM + MN + NL = 11 cm.

OO Problem set 4 SO0

1. Construct A XYZ, such that XY + XZ =10.3cm, YZ = 4.9 cm, £XYZ = 45°,
Construct A ABC, in which £B =70°, ZC =60°, AB + BC + AC =11.2 cm.

3. The perimeter of a triangle is 14.4 cm and the ratio of lengths of its side is 2 : 3 : 4.
Construct the triangle.

4. Construct A PQR, in which PQ —PR=2.4cm,QR=6.4cm and £PQR =55°,

ICT Tools or Links

Do constructions of above types on the software Geogebra and enjoy the
constructions. The third type of construction given above is shown on Geogebra by a
different method. Study that method also.

Qad
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5 \\ Quadrilaterals |

Let’s study.

e Parallelogram
e Tests of parallelogram

e Rectangles
e Square

e Mid point theorem

® Rhombus e Trapezium
Let’s recall.
1. ? Write the following pairs considering CJABCD
C Pairs of adjacent sides: Pairs of adjacent angles :
@ ..,.. @ ..,.. @..,. @..,..
A 3, @ .., .. 3., @ .., ..
D Pairs of opposite sides (1) ..... R 2 ... Ve
. Pairs of opposite angles (1) ..... L e 2 ... R
Fig. 5.1
Let’s recall types of quadrilaterals and their properties .
| am a quadrilateral
My both pairs of oppo- My all angles are My all sides are My all angles are equal
site sides are parallel right angles equal in length and all sides are equal
My properties My properties My properties My properties
* Opposite sides congruent e Opposite sides ..... e Opposite sides ..... e Diagonals .....
° O_pposﬂe angels ...... e Diagonals ..... o Diagonals ..
e Diagonals .....

My only one pair of opposite sides is parallel

coQooQooQA oo Aoorc0 p00

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

You know different types of quadrilaterals and their properties. You have learned then
through different activities like measuring sides and angles, by paper folding method etc.
Now we will study these properties by giving their logical proofs.

A property proved logically is called a proof.

In this chapter you will learn that how a rectangle, a rhombus and a square are
parallelograms. Let us start our study from parallelogram.

Let’s learn.

( Parallelogram )

A quadrilateral having both pairs of opposite sides parallel is called a parallelogram.

For proving the theorems or for solving the problems we need to draw figure of a
parallelogram frequently. Let us see how to draw a parallelogram.

Suppose we have to draw a parallelogram [CJABCD.
Method 1 :

® Let us draw seg AB and seg BC of any
length and making an angle of any measure

with each other. A D
°* Now we want seg AD and seg BC / /

parallel to each other. So draw a line parallel

to seg BC through the point A. B Fig. 5.2 C

® Similarly we will draw line parallel to
AB through the point C. These lines will
intersect in point D.
So constructed quadrilateral ABCD will be a parallelogram.

Method 11 :

® Let us draw seg AB and seg BC of
any length and making angle of any measure
between them.

® Draw an arc with compass with centre
A and radius BC.
\\D

e Similarly draw an arc with centre C
and radius AB intersecting the arc previously
drawn.

Name the point of intersection of two
arcs as D.

Draw seg AD and seg CD.

Quadrilateral so formed is a
parallelogram ABCD

Fig. 5.3
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In the second method we have actually drawn CJABCD in which opposite sides
are equal. We will prove that a quadrilateral whose opposite sides are equal, is a parallelogram.

Activity | Draw five parallelograms by taking various measures of
lengths and angles.

For the proving theorems on parallelogram, we use congruent triangles. To understand
how they are used, let’s do the following activity.

(Activity 1 h
® Draw a parallellogram ABCD on a
card sheet. Draw diagonal AC. Write the
names of vertices inside the triangle as
shown in the figure. Then cut is out.

® Fold the quadrilateral on the diagonal

AC and see whether AADC and ACBA
match with each other or not.

e Cut CJABCD along diagonals AC
and separate AADC and ACBA. By
rotating and flipping ACBA, check
whether it matchs exactly with AADC.

What did you find ? Which sides of
ACBA match with which sides of AADC ? Fig. 5.5
Which angles of ACBD match with
which angles of AADC ?

Side DC matches with side AB and
side AD matches with side CB. Similar- A

ly ZB matches with £D. c

So we can see that opposite sides and
angles of a parallelogram are congruent.

We will prove these properties of a parallelogram.
\_ J
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Theorem 1. Opposite sides and opposite angles of a parallelogram are congruent.

Given : JABCD is a parallelogram.
y —F It means side AB || side DC,
side AD || side BC.
X~ To prove : seg AD = seg BC ; seg DC = seg AB
Y RgsT ZADC = /CBA, and ZDAB = /BCD.

Construction : Draw diagonal AC.
Proof :seg DC || seg AB and diagonal AC is a transversal.

. ZDCA = /BAC ................ (1)

and ZDAC = /BCA .............. (2) } 00000 alternate angles
Now , in AADC and ACBA,

ZDAC = /BCA .. from (2)

ZDCA= /ZBAC ... from (1)

seg AC=seg CA ... common side

.. AADC = ACBA ... ASA test

S.side AD=sideCB ... c.s.c.t.

and side DC = side AB .......... c.s.c.t.,

Also, ZADC =~ ZCBA  ....... c.a.c.t.

Similarly we can prove ZDAB = /BCD.

Use your brain power!

In the above theorem, to prove ZDAB = ZBCD, is any change in
the construction needed ? If so, how will you write the proof making the change ?

To know one more property of a parallelogram let us do the following activity.

(Activity : Draw a parallelogram PQRS. Draw

diagonals PR and QS. Denote the — 2
intersection of diagonals by letter
O. Compare the two parts of each X
diagonal with a divider. What do < Fig. 5.8

you find ?
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Theorem : Diagonals of a parallelogram bisect each other.

P S Given : JPQRS is a parallelogram. Diagonals PR
M and QS intersect in point O.
5 —— To prove : seg PO = seg RO,
Fig. 5.9 seg SO = seg QO.

Proof : In APOS and AROQ

Z0PS = ZORQ .......... alternate angles
side PS = side RQ ......... opposite sides of parallelogram
ZPSO = ZRQO .......... alternate angles

..APOS = AROQ ....... ASA test

..seg PO = seg RO .............. corresponding sides of
and seg SO = seg QO .......... } """ congruent triangles

Remember this !

Adjacent angles of a parallelogram are supplementary.
Opposite sides of a parallelogram are congruent.
Opposite angles of a parallelogram are congruent.
Diagonals of a parallelogram bisect each other.

Solved Examples
Ex (1) JPQRS is a parallelogram. PQ = 3.5, PS = 5.3 ZQ = 50° then find the lengths of

remaining sides and measures of remaining angles.

p 53 g
Solution : CJPQRS is a parallelogram. .
S LQ+ LP=180° ....... interior angles are K w
Fig. 5.10

.. ZP=180° - 50° = 130°
Now , ZP=/ZR and Z£Q=XS ... opposite angles of a parallelogram.
S ZR=130° and Z£S =50°

Similarly, PS = QR and PQ = SR ........ opposite sides of a parallelogram.

S. QR =53 and SR =35

OCQAOTSCQAOTSQA OO <o L0 O
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Ex (2) CJABCD is a parallelogram. If £ A = (4x +13)° and £ D = (5x -22)° then find
the measures of /B and ZC.
Solution : Adjacent angles of a parallelogram are supplementary.

Z A and ZD are adjacent angles. D c

S, (4x +13)°+ (5x — 22)° = 180 K-2

C. 9% — 9 =180 X s

J.o9x =189 A _ B

=21 Fig. 5.11

/LA =4x +13 =4 x 21 + 13 = 84+13 = 97° S /LC=97°
/D=5x-22=5x21-22=105- 22 = 83° .. /B =283°

{ Practice set 5.1 >

1. Diagonals of a parallelogram WXYZ intersect each other at point O. If Z/XYZ = 135°
then what is the measure of ZXWZ and £YZW ?
If I(OY)= 5 cm then I(WY)=?

2. In a parallelogram ABCD, If ZA = (3x + 12)°, ZB = (2x — 32)° then find the value
of x and then find the measures of ZC and ZD.

3. Perimeter of a parallelogram is 150 cm. One of its sides is greater than the other side
by 25 cm. Find the lengths of all sides.

4. If the ratio of measures of two adjacent angles of a parallelogram is 1 : 2, find the
measures of all angles of the parallelogram.

5°. Diagonals of a parallelogram intersect each other at point O. If AO =5, BO = 12 and
AB = 13 then show that CJABCD is a rhombus.

6. Inthe figure 5.12, (JPQRS and CJABCR
are two parallelograms.

If /P = 110° then find the measures of
all angles of CJABCR.

7. In figure 5.13 CJABCD is a parallelo- A
gram. Point E is on the ray AB such
that BE = AB then prove that line ED

bisects seg BC at point F. -

Fig. 5.13
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Let’s recall.

Tests for parallel lines

1. If a transversal interesects two lines and a pair of corresponding angles is congruent
then those lines are parallel.

2. If a transversal intersects two lines and a pair of alternate angles is corgruent then
those two lines are parallel.

3. If atransversal intersects two lines and a pair of interior angles is supplementary then
those two lines are parallel.

Let’s learn.
(Tests for parallelogram)
Suppose, in COPQRS, PS = QR and PQ = SR P S
and we have to prove that [JPQRS is a
parallelogram. To prove it, which pairs of
sides of CIPQRS should be shown parallel ? Q R

Which test can we use to show the sides
parallel ? Which line will be convenient as a

Fig. 5.14

transversal to obtain the angles necessary to
apply the test ?

Theorem : If pairs of opposite sides of a quadrilateral are congruent then that quadrilateral
is a parallelogram.
Given In OPQRS P . H S
side PS = side QR S
side PQ = side SR \\\
To prove : [JPQRS is a parallelogram. \\
Construction : Draw diagonal PR \\\
Proof In A SPR and A QRP N
side PS = side QR ........ given Q H R
side SR = side QP ........ given Fig. 5.15
side PR = side RP ........ common side

S.A SPR=A QRP ... sss test
S.ZSPR= ZQRP ....... c.a.c.t.
Similarly, ZPRS = ZRPQ ..... c.a.C.t.

ZSPR and ZQRP are alternate angles formed by the transversal PR of
seg PS and seg QR.

OCQAOTSAQAOTSQAOKEN O o0 &SSO
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.. side PS || side QR ...... (I) alternate angles test for parallel lines.

Similarly ZPRS and ZRPQ are the alternate angles formed by transversal PR of
seg PQ and seg SR.

. side PQ || side SR ...... (Il) .....alternate angle test
.. from (I) and (II) COPQRS is a parallelogram.

On page 56, two methods to draw a parallelogram are given. In the second method
actually we have drawn a quadrilateral of which opposite sides are equal. Did you now

understand why such a quadrilateral is a parallelogram ?

Theorem : If both the pairs of opposite angles of a quadrilateral are congruent then it is
a parallelogram.

H

5 Given : InEFGH ZE= /G
/ / and Z.......... ~ Lo,

G F To prove : COEFGH is a ............
Fig. 5.16

Proof :Let LZE=/ZG=x and LH=/LF=y
Sum of all angles of a quadrilateral is .............

" LE+ LG+ /LH+ LFE= ...

ZG and ZH are interior angles formed by transversal HG of seg HE
and seg GF.

. side HE || side GF .......... (1) interior angle test for parallel lines.
Similarly, £G+ ZF = ...

. side ......... |1 L — (11) interior angle test for parallel lines.

. From (1) and (1), CJEFGH is @ .......cceeuueee. :

oo>Qo<oQA oA 0o roos0c0 s00
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Theorem :

Given

To prove :

Proof

If the diagonals of a quadrilateral bisect each other then it is a parallelogram.
Diagonals of CJABCD bisect each other in the point E.
It means seg AE = seg CE

and seg BE = seg DE A\/ B
[JABCD is a parallelogram. / \\\/E)g/x

: Find the answers for the following questions D C
and write the proof of your own. Fig. 5.17

1. Which pair of alternate angles should be shown
congruent for proving seg AB || seg DC ?
Which transversal will form a pair of alternate
angles ?
2. Which triangles will contain the alternate angles formed by the transversal?
3. Which test will enable us to say that the two triangles congruent ?
4. Similarly, can you prove that seg AD || seg BC?

The three theorems above are useful to prove that a given quadrilateral
Is a parallelogram. Hence they are called as tests of a parallelogram.

One more theorem which is useful as a test for parallelogram is given below.

Theorem :

Given

To prove :

A quadrilateral is a parallelogram if a pair of its opposite sides is parallel and
congruent. C D

: In JABCD

seg CB = seg DA and seg CB || seg DA

JABCD is a parallelogram. ; £

Construction : Draw diagonal BD.

Write the complete proof which is given in short. Fig. 5.18
A CBD = A ADB ....... SAS test
.. ZCDB = ZABD ..... c.a.c.t.
. seg CD || seg BA ..... alternate angle test for parallel lines

Remember this !

* A quadrilateral is a parallelogram if its pairs of opposite angles are congruent.

* A quadrilateral is a parallelogram if its pairs of opposite sides are congruent.

* A quadrilateral is a parallelogram if its diagonals bisect each other.

* A quadrilateral is a parallelogram if a pair of its opposite sides is parallel and congruent.
These theorems are called tests for parallelogram

Let’s recall.

Lines in a note book are parallel. Using these lines
how can we draw a parallelogram ?

OCQAOTSQAOTSQAORKENO <o L0 SO
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Solved examples -
Ex (1) [CPQRS is parallelogram. M is the midpoint of side PQ and N is the mid point
of side RS. Prove that (JPMNS and [JMQRN are parallelograms.

Given : [0 PQRS is a parallelogram. P S
M and N are the midpoints of / /
side PQ and side RS respectively. M N

To prove : [JPMNS is a parallelogram. /
[OMQRN is a parallelogram. Q R

Proof  : side PQ || side SR Fig. 5.19

. side PM || side SN ...... (- P-M-Q; S-N-R) ...... ()
side PQ = side SR.

1 1
. 55|de PQ = 7 side SR
". side PM =z side SN ..... (~ M and N are midpoints.)......(I)

. From (1) and (II), COPMNQ is a parallelogram,
Similarly, we can prove that CIMQRN is parallelogram.

Ex (2) Points D and E are the midpoints of side AB and side AC of A ABC respectively.

Point F is on ray ED such that ED = DF. Prove that CJAFBE is a parallelogram.

For this example write ‘given’ and ‘to prove’ and complete the proof given below.
Given L -
TO prove @ ------emccmceeceeeeee-

Proof :seg AB and seg EF are of CJAFBE.

seg AD = seg DB.......

seg =Zseg| e construction.

". Diagonals of CJAFBE each other

. JAFBE is a parallelogram ...by

Ex (3) Prove that every rhombus is a parallelogram.
Given  : CJABCD is a rhombus B c

To prove : [JABCD is parallelogram.
Proof : seg AB = seg BC = seg CD = seg DA (given)
D
.".side AB = side CD and side BC = side AD Fig. 5.21

. JABCD is a parallelogram..... opposite side test for parallelogram
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< Practice set 5.2 >

A D
1. In figure 5.22, [(JABCD is a parallelo- p 0
gram, P and Q are midpoints of side AB
B C

and DC respectively, then prove CJAPCQ
Is a parallelogram. Fig. 5.22

2. Using opposite angles test for parallelogram, prove that every rectangle is a parallelogram.

3. In figure 5.23, G is the point of concur-

rence of medians of A DEF. Take point
H on ray DG such that D-G-H and

D
DG = GH, then prove that CIGEHF is a E )
parallelogram. .
Fig. 5.23
ﬁ

4. Prove that quadrilateral formed by the
intersection of angle bisectors of all
angles of a parallelogram is a rectangle.
(Figure 5.24)

5. In figure 5.25, if points P, Q, R, S are AP
on the sides of parallelogram such that
AP = BQ = CR = DS then prove that

[JPQRS is a parallelogram.

Let’s learn.

Groperties of rectangle, rhombus and square)

Rectangle, rhombus and square are also parallelograms. So the properties that opposite
sides are equal, opposite angles are equal and diagonals bisect each other hold good in
these types of quadrilaterals also. But there are some more properties of these quadrilaterals.

Proofs of these properties are given in brief. Considering the steps in the given proofs,
write the proofs in detail.

O QAOTSQAOTSQAORIEMO <o L0 &S O
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Theorem : Diagonals of a rectangle are congruent. A D
Given : JABCD is a rectangle
To prove : Diagonal AC = diagonal BD
Proof : Complete the proof by giving suitable reasons.
A ADC = A DAB ...... SAS test ® Fig.5.26 ¢

.. diagonal AC = diagonal BD..... c.s.c.t.

Theorem : Diagonals of a square are congruent.
Write “‘Given’, “To prove’ and ‘proof’ of the theorem.

Theorem : Diagonals of a rhombus are perpendicular bisectors of each other.

Given : JEFGH is a rhombus B

To prove : (i) Diagonal EG is the perpendicular
bisector of diagonal HF.

(ii) Diagonal HF is the perpendicular F H
bisector of diagonal EG.

Proof : (i) seg EF = seg EH ) Fig. 5.27
given
seg GF = seg GH}

G
Every point which is equidistant from end points of a segment is on the
perpendicular bisector of the segment.

.. point E and point G are on the perpendicular bisector of seg HF.
One and only one line passes through two distinct points.

". line EG is the perpendicular bisector of diagonal HF.

.. diagonal EG is the perpendicular bisector of diagonal HF.

(if) Similarly, we can prove that diagonal HF is the perpendicular bisector
of EG.

Write the proofs of the following statements.

* Diagonals of a square are perpendicular bisectors of each other.
* Diagonals of a rhombus bisect its opposite angles.

* Diagonals of a square bisect its opposite angles.

Remember this !

e Diagonals of a rectangle are congruent. * Diagonals of a rhombus bisect the pairs
of opposite angles.

. i * Diagonals of a square are perpendicular
* Diagonals of a rhombus are perpendicular bisectors of each other.

bisectors of each other. .

* Diagonals of a square are congruent.

Diagonals of a square bisect opposite
angles.
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Practice set 5.3

1. Diagonals of a rectangle ABCD intersect at point O. If AC = 8 cm then find BO and

if ZCAD = 35° then find Z/ACB.

2. In a rhombus PQRS if PQ = 7.5 then find QR.

If ZQPS = 75° then find the measure of Z/PQR and ZSRQ.
3. Diagonals of a square IJKL intersects at point M, Find the measures of ZIMJ, ZJIK

and ZLJK .

4. Diagonals of a rhombus are 20 cm and 21 cm respectively, then find the side of rhom-

bus and its perimeter.

5. State with reasons whether the following statements are ‘true’ or ‘false’.

(i) Every parallelogram is a rhombus.
(it) Every rhombus is a rectangle.

(iii) Every rectangle is a parallelogram.
(iv) Every squre is a rectangle.

(v) Every square is a rhombus.

(vi) Every parallelogram is a rectangle.

Let’s learn.

Trapezium

When only one pair of opposite sides of a quadrilateral is parallel then the quadrilateral

is called a trapezium.

In the adjacent figure only side AB and
side DC of [CJABCD are parallel to each
other. So this is a trapezium. ZA and £D
is a pair of adjacent angles and so is the
pair of ZB and ZC. Therefore by property
of parallel lines both the pairs are
supplementary.

If non-parallel sides of a trapezium are
congruent then that quadrilateral is called
as an lIsoceles trapezium.

D C
Fig. 5.28
/j Q\\
> Fig. 5.29 R

The segment joining the midpoints of non parallel sides of a trapezium
is called the median of the trapezium
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Solved examples
Ex (1) Measures of angles of (JABCD are in the ratio 4 : 5 : 7 : 8. Show that
[JABCD is a trapezium. D c
Solution : Let measures of ZA, ZB, ZC and £D are
(4x)°, (5x)°, (7x)°, and (8x)° respectively. /—\
Sum of all angles of a quadrialteral is 360°. A B
oo 4x + 5x + 7x + 8x = 360 Fig. 5.30
. 24x =360 .. x=15
ZA=4x15=60° B =5x15=75° LC =7 x15=105°,
and D =8 x 15 = 120°
Now , /B + ZC = 75° + 105°= 180°
. side CD || side BA...... (I)
But /B + ZA =75+ 60°= 135" # 180°
. side BC and side AD are not parallel ......... (m
. JABCD is a trapezium. .......... [from (1) and (11)]

Ex (2) In CIPQRS, side PS || side QR and side PQ = side SR,
side QR > side PS then prove that ZPQR = /SRQ
Given . In CIPQRS, side PS || side QR,
side PQ = side SR and side QR > side PS.
To prove : ZPQR = ZSRQ

Construction : Draw the segment parallel to side PQ Q T R
through the point S which intersects side QR in T.  Fjg 531

Proof : In OJPQRS,
seg PS || seg QT ........ given
seg PQ || seg ST ........ construction

P S

. OPQTS is a parallelogram

S ZPQT = /STR ... corresponding angles (1)

and seg PQ = seg ST ...... opposite sides of parallelogram
But seg PQ = seg SR ...... given

. seg ST = seg SR

.. ZSTR = /SRT.....isosceles triangle theorem (I1)

S ZPQT = ZSRT ... [from (1) and (I1)]

.. ZPQR = ZSRQ
Hence, it is proved that base angles of an isosceles trapezium are congruent.
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Practice set 5.4

1. In DUKL, side 1J || side KL £1 = 108° ZK = 53° then find the measures of
ZJ) and ZL.

2. In CJABCD, side BC || side AD, side AB = side DC If LA =72°
then find the measures of ZB, and ZD.

3. In JABCD, side BC < side AD (Figure 5.32) B C
side BC || side AD and if
side BA = side CD

then prove that ZABC = /DCB.

Let’s learn. Fig. 5.32

(Theorem of midpoints of two sides of a triangle)

Statement : The segment joining midpoints of any two sides of a triangle is parallel to

the third side and half of it.

Given :In A ABC, point P is the midpoint of seg AB and point Q is the midpoint
of seg AC
To prove :seg PQ || seg BC g
and PQ = % BC /P/QQ,\
Construction : Produce seg PQ upto R such that PQ = QR 3 C
Draw seg RC.
Proof In A AQP and A CQR

seg PQ = seg QR ...... construction

seg AQ = seg QC ...... given

ZAQP = ZCQR ..... vertically opposite angles.
S AAQP = A CQR ....... SAS test

ZPAQ = ZRCQ ..... (1) cac.t.

. seg AP = seg CR ...... (2) c.s.c.t.

From (1) line AB || line CR......... alternate angle test

from (2) seg AP = seg CR

Now, seg AP = seg PB = seg CR and seg PB || seg CR

. JPBCR is a parallelogram.
. seg PQ || seg BC and PR =BC ... opposite sides are congruent

O QAOSCQAoOTSQAONE O o Lo SO

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

1 .
PQ = 5 PR ... (construction)

1
. PQ = 5 BC .+ PR =BC

(Converse of midpoint theroem)
Theorem : If a line drawn through the midpoint of one side of a triangle and parallel to
the other side then it bisects the third side.

For this theorem ‘Given’, To prove’, ‘construction’ is given below. Try to
write the proof.

Given  : Point D is the midpoint of side AB of A ABC. Line | passing through the
point D and parallel to side BC intersects side AC in point E.
To prove : AE = EC \
. i . ,D/..\E woo X
Construction : Take point F on line | such ‘/ " 7 |
that D-E-F and DE = EF, B >
Draw seg CF. Fig. 5.35
Proof : Use the construction and line | || seg BC which is given. Prove

A ADE = A CFE and complete the proof.

Ex (1) Points E and F are mid points of seg AB and seg AC of A ABC respectively. If
EF = 5.6 then find the length of BC.
Solution : In A ABC, point E and F are midpoints of

side AB and side AC respectively.

EF = % BC ...... midpoint theorem

56 == BC S.BC=56x2=112

1
2

Fig. 5.36
Ex (2) Prove that the quadrilateral formed by joining the

midpoints of sides of a quadrilateral in order is a parallelogram.

Given : JABCD is a quadrilateral.
P, Q, R, S are midpoints of the
sides AB, BC, CD and AD
respectively.

To prove : [JPQRS is a parallelogram.

Construction : Draw diagonal BD

OCAQAOTSAQAOOTAQA O O oo lbCT O
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Proof : In A ABD, the midpoint of side AD is S and the midpoint of side AB is P.
.". by midpoint theorem, PS || DB and PS = % BD ... (1)
In A DBC point Q and R are midpoints of side BC and side DC respectively.
".QR || BD and QR = % BD .......... by midpoint theorem (2)

S PS || QR and PS = QR .....cc......... from (1) and (2)
. JPQRS is a parallelogram.

Practice set 5.5

1. In figure 5.38, points X, Y, Z are the midpoints
of side AB, side BC and side AC of A ABC

A
X/\
respectively. AB = 5 cm, AC = 9 cm and /\/

BC = 11 cm. Find the length of XY, YZ, XZ. B Y C
Fig. 5.38
S L R
2. In figure 5.39, (JPQRS and [CIMNRL are —
rectangles. If point M is the midpoint of side PR L N
then prove that, (i) SL = LR, (i) LN = 3 SQ. oM
p Q
Fig. 5.39
A

3. In figure 5.40, AABC is an equilateral traingle.
Points F,D and E are midpoints of side AB, side F E

BC, side AC respectively. Show that A FED is
an equilateral traingle.

4. In figure 5.41, seg PD is a median of A PQR.

Point T is the mid point of seg PD. Produced

QT intersects PR at M. Show that % = %

[Hint : draw DN || QM.]

Fig. 5.41

OOOOOOOOOOOOOOOOOOS Problem set 5 SOOGS0

1. Choose the correct alternative answer and fill in the blanks.

(1) If all pairs of adjacent sides of a quadrilateral are congruent then it is called ....
(A) rectangle (B) parallelogram (C) trapezium, (D) rhombus

OCQAOSCQAOTSQAONEN O Lo Lo SO
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(i) If the diagonal of a square is 122 cm then the perimeter of square is ......
(A) 24 cm (B) 2442 cm (C) 48 cm (D) 482 cm
(iii) If opposite angles of a rhombus are (2x)° and (3x — 40)° then value of x is ...
(A) 100 ° (B) 80 ° (C) 160 ° (D) 40 °
2. Adjacent sides of a rectangle are 7 cm and 24 cm. Find the length of its diagonal.
3. If diagonal of a square is 13 cm then find its side.

4. Ratio of two adjacent sides of a parallelogram is 3:4, and its perimeter is 112 cm.
Find the length of its each side.

o

Diagonals PR and QS of a rhombus PQRS are 20 cm and 48 cm respectively. Find
the length of side PQ.

S

Diagonals of a rectangle PQRS are intersecting in point M. If ZQMR = 50° then
find the measure of ZMPS.

~

In the adjacent Figure 5.42, if

seg AB || seg PQ , seg AB = seg PQ,
seg AC || seg PR, seg AC = seg PR
then prove that,

seg BC || seg QR and seg BC = seg QR.

o]
(@) K_____:D
)

8". In the Figure 5.43,(JABCD is a trapezium. A B

AB || DC. Points P and Q are midpoints 0/ \o

of seg AD and seg BC respectively. / \
Then prove that, PQ || AB and

1
PQ = E(AB + DC).
9. In the adjacent figure 5.44, CJABCD is a D C

trapezium. AB || DC. Points M and N are
midpoints of diagonal AC and DB

respectively then prove that MN || AB.

Fig. 5.44
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(Activity R
To verify the different properties of quadrilaterals

Material : A piece of plywood measuring about 15 cmx 10 cm, 15 thin screws,
twine, scissor.

Note : On the plywood sheet, fix five screws ina | . .
horizontal row keeping a distance of 2cm between

any two adjacent screws. Similarly make two more | o Q
rows of screws exactly below the first one. Take care | screw thread

that the vertical distance between any two adjacent
screws is also 2cm. Fig. 5.45

With the help of the screws, make different types of
@uadrilaterals of twine. Verify the properties of sides and angles of the quadrilaterals.

4 Additional information A

You know the property that the point of concurrence of medians of a triangle
divides the medians in the ratio 2 : 1. Proof of this property is given below.

Given : seg AD and seg BE are the medians of A ABC N
which intersect at point G.

Toprove: AG:GD=2:1
Construction :  Take point F on ray AD such that
G-D-F and GD =DF
Proof : Diagonals of JBGCF bisect each other B C
.... given and construction

. [IBGCEF is a parallelogram. F
.. seg BE || set FC Fig. 5.46
Now point E is the midpoint of side AC of A AFC. .......... given

seg EB || seg FC
Line passing through midpoint of one side and parallel to the other side
bisects the third side.

.. point G is the midpoint of side AF.

c. AG=GF
But GF =2GD ....... construction
S.AG=2GD
AG )
GD- 1 le. AG:GD=2:1
\_ J
aad
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6 \\ Circle l

Let’s study.
e Circle ® Incircle |
e Property of chord of the circle e Circumcircle

Let’s recall.

reference to this figure, complete the following table.

C In adjoining figure, observe the circle with center P. With
A
A

- |segPA | - /CPA

chord diameter | radius | centre central
angle

D

Fig. 6.1 Let’s learn.

Let us describe this circle in terms of a set of points.

e The set of points in a plane which are equidistant from a fixed point in the plane is called
a circle.

Some terms related with a circle.

e The fixed point is called the centre of the circle.

e The segment joining the centre of the circle and a point on the circle is called a radius of
the circle.

e The distance of a point on the circle from the centre of the circle is also called the radius
of the circle.

e The segment joining any two points of the circle is called a chord of the circle.

e A chord passing through the centre of a circle is called a diameter of the circle.
A diameter is a largest chord of the circle.

Circles in a plane

Congruent Concentric Circles intersecting Circles intersecting
circles circles in a point in two points
e the same | ® the same centre, | ® different centres, e (different centres,
radii different radii different radii, only different radii, two
Fig. 6.2 one common point common points

OCAQACTSQAOCTQAONE O oo bCT OO
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Let’s learn.

(Properties of chord)

of the two

Activity I : Every student in the group will do this
activity. Draw a circle in your notebook. Draw any
chord of that circle. Draw perpendicular to the chord
through the centre of the circle. Measure the lengths

pare a table and other students will write their obser-
vations in it.

parts of the chord. Group leader will pre-

Length

| (AP) | o cm

| (PB) | - cm

N

Write theproperty which you have observed.
Let us write the proof of this property.

Theorem : A perpendicular drawn from the centre of a circle on its chord bisects the chord.
Given . seg AB is a chord of a circle with centre O.
seg OP L chord AB
To prove : seg AP= seg BP
Proof Draw seg OA and seg OB
In A OPAand A OPB +
JOPA= /OPB........... seg OP | chord AB AN_P_ B
segOP=segOP............ common side Fig. 6.4
hypotenuse OA = hypotenuse OB ........... radii of the same circle
.. AOPA=ZAOPB......... hypotenuse side theorem
segPA=segPB............ c.s.c.t.
. . N\
Activity Il : Every student from the group will do
this activity. Draw a circle in your notebook.
Draw a chord of the circle. Join the midpoint
of the chord and centre of the circle. Measure
the angles made by the segment with the chord.
Discuss about the measures of the angles with ]
your friends. Fig. 6.5
L Which property do the observations suggest ? )

O QAOSCQAOTSQAONE O LSO Lo SO
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Theorem : The segment joining the centre of a circle and the midpoint of its chord is
perpendicular to the chord.
Given : seg AB is a chord of a circle with centre O and P is the midpoint of chord AB of

the circle. That means seg AP = seg PB.
To prove : seg OP L chord AB

Proof . Draw seg OA and seg OB.
In A AOP and A BOP
seg OA=segOB............ radii of the same circle
segOP=segOP............. common sides A—p B
seg AP=segBP............. given Fig. 6.6
S AAOP=ZABOP......... SSS test
. ZOPA=Z ZOPB.......... cact . ..()
Now ZOPA+ ZOPB =180°...angles in linear pair
.. ZOPB + ZOPB=180°...... from (1)
. 2 ZOPB=180°
.. ZOPB =90°

.". seg OP L chord AB

Solved examples

Ex (1) Radius of a circle is 5 cm. The length of a chord of the circle is 8 cm. Find the distance
of the chord from the centre.

Solution : Let us draw a figure from the given information.
O is the centre of the circle.
Length of the chord is 8 cm.

P Sed OM _L chord PQ.

Fig. 6.7

We know that a perpendicular drawn from the centre of a circle on its chord bisects
the chord.

S PM=MQ=4cm

Radius of the circle is 5 cm, means OQ =5 cm .... given

In the right angled A OMQ using Pythagoras’ theorem,

OM? + MQ? = 0Q?

S OM?2+42=5?

S, OM?2=52-42=25-16=9=3?

OM=3

Hence distance of the chord from the centre of the circle is 3 cm.

OCAQAOCTQAOOTQAONEN O oo bCT OO
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Ex (2) Radius of a circle is 20 cm. Distance of a chord from the centre of the circle is 12 cm.
Find the length of the chord.

Solution : Let the centre of the circle be O. Radius = OD =20 cm.
Distance of the chord CD from O is12 cm. seg OP 1 seg CD
S.0OP=12cm

Now CP=PD ...... perpendicular drawn from the
centre bisects the chord

In the right angled A OPD, using Pythagoras’ theorem k
OP? + PD? = OD? 7 P
(12)? + PD? = 202 Fig. 6.8
PD? = 20% — 122
PD? = (20+12) (20-12)
=32x8 = 256
. PD=16 .. CP=16

CD=CP+PD=16+16=232
.". the length of the chord is 32 cm.

Practice set 6.1

1. Distance of chord AB from the centre of a circle is 8 cm. Length of the chord AB is
12 cm. Find the diameter of the circle.

2. Diameter of a circle is 26 cm and length of a chord of the circle is 24 cm. Find the
distance of the chord from the centre.

3. Radius of a circle is 34 cm and the distance of the chord from the centre is 30 cm, find
the length of the chord.

4. Radius of a circle with centre O is 41 units. Length of a chord PQ is 80 units, find

the distance of the chord from the centre of the circle.
5. In figure 6.9, centre of two circles is O. Chord
AB of bigger circle intersects the smaller circle a

in points P and Q. Show that AP =BQ AU TP _ 0 /B
6. Prove that, if a diameter of a circle bisects two v
chords of the circle then those two chords are Fig. 6.9

parallel to each other.

(Activity I h
(1) Draw circles of convenient radii.
(2) Draw two equal chords in each circle.
(3) Draw perpendicular to each chord from the centre.

L (4) Measure the distance of each chord from the centre. y

OCQAOTSQAOTSQAONENO Lo Lo SO
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Let’s learn.

(Relation between congruent chords of a circle and their distances from the centre)

(Activity Il : Measure the lengths of the perpendiculars on chords in the following ﬁgures.\

Figure (i) Figure (ii) Figure (iii)
Did you find OL = OM in fig (i), PN =PT in fig (ii)) and MA = MB in fig (iii) ?
Write the property which you have noticed from this activity.

N

Let’s learn.

(Properties of congruent chords)

Theorem : Congruent chords of a circle are equidistant from the centre of the circle.
Given . Inacircle with centre O

chord AB = chord CD

OP LAB,0Q L CD C
To prove : OP=0Q j

Construction : Join seg OA and seg OD.

| D Fig. 6.10
Proof . AP = % AB, DQ = 5 CD ... perpendicular drawn from the centre
of a circle to its chord bisects the chord.

AB=CD................ given

.. AP=DQ

. SegAPZ=segDQ......... (D) . .. segments of equal lengths

In right angled A APO and right angled A DQO

segAP=segDQ........... from (1)

hypotenuse OA = hypotenuse OD .......... radii of the same circle

S AAPOZADQO....... hypotenuse side theorem
segOP=segOQ........... c.s.c.t.
SLOP=0Q ... Length of congruent segments.

Congruent chords in a circle are equidistant from the centre of the circle.

oo>QAo<oQA oA 0o roos0c0 s00
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Theorem : The chords of a circle equidistant from the centre of a circle are congruent.
Given . Inacircle with centre O

seg OP L chord AB

seg OQ _L chord CD
and OP =0Q

To prove : chord AB = chord CD
Construction : Draw seg OA and seg OD.

Proof . (Complete the proof by filling in the gaps.)
In right angled A OPA and right A OQD
hypotenuse OA = hypotenuse OD .......

D Fig. 6.11

segOP=segOQ........ given

S.AOPA=ZAOQD.......

. Seg AP=segQD........cs.ct
AP=QD............. )

.. AB=CD

.. seg AB=seg CD
Note that both the theorems are converses of each other

Remember this !

Congruent chords of a circle are equidistant from the centre of the circle.
The chords equidistant from the centre of a circle are congruent.

4 N
Activity : The above two theorems can be proved for two congruent circles also.
1. Congruent chords in congruent circles are equidistant from their respective centres.
2. Chords of congruent circles which are equidistant from their respective centres are
congruent.
Write ‘Given’, “To prove’ and the proofs of these theorems .

J

Solved example
EX. In the figure 6.12, O is the centre of the circle and
AB = CD. If OP =4 cm, find the length of OQ.

Solution : O is the centre of the circle,

chord AB = chord CD .....given
OP_LAB,0Q L CD

OCQAOTSAQAOTSQRAOREREO <o Lo SO
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OP =4 cm, means distance of AB from the centre O is 4 cm.
The congruent chords of a circle are equidistant from the centre of the circle.

. 0Q=4cm

Practice set 6.2

1. Radius of circle is 10 cm. There are two chords of length 16 cm each. What will be the
distance of these chords from the centre of the circle ?

2. Inacircle with radius 13 cm, two equal chords are at a distance of 5 cm from the centre.
Find the lengths of the chords.

3. Seg PM and seg PN are congruent chords of a circle with centre C. Show that the ray PC
is the bisector of ZNPM.

Let’s recall.

In previous standard we have verified the property that the angle bisectors of a triangle
are concurrent. We denote the point of concurrence by letter I.

Let’s learn.

@ncircle of a triangle )

In fig. 6.13, bisectors of all angles of a AABC

meet in the point I. Perpendiculars on three sides
are drawn from the point of concurrence.
IPLAB, IQLBC, IRLAC

We know that, every point on the angle

C bisector is equidistant from the sides of the angle.

Point | is on the bisector of ZB. .. IP =1Q.
Point | is on the bisector of ZC .. IQ=1IR
. IP=1Q=IR
That is point I is equidistant from all the sides of AABC.
if we draw a circle with centre | and radius IP, it will touch the sides AB, AC,

BC of AABC internally.
This circle is called the Incircle of the triangle ABC.

OCQAOTSQAOTQA ORI O oo lsCT OO

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

Let’s learn.

(To construct the incircle of a triangle)
Ex. Construct A PQR such that PQ =6 cm, £Q = 35°, R

QR =5.5 cm. Draw incircle of A PQR.
Draw a rough figure and show all measures in it.
(1) Construct A PQR of given measures.

(2) Draw bisectors of any two angles of the triangle.
Rough fig. 6.14
(3) Denote the point of intersection of angle

bisectors as I.
(4) Draw perpendicular IM from the point |

to the side PQ.

(5) Draw a circle with centre | and radius IM.

Fig. 6.15

Remember this !

The circle which touches all the sides of a triangle is called incircle of the triangle
and the centre of the circle is called the incentre of the triangle.

Let’s recall.

In previous standards we have verified the property that perpendicular bisectors of
sides of a triangle are concurrent. That point of concurrence is denoted by the letter C.

Let’s learn.

P
] In fig. 6.16, the perpendicular bisectors of

sides of A PQR are intersecting at point
C. So C is the point of concurrence of

perpendicular bisectors.

CQAOTSQAOTQ OFKER O <o b0 OO
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( Circumcircle )

Point C is on the perpendicular bisectors of the sides of triangle PQR. Join PC, QC and
RC. We know that, every point on the perpendicular bisector is equidistant from the end points
of the segment.

Point C is on the perpendicular bisector of seg PQ. ... PC=QC...... I
Point C is on the perpendicular bisector of seg QR. .. QC=RC...... I
S.PC=QC=RC..... From | and Il

.". the circle with centre C and radius PC will pass through all the vertices of A PQR.
This circle is called as the circumcircle.

Remember this !

Circle passing through all the vertices of a triangle is called circumcircle of the triangle
and the centre of the circle is called the circumcentre of the triangle.

Let’s learn.

CTO draw the circumcircle of a trian9|e>

Ex. Construct A DEF such that DE = 4.2 cm, /D =60°, Z/E = 70° and draw circumcircle
of it. Draw rough figure. Write the given measures.

29
" E

Fig. 6.17

Rough figure

Steps of construction :
(1) Draw A DEF of given measures.

(2) Draw perpendicular bisectors of any two
sides of the triangle.

(3) Name the point of intersection of
perpendicular bisectors as C.

(4) Join seg CF.

(5) Draw circle with centre C and radius CF.

Fig. 6.18
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/
Activity :

Draw different triangles of different measures and draw incircles and circumcircles of
them. Complete the table of observations and discuss.

~

Type of triangle

Equilateral triangle

Isosceles triangles

Scalene triangle

Position of incenter

Inside the triangle

Inside the triangle

Inside the triangle

Position of
circumcentre

Inside the triangle

Inside, outside
on the triangle

Type of triangle Acut'e angled nght angled Obtu§e angled
triangle triangle triangle
Position of incentre
Position of Midpoint of
circumcircle hypotenuse

e Incircle of a triangle touches all sides of

Remember this !

the triangle from inside.

e  For construction of incircle of a triangle
we have to draw bisectors of any two

angles of the triangle.

e Circumcircle of a triangle passes

through all the vertices of a triangle.

e For construciton of a circumcircle of a
triangle we have to draw perpendicular

bisectors of any two sides of the triangle.

Circumcentre of an acute angled

triangle lies inside the triangle.

e  Circumcentre of a right angled triangle
is the midpoint of its hypotenuse.

e Circumcentre of an obtuse angled
triangle lies in the exterior of the

triangle.

e Incentre of any triangle lies in the
interior of the triangle.

reason of it ?

\

/Activity : Draw any equilateral triangle. Draw incircle and circumcircle of it. What did you\
observe while doing this activity ?
(1) While drawing incircle and circumcircle, do the angle bisectors and perpendicular

bisectors coincide with each other ?
(2) Do the incentre and circumcenter coincide with each other ? If so, what can be the

3) Measure the radii of incircle and circumcircle and write their ratio.

J
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Remember this !

® The perpendicular bisectors and angle bisectors of an equilateral triangle are coincedent.
® The incentre and the circumcentre of an equilateral triangle are coincedent.

® Ratio of radius of circumcircle to the radius of incircle of an equilateral triangle is 2 : 1

Practice set 6.3

1. Construct A ABC such that ZB =100°, BC = 6.4 cm, ZC = 50° and construct its

incircle.

2. Construct A PQR such that ZP = 70°, ZR = 50°, QR = 7.3 cm. and construct its
circumcircle.

3. Construct A XYZ such that XY = 6.7 cm, YZ = 5.8 cm, XZ = 6.9 cm. Construct its
incircle.

4. InA LMN, LM =7.2cm, ZM =105°, MN = 6.4 cm, then draw A LMN and construct
its circumcircle.

5. Construct A DEF such that DE = EF = 6 cm, ZF = 45° and construct its circumcircle.

OO Problem set 6 OO0

1. Choose correct alternative answer and fill in the blanks.
(1) Radius of a circle is 10 cm and distance of a chord from the centre is 6 cm. Hence
the length of the chord is .........
(A) 16 cm (B) 8cm (C)12cm (D) 32cm
(i) The point of concurrence of all angle bisectors of a triangle is called the ......
(A) centroid (B) circumcentre  (C) incentre (D) orthocentre

(iii) The circle which passes through all the vertices of a triangle is called .....
(A) circumcircle  (B) incircle  (C) congruent circle (D) concentric circle

(iv) Length of a chord of a circle is 24 cm. If distance of the chord from the centre is 5
cm, then the radius of that circle is ....
(A) 12 cm (B)13cm (C)l4dcm (D) 15cm
(v) The length of the longest chord of the circle with radius 2.9 cm is .....
(A)3.5cm (B) 7cm (C)10cm (D)5.8cm
(vi) Radius of a circle with centre O is 4 cm. If I(OP) = 4.2 cm, say where point P
will lie.
(A) on the centre (B) Inside the circle (C) outside the circle(D) on the circle
(vii) The lengths of parallel chords which are on opposite sides of the centre of a circle
are 6 cm and 8 cm. If radius of the circle is 5 cm, then the distance between these
chords is .....
(A)2cm (B) 1cm (C)8cm (D) 7cm
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Construct incircle and circumcircle of an equilateral A DSP with side 7.5 cm. Measure
the radii of both the circles and find the ratio of radius of circumcircle to the radius of
incircle.

Construct A NTS where NT=5.7cm, TS=7.5cm and ZNTS = 110° and draw incircle
and circumcircle of it.

In the figure 6.19, C is the centre of the circle. p
seg QT is a diameter C
CT =13, CP =5, find the length of chord RS.

Fig. 6.19

In the figure 6.20, P is the centre of the circle. B C
chord AB and chord CD intersect E
on the diameter at the point E
If Z/AEP= /DEP D p A
then prove that AB = CD.

Fig. 6.20

In the figure 6.21, CD is a diameter
of the circle with centre O. Diameter
CD is perpendicular to chord AB at 0

point E. Show that A ABC is an
isosceles triangle. A

> Fig. 6.21

ICT Tools or Links

Draw different circles with Geogebra software. Verify and experience the
properties of chords. Draw circumcircle and incircle of different triangles.
Using ‘Move Option’ experience how the incentre and circumcentre changes if
the size of a triangle is changed.

| [
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7 Co-ordinate Geometry

Lets study

e Axis, Origin, Quadrant ® Line parallel to X-axis.
e Co-ordinates of a point in a plane. e Line parallel to Y-axis.
e To plot a point. e Equation of a line.

Chintu and his friends were playing
cricket on the ground in front of a big
building, when a visitor arrived.

Visitor : Hey Chintu, Dattabhau lives
here, doesnt he ?

Chintu : Yes, on the second floor. See
that window ? Thats his flat.

Visitor : But there are five windows on
the second floor. It could be
any of them !

Chintu : His window is the third one
from the left, on the second
floor..

Chintu’s description of the location of Dattabhau’s flat is in fact, based on the most basic
concept in Co-ordinate Geometry.

It did not suffice to give only the floor number to locate the house. Its serial number from
the left or from the right also needed to be given. That is two numbers had to be given in a
specific sequence. Two ordinal numbers namely, second from the ground and third from
the left had to be used.

Let’ Learn

(Axes, origin, quadrants)

We could give the location of Dattabhau’s house using two ordinal numbers. Similarly, the
location of a point can be fully described using its distances from two mutually perpendicular
lines.

To locate a point in a plane, a horizontal number line is drawn in the plane. This number
line is called the X-axis.
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J Rene Descartes (1596-1650) -

Rene Descartes, a French mathematician of the 17th Century,
proposed the co-ordinate system to describe the position of a
point in a plane accurately. It is called the Cartesian co-ordinate
system. Obviously the word Cartesian is derived from his name.
He brought about a revolution in the field of mathematics by
establishing the relationship between Algebra and Geometry.

The Cartesian co-ordinate system is the foundation
of Analytical Geometry. La Geometric was Descartes’
first book on mathematics. In it, he used algebra for the
study of geometry and proposed that a point in a plane
can be represented by an ordered pair of real numbers. This ordered pair is the ‘Cartesian
Co-ordinates’ of a point.

Co-ordinate geometry has used in a variety of fields such as Physics, Engineering,
Nautical Science, Siesmology and Art. It plays an important role in the development of
technology in Geogebra. We see the inter-relationship between Algebra and Geometry
quite clearly in the software Geogebra;the very name being a combination of the words
‘Geometry’ and ‘Algebra’.

N /

Another number line intersecting the
X-axis at point marked O and perpendicular
to the X-axis, is the Y-axis. Generally,
the number O is represented by the same

Y -axis
point on both the number lines. This point ;
is called the origin and is shown by the .
Second quadrant First quadrant
letter O. I 2 I
On the X-axis, positive numbers are 1
shown on the right of O and negative numbers o
on the left. < _=3 _3 1 0 i :2 ?, X-axis

On the Y-axis, positive numbers are shown
above O and negative numbers below it. Third quadrant Fourth quadrant

The X and Y axes divide the plane into - -2 v
four parts, each of which is called a Quadrant. 3
As shown in the figure, the quadrants are Fig.7.1

numbered in the anti-clocksise direction.

The points on the axes are not included in
the quadrants.

coQooQAooQA 0o roorc0 p00
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CThe Co-ordinates of a point in a pIane)

YA The point P is shown in the plane
4 NP3 determined by the X-axis and the Y-axis.
3t-—---- ' ’ Its position can be determined by its
QT(_'_3’_2)____24 R i distance from the two axes. To find these
i . i distances, we draw seg PM L X-axis and
S O M . seg PN _L Y-axis.
X4 3 2 -1 o1 2 3 4X Co-ordinate of point M on X-axis is 2
-1 and co-ordinate of point N on Y-axis is 3.
) Therefore x co-ordinate of point P is 2
3 and y co-ordinate of point P is 3..
The convention for  describing
'4", the position of a point is to mention
Y Fig.7.2

X co-ordinate first. According to this convention the order of co-ordinates of point P is
decided as 2, 3. The position of the point P in brief, is described by the pair (2, 3)

The order of the numbers in the pair (2, 3) is important. Such a pair of numbers is
called an ordered pair.

To describe the position of point Q, we draw seg QS L X-axis and seg QR L Y-axis.
The co-ordinate of point Q on the X-axis is —3 and the co-ordinate on the Y-axis is 2.
Hence the co-ordinates of point Q are (-3, 2).

Y
Ex. Write the co-ordinates of points E, F, G, T in m
® The co-ordinates of point E are (2, 1) i 2 .
® The co-ordinates of point F are (-3, 3) i 1¢------ T .
® The co-ordinates of point G are (-4, -2). ‘_?4 3 S 1 R 2 3 " >
® The co-ordinates of point T are (3, —1) i 1¢--------- 4T
Ge--——m—— - ~24
-3
_4\7
Fig.7.3
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Let’s learn.

(Co-ordinates of points on the axes)

Y : : .
The x co-ordinate of point M is its
0:4) 1y oF distance from the Y-axis. The distance of
03) point M from the X-axis is zero. Hence,
‘ the y co-ordinate of M is 0.
Quadrant I 02) Quadrant I . .
(-+) : (+.4) Thus, the co-ordinates of point M on

-40) (-30) (200 (-LO) o) (1,00 (20) (3,00 (40)
(0)_1)

the X-axis are (3,0).

The y co-ordinate of point N on the
Y-axis is 4 units from the X-axis because
N is at a distance of 4. Its x co-ordinate

Quadrant I Quadrant IV is 0 because its distance from the Y-axis
o 02 ) is zero.
(0,-3) Hence, the co-ordinates of point
(0,-4) N on the Y-axis are (0, 4).
Fig.7.4

Now the origin ‘O’ is on X-axis as well as on Y-axis. Hence, its distance from X-axis and
Y-axis is zero. Therefore, the co-ordinates of O are (0, 0).
One and only one pair of co-ordinates (ordered pair) is associated with every point in
a plane.

Let’s Remember

® The y co-ordinate of every point on the X-axis is zero.
® The x co-ordinate of every point on the Y-axis is zero.
® The coordinates of the origin are (0, 0).

Ex.  In which quadrant or on which axis are the points given below ?
A(5,7), B(-6,4), C(4,-7), D(-8,-9), P(-3,0), Q(0,8)

Solution : The x co-ordinate of A (5, 7) is positive and its y co-ordinate is positive..
.. point A is in the first quadrant.
The x co-ordinate of B (-6, 4) is negative and y co-ordinate is positive.
.. point B is in the second quadrant.
The x co-ordinate of C (4, —7) is positive and y co-ordinate is negative.
.. point C is in the fourth quadrant.
The x co-ordinate of D (-8, —7) is negative and y co-ordinate is negative.
.. point D is in the third quadrant.

OCQAOTSQAOTSQAOBEO o L0 &S O
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The y co-ordinate of P(-3,0) is zero .". point P is on the X-axis.
The x co-ordinate of Q (0,8) is zero .". point Q is on the Y-axis.

Activity  As shown in fig. 7.5, ask girls to sit in lines so as to form the X-axis and A

Y-axis.
e Ask some boys to sit at the positions
marked by the coloured dots in the four
quadrants. .
e Now, call the students turn by turn using .« . .
the initial letter of each student’s name.
As his or her initial is called, the student K
stands and gives his or her own
co-ordinates. For example Rajendra
(2, 2) and Kirti (-1, 0)
® Even as they have fun during this field
activity, the students will learn how to

state the position of a point in a plane. Fig. 7.5

Let’s learn.

(TO plot the points of given co-ordinates)

Suppose we have to plot the points
P (4,3) and Q (-2,2) Y
Steps for plotting the points 4
(i) Draw X-axis and Y-axis on the plane. K e
Show the origin. Q-2.2),
(i1) To find the point P (4,3), draw a line
parallel to the Y-axis through the point
on X axis which represents the number 4.

Pk
TS S

Through the point on Y-axis which

-2
represents the number 3 draw a line parallel to ;
the X-axis . _
Fig. 7.6

QAT QAOTQAORAEO oo T OO
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(i)  The point of intersection of these two lines parallel to the Y and X-axis respectively, is

the point P (4,3). In which quadrant does this point lie ?

(iv) Inthe same way, plot the point Q (-2, 2) . Is this point in the second quadrant ?

Using the same method, plot the points

R(-3, -4), S(3, -1)

Ex.  In which quadrants or on which axis are the points given below ?
(i) (2, -5)
(vii) (5, 3.5)

(iv) (0, 4)
(viii) (=3.5, 1.5)

co-ordinates

Quadrant / axis

(i) (5, 3) (i) (=2, 4)
(v) (-3,0) (vi) (-2, 2.5)
(ix) (0, -4) (x) (2,-4)
Solution :
co- Quadrant / axis
ordinates
(i) (5,3) Quadrant |
(i) (-2,4) Quadrant 11
(i) | (2,-5) Quadrant 1V
(iv) (0,4) Y—axis
(v) (-3,0) X—axis

(i) whose both co-ordinates are positive.

Practice set 7.1

(vi) | (-2,-2.5) Quadrant 11
(vii) (5,3.5) Quadrant |
(viii) | (-3.5,1.5) Quadrant 11
(ix) (0, -4) Y—axis
(x) (2,-4) Quadrant 1V

e B(-5,-2), ®K(35,15),
® F(15,-18), o G(3,-7),
* N(0, 9), e P(0, 2.5),

In which quadrant are the following points ?

(i) whose both co-ordinates are negative.

e D(2,10),
® H(0, -5),
g Q(_7l _3)

State in which quadrant or on which axis do the following points lie.

whose X co-ordinate is positive, and the y co-ordinate is negative.

(iv) whose x co-ordinate is negative and y co-ordinate is positive.

L(-2, 4),

1.
® A(-3, 2),
e E(37, 35),
e M(12, 0),
2.
(iii)
3.

M(5, 6),

N(-3, —4),

P(2, -3),

S(7,0),

Draw the co-ordinate system on a plane and plot the following points.

Q(6’ _5)1

O QAOTSAQAOTSQAOBRBENO O L0 O

T(0, -5)
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Let’s learn.

[Llnes parallel to the X- ams)

On a graph paper, plot the following points
A(5,4),B((2,4),C(-2,4),D(-4,4),E(0,4),F (3,4)

® Observe the co-ordinates of the Y
given points. 5

e Did you notice that the D C E B F A

. . €= o—cee- 44------- ———e oo ->

y co-ordinates of all the points are
equal ? 3

e All the points are collinear. 2

e To which axis is this line parallel ? 1

® The y co-ordinate of every o
point on the line DA is 4. Itis 4 3 2 -1 [0 1 2 3 4 5> X
constant. Therefore the line DA is -1
described by the equation y = 4. If 9

the y co-ordinate of any point is 4,
will be on the line DA.

The equation of the line parallel to 4 Fig. 7.7
the X axis at a distance of 4 units
from the X-axisisy = 4.

Let’s discuss.

e Can we draw a line parallel to the X-axis at a distance of 6 units from it and below the
X-axis ?

. . 1 .
e Will all of the points (-3, —6), (10, —6), (5 , —6) be on that line ?

® What would be the equation of this line ?

Remember this !

If b > 0, and we draw the line y = b through the point (0, b), it will be above the X-axis
and parallel, to it. If b <0, then the line y = b will be below the X-axis and parallel to it.

The equation of a line parallel to the X-axis is in the formy = b.

oo>Qo<ocQA oA 0o ro0s00 s00
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Let’s learn.

(Lines parallel to the Y-axis)

e On a graph paper, plot the following points
P(-4,3), Q(-4,0), R(-4,1), S(-4,-2), T(-4,2), U(-4,-3)

® Observe the co—ordinates of the points.
e Did you notice that the x co—ordinate of

A
all the points are the same ? p 1', 3

e Are all the points collinear ? Ti 5

e To which axis is this line parallel ? !

e The x co-ordinate of every point on R‘:' 1

the line PS is —4. It is constant. There-
fore, the line PS can be described by the
equation X = —4. Every point whose
x co—ordinate is — 4 lies on the line PS.
The equation of the line parallel to the
Y—axis at a distance of 4 units and to the
left of Y—axisisy =—4.

Let’s discuss

e Can we draw a line parallel to the Y-axis at a distance of 2 units from it and to its right ?

. . 1 .
e Will all of the points (2,10), (2,8), (2, — 5) be on that line ?
® What would be the equation of this line ?

Remember this !

If we draw the line x = a parallel to the Y-axis passing through the point (a, 0) and
if a > 0 then the line will be to the right of the Y-axis. If a <0, then the line will be to the
left of the Y-axis.

The equation of a line parallel to the Y-axis is in the form X = a.

OCQAOTSAQAOTSQA OB O Lo L0 O
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Remember this !

(1) They co-ordinate of every point on the X-axis is zero. Conversely, every point whose
y co-ordinate is zero is on the X-axis. Therefore, the equation of the X axis isy = 0.

(2) The x co-ordinate of every point on the Y-axis is zero. Conversely, every point whose
X co-ordinate is zero is on the Y-axis. Therefore, the equation of the Y-axis is X = 0.

Let’s learn.

(Graph of a linear equations)

Ex.  Draw the graphs of the equations A

Xx=2 and y=-3.
Solution : (i) On a graph paper draw the X-axis and
the Y-axis. 2

(i) Sinceitis given that x =2, draw a line on the I
right of the Y-axis at a distance of 2 units 1
from it and parallel to it.

(iii) Since it is given that y = =3, draw a line ~-3 2 -1 [0 1
below the X-axis at a distance of 3 units 1
from it and parallel to it.

(iv) These lines, parallel to the two axes, are the -2
graphs of the given equations. y

(v) Write the co-ordinates of the point P, the
point of intersection of these two lines.

(vi) Verify that the co-ordinates of the point P Fig. 7.9
are (2, -3)

~J
we

Al
[N}
\4

(The graph of a linear equation in the general form.)

/Activity : On a graph paper, plot the
points (0,1) (1,3) (2,5). Are they
collinear ? If so, draw the line that
passes through them.

® Through which quadrants does this
line pass ? <
. . . 3 -2 -1/ 101 2 3 X

e \Write the co-ordinates of the point at /

5 (2,5)
4
3 (1, 3)
2
1

(0, 1)

A4

which it intersects the Y-axis.

® Show any point in the third quadrant
which lies on this line. Write the

co-ordinates of the point. ' Fig. 7.10
\ A

J
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EX. 2x—y+ 1=01is alinear equation in two variables in general form. Let us draw the graph
of this equation.

Solution : 2x—y+1=0meansy =2x + 1
Let us assume some values of x and find the corresponding values of'y.

For example, If x = 0, then substituting this value of x in the equation we get y = 1.

Similarly, let us find the values of y when 0, 1, 2, l, —2 are some values of x and

2
write these values in the table below in the form of ordered pairs.

-2

N D=

y 1 3 5 -3

xy) | 01 | @3) | @5 (%,2) (~2,-3)

Now, let us plot these points. Let us verify that these points are collinear. Let us draw that

line. The line is the graph of the equaiton 2x —y + 1 = 0.

ICT Tools or Links

Use the Software Geogebra to draw the X and Y-axis. Plot several points.
Find and study the co-ordinates of the points in ‘Algebraic view’. Read the equations of

lines that are parallel to the axes. Use the ‘move’ option to vary the positions of the lines.

What are the equations of the X-axis and the Y-axis ?

Practice set 7.2

1. On agraph paper plot the points A (3,0), B(3,3), C(0,3). Join A, B and B, C. What is the
figure formed ?

2.  Write the equation of the line parallel to the Y-axis at a distance of 7 units from it to its
left.

3. Write the equation of the line parallel to the X-axis at a distance of 5 units from it and

below the X-axis.

4. The point Q( —3, —2) lies on a line parallel to the Y-axis. Write the equation of the line
and draw its graph.

OCQAOTSQAOTSQAOBIEMO oo L0 SO
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5. X-axis and line x = —4 are parallel lines. What is the distance between them?

6. Which of the equations given below have graphs parallel to the X-axis, and which
ones have graphs parallel to the Y-axis ?
()x=3 (i) y—2=0 (iii) x+6=0 (iv)y= -5

7. On a graph paper, plot the points A(2, 3), B(6, —1) and C(0, 5). If those points are
collinear then draw the line which includes them. Write the co-ordinates of the points at
which the line intersects the X-axis and the Y-axis.

8. Draw the graphs of the following equations on the same system of co-ordinates. Write
the co-ordinates of their points of intersection.
x+4=0, y-1=0, 2x+3=0, 3y-15=0

9. Draw the graphs of the equations given below

Mx+y=2 (i) 3x—-y=0 @M)y2x+y=1
OO Problem set 7 OO

1. Choose the correct alternative answer for the following quesitons.

(1)  What is the form of co-ordinates of a point on the X-axis ?
(A) (b,b) (B)(0,b) (C)(@,0) (D)(@ a)
(if) Any point on the line y = X is of the form .....

(A)@a B)0a (©€)@o0) ([D)@-a)
(i11) What is the equation of the X-axis ?
(A)X=0 (B)Yy=0 (C)X+y=0 (D)Xx=Yy

(iv) In which quadrant does the point (-4, —3) lie ?
(A) First  (B) Second (C) Third (D) Fourth

(v) What is the nature of the line which includes the points (-5,5), (6,5), (-3,5), (0,5)?
(A) Passes through the origin,, (B) Parallel to Y—axis.
(C) Parallel to X—axis (D) None of these

(vi) Which of the points P (-1,1), Q (3,-4), R(1,-1), S (-2,-3), T (-4,4) lie in the fourth

quadrant ?

(A)PandT (B)QandR (C)onlyS (D)PandR

oo>QAo<cQA oA 0o o000 s00
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2. Some points are shown in the figure 7.11 Y
A
With the help of it answer the following questions : 3 .p
: . : _ . 2
(1)  Write the co-ordinates of the points Q
and R. 1
Q ) M -
(ii) Write the co-ordinates of the points 4 3 -2 -1 (01 2 3 4
T and M. T "R
. -2
(iii) Which point lies in the third quadrant ? S ,
(iv) Which are the points whose x and v
Fig.7.11

y co-ordinates are equal ?

3. Without plotting the points on a graph, state in which quadrant or on which axis do the
following point lie.
M (5, -3) (i) (-7, -12) (iii) (=23, 4)
(iv) (9,5  (v) (0.-3) (vi) (-6, 0) %

A A
4. Plot the following points on the one and the 3 DL
same co-ordinate system. 5 ; p
A(1,3), B(-3,-1), C(1,-4), X i
D(-2, 3), E(0,-8), F(1,0) ) IR
5. Inthe graph alongside, line LM is parallel 4 3 21 [01 2 3i > X
to the Y-axis. (Fig. 7.12) 1 1Q
(1) What is the distance of line LM from -2 i
the Y-axis ? 3 M
(i) Write the co-ordinates of the points 4 i
P, Q and R. v v
(ili) What is the difference between the Fig.7.12

x co-ordinates of the points L and M?
6. How many lines are there which are parallel to X-axis and having a distance 5 units?
7°. If ‘a’ is a real number, what is the distance between the Y-axis and the line x = a ?

|
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8 Trigonometry l

Let’s study.

® Introduction of Trigonometry e Relations among Trigonometric Ratios
® Trigonometic Ratios e Trigonometric Ratios of Particular Angles

Introduction to Trigonometry

How far is this ship

What will be p
the height of from the seashore *

this tree?

How to )
measure it?

We can measure distances by using a rope or by walking on ground, but how to measure
the distance between a ship and a light house? How to measure the height of a tall tree?

Observe the above pictures. Questions in the pictures are related to mathematics.
Trigonometry, a branch of mathematics, is useful to find answers to such questions.
Trigonometry is used in different branches of Engineering, Astronomy, Navigation etc.

The word Trigonometry is derived from three Greek words “Tri’ means three, ‘gona’
means sides and ‘metron’ means measurements.

Let’s recall.

We have studied triangle. The subject trigonometry starts with right angled triangle,
theorem of Pythagoras and similar triangles, so we will recall these topics.

e InA ABC, ZB is aright angle and side
AC opposite to ZB, is hypotenuse.
Side opposite to ZA is BC and side
opposite to ZC is AB.

Using Pythagoras’ theorem, we can
write the following statement for this
triangle.

(AB)* + (BC)* = (AC)?

oA oA AQAOpIEO oo bCT OO

A

H

Fig. 8.1
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e |If AABC ~ APQR then their corresponding A
sides are in the same proportions. P

AB BC AC /\
PQ QR PR B CcQ R

Fig. 8.2

Let us see how to find the height of a tall tree using properties of similar triangles.

(" Activity : This experiment can be conducted on a clear sunny day. )
Look at the figure given alongside.

Height of the tree is QR, height of the stick is BC.

Thrust a stick in the ground as shown
in the figure. Measure its height and length
of its shadow. Also measure the length of
the shadow of the tree. Rays of sunlight

are parallel. So A PQR and A ABC are
equiangular, means similar triangles. Sides of

B
similar triangles are proportional.
So we get R _BC =
TR
Therefore, we get an equation, C

height of the tree = QR = E><PR
AC

We know the values of PR, BC and AC. Substituting these values in this equation,
Qve get length of QR, means height of the tree.

J

Use your brain power !

It is convenient to do this experiment between 11:30 am and 1:30 pm
instead of doing it in the morning at 8’O clock. Can you tell why ?

Activity : You can conduct this activity and find the height of a tall tree in your
surrounding. If there is no tree in the premises then find the height of a pole.

Lamp
post
stick

Fig. 8.4

J
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Let’s learn.

(Terms related to right angled triangle )

In right angled A ABC, £ZB =90°, Z Aand £ C are acute angles.

C C
Hypotenuse Opposite side
- of /A Hypotenuse — Adajcent side
of ZC
[l ]
A B A v B
Adjacent side of £ A Opposite side of ZC
Fig. 8.5 Fig. 8.6
Ex. In the figure 8.7, A PQR is a right angled triangle. Write-
P
side oppositeto £/ P =.....
side oppositeto /R =.....
side adjacentto L P=.....
A side adjacentto Z R = .....
Q Fig. 8.7 R
(Trigonometic ratios)
In the adjacent Fig.8.8 some right angled
triangles are shown. /B is their common
angle. So all right angled triangles are
similar. E/
A PQB~ AACB A/
P
. PB_PQ_BQ
" 4B AC BC
L PQ_PB . PQ_AC A4
“AC 4B " PR 4B ..alternando 0 C F

OB PB OB BC Fig. 8.8
BC 1B - PB_AB alternando

oA oA oA OO oo Lo OO
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The figures of triangles in 8.9 and.8.10 are of the triangles separated from the figure 8.8

A
P
Hypotenuse o Hypotenuse _>Opposite side
Opposite side of /B
of ZB
-
B 7 Q B 7 C
Adjacent side of £ B Adjacent side of £ B
Fig.8.9 Fig.8.10
() InAPQB, In A ACB,
PO _ Opposite side of ZB AC _ Opposite side of £B
E = HypoTentse AB Hypotenuse
PO AC
The ratios 7B and g are equal.
. PO _ 4c _ Opposite side of ZB
“'PB 4B Hypotenuse

This ratio is called the ‘sine’ ratio of £ B, and is written in brief as ‘sin B’.
(i) InAPQOBand A ACB,

BO _ Adjacent side of /B BC _ Adjacent side of ZB

pp ~ Hypotenuse and 5 = Hypotenuse

. BO _ BC _ Adjacent side of ZB
" PB 4B Hypotenuse

This ratio is called as the ‘cosine’ ratio of £ B, and written in brief as “‘cos B’

... PO Ac Opposite side of ZB
(i) Bo BC Adjacentside of /B

This ratio is called as the tangent ratio of £ B, and written in brief as tan B.

Ex. :

Sometimes we write measures of acute angles
A of a right angled triangle by using Greek letters
0 (Theta), o (Alpha), B (Beta) etc.
In the adjacent figure of A ABC, measure of acute
angle C is denoted by the letter 6. So we can write
the ratios sin C, cos C, tan C as sin 0, cos 0, tan 0
C respectively.

m| 0
B Figs.11

O QAOTQAOTA ORI O <o L0 OO
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ooQAoQoAQO0

sinC:sinezﬁ, cosC:cosezB—C, tanC:tanO:A—B
AC BC
Remember this !
_ _ opposite side _ _ opposite side of £60
°  sinratio = —rrserce °® sinB= hypotenuse
_ adjacent side __adjacent side of Z6
®  cosratio = —{yiotenuse ° cosO= hypotenuse
_ opposite side ~ opposite side of £0
® tanratio = Tqjcent side ® @nd = T5onosite side of Z0
< Practice set 8.1 >
1. p R In the Fig.8.12, ZR is the right angle of
ﬁ A PQR. Write the following ratios.
o (i) sin P (ii) cos Q (iii) tan P (iv) tan Q
Fig. 8.12
2. b : o
Y X Inthe right angled A XYZ, £XYZ =90° and
a,b,c are the lengths of the sides as shown in
a ¢ the figure. Write the following ratios,
(i) sin X (ii) tan Z (iii) cos X (iv) tan X.
Z
Fig. 8.13
3. In right angled A LMN, ZLMN = 90°
ZL =50°and £ZN = 40°,
write the following ratios.
(i) sin 50° (ii) cos 50°
: N (iii) tan 40° (iv) cos 40°
Fig. 8.14
4. P In the figure 8.15,./PQR = 90°,
0 Z/PQS =90°, /PRQ = oL and ZQPS = 0
4 Write the following trigonometric ratios.
R - Q S (i) sin a, cos a, tan a
Fig. 8.15 (ii) sin 6, cos O, tan O

g O <o o0 <0
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Lets Learn

(Relation among trigonometric ratios )

In the Fig.8.16

A PMN is a right angled triangle.

ZM=90° /Pand £ N are complimentary

angles.

S ZAZN=0then ZP=90-0

M

I = — ... 1
sin 0 N (1)
cosp= M (2)

PN
PM
tan 0 = VM (3)

.. sin © =cos (90 — 0)
cos 6 =sin (90 — 0)

sin (90 - 0) = % ........ (4)

cos (90 — 0) = % ....... (5)

tan (90 — 0) = % ........ (6)

from (1) and (5)

from (2) and (4)

PM  NM

Also note thattan © X tan (90 - 0) = — X =— ... from (3) and (6)
NM  PM
. tanO xtan(90-0)=1
PM
. sin 0 PN _PM _ PN _ PM _
Similarly, 05 0 N = N X N g =tan O
PN
Remember this !
cos (90 — 0) =sin 0, sin (90 — 0) = cos O
sin 0 =tan 0, tan© xtan (90 - 0) =1
cos 0

O QAOTQAOTA ORI O <o L0 OGO
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* For more information A
1 1
sin@ = cosec 0, 050 - sec 0, ——— cot O
It means cosec 0, sec 0 and cot O are inverse ratios of sin 0,
cos O and tan O respectively.
® sec O =cosec (90—-0) @ cosec O =sec (90 - 0)
e tan O =cot (90 - 0) e cotO =tan (90 - 0)
\_ J

Lets Recall

Theorem of 30°- 60°-90° triangle :
We know that if the measures of angles of a triangle are 30°,60°, 90° then side opposite to 30°

angle is half of the hypotenuse and side opposite to 60° angle is g of hypotenuse.
A

50° In the Fig. 8.17, A ABC is a right angled

triangle. £/C =30°, ZA=60°, ZB=90°.

. AB = LAC and BC = Y3 AC
o B 2 2
30 ]
Fig. 8.17

Let’s learn.

(Trignometric ratios of 30° and 60° angles)

P In right angled A POR if /R = 30°,
60 2a /P=60°, /Q=90°and PQ = a
a { |
then PQ = 5 PR ! OR =
| 30° ) :
Q \/§a R a= E PR : QR =
Fig. 8.18 |
'9 PR =2a | QR =

. If PQ=a,thenPR=2aand QR = /3a

oA QAOTAQA ORIEO b bbCT OO
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(1) Trigonometric ratios of the 30° angle (11) Trigonometric ratios of 60° angle
sin30° =£2_¢a_1 sineo® = QR - J3a _ J3
PR 2a 2 PR a 5
005300:%:%:§ cos 60° = %: %:%
tan30°:P—Q=ﬁ:% an 60° = (5(}'; _ x/ia -

In right angled A PQR, £Q = 90°. Therefore /P and ZR are complimentary angles of each
other. Verify the relation between sine and cosine ratios of complimentary angles here also.

sin 6 = cos (90 — 0) cos 0 = sin (90 — 0)
sin 30° = cos (90°- 30°) = cos 60° cos 30° = sin (90°- 30°) = sin 60°
sin 30° = cos 60° cos 30°=sin 60°

Remember this !

. o 1 \/§ o 1
sin30" = = °=X2 tan 30" = —
> cos 30 5 NE
sin 60° = ﬁ cos 60° = % tan 60° = /3
2
(111) Trigonometric ratios of the 45°angle
A In right angled A ABC, /B=90°, ZA =45°,

Z/C=45° . This is an isosceles triangle.
Suppose AB =a then BC = a.
Using Pythagoras’ theorem,
let us find the length of AC.
AC?=AB? + BC?

— aZ + aZ
_ ) C AC? = 2a?
Fig.8.19 S AC=.2a

oA o QAoOAQAORUE O <o L0 OO
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In the Fig. 8.19, £C = 45°

i . a
sinas® = 2B - & _ 1 | tan4s® = 2B - % -4
AC S~a 2 : B a
BC a 1
c0s45° = — = — = — !
AC  J2a 2 :
Remember this !
. 1 o 1 o
sin45° = | cos 45° = —, tan 45° =1
N N5
(IV) Trigonometric ratios of the angle 0° and 90°
A
A
/\A 3
_— 1
B C B C B C

Fig.8.20

In the right angled A ACB, ZC =90° and B =30°. We know that sin 30°= % . Keeping
the length of side AB constant, if the measure of £B goes on decreasing the length of AC,
which is opposite to /B also goes on decreasing. So as the measure of /B decreases, then
value of sin 0 also decreases.

.". when measure of /B becomes 0°, then length of AC becomes 0.

cosin0°= A0 0 —g - sino°=0

~ AB  AB
A A
A
30° 70° 83°
B C B C B¢

Fig.8.21

CQACTTAQAOCTA ORI O oo bCT OO
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Now look at the Fig. 8.21. In this right angled triangle, as the measure of ZB increases the
length of AC also increases. When measure of /B becomes 90°, the length of AC become
equal to AB

.. sin90° = AC C.sin90° =1
AB

We know the relations between trigonometric ratios of complimentary angles.
sin® =cos (90— 0) and cos O =sin (90 — 0)
. cos 0° =sin (90-0)° =sin90° =1
and cos 90° = sin (90 — 90)° =sin 0°= 0

Remember this !

sin0° = 0, sin90° =1, cos 0° =1, cos 90° =0

We know that,

_sin6 . _sin0 o _
tane—m ..tanO—m _T_O
sin 90°

o __ —O — 1
But we can not do the division of 1 by 0. Note that © is an acute angle. As it increases
and reaches the value of 90°, tan 0 also increases indefinitely. Hence we can not find the
definite value of tan 90.

Remember this !

Trigonometric ratios of particular ratios.

Measures

Ratios of angles 0° 30° 45° 60° 90°

. 1 s NE)
sin 0 5 N > 1
5 Rl !
cos 1 - N 5 0
1 .

tan 0 NG 1 J3 Undefined

oA QAOTAOREE O <o L0 OO
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Solved Examples :
Ex. (1) Find the value of 2tan 45° + cos 30° — sin 60°

Solution :  2tan 45° + cos 30° — sin 60°

NERENC]
—2X1+?— >

=2+0
=2
Ex. (2) Find the value of <2567
Solution :  56° + 34° = 90° means 56 and 34 are the measures of complimentary angles.
sin © = cos (90- 0)
sin 34° = cos (90- 34)° = cos 56°

cos56° B cos56° B

sin34° cos56°

Ex. 3 Inright angled A ACB, If £/C=90°, AC=3,BC=4.

A
Find the ratios sinA, sinB, cosA, tanB
Solution : In right angled A ACB, using Pythagoras’ theorem, 3
AB?*= AC? +BC?
— 122 2 —R2
=32+4%2 =5 c 7 B
AB =5 .
Fig. 8.22
Sil’]AZB—CZi COSA=£=§
AB 5 AB 5
. AC 3 AC 3
andsmB—E—5 tanB_BC_Z

Ex. 4 Inright angled triangle A PQR, ZQ =90°, Z/R=0 and ifsin0 = %
then find cos 0 and tan 0.

Solution : P

In right angled A PQR, ZR=0

.5

sinf = —

13

0 . PO _ 5

R e —= =

Q Fig. 8.23 PR 13

oA oA QAORIEO oo T OO
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. Let PQ = 5K and PR = 13K

Let us find QR by using Pythagoras’ theorem,
PQ?*+ QR? =PR?

(5K)2 + QR? = (13k)? i

25k? + QR? =169 k2 . 13k
QR? =169 k? — 25k? 5
QR? = 144 k2 Q 12 R
OR - 12K Fig. 8.24

Now, in right angled A PQR, PQ = 5K, PR = 13K and QR = 12K

" cosezﬁzlzkzg ,tan@zQ: Sk _5

PR 13k 13 OR 12k 12

Use your brain power!

(2) Can we take the lengths of PQ and PR as 5 and 13 ? If so then what changes are
needed in the writing of the solution.

(1) While solving above example, why the lengths of PQ and PR are taken 5k and 13k ?

Important Equation in Trigonometry
A PQR is a right angled triangle.

ZPQR =90°, ZR=10 =
. PO
sinf=—= ... I

R )

and cos0=<R .. )
PR 0

Q R
Using Pythagoras’ theorem, Fig.8.25

PQ? + QR? = PR?

2 2 2 " P_Q 2+ % 2:1
., PO +QR _PR” . dividing each PR PR

PR* PR* PR®  termby PR? ;

oA o QAoAQAOREO <o b0 OO
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Remember this !

‘Square of” sin O means (sin 0)2. It is written as sinZ0.

We have proved the equation sin?0 + cos?0 = 1 using Pythagoras’ theorem, where 0 is
an acute angle of a right angled triangle.

Verify that the equation is true even when 0 = 0° or 0 = 90°

Since the equation sin? 0 + cos?0 = 1 is true for any value of 6. So it is a basic
trigonometrical identity.

H0<sinB<1 0<sin2O<1

(ii)0<cosB<1 0<cos?0<1

<

Practice set 8.2 >

1. Inthe following table, a ratio is given in each column. Find the remaining two ratios in
the column and complete the table.

. 11 ] 3
sin O ol 3 5
35 ]
cosO | 35 N
20 15 22

2. Find the values of -

(i) 5sin30°+3tan 45°
(i) 2sin30°+cos0°+3sin 90°
(V) cos®45°+sin”30°

3. Ifsinf= % then find cos 0

4, IfcosO = 1—3 then find sin O

ooQAoQoAQO0

(i) % tan® 60° + 3sin” 60°

tan 60
sin 60 + cos 60

(iv)

(Vi) cos60°xcos30°+sin 60°x sin30°

112 JONV> B edelys Redelys Sode
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SOOI Problem Set 8 <0000

1. Choose the correct alternative answer for following multiple choice questions.
(1) Which of the following statements is true ?

(A) sin 6 = cos (90— 0) (B) cos O = tan (90— 0)

(C) sin 6 =tan (90— 0) (D) tan 6 = tan (90— 0)
(ii) Which of the following is the value of sin 90° ?

J3 1

w5 ®0 ©5 O
(iii) 2 tan 45° + cos 45° —sin 45° = ?

(A)0 B)1 (€2 (D)3
(iv) c0s28° _ 9

sin 62°
(A) 2 (B)-1 €0 (D)1
° T
2. Inrightangled A TSU, TS =5, £S=90°,
SU=12thenfindsinT,cos T, tan T.
Similarly find sin U, cos U, tan U.
S Fig.826 U
3. Inrightangled A YXZ, ZX =90°, XZ=8cm, X Y
YZ=17cm, findsinY, cosY, tan, g
sinZ, cosZ, tanZ. 17
Z
Fig. 8.27

4. Inrightangled A LMN, if /N =0, /M =90°, L
cos O = % , findsin® and tan © L
M

Similarly, find (sin? 0) and (cos? 0).

5.  Fill in the blanks.

Fig. 8.28 N
(i) sin20°=cos[_|°
(ii) tan30° x tan[_|°=1
(iii) cos40° =sin[_|°
| [

O QAOTQAOTAQA ORIKE O <o L0 OO
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9 \\ Surface Area and Volume

Let’s Study

e Surface area of a cone e Surface area of a sphere
e \olume of a cone e \/olume of a sphere
Let’s recall.

We have learnt how to find the surface area and volume of a cuboid, a cube and a cylinder,
in earlier standard.

e Length, breadth and height of a cuboid are I, b, h respectively.

Cuboid _ _ _
(i) Area of vertical surfaces of a cuboid = 2(l + b) x h
Here we have considered only 4 surfaces into consideration.
(i1) Total surface area of a cuboid = 2(Ib + bh + Ih)
- 9| . Here we have taken all 6 surfaces into consideration.
ig.9.
(iii) Volume of a cuboid =1x b xh
Cube | e |flisthe edge of a cube,
(i) Total surface area of a cube = 6/2
(ii) Area of vertical surfaces of a cube =4/2
(iii) Volume of a cube = /3
Fig.9.2
Cylinder
yi — e Radius of cylinder is r and height is h.
N ]
(1) Curved surface area of a cylinder = 2rrh
h (i) Total surface area of a cylinder = 2xr(r + h)
(iii) Volume of a cylinder = ntr?h
Fig.9.3

oA oS AQAoOTA ORI O oo lbCT O
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< Practice Set 9.1 >

1. Length, breadth and height of a cuboid shape box of medicine is 20cm, 12 cm and 10 cm
respectively. Find the surface area of vertical faces and total surface area of this box.

2. Total surface area of a box of cuboid shape is 500 sq. unit. Its breadth and height is 6 unit
and 5 unit respectively. What is the length of that box ?

3. Side of a cube is 4.5 cm. Find the surface area of all vertical faces and total surface area
of the cube.

4. Total surface area of a cube is 5400 sq. cm. Find the surface area of all vertical faces of
the cube.

5. VWolume of a cuboid is 34.50 cubic metre. Breadth and height of the cuboid is 1.5m and
1.15m respectively. Find its length.

6. What will be the volume of a cube having length of edge 7.5 cm ?

7. Radius of base of a cylinder is 20cm and its height is 13cm, find its curved surface area
and total surface area. (7 = 3.14)

8. Curved surface area of a cylinder is 1980 cm2 and radius of its base is 15cm. Find the
22
height of the cylinder. (= £l ).

Let’s learn.

CTerms related to a cone and their relatiorD

A cone is shown in the adjacent Fig.9.4. Centre of the
circle, which is the base of the cone, is O and A is the
vertex (apex) of the cone. Seg OB is a a radius and
seg OA s perpendicular to the radius at O, means AO
Is perpendicular height of the cone. Slant height of the
cone is the length of AB, which is shown by (l).

A AOB is a right angled triangle.

.". by the Pythagoras’ theorem

ABZ=A0?+OB?
RNEEY IS

That is, (slant height)? = (Perpendicular height)? + (Base radius)?

(Su rface area of a cone )

A cone has two surfaces : (i) circular base and (i) curved surface.

Out of these two we can find the area of base of a cone because we know the formula for
the area of a circle.

How to find the curved surface area of a cone ? How to derive a formula for it ?

O QAOTQAOTAQAORE O <o b0 OGO
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A To find a formula for the curved surface area of
a cone, let us see the net of the curved surface,
which is a sector of a circle.
D B If a cone is cut along edge AB,we get its net
as shown in fig.9.5.

Compare the figures 9.4 and 9.5
Fig.9.5 Have you noticed the following things ?
(i) Radius AB of the sector is the same as the slant height of the cones.

(if) Arc BCD of the sector is the same as circumference of the base of the cone.
(iii) Curved surface area of cone = Area of sector A-BCD.

It means to find the curved surface area of a cone we have to find the area of its net that
is the area of the sector.

Try to understand, how it is done from the following activity.

[Activity : Look at the following figures. )

3 4
Cone Net of curved surface Pieces of the net
Fig. 9.6 Fig. 9.7 Fig. 9.8

Circumference of base of the circle =271r A B

As shown in the Fig.9.8, make pieces of the net as
small as possible. Join them as shown in the Fig.9.9.
By Joining the small pieces of net of the cone, we
get a rectangle ABCD approximately.
Total length of AB and CD is 27Tl D Tor C

length of side AB of rectangle ABCD is nr Fig. 9.9
and length of side CD is also .

Length of side BC of rectangle = slant height of cone = 1.

Curved surface area of cone is equal to the area of the rectangle.

". curved surface area of cone = Area of rectangle = AB x BC = nir x | = nrl
- J

oA T QAOTAQA ORI O oo T OO
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Now, we can derive the formula for total surface area of a cone.
Total surface area of cone = Curved surface area + Area of base
=nrl + nr?

=nr(l+r)

Did you notice a thing ? If a cone is not closed (Just like a cap of jocker or a cap in a birthday
party) it will have only one surface, which is the curved surface. Then we get the surface area
of the cone by the formula rrl.

4 N\
Activity : Prepare a cylinder of a card sheet, keeping one of its faces open. Prepare an open

cone of card sheet which will have the same base-radius and the same height as that of the
cylinder.
Pour fine sand in the cone till it just fills up the cone. Empty the cone in the cylinder.

Repeat the procedure till the cylinder is just filled up with sand. Note how many coneful of
sand is required to fill up the cylinder.

Fig. 9.10

To fill up the cylinder, three coneful of sand is required.

Let’s learn.

(Volume of a cone )

If the base-radii and heights of a cone and a cylinder are equal then
3 x volume of cone = volume of cylinder
.". 3 X volume of cone = ntr?h

1
.". volume of cone = 3 X 7réh

Remember this !

(i) Area of base of a cone = nr? (ii) Curved surface area of a cone = rl

. 1
(iii) Total surface area of a cone = nur (I +r) (iv) Volume of a cone = 3% nreh

oA o AQAoAQA ORI O <o L0 OGO
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Solved Examples :

Ex. (1) Radius of base (r) and perpendicular height (h) of cone is given.
Find its slant height (l)
(i) r=6cm,h=8cm, (i) r=9cm,h=12cm

Solution : 5
(i) r=6cm, h=8cm i (i) r=9cm,h=12cm
[2=1r2+ h? i [2=r2+ h?
- 2= (B) + (8)? = (9)+ (12
2= 36+ 64 L P=81+144
- 12=100 L k=225
~1=10cm ;. l=15cm

Ex. (2) Find (i) the slant height, (ii) the curved surface area and (iii) total surface
area of a cone, if its base radius is 12 cm and height is 16 cm. (rt = 3.14)
Solution :

(i) r=12cm,h =16 cm (ii) Curved surface area = rl

P=r+he =314 X 12 X 20
2= (12)2 + (16)? E = 753.6 cm?
< 12=144 + 256 (iii) Total surface area of cone
" 12=400 =qnr (1 +r)
-1 =20cm § =3.14 X 12(20+12)
§ =314 x 12X 32
' =1205.76 cm?

EX. (3) The total surface area of a cone is 704 sq.cm and radius of its base is 7 cm, find the

slant height of the cone. (r = % )
Solution : Total surface area of cone = tr (1 + 1)

704:§ x7(1+7)

7_04:|+7
22
32=1+7
32-7=1I
| =25¢cm

oA QAOTQA ORI O oo bCcT OO
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EX. (4) Area of the base of a cone is 1386 sq.cm and its height is 28 cm.

Find its surface area. (nt = % )

Solution : .
Area of base of cone = 72 Lo 122 (21)2 + (28)2
1386 = 22 x 2 S 12=441+784
7 v 12=1225
13’8262X7=r2 ~.1=35cm
63X 7 = 2 Surface area of conze2 = nrl
11 = i :7><21><35
5 =22X21X%X5
r=21cm ' =2310 sq. cm.

< Practice set 9.2 >

1. Perpendicular height of a cone is 12 cm and its slant height is 13 cm. Find the radius of
the base of the cone.

N

Find the volume of a cone, if its total surface area is 7128 sq.cm and radius of base is
22
28 cm. (TL' = 7 )

3. Curved surface area of a cone is 251.2 cm2 and radius of its base is 8cm. Find its slant
height and perpendicular height. (m =3.14)

4.  What will be the cost of making a closed cone of tin sheet having radius of base 6 m
and slant height 8 m if the rate of making is Rs.10 per sq.m ?

5.  Volume of a cone is 6280 cubic cm and base radius of the cone is 30 cm. Find its
perpendicular height. (w = 3.14)

6. Surface area of a cone is 188.4 sq.cm and its slant height is 10cm. Find its perpendicu-
lar height (m = 3.14)

7. Volume of a cone is 1212 cm3 and its height is 24cm. Find the surface area of the cone.
(r=2)
8. The curved surface area of a cone is 2200 sq.cm and its slant height is 50 cm. Find the
_ 22
total surface area of cone. (w = — )

9. There are 25 persons in a tent which is conical in shape. Every person needs an area of
4 sq.m. of the ground inside the tent. If height of the tent is 18m, find the volume of the
tent.

oA QAo AQA ORI O <o L0 OGO
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In a field, dry fodder for the cattle is heaped in a conical shape. The height of the cone is
2.1m. and diameter of base is 7.2 m. Find the volume of the fodder. if it is to be covered
by polythin in rainy season then how much minimum polythin sheet is needed ?

(n = % and V1737 = 4.17.)

Let’s learn.

CSurface area of a sphereD

Surface area of a sphere = 47tI?

.. Surface area of a hollow hemisphere = 27I?
Total surface area of a solid hemisphere
= Surface area of hemisphere + Area of circle

=21+ 1tr? = 371r?

Fig. 9.11
4 N\
Take a sweet lime (Mosambe), Cut it into
two equal parts.
Take one of the parts. Place its circular face on a
paper. Draw its circular border. Copy three more
such circles. Again, cut each half of the sweet lime
into two equal parts.
Now you get 4 quarters of sweet lime. Separate the
peel of a quarter part. Cut it into pieces as small as
possible. Try to cover one of the circles drawn, by the
small pieces.
Observe that the circle gets nearly covered.
The activity suggests that,
Curved surface area of a sphere = 4 1tI?
. J

oA oS QAoOTAQA OO oo bCT OO
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Solved Examples :

(1)  Findthesurfaceareaofaspherehaving | (2) Find the radius of a sphere having
radius 7 cm. (rt = 22 ) surface area 1256sq.cm.(mt = 3.14)
7 Solution : Surface Area of Sphere = 47tI?
Solution :  Surface Area of sphere = 47t S 1256 =4 x3.14 X I?
. 22 ) ., 1256
—4><7><(7) Sor = 11
:4x§x7x7 _ 31400
=88 x 7 314
- r2
_ 616 | 100 =1
Surface Area of sphere = 616 sq.cm. . 10=r
.". radius of the sphere is 10 cm.

KActivity - Make a cone and a hemisphere of cardsheet such that radii of cone and A
hemisphere are equal and height of cone is equal to radius of the hemisphere.
Fill the cone with fine sand. Pour the sand in the hemisphere. How

many cones are required to fill the hemisphere completely ?

Fig. 9.12

Two conefull of sand is required to fill the
hemisphere.
.. 2 X volume of cone = volume of hemisphere.

.".volume of sphere

= 2 X volume of hemisphere.

.". volume of hemisphere =2 x volume of cone _4 e
: 3
1 i
=2 X = X 71rth :
3 b 4 4
i .". volume of sphere = —xtr
1 ) ! 3
=2X 3 XTEXT o
2 i
= g mrd E
. J

oA oA QAOMMEO <o b0 OO
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Remember this !

2
® Volume of hemisphere = 3 nrs

e Total surface area of hemisphere = 27tr? + ntr?= 3mr?

Solved Examples :
Ex. (1) Find the volume of a sphere having
radius 21 cm. (n = % )

Ex. (2) Find the radius of a sphere
whose volume is
113040 cubic cm. (m = 3.14)

Solution : Volume of sphere = %nr3 Solution : Volume of sphere = gnr?’

. g x % X (21)° 113040 = g X 314 X I3
_4 2 113040x3 _ 3
-3 4x3.14
_ 88 % 441 28260x3 _ 1
3.14
volume of sphere = 38808 cubic cm. . 9000 x 3=r°
r® = 27000
r=30cm

X S5 x21x21x 21 |

". radius of sphere is 30 cm.

EX. (3) Find the volume of a sphere whose surface area is 314.sq.cm. (Take T = 3.14)

Solution : Surface area of sphere = 4rnr?

Volume of sphere = 4 e
314 =4 x 3.14 X 12 3

314 i _4 X 3.14 x 5°
4x3.14 - p2 : 3
i _ 4
31400 _ i =3 X 3.14 x 125
4x314 i =523.33 cubic cm.
100 - p2 5
4 E
25 =r?
r =5cm !

oA AQAoOTQA OO oo lbbCT O
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Practice Set 9.3 >

Find the surface areas and volumes of spheres of the following radii.

M4cm (i)9cm (iii)3.5cm.  (w=3.14)

If the radius of a solid hemisphere is S5cm, then find its curved surface area and total
surface area. (m = 3.14)

If the surface area of a sphere is 2826 cm? then find its volume. (1t = 3.14)

Find the surface area of a sphere, if its volume is 38808 cubic cm. (&t = %)
\Volume of a hemisphere is 18000 rt cubic cm. Find its diameter.

OO Problem set 9 SOOOOOOOOOOOOOOOOOO

1.

N o o s

If diameter of a road roller is 0.9 m and its length is 1.4 m, how much area of a field will
be pressed in its 500 rotations ?

To make an open fish tank, a glass sheet of 2 mm gauge is used. The outer length,
breadth and height of the tank are 60.4 cm, 40.4 cm and 40.2 cm respectively. How
much maximum volume of water will be contained in it ?

If the ratio of radius of base and height of a cone is 5:12 and its volume is 314 cubic
metre. Find its perpendicular height and slant height (r =3.14)

Find the radius of a sphere if its volume is 904.32 cubic cm. (w = 3.14)
Total surface area of a cube is 864 sq.cm. Find its volume.
Find the volume of a sphere, if its surface area is 154 sq.cm.

Total surface area of a cone is 616 sq.cm. If the slant height of the cone is three times the
radius of its base, find its slant height.

The inner diameter of a well is 4.20 metre and its depth is 10 metre. Find the
inner surface area of the well. Find the cost of plastering it from inside at the rate
Rs.52 per sq.m.

The length of a road roller is 2.1m and its diameter is 1.4m. For levelling a ground
500 rotations of the road roller were required. How much area of ground was levelled
by the road roller? Find the cost of levelling at the rate of Rs. 7 per sq. m.

.

[m].E- ]

| [
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII<AnswerS>IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1. Basic Concepts in Geometry

o

( Practice set 1.1 )

(i) 3 (ii) 3 (iii) 7 (iv) 1

(v)3 (vi)5 (vii) 2 (viii) 7

M6 @)8 (@ai)10 (@(v)1 (v)3 (vi) 12

(i) P-R-Q  (ii) Non collinear  (iii) A-C-B (iv) Non collinear

(v) X-Y-Z  (vi) Non collinear
18and 2 5.25 and 9  6.(i))45 (ii))6.2 (iii) 27 7. Triangle
( Practice set 1.2 )
(i) No (ii)No (iii) Yes 2.4 3.5 4.BP<AP<AB
(i) Ray RSor Ray RT (ii) Ray PQ (iii) Ray QR (iv) Ray QR and Ray RQ etc.
(v) Ray RQ and Ray RT etc.. (vi) Ray SR, Ray ST etc.. (vii) Point S
(i) Point A & Point C, Point D & Point P (ii) Point L & Point U, Point P & Point R
(i) d (Uv)=10, d (PC)=6, d(vB)=3, d(U,L)=2
( Practice set 1.3 )

(1) If a quadrilateral is a parallelogram then opposite angles of that quadrilateral are
congruent.

(i) If quadrilateral is a rectangle then diagonals are congruent.

(iti) Ifatriangle is an isosceles then segment joining vertex of a triangle and mid point
of the base is perpendicular to the base

(i) If alternate angles made by two lines and its transversal are congruent then the
lines are parallel.

(if) If two parallel lines are intersected by a transversal the interior angles so formal
are supplementary.

(i11) If the diagonals of'a quaddrilateral are congruent then that quadrilateral is rectangle.

( Problem set 1 )

@i A (i) C (i) C (iv) C (v) B

(i) False  (ii) False  (iii) True (iv) False

(i) 3 (i) 8(iii) 9 (iv)2 (v) 6 (vi)22 (vii) 165

-15 and 1 5 () 105 (i) 9.1 6. 6 and 8

OAQAOTSAQAOOTA OO oo lbbCT O
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2. Parallel Lines

o e

(Practice set 2.1 )
(i) 95° (ii) 95° (iii) 85° (iv) 85°
sa=70°, «b=70° 2Cc=115° ~d =65°
/a=135°, b =135° /C=135°
(i) 75° (ii) 75° (iii) 105° (iv) 75°

( Practice set 2.2 )
No. 4. /ABC = 130°

( Problem set 2 )

(i) C (i)C (iii)A (iv) B (v) C 4 x=130° y=50°
x=126°° 6. f=100° (¢=80°

3. Triangles
( Practice set 3.1 )
110° 2. 45° 3.80°, 60°, 40° 4.30°,60°,90°
60°, 80°, 40° 6. /DRE = 70°, Z/ARE = 110°
/AOB = 125° 9. 30°, 70°, 80°

( Practice set 3.2 )

(i) SSC Test (i) SAS Test  (iii) ASA Test (iv) Hypotenuse Side Test.

(i) ASA Test, /BAC = ZQPR ,side AB = side PQ, side AC = side PR
(ii) SAS Test, ZTPQ = /TSR, ZTQP = ATRS, side PQ = side SR
Hypotenuse Side Test, ZACB = ZQRP, ZABC = ZQPR, side AC = side QR

SSS Test, /MLN = /Z/MPN, ZLMN = /MNP, ZLNM = /PMN
( Practice set 3.3 )

X =50°,y=60°, MZABD = 110°, mZACD = 110° .
7.5 Units 3. 6.5 Units 4.1(PG)=5cm, I(PT)=7.5cm

( Practice set 3.4 )
2cm 2.28° 3. ZQPR, ZPQR 4. greatest side NA, smallest side FN

( Practice set 3.5 )
XY Y2 X2 x=, L sY=/M, /Z= N
LM MN LN
I(QR) =12 cm, I(PR) =10 cm

O QAOTQAOTAQAORKEYO <o L0 OO
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( Problem set 3 )

1. (i) D (i) B (iii) B
5. Quadrilaterals
( Practice set 5.1 )
1. msAXWZ=135°, msLYZW =45°, | (WY) =10 cm
2. X=40°,/C=132°, /D =48°
3. 25 cm, 50 cm, 25 cm, 50 cm
4, 60°, 120°, 60°, 120°
6. /A=70°, /B=110°, /C=70°, /R =110°
( Practice set 5.3 )
1. BO =4cm, /ACB = 35°
2. QR =7.5cm, ZPQR =105°, ZSRQ = 75°
3. ZIMJ=90°, ZJIK =45°, /LJK = 45°
4, side = 14.5 cm, Perimetere = 58 cm
5. (i) False (ii) False (iii) True (iv) True (v) True (vi) False
( Practice set 5.4 )
1. £3=127°, ZL=T72° 2. /B=108°, /D =72°
( Practice set 5.5 )
1. XY=45cm, YZ=25cm, XZ=5.5cm
( Problem set 5 )
1. (i) D (i) C (i) D 2. 25¢cm, 3. 6.5/2 cm
4.24 cm, 32 cm, 24 cm, 32 cm 5. PQ=26cm 6. /MPS = 65°
6. Circle
( Practice set 6.1 )
1. 20cm 2.5¢cm 3. 32 unit 4. 9 unit
( Practice set 6.2 )
1. 12 cm 2.24 cm
( Problem set 6 )
1. (A (i)C (ii)A (vyB (v)yD (vi)C (vii)D 2.2:1 4. 24 units

oA QAOTQA OO oo bCT OO
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7. Co - ordinate Geometry

N

LN =

( Practice set 7.1 )

point A : Quadrant Il, point B : Quadrant 11, point K : Quadrant I, point D : Quadrant |
point E : Quadrant I, point F : Quadrant IV, point G : Quadrant IV, point H : Y-AXis.
point M : X-Axis, point N : Y-AXxis, point P : Y-Axis, point Q : Quadrant 111

(i) Quadrant | (i1) Quadrant 111 (ili) Quadrant IV (iv) Quadrant 11

( Practice set 7.2 )
Square 2.X=-7 3.Yy=-5 4.X =-3 5. 4
(i) Y-Axis, (i) X-axis, (i) Y-axis, (iv) X-axis,
To X-axis (5,0) , To Y-axis (0,5)
(-4,1), (-1.5,1), (-1.5,5), (-4,5)

( Problem set 7 )

Mmc (@)A (@gi)B (vyC (vC (viB

1) Q(2,2),R(4,-1) (i) T(O,-1), M(3,0) (iii) pointS (iv) point O
(i) Quadrant IV (ii) Quadrant Il

(ifi) Quadrant I~ (iv) Quadrant Il (v) Y-axis  (vi) X-axis

()3 (i) P(3.2), QB3,-1),R(30) ()0 6..y=5Yy=-5 7.[a

8. Trigonometry

( Practice set 8.1 )

. OR - OR L OR PR
OF-=JN () DR ()

PQ PQ QR
(i) ¢ (i) 2 i 2 () “
QRN =i ) -

_PQ RQ PQ . QS PQ QS
Orr R ke M 35 P5°P0

( Practice set 8.2 )

;cos@:@ ! £ 20 15 4 —2\/5

61!$1 2129!ﬁ151 3

sing : =,
3
tan9 : =

oA QAOTAQA OO Lo L0 OO
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11 .93 23 3 J3 3 8
2. i) — (ii) — iii) 5 iv V) — (Vi) — 3. = 4, —
()5 @) 35 D5 (V) 7= ()7 O : =
( Problem set 8 )
1. (A (ii) D (iii) C (iv) D
12 5
2. sinT = 2,cosT: i,tanT: —,sinU= i,cosU: E,tan U= —
13 13 5 13 13 12
8 15 8 15 8
. inY=—, Y=—, Y=—,sinZ=—,c0sZ=—,tanZ= —
3. sinY=qg,cosY = tany =g 17 17 8
7 7. 49 576
4, sin@=—,tan 0 = — ,sinP0=—,cos?0 = —
|025’ 924|9625 6625
5. (i) 70 (ii) 60 (iii) 50
9. Surface Area and Volume
( Practice set 9.1 )
640 sq.cm, 1120 sq.cm. 2. 20 Unit 3. 81 sq.cm, 121.50 sq.cm.
4. 3600 sq.cm. 5.20m 6. 421.88 cubic cm
1632.80 sq.cm, 4144.80 sq.cm. 8.21cm
( Practice set 9.2 )
1. 5cm 2. 36960 cubic cm. 3.10cm, 6 cm 4, %2640
5. 15¢cm 6. 8 cm 7.550 sq.cm 8. 2816 sq.cm, 9856 cubic cm
9. 600 cubic metre 10. 28.51 cubic metre, 47.18 sq.m.
( Practice Set 9.3 )
1. (1) 200.96 sq.cm, 267.95 cubic cm.  (i1) 1017.36 sq.cm, 3052.08 cubic cm.
(ii1) 153.86 sq.m, 179.50 cubic cm.
2. 157 sq.cm, 235.5 sq.cm. 3. 14130 cubic cm. 4. 5544 sq.cm. 5. 60 cm
( Problem set 9 )
1. 1980 sq.m. 2. 96801.6 cubic cm. 3. 12m, 13 m
4. 6¢cm 5. 1728 cubic cm. 6. 179.67 cubic cm.
7. 21cm 8. 132sq.m., ¥ 6864 9. 4620 sq.m, I 32340
aaa
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