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FOREWORD

State Curriculum Frame Work (SCF-2011) recommends that childrens’ life at schools must be linked to
their life outside the school. The Right To Education Act (RTE-2009) perceives that every child who enters the
school should acquire the necessary skills prescribed at each level upto the age of 14 years. Academic standards
were developed in each subject area accordingly to maintain the quality in education. The syllabi and text
books developed on the basis of  National Curriculum Frame work 2005 and SCF-2011 signify an attempt to
implement this basic idea.

Children after completion of  Primary Education enter into the Upper Primary stage. This stage is a crucial
link for the children to continue their secondary education. We recognise that, given space, time and freedom,
children generate new knowledge by exploring the information passed on to them by the adults. Inculcating
creativity and initiating enquiry is possible if we perceive and treat children as participants in learning and not
as passive receivers. The children at this stage possess characteristics like curiosity, interest, questioning,
reasoning, insisting proof, accepting the challenges etc., Therefore the need for conceptualizing mathematics
teaching that allows children to explore concepts as well as develop their own ways of solving problems in a
joyful way.

We have begun the process of developing a programme which helps children understand the abstract
nature of mathematics while developing in them the ability to construct own concepts. The concepts from the
major areas of Mathematics like Number System, Arithmetic, Algebra, Geometry, Mensuration and Statistics are
provided at the upper primary stage. Teaching of the topics related to these areas will develop the skills
prescribed in academic standards such as problem solving, logical thinking, expressing the facts in mathematical
language, representing data in various forms, using mathematics in daily life situations.

The textbooks attempt to enhance this endeavor by giving higher priority and space to opportunities for
contemplation and wondering, discussion in small groups and activities required for hands on experience in the
form of ‘Do This’ , ‘Try This’ and ‘Projects’.  Teachers support is needed in setting of the situations in the
classroom.  We also tried to include a variety of examples and opportunities for children to set problems.  The
book attempts to engage the mind of a child actively and provides opportunities to use concepts and develop
their own structures rather than struggling with unnecessarily complicated terms and numbers.  The chapters are
arranged in such a way that they help the Teachers to evaluate every area of learning to comperehend the
learning progress of children and in accordance with Continuous Comprehensive Evaluation (CCE).

The team associated in developing the textbooks consists of many teachers who are experienced and
brought with them view points of the child and the school.  We also had people who have done research in
learning mathematics and those who have been writing textbooks for many years.  The team tried to make an
effort to remove fear of mathematics from the minds of children through their presentation of topics.

I wish to thank the national experts, university teachers, research scholars, NGOs, academicians, writers,
graphic designers and printers who are instrumental to bring out this textbook in present form.
I hope the teachers will make earnest effort to implement the syllabus in its true spirit and to achieve academic
standards at the stage.

The process of developing materials is a continuous one and we hope to make this book better.  As an
organization committed to systematic reform and continuous improvement in quality of its products, SCERT,

welcomes comments and suggestions which will enable us to undertake further revision and refinement.

Place: Hyderabad DIRECTOR

Date:  28  January 2012 SCERT,  Hyderabad

B. Seshu kumari
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NATIONAL ANTHEM

- Rabindranath Tagore

Jana-gana-mana-adhinayaka, jaya he

Bharata-bhagya-vidhata.

Punjab-Sindh-Gujarat-Maratha

Dravida-Utkala-Banga

Vindhya-Himachala-Yamuna-Ganga

Uchchhala-jaladhi-taranga.

Tava shubha name jage,

Tava shubha asisa mage,

Gahe tava jaya gatha,

Jana-gana-mangala-dayaka jaya he

Bharata-bhagya-vidhata.

Jaya he! jaya he! jaya he!

Jaya jaya jaya, jaya he!!

PLEDGE

- Pydimarri Venkata Subba Rao

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

I love my country, and I am proud of its rich and varied heritage. I

shall always strive to be worthy of it.

I shall give my parents, teachers and all elders respect, and treat

everyone with courtesy. I shall be kind to animals.

To my country and my people, I pledge my devotion. In their

well-being and prosperity alone lies my happiness.”
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PREAMBLE

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.

Subs. by the constitution [Forty-second Amendment] Act, 1976, Sec.2, for “Sovereign Democratic
Republic” (w.e.f. 3.1.1977)

Subs. by the constitution [Forty-second Amendment] Act, 1976, Sec.2, for “Unity of the Nation”
(w.e.f. 3.1.1977)
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CONSTRUCTION OF TRIANGLES 9

9.0 Introduction

You will learn how to construct triangles in this chapter.  A triangle can be drawn if  you know the
elements that are required for two triangles to be congurent. Thus, a triangle can be drawn in any
of the situations given below i.e., if we know the-

(i) Three sides of the triangle.

(ii) Two sides and the angle included between them.

(iii) Two angles and the side included between them.

(iv) Hypotenuse and one adjacent side of a right-angled triangle.

A triangle can also be drawn if two of its sides and a non-included angle are given.  So, we require
three independent measurements to construct a triangle.

Let us learn to construct triangles in each of the above cases.

9.1 Construction of a triangle when measurements of the three sides are given.

In the construction of any geometrical figure, drawing a rough sketch  first, helps in indentifying the
sides. So we should first draw a rough sketch of the triangle we want to construct  and label it with
the given measurements.

Example 1:  Construct a D PQR with sides PQ = 4 cm, QR = 5 cm and RP = 7 cm.

STEP 1 : Draw a rough sketch of the triangle and
label it  with the given measurements.

STEP 2 : Draw a line segment QR of length 5 cm.

Q R5 cm

1 2 3 4 5

7cm

5cm

4cm

P

Q
R
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Zk!*[~M\
!5Ò5é
II

]¾§b¯ñYD�ZÐX[¯äc&eö»°����z
!5Ò5é
II

]Å�tÅYõÆaàYC�Xª[Å¯z^øDfseöÆ��Yä6,ÅY$ËìX
&̂VÅeö (i

�z²ZzgZy»�gxãiZzt (ii

�ziZzbZzgZy»�gxyI (iii

zF,Zzg�ìiZzt»Zq-|I (iv

Z¤/�z²ZzgZy»�gxãiZzt:�c*YñA$Ì[¯c*YYìXÅ<å XEZ!5Ò5é II]Å¯z^Æa&WiZ�Z:
eNK]Å¢zg]�CìXMØë!5Ò5é II]ÅZßgÂV~¯z¾̂§bÅYCìZÐX

(S S S) [Å¯z^²&̂VÅeö�~YñX 9.1

¢zg~ìXZzgt�{�̂¯ä (Rough figure) ËÌææ~̂¯äc¬Zk̂»�{�
~øg~gÉð�@*ìXÅ<å XEZëT[Å¯z^�gì�Zk»¬�{�¯��b�eNK]Å
¶K0+��**�ÇX

RP = 7 Zzgª QR = 5ªPQ = 4cm ¯�ZSb� PQR [ :X 1 Vw
[»�{�¯�ZkÅeö�g`<X :X 1 %³

ª�X 5 ¯�T»îw QR é« :2 %³

9
!5Ò5é
II

]Å¯z^

Construction of Triangles

Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX3

S.C
.E

.R
.T

. T
ELA

NGANA



4Free distribution by T.S. Government 2022-23 CONSTRUCTION OF TRIANGLES

STEP 3 : With centre Q, draw an arc  of
radius 4 cm.

STEP 4 : Since P is at a distance of  7 cm from
R, draw another arc from R with
radius 7 cm such that it intersects first
arc. Mark the intersection point as P.

STEP 5 : Join Q,P and P,R. The required D PQR
is constructed.

Try This

1. Construct a triangle with the same measurements given in above example, taking
PQ as base. Are the triangles congurent?

2. Construct a D PET, PE =  4.5 cm, ET = 5.4 cm and TP = 6.5 cm in your
notebook.

Now construct DABC,  AB = 5.4 cm,  BC = 4.5 cm and CA = 6.5 cm on a piece
of paper.  Cut it out and place it on the figure you have constructed in your note
book. Are the triangles congruent? Write your answer in your notebook using
mathematical notation.
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ªÃA6,Zq-̧kUX 4 Ã%�/ây� Q :3 %³

ªÆÃA6,Zq-ZzģkU�«¸k 7 Ã%�/¯� R ªÆÃA6,ìÔÅ<å XEZ 7ÐR aè̀ p` :4 %³
Å¶K0+�ÙX p 6,s�Cì P Ã̀

Ã5ä6,£/ PR Zzg QP :5 %³
qÝ�ÇX PQR [

ÃÒ<X
�°{�XHt�z!5Ò5é II]�z�VÐ? PQ �g`!*Ñeö»Zq-[¯�8g)4è E

G X1

�X TP = 6.5cm Zzg ET = 5.4 Ô PE = 4.5cm ¯�ZSb� PET Zq-[ X2

CA=6.5cm Zzg BC=4.5cm ÔAB = 5.4cm ¯�ZSb� ABC Zq-»½6,[
6,gqpXHt�z!5Ò5é II]�z�VÐ?ZC�Z[ PET Ã»^kZzg[ ABC �X[

Ãgc*MCîg6,ªCÙÙX
Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX5
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Exercise - 1

1. Construct DABC in which AB = 5.5 cm, BC = 6.5 cm and  CA = 7.5 cm.

2. Construct DNIB in which NI = 5.6 cm, IB = 6 cm and BN = 6 cm. What type of triangle
is this?

3. Construct an equilateral DAPE with side 6.5 cm.

4. Construct a DXYZ in which XY = 6 cm, YZ = 8 cm and ZX = 10 cm. Using protractor
find the angle at X. What type of triangle is this?

5. Construct DABC in which AB = 4 cm, BC = 7 cm and CA= 3 cm.  Which type of
triangle is this?

6. Construct DPEN with PE = 4 cm,  EN = 5 cm and NP = 3 cm. If you draw circles instead
of arcs how many points of intersection do you get? How many triangles with given
measurements are possible? Is this true in case of every triangle?

Try This

Sushanth prepared a problem: Construct DXYZ in which XY = 2 cm, YZ = 8  cm
and XZ = 4 cm.

He also drew the rough sketch as shown in
Figure 1.

Reading the problem, Srija told Sushanth that it would not be possible to draw a
triangle with the given measurements.

However, Sushanth started to draw the diagram as shown in Figure 2.

Check whether Sushanth can draw the triangle. If not why? Discuss with your friends.

What property of triangles supports Srija’s idea?

Figure 1

Figure 2S.C
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CA = 7.5cm Zzg AB=5.5cm BC=6.5cm ¯�T~ ABC [ .1

�tÃ̈K[¶Ç? BN = 6cm Zzg IB = 6cm,  NI = 5.6cm ZSb¯�� NIB[ .2

ª�X 6.5 )z~ZÑHq[¯�äI APE .3

iZztÅ X �e0+}Åæ�Ð ZX = 10cm Zzg Y= 8cm, XY = 6cm ¯�ZSb� XYZ[ .4

eö<Zzge��tÃ̈K[ì?
e��t[¾n»ì? CA = 3cm Zzg BC = 7cm, AB = 4cm ZSb¯�� ABC .5

�XZ¤/M\̧kÆOñ�Z],{ NP = 3cm Zzg EN = 5cm , PE = 4cm ¯�8g)4è E
G PEN[ .6

¯NÂtÄxV6,s�}ÇXZkeöÐÄ!5Ò5é II]¯ñYMh�:HtÓxnÆ!5Ò5é II]6,ÑÍ
�Ç?

ÃÒ<X
ªXZ = 4cm Zzg YZ= 8cm, XY = 2cm~XYZ X-÷äZq-ÎZw¯c*X:[ 1

ZkäZk[»�{�Ì¯c*X6�̂~�îc*�HìX

ÎZw7,|�-�ä¹�ZkeöÐ[¯**e7X
~ec*�Hì 2- p-÷ä[¯**ÑzqH6�̂

¤&<�H-÷[¯Yì?Z¤/7ÂYV?ZL�¹VÐW<X-�Æ
_.[cteöe�X

Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX7
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9.2 Construction of a triangle with two given sides and the included angle.

Example 2  : Construct DABC in which AB = 4 cm, BC = 5cm and ÐB = 50°.

STEP 1 : Draw a rough sketch of a triangle and label it with
the given measurements.

STEP 2 : Draw a line segment AB of length 4 cm.

STEP 3 : Draw a rayBX
uuur

making an angle 50° with AB.

(Use protractor from your geometry box to measure this
angle.)

STEP 4 : Draw an arc of radius 5 cm from B, such that it intersects

ray BX
uuur

. Mark the intersection point as C.

STEP 5 : Join C, A to get the required DABC.

X
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[Å¯z^²�z²ZzgZy»�gxãiZzt�c*YñX 9.2

¯�X ABC ÅeöÐ[ ÐB = 50Ocm Zzg BC = 5cm, AB = 4cm :D 2 Vw
ZyeNK]Åæ�ÐZq-�{�¯�X :1 %³

Zq-é«¯�X AB = 4 :2 %³

»iZzt¯@*� 50O Æ�B AB ZSb¯�� Zq-Ãq :3 %³

6,s�C�X C ªÆÃ,6,Zq-̧k¯��̀ 56, Ã%�/¯� B 4 %³

0YñÇX ABC Ã5�X£/[ C Zzg A 5 %³

Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX9
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Exercise - 2

1. Draw  DCAR in which CA = 8 cm, ÐA = 60° and AR = 8 cm. Measure CR,  ÐR and

ÐC. What kind of triangle is this?

2. Construct  DABC in which AB = 5 cm, ÐB = 45° and BC = 6 cm.

3. Construct  D PQR such that  ÐR=100°, QR = RP = 5.4 cm.

4. Construct DTEN such that TE = 3 cm, ÐE = 90° and NE = 4 cm.

9.3 Construction of a triangle when two angles and the side between the angles is  given

Example 3 : Construct DMAN with MA = 4 cm,  ÐM = 45° and  ÐA = 100°.

STEP 1 : Draw rough sketch of a triangle and label it with
the given measurements.

STEP 2 : Draw line segment MA of length  4 cm.

STEP 3 : Using protractor draw a ray MX
uuuur

, making an
angle 45° at M.

M A

X

45o

4 cm.

4 cm.
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Åeö ÐR ÔZzg CR þ,AR = 8 Zzgª ÐA = 60O ÔCA = 8 ¯�ZSb�ª CAR [ .1

¥x<Zzge��tÃ̈K[ì?
¯�X ABC Ð[ BC = 6cm Zzg cmÐB=45OcmÔAB = 5cm .2

QR=RP=5.4cmÐR = 100O ¯�XZk§b� PQR[ .3

NE = 4cm Zzg ÐE = 90O
ÔTE = 3 ¯�ZSb�ª PQR[ .4

Zz�ZzgZy»�gxãI�c*YñX i [¯**²�z : 9.3

ÐA = 100O
Zzg ÐM = 45O, MA = 4 ¯�ZSb�ª MAN [ :D 3 Vw

»�{�¯�X MAN �~�eöÆ_. :1 %³

ª�X 4 ¯�äîw MA é« :2 %³

�X ÐM = 45O
ZSb¯�� Zq-Ãq :3 %³

Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX11
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STEP 4 : Using protractor draw a ray AY
uuur

, making
an angle 100°  at A.

Extend the ray MX
uuuur

 if necessary to
intersect ray AY

uuur .

STEP 5 : Mark the intersecting point of the two rays
as N.  You have the required DMAN

Try This

Construct a triangle with angles 105° and 95° and a side of length of your choice.
Could you construct the triangle? Discuss with your friends and justify.

Exercise - 3

1. Construct DNET with measurement NE = 6.4 cm, ÐN = 50° and ÐE = 100°.

2. Construct  DPQR such that QR = 6 cm,  ÐQ =ÐR = 60°. Measure the other two sides
of the triangle and name the triangle.

3. Construct  DRUN in which RN = 5cm,  ÐR =ÐN = 45°. Measure the other angle and
other sides. Name the triangle.

4 cm

4 cm
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6,iZzt A ZSb¯��̀  Ãq :4 %³
Ã Z¤/¢zg]�Â �100 Åeö

Ãs�nX îw�£@*�z{

6,s�D�ZzgZSb N t�zÃq` :5 %³
0YñÇX MAN £/[

ÃÒ<X
eöÆfg=ZK%èÅeözZÑIá�[¯�XH[¶Ç?c 95O

Zzg 105O

<Zzg¤&<X

X �c*�H� ÐE = 100O óÐN = 50O óNE = 6.4 ¯�²ª NET [ 1

�zâV̂VÅeö<XZzg[Ån ÐQ = ÐR = 60 óQR = 6 ¯�²�ª PQR[ 2

C�X
�X�ZiZztZzg�ẑVÅeö�Æ ÐR=ÐN = 45O óª RM ª= 5 ¯�8g)4è E

G RUN[ 3

[»**xC�X
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9.4 Construction of right-angled triangle when the hypotenuse and a side are given.

Example 4 : Construct DABC, right-angled at A, and BC = 6 cm;  AB = 5 cm.

STEP 1 : Draw a rough sketch of right-angled triangle and
label it with given information.

                  Note: side opposite to the right angle is called

                  hypotenuse.

STEP 2 : Draw a line segment AB of length 5 cm.

STEP 3 : Construct a ray AX
uuur

 perpendicular to AB at A.

STEP 4 : Draw an arc from B with radius 6cm intersecting

AX
uuur

. Mark the intersection point as ‘C’.

STEP 5 : Join B,C to get the required DABC.

5cm

C
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[�ìZ²ZztÅ¯z^²zF,ZzgIÅeö�~YñX 9.4

�¯�X  BC = 6 ÔªAB = 5 6,�[iZzt�ª A T~ :D 4 Vw
�~�eUVÆ_.�{�¯�X :1 %³
zZãgì��ìZ²Zzt»£.Þ»IzF,�ÇX â^:D

ª�X 5 ¯�Xäîw AB é« :2 %³

6,À�zZg�X A ZSbU�z{̀   Ãq :3 %³

ªÛ¢ÐZq-̧kU 6ÐB 6,`   Ãq :4 %³
6,s�}X C ��̀

£/[�Ç ABC Ã5� C Zzg B` :5 %³
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Exercise - 4

1. Construct a right-angled DABC such that  ÐB = 90°,  AB =  8 cm and AC = 10 cm.

2. Construct a DPQR, right-angled at R, hypotenuse is 5 cm and one of its adjacent sides is
4 cm.

3. Construct an isosceles right-angled DXYZ in which ÐY = 90° and the two sides are
5 cm each.

9.5 Construction of triangle when two sides and the non-included angle are given

Example 5 : Construct  DABC such that AB = 5 cm, AC = 4 cm, ÐB = 40°.

STEP 1 : Draw rough sketch of DABC  and label it with
the given measurements.

STEP 2 : Draw a line segment AB of  length 5 cm.

STEP 3 : Using protractor draw a ray BX
uuur

making an angle
40° at B.

X

A
B

400

5 cm

A
B5 cm
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�X AC = 10 Zzgª AB = 8 ªÔ   = 90O ¯�Zk§b� ABC �ìZ²Zzt[ .1

ª�X 4 ªZzg|I 5 iZzt�ì�zF, R ZSb¯�� PQR[ .2

ªÆ�VX 5 Zzg�z²  = 90O [�ìZ²Zz~)z~Z�:¯�8g)4è E
G XYZ .3

[Å¯z^²�zIZzgZy»)́iZzt�c*YñX   9.5

�X  = 40O
Zzg AC = 4 óª AB = 4 [¯�8g)4è E

Gª ABC 5 Vw

SkeöÆ_.Zq-�{�¯�X :D 1 %³

ª�X 5 ¯�T»îw AB é« :D 2 %³

iZzt¯@*�X 406,B ZSb¯��̀ Ãq D:3 %³

Ú%×%^lÒoeß^æH 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX17

4 - w

S.C
.E

.R
.T

. T
ELA

NGANA



18Free distribution by T.S. Government 2022-23 CONSTRUCTION OF TRIANGLES

STEP 4 : With A as centre and radius 4 cm, draw an arc to

cut ray BX
uuur

.

STEP 5 : Mark the intersecting point as C and join

C, A to get the required DABC.

Can you cut the ray BX
uuur

 at any other point? You will see

that as ÐB is acute, the arc from A of radius 4 cm cuts

the ray BX
uuur

 twice.

Let the intersecting points be named as C and C1.

If we join C and A, we get one triangle and if we join C1 and

A, then we get other triangle. So we may have two triangles

as given below:

A
B

C

C’
X

400

5 cm

4 
cm

A
B

C

C’
X

400

5 cm

4 cm

A
B

C

X

400

5 cm

A
B

C

X

400

5 cm

A
B

C

C’
X

400

5 cm
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6,Zq-̧kQX ªÆÃ,Ð 4 Ã%�/¯� A :D 4 %³

qÝ�YñÇX ABC Ã5�£/[ C Zzg A 6,s�}ÏX C Ã ¸k :D 5 %³

ÃËZzg̀6,Ìs�}Ï? H¸kÃq
ªÛ¢Å̧k 4 q�{iZztìZ= aV�

Ã�zÕo6,s�}ÏX
»**x�c*�HìXZ¤/ë C1

Zzg C �ÛnÙ�`»éÃ
Ã5D�ÂZq-[qÝ�CìZzg A Zzg C Õo
Ã5D�Â�zu~[qÝ�CìX A Zzg C1

ZSb�z!5Ò5é II]qÝ�D�X
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Try This

Construct a triangle with two sides of length of your choice and the non-included
angle as an obtuse angle. Can you draw two triangles in this solution?

Exercise - 5

1. Construct DABC in which AB = 4.5 cm, AC = 4.5 cm and ÐB = 50°. Check whether
you get two triangles.

2. Construct DXYZ such that  XY = 4.5 cm, XZ = 3.5 cm and  ÐY = 70°. Check whether
you get two triangles.

3. Construct DANR with the sides AN and AR of lengths 5 cm and 6 cm respectively and
ÐN is 100°. Check whether you get two triangles.

4. Construct D PQR in which QR = 5.5 cm, QP = 5.5 cm and ÐQ = 60°. Measure RP..
What kind of triangle is this?

5. Construct the triangles with the measurement given in the following table.

Triangle Measurements

DABC BC = 6.5 cm,  CA = 6.3 cm,  AB = 4.8 cm.

D PQR PQ = 8 cm,  QR = 7.5 cm,   ÐPQR = 85°

DXYZ XY = 6.2 cm,  ÐY = 130°,  Ð  Z = 70°

DABC AB = 4.8 cm,  AC = 4.8 cm,   ÐB = 35°

DMNP ÐN = 90°,  MP = 11.4 cm.,  MN = 7.3 cm.

DRKS RK = KS = SR = 6.6 cm.

DPTR ÐP = 65°, PT = PR = 5.7 cm.

Looking Back

• To construct a triangle, three independent measurements are
required.
A triangle can be constructed when.
(i) The three sides of the triangle are given.
(ii) Two sides and the angle included between them is given.
(iii) Two angles and their included side is given.
(iv) The hypotenuse and one adjacent side of a right angle triangle are given.
(v) Two sides and the not included angle are given.
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ÃÒ<
ZK%èÆ�ẑVÅeöZzg)́»ziZz�Åeöá�Zq-[¯�X
HW\ZyeöÐ�z!5Ò5é II]¯Mh�?

�c*�H�XHW\�z!5Ò5é II] =50O �Zzg AC = 4.5 óª AB = 4.5 ¯�²ª ABC [ .1
¯Mh�ÔYõ<X

HW\�z!5Ò5é II]¯ �c*�Hì  = 70O
Zzg  XY = 4.5ª XZ = 3.5 ¯�²ª XYZ [ .2

Mh�ÔYõ<X
�HM\Zy  = 100O ª�XZzg 6 Zzg 5 »îw!*nKM AR Zzg AN ¯�ZSb� ANR[ .3

eöÐ�z!5Ò5é II]¯Mh�?
Åeö<ZzgC� RP  � = 60O

ÔQP = 5.5ª ÔQR =ª5.5 ¯�T~ PQR [ .4
�t¾n»[ìX
øDfseUVÅæ�Ð!5Ò5é II]¯�X .5

eNK] [
AB = 4.8ª CA = 6.3 Ôª BC= 6.5ª ABC

  = 85Oª QR = 7.5 ª PQ = 8ª PQR
 = 70O  = 130O XY = 6.2ª XYZ
 = 35O AC = 4.8 ª AB = 4.8ª ABC

MN = 7.3cm MP = 11.4cm N = 90O MNP
RK = KS = SR=6.6cm RKS

PT = PR = 5.7cm  = 650 PTR

D: ëäH5   

Zq-[Zkz�Ü¯c*YYì²   

[Æ&̂VÅeö�~YñX (i

�z²ZzgZy»�gxãiZzt�c*YñX (ii

�ziZz�ZzgZy»�gxãI�c*YñX (iii

zF,óZk»|I�¶6,[�ìZ²Zzt¯c*YYìX (iv

�z²ZzgZy»)́iZzt�¶6,Ì[¯c*YYìX (v
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ALGEBRAIC EXPRESSIONS 10

10.0 Introduction

In class VI you had already learnt that variables can take on different values and  the value of
constants is fixed. You had also learnt how to represent variables and constants using letters like x,
y, z, a, b , p, m etc. You also came across simple algebraic expressions like 2x –3 and so on. You
had also seen how these expressions are usefull in formulating and solving problems.

In this chapter, you will learn more about algebraic expressions and their addition and subtraction.
However, before doing this we will get acquainted to words like ‘terms’, ‘like terms’,‘unlike
terms’ and ‘coefficients’.

Let us first review what you had learnt in class VI, Algebra.

Exercise - 1

1. Find the rule which gives the number of matchsticks required to make the following
patterns-
(i) HHHH.... (ii) VVVV........

2. Given below is a pattern made from coloured tiles and white tiles.

Figure 1 Figure 2 Figure 3

(i) Draw the next two figures in the pattern above.
(ii) Fill the table given below and express the pattern in the form of an algebraic

expression.
Figure Number 1 2 3 4 5

Number of coloured tiles 4
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� X10.0

�)®)~W\Zk!*]ÐzZ��`��oZ]Å�g,Z�C�²xÅ�g¥
z){ÆZEwÐªCÙHY@*  x, y, a, b, p, m, gSìXW\tÌYy`��Z¹¾§bwzs�

Zzgt��{Zr~�g'¾§b�Æ¯äZzgÎZw 2x-3 ìXW\��{Zr~�g]»Ì_·�`�Ô�
i�ä~ZEwGYD�X

Zk!*[~W\Zr~�gÂVÆ!*g}~'×h+ZÐ�ZyÅ¦ó¸&z){XëZkÐ¬
ZÖpÔ�¥ÁÔxËgÁÔ)xËgÁÔZzg°�~¢d$ÐzZ/qÝ�,ÐXW\ä�)®)~H
5ì¬Zk»Z¬�{�,Ð

fsÆ%ä¯äcÄâ\Å»hc*V�g»g�VÏX¥xÙX -1

VVVV...... (ii) HHHH.... (i)

fsÆ%äëg3ZzgC�ÛlÅN*&Òø
J

Ð¯ð��X -2

ZDwZÏzäÆ¯�X d ZkF,KMÆZ��z Xi

fsÆ].zwÃå<ZzgZ¹Zr~�gÂVÅ̂~ªCÙÙX Xii

®Z� 1 2 3 4 5

g3N*&Òø
J

Å®Z� 4

10 Zr~�g'
ALGEBRAIC EXPRESSIONS
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(iii) Fill the table given below and express the pattern in the form of an algebraic
expression.

Figure Number 1 2 3 4 5

Number of  total tiles 5

3. Write the following statements using variables, constants and arithmetic operations.

(i) 6 more than p

(ii) 'x' is reduced by 4

(iii) 8 subtracted from y

(iv) q multiplied by '-5'

(v) y divided by 4

(vi) One-fourth of the product of 'p' and 'q'

(vii) 5 added to the three times of 'z'

(viii) x multiplied by 5 and added to '10'

(ix) 5  subtracted from two times of 'y'

(x) y  multiplied by 10 and added to 13

4. Write the following expressions in statements.

(i) x + 3 (ii) y – 7 (iii) 10l

(iv) 5
x

(v) 3m + 11 (vi) 2y – 5

5. Some situations are given below.  State the number in situations is a variable or constant?

Example : Our age - its value keeps on changing so it is an example of a variable quantity.

(i) The number of days in the month of January

(ii) The temperature of a day

(iii) Length of your classroom

(iv) Height of the growing plant
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fsÆ].zwÃåÙZk%äÃZr~�g]Åßg]~�X Xiii

®Z� 1 2 3 4 5

]N*bÅ®Z� 5

fsÆÒyÃoZ]ÔxZzg�!¿ÆZEwÐsX X3

ic*�{X 6Ðp �i
Á��c*�HìX 4 ~Ð x �ii
¸&H�HX 8 ~Ð y �iii
Ð¢[�¶6,X 5 Ãt q �iv
Ð��ä6,X 4Ã y �v
ÆqÝ¢[»Zq-aåðX q Zzg p �vi

¦H�HX 5 Æ&kH~ z �vii

¦H�HX 10 Ð¢[�n 5Ã x �viii

¸&�ä6,X 5 Æ�u~Ð y �ix
¦H�HX 13 Ð¢[�n 10Ã y �x

fsÅ�gÂVÃÒyÅ̂~ªCÙÙX X4

(i)   x+3                            (ii)   y-7                             (iii)  10 l

(iv)                               (v)  3m+11                     (vi)   2y-5  

fs~Pßg�w~�c*�H°�Hoìc*xìÔzZãÙX X5

Vw:Xøg~/Úps�CgSìZkatolZgìX
â{�g~~Zc*xÅ®Z� Xi

�y»�gzwZg] Xii

#})®)»îw Xiii

(,_�ñ�g|#Å�~ Xiv
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10.1 Algebraic Term and Numeric term

Consider the expression 2x + 9.

Here 'x' is multiplied by 2 and then 9 is added to it. Both ‘2x’ and ‘9’ are terms in the expression
2x + 9.  Moreover 2x is called algebraic term and 9 is called numeric term.

Consider another expression 3x2 – 11y.

3x2 is formed by multiplying 3, x and x. 11y is the product of 11 and y. 11y is then subtracted from
3x2 to get the expression 3x2 – 11y. In the expression 3x2–11y, 3x2 is one term and 11y is the
other term.

When we multiply x with x we can write this as x2. This  is
similar to writing 4 multiplied by 4 as 42.  Similarly when we
multiply x three times i.e., x ́ x ́ x we can write this as x3. This
is similar to writing 6´6 ́ 6 as 63.

 Do This

In the expressions given below identify and write all the terms.

(i) 5x2 + 3y + 7 (ii) 5x2y + 3 (iii) 3x2y

(iv) 5x – 7 (v) 5x + 8 –2(– y) (vi) 7x2 – 2x

10.1.1 Like and unlike terms

Let us observe the following examples.

(i) 5x and 8x (ii) 7a2 and 14a2

(iii) 3xy and 4xy (iv) 3xy2 and 4x2y

In the first example, both terms contain the same variable i.e. x and the exponent of the variable is
also the same i.e. 1

In the second example, both terms contain the same variable i.e. a and the exponent of the variable
is also the same i.e. 2

In the third example, both terms contain the same variables i.e. x and y and the exponent of
variable x is 1 and the exponent of variable y is 1.

In the fourth example, both terms contain the same variables x and y. However, their exponents
are not the same. In the first term, the exponent of x is 1 and in the second it is 2. Similarly, in the
first term the exponent of y is 2 and in the second term it is 1.

The first three pairs of terms are examples of ‘like terms’ while the fourth is a pair of ‘unlike terms’.

Like terms are terms which contain the same variables with the same exponents.
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:XZr~gÁXZzg°�~gÁ 10.1

»x@{Ù 2x+9 �g]
ÆZg»y�X 2x+9 �zâV�g] 9 Zzg 2x ¦��c*�Hì�V 9 Ð¢[�n 2Ã x �V

°�~gÁB@*ìX 9 Zr~gÁZzg 2x �g]~
6,̈gÙ �zu#�g]

~Ð   Ã 11y »qÝ¢[ìA$ y Zzg 11 °� 11y qÝ�@*ì Ð¢[�¶Ð x Zzg x,3

�zuZgÁ 11y Zq-gÁì²    ~ �g] qÝ�ÏX  ¸&�äÐ�g]
ìX

Ð¢[�ï�Â xÃ x Z#ë ��!*ÇZÏ§b Ð¢$+ï�Â 4Ã 4 Z#ë
��X Ã 6<6<6 ��XT§b

��  &%û¢[�,A$ë x x x x x Ã x ZÏ§b

fs~�~��g]ÆZg»yÅÙ|#Ù
 (i)      (ii)           (iii)          

(iv)  5x-7              (v)   5x+8-2(-y)     (vi)   7x2-2x 

xËZzg)xËZg»y 10.1.1

fsÅVßV»x@{ÙX
(i) Zzg (ii) Zzg (iii) Zzg     (iv)  Zzg     

ZzgZyÅ̧]ÌZq-ìX x «VwÆ�zâVZg»y~Zq-�oìª
ìX 2 ìZzgZȩ́]Ì)z~ª a �zu~Vw~�zâVZg»y~Ìo

ìX 1 oÅ̧]Ì y Zzg 1 oÅ̧] x �Zzg y Zzg x �~Vw~�zâVZg»y~7Vo
Å x Zzg�zu}gÁ~ 1 Å̧] x �p̧])z~7ìX¬gÁ~ y Zzg x a¶VwÆ�zâVZg»y~oZ]

ìX 1 Å̧] y Zzg�zu}gÁ~o 2 Å̧] y ìZSb¬gÁ~ 2 ¸]
²a¶Vw)x/Zg»yÅì like terms «&VBxËZg»yÅ�

Z,Zg»yX~z�oZ]�VZzgZyÅ̧])z~xËZg»yBD�X
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 Do This

1. Group the like terms together.

12x, 12, 25x, –25, 25y, 1, x, 12y, y, 25xy, 5x2y, 7xy2, 2xy, 3xy2, 4x2y

2. State true or false and give reasons for your answer.
(i) 7x2  and 2x are unlike terms
(ii) pq2  and  –4pq2 are like terms
(iii) xy,   –12x2y and  5xy2 are like terms

10.2 Coefficient

In 9 xy ; '9' is the coefficient of 'xy' as 9 (xy) = 9xy

'x' is the coefficient of '9y' as x (9y) = 9xy
‘y’ is the coefficient of ‘9x’ as y (9x) = 9xy

'9x' is the coefficient of 'y'  as 9x (y) = 9xy
9y is the coefficient of ‘x’  as 9y (x) = 9xy

xy is the coefficient of ‘9’ as xy (9) = 9xy

Since 9 has a numerical value it is called a numerical coefficient.  x, y and xy are literal coefficients
because they are variables.

Similarly in '-5x',    ‘–5’ is the numerical coefficient and ‘x’  is the literal coefficient.

Try This
(i) What is the numerical coefficient of   'x' ?

(ii) What is the numerical coefficient of   '–y’ ?
(iii) What is the literal   coefficient of   ‘–3z’ ?

(iv)Is a numerical coefficient a constant?
(v) Is a literal coefficient always a variable?

10.3 Expressions

An expression is a single term or a combination of terms connected by the symbols ‘+’
(plus) or ‘–’ (minus).
For  example :  6x + 3y, 3x2+ 2x+y, 10y3 + 7y + 3, 9a + 5, 5a + 7b, 9xy, 5 + 7 – 2x, 9+ 3– 2

Note: multiplication '×' and  division  ‘÷’  do not separate terms. For example  
22 3 and
3

xx y
y

´

are single terms.
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x/Zg»y»¤/z\¯�X X1

9c*ßÅ¶K0+�<ZzgZL�Z[Åz�;]sX X2

)x/Zg»y�X 2x Zzg Xi

x/Zg»y�X Zzg Xii

xËZg»y�X Zzg -12xyóxy Xiii

~9xy )°�~¢d$(°�~uÔ 10.2
»¢d$ìX x,y,  9~9xy         =9(xy)=9xy
»¢d$ìX 9y , x        =x(9y)=9xy  
»¢d$ìX 9x , y         =y(9x)=9xy
»¢d$ìX y , 9x ,        =9x(y)=9xy
»¢d$ìX x , 9y ,        =9y(x)=9xy
»¢d$ìX 9, xy,        =xy(9)=9xy

wz°¢d$ xy Zzg y, x (numerial coefficient) Zq-°�~�gìZ=Zj°�~¢d$ 9 aè
BD�aèz{oZ]�X

Zq-wz°¢d$ìX x Zq-°�~¢d$ìZzg -5~-5x ZÏ§b
ÃÒ<X

»°�~¢d$Hì? x    (i)
»°�~¢d$Hì?  -y   (ii)
»°�~¢d$Hì? -3Z  (iii)
H°�~¢d$x�@*ìX  (iv)
Hw°¢d$åo�@*ì   (v)

�g' 10.3 

)¸&(Ð�hZYñX - )¦( + Zr~�g]Zq-zZugÁìc*Zg»y»ù·ìXÃ´#Ö
VwÆîg6,

zZug0�X Zzg 2x x 3y ¢[Zzg�Zg»yÃ´u{7�0*DX} â^:X
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  Do This

1. How many terms are there in each of the following expressions?

(i) x + y (ii) 11x – 3y – 5 (iii) 6x2 + 5x – 4

(iv) x2z + 3 (v) 5x2y (vi) x + 3 + y

(vii)
11
3

x - (viii)
3
7

x
y (ix) 2z – y (x) 3x + 5

10.3.1 Numerical expressions and algebraic expressions

Consider the following examples.

(i) 1 + 2 –9 (ii) –3 – 5 (iii)
11
3

x - (iv) 4y

(v) 9 + (6–5) (vi) 3x + 5 (vii) (17–5) +4 (viii) 2x – y

Do you find any algebraic terms in the examples (i), (ii), (v) and (vii)?

If every term of an expression is a constant term, then the expression is called numerical
expression. If an expression has at least one algebraic term, then the expression is called
an algebraic expression.

Which are the algebraic expressions in the above examples?

Try This

Write any 3 algebraic expressions with 3 terms each.

Aryabhata (India)

475 - 550 AD

He wrote an astronomical treatise, Aryabhatiyam (499AD).
He was the first Indian mathematician who used algebraic
expressions. India’s first satellite   was named Aryabhata.
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(iii) 11x – 3y – 5 (ii) x + y (i)

x + 3 + y (vi) (v)  (iv)

3x + 5 (x) 2z – y (ix) (viii) (vii)

Numerical expressions and algebraic expressionsX °�~�g'XZr~�g' 10.3.1

fsÅVßV»x@{<X

4y (iv) (iii) –3 – 5 (ii) 1 + 2 –9 (i)

2x – y (viii) (17–5) +4 (vii) 3x + 5 (vi) 9 + (6–5) (v)

~ÃðZr~L}¥x�0*NÐ? (vii)ó(v), (ii), (i) HW\Vw

Z¤/�g]ÆCÙgÁ~xgÁ�A$Zk�g]Ã°�~�g]ë�XZ¤/Zq-�g]~ÁZiÁZq-
Zr~gÁ�A$Zk�g]ÃZr~�g]ë�X

Zz6,ÅVßV~Ã́Zr~�g]ìX

ÃÒ<X
Zg»yzZàÃð&Zr~�g'sX 3

(475-550 AD) Wgc*�)¸g](
0*v,�~{~~¬yz*ãgc*è�ZVWgt�äZr~�gÂV»ZEwHÔ

~Z,VäZq-Â[LLWgt¸�óóèXyz*y»ª]45Õä GH"3ïJGHZ4Æ 499AD Zzg

**xLLWgc*�óóÐñÎxH�HåX
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10.3.2 Types of algebraic expressions

Algebraic expressions are named according to the number of terms present in them.

Number of terms Name of the Expression Examples

One term Monomial (a) x (b) 7xyz

(c) 3x2y (d) qz2

Two unlike terms Binomial (a) a + 4x

(b) x2 + 2y

(c) 3x2 – y2

Three unlike terms Trinomial (a) ax2 + 4x + 2

(b) 7x2 + 9y2 + 10z3

More than one Multinomial (a) 4x2 + 2xy + cx + d

unlike terms (b) 9p2–11q + 19r + t

Note: Binomial, trinomials are also multinomial algebraic expressions.

 Do This

1. Give two examples for each type of algebraic expression.

2. Identify the expressions given below as monomial, binomial, trinomial
and multinomial.
(i) 5x2 + y + 6 (ii) 3xy

(iii) 5x2y + 6x (iv) a + 4x – xy + xyz

10.4 Degree of algebraic expressions

Before discussing the degree of algebraic expressions let us understand what we mean by the
degree of a monomial.

10.4.1 Degree of a monomial

Consider the term 9x2 y2

1. What is the exponent of 'x' in the above term?

2. What is the exponent of 'y' in the above term?

3. What is the sum of these two exponents?

The sum of all exponents of the variables present in a monomial is called the degree of
the term or degree of the monomial.
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3xy (ii) (i)

a + 4x – xy + xyz (iv) (iii)

Zr~�g]»�gz 10.4

Zr~�g]Æ�gz6,c�äÐ¬W�ët�Zq-g0»�gzÐøgZHÈìX
Degree of Monomial  Zq-g0�g]»�gz 10.4.1

X 6,̈gÙ
Å̧]HìX x Zz6,ÆgÁ~ X1

Å̧]HìX y Zz6,ÆgÁ~ X2

Zy�zâV̧ÂV»ù·HìX X3

Zq-g0�g]Æ�gzÐ%Z�Zk�g]~ñ��ÓxoZ]Æ̧ÂV»ù·ìX
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Observe the following table.

S. No. Monomial            Exponents Degree of the monomial

x y z

1 x 1 - - 1

2 7x2 2 - - 2

3 -3xyz 1 1 1 1 + 1 + 1 = 3

4 8y2z2 - 2 2 2 + 2 = 4

10.4.2 Degree of constant terms

Let us discuss the degree of the constant term 5.

Since xo = 1, we can write 5 as 5xo as the exponent of the variable is '0'.

Degree of constant term is zero.

10.4.3 Degree of algebraic expressions

Observe the following table.

S. No. Algebraic Expression          Degree of each term Highest Degree

First Second Third Fourth
term   term  term  term

1. 7xy2 3 - - - 3

2  3y – x2y2 1 4 - - 4

3  4x2 + 3xyz + y 2 3 1 - 3

4  pq – 6p2q2 – p2q +  9 2 4 3 0 4

In the second example the highest degree of one of the terms is 4. Therefore, the degree of the
expression is 4. Similarly, the degree of the third expression is 3 and the degree of the fourth
expression is 4.

The highest of the degrees of all the terms of an expression is called the degree of the
expression.
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x y z

1 x 1 1

2 7x2 2 2

3 -3xyz 1 1 1 1+1+1=3

4 8y2z2 2 2 2+2=4

xgÁ»�gz: 10.4.2

Å̧]6,c�,ÐX 5 Z[ëxgÁ
»�gz#�ÇX 5 �YYìZ=xgÁ  Ã 5Ð aè
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III 
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IV 
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1 7x2y 3 - - - 3

2 3y-x2y2 1 4 - - 4

3 4x2+3xyz+y 2 3 1 - 3

4 pq-6p2q2-p2q+9 2 4 3 - 4

�ÇXZÏ§b�~�g]»�gz 4 ìZknZk�g]»�gz 4 �zu~Vw~�&Ð(,Z̧]
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Exercise 2

1. Identify and write the like terms in each of the following groups.

(i) a2, b2, –2a2, c2, 4a (ii) 3a, 4xy, –yz, 2zy

(iii) –2xy2, x2y,  5y2x, x2z (iv) 7p, 8pq, –5pq, –2p, 3p

2. State whether the following are numerical expressions or algebraic expressions.

(i) x + 1 (ii) 3m2 (iii) –30 + 16

(iv) 4p2–5q2 (v) 96 (vi) x2–5yz

(vii) 215x2yz (viii) 95 ÷ 5 × 2 (ix) 2 + m + n

(x) 310 + 15 + 62 (xi) 11a2+6b2–5

3. Identify monomial or binomial or trinomial from the following multinomials and write them.

(i) y2 (ii) 4y – 7z (iii) 1 + x + x2

(iv) 7mn (v) a2 + b2 (vi) 100 xyz

(vii) ax + 9 (viii) p2 – 3pq + r (ix) 3y2 – x2 y2 + 4x

(x) 7x2 – 2xy + 9y2 – 11

4. What is the degree of each of the monomials.

(i) 7y (ii) –xy2 (iii) xy2z2

(iv) –11y2z2 (v) 3mn (vi) –5pq2

5. Find the degree of each algebraic expression.

(i) 3x–15 (ii) xy + yz (iii) 2y2z + 9yz –7z – 11x2y2

(iv) 2y2z + 10yz (v) pq + p2q – p2q2 (vi) ax2 + bx + c

6.       Write any two Algebraic expressions with the same degree.

10.5 Addition and subtraction of like terms

Observe the following problems.
1. Number of pencils with Vinay is equal to 4 times the

pencils with Siddu. What is the total number of pencils
both have together?

2. Tony and Basha went to a store. Tony bought 7 books
and Basha bought 2 books. All the books are of same
cost. How much money did Tony spend more than Basha?
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(i)a2, b2 ,-2a2, c2, 4a (ii) 3a, 4xy, -yz, 2zy 
(iii)-2x2y, x2y, 5y2x, x2z   (iv) 7p, 8pq, -5pq, -2p, 3p

C���~��g]°�~�g]ìc*Zr~�g]ì -2

(i)  x+1                      (ii)   3m2               (iii)    -30+16
(iv)          (v)    96                (vi)   
(vii)       (viii)  95 ÷ 5 × 2     (ix)  2 + m + n

  (x)   310 + 15 + 62    (xi)      

H�~�Mg0�gÂV~Zq-g0ó�zg0ó&g0�gÂVÅÙ|#ÙZzgZ7ÉÀ�/õGX X3
 (i)                  (ii)     4y - 7z             ( iii)                

   (iv)     7mm         (v)         (vi)   100xyz                     
(vii)    ax + 9      (viii)         (ix)     
(x)                                                              

fsÅZq-g´43ðEGV»�gzHìX X4

(i)   7y              (ii)       (ii)          

(iv)        (v)   3mn      (vi)         

Zr~�gÂV»�gz¥x<X X5

(i) 3x-15 (ii) xy+yz (iii)  

(vi) (v) (vi) 
Ãð�zZr~�g's)�gZ)z~�VX X6

xËZg»yÅ¦Zzģ& 10.5

fsÆÎZÑ]Ãi<X
kH{ic*�{ìX�zâVÆ 4 X�].Æ0*kñ��RÅ®Z�¢Æ£¨ 1
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ÂÁy%h+}²tKg] 7 XtKg]Zzg¤CÙ�zâVpZq-�z»yãX¤CÙ 2

ÂÁy%h+}XÓxÂ1VÅ77VìXA$Cî¤CÙätKg] 2

Æ£¨ÄiZZ+gz#/õ FGy%aGX
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To find answers to such questions we have to know how to add and subtract like terms. Let us
learn how to solve the following.

1. Number of pencils with Siddhu is not given in the problem, we shall take the number as 'x'.
Vinay has 4 times of Siddu i.e., 4 × x = 4x
To find the total number of pencils, we have to add x and 4x
Therefore, the total number of pencils = x + 4x

= (1 + 4) x
= 5x    (distributive law)

2. Since the cost of each book is not given, we shall take it as 'y'.
Therefore, Tony spends 7 × y = 7y
Basha spends 2 × y = 2y
Therefore, the amount spent by Tony more than Basha = 7y– 2y

= (7–2)y
=  5y  (distributive law)

Thus, we can conclude that.
The sum of two or more like terms is a like term with a numerical coefficient equal to the
sum of the numerical coefficients of all the like terms in addition.

The difference between two like terms is a like term with a numerical coefficient equal to
the difference between the numerical coefficients of the two like terms.

 Do This

1. Find the sum of the like terms.

(i) 5x,7x (ii) 7x2y, –6x2y (iii) 2m, 11m

(iv) 18ab,5ab, 12ab (v) 3x2, –7x2, 8x2 (vi) 4m2, 3m2, –6m2, m2

(vii) 18pq, –15pq, 3pq

2. Subtract the first term from the second term.

(i) 2xy, 7xy (ii) 5a2, 10a2 (iii) 12y, 3y

(iv) 6x2y, 4x2y (v) 6xy, –12xy

10.5.1 Addition and subtraction of unlike terms

3x and 4y are unlike terms. Their sum can be wirtten as 3x + 4y.

However, 'x' and 'y' are different variables so we can not apply distributive law and thus cannot
add them.
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10.6 Simplification of an algebraic expression

Consider the expression 9x2 – 4xy + 5y2 + 2xy – y2 – 3x2 + 6xy

We can see that there are some like terms in the expression. These are 9x2, –3x2 ;  5y2,
–y2; – 4xy, 2xy and 6xy.  On adding the like terms we get an algebraic expression in its simplified
form. Let us see how the expression given above is simplified.

S.No. Steps Process

1. Write down the expression 2 2 2 29 4 5 2 3 6x xy y xy y x xy- + + - - +

2. Group the like terms together 2 2 2 2(9 3 ) (2 4 6 ) (5 )x x xy xy xy y y- + - + + -

3. Addding the like terms 2 2(9 3) (2 4 6) (5 1)x xy y- + - + + - 2 26 4 4x xy y= + +

Note : If no two terms of an expression are alike then it is said to be in the simplified
form.

Let us study another example:  2 2 2 2 25 2 4 5 4 9x y x y xy x y xy+ + + - - -

Step 1: 2 2 2 2 25 2 4 5 4 9x y x y xy x y xy+ + + - - -

Step 2: 2 2 2 2 2(5 2 4 ) (5 ) (4 9)x y x y x y xy xy+ - + - + -  (bringing the like terms together)

Step 3: 2 23 4 5x y xy+ -

 Do This

1. Simplify the following.

(i) 3 12 5m m m+ - (ii) 25 8 6yz yz yz- -

(iii) 2 210 9 7 3 5 8m m m m m- + - - - (iv) 2 2 29 6 4 11 6 2 3 2x x x x x- + + - - + -

(v) 2 2 2 23 4 7a a b a b ab- + - - (vi) 2 25 10 6 4 5 3 8x x x x+ + + + + +

10.7 Standard form of an expression

Consider the expression 23 5 9x x+ - . The degrees of first, second and third terms are 1, 2, and 0
respectively. Thus, the degrees of terms are not in the descending order.

By re-arranging the terms in such a way that their degrees are in descending order; we get the

expression 25 3 9x x+ - . Now the expression is said to be in standard form.

Let us consider 3c + 6a –2b. Degrees of all the terms in the expression are same.  Thus the
expression is said to be already in standard form.  If we write it in alphabetical order as
6a –2b + 3c it looks more beautiful.
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x= –1

3x2

3

In an expression, if the terms are arranged in such a way that the degrees of the terms
are in descending order then the expression is said to be in standard form.

Examples of expressions in standard form     (i) 27 2 11x x+ +     (ii) 25 6 9y y- -

 Do This

1. Write the following expressions in standard form.

(i) 23 18 4x x+ + (ii) 28 3 4x x- +

(iii) 22 6 3m m- + - (iv) 3 21 3y y y+ + +

2. Identify the expressions that are in standard form?

(i) 9x2 + 6x + 8 (ii) 9x2 + 15 + 7x
(iii) 9x2 + 7 (iv) 9x3 + 15x + 3

(v) 15x2 + x3 + 3x (vi) x2y + xy + 3
(vii) x3 + x2y2 + 6xy

3. Write 5 different expressions in standard form.

10.8 Finding the value of an expression

Example  1: Find the value of 3x2 if  x = –1
Solution : Step  1: 3x2       (write the expression)

Step 2 : 3(–1)2      (substitute the value of variable)
Step 3 : 3(1) = 3

Example  2 : Find the value of  2 2x y- +   if   x = 0 and  y = -1

Solution : Step 1 : 2 2x y- +    (write the expression)

Step 2 : 20 ( 1) 2- - +  (substitute the value of variable)

Step 3 : 1 2 3+ =

Example  3 : Area of a triangle is given by 
1
2

A bh=   . If  b = 12 cm and h = 7cm find the area

of the triangle.

Solution : Step 1:
1
2

A bh=

Step 2:
1 12 7
2

A = ´ ´

Step 3: 42A =  sq. cm.
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(v) 15  + x3 + 3x (vi) y + xy + 3

(vii)  +  + 6xy
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Try This

1. Find the value of the expression '–9x' if x = –3.

2. Write an expression whose value is equal to -9, when  x = –3.

Exercise  - 3

1.          Find the length of the line segment PR in the following figure in terms of 'a'.

2. (i) Find the perimeter of the following triangle.

(ii) Find the perimeter of the following rectangle.

3. Subtract the second term from first term.
(i) 8x, 5x (ii) 5p, 11p (iii) 13m2, 2m2

4. . Find the values of  following monomials, if x = 1.

(i) –x (ii) 4x (iii) –2x2

5. Simplify and find the value of  24 2 1x x x x+ - + - , when   x =  –1.

6. Write the expression 5x2 – 4 – 3x2 + 6x + 8 + 5x – 13 in its simplified form. Find its value
when  x = –2.

7. If  x = 1 and  y = 2, find the values of the following expressions.

(i) 4x–3y + 5 (ii) x2 + y2 (iii) xy + 3y – 9

8. Area of a rectangle is given by A = l × b. If  l = 9cm, b = 6cm, find its area?

9. Simple interest is given by  
PTRI=
100 . If  P =  900, T = 2 years; and R = 5%, find the

simple interest.

2x
5x

6x

2x

3x
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óÆģx~¥x<X a »îwL PRâ fsÆ{�Åæ�Ð   X1

fsÆ[»Zq©¥x<X X2

fsÆl»Zq©¥x<X (ii)

�zu}gÁÃ¬gÁÐ̧&<X X3

(i) 8x, 5x (ii) 5p,11p (iii) 13  ,2  

�ÂfsÆZq-g0Å�g¥x< x=1 Z¤/   X4

 (i)   -x      (ii)  4x     (iii)   -2x2

x=-1² X¿�Æ�g¥x< 5

6,�g¥xÙX x=-2 Ã¿̂~sZzg X�g] 6

A$fsÅ�gÂVÅ�g¥x<X y=2 , x=1 XZ¤/ 7

(i)    4x-3y+5       (ii)    x2+y2        (iii)     xy+3y-9

�ÂgK¥x<X b=6 Ôª l=ª9 ìXZ¤/ A = l x b Xl»gK 8

�ÂÎ�G�¥x<X R=5% Zzg T=2 ó�w p=900 ìZ¤/ XÎ�G� 9
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10. The relationship between speed (s), distance (d) and time (t) is given by 
ds=
t  . Find the

value of s, if d = 135 meters and t = 10 seconds.

10.9 Addition of algebraic expressions

Consider the following problems.

1. Sameera has some mangoes.  Padma has 9 more than Sameera.  Mary says that she has
4 more mangoes than the number of mangoes Sameera and Padma have together.  How
many mangoes does Mary have?

Since we do not know the number of mangoes that Sameera has, we shall take them to be x
mangoes.

Padma has 9 more mangoes than Sameera.

Therefore, the number of mangoes Padma has =  x + 9 mangoes

Mary has 4 more mangoes than those Sameera and Padma have together.

Therefore, the number of mangoes Mary has = x + (x + 9) + 4 mangoes

      = 2x + 13 mangoes

2. In a Mathematics test Raju got 11 marks more than Imran.  Rahul got 4 marks less than
what Raju and Imran got together.  How much did Rahul score?

Since we do not know Imran’s marks, we shall take them to be x marks.

Hint : Why are we taking Imran's marks as x?

Raju got 11 more marks than Imran, therefore marks scored by Raju = x + 11 marks

Rahul got 4  marks less than the marks  Raju and Imran scored together = x + x + 11–4 marks

 = 2 x + 7 marks

In both the situations given above, we have to add and subtract algebraic expressions.  There are
number of real life situations in which we need to do this. Let us now learn how to add or subtract
algebraic expressions.
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Å�g¥x<X (s) �c*�HìX Æ�gxyģ (t) Zzgz�Ü (d)  ÔÃ, (s) Xgëg 10

�X t=10  ] d=135 Z¤/ª
Addition of algebraic expressions.       Zr~�gÂVÅ¦ 10.9

fsÆÎZÑ]6,̈g<X
Wxic*�{�%*9��ZkÆ0*k�zâVÆ0*k 9 ¤{Æ0*k¼Wx�X6,z+Æ0*k¤{Ð X1

iZZ+�ÂCî%*Æ0*kÄWx�? 4 ñ��WxÆù·Ð

¦g�,ÐX x �¥x7ì�¤{Æ0*kÄWx�ZkfëZj
ic*�{�X 9 6,z+Æ0*kñ��Wx¤{Ð

Wx x + 9 = Z=6,z+Æ0*kñ��WxÅ®Z�
ic*�{ìX 4 %*Æ0*k¤{Zzg6,z+Æ0*kñ��]WxÐ

x + (x + 9) + 4  = Z=%*Æ0*kWxÅ®Z�
Wx = 2x + 13

4 iZZ+¶K**]qÝ�ñ²ÃyÃg°Zzg/ZyÆù¦¶K**]Ð 11 Xgc*èÆ<~g°Ã/ZyÐ 2

¶K**]ÁqÝ�ñXA$Cî�²ÃyÃÄ¶K**]qÝ�ñX
âyBÐX x aè�/ZyÆ¶K**]7¥x�Z=ZkÃ

âygì�? x YVë/ZyÆ¶K**]Ã Z�ág{:
¶K**]   x + 11 ¶K**]ic*�{qÝ�ñ= 11 g°Ã/ZyÐ

¶K**] = x + x + 11 - 4 ¶K**]ÁqÝ�ñ= 4 ²ÃyÃg°Zzg/ZyÆù¦¶K**]Ð
¶K**]  =2x+7    =

qgz!*ÑZy�zâVßgÂV~ëZr~�gÂV»qÝ¦Zzģ&�D�XZk§bÆFzZu]gzi%{
i0+Ï~7WD�XZ[ëZr~�gÂVÃ¾§b¦c*¸&HY@*ìY3ÐX
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10.9.1 Addition of Expressions

The sum of expressions can be obtained by adding like terms.This can be done in two ways.

(i) Column or Vertical Method

(ii) Row or Horizontal Method

(i) Column or Vertical Method

Example  4 : Add   23 5 4x x+ -  and  26 6x+

Solution:

S. No.                            Steps               Process

   1 Write the expressions in standard form (i) 3x2 + 5x – 4 = 3x2 + 5x – 4
if necessary (ii) 6 + 6x2 = 6x2 + 6

   2 Write one expression below the other such that 3x2 + 5x – 4
the like terms come in the same column 6x2        + 6

   3. Add the like terms column wise and write the 3x2 + 5x – 4
result just below the concerned column 6x2         + 6

9x2 + 5x + 2

Example  5 : Add  2 25 9 6,4 3 8x x x x+ + + -  and  5 6x-

Solution: Step 1 : 2 25 9 6     5 9 6x x x x+ + = + +

2 24 3 8    3 4 8x x x x+ - = + -

5 6                   6 5x x- = - +

Step 2 : 2

2

 5 9 6
 3 4 8
       6 5

x x
x x

x

+ +

+ -
- +

Step 3 : 2

2

 5 9 6
 3 4 8
       6 5

x x
x x

x

+ +

+ -
- +

 8x2 + 7x + 3
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Addition of Expression  �gÂV»qÝ¦ 10.9(1)

�gÂV»qÝ¦xËZg»y)7VLzV(Æ¦�äÐqÝ�@*ìZkÆ�z§j�X
column or vertical method  »Ýc*ZÌ!§i (i)

row or horizontal method  �c*Z|§i (ii)

column or vertical method  »Ýc*Z|§i (i)

Ã¦<X 6+6x2
Zzg 3x2+5x-4 X4 Vw

§i¿ %µ ¶Ky�
(i) 3x2 + 5x – 4 = 3x2 + 5x – 4

(ii) 6 + 6x2 = 6x2 + 6

Zr~L}Z¤/£g~^~:�Â£g~^
~sX

1

3x2 + 5x - 4

6x2         +6

Zr~LzVÃZq-ÆnZq-ZSbK�
xËZg»yZq-�zu}ÆnWYN

2

3x2 + 5x - 4

6x2         + 6

9x2 + 5x - 2

»ÝZzg�ÆÒpÐxËZg»yÃ¦�Æ
ǵÁÆnKX

3

Ã¦<X Zzg :�g] 5 Vw
1 %³ i:

:2 %³

:3 %³
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(ii) Row or Horizontal Method

Example  6 : Add   3x2 + 5x – 4 and 6 + 6x2

S. No.                   Steps                            Process

   1 Write all expressions with addition + 3x2 + 5x – 4 + 6 + 6x2

symbol in between them.

   2 Re-arrange the term by grouping (3x2 + 6x2) + (5x) + (–4 + 6)
the like terms together.

   3 Simplify the coefficients (3+6) x2 + 5x + 2
   4 Write the resultant expression in 9x2 + 5x + 2

standard form.

 Do This

1. Add the following expressions.

(i) 2 ,  3 4x y x y- +

(ii) 4m2 – 7n2 + 5mn, 3n2 + 5m2 – 2mn

(iii) 3a – 4b,  5c – 7a + 2b

10.9.2 Subtraction of algebraic expressions

10.9.2(a)Additive inverse of an expression

If we take a positive number '9' then there exists '–9' such that 9 + (–9) = 0.

Here we say that ‘–9’ is the additive inverse of   ‘9’ and  ‘9’ is the additive inverse of  ‘–9’.

Thus, for every positive number, there exists a negative number such that their sum is
zero. These two numbers are called the additive inverse of the each other.

Is this true for algebraic expressions also? Does every algebraic expression have an additive
inverse?

If so, what is the additive inverse of ‘3x’?

For  ‘3x’ there also exists ‘–3x’ such that  3x + (–3x ) = 0

Therefore, ‘–3x’  is the additive inverse of  ‘3x’ and ‘3x’  is the additive inverse of  ‘–3x’.

Thus, for every algebraic expression there exists another algebraic expression such that
their sum is zero. These two expressions are called the additive inverse of the each other.
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�c*Z|§i (ii)

Ã¦<X 6+6 Zzg 3 +5x-4 :6 Vw
§i¿ Z�Zx ¶Ky�

�~��gÂVÆ�gxy¦Å´#Ö+Æ�B
ÉÀ�/õGX

1

�g]ÃxËZg»yÆÒpÐZq-¤/z\~sX 2

°�~uzVÃ¿< 3

³Ã£g~̂~s 4

fsÅ�gÂVÃ¦<X X1

(i)  

(ii) 

(iii)  3a - 4b, 5c - 7a + 2b

Zr~�gÂVÅ̧& 10.9.2

�g]»Rwk 10.9.2 (a)

9 + (-9) = 0 Zk§bz��g�rì� -9 fe�A$°� 9 Z¤/ëZq-µ9°�
»RwkìX -9 °� 9 »RwkìXZzg 9 °� -9 �V6,ëÈMh�

®ZCÙµ9°�ÆnZq-t°�Ìñ���@*ìZk§b�Zy»ù·#�ÇXt�zâVZ°Z�Zq-�zu}Æ
RwkBD�X
HtÓxZr~�gÂVÆnÌ9�ÇXHCÙZr~�g]RwkgBbì?

»RwkH�Ç? 3x Z¤/Z(ìÂ
3x+(-3x)=0 ìYV� -3x »Rwk 3x

»RwkìX -3x,3x »RwkìXZzg 3xó-3x Z=
:CÙZq-Zr~�g]cZq-�zu~Z+Zr~�g]Zk§bz��gBbìZy»ù·#�Xt�zâV�g'
Zq-�zu}ÆRwkBD�X
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Example 7 : Find the additive inverse of the expression ( 6x2–4x + 5).

Solution:      Additive inverse of 6x2 – 4x + 5 = – (6x2 – 4x + 5)  = –6x2 + 4x – 5
10.9.2(b) Subtraction

Let  A and  B be two algebraic expressions, then A – B = A + (–B)

i.e. to subtract  B from A, we add the additive inverse of  B to A.

Now, let us subtract algebraic expressions using both column and row methods-

(i) Column or Vertical Method

Example  8 : Subtract 3a + 4b–2c  from  3c + 6a – 2b
Solution:

S. No.                                   Steps              Process

  1 Write both expressions in standard form 3 6 2 6 2 3c a b a b c+ - = - +
 if necessary 3 4 2 3 4 2a b c a b c+ - = + -

  2 Write the expressions one below the other such that 6 2 3a b c- +
the expression to be subtracted comes in the second 3 4 2a b c+ -
row and the like terms come one below the other.

  3 Change the sign of every term of the expression in the  6 2 3a b c- +
second row to get the additive inverse of the expression.  3 4 2a b c+ -

  4 Add the like terms, column-wise and write the result    6 2 3a b c- +
below the concerned column.    3 4 2a b c+ -

   3 6 5a b c- +

Example 9 : Subtract 24 3m+  from 24 7 3m m+ -

Solution: Step 1: 2 24 7 3 4 7 3m m m m+ - = + -

24 3m+          =  23 4m +

Step 2: 2

2

4 7 3
3        4

m m
m

+ -

+

(–) (–) (+)

(–) (–) (+)
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»RwksX �g] :7 Vw

i:
»Rwk �g]

¸&: 10.9.2(b)

A-B = A+ (-B) �z�g'�XA$ B Zzg A �Ûn�z�
»Rwk¦�**�Ç B~A ¸&c BÐA ª�g]

Z[ëZr~�gÂVÃ»ÝZzg�§iÐ̧&�,ÐX
»Ýc*ZÌ!§i (i)

~Ð̧&<X 3c+6a-2b Ã 3a+4b-2c :8 Vw
�¶Ky Z�Zx §i»g
1 �zâV�gÂVÃ£g~̂~s)Z¤/¢zg]�Â(

2 �gÂVÃZq-Æn�zu~Zk§bs�xËZg»y
Zq-�zu}Æn�VX

3 �zu~�Å�g]~ñ��CÙgÁÅ´#Öps<X
@*��g]»RwkqÝ�X

  

  

4 xËZg»yÃ¦<XZzg³o�&»Ý~sX    

   

   

Ð̧&< Ã   D9 Vw:
X1 �x

=

X2 �x
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Step  3: 4m2 + 7m – 3

3m2         + 4
–             –

Step  4: 4m2 + 7m – 3
3m2         + 4

–             –

m2 + 7m – 7

(ii) Row or Horizontal Method

Example  10 : Subtract  3a + 4b – 2c from  3c + 6a – 2b

Solution:

S. No.                              Steps                  Process

   1 Write the expressions in one row with the 3 6 2 (3 4 2 )c a b a b c+ - - + -

expression to be subtracted in a bracket with
assigning negative sign to it.

   2 Add the additive inverse of the second 3 6 2 3 4 2c a b a b c+ - - - +

expression to the first expression

   3 Group the like terms and add or subtract (3 2 ) (6 3 ) ( 2 4 )c c a a b b+ + - + - -

(as the case may be) 5 3 6c a b= + -

   4 Write in standard form. 3 6 5a b c- +

Example 11 : Subtract 33 4m +   from  3 26 4 7 3m m m+ + -

Solution: Step 1: 3 2 36 4 7 3 (3 4)m m m m+ + - - +

Step 2: 3 2 36 4 7 3 3 4m m m m+ + - - -

Step 3: 3 3 2(6 3 ) 4 7 3 4m m m m- + + - -

3 23 4 7 7m m m= + + -

Step 4: 3 23 4 7 7m m m+ + -
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X3 �x

–     –   

X4 �x

–     –

�c*Z|§i (ii)

~̧&<X 3c+6a+2b Ã 3a+4b+2c X10 Vw
i:

�¶Ky Z�Zâ] §i»g
1 �gÂVÃ)Zq-(�~sXZzg�zu~�g]TÃ

¸&�**ìt´#ÖÆ�B̧¯~s
2 �zu~�g]»Rwk«�g]~¦<X
3 xËZg»yÃ��Æ¦c*¸&<X

)�Ì¢zg]�(
4 £g~̂~s

¸&<X Ã Ð X11 Vw

X1 �x

X2 �x

X3 �x

X4 �x
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Exercise - 4

1. Add the following algebraic expressions using both horizontal and vertical methods. Did
you get the same answer with both methods.

(i) 2 22 3x xy y- + ; 2 25 3 6y xy x+ -

(ii) 2 24 5 6a b ab+ +  ; 3ab  ; 2 26 2a b-  ; 24 5b ab-
(iii) 2 9 7x y z+ -  ; 3 3y z x+ +  ; 2x - 4y- z

(iv) 22 6 3x x- +  ; 23 4x x- - -  ; 21 2 3x x+ -

2. Simplify : 2 2 22 5 1 8 7 6 3 3x x x x x x+ - + + + - + -

3. Find the perimeter of the following rectangle?

4. Find the perimeter of a triangle whose sides are 2a + 3b, b–a, 4a–2b.

5. Subtract the second expression from the first expression

(i) 2a+b, a–b

(ii) x+2y+z , –x–y–3z

(iii) 3a2–8ab–2b2 ,  3a2–4ab+6b2

(iv) 4pq–6p2–2q2,  9p2

(v) 7–2x–3x2,  2x2–5x–3

(vi) 5x2–3xy–7y2 ,  3x2–xy–2y2

(vii) 6m3+4m2+7m–3 ,  3m3+4

6. Subtract the sum of x2–5xy+2y2  and y2–2xy–3x2 from the  sum of  6x2–8xy–y2 and
2xy–2y2–x2.

7. What should be added to 1+2x–3x2 to get x2–x–1 ?

8. What should be taken away from 3x2– 4y2 + 5xy + 20 to get –x2– y2 + 6xy + 20?

b–a 4a–2b

2a+3b

3x–2y

6x + y
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fsÅ�gÂVÃ�zâV�Zzg»ÝÆ§jÐ¦<HW\�zâV§hVÐZq-��Z[qÝ X1

�,Ð?
(i) ; 

(ii)  ;  ;  ; 

(iii) ;  ; 2x - 4y- z

(iv)  ;  ; 

¿< X2

fsÆl»Zq©¥x<X X3

2a + 3b, b–a, 4a–2b. [»Zq©¥x<TÆZHq X4

«�g]~Ð�zu~�g]Ã̧&<X X5

(i) 2a+b, a–b (ii) x+2y+z , –x–y–3z

(iii) 3a2–8ab–2b2 , 3a2–4ab+6b2 (iv) 4pq–6p2–2q2, 9p2

(v) 7–2x–3x2,  2x2–5x–3 (vi) 5x2–3xy–7y2 , 3x2–xy–2y2

(vii) 6m3+4m2+7m–3 , 3m3+4

Zzg Æù·Ð Zzg �gÂV X6

ù·Ã̧&<X Æ
qÝ�? ~H¦HYñ� �g] X7

qÝ�? ~HuHYñ� �g] X8
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9. The sum of 3 expressions is 8 + 13a +  7a2.  Two  of  them  are  2a2 +  3a + 2 and
3a2 –4a + 1. Find the third expression.

10. If A = 4x2 + y2 – 6xy;

B = 3y2 + 12x2 + 8xy;

C = 6x2 + 8y2 + 6xy

Find (i) A + B + C (ii) (A – B) –C (iii)  2A+B (iv)  A-3B

  Looking Back

• An algebraic expression is a single term or a combination of
terms connected by the symbols ‘+’ (plus) or ‘–’ (minus).

• If every term of an expression is a constant term, then the
expression is called a numerical expression. If an expression
has at least one algebraic term, then the expression is called
an algebraic expression.

• An algebraic expression contaning one term is called a monomial. An algebraic
expression contaning two unlike terms is called a binomial. An algebraic
expression contaning three unlike terms is called a trinomial. An algebraic
expression contaning two or more unlike terms is called a multinomial.

• The sum of all the exponents of the variables in a monomial is called the degree of
the term or degree of monomial.

• The degree of any constant term is zero.

• The highest of the degrees of all the terms of the expression is called the degree of
the expression.

• If no two terms of an expression are alike then the expression is said to be in its
simplified form.

• In an expression, if the terms are arranged in a manner such that the degrees of the
terms are in descending order then the expression is said to be in standard form.

• The sum of two or more like terms is a like term with a numerical coefficient equal
to the sum of the numerical coefficients of all the like terms.

• The difference between two like terms is a like term with a numerical coefficient
equal to the difference between the numerical coefficients of the two like terms.
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�A$�~ Zzg ìZ¤/Zy~�z &�gÂV»ù· X9

�g]H�Ï?
Z¤/ X10

A = 4x2 + y2 – 6xy;
B = 3y2 + 12x2 + 8xy;
C = 6x2 + 8y2 + 6xy

(A-B)-C (ii) A+B+C (i)

Ã¥x<X A-3B   (iv) 2A+B (iii)

ëäH5?
)t(´áVÐa%}�D�Zr~�g'BC�X ' - ' )¦(c* ' + ' z{Zr~¿c*°�~¿�þ /

Ë�g]~CÙgÁZ¤/xgÁ�ÂZkL}Ã°�~�g]ë�XZ¤/Ë�g]~Á /

ZiÁZq-Zr~gÁ�ÂZkÃZr~�g]ë�X
z{�g]T~Zq-gÁ�@*ìZq-g0�g]BCìXz{�g]T~�z)x/Zg»y /

�D��zg0�g]BCìXZÏ§b&)x/Zg»yzZà�g]�g0�g]BC
ìXZzgT~&ÐiZZ+)x/Zg»y�Vz{�g]Mg0�g]BCìX
ËZq-g0�g]~Z¤/oZ]»¸]úZq-�ÂZkÃZq-�gY�g]ë�X /

xgÁ»�gz#�@*ìX /

Ë�g]ÆÓxZg»y~�&Ð(,Z�gzgppzZágÁÆ�gzÃZÏ�g]»�gzë�X /

Z¤/Ë�g]~ñ��Zg»y)xË�VA$ëÈMh��t¿̂~ìX /

Ë�g]ÆZg»yÃZyÆ�g�VÆÒpÐ4,zàF,KM~g3YñA$z{�g]Å /

£g~̂BCìX
�zc*�zÐiZZ+x/Zg»y»ù·x/gÁB@*ìZzgZkxËgÁ»°�~¢d$Ô��� /

x/Zg»yÆ°�~¢'VÆù´Æ)z~�@*ìX
�zxËZg»y»�ÛtZq-x/gÁZzgZkx/gÁÆ°�~¢d$ó���x/Zg»yÆ /

°�~¢d$Æ�ÛtÆ)z~�@*ìX
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POWERS AND EXPONENTS 11

11.0 Introduction

The population of India according to 2011 census is about 120,00,00,000

The approximate distance between the sun and the earth is 15,00,00,000 km.

The speed of the light in vacuum is about 30,00,00,000 m/sec.

The population of Andhra Pradesh according to 2011 census is about 8,50,00,000.

These are all very large numbers. Do you find it easy to read, write and understand such large
numbers? No, certainly not.

Thus, we need a way in which we can represent such larger numbers in a simpler manner. Expo-
nents help us in doing so. In this chapter you will learn more about exponents and the laws of
exponents.

11.1 Exponential Form

Let us consider the following repeated additions:

4 + 4 + 4 + 4 + 4

5 + 5 + 5 + 5 + 5 + 5

7 + 7 + 7 + 7 + 7 + 7 + 7 + 7

We use multiplication to shorten the representation of repeated additions by writing 5×4, 6×5 and
8×7 respectively.

Now can we express repeated multiplication of a number by itself in a simpler way?

Let us consider the following illustrations.

The population of Bihar as per the 2011 Census is about 10,00,00,000.

Here 10 is multiplied by itself for 8 times i.e. 10×10×10×10×10×10×10×10.

So we can write the population of Bihar as 108. Here 10 is called the base and 8 is called the
exponent. 108 is said to be in exponential form and it is read as 10 raised to the power of 8.

The speed of light in vacuum is 30,00,00,000 m/sec. This is expressed as 3×108 m/sec. in
exponential form. In 3×108, 108 is read as ‘10 raised to the power of 8’. 10 is the base and 8 is
the exponent.
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�:X 11.0

ìX 1,20,00,00,000 YÅ%�xÑg~ÆZ±gÐøg}oÅM!*�~½ã 2011

³¢aìX 15,00,00,000 i}ZzgÎg`Æ�gxyÃ,½ã
¢a°]ìX 30,00,00,000 ÜY~gzÝÅgëg½ã

ìX 8,50,00,000 YÅ%�xÑg~ÆZ±gÐM0+OZ6,�÷ÅM!*�~½"5é EGS 2011

tÓx(,}Z°Z��XHM\Z¹M�ãÐ7,|óÉZzg�Mh�?7óG7
Z=Zy(,}Z°Z�Ã¿îg6,ªCÙ�äÅ¢zg]�CìX̧]úÆfg=(,}Z°Z�Ã¿̂~ªCÙ�ä~
æ�QìXSk!*[~M\̧]úZzgQyÆ̧Z2Æ!*g}~7,³ÐX

¸]úð̂:X 11.1

(g¦Æ§j6,̈g�,X qgzfs
4+4+4+4+4
5+5+5+5+5

7+7+7+7+7+7+7+7

ÐªCÙHY@*ìX 8×7 Zzg 5×5, 5×4 qgz!*Ñ(g¦��{Z°Z�Ã¿¢[Æ§i»g~Z"gÆ�B!*nKM
HëZq-�9°�Æ(g¢[Ã¿îg6,ÉMh�?
qgzfsÂí]6,̈g�,X

ìX 10,00,00,000 YÆ%�xÑg~Æ_.·gÅM!*�~½ã 2011

10×10×10×10×10×10×10×10 %û¢[�@*ìXª 8 p�Ð 10 °� �V6,
¸]úB@*ìX 8 Z�kZzg 10 Å̂~ªCÙ�Mh�X�V 108 ZSbë·gÅM!*�~Ã

¢a° 30,00,00,000 7,JY@*ìXÜY~âgÅgëg 8 Å¸] 10 Ã̧]úÅ^ë�XªZj 108

Å 10Ã (10)8 ~3×108 ¢a°]ÐªCÙ�D�X�Zm¸]úð^ìX 3x108 ]ìXZj
¸]úìX 8 Z�kZzg 10 7,JY@*ìX�V6, 8 ¸]

11 ¸]Zzģ]ú
Powers and Exponents
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The approximate distance between the sun and the earth is 15,00,00,000 km. This is expressed as
15×107 km in exponential form. In 107, 10 is the base and 7 is the exponent.

The population of Andhra Pradesh according to 2011 census is about 8,50,00,000. This is
expressed as 85×106 in exponential form. 106 is read as ‘10 raised to the power of 6’.  Here 10
is the base and 6 is the exponent.

We can also use exponents in writing the expanded form of a given number for example the
expanded form of 36584 =  (3×10000) + (6×1000) + (5×100) + (8×10) + (4×1)

   = (3×104) + (6×103) + (5×102) + (8×101) + (4×1)

 Do This

1. Write the following in exponential form. (values are rounded off)

(i) Total surface area of the Earth is 510,000,000 square kilometers.

(ii) Population of Rajasthan is approximately 7,00,00,000

(iii) The approximate age of the Earth is 4550 million years.

(iv) 1000 km in meters

2. Express (i) 48951    (ii) 89325 in expanded form using exponents.

11.1.1 Exponents with other bases

So far we have seen numbers whose base is 10. However, the base can be any number.

For example 81 = 3 × 3 × 3 × 3    = 34

Here 3 is the base and 4 is  the exponent.

Similarly, 125 = 5 × 5 × 5      =  53

Here 5 is the base and 3 is the exponent.

Example 1: Which is greater 34 or 43 ?

34 = 3 × 3 × 3 × 3 = 81

43 = 4 × 4 × 4 = 64

81 > 64

       Therefore, 34 > 43
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15×107 ³¢aìXZk°�Ã̧]úð^~ 15,00,00,000 i}ZzgÎg`»�gxãÃ,µn
Ã̧]úë�X 7 ÃZ�kZzg 10~107 ³¢a�Y@*ìX

ìTÃ¸]úð~ 8,50,00,000 YÅ%�xÑg~Æ_.M0+OZ6,�÷ÅM!*�~½ã 2011

¸]úìX 6 Z�kZzg 10 7,_�X�V6, 6 Å̧]ú 10Ã 106 ÐªCÙHY@*ìX 85x106

ÅÂV^ 36584 ¸]úÃëZ°Z�ÅÂV^~ÌZEw�Mh�X}
ÅÂV^ 36584 =  (3×10000) + (6×1000) + (5×100) + (8×10) + (4×1)

= (3×104) + (6×103) + (5×102) + (8×101) + (4×1)    

H�Hì( roundoff qgzfsÃ̧]úð~sX)�gzVÃ X1

%,³¢aìX 510,000,000 i}»ÒgK (i)

ìX 7,00,00,000 gZ1yÅW!*�~µn (ii)

��wìX 4550 i}ÅZg»ð/½ã (iii)

³¢aóÃ¢a~X 1000 (iv)

(i) 48951    (ii) 89325 ���Z°Z�Ã¸]úð̂ÆZEwÐÂV^~ªCÙ<X X2

¸]úÆ̂ZZ�k: 11.1.1

�N`�XZkÆ´z{Z�kÃðÌ°��YìX Æ̧]úðZ°Z� 10 qgz!*ÑVßV~ëZ�k
81 = 3 × 3 × 3 × 3    = 34 }
ì4 ìZzģ] 3 �V6,Z�k

125 = 5 × 5 × 5      =  53
ZÏ§b:X

ìX 3 ìZzģ] 5 �V6,Z�k
~Ã̈K(,Zì? 43c*34

:X 1 Vw
34 = 3 × 3 × 3 × 3 = 81

43 = 4 × 4 × 4 = 64

81 > 64

34 > 43

34 > 43®Z
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 Do This

1. Is 32 equal to 23 ? Justity.

2. Write the following numbers in exponential form. Also state the
(a) base (b)exponent  and (c)  how it is read.

(i) 32 (ii) 64 (iii) 256 (iv) 243 (v) 49

Squared and cubed

When any base is raised to the power 2 or 3, it has a special name.
102 =  10  ×  10   and  is  read  as  '10 raised to the power 2' or '10 squared'.
Similarly, 42 = 4 × 4 and can be read as '4 raised to the power of 2' or '4 squared'.
10 × 10 × 10 = 103  is read as '10 raised to the power 3' or '10 cubed '.

Similarly, 6 × 6 × 6 = 63 and can be read as '6 raised to the power 3' or '6 cubed'.

In general, we can take any positive number 'a' as the base and write.

a × a = a2 (this is read as 'a raised to the power of 2' or 'a squared')

a × a × a = a3 (this is read as 'a raised to the power of 3' or 'a cubed')

a × a × a × a = a4 (this is read as 'a raised to the power of 4')

___________ = a5  (  ____________________________________  )

___________ = a6  (  _____________________________________  )     and so on.

Thus, we can say that a × a × a × a × a × a ×..................... 'm' times =  am   where 'a' is the
base and 'm' is the exponent.

 Do This

1. Write the expanded form of the following.

(i)  p7 (ii)  l4 (iii)  s9 (iv)  d6 (v)  z5

2. Write the following in exponential form.

(i) a × a × a × ................. 'l' times

(ii) 5 ×5 ×5 × 5.................... 'n' times

(iii) q × q × q × q × q .................. 15 times

(iv) r × r × r × .................. 'b' times
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Æ?z�s#<X )z~�@* H X1

ZyÃ¾§b7,JY@*ì?sX (c) ¸] (b) Z�k (a) qgzfsZ°Z�Ã̧]ú~ªCÙ<'×h+ X2
(i) 32 (ii) 64 (iii) 256 (iv) 243 (v) 49

%,Zzgk:
àYCìXÂZķ]Ãºm**x�c*Y@*ìX 3c*2 Z#ËZ�kÅ̧]

Å̧] 4Ã 4 x 4=42
ZÏ§b »%,¹Y@*ìX 10 7,JY@*ìc* 2 Å̧] 10Ã 10 x 10=102

»%,¹Y@*ìX 4 7,JY@*ìc* 2

»k¹Y@*ìX 10 7,JY@*ìc* 3 Å̧] 10Ã 10 x 10 x 10=103

»k¹Y@*ìX 6 7,JY@*ìc* 3 Å̧] 6Ã 6 x 6 x 6= 63
ZÏ§b

ÃZ�kây�fsÅ§bÉMh�X 'a' ¬xîg6,ëËµ°�
»%,7,JYY�( ac*2 Å̧] a) a × a=a2

»k7,JYYì( ac*3 Å̧] a) a × a × a=a3

7,|Mh�( 4 Å̧] a) a × a × a × a=a4

( ) a5
''''''=

( ) a6
'''''''=

Zk 'm' Z�kìZzg 'a' �V6, a × a × a × a × a × .............m =am
Zk§bëÈMh��%û
Å̧]ìX

qgzfsÃÂV^~ªCÙ<X X1

(i)  p 7 (ii)  l 4 (iii)  s 9 (iv)  d 6 (v)  z 5

qgzfsÃ̧]ú~sX X2

a × a × a × a × a × ............ %û l (i)

5 × 5 × 5 × 5 × 5 × ............ %û n (ii)

q × q × q × q × q × ............ %û 15 (iii)

r × r × r × r × r × ............ %û b (iv)
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11.2 Writing a number in exponential form through prime factorization.

Let us express the following numbers in the exponential form using prime factorization.

(i) 432 (ii) 450

Solution (i): 432 = 2 × 216
= 2 × 2 × 108

= 2 × 2 × 2 × 54
= 2 × 2 × 2 × 2 × 27

= 2 × 2 × 2 × 2 × 3 × 9
= 2 × 2 × 2 × 2 × 3 × 3 × 3

= (2 × 2 × 2 × 2) × (3 × 3 × 3)
= 24 × 33

Therefore, 432 = 24 × 33

(ii) 450 = 2 × 225

= 2 × 3 × 75

= 2 × 3 × 3 × 25

= 2 × 3 × 3 × 5 × 5

= 2 × 32 × 52

Therefore, 450 = 2 × 32 × 52

 Do This

Write the following in exponential form using prime factorization.

(i) 2500 (ii) 1296 (iii) 8000 (iv) 6300

Exercise - 1

1. Write the base and the exponent in each case. Also, write the term in the expanded form.

(i)  34 (ii) (7x)2 (iii) (5ab)3 (iv)  (4y)5

2. Write the exponential form of each expression.

(i) 7 × 7 × 7 × 7 × 7

(ii) 3 × 3 × 3 × 5 × 5 × 5 × 5

(iii) 2 × 2 × 2 × 3 × 3 × 3 × 3 × 5 × 5 × 5

2 432
2 216
2 108
2 54
3 27
3 9
3 3

1

2 450
3 225
3 75
5 25
5 5

1
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°�ÃG�Zb%Zñ¢!Å̧]úÆqÝ¢[~r 11.2

W�XqgzfsZ°Z�ÃG�Zb%Zñ¢!ÆZEwÐ̧]ú~ªCÙ�,ÐX
450 (ii) 432 (i) 

432 = 2 × 216                                  
2 432 = 2 × 2 × 108
2 216 = 2 × 2 × 2 × 54
2 108 = 2 × 2 × 2 × 2 × 27
2 54 = 2 × 2 × 2 × 2 × 3 × 9
3 27 = 2 × 2 × 2 × 2 × 3 × 3 × 3
3 9 = (2 × 2 × 2 × 2) × (3 × 3 × 3)
3 3 = 24 × 33

1             
432 = 24 × 33

ZSb
(ii) 450 = 2 × 225

2 450 = 2 × 3 × 75
3 225 = 2 × 3 × 3 × 25
3 75 = 2 × 3 × 3 × 5 × 5
5 25 = 2 × 32 × 52

5 5 ®Z 450 = 2 × 32 × 52

1

qgzfsÃG�Zb%Zñ¢!Åæ�Ð̧]ú~sX
 6300 (iv) 8000 (iii) 1296 (ii) 2500 (i)

qgzfsÃZ�kZzģ]~sX2ZyÃÂV^~ªCÙ<X X1

(i) 34 (ii) (7x)2 (iii) (5ab)3 (iv) (4y)5

qgzfsÃ̧]úÅ̂~sX X2
(i) 7 × 7 × 7 × 7 × 7
(ii) 3 × 3 × 3 × 5 × 5 × 5 × 5
(iii) 2 × 2 × 2 × 3 × 3 × 3 × 3 × 5 × 5 × 5 
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3. Express the following as the product of exponents through prime factorization.

(i) 288 (ii)1250 (iii) 2250 (iv) 3600 (v) 2400

4. Identify the greater number in each of the following pairs.

(i) 23 or 32 (ii) 53 or 35 (iii) 28 or 82

5. If a = 3, b = 2 find the value of  (i) ab + ba   (ii) aa + bb      (iii)  (a + b)b (iv) (a–b)a

11.3 Laws of exponents

When we multiply terms with exponents we use some rules to find the product easily. These rules
have been discussed here.

11.3.1     Multiplying terms with the same base

Example 2 : 24 × 23

Solution : 24 × 23 = (2 × 2 × 2 × 2) ×   (2 ×2 × 2)

                  4 times                  3 times

= 2 × 2 × 2 × 2 × 2 × 2 × 2

     7 times

= 27 and this is same as 24+3               (as 4 + 3 = 7)

Therefore, 24 × 23 = 24+3

Example 3: 52 × 53

Solution : 52 × 53 = (5 × 5) × (5× 5 × 5)

                           2  times      3 times
= 5 × 5 × 5 × 5 × 5

 5 times

= 55  and this is same as 52+3 (as 2 + 3 = 5)

Therefore,  52 × 53  =52+3

 Do This

Find the values of  24, 23 and 27

verify whether 24 × 23 = 27

Find the values of  52, 53 and 55 and verify whether 52 × 53  = 55
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qgzfsÃG�Zb%Zñ¢!Æ̧]úÆqÝ¢[~ªCÙ<X X3

(i) 288 (ii)1250 (iii) 2250 (iv) 3600 (v) 2400

qgzfs�h~Ã̈K(,Z°�ìÙ|#<X X4

(i) 23 c* 32 (ii) 53 c* 35 (iii) 28 c* 82

A$�g¥x<X b=2, a=3 Z¤/ X5

(i) ab + ba   (ii) aa + bb      (iii)  (a + b)b (iv) (a–b)a

¸]úÆ̧Z2X 11.3

¸]úZg»y»qÝ¢[W�ãÐ¥x�äÆnëPQßßVÅæ�BÐXt%zzQßwfs~
�Ø��X

)z~Z�kÆZg»yÅqÝ¢[ 11.3.1

24 × 23
:2 Vw

   24 × 23 = (2 × 2 × 2 × 2)  ×   (2 ×2 × 2) i:X
%û 4 %û 3

=  2  ×  2  ×  2  ×  2  ×  2  ×  2  ×  2                  
%û 7 

(4 + 3 = 7) Å�g)z~�Ï t Zzg

24 × 23 = 24+3 ®Z
52 × 53

D3 Vw
52 × 53 = (5 × 5) × (5 × 5 × 5) i:

&%û�z%û    

= 5 × 5 × 5 × 5 × 5
%û 5

(2+3=5)      Å�g)z~�Ï t Zzg

52 × 53 = 52+3 = 55

?24 × 23 = 27  Å�g¥x<ZzgYõ<Wc* Zzg

52 × 53 = 55  Å�g¥x<2Yõ<� Zzg
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Example 4 : a4 × a5

Solution:         a4 × a5 =  (a × a × a × a) ×  (a × a × a × a × a)

= (a × a × a × a × a × a × a × a × a)

= a9 and this is same as a4+5  (as 4 + 5 = 9)

Therefore,  a4×a5 = a4+5

Based on the above observations we can say that.

am × an  = ( a × a × a …………..'m' times) × ( a × a × a × ………'n' times)=  am+n

For any non-zero integer 'a', and integers 'm' and 'n'

am × an  = am+n

 Do This
1. Simplify the following using the formula am × an  = am+n

(i)       311 × 39 (ii)     p5 × p8

2. Find the appropriate number in place of the symbol '?' in the following.

Let 'k' be any non zero integer

(i)  k3 × k4 = k? (ii) k15 × k? = k31

11.3.2 Exponent of exponent

Example 5 : Consider (32)3

Solution :  Here ' 32 ' is the base and' 3' is the exponent
(32)3 =  32 × 32 × 32

=   32+2+2 (multplying  terms with the same base)
=  36 and this is the same as 32×3 (as 2 × 3 = 6)

Therefore, (32)3 = 32×3

 Do This

Compute 36 , cube  of 32 and verify whether (32)3 = 36 ?
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a4 × a5   
X4 Vw

   a4 × a5 = (a × a × a × a)  ×   (a ×a × a × a × a) i:X
= a × a × a × a × a × a × a × a × a   
=a9

(4 + 5 = 9) Å�g)z~�Ï a4+5t Zzg

Zka a4 × a5 = a4+5

Zz6,�~�VßVÆx@{ÐëÈMh��
am × an = (a × a × a × a .......... %û m) × (a ×a ×a ×a .............û%n) = am+n

Æa n Zzg m Zzg9Z°Z� 'a' ËÌ)#~9°�
am × an  = am+n

X Åæ�ÐqgzfsÃ¿Ù  am × an  = am+n �Æ .1

p5 × p8 (ii) 311 × 39 (i)

X ÎZÑ]~���´â])?(ÆOñÃðo�&°��g`Ù .2

X Zq-)#~°�� k �V
k15 × k? = k31 (ii) k3 × k4 = k? (i)

¸]úÅ̧] 11.3.2

(32)
3 ¨gÙ :5 Vw

SkÅ̧]ìX Ô3 XZzg Z�kì Ô32 �V6, i:
(32)3 =  32 × 32 × 32    =   32+2+2

))z~Z�kÆZ°Z�Ã¢[�¶6,( =  36

Å§bìX 32×3  =  36
Zzgt

(32)
3

 = 32×3  =  36

(32)
3
  =  36

ZzgYõÙHX C[Ù k» 32
Zzg 32
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Example  6 :  Let us consider (45)3

Solution :  (45)3 =  45 × 45 × 45

=    45+5+5 (multplying  terms with the same base)
=  415  and this is same as  45×3 (as 5 × 3 = 15)

Therefore, (45)3 = 45 × 3

Example 7:  (am)4

Solution :     (am)4  = am  × am × am × am

=  am+m+m+m (multplying  terms with the same base)

 = a4m and this is same as am×4 (as 4 × m = 4m)
Therefore, (am)4 = am×4

Based on all the above we can say that (am)n = am × am × am...... n times = am+m+m+... n times

            = amn

For any non-zero integer 'a' and integers 'm' and 'n'
(am)n = amn

11.3.3 Exponent of a product

Example 8 : Consider 35 × 45

Solution : Here 35 and 45 have the same exponent 5 but different bases.

35 × 45 = (3×3×3×3×3) × (4×4×4×4×4)

= (3×4) × (3×4) × (3×4) × (3×4) × (3×4)

= (3×4)5

Therefore, 35 × 45 = (3 × 4)5

Example 9: Consider 44 × 54

Solution : Here 44 and 54 have the same exponent 4 but have different bases.

44 × 54 = (4 × 4 × 4 × 4)  ×  (5 × 5 × 5 × 5)

= (4 × 4 × 4 × 4 × 5 × 5 × 5 × 5)

= (4 × 5)×  (4 × 5) × (4 × 5) × (4 × 5)

= (4 × 5)4

Therefore,  44 × 54  =    (4 × 5)4
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6,̈g�,X (45)
3

:DM� 6 Vw
(45)3 

=
 
45 

×
 
45 

×
 
45 i:

=
  

45+5+5 )z~Z�kÆZg»yÆqÝ¢[( )

Zka =
  

(45)
3 

=
  

45×3= 415 

  (a
m

)
4

:7 Vw
i:

Zz6,�~�VßVÆx@{ÐëtÈMh��
(am)

n = (a
m

 × a
m

 × a
m

 × a
m

 .......... %û n)  = am+m+m+m.....n %û =  amn

Æn n Zzg m Zzg9Z°Z� "a" Ãð)#~°�
(am)

n = amn

)z~̧]Æ̧]ú�VÅ¢[ 11.3.3

6,̈gÙ 3
5

 × 4
5
:8 Vw

(5 ~ZZ�k�p̧])z~ì)ª 4
5

Zzg 3
5 �V6, i:

3
5

 × 4
5 

= (3 × 3 × 3 × 3 × 3) × (4 × 4 × 4 × 4 × 4)

= (3 × 4) × (3 × 4) × (3 × 4) × (3 × 4) × (3 × 4)

    = 3
5
 × 4

5 
= (3 × 4)5

6,̈gÙ 4
4

 × 5
4

:9 Vw
(4 ~ZZ�k�p̧])z~ì)ª 4

4
Zzg 5

4 �V6, i:
44 × 54 

= (4 × 4 × 4 × 4) × (5 × 5 × 5 × 5)

= (4 × 5) × (4 × 5) × (4 × 5) × (4 × 5)

= (4 × 5)4

4
4

 × 5
4 

= (4 × 5)4
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Example 10 : Consider p7 × q7

Solution : Here p7 and q7 have the same exponent 7 but different bases.

p7 × q7 = (p × p × p × p × p × p × p) × (q × q × q × q × q × q × q)

= (p × p × p × p × p × p × p × q × q × q × q × q × q × q)

= (p × q ) × (p × q ) × (p × q ) × (p × q ) × (p × q ) × (p × q ) × (p × q)

= (p × q )7

Therefore,  p7 × q7 =  (p × q)7

Based on all the above we can conclude that am × bm = (a × b)m  = (ab)m

For any two non-zero integers 'a', 'b' and any positive integer 'm'

am × bm  = (ab)m

 Do This

Simplify the following using the law am × bm = (a b)m

(i) (2 × 3)4 (ii)  xp × yp (iii)  a8 × b8 (iv)  (5×4)11

11.3.4 Division of exponents

Before discussing division of exponents we will now discuss about negative exponents.

11.3.4(a) Negative exponents

Observe the following pattern.

25 = 32 35 = 243

24 = 16 34 = 81

23 = 8 33 = 27

22 = 4 32 = 9

21 = 2 31 = 3

20 = 1 30 = 1

2-1 = 3-1 =

(Hint: half of 1) (Hint: one-third of 1)

2-2 = 3-2 =
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6,̈gÙ p7 × q7
:10 Vw

(7 ~ZZ�k�p̧])z~ì)ª q7
Zzg p7 �V6, i:

p7 × q7 
= (p × p × p × p × p × p × p) × (q ×q ×q ×q ×q ×q ×q)
p × p × p × p × p × p × p×q ×q ×q ×q ×q ×q ×q

= (p × q) × (p × q) × (p × q) × (p × q)× (p × q)× (p × q)× (p × q)
= (p × q)7

Zka p7 × q7 
= (p × q)7

a
m

 × b
m 

= (a × b)
m

= (ab)
m

Zz6,�~�VßV»x@{�D�ñëÈMh��
Æa m Zzgµ9°� bÔa Ãð�z)#~9Z°Z�

a
m

 × b
m 

= (ab)
m

X Åæ�ÐqgzfsÃ¿Ù a
m

 × b
m 

= (ab)
m
��

(i) (2 × 3)
4 

(ii) x
p
 × y

p
(iii) a

8
 × b

8
(iv) (5 × 4)

11

¸]úÅ� 11.3.4

X ¸]úÅi�Æ!*g}~Y+ÐIëtY3Ð�ţ]H�Cì
ţ]ú 11.3.4(a)

2
5 

= 32 3
5 

= 243

2
4 

= 16 3
4 

= 81

2
3 

= 8 3
3 

= 27

2
2 

= 4 3
2 

= 9

2
1 

= 2 3
1 

= 3

2
0 

= 1 3
0 

= 1

2
-1 

= 3
-1 

= 

)Zq-»Û( )Z�ág{Zq-»Zq-äð(
2
-2 

= 3
-2 

= 
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What part of 32 is 16?

What is the difference between 25 and 24?

You will find that each time the exponent decreases by 1,the value becomes half of the previous.

From the above patterns we can say.

2–1 = 
1
2  and   2–2 = 

1
4

3–1 = 
1
3  and   3–2 = 

1
9

Furthermore, we can see that  2–2  = 
1
4   = 2

1
2

similarly,  3–1  = 
1
3   and 3–2   =  

1
9   =  2

1
3

For any non -zero integer 'a' and any integer 'n'

1n
na

a
- =

  Do This

1. Write the following, by using 
1n

na
a

- = , with positive exponents.

(i) x–7 (ii)   a–5 (iii) 7–5 (iv) 9–6

11.3.4(b) Zero exponents

In the earlier discussion we have seen that

20 = 1

30 = 1

Similarly we can say

40 = 1

50 = 1 and so on

Thus for non zero integer ‘a’,  a0 = 1
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ì? 16 »Ã̈K8~î O 32

~H�Ûtì? 24
Zzg 25

Zz6,ÅF,KMÐët X Å¶zZµ�ä6,qÝ�gë�gÅÛ�YCì 1 M\�BÐ�CÙ%û̧]~
X ÈMh�

 2-1  =  Zzg    2-2  = Zzg

 3-1  =  Zzg    3-2  =

   2-2  =  = '×h+ëÉMh��

 3-1  =  Zzg    3-2  =  =    Zk§b

Æa 'n' ZzgÃðÌ9°� 'a' Ãð)#~9°�

X �*Åæ�ÐqgzfsÃµ¸]~ªCÙÙ .1

9-6 (iv) 7
-5

(iii) a-5 (ii) x-7 (i)

#~̧] 11.3.4(b)

20 = 1 ÔI�~ëä̈gHì�
30 = 1

 40 = 1 Zk§bëÈMh�
50 = 1 

a0 = 1 Æa ' a ' Zk§bË)#~9°�
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11.3.4(c) Division of exponents having the same base

Example 11 : Consider 
7

3

7
7

Solution :
7

3

7 7 7 7 7 7 7 7 7 7 7 7
7 7 7 7

´ ´ ´ ´ ´ ´
= = ´ ´ ´

´ ´

      = 74 which is same as 77–3 (as 7 – 3 = 4)

Therefore,    
7

7 3
3

7 7
7

-=

Example 12: Consider 
8

3

3
3

Solution :
8

3

3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3

´ ´ ´ ´ ´ ´ ´
= = ´ ´ ´ ´

´ ´

=  35 which is same as 38–3 (as 8 – 3 = 5)

Therefore,   
8

8 3
3

3 3
3

-=

Example 13: Consider 
5

8

5
5

Solution :
5

8

5 5 5 5 5 5
5 5 5 5 5 5 5 5 5

´ ´ ´ ´
=

´ ´ ´ ´ ´ ´ ´  
1

5 5 5
=

´ ´
= 35

1

3

1
5  which is same as 8 5

1
5 - (as 8 – 5 = 3)

Therefore,  
5

8

5
5

= 8 5

1
5 -

Example 14: Consider 7

2

a
a

Solution : aaaaaaaaaaaa
aa

a
a

´´´´
=

/´/´´´´´
/´/=

1
7

2

        5

1
a

=  which is the same as 7 2

1
a - (as 7 – 2 = 5)

Therefore, 
2

7

a
a

  =  7 2

1
a -
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)z~Z�kzZá̧]úðÅ� 11.3.4(c)

¨gÙ :11 Vw

i:

=74 )z~ì Æ7
7-3

� (7-3=4)

X 6,̈gÙ :12 Vw

i:
Æ)z~ì 38-3

�= 35 (8-3 = 5)

¨gÙ :13 Vw

 i:

(8-5=3) Æ)z~ìX t

Zka =

6,̈gÙ :14 Vw

i:

(7-2=5) Æ)z~ìX t

  =   Zka
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Based on all the above examples we can say that-
m

m n
n

a a
a

-=  if m > n  and   
1m

n n m

a
a a -=   if m<n

For any non-zero integer ‘a’ and integers 'm' and 'n'

m
m n

n

a a
a

-=    if m > n    and   mnn

m

aa
a

-=
1

  if m < n

What happens when m = n? Give your answer.

Example 15 : Consider  
3

3

4
4

Solution :
3

3

4 4 4 4 1 1
4 4 4 4 1

´ ´
= = =

´ ´
 . . . . . (1)

Also we know that 
m

m n
n

a a
a

-=

3
3 3 0

3

4 4 4 1 from (1)
4

-\ = = =

Similarly,  find 
4

4

7
7

.

What do you observe from above?

Also consider  
4

4 1a a a a a
a a a a a

´ ´ ´
= =

´ ´ ´

But from 
m

m n
n

a a
a

-=

We have 
4

4 4 0
4 1a a a

a
-= = =

For any non zero number ‘a’ we have  a0 = 1.

Observe here m, n (m = n)

 Thus if m = n 1
m

n

a
a

=
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X Zz6,�~�VßV»x@{�D�ñëÈMh�
 n > m ZzgZ¤/ A$ m > n Z¤/

Æa n Zzg m Zzg9Z°Z� a ÃðÌ)#~9°�
A$ n > m ZzgZ¤/ A$ m > n Z¤/

X A$M\HC[�D�?M\ZC�Z[C� m = n Z¤/

                   ¨gÙ  :15 Vw

....(1) i:

ZzgëY���

  Åæ� (1)

   = ? ZÏ§b¥xÙ

Zz6,~VwÐM\äHx@{H?
Zk6,̈gÙ

pëY��

   

a0 = 1 Æa a Ãð)#~°�
(m = n) n Ôm x@{Ù�V6,

 m = n Zk§bZ¤/
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  Do This

   1. Simplify and write in the form of am-n or 
1
n ma - .

(i)
8

5

13
13

(ii)
4

14

3
3

2. Fill the appropriate number in the box.

Ex : 
8

8 3 5
3

8 8 8
8

-= =

(i)
12

7

12 12 12
12

= = (ii)
18

10a a a
a

= =

11.3.4(c) Dividing terms with the same exponents

Example 16: Consider 
57

4
æ ö
ç ÷
è ø

Solution :
57 7 7 7 7 7

4 4 4 4 4 4
æ ö = ´ ´ ´ ´ç ÷
è ø

7 7 7 7 7
4 4 4 4 4
´ ´ ´ ´

=
´ ´ ´ ´

5

5

7
4

=  (by the definition of exponent)

Therefore, 
5 5

5

7 7
4 4

æ ö =ç ÷
è ø

Example 17: Consider 
6

p
q

æ ö
ç ÷
è ø

Solution :
6

p p p p p p p
q q q q q q q

æ ö æ ö æ ö æ ö æ ö æ ö æ ö
= ´ ´ ´ ´ ´ç ÷ ç ÷ ç ÷ ç ÷ ç ÷ ç ÷ ç ÷

è ø è ø è ø è ø è ø è ø è ø

p p p p p p
q q q q q q
´ ´ ´ ´ ´

=
´ ´ ´ ´ ´
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^~ÉÀ�/õG c*am-n ¿�D�ñ .1

(ii) (i)

X ñizV°�Ð{à{âVÃ%æFNÙ .2

}

(ii) (i)

)z~̧]zZáZg»yÅ�: (c) 11.3.4

X ¨gÙ :16 Vw

i:

)¸]úÅ°pÅæ�Ð(

Zka

X ¨gÙ 6, :17 Vw

i:
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6

6

p
q

= (By the definition of exponent)

Therefore, 
6 6

6

p p
q q

æ ö
=ç ÷

è ø

Based on the above observations we can say that.

ma
b

æ ö =ç ÷
è ø

 
................ ' '
................ ' '

a a a a a m times
b b b b b m times
´ ´ ´ ´ ´
´ ´ ´ ´ ´  

m

m

a
b

=

For any non-zero integers a, b and integer 'm' 
m m

m

a a
b b

æ ö =ç ÷
è ø

 Do This

1. Complete the following

(i)
3 35 5

7
æ ö =ç ÷
è ø (ii)

5

5

3 3
2 2

æ ö =ç ÷
è ø

(iii)
48

3
æ ö =ç ÷
è ø (iv)

11

11

x
y y

æ ö
=ç ÷

è ø

11.3.5 Terms with negative base

Example 18 : Evaluate   (1)4 , (1)5 ,(1)7, (–1)2 , (–1)3 , (–1)4 , (–1)5

Solution : (1)4 =  1 × 1 × 1 × 1= 1

(1)5 =  1 × 1 × 1 × 1 × 1= 1

(1)7 =  1 × 1 ×1 × 1 × 1 × 1 × 1 = 1

(–1)2  = (–1) × (–1) = 1

(–1)3 = (–1) × (–1) × (–1) = –1

(–1)4 = (–1) × (–1) × (–1) × (–1) = 1

(–1)5  = (–1) × (–1) × (–1) × (–1) × (–1) =  –1
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)¸]úÅ°pÅgzÐ(

Zka
Zz6,���VßVÆx@{ÐëÈMh��

   Æa  óm Zzg9°�L b óa ÃðÌ)#~9°�

åÙX .1

(ii) (i)

(iv) (iii)

D: tZ�kÆZg»y 11.3.5
  (1)4 , (1)5 , (1)7 , (-1)2 , (-1)3 , (-1)4 , (-1)5  C[Ù: :D 18 Vw

(1)4 = 1 x 1 x 1 x 1  = 1   i:

(1)5 = 1 x 1 x 1 x 1 x 1 = 1        

(1)7 = 1 x 1 x 1 x 1 x 1 x 1 x 1 =1

 (-1)2 = (-1) x (-1) = 1                          

(-1)3 = (-1) (-1) (-1) = -1                     

(-1)4 = (-1) (-1) (-1) (-1) = 1              

(-1)5 = (-1) (-1) (-1) (-1) (-1) (-1) = -1
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From the above illustrations we observe that:

(i) 1 raised to any power is 1.

(ii) (–1) raised to odd power is (–1) and (–1) raised to even power is (+1).

Thus (–a)m = –am  If  ‘m’ is odd

(–a)m = am  If  ‘m’ is even

Now, let us look at some more examples.

(–3)4 = (–3)   (–3)   (–3)   (–3) = 81

(–a)4 = (–a)   (–a)   (–a)   (–a) = a4

(–a)–3  = 3 3

1 1 1 1 1
( ) ( ) ( )a a a a a

-
´ ´ = =

- - - -

Example 19 : Express  
27

125
-

  in exponential form

Solution : –27 = (–3) (–3) (–3) = (–3)3

125 = 5 × 5 × 5 = (5)3

Therefore, 
3

3

27 ( 3)
125 (5)
- -

= as  
mm

m

a a
b b

æ ö= ç ÷
è ø

Thus, 
327 3

125 5
- -æ ö= ç ÷

è ø
 Do This

1. Write in expanded form.

(i) (a)–5 (ii) (–a)4 (iii) (–7)–5 (iv) (–a)m

2. Write in exponential form

(i) (–3) × (–3) × (–3) (ii) (–b) × (–b) × (–b) × (–b)

(iii) 
1 1 1 ......

( 2) ( 2) ( 2)
´ ´

- - -  'm' times
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Zz6,�~�Âí]Ðëäx@{H�
X �qÝ�@*ì 1 Å̧]ÃðÌ°�he6, 1(i)

X qÝ�@*ì (+1) Å̧]ñ°�he6, (-1) qÝ�@*ìZzg (-1) Å̧]¤t°�he6, (-1)(ii)

X ¤t� m Z¤/ (–a)m = –am Zk§b

X ñ°�� m Z¤/ (–a)m = am  

X M�Z[ë'×h+PVßV6,̈g�,Ð
(–3)4 = (–3)   (–3)   (–3)   (–3) = 81

(–a)4 = (–a)   (–a)   (–a)   (–a) = a4

(–a)–3  = 

Ã̧]úÅ̂~ªCÙÙ? :19 Vw

–27 = (–3) (–3) (–3) = (–3)3 i:

125 = 5 × 5 × 5 = (5)
3

Zka  Yè       Zka

A$

X qgzfsÃ;� .1

(–a)m (iv) (–7)–5 (iii) (–a)4 (ii) (a)–5 (i)

X ¸]ú~ªCÙÙ .2

(–b) × (–b) × (–b) × (–b) (ii) (–3) × (–3) × (–3) (i)

%û m (iii) 
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Exercise  2

1. Simplify the following using laws of exponents.

(i) 210 × 24 (ii) (32) × (32)4 (iii) 
7

2

5
5

(iv) 92 × 918 × 910 (v) 
4 3 83 3 3

5 5 5
æ ö æ ö æ ö´ ´ç ÷ ç ÷ ç ÷
è ø è ø è ø

(vi) (–3)3  ×  (–3)10 × (–3)7

(vii) (32)2 (viii) 24 × 34 (ix) 24a × 25a

(x)  (102)3 (xi) 

525
6

é ù-æ ö
ê úç ÷
è øê úë û

(xii) 23a+7 × 27a+3

(xiii) 
52

3
æ ö
ç ÷
è ø

(xiv) (–3)3 × (–5)3 (xv) 
6

3

( 4)
( 4)
-
-

(xvi) 
7

15

9
9

(xvii) 
5

9

( 6)
( 6)
-
- (xviii) (–7)7 × (–7)8

(xix) (–64)4 (xx) ax × ay × az

2. By what number should 3–4 be multiplied so that the product is 729?

3. If 56 × 52x  = 510,   then find x.

4. Evaluate  20 + 30

5. Simplify 
a a ba b a

b a a

x x x
x x x

æ ö æ ö æ ö
´ ´ç ÷ ç ÷ ç ÷

è ø è ø è ø

6. State true or false and justify your answer.

(i) 100×1011  = 1013 (ii)  32 × 43 = 125 (iii))  50 = (100000)0

(iv)   43 = 82 (v) 23 > 32 (vi) (–2)4 > (–3)4

(vii) (–2)5 > (–3)5

Project Work

Collect  the annual income particulars of any ten families in your locality and
round it to the nearest thousands / lakhs and express the income of each family in
the exponential form.
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X ¸]úÆ̧Z2Åæ�ÐqgzfsÃ¿Ù .1

(iii)       (32) × (32)4 (ii) 210 × 24 (i)

(–3)3×  (–3)10 × (–3)7 (vi) (v) 92 × 9
18

 × 9
10

(iv)

24a × 25a (ix) 24 × 34 (viii) (32)2(vii)

2
3a+7

 × 2
7a+3

(xii) (xi) (102)3 (x) 

(xv) (–3)3 × (–5)3 (xiv) (xiii)

(–7)7 × (–7)8 (xviii) (xvii) (xvi)

ax × a
y
 × az (xx) (–64)4 (xix)

�? 729 Ã¾°�Ð¢[�c*Yñ�qÝ¢[ 3-4 .2

Å�g¥xÙ? xA$ 56 × 52x  = 510
Z¤/ .3

20 + 30
X C[Ù .4

X ¿Ù .5

X 9ìc*ßC�ZzgXi�D�ñZL�Z[Å¤&< .6

50 = (100000)0 (iii) 32x43 = 125 (ii) 100 x 1011 = 1013 (i)

(-2 )5 > (-3)5(vii)( -2)4 > (-3)4 (vi)    23 > 32   (v) 43 = 82 (iv)

X ¯kgzx6,Z7½ïEH:
XZyÃ ZLîÆÃð�k{0+ZâVÅ�Ñ:MæãÆ!*g}~¥â]qÝÙ

SyÃ̧]ú~ªCÙÙX  �Ûd$F,+DÙZgBÑÄ~ªCÙ�D�ñ
Îçl]æ�ÎçlÞÛ^ 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX89

2 - w

S.C
.E

.R
.T

. T
ELA

NGANA



Free distribution by T.S. Government 2022-23 POWERS AND EXPONENTS 90

11.3.6 Expressing large numbers in standard form

The mass of the Earth is about 5976 x 1021 kg.

The width of the Milky Way Galaxy from one edge to the other edge is about 946 ×105 km.

These numbers are still not very easy to comprehend. Thus, they are often expressed in standard
form. In standard form:

Mass of the Earth  is about 5.976 × 1024 kg

Similarly, the standard form of  946 ×1015  is 9.46 ×1017.

Thus, in standard form (Scientific notation) a number is expressed as the product of
largest integer exponent of 10 and a decimal number between 1 and 10.

Exercise 3

Express the number appearing in the following statements in standard form.

(i) The distance between the Earth and the Moon  is approximately 384,000,000m.

(ii) The universe is estimated to be about 12,000,000,000 years old.
(iii) The distance of the sun from the center of the Milky Way Galaxy is estimated to be

300,000,000,000,000,000,000 m.
(iv) The earth has approximately 1,353,000,000 cubic km of sea

water.

Looking Back

• Very large numbers are easier to read, write and
understand when expressed in exponential form.

• 10,000 = 104 (10 raised to the power of 4); 243 = 35 (3 raised to the power of 5);
64 = 26 (2 raised to the power of 6). In these examples 10, 3, 2 are the respective
bases and 4, 5, 6 are the respective exponents.

• Laws of Exponents: For any non-zero integers  'a' and 'b' and integers 'm'  and 'n'

(i) am × an = am+n         (ii) (am)n=amn         (iii) am × bm = (ab)m

(iv) 
1n

na
a

- =         (v) 
m

m n
n

a a
a

-=   if  m > n

(vi) 
1m

n n m

a
b a -=  if  m < n     (vii) 

mm

m

a a
b b

æ ö= ç ÷
è ø

        (viii) a0 = 1 (where a ¹ 0)   
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X ¹(,}Z°Z�Ã£g~̂~ªCÙ�**: 11.3.6

X ³¤/Zxì 5976 x 1021
i}ÅS½ã

XSyZ°Z�Ãf�d� ³¢aì 946x 1015 �z�·KVÆZq-)g}Ð�zu})g}ÅahZð
**ZÚM�y7XSkaSyÃ£g~̂~r¢zg~ìX

X £g~̂~Z°Z�Zk§b�YMh�
³¤/Zxì 5.976x1024

i}ÅS½ã
³¢aì 9.46x 10

17 �z�·KVÆZq-)g}Ð�zu})g}Æ�gxyahZð
Æ�gxyzZµ 10@*1 Å9°�~̧]Zzg 10 Zk§b£g~̂~)�4§iÐ(��Ð°�Ã

X �äzZáZ(g~°�ÆqÝ¢[Å̂~ªCÙ�D�

X qgzfs�gÂV~��ÐZ°Z�Ã£g~̂~ªCÙÙ .1

X ¢aì 384,000,000 i}Zzge0+Æ�gxyÃ,½ã (i)

X �wì 12,000,000,000 Z0+Zi{Îc*Y@*ì�»Ñ]ÅZg»ð/ (ii)

�z�·KVÆ%�/ÐÎg̀»�gxãÃ,Åg�g½ã (iii)

X ¢aì 300,000,000,000,000,000,000,

X k³¢aì 1,353,000,000 i}6,«g~0*ãÅlZg½ã (iv)

ëäH5:
X (,}Z°Z�Ã̧]ú~ªCÙHYñÂZ¹/M�ãÉMh�Zzg7,|Mh� /

Å 2)64 = 26 he6,( 5 Å̧] 3) 243 = 35 he6,( 4 Å̧] 10)10,000 = 104
/

F,KMzZgSyÅ̧] 6 Zzg 5,4 Z�k�Zzg 2 Zzg 3,10 he6,(qgz!*ÑVßV~ 6 ¸]
¸]úÆ̧Z2: /

a
m

 × b
m

 = (ab)
m

(iii) (am)n=amn (ii) am × an = am+n (i)

  m > n Z¤/ (v)  (iv)

(a =  0 )�V a0 = 1 (viii) (vii) n > m Z¤/ (vi)
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QUADRILATERALS 12

In Class VI, we have been introduced to quadrilaterals. In this unit you will learn about the different
types of quadrilaterals and their properties.

12.0 Quadrilateral

What is common property among all these pictures?

(Hints: Number of sides, angles, vertices. Is it an open or closed figure?)

Thus,  a quadrilateral is a closed figure with four sides, four angles and four vertices.

Quadrilateral ABCD has

(i) Four sides, namely AB,BC, CD  and DA

(ii) Four vertices, namely A, B, C  and D.
(iii) Four angles, namely ÐABC,  ÐBCD,  ÐCDA and  ÐDAB.

(iv) The line segments joining the opposite vertices of a

quadrilateral are called the diagonals of the quadrilateral. AC
and BD  are the diagonals of quadrilateral ABCD.

(v) The two sides of a quadrilateral which have a common vertex are called the 'adjacent

sides' of the quadrilateral. In quadrilateral ABCD, AB  is adjacent to BC  and B is their
common vertex.

(vi) The two angles of a quadrilateral having a common side are called  the pair of 'adjacent
angles' of the quadrilateral. Thus, ÐABC and ÐBCD are a pair of adjacent angles and

BC  is one of the common side.

 Do This

(i) In a quadrilateral ABCD, find the other adjacent sides and common vertices.

(ii) In a quadrilateral ABCD, find the other pairs of adjacent angles and sides.

A
D

B

C
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)®)¼~ëäegVÃ�gsHåXZk!*[~M\ZeĝVÆZlxZzgQyÅS:]Ð
0,ÐZ�X
egV 12.0 

èÃg{!*ÑZDw~Hq�uì?
)Z�ág}:̂VÅ®Z�ÔiZzØÔgZkt̂?ìc*È?(
®ZegVZq-��{È̂ì�egé¿ÔegiZzØZzgeggZkÐk�ìT~

Zzg egé¢�õ G)²(�D�� (i

D Zzg CÔBÔA eggZk�D�� (ii

ÐDAC Zzg ÐCDA,ÐBCD,ÐABC egiZz��D�� (iii

~ABCD ë�XZk§begV (Diagonal) £.ÞÆÃð�zgZÎVÃ5äzZáé�VÃzF, (iv

zF,�X ÔZzg

| egV~ ABCD �u²Ð�WzZáegVÆ�zZHqLL|²óóBD�X (v

ó�zâV»�ugZkì B »ZzgL Iì
BCD Zzg ÐABC �X®Z  �u²Ð�WzZáegVÆiZz�LL|iZz�Å�h~BD (vi

�uIóóìX |iZz-VÅ�h~ìZzgLL Ð

�ugZkÐ�WzZá�zu}|̂VÃ¥x<X ~�ugZkZzg ABCD egV (i)í
�zu}|iZ-VÅ�h-VÃ¥x<X ~ABCD egV (ii)

12 QUADRILATERALS egV

2^��×Ão 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX93

tÙ

S.C
.E

.R
.T

. T
ELA

NGANA



QUADRILATERALSFree distribution by T.S. Government 2022-23 94

(vii) The two sides of a quadrilateral, which do not have a common vertex, are called a pair of

'opposite sides' of the quadrilateral. Thus AB , CD  and AD , BC  are the two pairs of
'opposite sides' of the quadrilateral.

(viii) The  two angles of a quadrilateral which do not have a common side are known as a pair
of 'opposite angles' of the quadrilateral. Thus  ÐDAB,  ÐBCD and  ÐCDA,  ÐABC are
the two pairs of opposite angles of the quadrilateral.

Try This

How many different quadrilaterals can be obtained
from the adjacent figure? Name them.

12.1 Interior-Exterior points of a quadrilateral

In quadrilateral ABCD which points lie inside the quadrilateral?

Which points lie outside the quadrilateral?

Which points lie on the quadrilateral?

Points P and M lie in the interior of the quadrilateral. Points L, O and Q lie in the exterior of the
quadrilateral. Points N, A, B, C and D lie on the quadrilateral.

Mark as many points as you can in the interior of the quadrilateral.

Mark as many points as you can in the exterior of the quadrilateral.

How many points, do you think will be there in the interior of the quadrilateral?

12.2 Convex and Concave quadrilateral

Mark any two points L and M in the interior of quadrilateral ABCD and join them with a line
segment.

Does the line segment or a part of it joining these points lie in the exterior
of the quadrilateral? Can you find any two points in the interior of the
quadrilateral ABCD for which the line segment joining them falls in the
exterior of the quadrilateral?

You will see that this is not possible.

Now let us do similar work in quadrilateral PQRS.

A

D

E
F

G H

B

C

L
M

A B

C
D

A B

Q

O

C

LD

N

M
P

Figure1
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~ ABCD ®ZegV )�ugZkÐ�WzZáegVÆ�ẑVÃLL£.ÞÆ²óóë�X (vii

ó Zzg ó �z�h~£.ÞÆ²�X Ô Zzg Ô

ÆegVÆ£.ÞÆiZz-VÆ�z�h�X
)�u²Ð�WzZáegVÆ�ziZz�LL£.ÞÆiZz-VÅ�h~óóBD�XÅ<å XEZ (viii

ÃÒÙ:
|̂Åæ�ÐÄegVqÝ�D�?Z¹**x�ØX

egV»Z0+gzyXÛzy8~î O 12.1

~ÃyÐÕoegVÆZ0+gzZµ�? ABCD egV
ÃyÐÕoegVÆ!*CÙzZµ�?ZzgÃyÐÕoegV6,zZµ�?

egVÆÛzyzZµ Q Zzg OÔL egVÆZ0+gzyzZµ�XÕo M Zzg P Õo
egV6,zZµ�X D Zzg CÔBÔAÔN �²Õo

egVÆZ0+gzyW\Å%èÆ_.æeìÕoÅ¶Ky��ÙX
egVÆÛzyW\Å%èÆ_.æeìÕoÅ¶Ky��ÙX
egVÆZ0+gzyÄÕo0*ñYD�M\Îa�C�?

(Convex and Caoncave Quadrilateral) ö[egVZzg!©�ç GegV 12.2

Å¶K0+S<ZzgZy�zÕoÃ�hD�ñ M Zzg L ÆZ0+g�zÕo ABCD egV
é«¯�X
�zÕoÃ�häÆ�Hé«c*Zk»Ãð{egVÆÛzyzZµ�@*ì?eg

~HM\Z,Ãð�zÕoÅ¶K0+��Mh�XÃ�häÆ� ABCD V
qÝé«egVÆÛzyzZµ�Yñ?
M\x@{�D��t**eì

~¿̧�CÙZNÐX PQRS Z[ëegV

2^��×Ão 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX95

1-^
S.C

.E
.R

.T
. T

ELA
NGANA



QUADRILATERALSFree distribution by T.S. Government 2022-23 96

Mark any two points U and V in the interior of quadrilateral PQRS and join
them. Does the line segment joining these two points fall in the exterior of the
quadrilateral? Can you make more line segments like these in quadrilateral
PQRS.
Can you also make line segments, joining two points, which lie in the interior
of the quadrilateral PQRS. You will find that this is possible too.

Quadrilateral ABCD is said to be a convex quadrilateral if all line segments joining points
in the interior of the quadrilateral also lie in interior of the quadrilateral.

Quadrilateral PQRS is said to be a concave quadrilateral if all line segment joining points
in the interior of the quadrilateral do not necessarily lie in the interior of the
quadrilateral.

Try This

1.

(i) Is quadrilateral EFGH (ii) Is quadrilateral TUVW
a convex quadrilateral? a concave quadrilateral?

(iii) Draw both the diagonals for quadrilateral EFGH. Do they intersect each other?

(iv) Draw both the diagonals for quadrilateral TUVW. Do they intersect each other?

You will find that the digonals of a convex quadrilateral intersect each other in the
interior of the quadrilateral and the diagonals of a concave quadrialteral intersect each
other in the exterior of the quadrilateral.

12.3 Angle-sum property of a quadrilateral

Activity 1
Take a piece of cardboard. Draw a quadrilateral ABCD on it. Make a cut of it. Then cut
quadrilateral   into four pieces (Figure 1) and arrange them as shown in the Figure 2, so that all
angles Ð1, Ð2, Ð3, Ð4 meet at a point.

S

P R

Q
U V

E F

H
G

T
V

W

U

Figure 2Figure 1

B

2

C
3

A
1

D
4

2 3

1 4

A

CB

D
1

2 3

4
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Å¶KyÙZzgZy�zÕoÃé«Ð�h�X V Zzg U ÆZ0+gzy�zÕo PQRS egV
~ PQRS é«Ã�häÆ�Hz{egVÆÛzyzZµ�@*ì?HM\egV

ZÏ§bÆ'×h+é�VÃ¯Mh�?
HM\Z,é¿¯Mh��egVÆZ0+gzZµ�D�V"�Dîg6,eì
egVÆZ0+gñ��ÕoÐ�é¿ú�bYD�XZ¤/z{Óxé¿egVÆ

ë�X ( Convex Quadrilateral) Z0+g�0*ñYD�ÂZ+egVÃö[egV
ö[egV ABCD ªegV

egVÆZ0+gñ��ÕoÐ�é¿ú�bYD�X¢zg~7�Óxé¿egVÆZ0+g�0*ñ
ë�X ( Concave Quadrilateral) YNA$Z+egVÃ!©�çGegV

ÃÒÙ:
.1

Zq-!©�çGegVì? TUVW (H ii Zq-ö[egVì? EFGH (H i

~�zzF,¯�?HtZq-�zu}Ãs�D�? EFGH (egV iii

~�zzF,¯�?HtZq-�zu}Ãs�D�? TUVW (egV iv

~�zâVzF,Zq-�zu}ÃegVÆ ABCD Z[M\x@{�D��ö[egV
Z0+gzys�D�²!©�ç GegV~�zâVzF,Zq-�zu}ÐÛzãîg6,s�D�X
egVÆiZz-V»ù· 12.3

Æ_.ZkegVÃeg�V~»#/õ HGZzg (1) QZzĝ ABCD X
!©ðGO}»Zq-�Z³XZk6,egV 1r

Zq-$©û EG6,X�VX Å§bF,KM�ØXZk§b�ÓxiZz� (2) Z¹^
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Is the sum of the angles Ð1, Ð2, Ð3 and Ð4 equal to 360o ? (sum of angles at a point)

The sum of the four angles of a quadrilateral is 360°.

[Note: We can also denote the angles Ð1, Ð2, Ð3, etc. by as their respective measures i.e. mÐ1,
mÐ2, mÐ3, etc.]

You may arrive at this result in several other ways also.

1. Let P be any point in the interior of quadrilateral ABCD. Join P to vertices A, B, C and D.

In the figure, consider DPAD.

mÐ2 + mÐ3= 180° – x ................ (1)

Similarly, in DPDC,  mÐ4 + mÐ5 = 180° – y ....... (2)

in DPCB,  mÐ6 + mÐ7 = 180º – z  and    ............ (3)

in DPBA, mÐ8 + mÐ1 = 180º – w. ................. (4)

(angle-sum property of a triangle)

Adding (1), (2), (3)  and (4) we get

mÐ1 + mÐ2 + mÐ3 + mÐ4 + mÐ5 + mÐ6 + mÐ7 + mÐ8

= 180° – x + 180° – y + 180° – z + 180° – w

  = 720° – (x + y + z + w)

(x + y + z + w = 360o ; sum of angles at a point)

=720° – 360° = 360°

Thus, the sum of the angles of the quadrilateral is 360o.

2. Take any quadrilateral, say ABCD. Divide it into two tri-
angles, by drawing a diagonal. You get six angles 1, 2, 3, 4,
5 and 6.

Using the angle-sum property of a triangle and you can easily find how the sum of the
measures of ÐA, ÐB, ÐC  and  ÐD amounts to 360°.

Try This

What would happen if the quadrilateral is not convex? Consider
quadrilateral ABCD. Split it into two triangles and find the sum of
the interior angles. What is the sum of interior angles of a concave
quadrilateral?

A

D

B

C

A

C

B

D

1
2

8
7

5
6

43

y
x

w
z

P

A

CB

D

32
4

1 6
5
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Æ)z~�@*ì?)�u$©û EG6,ÓxiZz-V»ù·( 360o »ù· HÓxiZz-V
�@*ì 360o

egVÆÓxiZz-V»ù·
[ z){ÐªCÙ�D�X z){éeöÃ ëiZz-V : â^

Zk³ÃZ§hVÐÌqÝHYYìX
gZÎVÃ D Zzg CÔBÔA Åæ�Ð P ÆZ0+gzZµìX̀ ABCD Zq-`ì�egV P X�Ûn�z� 1

»x@{ÙX �h�X̂~
mÐ2 + mÐ3= 180° – x ................ (1)

~ ÇZÏ§b ,  mÐ4 + mÐ5 = 180° – y ....... (2)

~ ,  mÐ6 + mÐ7 = 180º – z  Zzg    ............ (3)

~ , mÐ8 + mÐ1 = 180º – w .............. (4)

)[ÆÓxiZ-V»ù·(
(Ã¦�ä6,ëÃqÝ�@*ìX 4 (ÔZzg) 3 (Ô) 2 (Ô) 1 )zZ])

mÐ1 + mÐ2 + mÐ3 + mÐ4 + mÐ5 + mÐ6 + mÐ7 + mÐ8 
= 180° – x + 180° – y + 180° – z + 180° – w
= 720° – (x + y + z + w)

(x + y + z + w = 360° ; ��xV6,iZz-V»ù·( )

=720° – 360°= 360°

�@*ìX 360° ®ZegVÆÓxiZz-V»ù·
egVìXzF,Æfg=ZkÃ ABCD ÃðÌZq-egV³Xây³� X2

qÝ�VÐ 6 Zzg 5Ô4Ô3Ô2Ô1 �z!5Ò5é II]~�ÙXZ[M\ÃbiZz�

ÔÐA LL[ÆÐViZz-V»ù·óóZßwÃZEw�D�ñM\/M�ãt¥x�Mh��¾§b
�@*ìX 360° »ù· ÐD ÔZzg ÐCÔÐB

ÃÒÙ
Zq-egVìXZk ABCD H�ÇZ#Zq-egVö[:�?ây³�

egVÃ�z!5Ò5é II]~�ÙXZ0+gzãiZz-V»ù·¥xÙ?C��
ö[egVÆZ0+gzãiZz-V»ù·H�Ç?
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Example  1 : The three angles of a quadrilateral are 55°, 65° and 105°. Find the fourth angle?

Solution : The sum of the four angles of a quadrilateral = 360°.

The sum of the given three angles = 55° + 65° + 105° = 225°

Therefore, the fourth angle = 360° – 225° = 135°

Example  2 : In a quadrilateral, two angles are 80° and 120°. The remaining two angles are
equal. What is the measure of each of these angles?

Solution : The sum of the four angles of the quadrilateral = 360°.

Sum of the given two angles  = 80° + 120° = 200°

Therefore, the sum of the remaining two angles = 360° – 200° = 160°

Both these angles are equal.

Therefore, each angle  = 160° ÷ 2 = 80°

Example  3 : The angles of a quadrilateral are x°, (x – 10)°, (x + 30)° and 2x°. Find the angles.

Solution: The sum of the four angles of a quadrilateral = 360°

Therefore, x + (x – 10) + (x + 30) + 2x = 360

                                    5x + 20 = 360

                                                  \         x = 68°

Thus, the four angles are = 68° ;  (68–10)° ; (68+30)° ; (2×68)°

                                       = 68°, 58°, 98° and 136°.

Example  4 : The angles of a quadrilateral are in the ratio 3 : 4 : 5 : 6. Find the angles.

Solution : The sum of four angles of a quadrilateral = 360°

The ratio of the angles is 3 : 4 : 5 : 6

Thus, the angles are 3x, 4x, 5x and 6x.

3x + 4x + 5x + 6x = 360°

18x = 360°

    x =  O360 20
18

=

Thus, the angles are = 3 × 20°; 4 × 20°; 5 × 20°; 6 × 20°

         = 60°, 80°, 100° and 120°
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�A$aåiZzt¥xÙ? 105° Zzg 65°Ô55° egVÆ&iZz� 1 Vw:
�@*ìX 360° egVÆÓxiZz-V»ù· i:
���&iZz-V»ù· = 55°+65°+105° = 225°

A$aåiZzt = 360° - 225° = 135° 

�!*¹�ziZzb)z~�VA$CÙZq-iZzbÅeö¥xÙ? 120° Zzg 80° Zq-egV~�ziZzb 2 Vw:
�@*ì 360° egVÆÓxiZz-V»ù· i:

����ziZz-V»ù· = 80°+120° = 200°

A$!*¹�ziZz-V»ù· = 360° - 200° = 160°

�c*�Hì��zâViZzb)z~�X
®ZCÙiZzbÅeö  

�A$iZz-VÅeö¥xÙ? 2x° Zzg ( x+30° ) Ô ( x-10°)Ô x° Zq-egVÆiZzb 3 Vw:
egVÆÓxiZz-V»ù· = 360° i:

Zkn x°+(x-10°)+(x+30°)+2x° = 360°

5x + 20 = 360°

x = 68°
Å<å XEZegiZzb = 68° , (68 - 10°) , ( 68 + 30° ) , (2 x 68° )®Z

           = 68° , 58° , 98° , 136°                                              

ìiZz-VÅeö¥xÙ? ÅÚ 3:4:5:6 Zq-egVÆiZz-V~ 4 Vw:
�@*ìX 360° egVÆÓxiZz-V»ù· i:

iZz-V~Ú = 3:4:5:6

�X 6x ÔZzg 5xÔ4x Ô3x ®Z:iZzb
3x+4x+5x+6x = 360 

18x = 360 

x =

ZkaiZzb = 3 x 20 ; 4 x 20 ; 5 x 20 ; 6 x 20    

        = 60° ;        80°       ;      100°  ;  120°   
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Exercise - 1

1. In quadrilateral PQRS

(i) Name the sides, angles, vertices and diagonals.

(ii) Also name all the pairs of adjacent sides, adjacent angles,
opposite sides and opposite angles.

2. The three angles of a quadrilateral are 60°, 80° and 120°. Find the
fourth angle?

3. The angles of a quadrilateral are in the ratio 2 : 3 : 4 : 6. Find the measure of each of the
four angles.

4. The four angles of a quadrilateral are equal.  Find each of them. Draw this quadrilateral in
your notebook.

5. In a quadrilateral, the angles are x°, (x + 10)°, (x + 20)°, (x + 30)°. Find the angles.

6. The angles of a quadrilateral cannot be in the ratio 1 : 2 : 3 : 6. Why? Give reasons.

(Hint: Try to draw a rough diagram of this quadrilateral)

12.4  Types of quadrilaterals

Based on the nature of the sides and angles, quadrilaterals have different names.

12.4.1 Trapezium

Trapezium is a quadrilateral with one pair of parallel sides.

These are trapeziums These are not trapeziums

(Note: The arrow marks indicate parallel lines).

Why the second set of figures are not trapeziums?

P

R

S

Q

80o

120o

60o
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~ PQRS XegV 1

(²;iZzbÔgZkZzgzF,Æ**xs? i

(|²Ô|iZzbÔ£.ÞÆ²Zzg£.ÞÆiZz-VÆ**xs? ii

�aåiZzt¥xÙ? 120° Zzg 80°Ô60° XegVÆ&iZz-VÅeö 2

ìCÙiZztÅeö¥xÙ? ÅÚ 2:3:4:6 XegVÆiZz-V~ 3

XegVÆÓxiZzb)z~�XZkegVÃZKâ^,-~UXCÙiZztÅ 4

eö¥xÙ?
�A$iZzb¥xÙ?  ( x + 30)° Zzg ( x+20)°Ô ( x+10)°Ô x° XZq-egVÆiZzb 5

7�$ËYV?zze�? 1:2:3:6 XegVÆiZz-V~Ú 6

)Z�ág{:ZkegV»�{�é��¶(
egVÆZlx 12.4

ZHqZzgiZz-VÅZ�k6,egVÆZZlx�D�X
( Trapezium ) Ås 12.4.1

Z¤/egV»Zq-�hIáZi~�A$z{ÅsBñÇX

tÓxÅs� tÅs7�
)â^:¾Æ¶KyÆfg=ªCÙG�èoáZi~�(

YV�zuZ�&Ås7ì?
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A

B D

C

12.4.2 Kite

A Kite is a special type of quadrilateral. The sides with the same markings in each figure are equal
in length. For example AB = AD and BC = CD.

These are kites These are not kites

Why the second set of figures are not kites?

Observe that:

(i) A kite has 4 sides (It is a convex quadrilateral).

(ii) There are exactly two distinct, consecutive pairs of sides of equal length.

Activity 2

Take a thick sheet of paper. Fold the paper at the
centre. Draw two line segments of different lengths

as shown in Figure 1. Cut along the line segments

and open up the piece of paper as shown in Figure 2.

You have the shape of a kite.

Does the kite have line symmetry?

Fold both the diagonals of the kite. Use the set-square to check if they cut at right angles.

Are the diagonals of the kite equal in length? Verify (by paper-folding or measurement) if the
diagonals bisect each other.

Try This

Prove that in a kite ABCD, DABC and DADC are congruent.

Figure1 Figure2
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( Kite )X 12.4.2.

ÐªCÙG�̂VÆîw)z~ (Mark) XegVÅZq-ºmnìXCÙ̂~Zq-�¶Ky
BC=CD Zzg AB=AD �D�XVwÆîg6,

tÓxXú� tÓxXú7�
YV�zuZ�&Xú7ì?
x@{Ù:D

(Zq-XÆeg²�D�X)tZq-ö[egVì( i

()z~îwgppzZá|̂VÆ�z�h�D�X ii

:2r
~Cñ (1) Zq-ñN*)�[(»½³XZk»½Ã�gxyÐñh�X̂

�§j6,ZîwzZá�zé¿Qóé�VÆ¶Ky6,»#/õ HGZzĝ
~Cñ�§j6,�}ÃZµÙX (2)

Zk§bM\ÃXú^qÝ�ÏX
HXú^~â�KÀ0*c*Y@*ì?
Xú^Æ�zâVzF,ÃñhbXZk§bñhäÆ�±4/õ YEGÐYõÙ�Mc*t�zâVZq-�zu}ÅiZzt�[
6,ß�D�?HXú^ÆzF,)z~îwgnp�?YõÙ)»½Ãñh�eöÙ(�Mc*tZq-
�zu}Åß�D�X

ÃÒÙ
§z�D�X Zzg ~ABCD U*"$Ù�Xú^
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12.4.3 Parallelogram
Activity 3

Take two identical cut-outs of a triangle of sides 3 cm, 4 cm, 5 cm.
Arrange them as shown in the figure given below:

You get a parallelogram. Which are the parallel sides here? Are the parallel sides equal? You can
get two more parallelograms using the same set of triangles. Find them out.

A parallelogram is a quadrilateral with two pairs of opposite sides parallel.

Activity 4

Take a ruler. Place it on a paper and draw two lines along its two sides as shown in Figure1. Then
place the ruler over the lines as shown in Figure2 and draw two more lines along its edges again.

Figure 1 Figure 2 Figure 3

In Figure 3, opposite sides are parallel, hence it is a parallelogram.

12.4.3(a) Properties of a parallelogram
Sides of parallelogram

Activity 5
Take cut-outs of two identical parallelograms, say ABCD and A1B1C1D1.

5cm

4cm

3c
m

5cm

3c
m

5cm

3c
m4cm

5cm

3c
m

4cm

A

D

B

C
1

0

2

3

4

5

6

7

10 2 3 4 5 6 7

A B

D C

O

1 1

1A B

D C

O
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( Parallelogram) áZi~ZÑHq 12.4.3

:D 3r
ªîwzZá�zxË!5Ò5é II_Ã³XZzgn�~�^Æ 5 ªÔ 4 ªÔ 3

_.ZÐF,KM�ØX

áZi~ZÑHqqÝ�CìX�V6,ÃyÐ²áZi~�D�?HáZi~²)z~îwgnp�?Zy
�z�&!5Ò5é II_Åæ�ÐM\'×h+�záZi~ZÑHqqÝ�D�XZ¹¥xÙX
Z+egVTÆ£.ÞÆ̂VÆ�zâV�hc*VáZi~�D�XáZi~ZÑHqBCìX

:4r
~Cñ�§jÐð~Ã»½6,gÄ��zèoð~Æ�zâVY+$UXZk 1 Zq-ð~³X̂

~Cñ�§j6,(UX 2 Æ�s��zV6,ð~gÄ��zèoÃð~Æ�zâVY+$)^

1^ 2^ 3^
áZi~�D�XZkatáZi~ZÑHqBCìX ~£.ÞÆ² (3)^

áZi~ZÑHqÆ² 12.4.3(a)

áZi~ZÑHqÆ²ÅS:]
�X A'B'C'D' Zzg ABCD �z»L�ñOzáZi~ZÑHq³ây³�t :D 5r
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Here AB  is same as A'B'  except for the name. Similarly, the other corresponding sides are equal

too. Place A'B'  over DC . Do they coincide? Are the lengths A'B'  and DC  equal?

Similarly examine the lengths AD  and B'C'  . What do you find?

You will find  that the sides are equal in both cases. Thus, the opposite sides of a parallelogram
are of equal length.

You will also find the same results by measuring the side of the parallelogram with a scale.

Try This

Take two identical set squares with angles 30° –
60° – 90° and place them adjacently as shown in
the adjacent figure. Does this help you to verify the
above property? (Can we say every rectangle is a
parallelogram?)

Example 5 : Find the perimeter of the parallelogram PQRS.

Solution : In a parallelogram, the opposite sides have same length.

According to the question, PQ= SR = 12 cm and QR = PS = 7 cm

                   Thus, Perimeter   = PQ + QR + RS + SP

                      = 12 cm + 7 cm + 12 cm + 7 cm = 38 cm

Angles of a parallelogram

Activity 6

Let ABCD be a parallelogram. Copy it on a tracing sheet. Name this copy as A¢, B¢, C¢, D¢. Place
A¢, B¢, C¢, D¢ on ABCD as shown in Figure 1. Pin them together at the point where the diagonals
meet. Rotate the transparent sheet by 90o as shown in Figure 2. Then rotate the parallelogram
again by 90o in the same direction. You will find that the parallelograms coincide as shown in Figure
3. You now find A¢ lying exactly on C and C¢ lying on A. Similarly B¢ lies on D and D¢ lies on B as
shown in Figure 3.

Figure 1 Figure 2 Figure 3

A B

D
C

A'
B'

C'

D'

A B

D C

A'

B'

C'

D'

2 3 4 5 6 7 8 9 10 11 12 131
2
3
4
5
6
7
8
9

2345678910111213 1

2
3
4
5
6
7
8
9
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6,gÚXH Ã ÆXÇZÏ§b�vpÐø²Ì)z~�D�X )z~ì �V6,
^VÆîw» Zzg Æîw)z~�?ÇZÏ§b Zzg t�zâV;�D�?H

x@{Ù?M\äHx@{H?e�?
áZi~ZÑHq~£.ÞÆ²)z~îwgnp�X �zâVßgÂV~M\̂VÃ)z~0*D�X®Z

ð~Åæ�Ðeö�ä6,ÌM\áZi~ZÑHq~³̧Z~.�D�X
ÃÒÙ:D

eögppzZá�z�h§z2³XZ¹ 30o-60o-90o 

|F,KM��6�̂~�3c*�HìXHtèÃg{!*Ñ ZSb
S¤ÅYõ~»gMæ�D�?)HëtÈMh��CÙ

( Yì? láZi~ZÑHq�
»Zqo¥xÙX PQRS áZi~ZÑHq  :D (5) Vw

áZi~ZÑHq~£.ÞÆ²)z~�D�X i:
QR = PS =ª7 Zzg PQ = SR = ª12 ÎZwÆ_.

Zqo = PQ + QR + RS + SP ®Z
= ª12 + ª7 + ª12 + ª7 = ª38

áZi~ZÑHqÆiZzb
:D 6r

» A'B'C'D' 6,ÜÙXZzgZk̂Ã (Tracing Paper) ³Xñò»½ ABCD Zq-áZi~ZÑHq
~Cñ�§j6,gÚXZk$©û EG6,6Ù�V (1) 6,̂ABCD áZi~ZÑHqÃ A'B'C'D' **x�ØX

~Cc*�HìX'×h+ (2) ��T§b�̂ (90°) 6,�zzF,Zq-�zu}Ãs�D�Xñò»½ÃÀ�Uª
Å§báZi~ZÑHq0*NÐ�Zq-�zu}6,; (3) ZkáZi~ZÑHqÃ��XM\^ 90°

6,0*NÐX6 BÃ D' 6,Zzg DÃ B' óó6,0*NÐZÏ§b A ÃÇ$©û EGLL C' 6,Zzg C ÃÇ$©û EG A' �XM\

�̂~ªCÙH�HìX

1^ 2^ 3^
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Does this tell you anything about the measures of the angles A and C? Examine the same for angles
B and D. State your findings.

You will conclude that the opposite angles of a parallelogram are of equal measure.

Try This

Take two identical 30° – 60° – 90° set squares and form a parallelogram as before.
Does the figure obtained help you confirm the above property?

You can justify this idea  through logical arguments-

If  AC  and BD  are the diagonals of the parallelogram ABCD
you find that Ð1 =Ð2 and Ð3 = Ð4 (alternate angles property)

DABC @ DCDA  (ASA congruency).
Therefore, mÐB = m  ÐD (c.p.c.t.).

Similarly, DABD @ DCDB, therefore,  m ÐA = m ÐC. (c.p.c.t.).
Thus, the opposite  angles of a parallelogram are of equal measure.

We now turn our attention to adjacent angles of a parallelogram.

In parallelogram ABCD, DC  || AB  and DA  is the transversal.
Therefore, ÐA and ÐD are the interior angles on the same side of the transversal. They are
supplementary each other.

ÐA and ÐB are also supplementary. Can you say 'why'?

AD  P BC  and BA  is a transversal, making ÐA and ÐB interior

angles.

 Do This

Identify two more pairs of supplementary angles from the
parallelogram ABCD given above.

Example 6 : BEST is a parallelogram. Find the values x, y and z.

Solution : ÐS is opposite to ÐB.

So, x = 100° (opposite angles property)

y = 100° (corresponding angles)

z = 80° (since Ðy, Ðz is a linear pair)

The adjacent angles in a parallelogram are supplementary. You have observed the same
result in  the previous example.

A B

CD

1

32

4

A B

CD

B
y

x

E

ST
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ÅeöÐ0�gc*Ä D Zzg B ÅeöÐ0t¼z�s#�Yì?ZÏ§biZzb C Zzg A HiZzb
ÙX�¹VÐWÙX

M\t³Z~.�,Ð�áZi~ZÑHqÆ£.ÞÆiZzb)z~eöÆ�D�X
ÃÒÙ:

eögppzZá�zxË2³ZkÐáZi~ZÑHq¯�T§bZkÐ 30o-60o-90o

I¯c*ìXHt̂qgz!*ÑS¤ÃZ~.�ä~æ�Çg�Cì?
xcz�ÑbÆfg=M\Zk{¤ÃU*"$ÙX

ÆzF,�A$M\ÃU*"$�** ABCD áZi~ZÑHq Zzg Z¤/
)��wiZz-VÅ{¤Æ¯6,( Ð3 = Ð4 Zzg Ð1 = Ð2 ì�
§z{¤Å¯6,( ASA)

®ZÇZÏ§b m ÐB = mÐD �z!5Ò5é II]Æn~{( (c.p.c.t))
m ÐA = m ÐC [ (c.p.c.t) ]

®ZáZi~ZÑHqÆ£.ÞÆiZzb)z~eögnp�X
Z[ëáZi~ZÑHqÆµiZ-VÅ§sÃ%Ãi�,ÐX

)�é(â ÆZzg áZi~ì áZi~ZÑHq~ ABCD

�zZ0+gzãiZz����éâÆZq-�Y+$zZµ�X D Zzg A®Z
®ZtÝiZzb�X

ÌÝBD�?YV? ÐB Zzg ÐA

¯@*ìX ÐB Zzg ÐA �éâì�Z0+gzã ÆZzg áZi~ì ZkÅzzCMh�?

~'×h+�zÝiZz-VÅ¶Ky��ÙX ABCD èÃg{!*ÑáZi~ZÑHq
Å�g,¥xÙX z Zzg x,y Zq-áZiZ~ZÑHqìXZkáZi~ZÑHq~ BEST :6 Vw

Æ£.Þ»iZztì ÐB ÔÐS i:
x = 100o ®Z:)£.ÞÆiZz-VÅ{¤6,(

y = 100o     )pÐøiZzb(
z = 80o      é�hì( Ðz Zzg Ðy )aè

M\ä¸Vw~ZÏ³»x@{HìX áZi~ZÑHq~µiZzbÝ�D�X
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Example 7 : In parallelogram RING if m ÐR = 70°, find all the other angles.

Solution : According to the question, mÐR = 70°

Then  mÐN = 70° (opposite angles of a parallelogram)

Since ÐR and ÐI are supplementary angles,

mÐI = 180° – 70° = 110°

Also,  mÐG = 110° since ÐG and  ÐI are opposite angles of a parallelogram.

Thus,  mÐR = mÐN = 70° and mÐI = mÐG = 110°

Try this

For the above example, can you find m ÐI and m ÐG by any other method?

Hint : Angle-sum property of a quadrilateral.

12.4.3 (b) Diagonals of parallelogarm

Activity 7

Take a cut-out of a parallelogram, say, ABCD. Let its

diagonals AC  and DB  meet at O.

Find the mid-point of AC  by folding and placing C on A. Is the mid-point same as O?

Find the mid-point of DB  by folding and placing D on B. Is the mid-point same as O?

Does this show that diagonal DB  bisects the diagonal AC  at the point O? Discuss it with your
friends. Repeat the activity to find where the mid point of  DBcould lie.

The diagonals of a parallelogram bisect each other.

It is not very difficult to justify this property using
ASA congurency:

DAOB @ DCOD (How is ASA used here?)

This gives AO = CO  and BO = DO

G N

IR
70o

A B

D C

O

A B

O

D C
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A$�ÓxiZz-VÃ¥xÙ? mÐR = 70o ~Z¤/ RING áZi~ZÑHq :7 Vw
mÐR = 70o ÎZwÆ_. i:

A$)áZi~ZÑHqÆ£.ÞÆiZzb( mÐN = 70o 

ÝiZzb� ÐI Zzg ÐR aè
mÐI = 180o - 70o = 110o 

áZi~ZÑHqÆ£.ÞÆiZzb�( ÐI Zzg ÐG )aè
®Z  m ÐG  = 110o mÐR = m ÐN = 70o

m ÐG = 110o      Zzg

ÃÒÙ
ÃË�zu}§jÐ¥x�Mh�?  m ÐG Zzg m ÐI èÃg{!*ÑVw~HM\

�@*ìX 360o
Z�ág{:XegVÆÓxiZz-V»ù·
áZi~ZÑHqÆzF, 12.4.3( b )

:D 7r
¯�Xây³�ZkegVÆzF, ABCD »½Åæ�ÐegV

6,s�D�X ' O ' $©û EG Zzg

6,gnp�ñzF,Ãñh�ZzgZy»zV¥̀xÙXH AÃ 'C' 

ìX ' O' Zk§bqÝ�äzZÑzVÌ̀
ìX 'O' 6,gnp�ñzF,Ãñh�ZzgZy»zV¥̀xÙXHZk§bqÝ�äzZÑzVÌ̀ BÃ 'D' 

6,Zq-�zu}Åß�D�?�¹VÐ ' O ' ỒAC ZzgzF, BD HZkÐt¥x�@*ì�zF,
»zV¹̀VzZµ�@*ì? DB W�Æe�XZkaÃ�CÙZ�@*�t¥x�n�

áZi~ZÑHqÆzF,Zq-�zu}Åß�D�X
�t�âyÃZEw�D�ñZk{¤ÃU*"$�**Ãð{mÂ»x7X ASA

{¤ÃZEwH�Hì( ASA )¾§b�V6,
DAOB @ COD

BO = DO Zzg AO = CO    ®Z
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Example 8 : HELP is a parallelogram. Given that OE  = 4 cm, where O is the point of
intersection of the diagonals and HL  is 5 cm more than PE ? Find OH .

Solution : If  OE  = 4 cm then OP  also is 4 cm (Why?)

So  PE  = 8 cm      (Why?)

HL is 5 cm more than PE

Therefore, HL  = 8 + 5 = 13 cm

Thus, OH  = 
1 13
2

´   =  6.5 cms

12.4.4 Rhombus
Recall the paper-cut kite you made earlier. When you cut along ABC and
opened up, you got a kite. Here lengths AB and BC were different. If you
draw AB = BC, then the kite you obtain is called a rhombus.

Note that all the sides of rhombus are of same length; this is not the case with
the kite.

Since the opposite sides of a rhombus are parallel, it is also a  parallelogram.
So, a rhombus has all the properties of a parallelogram and also that of a kite. Try to list them out.
You can then verify your list with the check list at the end of the chapter.

Kite Rhombus

The diagonals of a rhombus are perpendicular bisectors of one another

Activity 8

Take a copy of a rhombus. By paper-folding verify if the point of intersection is the mid-point of
each diagonal. You may also check if they intersect at right angles, using the corner of a set-square.

Now let us justify this property using logical steps.

ABCD is a rhombus. It is a parallelogram too, so diagonals bisect each other.

Therefore, OA = OC  and OB = OD .

HE

O

PL

4 cm

A

B

C

Rhombus-cut
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zF,zV»$©û EG»éìZzg " O " �V = ª4 Zq-áZi~ZÑHqìX�c*�Hì HELP  :D 8 Vw
ÅeöH�Ï? ªic*�{ì?Âe� 5Æ Åeö/Ú

ª�Cì)YV?( 4 ÅeöÌ A$  = ª4 Z¤/ i:X
)YV?( PE = ª8 ®Z

Æ PE ªic*�{ì/Ú 5 Åeö HL

HL = 8 + 5 = ª13 ®Z

Zk§b OH =  = ª6.5 

(Rhombus) ¥ 12.4.4

Æ ABC M\äZkÐ¬»½ÅX¯ð¶XZq-!*gZk»Z¬�{�BXZ#M\

Zzg AB �B»^�Zk8zõ OÃÅw�ØXZ[M\ÃXú^qÝ�CìX�V6,
{ÆÐA$M\ÃqÝ�ä AB = BC XZ¤/M\ ÆîwZ�D� BC

BCìX  (Rhombus) zZàXú¥̂
�¥ÆÓx²)z~�D�ó²Xú~tªc*{¤70*ðYCX â^Ù

aè¥Æ£.ÞÆ²áZi~�D�ÔZkatáZi~ZÑHqÌB@*ìX¾T¥~áZi~
ZÑHqÅÓxS:]ZzgXúÅÓxS:]�C�XZyS:]Åz�&¯�XM\ÅsB¨

¤&�Æ�AX !*[ÆZ!x6,�~�sB¨Ð (Check List)

¥ÆzF,Zq-�zu}ÆÀ�~**��D�X
¥ÅZq-ÜQX»½ÃñhD�ñYõÙ�H�zâVzF,zV»»̀éZyÆzVÌ̀ìX :8r

±4/õ

YE

GZEw�D�ñÌM\¤&�Mh��tÀ�Us�D�X
Zq-¥ìXZzgtZq-áZi~ZÑHqÌìXÅ<å XEZzF, ABCD U*"$ÙX x�ÑbÆfg=M\Zk{¤Ã

Zq-�zu}Åß�D�X
Zzg ®Z
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We now have to show that mÐAOD = mÐCOD = 90°.

It can be seen that by SSS congruency criterion.

DAOD @ DCOD

Therefore, m ÐAOD = mÐCOD

Since ÐAOD and ÐCOD are a linear pair,

m ÐAOD = m ÐCOD = 90°

We conclude, the diagonals of a rhombus are perpendicular bisectors of each other.

12.4.5 Rectangle

A rectangle is a parallelogram with equal angles.

What is the full meaning of this definition? Discuss with your friends.

If the rectangle is to be equiangular, what could be the measure of each angle?

Let the measure of each angle be  x°.

Then 4x° = 360° (Why)?

Therefore, x° = 90°

Thus, each angle of a rectangle is a right angle.

So, a rectangle is a parallelogram in which every angle is a right angle.

Being a parallelogram, the rectangle has opposite sides of equal length and its diagonals
bisect each other.

In a parallelogram, the diagonals can be of different lengths. (Check this); but surprisingly
the rectangle (being a special case) has diagonals of equal length.

This is easy to justify:

If ABCD is a rectangle,

DABC @ DBAD

This is because AB = AB (Common side)

BC = AD (Why?)

m ÐA = m ÐB = 90° (Why?)

Thus, by SAS criterion DABC @ DBAD and AC = BD  (c.p.c.t.)

Thus, in a rectangle the diagonals are of equal length.

B

CD

O

A

xo

xo xo

xo
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m  ÐAOD = m ÐCOD = 90o Z[ëÃU*"$�**45Âî XG
�&Í-ö
I
G

Qßw6,�¬YYìX SSS ZkÃ
DAOD @ DCOD

mÐAOD  = mÐCOD ®Z
é�h}�X ÐAOD Zzg ÐCOD aè

m ÐAOD = m ÐCOD = 90o 

Z[ët³Z~.�D��¥ÆzF,Zq-�zu}ÅÀ�Uß�D�X
( Rectangle )l 12.4.5

lZq-Z(áZi~ZÑHqìTÆÓxiZzb)z~�D�X
Zk°pÆåpH�?ZL�¹VÐcÙX
Z¤/l)z~Z²Zzt�A$ZkÆCÙZq-iZztÅeöH�$ËìX

ìX xo �Ûn�z�ZkÆCÙZq-iZztÅeö
)YV( 4xo = 360o A$

xo = 90o ®Z
:l»CÙiZztÔiZzt�[�@*ìX
Zk§blZq-áZi~ZÑHqìT»CÙiZzt�[�@*ìX
/wáZi~ZÑHqlÆ£.ÞÆZHqÆîw)z~�D�ZzgZkÆzF,Zq-�zu}Åß
�D�X
áZi~ZÑHq~zF,ÆîwZ�D�X)YõÙ(pª]Z0îg6,l)º̈mßg](
ÆzF,zVÆîw)z~�D�X
tU*"$�**M�yìX

Zq-lì ABCD Z¤/
DABC @ DABD

)�u( Zka�
)YV(
)YV(  mÐA = mÐB = 90o 

(c.p.c.t) Zzg DABC @ DABD �&Í-ö
I
G

QßwÐ SAS :

:lÆzF,îw~)z~�D�X   
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Example 9 : RENT is a rectangle. Its diagonals intersect at O. Find x,
if OR  = 2x + 4 and OT = 3x +1.

Solution : OT  is half of the diagonal TE  and OR  is half of the
diagonal RN.

Diagonals are equal here. (Why?)

So, their halves are also equal.

Therefore 3x + 1 = 2x + 4

or          x = 3

12.4.6 Square

A square is a rectangle with equal adjacent sides.

This means a square has all the properties of a rectangle with an additional property that all the
sides have equal length.

The square, like the rectangle, has diagonals of equal length.

In a rectangle, there is no requirement for the diagonals to be perpendicular to one another (Check
this). However, this is not true for a square.

Let us justify this-

BELT is a square, therefore, BE = EL = LT = TB

Now, let us consider DBOE and DLOE

OB=OL (why?)

OE is common

Thus, by SSS congruency DBOE @ DLOE

So ÐBOE = ÐLOE

but ÐBOE + ÐLOE = 180o (why?)

ÐBOE = ÐLOE = o180 90
2

=

Thus, the diagonals of a square are perpendicular bisectors of each other.

In a square the diagonals.

(i) bisect one another (square being a rectangle)
(ii) are of equal length (square being a rectangle) and

(iii) are perpendicular to one another.
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�VzF,)z~�)YV(
Zk§bZyÆÛÌ)z~�)YV(

3x + 1 = 2x + 4  Zka
x   = 3

D: %, 12.4.6

%,Zq-Z(lìTÆ|²)z~�D�X
Zk»È45Âî XG%,~lÅÓxS:]Æ´z{ZnÓxZHqÆîw)z~�D�X

lÅ§b%,ÆzF,ÆîwÌ)z~�D�X
l~zF,Zq-�zu}6,À�zZg�**¢zg~7)YõÙ(psÑo%,~��t7�CX

M�ëZk»o]�B:
BE = EL= LT = TB Zq-%,ìZka BELT

6,̈g�,X DLOE Zzg DBOE M�Z[ë
)YV(

ÐBOE = ÐLOE  �tÐ SSS: �uì OE

ÐBOE = ÐLOE Zka
ÐBOE = ÐLOE = )YV(  ÐBOE + ÐLOE = 180o p

:%,ÆzF,Zq-�zu}6,À�~ß�D�X
%,~zF,

)%,Zq-áZi~ZÑHqìX( (Zq-�zu}Åß�D�X i

)%,Zq-lì( (îw)z~�D�X ii

(Zq-�zu}6,À�zZg�D�X iii
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12.5 Making figures with a tangram.

Use all the pieces of tangarm to form a trapezium, a parallelogram, a rectangle and a square.

Also make as many different kinds of figures as you can by using all the pieces. Two examples

have been given for you.

Example 10 : In trapezium ABCD, AB is parallel to CD.  If

Ð A = 50°,  ÐB = 70°. Find ÐC and  ÐD.

Solution : Since AB is parallel to CD

ÐA +  ÐD = 180° (interior angles on the same side of the transversal)

So ÐD = 180° – 50° = 130°

Similarly, ÐB + ÐC = 180°

So ÐC =180° – 70° = 110°

2

1

4
3

5
6

7

A
50o

70o

B

CD

22
5

3

41

6

7

2

7

5

3

4

1

6
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Åæ�ÐZDw¯�X " Tangram " 12.5

ÆÓx�zVÅæ�ÐZq-%sÔZq-áZi~ZÑHqÔZq-lÔZq-%,ú�Ø Tangram 

ZÏ§bÐZyÓx�zVÅæ�Ð�VJ-e�nZnÆZDw¯�XM\c�zVB�~��X
Æ áZi~ì ~ABCD DÅs :10 Vw
¥xÙX ÐD Zzg ÐC  A$ÐB = 70o

ÔÐA = 50o Z¤/

ÆáZi~ì Ô aè i:
)�éâÆZq-�Y+$ÆZ0+gzãiZzb( ÐA + ÐD = 180o 

ÐD = 180o - 50o = 130o  Zka
ÐB + ÐC = 180o   ZÏ§b

ÐC = 180o - 70o = 110o Zka
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Example 11 : The measures of two adjacent angles of a parallelogram are in the ratio 3 : 2. Find
the angles of the parallelogram.

Solution : The adjacent angles of a parallelogram are supplementary.

i.e.  their sum = 180°
Ratio of adjacent angles = 3:2

So, each of the angles is o3180 108
5

´ =  and

o2180 72
5

´ =

Example 12 : RICE is a rhombus. Diagonals intersect at 'O'. Find OE and
OR. Justify your findings.

Solution : Diagonals of a rhombus bisect each other

i.e., OE = OI   and  OR = OC

Therefore, OE  = 5 and OR = 12

Exercise - 2

1. State whether true or false-
(i) All rectangles are squares ( )

(ii) All rhombuses are parallelogram ( )
(iii) All squares are rhombuses and also rectangles ( )

(iv) All squares are not parallelograms ( )
(v) All kites are rhombuses ( )

(vi) All rhombuses are kites ( )
(vii) All parallelograms are trapeziums ( )

(viii) All squares are trapeziums ( )

2. Explain how a square is a-

(i) quadrilateral (ii) parallelogram
(iii) rhombus (iv) rectangle.

3. In a rhombus ABCD,  ÐABC = 40°.

 Find the other angles.

R

E O

C

I

12

5

A

40o B

C

D
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áZi~ZÑHqÆ|iZz�Ý�D�X i:

180o = ªZy»ù·
3:2 = |iZz-VÅÚ

ZkaCÙZq-iZzt
Zzg  Zq-iZzt

�@*ì   �zuZiZzt
¥xÙX OR Zzg OE ó6,s�D� o zF,L̀ Zq-¥ìX RICE :D 12 Vw

}òÅYõÙ?
¥ÆzF,Zq-�zu}Åß�D�X i:

OR = OC Zzg OE = OI   ª
OR = 12 Zzg OE = 5  ®Z

Xe��fsÆ¿��tc*»f[X 1

( ) (ÓxlÔ%,�D�X i

( ) (Óx¥ÔáZi~ZÑHq�D�X ii

( ) (Óx%Ã¥ZzglÌ�D�X iii

( ) (Óx%ÃÔáZi~ZÑHq7�DX iv

( ) (ÓxXÔ¥�D�X v

( ) (Óx¥ÔX��D�X vi

( ) (ÓxáZi~ZÑHqÅs�D�X vii

( ) (Óx%ÃÔÅs�D�X viii

Xe��%,¾§bZq- 2

(áZi~ZÑHq ii (egV i

�@*ì (l iv (¥ iii

�zu}iZz�¥xÙ? ÐABC = 40o ~ABCD XZq-¥ 3
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4. The adjacent angles of a parallelogram are x° and (2x + 30)°.
Find all the angles of  the parallelogram.

5. Explain how DEAR is a trapezium. Which of its two sides are
parallel?

6. BASE is a rectangle. Its diagonals intersect at O. Find x, if OB = 5x+1 and OE = 2x + 4.

7. Is quadrilateral ABCD a parallelogram, if  ÐA = 70° and  ÐC = 65°? Give reason.

8. Two adjacent sides of a parallelogram are in the ratio 5:3 the perimeter of the
parallelogram is 48cm. Find the length of each of its sides.

9. The diagonals of the quadrilateral are perpendicular to each other. Is such a quadrilateral
always a rhombus? Draw a rough figure to justify your answer.

10. ABCD is a trapezium in which AB P DC . If  ÐA = ÐB = 30o , what are the measures of
the other two angles?

11. Fill in the blanks.

(i) A parallelogram in which two adjacent sides are equal is a ____________.

(ii) A parallelogram in which one angle is 90° and two adjacent sides are equal is a
_____________.

(iii) In trapezium ABCD, AB P DC . If  ÐD = x° then  ÐA = __________.

(iv) Every diagonal in a parallelogram divides it in to  ________ triangles.

(v) In parallelogram ABCD, its diagonals AC  and BD  intersect at O. If AO = 5cm
then AC = ________cm.

(vi) In a rhombus ABCD, its diagonals intersect at 'O'. Then  ÐAOB = ________
degrees.

(vii) ABCD is a parallelogram then  ÐA – Ð C = ________ degrees.

(viii) In a rectangle ABCD, the diagonal AC = 10cm then the diagonal BD = _______cm.

(ix) In a square ABCD, the diagonal AC  is drawn. Then  ÐBAC = __________
degrees.

D

E A

R
70o

100o

8

B

A S

E
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¥xÙ?
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�zu}�ziZz-VÅeöH�Ï? ÐA=ÐB = 30o Z¤/ T~ ABCD XZq-Ås 10

X{à»VÃ%æFNÙX 11

(Zq-áZi~ZÑHqT~�z|²)z~�V����������������������������B@*ìX i

ìZzg�z|²)z~������������������������B@*ìX 90o
(Zq-áZi~ZÑHq8g)4è E

GZq-iZzt ii

������������������������������������ =ÐA A$ÐD = xo Z¤/ ~ABCD (Zq-Ås iii

(Zq-áZi~ZÑHqT~Zk»CÙzF,ZkÃ�����������������������������������!5Ò5é II]~��@*ìX iv

6,s�D� ' O ' ` Zzg  ~ZkÆzF, ABCD (Zq-áZi~ZÑHq v

�����������������������ª = AC  �A$ AO = ª5 Z¤/
��������������������gZ = ÐAOB 6,s�D�A$ ' O ' ~ZkÆzF,$©û EG ABCD (Zq-¥ vi

=������������������������������gZ ÐA - ÐC Zq-áZi~ZÑHqìA$ ABCD (vii

���������������������ª =  BD ªìA$�zuZzF, 10 = ~Zq-zF, ABCD (Zq-l viii

��������������������������������gZ =ÐBAC 5�HA$ AC ~zF, ABCD (Zq-%, ix
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Looking back

1. A simple closed figure bounded by four line segments is called a quadrilateral.
2. Every quadrilateral divides a plane into three parts interior, exterior andthe

quadrilateral.
3. Every quadrilateral has a pair of diagonals.
4. If the diagonals lie in the interior of the quadrilateral it is

called convex quadrilateral.
5. If any one of the diagonals is not in the interior of the

quadrilateral  it is called a concave Quadrilateral.
6. The sum of interior angles of a quadrilateral is equal to

360°.
7. Properties of Quadrilateral

             Quadrilateral Properties

Parallelogram : A quadrilateral (1) Opposite sides are equal.
with both pair, of opposite sides (2) Opposite angles are equal.
parallel (3) Diagonals bisect one another.

Rhombus : A parallelogram with (1) All the properties of a parallelogram.
all sides of equal length. (2) Diagonals are perpendicular to each

other.

Rectangle : A parallelogram with (1) All the properties of a parallelogram.
all right angles. (2) Each of the angles is a right angle.

(3) Diagonals are equal.

Square : A rectangle with sides (1) All the properties of a parallelogram,
of equal length. rhombus and a rectangle

Kite : A quadrilateral with exactly (1) The diagonals are perpendicular to one
two pairs of equal consecutive another.
sides. (2) The diagonals are not of equal length.

(3) One of the diagonals bisects the other.

Trapezium: A quadrilateral with 1) One pair of opposite sides are parallel.
one pair of parallel sides.
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AREA AND PERIMETER 13

13.0 Introduction

Ira wants to find the area of her agricultural land, which is irregular in shape (Figure 1). So she
divided her land into some regular shapes- triangles, rectangle, parallelogram, rhombus and square
(Figure 2). She thought, ‘if I know the area of all these parts, I will know the area of my land.’

Figure 1 Figure 2

We have learnt how to find the perimeter and area of a rectangle and square in earlier classes. In this
chapter we will learn how to find the area of a parallelogram, triangle, rhombus. First let us review
what we have learnt about the area and perimeter of a square and rectangle in earlier classes.

Exercise - 1

1. Complete the table given below.

                 Diagram Shape Area Perimeter

Rectangle l×b = lb _____________

Square _____________ 4a

l

aa

a

a
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2. The measurements of some squares are given in the table below. However, they are
incomplete. Find the missing information.

Side of a square Area Perimeter

15 cm 225 cm2

88 cm

3. The measurements of some rectangles are given in the table below. However, they are
incomplete. Find the missing information.

Length Breadth Area Perimeter

20 cm 14 cm

12 cm 60 cm

15 cm 150 cm2

13.1 Area of a parallelogram

Look at the shape in Figure 1. It is a parallelogram. Now let us learn
how to find its area-

Activity 1

• Draw a parallelogram on a sheet of paper (Figure 2).

• Cut out the parallelogram.

• Now cut the parallelogram along the dotted line as shown in
Figure 2 and separate the triangular shaped piece of paper.

• Keep the triangle on the other side as shown in Figure 3 and see if
both the pieces together form a rectangle.

Can we say that the area of the parallelogram in Figure 2 equal to the area of the rectangle in

Figure 3? You will find this to be true.

Figure 1

Figure 2

Figure 3
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As you can see from the above activity the area of the parallelogram is equal to the area of the
rectangle.

We know that the area of the rectangle is equal to length × breadth.
We also know that the length of the rectangle is equal to the base of
the parallelogram and the breadth of the rectangle is equal to its height.

Therefore, Area of parallelogram  =  Area of rectangle

   = length × breadth

    = base × height (length = base ; breadth = height)
Thus, the area of the parallelogram is equal to the product of its
base (b) and corresponding height (h) i.e.,  A = bh

Example 1 : Find the area of each parallelogram given in Figure 1 and Figure 2.

(i) Solution  :

Base (b) of a parallelogram = 4 units
Height (h) of a parallelogram = 3 units

Area (A) of a parallelogram = bh
Therefore, A =4 × 3 = 12 sq. units

Thus, area of the  parallelogram  is 12 sq. units.

(ii) Solution  :

Base of a parallelogram (b) = 6 m.

Height of a parallelogram (h) = 13 m.

Area of a parallelogram (A) = bh

Therefore, A = 6×13 = 78 m2

Thus, area of parallelogram ABCD is 78 m2

base (b)

height (h)

length (base)

breadth
(height)

A

CD

B

3

4

Figure 1

Figure 2
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10 cmE

F

A B

CD

4 cm

Try This

ABCD  is a  parallelogram with sides 8 cm and 6 cm. In Figure 1, what is the base of
the parallelogram? What is the height? What is the area of the parallelogram?
In Figure 2, what is the base of the parallelogram? What is the height? What is the
area of the parallelogram?  Is the area of Figure 1 and Figure 2 the same?

                                           Figure 1                                                               Figure 2

Any side of a parallelogram can be chosen as base of the parallelogram. In  Figure 1,
DE is the perpendicular falling on AB. Hence AB is the
base and DE is the height of the parallelogram. In Fig-
ure 2, BF is the perpendicular falling on side AD. Hence,
AD is the base and BF is the height.

Do This

1. In parallelogram ABCD, AB = 10 cm
and DE = 4 cm.

Find (i) The area of ABCD.
(ii) The length of BF, if AD = 6 cm

2. Carefully observe the following parallelograms.

8 cm

6 cm

A B

CD

3 cm

E 8 cm

4 cm
6 cm

A B

CD

F

(i) (ii) (iii) (iv)

(v) (vi) (vii)

A B

CD

F

E
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~�îc*�HìXáZi~ 1 ª�6�̂ 6 ªZzg 8 ÆZHq!*nKM ABCD áZi~ZÑHq

~áZi~ZÑHq 2 ZÑHq»�°{H�Ç?�~H�Ï?ZzgáZi~ZÑHq»gK¥x<X̂
»gK)z~ì? 2 Zzĝ 1 »�°{H�Ç?�~H�Ï?ZzgáZi~ZÑHq»gK¥x<XH^

~1 áZi~ZÑHqÆËÌIÃ�g�°{1YYìX̂
�°{ì A B 6,¤/Zc*�HZq-À�ìXZkn A B ,  D E

6,¤/Zc*�H AD, BF~2 áZi~ZÑHqÅ�~ìX̂ DE Zzg

ZkÅ�~ìX BF �°{ìZzg AD À�ìXZkn

DE =ª4 Zzg AB = ª10~ABCD áZi~ZÑHq .1

»gK¥x< ABCD (i)

»îw¥x<X BF �Â AD =ª6 Z¤/ (ii)

øDfsáZi~ZÑHq»NgY,̂{kX .2
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(i) Find the area of each parallelogram by counting the squares enclosed in it. For counting
incomplete squares check whether two incomplete squares make a complete square in
each parallelogram.

Complete the following table accordingly.

Parallelogram Base Height Area
                         Area by counting squares

No. of full No. of Total
squares incomplete squares (full)

squares
(i) 5 units 3 units 5 × 3 = 15 sq. units 12 6 15

(ii)
(iii)

(iv)
(v)

(vi)
(vii)

(ii) Do parallelograms with equal bases and equal heights have the same area?

Try This

(i) Why is the formula for finding the area of a rectangle related to the formula for
finding the area of a parallelogram?

(ii) Explain why a rectangle is a parallelogram but a parallelogram may not be a
rectangle.

Exercise - 2

1. Find the area of each of the following parallelograms.

4 cm

6 
cm

(i)                                                                            (ii)

(iv)(iii)

7 cm

4 
cm

5 cm

3 
cm

7.6 cm

5.
1 

cm

S.C
.E

.R
.T

. T
ELA

NGANA



CÙáZi~ZÑHqÆ=Í}�ñå%�VÅ2Ì�D�ñZyÆgÕ¥x<Wc*2ÌÆ�zgZyCÙ (i)

¦g�,X 1 áZi~ZÑHq~Z¤/�z**å%,)�p(Zq-%,¯D�VA$Z7
qgzfs].zwÃ6,<X

HáZi~ZÑHqTÆ�°}Zzg�c*V)z~�V7VgÕgnp�X (ii)

ÃÒ<X
ëYVl»gK¥x�äÆ�ÆÃáZi~ZÑHqÆgKÃ¥x�äÆ��Ð (i)

�hD�?
lZq-áZi~ZÑHqìpáZi~ZÑHqZq-l7ìXYV?Zzg¾§b (ii)

��?

øDfsáZi~ZÑHqÆgÕ¥x<X .1
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2. PQRS is a parallelogram. PM is the
height from P to SR and PN is the
height from P to QR . If SR = 12 cm
and PM = 7.6 cm.

(i) Find the area of the paral-
lelogram PQRS

(ii) Find PN, if  QR = 8 cm.

3. DF and BE are the height on sides AB and AD respectively in parallelogram ABCD. If the
area of the parallelogram is 1470 cm2, AB = 35 cm and AD = 49 cm, find the length of BE
and DF.

4. The height of a parallelogram is one third of its base. If the area of the parallelogram is
192cm2, find its base and height.

5. In a parallelogram the base and height are in the ratio of 5:2. If the area of the
parallelogram is 360m2, find its base and height.

6. A square and a parallelogram have the same area. If a side of the square is 40m and the
height of the parallelogram is 20m, find the base of the parallelogram.

13.2 Area of triangle

13.2.1 Triangles are parts of rectangles

Draw a rectangle on a paper. Cut the rectangle
along its diagonal to get two triangles.

Superimpose one triangle over the other. Are they exactly the same in area? Can we say that the
triangles are congruent?

S M

7.
6 

cm

R

N

P Q

12 cm

C

F

D

E

BA 35 cm

49
 c

m

CD

BA
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J-SRÐP` PM Zq-áZi~ZÑHqì PQRS .2

SR = J-�~ÐXZ¤/ª QRÐP`PN �~ÐZzg
A$PM = 7.6 Zzgª 12

áZi~ZÑHq»gK¥x<X PQRS (i)

¥x<X PN �Â QR=8 Z¤/ª (ii)

XZ¤/áZi~ZÑHq»gK 6,�c*V� AD Zzg AB F,KMzZgI BE Zzg DF~ABCD áZi~ZÑHq .3

»îw¥x<X DF Zzg BEÂAD=ª49 Zzg AB=ª35 %,¢aìZzg 1470

%,ª�ÂZkÆ 192 Zq-áZi~ZÑHqÅ�~ZkÆ�°{»Zq-äðìXZ¤/áZi~ZÑHq»gK .4

�°}Zzg�~Ã¥x<X
%, 360 ÅÚ0*ðYCìXZ¤/áZi~ZÑHq»gK 5:2 Zq-áZi~ZÑHqÆ�°}Zzg�~~ .5

¢a�ÂZk»�°{Zzg�~¥x<X
¢a20 ¢aZzgáZi~ZÑHqÅ�~ 40 Zq-%,ZzgZq-áZi~ZÑHq»gK)z~ìZ¤/%,»Zq-I .6

ìÂáZi~ZÑHq»�°{¥x<X
[»gK: 13.2
!5Ò5é
II

]ól»z�D� 13.2.1

Zq-lQ@*g�Zzg�z[qÝ�äczF,Æ�BZÐ
´u{<X

Zq-[Ã�zu}[6,;<XH�zâV!*ÒpgK)z~�?HëtÈMh�!5Ò5é II]�z�D�?
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You will find that both the triangles are congruent. Thus, the area of the rectangle is equal to the
sum of the area of the two triangles.

Therefore, the area of each triangle = 
1
2  × (area of rectangle)

=   
1
2  × (l × b) =  

1
2  lb

13.2.2 Triangles are parts of parallelograms
Make a parallelogram as shown in the Figure. Cut the
parallelogram along its diagonal. You will get two
triangles. Superimpose one triangle over the other.  Are
they exactly the same size (area)?

You will find that the area of the parallelogram is equal
to the area of both the triangles.

We know that area of parallelogram is equal to prod-
uct of its base and height. Therefore,

Area of each triangle = 
1
2  × (area of parallelogram)

Area of triangle = 
1
2  × (base × height)

= 
1
2  × b × h =  

1
2  bh

Thus, the area of a triangle is equal to half the product of its base (b) and height (h) i.e.,

A = 
1
2  bh

Example  2 : Find the area of the triangle in the given figure.
Solution :

Base of triangle (b) = 13 cm
Height of triangle (h) = 6 cm

Area of a triangle (A) =  
1
2  (base × height) or  

1
2  bh

Therefore, A =  
1
2  × 13 × 6

   = 13 × 3 = 39 cm2

Thus the area of the triangle is 39 cm2.
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W\0*NÐ�t�zâV!5Ò5é II]§z�XZk§b�zâV!5Ò5é II]ÆgKÆù·Æl»gK)z~�Ç
Oç

CÙZq-[»gK = < )l»gK(

= x (l x b) = lb

!5Ò5é
II

]áZi~ZÑHqÆz�D� 13.2.2

�~�^Æ_.áZi~ZÑHq¯�XzF,Æ�BáZi~
ZÑHqÃ»aXW\Ã�z!5Ò5é II]qÝ�VÐX!5Ò5é II]ÃZq-
�zu}6,gqpXH�zâV!5Ò5é II]Å�#Ö)gK(7Vì?
W\Y3Ð�áZi~ZÑHq»gK)z~�Ç�zâV!5Ò5é II]

ÆgKÆù´ÆÔZzgëtÌY���áZi~ZÑHq»gK)z~ìZkÆ�°}Zzg�~ÆqÝ
¢[ÆZka

=CÙ[»gK )áZi~ZÑHq»gK(<

=[»gK )�~<�°{(

=   x b x h =  bh

Zk§b

A= bhª ÆqÝ¢[ÆÛÆ)z~�@*ìX (h) Zzg�~ (b) [»gK�°}

[ÆgKÃ¥x< �~�̂~ :D 2 Vw
[»�°{ (b) = ª13 i:D
[Å�~ (h) = ª6

[»gK A = )�~<�°{( c* bh

Zk§b A=  x 13 x6 

13 x 3 = %,ª 39

%,ªì 39 ®Z[»gK
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Example  3 : Find the area of DABC.

Solution: Base of the triangle (b)    = 8 cm

Height of the triangle (h)  = 6 cm

Area of the triangle  (A)  =  
1
2  bh

Therefore, A =  
1
2  × 8 × 6 = 24 cm2

Thus, the area of DABC = 24 cm2

Notice that in a right angle triangle two of its sides can be the height.

Try This

In Figure all the triangles
are on the base AB = 25
cm. Is the height of each
of the triangles drawn on
base AB, the same?

Will all the triangles have
equal area? Give reasons
to support your answer.
Are the triangles congruent also?

Exercise - 3

1. Find the area of each of the following triangles.

8 cm

6 
cm

CB

A

5 cm

8 
cm

6 cm

4 
cm

6 cm

4 
cm

5.
4 

cm

7.5 cm

( i ) ( ii ) ( iii )

( iv )

A 25 cm B

C D E F
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»gK¥x<X :D 3 Vw
[»�°{ (b) =ª8

[Å�~ (h) =ª6

[»gK (A) =   bh

Zka A=  x 8 x6 

%,ª 24

%,ªìX 24 »gK ®Z
�[Z²Zzt[Æ�zâV̂VÃ�g�~1YYìX c*�gÚ�

ÃÒ<
^~Óx!5Ò5é II]»�°{

Ã�°{ây ABH AB=25ª
�Q�Óx!5Ò5é II]Å�~
)z~ì?
HÓx!5Ò5é II])z~gÕgnp
�?ZL�Z[Å@*GÆnz�;]e�XHÓx!5Ò5é II]§zÌ�

CÙ[»gK¥x<X .1
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2. In  DPQR, PQ = 4 cm, PR = 8 cm and RT = 6 cm. Find (i) the area of DPQR (ii) the length
of QS.

3. DABC is right-angled at A. AD is perpendicular to BC, AB = 5 cm, BC = 13 cm and
AC = 12 cm. Find the area of  DABC. Also, find the length of AD.

4. DPQR is isosceles with PQ = PR = 7.5 cm and QR = 9 cm. The height PS from P to QR,
is 6 cm. Find the area of DPQR and length of  RT.

5. ABCD rectangle with AB = 8 cm, BC = 16 cm and AE = 4 cm. Find the area of  DBCE.
Is the area of  DBEC equal to the sum of the area of  DBAE and DCDE? Why?

B C

A

13 cm

12 cm

5 
cm

D

Q

P

R
9 cm

7.5 cm

S

6 cm

T

B

A

C16 cm

DE

8 cm

4 cm

Q R

P

S
T

6 cm

7 cm

4 
cm

8
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»QS (ii) »gK¥x< (i) ìXÂ RT =ª6 Zzg PR =ª8ÔPQ = ª4~ .2

îw¥x<

ÔZzg BC=ª13ÔAB=ª5 À�zZgìZ¤/ 6,BCIAD 6,iZzt�[¯@*ìZ#� A` .3

»îw¥x<X AD »gK¥x<Zzg ìÂ AC=ª12

ìX` QR =ª9 Zzg PQ =P R=ª7 .5 )z~Z{:ìTÆ£.ÞÆZHq .4

¥x<X Å�~ RT »gKZzg ªìÂ 6 Å�~ PSJ-QRÐP

»gK¥x<H ÔAC=ª4 Zzg BC=ª16ÔAB=ª8 lÆZHq»îw ABCD .5

Æù¦gKÆ)z~�ÇXYV? Zzg »gK
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6. Ramu says that the area of DPQR is,  A =   
1
2  × 7 × 5 cm2

Gopi says that it is,  A =
1
2  × 8 × 5  cm2. Who is correct? Why?

7. Find the base of a triangle whose area is 220 cm2 and height is 11cm.

8. In a triangle the height is double the base and the area is 400 cm2. Find the length of the
base and height.

9. The area of triangle is equal to the area of a rectangle whose length and breadth are 20 cm
and 15 cm respectively. Calculate the height of the triangle if its base measures 30 cm.

10. In Figure ABCD find the area of the shaded region ( DF=CF ).

11. In Figure ABCD, find the area of the shaded region.

Q

P

R

7 cm

8 cm

6 c
m

5 cm

S

A B

CD

40 cm

40 cm

F

A BF

CD

10 cm

20 cm

10 cm

E

8cm

E
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�@*ìXZ#��ZvHì�[»gK A =  x 7 x 5 »gK  gZã9ì� .6

ì�zâV~Ãy9Ègì�ZzgYV? A =   x 8 x 5 

ªìX 11 %,ªìZzgZm�~ 220 [Æ�°}Ã¥x<Z#�Qk»gK .7

%,ªìÂ[Æ�°}»îwZzg�~ 400 Zq-[Å�~�°}Ð�ztìZzgZk»gK .8

¥x<X
ªìXZ¤/[» 15 ªZzg 20 Zq-[»gKlÆgKÆ)z~ìXTÆîwZzg²nF,KMzZg .9

ª�Â[Å�~¥x<X 30 �°{
~�t�Zg{»gK¥x<X ABCD^ .10

~�tG�ñ{»gK¥x< ABCD^ .11
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12. Find the area of a parallelogram PQRS, if  PR = 24 cm and QU = ST = 8 cm.

13. The base and height of the triangle are in the ratio 3:2 and its area is 108 cm2. Find its base

and height.

13.3 Area of a rhombus

Santosh and Akhila are good friends. They are fond
of playing with paper cut-outs. One day, Santosh gave
different triangle shapes to Akhila. From these she made
different shapes of parallelograms. These
parellelograms are given  below-

Santosh asked Akhila, 'which parallelograms has 4 equal sides?"

Akhila said, 'the last two have equal sides."

Santhosh said, ‘If all the sides of a parallelogram are equal, it is called a Rhombus.’

Now let us learn how to calculate the area of a Rhombus.

Like in the case of a parallelogram and triangle, we can use the method of splitting into congruent

triangles to find the area of a rhombus.

QP

R

9 cm

S

8 cm U

T

8 cm
24 cm
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QU=ST=ª8 Zzg PR=ª24 »gK¥x<Z#� PQRS áZi~ZÑHq .12

%,ªìXÂZkÆ 108 ÅÚìXZzgZk»gK 3:2 [Æ�°}Zzg�~ÆîwÆ�gxy .13

�°}Zzg�~Ã¥x<X
¥»gK 13.3

gc*nZzgiâ�zâVZi�z�&�Xz{»½ÆZZDw»^�
ZyÐögì�XZq-�ygc*näiâÃZ[Æ
ZDw��iâäZy!5Ò5é II]ÐZnÆáZi~ZÑHq
¯ñXZyáZi~ZÑHqÃfs~�îc*�HìX

ZHq)z~�? 4 gc*näiâÐ7Y�¾áZi~ZÑHqÆ
iâä¹Wy%~�zZDwÆZHq)z~�

LLZ¤/ËáZi~ZÑHqÆegI)z~�D�VÂZ+̂Ã¥ë�Xóó A$gc*näec*
ÂW�¥»gK¥x�äÆ§iÃZÐX
áZi~ZÑHqZzg!5Ò5é II]Å§bë¥ÃÌ�z§z!5Ò5é II]~��D�ñgK¥x�Mh�X
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ABCD is a rhombus.
Area of rhombus ABCD = (area of DACD) + (area of DACB)

= 
1 1AC OD AC OB
2 2

æ ö æ ö´ ´ + ´ ´ç ÷ ç ÷
è ø è ø

   diagonals bisect perpendicularly

= 
1 AC (OD OB)
2

´ +

= 
1 AC BD
2

´

= 1 2
1 d d
2

´  (as AC = d1 and BD = d2)

In other words, the area of a rhombus is equal to half the product of its diagonals i.e.,

A = 
1
2  d1d2

Example 4 : Find the area of rhombus ABCD

Solution : Length of the diagonal (d1) = 7.5 cm

Length of the other diagonal (d2) = 5.6 cm

Area of the rhombus (A) =   
1
2  d1 d2

                     Therefore, A =   
1
2  × 7.5 × 5.6 = 21 cm2

Thus, area of rhombus ABCD = 21 cm2

Example 5 : The area of a rhombus is 60 cm2 and one of its diagonals is 8 cm. Find the other
diagonal.

Solution : Length of one diagonal (d1) = 8 cm
Length of the other diagonal = d2

Area of rhombus =   
1
2  × d1 × d2

Therefore,                         60 =   
1
2  × 8 × d2

                                          d2 = 15 cm.
Thus, length of the other diagonal is 15 cm.

d1

d2O

A

B

C

D
5.6 cm

7.5 
cm

A B

D C
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Zq-¥ì ABCD

ABCD ¥»gK »gK(= »gK(+) )

zF,Zq-�zu}ÃÀ�Us�D�

ª �zu}/V~¥»gKzF,zVÆqÝ¢[»Û�@*ìX
»gK¥x<? ABCD¥ :D 4 Vw
zF,»îw (d1) ª= 7.5 i:D
�zu}zF,»îw (d2) ª= 5.6

¥»gK

Zkn %,ª 21

%,ªìX 21 »gK ABCD Å<å XEZ¥
ªìÂ�zu}zF,»îw¥x<X 8 %,ªìZzgZkÆZq-zF,»îw 60 Zq-¥»gK :D 5 Vw

zF,»îw (d1) =ª8 i:D
¥»gK

ª15

ªìX 15 Å<å XEZ�zu}zF,»îw
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Exercise 4

1. Find the area of the following rhombuses.

2. Find the missing values.

Diagonal-1 (d1) Diagonal-2 (d2) Area of rhombus
12 cm 16 cm

27 mm 2025 mm2

24 m 57.6 m

3. If length of diagonal of a rhombus whose area 216 sq. cm. is 24 cm. Then find the length
of second diagonal.

4. The floor of a building consists of 3000 tiles which are rhombus shaped. The diagonals of
each of the tiles are 45 cm and 30 cm. Find the total cost of polishing the floor tiles, if cost
per m2 is ` 2.50.

13.4 Circumference of a circle

Nazia is playing with a cycle tyre. She is rotating the tyre with a stick
and running along with it.

What is the distance covered by tyre in one rotation?

The distance covered by the tyre in one rotation is equal to the length
around the wheel. The length around the tyre is also called the
circumference of the tyre .

What is the relation between the total distance covered by the tyre
and number of rotations?

Total distance covered by the tyre =  number of rotations × length around the tyre.

2 cm
5 cm

5 cm 2 cm
3 cm

4 
cm5 c

m 5 cm

5 cm 5 c
m

3 cm

4 
cm
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���¥»gK¥x<X .1

¸T$�{�gzVÃ�g`<X .2

(1 zF,) d1 (2 zF,) d2 ¥»gK
ª12 ª16

ª27 %,ª 2025

¢a24 ¢a57.6

%,ªìÂZkÆ�zu}zF,»îw¥x<X 216 ªìZzgZk»gK 24 ¥ÆZq-zF,»îw .3

ªìÂ 30 ªZzg 45 N*&Òø
J

wñ��XCÙN*L»zF,!*nKM 3000 Zq-qg]Æ�Ûl6,¥ú^Æ   .4

°%,¢aHy%aWñÇ¥x<X Rs. 2.50 �ÛlÃ0*×�äÆnó[
�Z],}»� 13.4

**it�¡ÆN*],Ðög�ìz{N*],ÃÇ~Åæ�Ð¤/�l�}g�ìZzg
ZkÆ�Bp�Ì�zhg�ìX
N*],ÅZq-¤/�lå�ä6,HÃ,�/õJ�Z�Ç?Zq-¤/�l~N*],»ðH�Z
Ã,N*],ÆÛzã�Z],z~îwÆ)z~�ÇN*],ÆÛzã�Z],z~îwÃ¬xîg6,
N*],»�ë�X
N*],»]�/õJ��{Ã,ZzgN*],Å¤/�ØVÅ®Z�Æ�gxyHģ0*c*Y@*ì?

N*],»Ûzã�Z],z~îw<¤/�ØVÅ®Z�=N*],»]ð��{Ã,
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Activity 2

Jaya cut a circular shape from a cardboard. She wants to stick lace around
the card to decorate it. Does the length of the lace required by her is equal to
the circumference of the card? Can she measure the circumference of the card
with the help of a ruler?

Let us see what Jaya did?
Jaya drew a line on the table and marked its starting
point A. She then made a point on the edge of the
card. She placed the circular card on the line, such
that the point on the card coincided with point A. She
then rolled the card along the line, till the point on the
card touched the line again. She marked this point B. The length of line AB is the circumference of
the circular card. The length of the lace required around the circular card is the distance AB.

Try This
Take a bottle cap, a bangle or any other circular object and find its circumference
using a string.

It is not easy to find the circumference of every circular shape using the above method. So we need
another way for doing this. Let us see if there is any relationship between the diameter and the
circumference of circles.

A man made six circles of different radii with cardboard and found their circumference using a
string. He also found the ratio between the circumference and diameter of each circle.

He recorded his observations in the following table-

Circle Radius Diameter Circumference Ratio of circumference and diameter

1. 3.5 cm 7.0 cm 22.0 cm
22 3.14
7

=

2. 7.0 cm 14.0 cm 44.0 cm
44 3.14
14

=

3. 10.5 cm 21.0 cm 66.0 cm

4. 21.0 cm 42.0 cm 132.0 cm

5. 5.0 cm 10.0 cm 32.0 cm

6. 15.0cm 30.0 cm 94.0 cm

B
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:2r
�Zq-k}Ð�Z],z~̂»�Z»¦ìXz{ZkÆZ§Zs=z^Å{§:Î**eS
ìXQÐ�Z],z~k}Æ�Æ)z~îwzZÑ:�g»gìXHz{�Åeöð~Å
æ�Ð�$ËìX
W��H�Cì�BÐ��!

»¶KyÎc*X A �äö6,Zq-â5ÔZkÆZ�Zð`6,
ZkÆ�k}ÆgZk6,Z(�¶KyÎc*XZ[�Z],z~
k}Ãö6,Q�â6,Z(g3�â»Z�Zð¶KyZzg
k}»¶KyZq-�zu}6,;�VXZ[Zk�Z],z~k}ÃâÆ�B�C�Z#J-�k}ÆgZkzZÑ

»îw�Z],z~k}»�ìX�Z],z~k}Æ AB Ð¶K0+�ÅÔâ B ¶Ky�z!*g{âÃgYñZzgZk£xÃ
ÆÃ,Æ)z~�@*�ÇX AB n�g»g:»îwÌ

ÃÒ<
�JÐÅæ�ÐÔ1LÞÆe�½èEÔah~c*ËZzg�Z],z~�Æ�Ã¥x<X
qgz!*Ñ§iÐCÙ�Z],z~^»�¥x�**W�y7ìXZkn�Zq-�zu}§iÅ¢zg]Ñh
�CìXW��B�Z],}Æ¢Zzg�Æ�gxyHÃðģ0*c*Y@*ìX

Zq-¿bZÛ¢zZák}Ð¶�Z],}©8ìZzgZk»��JÐÅæ�Ð¥x�@*ìÔZzg
QkäCÙ�Z],}Æ�Zzg¢Æ�gxy0*ðYäzZàÚÃÌ¥x�@*ìX
ZkäZLx@Z]Ãqgzfs].zw~�g`HìX

�Z],{ Û¢ ¢ � �Zzg¢~Ú
1 ª3.5 ª7.0 ª22.0

2 ª7.0 ª14.0 ª44.0

3 ª10.5 ª21.0 ª66.0

4 ª21.0 ª42.0 ª132.0

5 ª5.0 ª10.0 ª32.0

6 ª15.0 ª30.0 ª94.0
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What can you infer from the above table? Is the ratio between the circumference and the diameter
of each circle approximately the same? Can we say that the circumference of a circle is always
about three times its diameter?

The approximate value of the ratio of the circumference to the diameter of a circle is 
22
7  or 3.14.

Thus it is a constant and is denoted by p (pi).

Therefore,   
c
d

p= where 'c' is the circumference of the circle and 'd' its diameter..

Since,       
c
d

p=

         c = p d

Since, diameter of a circle is twice the radius i.e. d = 2r (r = radius)

        c = p × 2 r      or      c = 2 p r

Thus, circumference of a circle, c = pd  or  2pr

Example 6 : Find the circumference of a circle with diameter 10 cm. (Take p = 3.14)

Solution : Diameter of the circle (d) = 10 cm.

Circumference of circle (c) = p d

= 3.14 × 10

                                       c = 31.4 cm

Thus, the circumference of the circle is 31.4 cm.

Example 7 : Find the circumference of a circle with radius 14 cm. (Take 
22
7

p = )

Solution : Radius of the circle (r) = 14 cm

Circumference of a circle (c) = 2 p r

                   Therefore, c = 2 × 
22
7  × 14

c = 88 cm

Thus, the circumference of the circle is 88 cm.
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qgz!*Ñ].zwÐW\HZ0+Zi{ÎMh�?HCÙ�Z],}Æ�Zzg¢Æ�gxy½ãZq-ÜÚ�Cì?H
ëÈMh���Z],}»�å½ã�Z],}Æ¢»&kH�@*ìX

tåxgSìZzg �CìX 3.14c* Ë�Z],}Æ�Zzg¢Æ�gxy0*ðYäzZàÚÅg�g
©Å´#ÖÐ̈�D�X ZkÃ

Zk»¢�@*ìX "d" �Z],}»�ìZzg "C" �V6,þ Zkn

aè

(r Ô)Û¢= d=2r ²�Z],}»¢ÔÛ¢»�zkH�@*ìª
c*

ìc= c ZÏn�Z],}»�
k( ª�) 10 �Z],}»�¥x<²Zk»¢ :D 6 Vw

�Z],}»¢ d ª= 10 i:D
�Z],}»�

=3.14 x 10
C = 31.4

ªì 31.4 �V�Z],}»�
k( Å�g ª�X) 14 �Z],}»�¥x<²Zk»Û¢ :D 7 Vw

�Z],}»Û¢ (r) = ª14 i:D
�Z],}»� (c) =

aè C =

C = ª88

ªìX 88 Å<å XEZ�Z],}»�
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Exercise - 5

1. Find the circumference of a circle whose radius is-

(i)  35 cm (ii)  4.2 cm (iii)  15.4 cm

2. Find the circumference of circle whose diameter is-

(i)  17.5 cm (ii)  5.6 cm (iii)  4.9 cm

            Note : take 
22
7

p =  in the above two questions.

3. (i) Taking p = 3.14, find the circumference of a circle whose radius is

(a) 8 cm (b) 15 cm (c) 20 cm

(ii) Calculate the radius of a circle whose circumference is 44cm?

4. If the circumference of a circle is 264 cm, find its radius. Take 
22
7

p = .

5. If the circumference of a circle is 33 cm, find its diameter.

6. How many times will a wheel of radius 35cm be rotated to travel  660 cm?

           ( Take 
22
7

p = ).

7. The ratio of the diameters of two circles is 3 : 4. Find the ratio of their circumferences.

8. A road roller makes 200 rotations in covering 2200 m.
Find the radius of the roller.

9. The minute hand of a circular clock is 15 cm.
How far does the tip of the minute hand move in 1 hour?
(Take p = 3.14)

10. A wire is bent in the form of a circle with radius 25 cm. It is
straightened and made into a square. What is the length of the side
of the square?
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�Z],{»�¥x<²ZyÆÛ¢t�VX .1

(i) 35ª (ii) 4.2ª (iii) 15.4ª
�Z],{»�¥x<Z#�ZyÆ¢t�VX .2

(i) 17.5ª (ii) 5.6ª (iii) 4.9ª
k Å�g â^:Dqgz!*Ñ�zâVÎZÑ]Æn

fe�ñ����Z],zVÆ�¥x<²Zy»Û¢ 3.14= (i) .3

(a) 8ª (b) 15ª (c) 20ª
ªìX 44 �Z],{»Û¢¥x<T»� (ii)

ªìX 264 Ãfe�ñ�Z],{»Û¢¥x<²Zk»� = .4

ª�ÂZk»¢¥x<X 33 Z¤/�Z],{»� .5

( = ªÃ,ð�äÆnX�i¤/�l�**7,}Ç) 660 ªÛ¢zZá¼Ã 35 Zq- .6

ÅÚìXÂZyÆ�Æ�gxy0*ðYäzZàÚ¥x<X 3:4 �z�Z],zVÆ¢Æ�gxy .7

¤/�l�@* 200 ¢aÃ,ð�äÆn 2200 Zq-gzegz° .8

ìXÂZkgz°»Û¢¥x<X
ªìX 15 Zq-�Z],z~zäÅ{~~4Æ»�ÅMð .9

e��Zq-�~4Æ»�»uZHÃ,ð�}ÇX
�g`<X â^:

ªìÔZ¤/ 25 Ã�Z],z~̂~}�HT»¢ (wire) Zq-',¹@*g .10

Zk@*gÃZq-%,Å̂�~YñÂeñ�Zk%,ÆCÙZq-IÅMð
H�ÏX
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13.5 Rectangular Paths

We often come across such walking paths in garden, park and playground areas. Now we shall
learn how to measure the areas of such paths as this often useful in calculating their costs of
construction.

Example 8 : A plot is 60m long and 40m wide. A path 3m wide is to be constructed around the
plot. Find the area of the path.

Solution : Let ABCD be the given plot. A 3m wide path is running all around it. To find the
area of this path we have to subtract the area of the smaller rectangle ABCD from
the area of the bigger rectangle EFGH.

Length of inner rectangle ABCD = 60m

Breadth of inner rectangle ABCD = 40m

Area of inner rectangle ABCD = (60 x 40) m2

= 2400 m2

Width of the path = 3m

Length of outer rectangle EFGH = 60 m + (3+3) m

= 66 m

Breadth of outer rectangle EFGH = 40 m + (3+3) m

= 46 m

A

H

FE

D C

B
3 m

3 m

3 m 3 m
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!k3�5Ð
ö

G

GgZ5 13.5

�Z,awgZ5mÆZ§ZsÃWD�XZ[ëZygZ2VÆgÕ¾§b¥xGYD�
ZÐXt�ZyÅyÆnWäzZáy%aÃC[�ä~çzyU*"$�ÇX

¢aahZðzZÑZq-gZ3¯c*�HìXgZ3» 3 ¢aahZìXö^ÆZ§Zs 40 ¢aMZzg 60 Zq-ö^ :D 8 Vw
gK¥x<X

i:D
�c*�Hö^ìXZnZ§ZsZq-&¢aahZðzZÑgZ3ìX�gZ3»gK¥x ABCD �Ûn�z�

»gĶ&�**�ÇX ABCD ÆgÕÐgLl EFGH �äÆn(,}l
»îw ABCD Z0+gzãl = ¢a60

»²n ABCD Z0+gzãl = ¢a40

»gK ABCD ö^ = %,¢a (40 x 60)

= %,¢a 2400

gZ5ÅahZð = ¢a3

»îw EFGH Ûzãl = ¢a60 ¢a+ (3+3)

= ¢a66

»îw EFGH Ûzãl = ¢a40 ¢a+ (3+3)

= ¢a46

�Îfä]æ�]u^�ä 2022-23 tÂ[Ó#ÖË:ÅY+$Ðj�ÆaìX161

S.C
.E

.R
.T

. T
ELA

NGANA



162AREA  AND PERIMETERFree distribution by T.S. Government 2022-23

Area of the outer rectangle EFGH = 66 x 46 m2

= 3036 m2

      Area of the path = Area of  the outer rectangle EFGH – Area of  the inner rectangle ABCD
Therefore, area of the path = (3036 – 2400) m2

= 636 m2

Example 9 : The dimensions of a rectangular field are 90 m and 60 m. Two roads PQRS and
EFGH are constructed such that they cut each other at the centre of the field and
are parallel to its sides as shown in the figure. If the width of each road is 3 m, find-
(i) The area covered by the roads.

(ii) The cost of constructing the roads at the rate of  110 per m2.

Solution : Let ABCD be the rectangular field. PQRS and EFGH are the 3m roads.

From the question we know that,
PQ = 3 m, and PS = 60 m

EH = 3 m, and EF = 90 m
KL = 3 m KN = 3 m

Here, KLMN is a square.
(i) Area of the crossroads is the area of the rectangle PQRS and the area of the

rectangle EFGH. As is clear from the picture, the area of the square KLMN
will be taken twice in this calculation thus needs to be subtracted once.

Area of the roads = Area of the rectangle PQRS  + Area of the rectangle EFGH
   – Area of the square KLMN

= (PS × PQ) + (EF × EH) – (KL × KN)

= (60 × 3) + (90 × 3) – (3 × 3)

= (180 + 270 – 9)

= 441 m2

A P Q B

E K L F

H N M G

D S R C
90 m

60 m

3 m

3 m
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»gK EFGH %,¢a=Ûzãl ( 66 x 46)

%,¢a 3036 =

»gK=gZ5»gK EFGH »gK=Ûzãl ABCD Z0+gzãl
%,¢a=Z=gZ5»gK (3036 - 2400)

%,¢a 636 =

Zk§b¯ñ���t EFGH Zzg PQRS ¢a��zgZ5 60 ¢aZzg 90 Zq-!k3�5Ðö
G

GyZyÆZ�� :D 9 Vw
�zâVyZyÆ%�/6,Zq-�zu}Ãs�D�ZzgtgZ5^VÆáZi~�6�̂~

gZ5HgK=Í,Ð (i) �îc*�HìZ¤/gZ5ÅahZð&¢a�Â¥xÙX
gZ5Åy»y%a¥x<X Rs. 110/- ó[°%,¢a (ii)

i:D
gZ5ñ���X EFGH Zzg PQRS ¢aah} 3 Zq-!k3�5Ðö

G

GyZyìZkÆZ0+g ABCD �Ûn�z�
PQ= ¢a3 Zzg PS= ¢a60 ÎZwÅgzëY���
EH= ¢a3 Zzg EF= ¢a90
KL= ¢a3 Zzg KN= ¢a3

%,ìX KLMN �V
ÆgKÆù·ÆX6�̂~�îc* EFGH Zzgl PQRS £/gZ2V»gK)z~�@*ìl (i)

»gK�z�i�[H�HìXZkn�e��ZkÆgKÃZq-%û̧& KLMN �HìXZk~%,
�,X

»gK=gZ2V»gK PQRS »gK+l EFGH »gKDl KLMN %,
= (PS x PQ) + (FH x EH) - (KL x KN)

= (60 x 3) + (90 x 3) - (3 x 3)
= (180 + 270 - 9) %,¢a

%,¢a 441
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(ii) Cost of construction =  110 per m2

Cost of constructing 441 m2 =  110 × 441

Cost of constructing the roads =  48,510

Example 10 : A path of  5m wide runs around a square park of side 100m. Find the area of the
path. Also find the cost of cementing it at the rate of  250 per 10m2

Solution : In the figure PQRS is a square park.  The shaded region represents the 5m wide
path.
Length of  side of square PQRS =  100 m

Area of the square PQRS = (side)2 = (100 m)2 = 10000 m2

Length of  side of square ABCD = 100 + (5 + 5) = 110 m

Area of the square ABCD = (side)2 = (110 m)2 = 12100 m2

\  Area of the path  =  Area of square ABCD  –  Area of square PQRS

= (12100 – 10000) = 2100 m2

Cost of the cementing per 10 m2 = 250

Therefore, cost of the cementing 1 m2 =
250
10

Thus, cost of cementing 2100 m2 =
250 2100
10

´   =  52,500

Therefore, cost of cementing  is  52,500.

Exercise - 6

1. A path 2.5 m wide is running around a square field whose side is 45 m. Determine the area
of the path.

2. The central hall of a school is 18m long and 12.5 m wide. A carpet is to be laid on the floor
leaving a strip 50 cm wide near the walls, uncovered. Find the area of the carpet and also
the uncovered portion?

A B

P Q

D C

R SS R
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°%,¢a Rs. 110/- gZ5Åy»y%aó[ (ii)

gZ5Åy»y%a = 100 x 441

Rs. 48510/-

¢aìXgZ5»gK¥xÙ 100 Zq-%¹mÆZ§Zs0*õ¢aahZgZ3¯c*�HìXT»I :D 10 Vw
gz[Ð\.3ïEH�ä»y%a¥x<X  250 %,¢a 10 ZzggZ5Ãó[°

i:D
¢aahZgZ3ìX 5 ¢aì�V�tH�Zz 100 Zq-%¹mìT»I PQRS �Ûn�z�

ÆI»îw PQRS ¢a=%, 100

»gK PQRS )I(=%, 2 ¢a(= 100)2 %,¢a= 10000

ÆI»îw ABCD =%, 100 (+ 5+5 ¢a=) 100

»gK ABCD %,  )I(= 2
(¢a= 110)2 %,¢a= 12100

»gK=Zk§bgZ5»gK ABCD »gKD%, PQRS %,
 =(2100 - 10000) %,¢a= 2100

%,¢aÃ\.3ïEH�ä»y%a  10=Rs. 250/-

=Zk§b°%,¢aÃ\.3ïEH�ä»y%a

%,¢aÃ\.3ïEH�ä»y%a 2100 =Zkn

Rs. 52,500/- 

¢aahZgZ3¯c*�HìXgZ5»gK¥x<X 2.5 ¢aìTÆZ§Zs 45 Zq-%¹yZyT»I .1

ª50 ¢aahZìX;wÅZ0+gzã�-ZgzVÐ 12.5 ¢aMZzg 18(Central hall) Zq-æg�»%�/~;w .2

ah~÷ghD�ñ�AwðYäzZàìXwð��A»gK¥xÙZzg�A:wñ�z»
gKÌ¥xÙX
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3. The length of the side of a grassy square plot is 80 m. Two walking paths each 4 m wide
are constructed parallel to the sides of the plot such that they cut each other at the centre
of the plot. Determine the area of the paths.

4. A verandah 2 m wide is constructed all around a room of dimensions 8 m × 5 m. Find the
area of the verandah

5. The length of a rectangular park is 700 m and its breadth is 300 m. Two crossroads, each
of width 10 m, cut the centre of a rectangular park and are parallel to its sides. Find the
area of the roads. Also, find the area of the park excluding the area of the crossroads.

Looking Back

• The area of the parallelogram (A) is equal to the product
of its base (b) and corresponding height (h) i.e.,  A = bh
(Any side of the parallelogram can be taken as the base).

• The area of a triangle (A) is equal to half the product of

its base (b) and height (h) i.e.,  A = 
1
2  bh.

• The  area  of  a  rhombus  (A)  is  equal  to  half  the  product  of  its  diagonals

 i.e.,  A = 
1
2  d1d2.

• The circumference of a circle (C) = 2 p r where r is the radius of the circle and

p = 
22
7  or 3.14.

Archimedes (Greece)
287 - 212 BC
He calculated the value of p first time.
He also evolved the mathematical formulae for finding
out the circumference and area of a circle.
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¢aahZðzZá�záZi~gZ5ö^Æ�gxyÐ¯ñ� 4 ¢aì 80 vkÆ%¹ö^»Zq-I .3

�X�ö^Æ%�/6,Zq-�zu}Ãs�D�XgZ2V»gK¥xÙX
¢aahZÔöyH�HìXö»gK¥xÙ? 2 ¢a�ZkÆZ§Zs 5 ¢aZzg 8 Zq-#{TÆZ�� .4

¢aah}�zgZ5*gD 10 ¢aìXZn�gxyÐ 300 ¢aZzgZk»²n 700 Zq-!k3�5Ðö
G

Gm»îw .5

��!k3�5Ðö
G

GmÆ%�/6,Zq-�zu}Ðs�D�XZzglÆZHqÆáZi~�XgZ2V»
gK¥x<XZzgm»gKgZ2VÆgKÃu�D�ñ¥xÙX

ëäH5:D
A=bh ÆqÝ¢[Æ)z~�@*ìXª (h) ZzgpÐø�~ (b) áZi~ZÑHq»gK�°{ /

�V�g�°{áZi~ZÑHqÆËÌIÃ1YYìX
ÆqÝ¢[ÆÛÆ)z~�@*ìX (h) Zzg�~ (b) [»gK�°} /

ª
¥»gKZkÆzF,zVÆqÝ¢[ÆÛÆ)z~�@*ìX /

ª
=�Z],}»�

ìX  c*3.14 �Z],}»Û¢Zzg r �V

Wg:k)-**ãgc*è�ZVz�b�ZV(
Ôt�x� 287-212

¥xÅ Å7 ä�&Ð¬
�Z],}»gKZzgZq©¥x�äÆn��ÃF,KM�c*
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UNDERSTANDING 3D
AND 2D SHAPES

14.0 Introduction

We have been introduced to various three-dimensional shapes in class VI. We have also identified
their faces, edges and vertices. Let us first review what we have learnt in class VI.

Exercise - 1

1. Given below are the pictures of some objects. Categorise and fill write their names according
to their shape and fill the table with name of it.

Sphere Cylinder Pyramid Cuboid Cone Cube
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�: 14.0

XZkÆ¥c)g}ZzggZÎVÅÌ ë)®)¼~Z�Z��~ZDwÐ0¥â]qÝ�`�
Ù|#�`�XM�ë)®)¼~¼�ñï]»Z¬�{�,�X

fs~PZ�xÅZDw�~��XZDwÅãC�6,ZyÆ**x��ñ�gzÈ~ÙÔZzg].zw~�g` X1

ÙX

14 �zZ��~Zzg�Z��~ZDwÅ�
Understanding 3D and 2D Shapes
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2. Write names of at least 2 objects from day-to-day life, which are in the shape of the basic
3D shapes given below:

(i) Cone ----------- ----------- ----------- -----------

(ii) Cube ----------- ----------- ----------- -----------

(iii) Cuboid ----------- ----------- ----------- -----------

(iv) Sphere ----------- ----------- ----------- -----------

(v) Cylinder ----------- ----------- ----------- -----------

3. Identify and state the number of faces, edges and vertices of the figures given below:

                      Cube Cuboid Pyramid

Faces

Edges

Vertices

14.1 Nets of 3-D shapes

We now visualise 3-D shapes on 2-D surfaces, that is on a plain paper. This can be done by
drawing the ‘nets’ of the various 3-D figures.

Take a cardboard box (cartoon of tooth paste or shoes etc.,). Cut the edges to lay the box flat.
You have now a net for that box. A net is a sort of skeleton-outline in 2-D (Figure 1), which, when
folded (Figure 2), results in a 3-D shape (Figure 3).

Figure 1 Figure 2 Figure 3
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Edge
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Here is a net pattern for a box. Trace it and paste it on a
thick paper and try to make the box by suitably folding
and gluing together. What is the shape of the box?

3

6

3

8 3

8 3

6 6

8

8

8

8

3

3

6

Figure  1  Figure 2

Similarly, take a cover of an ice-cream cone
or any like shape. Cut it along it’s slant
surface as shown in Figure 1. You will get the net for the cone as
shown in Figure 2.

Try This

Take objects having different shapes (cylinder, cube, cuboid and cone) and cut them
to get their nets with help of your teachers or friends.

You will come to know by the above activity that you have different nets for different
shapes. Also, each shape can also have more than one net according to the way we
cut it.

Exercise - 2

1. Some nets are given below. Trace them and paste them on a thick paper. Try to make 3-D
shapes by suitably folding them and gluing together. Match the net with it’s 3-D shape.

    Nets 3D shapes
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2. Three nets for each shape are given here. Match the net with its 3D-shape.

(i)

(a) (b) (c)

(ii)

(a) (b) (c)

3. A dice is a cube with dots on each face. The opposite faces of a dice always
have a total of seven dots on them.

Here are two nets to make  dice. Insert the suitable number of dots in blanks.S.C
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Play This

You and your friend sit back to back. One of you read out a net to make a 3-D shape, while the
other copies it and sketches or builds the described object.

14.2 Drawing solids on a flat surface

Our drawing surface is a paper, which is a flat surface. When you draw a solid shape, the images
are somewhat distorted. It is a visual illusion. You will find here two techniques to help you to draw
the 3-D shapes on a plane surface.

14.2.1 Oblique Sketches

Here is a picture of a cube. It gives a clear idea of how the cube looks, when seen
from the front. You do not see all the faces as we see in reality. In the picture, all the
lengths are not equal, as they are in a real cube. Still, you are able to recognise it as
a cube. Such a sketch of a solid is called an oblique sketch.

How can you draw such sketches? Let us attempt to learn the technique. You need a squared
(lines or dots) paper. Initially practice to draw on these sheets and later on a plain sheet (without
the aid of squared lines or dots!) Let us attempt to draw an oblique sketch of a 3 × 3 × 3 cube
(each edge is 3 units).

Step 1 Step 2
Draw the front face. Draw the opposite face. Sizes of the

faces have to be same, but the sketch is
somewhat off-set from step 1.

Step 3 Step 4
Join the corresponding corners Redraw using doted lines for hidden edges.

(It is a convention) The sketch is ready now.
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In the above oblique sketch did you notice the following?
(i) The sizes of the front face and its opposite face are same.
(ii) The edges, which are all equal in a cube, appear so in the sketch, though the actual measures

of edges are not taken so.
You could now try to make an oblique sketch of a cuboid (remember the faces in this case

are rectangles).

You can draw sketches in which measurements also agree with those of a given solid. To do
this we need what is known as an isometric sheet. Let us try to make a cuboid with dimensions 7
cm length, 3 cm breadth and 4 cm height on an isometric sheet.

14.2.2 Isometric Sketches

To draw sketches in which measurements also agree with those of the given solid, we can
use isometric dot sheets. In such a sheet the paper is divided into small equilateral triangles made
up of dots or lines. Let us attempt to draw an isometric sketch of a cuboid of dimensions 7×3×4
(which means the edges forming length, breadth and height are 7, 3, 4 units respectively).

Step 1 Step 2
Draw a rectangle to show the front face Draw four parallel line segments of length 3 units

starting from the four corners of the rectangle.

Step 3 Step 4
Connect the matching corners This is an isometric sketch
with appropriate line segments. of a cuboid.
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Note that the measurements of the solid are of exact size in an isometric sketch; this is not so in the
case of an oblique sketch.

Example 1 : Here is an oblique sketch of a cuboid. Draw an isometric
sketch that matches this drawing.

Solution : The length, breadth and height are 3, 3 and 6 units respectively

Exercise - 3

1. Use an isometric dot paper and make an isometric sketch for each one of the given shapes.

66

1

1 1

1
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3
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7 7

3
3

3
3
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(i)

(iii)

(ii)

(iv)
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2. The dimensions of a cuboid are 5 cm, 3 cm and 2 cm. Draw three different isometric
sketches of this cuboid.

3. Three cubes each with 2 cm edge are placed side by side to form a cuboid. Draw an
oblique or isometric sketch of this cuboid.

4. Make an oblique sketch for each of the given isometric shapes.

5. Give (i) an oblique sketch and (ii) an isometric sketch for each of the following:

(a) A cuboid of dimensions 5 cm, 3 cm and 2 cm. (Is your sketch unique?)

(b) A cube with an edge 4 cm long.

14.3 Visualising solid objects

Sometimes when you look at combined shapes, some of

them may be hidden from your view.

(i) (ii)

(iii) (iv)
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Here are some activities to help you visualise some solid objects and how they look. Take some
cubes and arrange them as shown below.

Now ask your friend to see from the front and guess the total number of cubes in the following
arrangements.

Try This

Estimate the number of cubes in the following arrangements.

Such visualisations are very helpful.

Suppose you form a cuboid by joining cubes. You will be able to estimate what the length, breadth

and height of the cuboid would be.

Example  2 : If two cubes of dimensions 2 cm × 2cm × 2cm are placed side by side, what

would the dimensions of the resulting cuboid be?

Solution :  As you can see when kept side by side, the length is the only measurement which

increases.

Length = 2 + 2 = 4 cm.

Breadth = 2 cm and Height = 2 cm.

2 cm = H

2 cm2 cm
2 cm = B

L
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Try This

1. Two dice are placed side by side as shown. Can
you say what the total would be on the faces
opposite to them?   (i) 5 + 6 (ii) 4 + 3

(Remember that in a dice the sum of numbers on
opposite faces is 7)

2. Three cubes each with 2 cm edge are placed side by side to form a cuboid. Try
to make an oblique sketch and say what could be its length, breadth and height.

14.3.1 Viewing different sections of a solid

Now let us see how an object which is in 3-D can be viewed in different ways.

14.3.1a) One way to view an object is by cutting or slicing the object

Slicing game

Here is a loaf of bread. It is like a cuboid with square
faces. You ‘slice’ it with a knife.

When you give a ‘horizontal’ cut, you get several pieces,
as shown in the figure. Each face of the piece is a square! We call this face a ‘cross-section’ of the
whole bread. The cross section is nearly a square in this case.

Beware! If your cut is ‘vertical’ you may get a different cross section! Think about it. The boundary
of the cross-section you obtain is a plane curve. Do you notice it?

A kitchen play

Have you noticed cross-sections of some vegetables when they are cut for the purposes of cooking
in the kitchen? Observe the various slices and get aware of the shapes that results as
cross-sections.

 Do This

1. Make clay (or plasticine) models of the following solids and make vertical or

horizontal cuts. Draw rough sketches of the cross-sections you obtain.

Name them if possible.
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2. What cross-sections do you get when you give a (i) vertical cut (ii) horizontal cut to the
following solids?

(a) A brick (b) A round apple (c) A die (d) A cylindrical pipe (e) An ice cream cone

14.3.1b) Another Way is by Shadow Play

A shadow play

Shadows are a good way to illustrate
how three-dimensional objects can be
viewed in two dimensions. Have you seen
a shadow play? It is a form of
entertainment using solid articulated
figures in front of an illuminated
backdrop to create the illusion of moving
images. It makes some indirect use of
ideas of Mathematics.

You will need a source of light and a few solid shapes for this activity. If you have an overhead
projector, place the solid under the lamp and do these investigations.

Keep a torchlight, right in front of a cone. What type of shadow does it cast on the screen? (Figure 1).

The solid is three-dimensional; what about the shadow?

If, instead of a cone, you place a cube in the above game, what type of shadow will you get?

Experiment with different positions of the source of light and with different positions of the solid
object. Study their effects on the shapes and sizes of the shadows you get.

Here is another funny experiment that you might have tried already:

Place a circular tumbler in the open when the sun at the noon time is just right above it as shown in
the figure below. What is the shadow that you obtain?

Will it be same during    (a) afternoon?            (b) evening?

Study the shadows in relation to the position of the sun and the time of observation.

Figure 1
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Exercise - 4

1. A bulb is kept burning just right above the following solids. Name the shape of the shadows
obtained in each case. Attempt to give a rough sketch of the shadow. (You may try to
experiment first and then answer these questions).

A ball A cylindrical pipe A book

2. Here are the shadows of some 3D objects, when seen under the lamp of an overhead
projector. Identify the solid(s) that match each shadow. (There may be many answers for
these!)

A circle A square A triangle A rectangle

(i) (ii) (iii) (iv)

Fun with a cube
A unit cube can fitted together with 7 other identical
cubes to make a larger cube with an edge of 2 units as
shown in figure.

How many unit cubes are needed to make a cube with an
edge of 3 units?

Looking Back

3D shapes can be visualised on 2D surfaces, that is on paper
by drawing their nets.

Oblique sketches and isometric sketches help in visualising
3D shapes on a plane surface.
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SYMMETRY 15

15.0 Introduction

Look around you. You will find that many objects around you are symmetrical. So are the objects
that are drawn below.

All these objects are symmetrical as they can be divided in such a way that their two parts coincide
with each other.

15.1 Line Symmetry

Let us take some more examples and understand what we mean. Trace the following figures on a
tracing paper.

Figure 1 Figure 2 Figure 3 Figure 4

Fold Figure 1 along the dotted line. What do you observe?

You will find that the two parts coincide with each other. Is this true in Figure 2 and 3?

You will observe that in Figure 2, this is true along two lines and in Figure 3 along many lines. Can
Figure 4 be divided in the same manner?

Figure 1, 2 and 3 have line symmetry as they can be divided in such a manner that two parts of the
figure coincide with each other when they are folded along the line of symmetry. The dotted line
which divides the figures into two equal parts is the line of symmetry or axis of symmetry. As you
have seen, an object can have one or more than one lines of symmetry or axes of symmetry.
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Try This

1. Name a few things in nature, that are symmetric.

2. Name 5 man-made things  that are symmetric.

Exercise - 1

1. Given below are some fiugres. Which of them are symmetric? Draw the axes of symmetry

for the symmetric figures.

(i) (ii) (iii) (iv) (v)

(vi) (vii) (viii)

(ix) (x) (xi)

(xii) (xiii) (xiv)
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(xv) (xvi) (xvii)

(xviii) (xix) (xx)

(xxi) (xxii) (xxiii)

15.1.1 Lines of symmetry for regular polygons

Look at the following closed figures.

A closed figure made from several line segments is called a 'Polygon'. Which of the above figures
are polygons?

Try This

1. Can we make a polygon with less than three line segments?

2. What is the minimum number of sides of a polygon?
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Observe the different triangles below.

Figure 1 Figure 2 Figure 3

In Figure 3, the triangle has equal sides and congruent angles. It is thus called  a regular polygon.

A polygon, with all sides and all angles equal is called a 'Regular Polygon'.

Which of the following polygons are regular polygons?

Parallelogram Square Trapezium Equilateral Rectangle
triangle

Now draw axes of symmetry for the following regular polygons.

Equilateral Triangle Square Regular Pentagon Regular Hexagon

Write down your conclusions in the table below.

Regular Polygon No. of sides No. of axes of symmetry

Equilateral Traingle       3         3

Square

Pentagon

Hexagon

Did you find any relationship between the number of sides of a regular polygon and number
of axes of symmetry? You will find that the number of sides is equal to number of axes of symmetry.
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You can verify above result by tracing out all the four figures on a paper, cutting them out

and actually folding each figure. Try this.

Try This

1.    Given below are different types of triangles. Do all the triangles have the same

number of lines of symmetry? Which triangle has more?

2. Given below are different types of quadrilaterals. Do all of them have the same

number of lines of symmetry? Which quadrilateral has the most?

Rhombus Square Rectangle

Hint: You can trace the triangles and quadrilaterals on a tracing paper and actually
fold each figure to find the axes of symmetry.

3. On the basis of above two cases, can we say that a regular polygon has the
maximum number of axes of symmetry.

Exercise - 2

1. In the figures given below find the axes of symmetry such that on folding along the axis the
two dots fall on each other.

(i) (ii) (iii)
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(iv) (v) (vi)

(vii) (viii) (ix)

2. Given the axes of symmetry for below figures. But only one part has a dot. Find the other
dot.

(i) (ii) (iii) (iv)

3. In the following incomplete figures, the mirror line (i.e. the line of symmetry) is given as a
dotted line. Complete each figure, performing reflection on the dotted (mirror) line and
draw in your notebook (You might perhaps place a mirror along the dotted line and look
into the mirror for the image). Can you recall the name of the figure you complete?

(i) (ii) (iii) (iv) (v) (vi)

4. State whether the following statements are true or false.

(i) Every closed figure has an axis of symmetry. (        )

(ii) A figure with at least one axis of symmetry is called a symmetric figure. (        )

(iii) A regular polygon of 10 sides will have 12 axes of symmetry. (        )

5. Construct  a square and draw all its axes of symmetry. Measure the angles between each
pair of successive axes of symmetry. What do you notice? Does the same rule apply for
other regular polygons?
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15.2 Rotational Symmetry

Activity 1 : Trace the following diagram onto a tracing paper.

Try to fold the diagram so that its two parts coincide. Is this diagram symmetric?

Now, let us try to match the different positions of the diagram in another way. Draw the
above diagram on a piece of paper. Mark a point 'O'at the centre and name the four edges of the
paper A,B,C,D as shown in Figure 1.

Figure 1

Rotate the paper around the marked point 'O' for 180o.

Figure 2

What do you notice in Figure 2? Does this diagram look different from the previous one?

Due to the rotation, the points A,B,C,D have changed position however the diagram
seems to be unchanged. This is because the diagram has rotational symmetry.

Activity  2 : Lets make a wind wheel

• Take a square shaped paper.

• Fold it along the diagonals.

• Starting from one corner, cut the paper along the diagonals towards the centre, up to one
fourth of the length of the diagonal. Do the same from the remaining corners.

• Fold the alternate corners towards the centre as shown in the figure.

• Stick the folded corners if required and fix the mid point to a stick with a pin so that the paper
rotates freely.
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• Face it in the opposite direction of the wind. You will find it rotates

Now, let us rotate the wind-wheel by 90º. After each rotation of  90º you will see that the wind-
wheel looks exactly the same. The wind-wheel has rotational symmetry.

Thus, if we rotate a figure, about a fixed point by a certain angle and the figure
looks exactly the same as before, we say that the figure has rotational symmetry.

15.2.1 Angle of Rotational Symmetry

We know that the square has line symmetry and 4 axes of symmetry. Now, let us see if the square
has rotational symmetry.

Consider a square as in Figure (i) with P as one of its corners with two axes of symmetry.

Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

Let  Figure 1 represent the initial position of square.

Rotate the square by 90 degrees about the centre. This quarter turn will lead to Figure 2.
Note the position of P. In this way, rotate the square again through 90 degrees and you get Figure
3. When we complete four quarter turns, the square reaches its original position as in Figure 5.
After each turn of 90º, the square looks exactly like it did in its original position. Hence, the square
has rotational symmetry.

In the above activity all the positions in figure 2, figure 3, figure 4 and figure 5 obtained by
the rotation of the first figure through 900 , 1800, 2700 and 3600 look exactly like the original
figure 1. Minimum of these i.e., 900 is called the angle of rotational symmetry.

The minimum angle  rotation of a figure to get exactly the same figure as original is
called the “angle of rotational symmetry” or “angle of rotation”.
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Do This

1. What is the angle of rotational symmetry of a square?
2. What is the angle of rotational symmetry of a parallelogram?

3. What is the angle of rotational symmetry of a circle?

15.2.2 Order of rotational symmetry

In the above activity, the angle of rotational symmetry of square is 900 and the figure is
turned through the angle of rotational symmetry for 4 times before it comes to original position.
Now we say that the square has rotational symmetry of order 4.

Consider an equilateral triangle. Its angle of rotational symmetry is 1200. That means it
has to be rotated 120º about its centre for 3 times to get exactly the same position as the original
one. So the order of rotational symmetry of a equilateral triangle is 3.

By these examples we conclude that the number of times a figure, rotated through its
angle of rotational symmetry before it comes to original postion is called order of rotational
symmetry.

Let us conclude from the above examples

• The centre of rotational symmetry of a square is its intersection point of its diagonals.

• The angle of rotational symmetry for a square is 900.

• The order of rotational symmetry for a sqaure is 4.

Try This

1. (i) Can you now tell the order of rotational symmetry for an equilateral triangle.

   (i) (ii) (iii) (iv)

(ii) How many lines of symmetry are there in each figure?

(iii) What is the angle between every adjacent axes?

2. Look around you. Name 5 objects having rotational symmetry.

Note: It is important to understand that all figures have rotational symmetry of order 1,
as can be rotated completely through 360º to come back to its original position. So
we say that an object has rotational symmetry, only when the order of symmetry
is more than 1.
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Exercise - 3

1. Which of the following figures have rotational symmetry of order more than 1?

(i) (ii) (iii) (iv) (v)

2. Give the order of rotational symmetry for each figure.

(i) (ii) (iii) (iv)

(v) (vi) (vii) (viii)
3. Draw each of the shapes given below and fill in the blanks.

         Shape       Centre of Rotation Angle of Rotation Order of Rota
(intersection of diagonals/        -tion
     Intersection of axes
          of symmetry)

Square

Rectangle

Rhombus

Equilateral Triangle

Regular Hexagon

Circle

Semi-circle
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15.3 Line symmetry and rotational symmetry

By now you must have realised that some shapes only have line symmetry and some have only
rotational symmetry (of order more than 1) and some have both. Squares and equilateral triangles
have both line and rotational symmetry. The circle is the most perfect symmetrical figure, because
it can be rotated about its centre through any angle and it will look the same. A circle also has
unlimited lines of symmetry.

Example 1 : Which of the following shapes have line symmetry? Which have rotational
symmetry?

(i) (ii) (iii) (iv)

Figure Line symmetry Rotational symmetry

1. Yes No

2. No Yes

3. Yes Yes

4. No Yes

Activity 3 :

• Take a square shaped paper.

• Fold it in the middle vertically first, then horizontally.

• Then fold along a diagnal such that the paper takes a triangular shape (Figure 4).

• Cut the folded edges as shown in the figure or as you wish (Figure 5).

• Now open the piece of paper.

Figure 1 Figure 2 Figure 3 Figure 4 Figure 5
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(i) Does this paper (after design cut) has line symmetry? If it has then how many lines of symmetry?

(ii) Does this paper has rotational symmetry?

Exercise - 4

1. Some english alphabets have fascinating symmetrical structures. Which capital letters have
only one line of symmetry (like E)? Which capital letters have rotational symmetry of order
2 (like I)?

Examine and fill the following table, thinking along such lines.

Alphabets Line Number of lines Rotational Order of
symmetry symmetry symmetry rotational

symmetry

Z No 0 Yes 2

S

H

O

E Yes 1 No -

N

C

Home Project

Collect pictures of symmetrical figures from newspapers, magazines and
advertisement pamphlets. Draw the axes of symmetry over them. Classify them.
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Looking Back

• The line which divides a figure into two identical parts is called the line ofsymmetry
or axis of symmetry.

• An object can have one or more than one lines of
symmetry or axes of symmetry.

• If we rotate a figure, about a fixed point by a certain
angle and the figure looks exactly the same as before,
we say that the figure has rotational symmetry.

• The minimum angle  rotation of a figure to get exactly the same figure as original
is called the “angle of rotational symmetry” or “angle of rotation”.

• All figures have rotational symmetry of order 1, as can be rotated completely
through 360º to come back to their original position. So we say that an object
has rotational symmetry only when the order of symmetry is more than 1.

• Some shapes only have line symmetry and some have only rotational symmetry
and some have both. Squares, equilateral triangles and circles have both line
and rotational symmetry.
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10 - Algebraic Expressions
 Exercise - 1
(1) (i) 3n (ii)  2n

(2) (i) ·  In fig. 4 number of coloured tiles will be 4 on each side.

·  In fig. 5 number of coloured tiles will be 5 on each side.

(ii)Algebraic expression for the pattern = 4n    ; 4, 8, 12, 16, 20 . . . . . expression = 4n

(iii) Algebraic expression for the pattern = 4n + 1 ;  9, 13, 17, 21 .  . .. expression = 4n + 1

(3) (i) p + 6 (ii) x -4 (iii) y -8 (iv) -5q (v) 4 or
4
yy ¸

(vi)
1 of or
4 4

pqpq (vii)  3z+5 (viii)  10+5x  (ix) 2y -5       (x) 10 y + 13

(4) (i) ‘ 3 more than x’  or 3 is added to x (ii)  7 is substracted from‘y’

(iii) l is multiplied by 10. (iv) x is divided by 5

(v) m is multiplied by 3 and added  to 11

(vi) y is multiplied by 2 and subtracted 5 or 5 is subtracted from 2 times of y.

(5) (i) Constant (ii) Variable (iii) Constant (iv) Variable

 Exercise - 2
(1) (i) (a2,  - 2a2) (ii) (- yz , 2zy)  (iii)  (-2xy2 , 5y2x)   (iv)  (7p, -2p, 3p) and (8pq, -5pq)
(2) Algebaric expression  :  Problem Numbers : i,  ii,  iv, vi, vii,ix, xi

Numerical expression :  Problem Numbers : iii, v, viii, x
(3) Monomial i, iv, vi  ;     binomial : ii, v,  vii  ;   trinomial :  iii, viii, ix,  multinomial : x
(4) (i) 1 (ii) 3 (iii) 5 (iv) 4 (v) 2 (vi) 3 (5)   (i) 1 (ii) 2 (iii) 4 (iv) 3

 (v) 4 (vi) 2 (6)     xy + yz 2x2 + 3x + 5

 Exercise - 3

(1) 3a + 2a = 5a (2)   (i) 13x (ii) 10x       (3)  (i) 3x   (ii) - 6p   (iii) 11m2

(4) (i)-1 (ii) 4 (iii) -2     (5) -9 (6) 2x2 + 11x -9, -23 (7)  (i) 3    (ii) 5   (iii) -1

(8) 54 cm ́  cm = 54 cm2 (9)  . 90

(10)    
135 27 1. / ., or13 . / ., or13.5 . / .,
10sec 2 2

d mts mt Sec mt Sec mt Sec
t

= = =

 Exercise - 4
(1) (i) -5x2 + xy + 8y2 (ii)  10a2  + 7b2  + 4ab (iii)  7x + 8y -7z    (iv) -4x2 - 5x

(2)    7x  + 9 (3) 18x -2y (4) 5a + 2b
(5)    (i) a+2b   (ii)  (2x+3y+4z) (iii)  (-4ab -8b2) (iv)   4 pq -15 p2 - 2q2
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(v) -5x2+3x+10        (vi)  2x2  - 2xy  - 5y2      (vii) 3m3  + 4m2 + 7m -7
(6)    7x2 + xy - 6y2 (7)  4x2-3x-2 (8)  4x2  - 3y2 - xy (9)  2a2 + 14a + 5
(10)   (i) 22x2 + 12y2 + 8xy (ii) - 14x2  - 10y2 - 20xy  or - (14x2 + 10y2 + 20 xy)

(iii) 20x2 + 5y2 - 4xy (iv) -8y2 - 32x2 - 30xy

11 - Exponents

 Exercise - 1

1. (i)  Base = 3, exponent = 4,  3 × 3 × 3 × 3  (ii) Base = 7x, exponent=2, 7 × x × 7 × x
(iii) Base = 5ab, exponent = 3,   5 ×5 × 5 × a × a × a × b × b × b

(iv) Base = 4y, exponent = 5,  4 × 4 × 4 × 4 × 4 × y × y × y × y × y

2. (i) 75            (ii) 33 × 54  (iii) 23 × 34 × 53

3. (i) 25 × 32             (ii) 2 × 54  (iii) 2 × 32 × 53      (iv) 24 × 32 × 52 (v) 25 × 3 × 52

4. (i) 32       (ii) 35 (iii) 28          5.  (1) 17         (ii) 31   (iii) 25 (iv) 1

 Exercise - 2

(1) (i) 214 (ii) 310 (iii) 55 (iv) 930 (v) 
153

5
æ ö
ç ÷
è ø

(vi) 320

(vii) 34  (viii) 64 (ix) 29a (x) 106  (xi) 
( )1010 10

10 10

55 5
6 6 6

--æ ö = =ç ÷
è ø

(xii) 210a + 10         (xiii) 
5

5

2
3

     (xiv) 153 (xv) -43(xvi)  8

1
9       (xvii) 4

1
6  (xviii) -715 (xix) 616 ( x i x )

ax+y+z (2)  310     (3)    2    (4) 2      (5) 1

(6) (i) true (2+11=13)   (ii) false   (iii) true (iv) true  (v) false    (vi) fasle  (vii) true

 Exercise - 3

(i) 3.84×108m (ii) 1.2×1010 (iii) 3×1020m (iv) 1.353×109 km3

12 - Quadrilaterlals

 Exercise - 1

(1) (i) Sides:     PQ ,  QR , RS , SP Angles:      Ð SPQ,  Ð PQR, Ð QRS, Ð RSP

Vertices:  P, Q, R, S diagnals:  PR ,  QS

(ii) Pairs of adjacent sides PQ, QR; QR, RS; RS,SP and SP, PQ

Pairs of adjacent angles: Ð SPR, Ð RSP;   Ð RSP, , Ð QRS;  Ð QRS, Ð PQR
and Ð PQR,  Ð SPQ
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Pairs of opposite sides : PS, QR  and  QP, RS

Pairs of opposite angles: Ð SPQ, Ð QRS  and  Ð RSP,  ,  Ð PQR

(2)   100° (3)  48°, 72°, 96°, 144° (4)  90°, 90°, 90°, 90°

(5)   75°, 85°, 95°, 105°

(6)   Angle of the quadrilateral cannot be 180°

 Exercise - 2

(1) (i) false (ii) true      (iii) true     (iv) false (v) false    (vi) true    (vii) true (viii) true

(2) (i) Since it has 4 sides (ii) Since opposite sides in a square are parallel

(iii) Since diagonals of a square are perpendicular bisectors

(iv) Since opposite sides of a square are of equal length.

(3) Ð DAB = 140°,  Ð BCD = 140°,  Ð CDA = 40° (4) 50°, 130°, 50°, 130°

(5) It has 4 sides and one pair of parallel sides;  EA,  DR (6) 1

(7)   Opposite angles are not equal. (8)  15 cm, 9cm, 15cm, 9cm

(9)   No, Rhombus should have equal length of sides (10) 150 , 150C DÐ = Ð =o o

(11) (i) Rhombus (ii) Squrare (iii) 180° - x°

(iv) equal/congruent (v) 10 (vi) 90°

(vii) 0 (viii) 10 (ix) 45

13 -  Area and Perimeter

 Exercise - 1

(1)   2(l+b); a2        (2) 60 cm; 22cm; 484 cm2  (3)   280cm2; 68cm;  18cm; 216cm2; 10cm; 50cm

 Exercise - 2

(1) (i) 28cm2   (ii) 15cm2         (iii) 38.76cm2 (iv) 24cm2      (2) (i) 91.2cm2 (ii) 11.4cm

(3) 42cm ; 30cm (4)  8cm ; 24cm (5)  30m, 12m (6) 80m

90° 90°

90° 90°

A B

C D
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Exercise - 3

(1) (i) 20cm2    (ii) 12cm2 (iii) 20.25cm2 (iv) 12cm2 (2) (i) 12cm2       (ii) 3cm

(3) 30cm2 ; 4.62 cm (4) 27cm2
 ; 7.2 cm

(5) 64cm2
 ; Yes ;  DBEC, DBAE and DCDE are three triangles drawn between the two parallel

lines BC and AD, BC = AE+ED

(6) Ramu in DPQR, PR is the base, because QS^PR.     (7) 40 cm    (8) 20 cm ; 40cm
(9) 20 cm (10) 800cm2 (11) 160cm2 (12) 192cm2 (13) 18 cm ; 12cm

 Exercise - 4

(1) (i) 20cm2 (ii) 24cm2       (2) 96cm2
  ; 150 mm : 691.2m2 (3)  18cm (4) ̀ 506.25

 Exercise - 5

(1) (i) 220cm   (ii) 26.4cm (iii) 96.8 cm    (2) (i) 55m (ii) 17.6 m (iii) 15.4m

(3) (i) (a) 50.24 cm (b) 94.2 cm (c) 125.6 cm (ii) 7 cm (4) 42 cm

(5) 10.5 cm (6) 3 times (7) 3 : 4 (8) 1.75cm  (9) 94.20 cm  (10) 39.25 cm

 Exercise - 6

(1) 475m2 (2) 195.5m2;  29.5m2 (3) 624 m2          (4) 68 m2      (5) 9900 m2 ;  200100m2

14 - Understanding 3D and 2D Shapes

 Exercise - 1

(1) Sphere:     Foot ball,  Cricket ball, Laddu

Cylinder:   Drum,  Biscuit pack,  Log,  Candle

Pyramid:   Pyramid          ; Cuboid:   Match box,  Brick,  Biscuit pack

Cone :      Ice-cream,  Joker Cap   ; Cube: Dice,  Carton

(2) (i) Cone:       Ice-cream,  upper part of a funnel     (ii) Cube: Dice,  Carton

(iii) Cuboid:    Duster, Brick    (iv)  Sphere:   Ball,  Marble    (v) Cylinder:  Pencil, Pype.
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(3) Cube        Cuboid      Pyramid

Faces 6 6 5
Edges 12 12 8

Vertices 8 8 5
 Exercise - 2

(1)      Do activity (2)  i)  C    ii) a  (3)

 Exercise - 4

(1)      A ball :    a circle.

          A Cylindrical pipe :  a rectangle.

          A book  :  a rectangle.

(2) (i) Spherical / Circular  objects

     (ii) Cube / Square sheets

     (iii) Triangular shapes or Right prism with triangular base.

     (iv) Cylinder / Rectangle sheets.

15 - Symmetry
 Exercise 1

          (i)      (ii) (iii)        (iv)   (v)        (vi)    (vii)

         (viii)      (ix)         (x)    (xii)          (xiii)       (xiv) (xv)

      (xvi) (xvii)        (xviii)      (xix)          (xx)       (xxi) (xxiii)

- - - - - - - - - - -- - - - -
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 Exercise 2

      (i) (ii)         (iii)       (iv)        (v)    (vi)        (vii)

(viii)        (ix)
(2)

(i) (ii) (iii) (ix)

(3)

        (i)     (ii)  (iii)       (iv)   (v) (vi)
(4) (i) False (ii) True (iii) False
(5) Angle between successive axes = 360/2n =360/2x4 = 360/8 = 450

This is true for all regular polygons

 Exercise 3

1. Figures i, ii, iv and v have rotational symmetry.

2. (i) 2 (ii) 4 (iii) 3 (iv) 4 (v) 4 (vi) 5 (vii) 6 (viii) 3

3. Square yes 900 4
Rectangle yes 1800 2
Rhombus yes 1800 2
Equilateral Triangle yes 1200 3
Regular Hexagon yes 600 6
Circle yes infinity infinity
Semi-circle No - -

 Exercise 4

1. S No 0 Yes 2
H Yes 2 Yes 2
O Yes 2 Yes 2
N No 0 Yes 2
C Yes 1 No 1
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INSTRUCTIONS  TO TEACHERS
 Dear Teachers!!

Greetings and a hearty welcome to the newly developed textbook Mathematics for class VII.

· The present textbook is developed as per the syllabus and Academic standards conceived by the
mathematics position paper prepared based on SCF – 2011 and RTE – 2009 for Upper Primary stage
of education.

· The new textbook constitutes 15 chapters with concepts from the main branches of mathematics
like Arithemetics, Algebra, Geometry, Mensuration and Statistics.

· These chapters emphasize the prescribed academic standards in achieving the skills like Problem
Solving, Reasoning-proof, Communication, Connectivity and representation.  The staratagies in
building a chapter are observation of patterns, making generalization through deductive, inductive
and logical thinking, exploring different methods for problem solving, questioning, interaction and
the utilization of the same in daily life.

· The situations, examples and activities given in the textbook are based on the competencies
acquired by the child at Primary Stage. So the child participates actively in all the classroom
interactions and enjoys learning of Mathematics.

· Primary objective of a teacher is to achieve the “Academic standards” by involving students in the
discussions and activities suggested in the textbook and making them to learn the concepts.

· Mere completion of a chapter by the teacher doesn’t make any sense.  The  exhibition of prescribed
academic standards  by the student only ensures the completion of the chapter.

· Students are to be encouraged to answer the questions given in the chapters.  These questions
help to improve logical, inductive and deductive thinking of the child.

· Understanding and generalization of properties are essential.  Student first finds the need and then
proceeds to understand, followed by solving similar problems on his own and then generalises the
facts. The strategy in the presentation of concepts followed.

· Clear illustrations and suitable pictures are given wherever it was found connection and corrects
the misconnection necessary.

· Exercises of ‘Do This’ and ‘Try This’ are given extensively after completion of each concept.
Exercises given under ‘Do This’ are based on the concept taught.  After teaching of two or three
concepts some exercises are given based on them. Questions given under ‘Try This’ are intended
to test the skills of generalization of facts, ensuring correctness of statements, questioning etc.,
‘Do This’ exercise and other exercises given are supposed to be done by students on their own.
This process helps the teacher to know how far the students can fare with the concepts they have
learnt.  Teacher may assist in solving problem given in ‘Try This’ sections.

· Students should be made to digest the concepts given in “looking back” completely.  The next
chapter is to be taken up by the teacher only after satisfactory performance by the students in
accordance with the academic standards designated for them (given at the end).

· Teacher may prepare his own problems related to the concepts besides solving the problems given
in the exercises.  Moreover students should be encouraged to identify problems from day- to-day
life or create their own.

· Above all the teacher should first study the textbook completely thoroughly and critically.  All the
given problems should be solved by the teacher well before the classroom teaching.

· Teaching learning strategies and the expected learning outcomes, have been developed class wise
and subject-wise based on the syllabus and compiled in the form of a Hand book to guide the
teachers and were supplied to all the schools. With the help of this Hand book the teachers are
expected to conduct effective teaching learning processes and ensure that all the students attain
the expected learning outcomes.
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Syllabus
 Number System: (i) Integers
 (50 hrs) • Multiplication and division of integers (through patterns).
 1. Integers • Properties of integers (including identities for addition & multiplication,
 2. Fractions, (closure, commutative, associative, inverse, distributive) (through
     Decimals & patterns). (examples from whole numbers as well). Expressing properties
     Rational in a general form. Construction of counter examples, (eg. subtraction is
     Numbers not commutative).

• Word problems involvingintegers (all operations)
     (ii) Fractions, Decimals and rationalnumbers:

• Multiplication of fractions
• Fraction as an operator “of”
• Reciprocal of a fraction and its use
• Division of fractions
• Word problems involving mixed fractions ( related to daily life)
• Introduction to rational numbers (with representation on number line)
• Difference between fraction and rational numbers.
• Representation of rationalnumber as a decimal.
• Word problems on rationalnumbers (all operations)
• Multiplication and division of decimal fractions
• Conversion of units (length & mass)
• Word problems (including all operations)

 Algebra Exponents and powersIntroduction Meaning of x in ax where a  έ Z
 (20 hrs) • Laws of exponents (throughobserving patterns to arrive at5
 11. Exponents generalization.)whereM, n ÎN(i) am an = am?+n(ii)? (am)?n = amn(iii) am/an =
 10. Algebraic am-n, where (m-n)Î  N(iv)  am.bm =  (ab)m(v) number with exponent
     Expressions zerovi)Decimal number in exponential notation vii) Expressing large
 3. Simple number in standard form (Scientific Notation)
     Equations ALGEBRAIC EXPRESSIONSIntroduction Generate algebraic

expressions(simple) involving one or two variables
• Identifying constants, coefficient, powers
• Like and unlike terms, degree of expressions e.g., x2y etc.(exponentd”?3,

number of variables d”?2)
• Addition, subtraction of algebraic expressions (coefficients should be

integers).
Simple equations
• Simple linear equations in one variable (in contextual problems) with two

operations (integers as coefficients)
 6. Ratio - • Ratio and proportion (revision)
    Applications •  Unitary method continued,consolidation, generalexpression.
    (20 hrs) • Compound ratio : simple word problems

• Percentage- an introduction
• Understanding percentage as a fraction with denominator 100
• Converting fractions anddecimals into percentage andvice-versa.
• Application to profit and loss (single transaction only)
• Application to simple interest (time period in complete years).
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 Understanding  (i) Lines and Angles:
  shapes / • Pairs of angles (linear,supplementary, complementary,adjacent, vertically
 Geometry opposite)(verification and simple proofof vertically opposite angles)

• Properties of parallel lines withtransversal (alternate,corresponding,
 4. Lines and interior, exteriorangles)
     Angles   (ii) Triangles:
 5. Triangle and · Definition of triangle.
     Its Properties · Types of triangles acc. To sides and angles
 8.Congurencey · Properties of triangles
     of Triangles · Sum of the sides, difference of two sides.
 9.Construction · Angle sum property (with notion of proof and verification through paper
      of Triangles folding, proofs , using property of parallel lines , difference between
 12.Quadrilaterals proof and verification
 15. Symmetry · Exterior angle property of triangle
 14.Understand-    (iii) Congruence:
      ing 3D and · congruence through superposition ex. Blades, stamps etc..
      2D Shapes · Extend congruence to simple geometrical shapes ex. Triange , circles,

· criteria of congruence (by verification only)
·  property of congruencies of triangles SAS, SSS, ASA, RHS

Properties with figures·
 (iv) Construction of triangles (all models)

· Constructing a triangles when the lengths of its 3 sides are known
(SSS criterion)

· Constructing a triangle when the lengths of 2 sides and the measure of
the angle between them are known (SAS criterion)

· Constructing a triangle when the measures of 2 of its angles and length
of the side included between them is given (ASA criterion)

· Constructing a right angled triangle when the length of one leg and its
hypotenuse are given (RHS criterion)

(v) QuadrilateralsQuadrilateral-definition.
· Quadrilateral, sides, angles, diagonals.
· Interior, exterior of quadrilateral
· Convex, concave quadrilateral differences with diagrams
· Sum angles property (By verification) , problems
· Types of quadrilaterals
· Properties of parallelogram, trapezium, rhombus, rectangle, square

and kite.
(vi) Symmetry

• Recalling reflection symmetry
• Idea of rotational symmetry,observations of rotationalsymmetry of 2-D

objects. (900,1200, 1800)
• Operation of rotation through900 and 1800 of simple figures.
• Examples of figures with bothrotation and reflection symmetry(both operations)
• Examples of figures that havereflection and rotation symmetryand viceversa
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(vii) Understanding 3-D and 2-D Shapes:
• Drawing 3-D figures in 2-Dshowing hidden faces.
• Identification and counting ofvertices, edges, faces, nets (forcubes

cuboids, and cylinders,cones).
• Matching pictures with objects(Identifying names)

 Mensuration        Area and Perimeter

 (15 hrs) • Revision of perimeter and Area of Rectangle, Square.
13. Area and • Idea of Circumference of Circle.
Perimeter • Area of a triangle, parallelogram, rhombus and rectangular paths.

7. Data Data Handling
Handling • Collection and organisation ofdata
(15 hrs) • Mean, median and mode ofungrouped data – understandingwhat they

represent.Reading bar-graphs
• Constructing double  bar graphs
• Simple pie charts with reasonable data numbers
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Academic Standards
 CONTENT ACADEMIC STANDARDS
 Number Problem · Solves the problems involving four fundamental operations
 system Solving: of integers
1. Integers · Solves the word problems involving the integers.

· Used brackets for solving problems to simplify numerical
statements.

Reasoning · Explains why the division by zero is meaning less.
Proof: · Differentiates and compares the set of Natural numbers

with integers.
· Gives examples and counter examples to the number

properties such as closure, Commutative, Associative etc.
Communication:· Expressing the number properties of integers  in general

form.
· Uses the negative symbol in different contexts.

Connections: · Finds the usage of integers from their daily
life situations

· Understands the relation among N, W and Z.
Representation:· Represents the integers on number line.

· Performs the operations of integers on the number line.

2. Fractions, Problem · Solves the problems in all operation of fractions.
Decimals Solving: · Solves the word problems of all operations of rational
and Rational numbers.
numbers · Solves the problems of all operations of decimal fractions

· Converts the small units into large units and vice versa.
Reasoning : · Differentiates rational numbers with fractions.
and Proof · Justifies density property in rational numbers
Communication:· Expresses the need of set of rational numbers

· Expresses the properties of rational numbers in general
form

Connections: · Finds the usage of / inter relation among fractions,
rational numbers, and decimal numbers.

Representation:· Represents rational numbers on the number line.
· Represents the rational numbers in decimal form.

  Algebra: Problem · Writes the large numbers in exponential form by using
11. Exponents Solving: prime factorization
and powers Reasoning : · Generalizes the exponential laws through the

and Proof observation of patterns

Communication:· Understands the meaning of x in ax where a € z.
· Uses of exponential form when using large numbers
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Connections: · Uses prime factorization in expression of large numbers
in exponential form

Representation:· Expresses the large numbers in standard form
  Algebra: Problem · Finds the degree of algebraic expressions
 10. Algebraic Solving · Doing addition, subtraction of algebraic expressions
     Expression  (Co-efficient should be integers)
 3. Simple · Solves the word problems involving two operations (Which
     Equations can be expressed as simple equation and single variable)

Reasoning · Generates algebraic expressions involving one or two
and Proof variables by using the patters
Communication:· Writes the standard form of first, second, third order

expressions in one or two variables
· Converts the daily life problems into simple equations.

(Contains one variable only)
Connections: · Uses closure, commutative etc. properties in addition

and subtraction of algebraic expressions.
· Uses solving simple equations in daily life situations.

Representation:· Represents algebraic expressions in standard forms

 6. Ratio - Problem · Finds the compound, inverse ratio of 2 ratios
   Applications Solving · Solves word problems involving unitary methods

· Solves word problems involving percentage concept
· Solves word problems to find simple interest (Time

period  in complete years)
Reasoning · Compares the decimals, converting into percentages and
and Proof vice versa.

· Formulates the general principles of rat ios and
proportions

Communication:· Expresses the fractions into percentages and decimal
forms and their usage.

Connections: · Uses profit and loss concepts in daily life situations
(Single transactions only)

· Understands and uses the solutions for percentage
problems in daily life.

Representation:· Converts fractions and decimals into percentage form
and vice versa.
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9. Construc-
tion of
Triangles

Problem · Construct triangles using given measurements.
Solving

Reasoning · _________________________________
and proof

Communication: · _________________________________

Connections: · _________________________________

Representation:· _________________________________

12.Quardila-
teral

Problem · _________________________________
Solving

Reasoning · Differentiates the convex, concave quadrilaterals.
and proof · Verifies and justifies the sum angle property of quadrilaterals.

Communication: · Explains the inter relationship between triangle and
quadrilateral.

· Explains the different types quadrilaterals based on their
properties.

Connections: · Tries to define the quadrilateral.
· Classifies the given quadrilaterals using their properties and

their inter relationship.

Representation:· _________________________________

15.Symmetry Problem · Rotate the figure and find its angular symmetry.
Solving

Reasoning · Can differentiate linear and reflection symmetry using
and proof objectives or figures.

Communication: · Gives examples that have reflection symmetry.

Connections: · _________________________________

Representation:· _________________________________
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Construction of

:D Triangles
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/egVÃ�� g*&m:D
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'''' úÒÏ:D
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Quadrilateral 

ZDwÃ��ZzgZyÆiZz��KÀ¥x<   / X»i:D
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:D Symmetry
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 Mensuration Problem · Solves the problem of Area and perimeter for square,
 13. Area and Solving rectangle, parallelogram, triangle and Rhombus shapes of
      Perimeter things.

Reasoning · Understands the relationship between square, Rectangle,
and Proof Parallelogram with triangle shapes for finding the area of

triangle.
· Understands the Area of Rhombus by using area of triangles.

Communication:· Explains the concept of Measurement using a basic unit.

Connections: · Applies the concept of Area perimeter to find the daily life
situation problems (Square, Rectangle, Parallelogram,
Triangle, Rhombus and Circle)

· Applies the concept of area of Rectangle, Circle.
· Finds the area of the rectangular paths, Circular paths.

Representation:· Represent word problems as figures.

 7. Data Problem · Organization of raw data into classified data.
      Handling Solving · Solves the problems for finding the Mean, Medium, Mode

of ungrouped  data

Reasoning · Understands the Mean, Mode and Medium of ungrouped
data and what they represent.

Communication:· Explains the Mean, Mode and Medium for ungrouped data.

Connections: · Understands the usage of Mean, Mode and Medium in daily
life situation problems.

· Understands the usage of double graphs and pie graphs in
daily life situation (Year wise population, Budget, Production
of crops etc.)

Representation:· Representation of Mean, Medium and Mode for ungrouped
data.

· Representation of the data in to double bar graphs and pie
graphs.

 14.Unders-
tanding
3-D and
2-D
shapes

Problem · Identifying and counting of faces, Edges, Vertices, nets
Solving for 3D Fig (Cube, Cuboid, Cone, Cylender).

Reasoning · Matches picture with 3-D objects and visualize fells the Faces,
and proof Edges, Vertices etc.

Communication: · _________________________________

Connections: · _________________________________

Representation:· Can draw simple 3-D shapes in to 2-D figures.
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:(Mensuration)
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Data

:D Handling
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