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僂 ࿝⻑وں  ᝯ 很峤 ᥢ㨱م ᔯ 㱾 㣰ᔊ ں Ⴤ ๵ہ 丗 䆨  ⚕リود 㜌 ا 府 اور 㺸 ܉ا✔ر 嵗 㐽 㥃 嬸૾۔ᘌ ا⸞  ᘌ ا媛垏 رو⿅ 䬉⠯ اور
儸 㱾 ⡞ 嬸ىر ᘌ 弥اܵا ᡀ⡜ 㺸 م㍛ ྸ 㺸 嬸㨱 屨ا㘄 ᘌ 䦡㌑ 㱾 㷩 㑷 㥃 嬸૾ 婧᯳ ۔嵗ى ᘌ 㥃 㷨 وغ اور اس㘄 䦡㌑徰   ೧

 ᔧ  㥃 آ ورى 㐽 ࿀ 䮃 ຩ ⴣ۔ ا嵗  

廲ا࿀ى 亾روز ᚪ ⩥ہ 䅎垆ز 䰋 㺸 رآ㥃㷨 ب╔ 人 رᔇ恛 婧᯳ى 啵 ☶亾 ر㌞ى  ࿀ ر ㊓ا愡 ورㆈى 㷨 ن傍 ⚜ ✔را 䬫 㨱 嵗۔ 
᯳ ⩥ ى 婧  啵 ، تㅨ و冂          廝 仅 㖓ہو 厜 㺸 ጦ ت᯷ 㺶 嵉 䅍۔   ㇒ 徉 ار愡 啓偾 وہ دو⨮ے㏵ 㺸 嬸峤 ن傍 ص亍   㺸 ᑌ抁 

啵 ㈲ 峌آ 屨 剙⹢愑 ᡀ ⡜ 㺸  ۔ں嵗 Ꮉ峤 卸㉜ 㱾   ٰ㐓ا ⩥  ᛩ  ᘌ 㷨 嬸㨱  اور  恙㍛ 劖 㺸 ن⣝و岳 戆୩ ⿫ى  䬈 㺸 ୐ 
抁 ورㆈى  㲁 嵗  㷨  ⩥ ى婧 ᯳㇒ 徉ر  ᘌ  㱾܉ᑋ ت  嬸㨱 厥،径ا㘆ا ヸ⚉ د㌴ا  㺸 ᡀ⡜ 屨ا㘄㨱承۔ 

 䶵愘 ر屩 㲁 嵗ر ى徉⣜ ᝚婨 啵 ㉜ر ء徉㇒ ⶅ 㱾 啵 اور ر 䆎 ں峤 وز垆ا 䗚徉㇒ ᄣا 㱾 䅎垆ز 徃૾ ▗ 㥃 ܉تᑋ 㺸 䆎۔ 儭܉ 
㷨 廝仅 ᕨ怯 㨱 很 峤 ᥢ 媎ا 㨱 ☄承 ⴣاور اس در 䆎 㷨 ب㥶 د ⸞ ر人徉㇒ 㷨  ୘د ⛷ ⡜ ى 㨱 ラⓥ 㜒 㥃承 䆎۔  

哴ہ ⸞ اᔉ⡜ا 㷨 ᣲ᱑ ㉜ وہ 㲁 嵗 زور د ࿀ ت嗚堆 㺸找 ៶ 㺸 ن傍 很ޤ 㺸ر  ىᔇ اور 廝仅悇 备 㨱 ز㱾亾 ṏᠢ ࿀ 塴承  㞺و Ṏ
㷨 嵗   ᔇر 嫃 ۔اㆈ 屨ورت  و  恛 啵 ൝堵 㷨درس  匦 ᰂ吴  䰋 ا吴ر 㺸 ورㆈى 㨱   ᄯرا 㱾   ᚎ㇌ں 㺸 ㌤ᶣ ے㮥   亠ط 㲁  嵗承 ۔
㈲ز垆ت اور ز㖵✅ ا 㺸 䅎 ء㉜ 很峤 ᥢ㨱 ا┓ام 㥃 很ا✅ ف را 啵 䵡  䵡 ت و嗚 ┱ ر 䎽د ጌا 嬸㨱 䰮 㺸 ㌤ᶣ ہ㮥 ط亠 䰋 㺸 

 嵗 ㇍ ᚎ 悇رᔇ ラا 峭 嗚嵢⅂ وان࿀ 㱾 ۔⚉ل  

 妛اردو اور ا恙ى 啵 ں婧ں ز܉婧دو 㷨 ㉜ ᚈ  و㘄 㱾 ںᠢر吷 د غ找  䱰◾ ⸞ 准 㺸 ᝚婨 峤 ᥢ㨱 Ꮋ亾 婧 ⨭ از 㱾 ب㥶 اس 嬸 很
 ، 5ا⡟ق 嵉 䅍 㷧 剙⹢ ۔ ᱛ دو⨮ے ▞ 啵  10، 9 ،6 ،4 ،3 ،2، 1۔ 啵 㷩 庾⹢ 嵗啵 ▞ ᄸ  ں ⽑ دے 㨱 دو ▜ 媛䒷 ذو
 ا⡟ق 嵉 䅍 㷧 剙 ⹢ ۔  15، 14، 13، 12، 11 ، 7،8

 塴 备 رہ㱾 亽 㺸  恛ر ᔇ 㷨 ㇒ 徉ر ࿀ ر㊓ 㺸 ن 恚و 㺸 ㇒ 徉ر   㱾ر徉⥢ 㲁 ⛪ ᣲⴤدر (SCF-2011)  啵  ۔嵗 䅏 㷩 剙 ⹢  ܉ ت 抋ر徉㇒ 
㷨 ت ᱑ 䪬 冬 䲾 ⸞ 恛رᔇ ) زᄯ悡 ኾ( 啵  ㅻوا  嵗 䅋 㷨 ጦ ࿀ ر ㊓ر Ṏ徉⣜ 啵 ر徉㇒ 㷨 رᔇ恛 ᘏ 㺸 儸ات ر ೧ 㱾  ر㊓ ㅻوا

൞ ࿀ن ൝堵 ۔اس嵗 Ꮉ㨱  㱾 ب㥶QR 卸 ᡀ⡜ 㺸 ڈ㱾  㷩 䅏 ㉜ 㲁Ꮉ 嵗 ء 啵 ⯧ ࿀ ر㊓ ㅻرات  واᖯ 㱾 㷨 屨ا㘄 䉺ⴑ ۔⬍ ᱑ 

 䲷د اᔉ⡜ہ 䰮冬 乾 㺸㷨ت ⸞ ᗻ ر㶝 وا徉⣜  䰍اور ر ঳技䉡 㯓 ڈ ᮞ 嬸 婨᝚ و 埖㱾 ᒫ ൥ᔊ ࢑ا徉⥢ ᘏ 很ر

 㷨 噱ا 㷨 ں⻞㱾 㷨 ب㥶 اس 嬸 ںḺ 嵗 Ꮉ㨱 庫⣝ ᣳىر 啵  Ⴤا 㷩 ጦ ون ᗐ۔ 屨 ل اا⫦怐㹆  垷ا ᥴᥴ ᯬٹ  弒⡜ ⾁Ⳣ آف
(TISS)⚠رآ܉د 㝜 㷨 㯯 اور ǔƱ ǎƶ ľ ǎ ƹ ǔƼ Ǖơ 㜺آTISS , CETE  勣 اور ر徉⥢ ᘏ 很࢑ا 埖㱾 ᒫ ൥ᔊ ذر و 㺸 婨᝚惣  دہ㨱 د仁 嗚

㥶 戆 寄䰮 㺸 ᣴᔊ ൝㷨 ان 㥃 ᛲ  㺸 د人䰋  ࿀ ر㊓ ㄹ ❴ 嵉 ر倔 ن و勽 ۔  

废ڈا㦪     

  ، ⚠ر آ ܉ د婨᝚ و ᒫ ൥ᔊ ࢑اᘏ 很 ادارہ  ⥢徉ر
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1 CO-ORDINATE GEOMETRY Government’s Gift for Students’ Progress

     5.1  INTRODUCTION

The minimum and the maximum temperatures of  Kufri in Himachal Pradesh on a particular day in
the month of  December were - 6oC and 7oC. Can you represent them on a number line?

Here the numberline acts as a reference scale  to indicate
the status of temperature on a particular day.

Let us observe the situation as shown in the adjacent
picture. Eight persons A, B, C, D, E, F, G and H are
standing in a queue.  From the ticket counter,  A is the first
and H is the last person in the queue. With reference to the cafe, ‘H’ becomes the first and ‘A’ will

become the last person. You might have observed that the positioinal value
of the object changes along with the change of reference.

Let us observe another example. In a games period, the students of class
IX assembled as shown in the picture. Can you say where Sudha is standing
in the picture?

Rama said “Sudha is standing in 2nd column.”

Pavani said “Sudha is standing in 4th row.”

Nasima said “Sudha is standing in 2nd column and 4th row.”

Whom of the above gave correct information? Can you identify Sudha with
the information given by Nasima? Can you locate the position of Madhavi
(who is standing in 1st column and 5th row?)

Identify the students who are standing in following positions.

(i)  (3rd column, 6th row) by Sita
(ii) (5th column, 2nd row) by Raju

COLUMN
1 2 3 4 5

RO
W

H G   F  E D  C  B  A

1

2

3

4

5

6

0 1 2 3 4 5 6 7-3-4-5-6-7 -2 -1
in oC

Co-Ordinate
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3 CO-ORDINATE GEOMETRY Government’s Gift for Students’ Progress

In the above example can you say how many references did you consider? What are they?

Let us discuss one more situation.

A teacher asked her students to mark a point on a sheet
of paper. The hint given by the teacher is “the point should be at
a distance of 6 cm from the left edge.” Some of the students
marked the point as shown in the figure.

In the figure which point do you suppose is correct? Since
each point A,B,C and D is at a distance of 6 cm from the left
edge, no point can be denied. To fix the exact position of the
point one more information is needed.  To fix its exact position,
another reference, say, the distance from the edge of the top or

bottom has to be given.

Suppose the teacher says that the point is at a distance of
6 cm from the left edge and at a distance of 8 cm from the bottom
edge, now how many points with this description can be marked?

Only a single point can be marked. So, how many
references do you need to fix the position of a point?

We need  two references to describe for fixing the exact
position of a point. The position of the point is denoted by (6,8).
If you say “a point is marked at a distance of 7 cm from the top.”
Can you trace its exact position? Discuss with your friends.

 DO THIS

Describe the seating position of any five students in your classroom.

   ACTIVITY  (RING GAME)

Have you seen ‘Ring game’ in exhibitions? We throw rings on the objects arranged in
rows and columns. Observe the following picture.

A

B

C

D

6 cm.

6 cm.

6 cm.

6 cm.

P6 cm.

8 
cm

.
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5 CO-ORDINATE GEOMETRY Government’s Gift for Students’ Progress

Complete the following table with suitable numbers.

Object Column Row Position
Purse 3 4 (3,4)

Match box .......... 3 (  ,3)

Clip .......... .......... ..........

Teddy .......... .......... ..........

Soap .......... .......... ..........

Is the object in 3rd column and 4th row is same as 4th column and 3rd row?

The representation of a point on a plane with idea of two references led
to development of new branch of mathematics known as Coordinate
Geometry.

Rene Descartes (1596-1650), a French mathematician and philosopher
has developed the study of Co-ordinate Geometry. He found an association between
algebraic equations and geometric curves and figures.  In this chapter we shall
discuss about the point and also how to plot the points on a co-ordinate plane.

  EXERCISE  5.1

1. In a locality, there is a main road along North-South direction. The map is
given below. With the help of the picture answer the following questions.

(i) What is the 3rd object on the left side in street
no. 3?

(ii) Find the name of the 2nd house which is in right
side of street 2.

(iii) Locate the position of Mr. K’s house.

(iv) Describe the position of the post office.

(v) Describe the location of the hospital.
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7 CO-ORDINATE GEOMETRY Government’s Gift for Students’ Progress

   5.2  CARTESIAN SYSTEM

We use number line to represent the numbers by marking points on the line. Observe the
following integer line.

 Points marked with equidistance on either side from the fixed point zero. The fixed point
corresponding to zero is called orgin, it is denoted by ‘O’.  All positive integers are shown on the right
side of zero and all negative integers on its left side.

We take two number lines, perpendicular to each other in a plane. We locate the position of a
point with reference to these two lines. Observe the following figure.

The perpendicular lines may be in any direction as shown in the figures. But, when we choose
these two lines to locate a point in a plane in this chapter, for the sake of convenience we take one line
horizontally and the other vertically  as in fig. (iii). We draw a horizontal number line and a vertical
number line intersecting at a point perpendicular to each other. The point of intersection is denoted as
origin. The horizontal number line XX1 is known as X-axis and the vertical number line YY1 is known
as Y-axis.

0 1 2 3 4 5 6 7-3-4-5-6-7 -2 -1

Negative Integer Positive Integer

(i) (ii) (iii)

Y1

X1

Y

XO-4-5 -3 -2 -1 1 2 3 4 5

1
2
3
4

5

-1
-2

-3
-4
-5

Y1

Y

1
0

2
3
4
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9 CO-ORDINATE GEOMETRY Government’s Gift for Students’ Progress

The point where XX1 and YY1 cross each
other is called the origin, and is denoted by ‘O’.
Since the positive numbers lie on the directions
OX


, is called the positive direction of the X-
axis, similarly OY


 is the positive  Y-axis

respectively. Also 1OX


 and 1OY


 are called the
negative directions of the X-axis and the Y-axis
respectively. We can observe that the axes (plural
of axis) divide the plane into four parts.  These
are called first, second, third and fourth
quadrants respectively.  These four parts are
called the quadrants and are denoted by Q1, Q2,
Q3 and Q4 in anti clockwise direction. The plane here is called the cartesian plane (named
after Rene Descartes) or co-ordinate plane or XY-plane. The axes are called the coordinate
axes.

5.2.1  Locating a Point

Now let us see how to locate a point in the
coordinate system. Observe the following graph. Two
axes X and Y are drawn on a graph paper. A and B
are any two points on it. Can you say the quadrants
to which the points A and B belong to?

The point A is in the first quandrant (Q1) and
the point B is in the third quadrant (Q3). Now let us see
the distances of A and B from the axes. For this we
draw the perpendiculars AC on the X-axis and AD on
the Y-axis. Similarly, we draw perpendiculars BE and
BF as shown in figure.

We can observe the following

(i) The perpendicular distance of the point A from the Y-axis measured along the positive direction
of X-axis is AD=OC= 5 units.  We call this as X-coordinate of ‘A’.

(ii) The perpendicular distance of the point A from the X-axis measured along the positive direction
of the Y-axis is AC=OD=3 units. We call this as Y-coordinate of ‘A’. Therefore coordinates of
‘A’ are (5, 3)

Y1

X1

Y

X

Quadrant II Quadrant I

Quadrant III Quadrant IV

Y1

X1

Y

XO-4-5 -3 -2 -1 1 2 3 4 5
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-5
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ÐªCÙHY@*ìXZk�~Ã�V»g!~�~)g¶ Q4
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EG]Æ"g¹Y@*ìX

Ëy»ç 5.2.1

¾§bHY@*  W��B�&B3}é
EG]ÆÂx~Ëy»ç

ìXøDfs¤/Zs6,̈g<X¤/Zs6,�z"gQ��XT
Ãð�zÕo�XHW\ZyÆg,Æ**xCMh�X B Zzg A6,

X zZµ� B Zzg A~
~zZµ�XZ[ Q3 �}g, B ~Zzg̀ Q1 ¬g, A`

"g6, X »"gzVÐÃ,�Ù�XZkÆnë B Zzg Aë
Zzg BE ¤/ZNÐXZÏ§bÀ� AD À� "g6, Y Zzg AC À�

Ì¤/ZNÐ6�̂~�3c*�HìX BF

ë̈g�Mh��
�` -x» A �ÇZÐë AD=OC= Z»×V 5 "gÆµ�~**0*�H X "gÐÀ�~Ã,� Y»A` (i)

ÐX
�y»A �ÇXZÐë AC=OD= Z»×V 3 "gÆ�Bµ�~**0*�H� y "gÐÀ�~Ã,� Y» A` (ii)

`ÐX
�VÐX (5,3) Æ&B3}é

EG] A Zkn

1 g,X2 g,X

4 g,X3 g,X
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(iii) The perpendicular distance of the point B from the Y-axis measured along the negative direction
of X-axis is OE=BF= 4 units. i.e. at 4 on X-axis.  We call this as X-coordinate of ‘B’.

(iv) The perpendicular distance of the point B from the X-axis measured along the negative direction
of Y-axis is OF = EB = 3 units. i.e. at 3 on Y-axis.  We call this as                                     Y-
coordinate of ‘B’ and (4, 3) are coordinates of ‘B’.
Now using these distances, how can we locate the point? We write the coordinates of  a
point in the following method.

(i) The x-coordinate of a point is the distance from origin to foot of perpendicular on
X-axis.  The x-coordinate is also called the abscissa.

The x-coordinate (abscissa) of P is 2.
The x-coordinate (abscissa) of Q is 3.

(ii) The y-coordinate of a point is the distance from origin to foot of perpendicular on
Y-axis.
The y-coordinate is also called the ordinate.
The y-coordinate or ordinate of P is 2.
The y-coordinate or ordinate of Q is 4.
Hence the coordinates of P are (2, 2) and the coordinates of Q are (3, 4).
So, the coordinates of a point in a plane are unique.

5.2.2  Origin

1. The intersecting point of X-axis and Y-axis is called origin.  We take origin as a reference point
to locate other points in a plane.  Origin is denoted by “O”.

Example 1.  State the abscissa and ordinate of the following points and describe the position of each
point (i) P(8,8)  (ii) Q (6,8).

Solution : (i) P (8,8)
abscissa = 8 (x - coordinate); Ordinate = 8 (y - coordinate)
The point P is at a distance of 8 units from Y-axis measured along positive point of X-axis from

origin. As its ordinate is 8, the point is at a distance of 8 units from X-axis measured along positive point
of Y-axis from origin.

(ii) Q (6, 8)
abscissa = 6 ; Ordinate = 8
The point Q is at a distance of 6 units from Y-axis measured along positive  X-axis and it is at

a distance of 8 units from X-axis measured along negative Y-axis.

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



» B XZÐë -4 "g6, X �Çª OE=BF= Z»×V 4 "gÆt�~**0*�H� X "gÐÀ�~Ã,	 Y» B` (iii)

�`ÐX x
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"g6,¤/Zñ�À�Æ�x»Ã,ìX Y �JZZzg̀Ð y y» (b)

Ìë�X Ordinate �Ã²n�)¥( y

ì-2 �c*²è� y » P
ì4 �c*²n� y » Q

�X (-3,4) Æ&B3}é
EG] Q Zzg (2,-2) Æ&B3}é

EG] p Zkn
Zkn&B3}é
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(i) P (8, 8) (ii) Q(6, -8)

P(8, 8) (i) i:
8 �)²è�(= -y 8 �)îà�(= -x

"gÅµ�~**0*YñXaV�Zky» X Z»ÇVÆÃ,6,ñ��ìZ#�ZjJ}Ð 8 "gÐ yÔp`
Z»ÇVÆÃA6,zZµì 8 "gÐ X "gÅµ�~ Y ìXZkIJ̀Ð 8�y

Q(6,-8) XII

� y = -8 Ô � x = 6
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Example 2. Write the coordinates of the points marked in the graph.

Solution :  1. Draw a perpendicular line to X-axis from the point P.  The perpendicular line
touches X-axis at 4 units.  Thus abscissa of P is 4.  Similarly draw a perpendicular
line to Y-axis from P.  The perpendicular line touches Y-axis at 3 units.  Thus ordinate of
P is 3.  Hence the  Cordinates of
P are (4, 3).

2. Similarly, the abscissa and ordinate of the point
Q are 4 and 5 respectively. Hence the
coordinates of Q are (4, 5).

3. The abscissa and ordinate of the point R are
2 and 4 respectively. Hence the
coordinates of R are (2, 4).

4. The abscissa and ordinate of the point S are
4 and 5 respectively. Hence the coordinates
of S are (4, 5).

Example-3.  Write the coordinates of the points marked in the graph.

Solution :  The point A is at a distance of
3 units from the Y-axis and at a distance zero units
from the X-axis. Therefore the x coordinate of A is 3
and y-coordinate is 0. Hence the coordinates of A
are (3,0).So think and discuss.

(i) The coordinates of B are (2,0). Why?
(ii) The coordinates of C are (1,0). Why?
(iii) The coordinates of D are (2.5, 0). Why?
(iv) The coordinates of E are (4,0) why? What

do you observe?

So as observed in figure,  every point on the
X-axis has no distance from X-axis.
Therefore the y coordinate of a point lying on
X-axis is always zero.

X-axis is denoted by the equation  y = 0.
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EG] B (i)

�XYV? (-1,0) Æ&B3}é
EG] C (ii)

�XYV? (-2.5,0) Æ&B3}é
EG] D(iii)

�XYV? (-4,0) Æ&B3}é
EG] E(iv)
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DO THIS

Among the points  given below some of the points lie on X-axis. Identify them.
(i) (0,5) (ii) (0,0) (iii) (3,0)

(iv) (-5,0) (v) (-2,-3) (vi) (-6,0)

(vii) (0,6) (viii) (0,a) (ix) (b,0)

Example-4. Write the coordinates of the points marked in graph.

Solution :

(i) The point P is at a distance of +5 units from the
X-axis and at a distance zero from the Y-axis.
Therefore the x-coordinate of P is 0 and
y-coordinate is 5. Hence the coordinates of P
are (0,5).

Think and discuss :

(ii) The coordinates of Q are (0, 3.5), why?

(iii) The coordinates of R are (0,1), why?

(iv) The coordinates of S are (0, 2), why?

(v) The coordinates of T are (0, 5), why?

Since every point on the Y-axis is at a zero
distance from the Y-axis,  the x-coordinate of the point lying on Y-axis is always zero. Y-axis is given by the
equation x = 0.

5.2.3  Coordinates of Origin

The point O lies on Y-axis. Its distance from Y-axis is zero. Hence its x-coordinate is zero. Also it
lies on X-axis. Its distance from X-axis is zero. Hence its y-coordinate is zero.

Therefore the coordinates of the origin ‘O’ are (0, 0).

TRY THESE

1. Which axis the points such as (0, x) (0, y) (0, 2) and (0, 5) lie on? Why ?

2. Write the general form of the points which lie on X-axis.
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Example 5. Complete the table based on the following graph.

Point Abscissa Ordinate Co-ordinates Quadrant Signs of co-ordinates

E 3 7 E (3,7) Q1 (+, +)

D ..... ..... ..... ..... .....

U 4 6 U (4,6) ..... (,+)

C ..... ..... ..... ..... .....

A 4 3 A (4, 3) ..... (,)

T ..... ..... ..... ..... .....

I 4 2 I (4, 2) ..... (+,)

O ..... ..... ..... ..... .....

N ..... ..... ..... ..... .....

-9
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X
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From the above table you may have observed the following relationship between the signs of the
coordinates of a point and the quadrant of a point in which it lies.

  EXERCISE  5.2

1. Write the quadrant in which the following points lie.
i) (2, 3) ii) (5, 3) iii) (4, 2) iv) (7, 6)
v) (0, 8) vi)  (3, 0) vii) (4, 0) viii)  (0, 6)

2. Write the abscissae and ordinates of the following points.
i) (4, 8)  ii) (5, 3) iii)  (0, 0) iv) (5, 0)
 v) (0, 8)

Note : Plural of abscissa is abscissae.

3. Which of the following points lie on the axes? Also name the axis.

i) (5, 8) ii)  (0, 13) iii) (4, 2) iv) (2, 0)

v) (0, 8) vi) (7, 0) vii)  (0, 0)

4. Write the following based on the  graph.

i) The ordinate of L

ii) The ordinate of Q

iii) (2, 2)  is denoted by

Y1

X1

Y

XO

x > 0 (positive)
y > 0 (positive)

x < 0 (negative)
y > 0 (positive)

x > 0 (positive)
y < 0 (negative)

x < 0 (negative)
y < 0 (negative)

Y1

X1

Y

XO-4-5 -3 -2 -1 1 2 3 4 5

1
2
3
4
5

-1
-2
-3
-4
-5

(+, +)(-, +)
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iv) (5, 4) is denoted by

v) The abscissa of N

vi) The abscissa of M

5. State True or False, if ‘false’ write correct statement.

i. In the Cartesian plane the horizontal line is called Y - axis.
ii. In the Cartesian plane, the vertical line is called Y - axis.
iii. The point which lies on both the axes is called origin.
iv. The point ( 2, 3 ) lies in the third quadrant.
v. (5, 8 ) lies in the fourth quadrant.
vi. The point (x , y) lies in the first quadrant where x < 0 , y < 0.

6. Plot the following ordered pairs on a graph sheet.What do you observe?

i.. (1, 0),  (3 , 0),  (2 , 0 ), (5, 0), (0, 0), (5, 0), (6, 0)

ii. (0, 1),  (0 , 3),  (0 , 2), (0, 5), (0, 0), (0, 5), (0, 6)
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ÐªCÙH�H (5,-4)` (iv)

�( x »îà�) N (v)

�( X »îà�) M (vi)

��tc*»f[Òy<XZ¤/»f[�Â9ÒyÉÀ�/õGX .5

( ) "gë�X Y »g!~�~~Z|âÃ (i)

( ) "gë�X Y »g!~�~~À�~âÃ (ii)

( ) z{̀��zâV"gzV6,0*c*Y@*ìÔJZB@*ìX (iii)

( ) ~0*c*Y@*ì ( ) g,Îx (2,-3) (iv)

( ) (~0*c*Y@*ì g,;gx) (-5,-8) (v)

( ) y < 0 Ô x<0 g,Zzw~0*c*Y@*ì�V (-x,-y) (vi)

¤/ZsÄ6,øDfs%A$�hzV»ç<XW\H¨g�D�? .6
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  PLOTTING A POINT ON THE CARTESIAN PLANE (WHEN ITS

  CO-ORDINATES ARE GIVEN)

So far we have seen how to read the positions of points marked on a Cartesian plane. Now we
shall learn to mark the point if its co-ordinates are given.

 For instance how do you plot a point (4, 6)?

Can you say in which  quardrant the point P lies?

   We know that the abscissa (x-coordinate) is 4 and y-coordinate is 6.

  P lies in the first quadrant

The following process shall be followed in plotting the point P (4, 6) in the graph sheet.
• Draw two number lines perpendicular to each other intersecting at their zeroes on a graph

paper. Name the horizontal line as X-axis and the vertical line as Y-axis and name the intersecting
point of both the lines as Origin ‘O’.

• Keep the x-coordinate in mind, start from zero, i.e. from the Origin.
• Move 4 units along positive part  of  X-axis i.e. to its right side and mark the point A.
• From A move 6 units upward along the line parallel to positive part of Y-axis.
• Locate the position of the point ‘P’ as (4, 6).

The  above process of marking a point on a Cartesian plane using their co-ordinates is called
“plotting the point”.
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»g!~�~6,Ëy»çZ#�ZkÆ&B3}é
EG]�Ø��X 5.3

ë�N`��Ë»g!~�~6,ÕoÆ£â]Ã¾§b7,Jc*Y@*ìXZ[ëËyÅ¶K0+��**ZÐX
Z¤/ZkÆ&B3}é

EG]�ØYNX
»¾§bç�,ÐX (4,6) VwÆîg6,W\` X6 Vw
¾g,~ìX P HW\CMh��̀

�(ìX Y Zzg²è�) 4 �( X ëY���îà�)

g,Zzw~ñ��ìX P`\

ÆçÆnøDfs§i»g6,¿HYñÇX P(4,6) ¤/Zs6,`
"gZzgZÌ!)À�~(â X Ä6,�zÀ�zZg°�~âU�ZyÆ#6,Zq-�zu}ÐX�XZ|âÃ  Zq-¤/Zs /

Ð¶K0+�<X ' O ' "g»**x�£XZzg�zâVèoÆYÆ£xÃJZY YÃ
�Ãf�~gnp�ñ#)JZ(ÐSÑzq<X X /

Î�X A Z»ðWÐY�Xª#Ð¦SY+$Zzg̀ 4 "gÅµ�~ X /
"gÅ�ZkÆáZi~Y�X Y Z»×VZz6,µ 6ÐA /
Æîg6,<X (4,6) »ç P` /

&B3}é
EG]ÆZEwÐË»̀çỒÅöã¹Y@*ìX y Zzg x èÃg{§jÐË»g!~�~~

¥æ¢a~ ¥ÅF,¹cÓ#Ö»j

»g!~�~6,Ëy»çZ#�ZkÆ&B3}é
EG]�Ø��X 5.3
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Example 6. Plot the following points in the Cartesian plane
(i)   M (2, 4),   (ii)  A (5, -3),   (iii)  N (1, 6)

Solution : Draw the X-axis and Y-axis on the graph.

 (i) Can you say in which quadrant the point M lie?
Since x < 0,  y > o, It lies in the second quadrant. Let us now locate its position.
M (2,4) : start from the origin,  move 2 units from zero along the negative part of
X-axis i.e. on its left side.
From there move 4 units along the line parallel to  positive Y-axis i.e. upwards.
Name it as M (2,4).

(ii) A (5, 3) :
The point A lies in the third quadrant.  Start from zero, the Origin.  Move 5 units from zero to its
left side that is along the negative part of  X-axis.
From there move 3 units along a line parallel to  negative part of  Y-axis i.e. downwards.  Name
it as A (5, 3)

(iii) N (1, 6): In which quadrant does it lie?
The point N lies in the fourth quadrant, start from zero i.e. origin.   Move 1 unit along positive
part of  X-axis i.e. to the right side of zero.  From there move 6 units along  a line  parallel to
negative Y-axis i.e.  downwards, and name the point as N (1, 6)
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»g!~�~6,øDfsÕo»ç<X X7 Vw
(i)  M (-2 , 4)  (ii) A (-5 , -3)  (iii)  N (1 , -6)

"g¯�X Y "gZzg X i:

Ãµg,~zZµ�Ç? M HW\ÈMh��̀ (i)

t̀�zu}g,~zZµ�ÇXW�Zk̀Æ£x»ç�D�X X<0ÔY>0 YV�
Z»×VY� 2 "gÅ§s!*NY+$ X ÐÑzq�D�ñt 'O' #ÐÑzq<X :M(-2 , 4)

sX M(-2, 4) Z»×VY�ZzgZÐ 4 "gÆáZi~ªZz6,ÅY+$ Y �VÐµ
t̀�}g,~zZµ�ÇX#ÐJZ6,Ñzq<X A(-5 , -3) (ii)

"gÆáZi~ÑX X Z»×V!*NY+$ªt 5ÐO

Æîg6,<X A(-5,-3) Z»×VY�XZzgZkÅ¶K0+� 3 ÆáZi~"gªnÅ� Y �VÐt
¾g,~�@*�ÇXt̀a�g,~zZµ�ÇXJ{6,#ÐÑzq<X N(1 , -6) (iii)

Z»ðÑX 1 "gÆáZi~ª#Æ¦SY+$ Xµ
sX N(1,-6 Z»×VÑXZk`6,) 6 "gÆáZi~ªnÅY+$ Y �VÐt
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DO THIS

Plot the following points on a Cartesian plane.

1. B (2, 3) 2. L (5, 8) 3. U (6, 4) 4. E (3, 3)

Example 7 : Plot the points T(4, 2) and V(2, 4) on a cartesian plane.  Whether these two
coordinates locate the same point?

Solution : In this example we plotted two points
T (4, 2) and V(2, 4)

Are the points (4, 2) and (2, 4)   distinct or
same? Think.

We see that (4, 2) and (2, 4) are at
different positions. Repeat the above activity for the
points P (8, 3 ), Q( 3, 8 ) and A (4, 5), B(5 , 4) and
say whether the point (x, y ) is different from (y, x ) or
not ?

From the above  plotting it is evident  that  the
position of (x, y) in the Cartesian plane is different
from the position of (y, x). i.e. the order of x and y is
important in (x, y).

Therefore (x, y) is called an ordered pair.
If  x  y,  the ordered pair (x, y)    ordered pair (y, x).

      However if x = y, then (x, y) = (y, x)

Example 8: Plot the points A(2, 2), B(6, 2), C (8, 5) and
D (4, 5) in a graph sheet. Join all the points to make it a
parallelogram. Find the area of the parallelogram.
Solution: All the given points lie in Q1.
from the graph b = AB = 4units.

height h = 3 units
Area of parallelogram

= base × height
= 4 × 3 = 12 unit2
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t<X
»g!~�~6,øDfsÕo»ç<X

Ã»g!~�~6,Ï<XHt&B3}é
EG]Zq-�Å̀¶K0+��D�X V(-2 , 4) Zzg T(4 , -2) Õo X8 Vw

»ç�**ìX V(-2 , 4) Zzg T(4 , -2) ZkVw~ëÃ�zÕo i:
Z�c*Zq- V(-2 , 4) Zzg T(4 , -2) HtÕo

�?ÎGX
Z£â]6, (-2 , 4) Zzg (+4 , -2) ë�Ù��

ÐB(-5,4)ÔA(4,-5) Zzg Q(3,8)ÔP(8,3) �XZk¿ÃÕo
ÐZìc*7X (y,x)`(x,y) �CÙZ�C��̀

(x,y) èÃg{öãÐtzZã�Y@*ì�»g!~�~
ÅF,KMZë�CìX y Zzg x ÐZ�@*ìXª (y,x)Ô

ë�X (Ordered Pair) Ã%A$�h (x,y)®Z
%A$�h (y,x) �Â%A$�h Z¤/

(x,y)=(y,x)A$x=y ÆÔ@*ëZ¤/
ÃF,Ï»½6,Ï�z?ZyÕoÃ5D�ñáZi~ZÑHq¯vZzgZk» D(4,5) Zzg C(8,5)ÔB(6,2)ÔA(2,2) Õo :9 Vw

gK�gc*Ä�z?
:i
ÓxÕo¬g,~zZµ�VÐX

Z»×V 4=AB Ð= b )F,®(¤/ZsÅæ�Ð
�~ h =3 Z»×V

áZi~ZÑHq»gK=�°{�Zg·q
4�3 =
%,Z»×V 12 =

¥æ¢a~ ¥ÅF,¹cÓ#Ö»j
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  DO THIS

 (i) Write the coordinates of the
points A, B, C, D, E.

 (ii) Write the coordinates of

F, G, H, I, J.

EXERCISE 5.3

  1. Write the following points as a orderpair and plot in the Cartesian plane.

x 2 3 1 0 9 4

y 3 3 4 11 0 6

(x, y)

 2. Are the positions of (5, 8) and (8, 5) same?  Justify your answer.

 3. What can you say about the position of the  points (1, 2), (1, 3), (1, 4), (1, 0), and
(1, 8). Locate on a graph sheet .

 4. What can you say about the position of the  points (5, 4),   (8, 4),   (3, 4),   (0, 4),
(4, 4),    (2, 4)? Locate the points on a graph sheet. Justify your answer.

 5. Plot the points (0, 0) (0, 3) (4, 3) (4, 0) in graph sheet. Join the points in order with straight
lines to make a rectangle. Find the area of the rectangle thus formed.
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t<X

Æ E Zzg D ÔC ÔB ÔA Õo (i)

&B3}é
EG]ÉÀ£4/õ GJX

Æ&B3}é
EG] J ÔI ÔH ÔG ÔF Õo (ii)

sX

&B3}é
EG]�Ø��X y Zzg x »g!~�~~fsÆÕoÏ<XÆ .1

)z~�XZL�Z[Å¤&ÙX (-8,5) Zzg (5,-8) HÕo .2

Æ£xÆ!*g}~W\HÈMh�XF,Ï»½6, (1,8) Zzg (1,0)Ô (1,-4)Ô (1,3)Ô(1,2) Õo .3

Ï<X
Æ£xÆ!*g}~W\H`ÐZyÕoÃF,Ï»½6, (5,4)(8,4)(3,4)(0,4)(-4,4)(-2,4) Õo .4

Ï�D�ñZL�Z[Å¤&ÙX
ÃF,Ï»½6,ªCÙ<Z7èoÖÐ5D�ñl (0 ,0) ,(0 ,3) ,(4 ,3) ,(4 ,0) .5

¯�Xl»gKÌ¥x<X

¥æ¢a~ ¥ÅF,¹cÓ#Ö»j
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 6. Plot the points (2, 3), (6, 3) and (4, 7) in a graphsheet. Join them to make it a triangle. Find the
area of the triangle thus formed.

 7. Plot at least six points in a graph sheet, each having the sum of its coordinates equal to 5.
Hint : (2, 7) (1, 4) .............

 8. Look at the graph. Write the coordinates of the points A, B, C, D, E, F, G, H, I, J, K, L, L, M.
N, P, O and Q.

 9. In a graph Sheet Plot each pair of points,  join them by line segments

i. (2, 5), (4, 7) ii. (3, 5), (1, 7) iii. (3, 4), (2, 4)

iv. (3, 5), (2, 5) v. (4, 2), (4, 3) vi. (2, 4), (2, 3)

vii. (2, 1), (2, 0) viii. (4, 7), (4, –3) ix. (4,–2), (2, –4)

x. (4, –3), (2,–5) xi. (2, 5), (2, –5) xii. (–3, 5),  (–3, –5)

xiii. (–3, 5), (2, 5) xiv. (–1, 7) (4, 7) What do you observe

10. Plot the following pairs of points on the axes and join them with line segments.

(1, 0), (0, 9);  (2, 0), (0, 8);  (3, 0) (0, 7);  (4, 0) (0, 6);

(5, 0) (0, 5);  (6, 0) (0, 4);  (7, 0) (0, 3);  (8, 0) (0, 2); (9, 0) (0, 1).
What do you observe?
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Ã¤/Zsc+6,ªCÙ<Z7âÖÐ5D�ñ[¯NZzgZHgK¥x (4,7) Zzg (6,3)Ô(2,3) Õo .6

�,X
�**e�4/õ ;G

JX 5 ¤/Zsc+6,ÁZiÁbÕokXCÙ̀Æ&B3}é
EG]»qÝ¦ .7

XXXXXXXXXX (1,4) , (-2,7) Z�ág{:
Æ&B3}é
EG]sX Q Zzg A,B,C,D,E,F,G,H,I,J,K,L,M,N,O,P �~�ðF,®6,̈g<Õo .8

F,Ï»½6,ÕoÅ�h-V»ç�D�ñZ7èoÐ5�X .9

ZkF,Ï»½6,fsÆÕoÅ�h-VÃ5�X .10

Z[W\Zq-ÁnÅ̂qÝ�,ÐẌgÐ�N�C��z{Hì?

W\äHx@{H?
¥æ¢a~ ¥ÅF,¹cÓ#Ö»j

W\äHx@{H?
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  ACTIVITY

Study the positions of different cities like Hyderabad, New Delhi, Chennai and
Vishakapatnam with respect to longitudes and latitudes on a globe.

CREATIVE ACTIVITY

Take a graph sheet and plot the following pairs of points on it and join them in order
with  line segments.

(9, 0),  (6, 4),  (2, 5), (2, 4),  (5, 0) (2, 0),

(2, 8), (3, 9),   (4, 8).

What do you notice ?

What  have we discussed?
 • We need two references to locate the exact position of a point in a plane.

 • A point or an object in a plane can be located with the help of two
perpendicular number lines. One of them is horizontal line (X-axis) and the
other is vertical line (Y-axis).

 • Cartesian plane is named after Rene Descartes.

 • The point of intersection of X-axis and Y-axis is the orgin. Coordinates of orgin are (0, 0)

 • The ordered pair (x, y) is different from the ordered pair (y, x).

 • The equation of X-axis is given by y = 0.

 • The equation of  Y-axis  is given by  x = 0.

Brain teaser
Look at the cards placed below you will find a puzzle The white card pieces must change

places with the shaded pieces while
following these rules :  (1) pieces of the
same colour cannot jump over another
(2) move one piece one space or jump
at a time. Find the least number of
moves.

Minimum number of moves is between 15 to 20.  Can you do better?
To make the game more challanging, increase the number of pieces of cards
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±[6,kpîw�z²n�ZàzV�©gW!*�Ô��¬Ô-�ðZzgz�á3�Æ£â]6,̈g<X

fsÆÕoÅ�h-VÃF,®Æ»½6,fe�ñZ7èoÐ�h�X

�r

W\äHx@{H?

Ë�~~»̀ç�äÆa��z&B3}é
EG]Å¢zg]�CìX /

"g(Zzg X Ë�~6,Zq-`c*�»ç�zÀ�zZgèoÐHYYìXZy~ÐZq-ÃZ|â) /
"g(¹Y@*ìX Y �zu}ÃÀ�zZgâ)

&B3}é
EG]Åģx~Õo»ç»g!~&B3}é

EG]ÐªCÙHY@*ìX Y Zzg X /
(0,0 "g»»̀éJZB@*ìX) Y Zzg X /
ÐZ�@*ìX (Y,X) %A$�h (X,Y) %A$�h /

Å)zZ]ÐªCÙ�D�X Y=0 "gÃ X /
Å)zZ]ÐªCÙ�D�X X=0 "gÃ Y /

�â©zgil
�Ø�ñ»gei6,̈g<XW\ÃZq-ÄqÝ�ÇXC»ggeÃ({»geiÐps�**e�4/õ ;G

JZk�~ţZ°cpǵ¢zg~ìX
Zq-�g8-Æ»geiZq-�zu}6,�zZg:gd (i)

Zq-z�Ü~Zq-�»ge�c*Zq-( (ii) YNX
BXZ�F,+eßVÅ2Ì�,X

eB�ãe«XHW\ZkÐ�|Mh�?ZL|ÃZzgic*�{�N¯äÆI»geiÅ®Z�~Z���,X 15-20 ÁZiÁ

(-9,0) , (-6,4) , (-2,5) , (2,4) (5,0) (-2,0)

 (-2,-8) , (-3,-9) , (-4,-8)

¥æ¢a~ ¥ÅF,¹cÓ#Ö»j
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    7.1  INTRODUCTION

We have drawn figures with lines and curves and studied their properties. Do you remember,
how to draw a line segment of a given length? All line segments are not same in size, they can be of
different lengths. We also draw circles. What measure do we need and have been used to draw a
circle? We need the radius of the circle. We also draw angles equal to the given angle.

We know if the lengths of two line segments are equal then they are congruent.

AB  CD           PQ  RS

(Congruent)        (Non-congruent)

Two angles are congruent, if their angle measure is same.

AOB  POQ   XYZ  DEF  
     (Congruent)                (Non-congruent)

From the above examples we  can say that to make or check whether the figures are same in
size or not we need some specific information about the measures describing these figures.

Let’s consider a square : What is the minimum information required to say whether two
squares are of the same size or not?

Satya said- “I only need the measure of the side of the given squares”. If the sides of given
squares are equal then the squares are of identical size.

A B3 cm.

C D3 cm.

P Q5 cm.

S2 cm.R

A

BO

Q O

P Y

Z

X

F E

D

Triangles
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ëäèoÖZzgèoÈÐ�WzZàZDwÅS:]Æ!*g}~z�qÝ�àìX�Ø�îwÐé
«Ã¾§b5YYìHW\Zk»Z¬�{�Mh�?

Óxé~]Zq-�§iÆ7�D,ZyÆZîw�Mh�Xë�Z],}Ì¯Mh�X�Z],{¯äÆa
�¾eöÅ¢zg]�Cì?t�Z],}»Û¢�ÇXë���iZz�ÅeöÆ)z~iZz�Ì¯Mh�X

ëY���Z¤/�zé~])z~�VA$z{§z�D�X

))§z( )§z(
�ziZz�§z�D�Z¤/ZyiZz-VÅeö)z~�X

))§z( )§z(
qgz!*ÑVßVÅæ�ÐëtÈMh���~�ZDwÅØ#Ö)z~ìc*7?ZkÆa�PºmeNK]Å

¢zg]�Cì,XÅæ�ÐZyZDwÃzZãHYYìX
����z%�VÅØ#Ö)z~ìc*7zZã�äÆaÁZiÁÁ¥â]Å¢zg]�Cì? W�%,6,̈g�,:
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Siri said “that is right but even if the diagonals of the two squares are equal then we can say that
the given squares are identical and are same in size”.

Do you think both of them are right?

Recall the properties of a square. You can’t make two different
squares with sides having same measures.  Can you? And the diagonals of
two squares can only be equal when their sides are equal. See the given
figure:

The figures that are same in shape and size are called congruent figures
(‘Congruent’ means equal in all aspects). Hence squares that have sides with same measure are congruent
and also with equal diagonals are congruent.

Note : In general, sides decide sizes and angles decide shapes.

We know if two squares are congruent and we trace one out of them on a paper and place it on
other one, it will cover the other exactly.

Then we can say that sides, angles, diagonals   of one square are  respectively congruent to the
sides, angles and diagonals of the other square.  Let us now consider the congruence of two triangles.

We know that if two traingles are congruent then the sides and angles of one
triangle are congruent to the corresponding sides and angles of the other triangle.

Which of the triangles given below are congruent to triangle ABC in fig.(i).

If we trace these triangles from fig.(ii) to (v) and try to cover ABC. We would observe that
triangles in fig.(ii), (iii) and (iv) are congruent to ABC while TSU in fig.(v) is not congruent to ABC.

If PQR is congruent to ABC, we write it as PQR  ABC.

Notice that when PQR  ABC, then sides of PQR covers  the corresponding sides of
ABC equally and so do the angles.

That is, PQ coincides AB, QR coincides BC and RP coincides CA; P coincides A,Q
coincides B and R coincides C. Also, there is a one-one correspondence between the vertices.
That is, P corresponds to A, Q to B, R to C.

5 cm.

4 cm.3.5
 cm

.
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C

A B
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. 3.5 cm.

5 cm.

(ii)
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We write as symbolically. P  A, Q  B, R  C

Note that under order of  correspondence, PQR   ABC; but it will not be correct to write
QRP   ABC, Q  A; R  B; P   C and as we get QR = AB, RP = BC and QP = AC which
is incorrect for the given figures?

Similarly, for fig. (iii),
FD  AB, DE  BC and EF  CA
and F  A, D  B and E  C

So, FDE   ABC but writing DEF   ABC is not correct.
In the same way try to write the congruency for ABC with fig.(iv)
So, it is necessary to write the correspondence of vertices in correct order, while writing of

congruence of triangles.
Note that corresponding parts of congruent triangles  are equal and we write in short as

‘CPCT’ for corresponding parts of congruent triangles.

DO THIS

  1. There are some statements given below. Write whether they are true or false :
i. Two circles are always congruent. ( )
ii. Two line segments of same length are always congruent. ( )
iii. Two right angle triangles are sometimes congruent. ( )
iv. Two equilateral triangles with their sides equal are always congruent. ( )

  2. Howmany number of minimum measurements do you require to check if the given figures are
congruent or not?

i. Two rectangles ii. Two rhombuses

       7.2  CRITERIA FOR CONGRUENCE OF TRIANGLES

You have learnt the criteria for congruency of triangles in your earlier class.  Let us recall.

Is it necessary to know all the three sides and three angles of a triangle to construct a unique
triangle? Can we construct different triangles with the same given measurements?

Draw two triangles with one of  its sides 4 cm. Can you
make two different triangles with one side of 4 cm? Discuss with
your friends. Do you all get congruent triangles? You can draw different
types of  triangles  if one side is given say 4 cm. 4 cm. 4 cm.
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Now take two sides as 4 cm. and 5 cm. and draw as many triangles
as you can. Do you get congruent triangles?

We can make different triangles even with these two given
measurements.

Now draw triangles with sides 4 cm., 7 cm. and 8 cm.

   Can you draw two different triangles? You
find that these three with measurement sides, we will have a unique  triangle.
If at all you draw the triangles with these measures they will be congruent
to this unique triangle.

Now take three angles of your choice, of course the sum of the angles must be 180°. Draw two
triangles for your chosen angle measurement.

Mahima finds that she can make different triangles by using three angle measurement.

  A = 50°, B = 70°, C = 60°

So it seems that knowing the 3 angles is not
enough to make a specific triangle.

Sharif thought that if two angles are given
then he could easily find the third one by using the
angle sum property of a triangle. So measures of two angles is enough to draw a triangle but not
uniquely. Hence knowing 3 or 2 angles is not adequate.  We need  at least three specific and independent
measurements (elements) to make a unique triangle.

Now try to draw two distinct triangles with each sets of these three measurements:

i. ABC where AB = 5 cm., BC = 8 cm., C = 30°

ii. ABC where AB = 5 cm., BC = 8 cm., B = 30°

(i) Are you able to draw a unique triangle with the given  measurements, draw and check with
your friends.

4 cm.

5 cm
.5 

cm
.

A B

C

D

50°

70°

60° 50°

70°

60°

8 cm.

4 cm
.7 cm.

8 cm.B C

A'

A

5 cm.5 
cm

.
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8 cm.B C
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 Zzg BC  8cm,AB  5cm �V ABC (ii)
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Here we can draw two different triangles ABC
and ABC  with given measurements. Now draw two
triangles with given measurements (ii).  What do you
observe?  They are congruent triangles. Aren’t they?

In the other words you can draw a unique triangle
with the measurements given in case(ii).

Have you noticed the order of measures given in case (i) & case (ii) ?  In case (i)  two sides and
one angle are given which is not an included angle but in case (ii) included angle is given along with two
sides. Thus given two sides and one angle i.e. three independent measures  is not the only criteria to
make a unique triangle. But the order of given measurements to construct a triangle also plays a vital
role in constructing a unique triangle.

       7.3  CONGRUENCE OF TRIANGLES

The above has an implication for checking the congruency of triangles. If we have two triangles
with one side equal or two triangles with all 3 angles equal, we can not conclude that triangles are
congruent as there are more than one triangle possible with these specifications. Even when we have
two sides and an angle equal we cannot say that the triangles are congruent unless the angle is between
the  given sides. We can say that the SAS (side angle side) congruency rule holds but not SSA or  ASS.

We take this as the first criterion for congruency of triangles and prove the other criteria through
this.
Axiom (SAS congruence rule): Two triangles are congruent if two sides and the included angle
of one triangle are equal to the two sides and the included angle of the other triangle.
For example. In ABC and PQR

AB=PQ, BC=QR and ABCPQR, then ABC  PQR

Example-1.  In the given figure AB and CD are intersecting at ‘O’, OA = OB and OD = OC. Show
that
(i)   AOD   BOC and  (ii) AD || BC.
Solution :  (i) In  AOD and  BOC,
                             OA = OB   (given)
                             OD = OC   (given)
Also, since  AOD and  BOC form a pair of vertically opposite angles,
we have AOD =  BOC.
So, AOD    BOC (by the SAS congruence rule)
(ii) In congruent triangles AOD and BOC, the other corresponding parts are also equal.

So,  OAD =  OBC and these form a pair of alternate angles for line segments AD and
BC. (and transversal AB)
                               Therefore AD || BC

A D

C B

O
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B C
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P

A BC

l

L

M N
80°

4 cm.

3 cm.

S

R

T
80°

3 cm.

4 c
m.

A B

D

C

P

A

B C
50° 70° D

F E

60°

70°

50° 55°
5 cm.

50° 55°
5 cm.

Example-2. AB is a line segment and line l is its perpendicular bisector. If a point P lies on l, show
that P is equidistant from A and B.
Solution :  Line l  AB and it passes through C which is the mid-point of AB
                 We have to show that PA = PB.
                 Consider PCA and PCB.
                 We have AC = BC (C is the mid-point of AB)
               PCA =   PCB = 90° (Given)
                  PC = PC (Common side)
           So, PCA  PCB (SAS rule)
      and so, PA = PB, (corresponding sides of congruent triangles.)

DO THESE

 1. State whether the following triangles are congruent or not? Give reasons for your answer.

(i) (ii)

 2. In the given figure, the point P bisects AB and DC. Prove that
APC   BPD

7.3.1  Other Congruence Rules

Try to construct two triangles in which two of the angles are 50° and 55° and the side on which
both these angles lie being 5cm.

Cut out these triangles and place one on
the other. What do you observe? You will find
that both the triangles are congruent. This result
is the angle-side-angle criterion for congruence
and  is  written  as  ASA criterion you have seen
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this in earlier classes. Now let us state and prove the result. Since this result can be proved, it is called
a theorem and to prove it, we use the SAS axiom for congruence.

Theorem 7.1 (ASA congruence rule) : Two triangles are congruent, if two angles and the included
side of one triangle are equal to two angles and the included side of the other triangle.

Given:  In ABC and DEF

               B = E, C = F and BC = EF

Required To Prove (RTP): ABC    DEF

Proof:    There will be three posibilities. The possiblities between AB and DE are either
 AB > DE or AB < DE or  AB = DE.

We will consider all these cases and see what does it mean for ABC and DEF?

Case (i): Let AB = DE, Now what do we observe?

             Consider ABC and DEF

AB = DE (Assumed)

 B = E (Given)

BC = EF (Given)

So, ABC   DEF (By SAS congruency axiom)

Case (ii): Let the second case be  AB  > DE.

                  So, we can take a point P on AB such that PB = DE.

                Now consider PBC and DEF

PB = DE (by construction)
B = E (given)

BC = EF (given)

So, PBC   DEF (by SAS congruency axiom)

Since the triangles are congruent their corresponding parts are equal.

So, PCB = DFE

But, ACB = DFE (given)
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W�Z[ëZkZßwÃÒy�,ÐZzgZk»o]7�,ÐaèZkÃU*"$�** 	M\ë)oV~7,Y`�X
§WÆZßwÃZEw�D�X SAS ì®ZZÐX¹YñÇXZkÃU*"$�äÆaë
�z!5Ò5é II]§z�D�,Z¤/ZzgÜsZ¤/Zq-[ÆÃð�z iZztXIXiZzt,Å§W»Zßw: (ASA) 7.1 X

iZz�ZzgZy»��I�zu}[ÆpÐøiZz-VZzgZyÆ�uIÆ)z~�X
~ DEF Zzg ABC �c*�Hì�:

, Zzg BC = EF

: (R.T.P) U*"$�**ì�
&Âz�;]�$Ë�X o]:

c* c*AB > DE Æ�gxyÂz�;]� Zzg
Å§WÆaqgz!*Ñz�;]6,̈g�,ÐX DEF Zzg ABC 

ëHx@{�D�? :�ÛnÙ� (i) ßg]
6,̈g�ä6,  DEF Zzg  ABC

)Gz£(
)�c*�H(
)�c*�H(

§WÆñç·Æ�( SAS) Zk§b
~ AB > DE ßg] :�zu~Â (ii) ßg]

PB = DE 6,Zk§bfe�� AB Ãâ P ë`
6,̈gÙX  DEF Zzg  PBC Z[

)âq�ñ( PB = DE

)�c*�H(
)�c*�H( BC = EF

§Wñç·Æ�( SAS) Zk§b
aè!5Ò5é II]§z�ZkaZyÆpÐø8]õ O)z~�VÐX
Zk§b

)�c*�Hì( p
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So ACB = PCB (from the above)

Is this possible?

This is possible only if P coincides with A

(or)  BA = ED

So, ABC   DEF (By SAS congruency axiom)

(Note : We have shown above that if B = E and C = F and BC = EF then  AB = DE and
the two triangles are congruent by SAS rule).

Case (iii): Let the third case be  AB <  DE

We can choose a point M on DE such that
ME = AB and repeating the arguments as  given in case (ii),
we can conclude that AB = DE and so,  ABC   DEF..
Look at the figure and try to prove it yourself.

Suppose, now in two triangles two pairs of angles and one pair of corresponding sides are
equal but the side is not included between the corresponding equal pairs of angles. Are the triangles still
congruent? You will observe that they are congruent. Can you reason out why?

You know that the sum of the three angles of a triangle is 180°. So if two pairs of angles are
equal, the third pair is also equal (180°  sum of equal angles).

So, two triangles are congruent if any two pairs of angles and one pair of corresponding
sides are equal. We may call it as the AAS Congruence Rule. Let us examine some more
examples.

Example-3. In the given figure, AB|| DC and AD|| BC  show that   ABC    CDA

Solution : Consider  ABC and  CDA

BAC = DCA (alternate interior angles)

        AC = CA (common side)

BCA = DAC (alternate interior angles)

ABC    CDA (by ASA congruency)
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)Zz6,�c*�Hì( Zk§b
Hteì?

6,;�X A ` P tA$�e�YìZ#`
c*

§WÆñç·Æ�( SAS) Zk§b
Zzg A$ Zzg Zzg Zz6,z�s#�Bì�Z¤/ â^:

§Wñç·Æ��z!5Ò5é II]§z�X SAS 

AB < DE :�~Âßg] (iii) ßg]
ME  = AB 6,Zk§bfe�� DE Ãâ M ëZq-`

ZzgZk§b AB  =  DE ~�~�z�s#Ã�CÙZD�ñëZk³6,t�� (ii) Zzg%³
Ã̂�Ù�ñW\p�ÐU*"$�äÅÃÒÙX

�ÛnÙ��z!5Ò5é II]~�ziZz-VÆ�hZzgZq-pÐø̂VÆ�h)z~�pIÃpÐø)z~iZz-VÆ�hÆ
�gxy71�HìHt!5Ò5é II]A$Ì§z�D�?W\x@{�,Ð�t
!5Ò5é

II]§z�D�XHW\CMh�Z(YVì?
�@*ìX 1800 W\tY��[ÆÐViZz-V»ù·

Zk§bZ¤/iZz-VÆ�z�h)z~�VÂ�Z�hÌ)z~�ÇX))z~
(1800 iZz-V»ù·

§W (AAS) ®ZZ¤/iZz-VÆÃð�z�hZzgpÐø̂V»Zq-�h)z~�Â�z!5Ò5é II]§z�VÐZzgëZkÃ
»Zßwë�X

W�Z[ë'×h+VßV6,̈g�,X
e�� Zzg �~�̂~ : (3) Vw

6,̈gÙX  CDA Zzg  ABC i:
)��wZ0+gzãiZz�(
)�uI(
)��wZ0+gzãiZz�(

§zñç·Æ�( ASA)
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Example-4. In the given figure, AL || DC, E is mid point of BC. Show that  EBL   ECD

Solution : Consider  EBL and  ECD

BEL = CED (vertically opposite angles)

      BE = CE (since E is mid point of BC)

EBL = ECD (alternate interior angles)

EBL   ECD (by ASA congruency)

Example-5. Use the information given in the
adjoining figure, prove the following :

(i) DBC    EAC

(ii) DC = EC.

Solution : Let ACD = BCE = x

            ACE = DCE + ACD = DCE + x ...... (i)

             BCD = DCE + BCE = DCE + x ...... (ii)

From (i) and (ii),  we get   : ACE = BCD

Now in  DBC and EAC,

ACE = BCD   (proved above)

       BC = AC [Given]

 CBD = CAE [Given]

   DBC   EAC [By A.S.A]

since DBC   EAC

              DC = EC (by CPCT)

Example-6: Line-segment AB line-segment CD are parallel. O is the
mid-point of AD.  Show that (i) AOB   DOC   (ii) O is also the
mid-point of BC.

Solution : (i) Consider AOB and  DOC.

                      ABO  =  DCO (Alternate angles as AB || CD and BC is the transversal)

          AOB  =  DOC (Vertically opposite angles)

                            OA = OD (Given)
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»zV`ìXe�� BC I E �V6, �~�̂~ : (4) Vw
6,̈gÙX  ECD Zzg  EBL i:
)£.ÞÆgZÏiZz�(

»zV`ì( BC,E )aè BE = CE

)Z0+gzã��wiZz�(
§zñç·Æ�( ASA)

^́~�~�¥â]ÃZEw�D�ñU*"$Ù� : (5) Vw
(i)

DE = EC (ii)

�ÛnÙ i:
' (i)

' (ii)

Åæ�Ð�qÝ�@*ìX (ii) Zzg (i) )zZ]

~  EAC Zzg  DBC Z[
)¬�U*"$H�Hì(

)�c*�Hì( BC = AC

)�c*�Hì(
ÅgzÐ( ASA)

aè
ÅgzÐ( CPCT) DC  EC

ÆáZi~ìX CD óé« AB é« : (6) Vw
»zV`ìX AD â O Zzg

»ÌzV`ìX BC â O ` (ii) (i) C��
6,̈gÙX  DOC Zzg  AOB (i) i:

�éâì( BC Zzg�V )��wiZz�/õ GGYV�
)Ñ.ÞgZÏiZz�(

)�c*�Hì( OA  OD
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    Therefore, AOB    DOC (AAS rule)

                (ii)       OB =  OC (CPCT)

    , O is the mid-point of BC.

  EXERCISE - 7.1

  1. In quadrilateral ACBD, AC = AD and AB bisects   A

Show that  ABC    ABD.

What can you say about BC and BD?

  2. ABCD is a quadrilateral in which AD = BC and

 DAB = CBA  Prove that

(i)  ABD   BAC

(ii) BD = AC

(iii)  ABD = BAC

  3. AD and BC are equal and
perpendiculars to a line segment AB
then show that CD bisects AB.

  4. l and m are two parallel lines intersected by
another pair of parallel lines p and q . Show that
ABC   CDA

  5. In the adjacent figure,  AC = AE, AB = AD

and BAD = EAC. Show that BC = DE.
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ZßwÆ�( AAS) Zk§b
ÅgzÐ( CPCT) OB  OC (ii)

»zV`ì BC â O Zk§b

» Aó AB Zzgé¸ AC = AD ~ ACBD egV .1

BC W\â ABC ~=  ABD **�ìXA$C��
Æ!*g}~H`Ð? BD Zzg

Zzg AD = BC Zq-egVìT~ ABCD .2

U*"$Ù� DAB = CBA

ABD ~=  BAC (i)

BD  AC (ii)

ABD = BAC (iii)

AB )z~�Zzgté« BC Zzg  AD èo   .3    

»**� AB â CD 6,À�zZgìXC��
ìX

�záZi~èo�Zzgt�zu}áZi~èo m Zzg l .4   

Ãs�D�XC�� q Zzg p Æ�h
ABC ~=  CDA

Zzg AB  AD,AC  AE |̂~ .5

BC  DE C�� BAD = EAC
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  6. In right triangle ABC, right angle is at C, M is the  mid-point  of hypotenuse AB.  C is joined
to M and produced to a point D such that DM = CM.  Point D is joined to point B (see
figure).  Show that :

(i) AMC   BMD

(ii)   DBC is a right angle

(iii) DBC   ACB

(iv)
1CM AB
2



  7. In the adjacent figure ABCD is a square and APB is an equilateral
triangle.  Prove that  APD   BPC.

(Hint : In APD and  BPC,   AD = BC, AP = BP and

PAD =   PBC = 90o - 60o = 30o]

  8. In the adjacent figure ABC,  D is the midpoint of BC.  DEAB,
DF AC and DE = DF. Show that BED CFD.

  9. If the bisector of an angle of a triangle also bisects the opposite side, prove that the triangle is
isosceles.

  10. In the given figure ABC is a right triangle and right angled at B such
that BCA = 2BAC. Show that hypotenuse AC = 2BC.

(Hint : Produce CB to a point D that BC = BD)

     7.4  SOME PROPERTIES OF A TRIANGLE

In the above section you have studied two criteria for the congruence of triangles. Let us now
apply these results to study some properties related to a triangle whose two sides are equal.
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 D Ð�hD�ñ` M Ã C »zV`ìX̀ AB zF,M 6,iZzt�[ìX C ~ ABC �ìZ²Zzt[ .6

Ð�hZ�HX)6�̂~�3c*�Hì( B Ã̀ D ` DM = CM J-Zk§b(,Jc*�Hì�
e��

AMC ~=  BMD (i)

Zq-�ìZ²ZztìX DBC (ii)

DBC ~=  ACB (iii)

CM = AB (iv)

Zq-)z~ZHq[  APB Zq-%,ì,Zzg[ ABCD |̂~  .7

APD ~=  BPC ìXA$U*"$Ù�
Zzg  , ~  BPC Zzg  APD )Z�ág{:

PAD = PBC = 90o  60o = 30o

»zV`ìX BC I D ~  ABC |̂[   .8

BED ~=  CFD A$U*"$Ù� DE  DF Zzg DF  AC ,DE  AB

Z¤/Zq-[ÆZq-iZzt»**�ZkÆ£.ÞÆI»Ì**��Âe��tZq-)z~Z�:[�ÇX .9

6,�ìZ²Zzt¯@*ìX B Zq-�ìZ²Zzt[ìZzg̀ ABC �~�̂~ .10

BCA = 2 BAC Zk§bÐ�
  AC = 2BC A$U*"$Ù�

(BC = BD J-Zk§b(,J�� D Ã̀ BC )Z�ág{:

qgz!*ÑX~W\[Å§XÆ�zZßßVÐzZ��`�XW�Z[ëZy}òÃZEw�D
�ñZ,!5Ò5é II]ÐXÆ�z²)z~�V§WÅS:]»Z:t�D�X
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ACTIVITY

  i. To contruct  a triangle using compass, take any measurement and draw a line segment AB.
Now open a compass with sufficient length and put it on point A and B and draw an arc. Which
type of triangle do you get? Yes this is an isosceles triangle. So, ABC in figure is an isosceles
triangle with AC = BC. Now measure A and B. What do you observe?

  ii. Cut an isosceles triangle
Now fold the triangle so that two congruent sides fit precisely one on top of the other.  What do
you notice about A and B?
You may observe that in each such triangle, the angles opposite to the equal sides are equal.
This is a very important result and is indeed true for any isosceles triangle. It can be proved as
shown below.

Theorem-7.2 : Angles opposite to equal sides of an isosceles triangle
are equal.

This result can be proved in many ways. One of the proofs is given
here.

Given: ABC is an isosceles triangle in which AB = AC.

RTP:  B = C.

Construction: Let us draw the bisector of A and let D be the point of intersection of this bisector of
A and BC.

Proof :    In  BAD and CAD,
 AB = AC (Given)

BAD  = CAD (By construction)
AD = AD (Common side)

 BAD   CAD (By SAS congruency axiom)
So, ABD = ACD (By CPCT)

i.e.,   B = C (Same angles)
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6,Q A kXZ[6,»gÃZq-ºmîwJ-�D�ñ` AB [¯äÆnËÌeö»é« (i)

6,gnp�ñ�z̧kU�Zhzu}Ãs�,XZk§bqÝ�äzZÑ[Ã̈K�Ç?;VtZq- B `
ÅeöÙ,W\H B Zzg A ,ZzgZ[W\ AC = BC ~ & ABC )z~Z�:[�ÇXZk§b

x@{�D�?

)z~Z�:[Ã»^³X (ii)

Ð0H B Zzg A [ÃZk§bñhb�ZyÆ§z²Zhzu}6,;�YNXZ[W\
x@{�D�?

W\ä̈gH�Ç�Zk§bÆ[~LL)z~̂VÆ#³iZz�Ì)z~�D�óóXt¹Zë³ì
ZzgtZq-)z~Z�:[Æa��tìXfs~ZkÃU*"$H�HìX

[)z~Z�:~)z~̂VÆ£.ÞÆiZz�Ì)z~�D�X : 7.2 X
Zk³ÃZ§KVÐU*"$HYYìX

�V6,U*"$�äÆaZq-§iÃªCÙH�HìX
XAB = AC Zq-)z~Z�:[ìT~  ABC �c*�Hì:

U*"$�**ì�:
»éìX D »` BC Zzg Æ**� ó  »**�]�XZk§b� W�ë ¯z^:

~  CAD Zzg  BAD o]:
)�c*�Hì( AB  AC 

)¿Æfg=Ð(
)�uI( AD = AD 

§zñç·Æ�( SAS) Zk§b
Æ�( CPCT) Zk§b

))z~iZz�( Zka
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Is the converse also true? That is “If two angles of any triangle are equal, can we say that the
sides opposite to them are also equal?”

  ACTIVITY

 1. On a tracing paper draw a line segment BC of length
6cm.

 2. From vertices B and C draw rays with angle 600 each.
Name the point A where they meet.

 3. Fold the paper so that B and C fit precisely on top of
each other. What do you observe? Is AB = AC?

Repeat this activity by taking different angles for B and C.
Each time you will observe that the sides opposite to equal angles are
equal. So we have the following

Theorem-7.3 : The sides opposite to equal angles of a triangle are equal.

This is the converse of previous Theorem. You are advised to
prove this using ASA congruence rule.

Example-7. In  ABC, the bisector AD of  A is perpendicular to
side BC Show that AB = AC and ABC is isosceles.

Solution : In   ABD and  ACD,

             BAD =   CAD (Given)

                    AD = AD (Common side)

              ADB  =  ADC = 90° (Given)

           ABD   ACD (ASA rule)

              So, AB = AC (CPCT)

                or, ABC is an isosceles triangle.

Example-8. In the adjacent figure, AB = BC and AC = CD.

Prove that : BAD : ADB = 3 : 1.

Solution :  Let  ADB = x
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HZk»',@Ì��t�Ç?ªLLZ¤/Ë[Æ�ziZz�)z~�A$HëÈMh��ZyÆ£.ÞÆ²Ì
)z~�Mh�?

ª�UX 6 T»îw BC Zq-�»½6,é« .1

U »iZzt¯D�ñ�zÃqZk§b 600 6,C Zzg B Zkg  .2

ªCÙÙX Ð A �z{W:~Zhzu}ÐX�,ZkÃ̀
Zq-�zu}6,;�V C Zzg B »½ÃZk§bµÙ� .3

?AB = AC Z[W\äHx@{Hì?H

ÆZiZz-VÐ�CÙZ�,CÙ�iW\x@{�Mh C Zzg B qgz!*Ñ¿Ã
��)z~iZz-VÆ£.ÞÆ²å)z~�D�X

Zq-[Æ)z~iZz-VÆ£.ÞÆ²)z~�D�X : 7.3 X
Å§WÆZßw ASA tÔX»',@ìXCYÃ@Ze$�~YCì�ZkXÃ

ÃZEw�D�ñU*"$�,X
 ABC Zzg AB = AC 6,À�zZgìXe�� BC I AD »**� A ~  ABC [ : (7) Vw

Zq-)z~Z�:[ìX
~  ACD Zzg  ABD i:
)�c*�Hì(

)�uI(
)�c*�H(

ñç·Æ�( ASA) Zk§b
Æ�( CPCT) AB = AC Zk§b

Zq-)z~Z�:[ìX  ABC c*
AC = CD Zzg AB = BC |̂~ : (8) Vw

U*"$Ù�
�Ûn�z�iZzt i:
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A

B CD

E F

In ACD, AC  = CD

 CAD = CDA = x

and,  ext. ACB = CAD + CDA

   = x + x = 2x

 BAC  = ACB = 2x.  ( In ABC, AB = BC)

 BAD  = BAC + CAD

  = 2x + x = 3x

And,     
BAD 3 3
ADB 1


 


x
x

i.e.,  BAD  : ADB  = 3 : 1.

Hence Proved.

Example-9.  In the given figure, AD is perpendicular to BC and EF || BC, if EAB = FAC, show
that triangles ABD and ACD are congruent.

Also, find the values of  x and  y  if  AB = 2x + 3,  AC = 3y + 1,

BD = x and DC = y + 1.

Solution :  AD   EF
 EAD = FAD = 900

EAB = FAC  (given)
    EAD - EAB  = FAD - FACAC
 BAD  = CAD

In ABD and  ACD
BAD  = CAD  [proved above]
ADB  = ADC = 900 [Given  AD   BC]

and         AD = AD (Common side)
   ABD   ACD [By ASA]

Hence proved.
ABD = ACD     AB = AC   and BD = CD [By C.P.C.T]

          2x + 3 = 3y + 1 and x = y + 1
          2x  3y = 2 and x  y = 1

          Substituting 2(1+ y)  3y = 2 Substituting y =  4  in  x = 1 + y
x = 1 + y 2 + 2y  3y = 2     x = 1 + 4

y =  2  2     x = 5
y = 4

x = 5,  y = 4
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AC = CD~ ACD

ZzgÛzãiZzt
= x + x = 2x

(AB = BC ~  ABC )aè

= 2x + x = 3x

Zzg

Zk§bÐ�
��U*"$�**åX

ABD ,e��!5Ò5é II] ,Z¤/ 6,À�zZgìZzg BC I AD �~�̂~ : (9) Vw
Å�g¥xÙX y Zzg x §z�,ZzgZkÆ´z{ ACD Zzg

�V  DC  = y + 1 Zzg BD = x ,AC = 3y + 1,AB = 2x + 3 Z¤/

6,À�zZgìX EF ,â AD i:

)�c*�Hì(

~ Zzg
)Zz6,U*"$H�Hì(

ì( BC À�zZgì AD )�c*�Hì�
)�uI( AD  AD

Æ�( ASA)
A$U*"$�ZX

Zzg Åæ�Ð( CPTCT)
Zzg x - y = 1 Zzg x = y + 1

~�g`�ä6, x = 1 + y Å�g y = 4 �g`�ä6, x = y + 1 Åæ� x

x = 1 + 4 2 (1+y) - 3y = -2 

x = 5 2 + 2y - 3y = - 2

- y = - 2 - 2

x=5, y=4 - y = - 4

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j62
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Example-10. E and F are respectively the mid-points of equal sides AB and AC of ABC (see
figure)  Show that BF = CE

Solution : In ABF  and  ACE,

AB = AC (Given)

A = A (common angle)

AF = AE (Halves of equal sides)

 ABF   ACE (SAS rule)

So, BF = CE (CPCT)

Example-11. In an isosceles triangle ABC with AB = AC,  D and E are points on BC such that
BE = CD (see figure) Show that AD = AE,

Solution : In   ABD and ACE,

AB = AC (given) ........... (1)

B = C (Angles opposite to equal sides) ........... (2)

Also,     BE = CD

So,  BE  DE = CD  DE

That is,      BD = CE (3)

So,  ABD   ACE

(Using (1), (2), (3) and SAS rule).

This gives      AD = AE (CPCT)

 EXERCISE - 7.2

  1. In an isosceles triangle ABC, with AB = AC, the bisectors of
B and C intersect each other at O.  Join A to O.  Show
that :

(i)  OB = OC (ii)  AO bisects A

  2. In ABC,  AD is the perpendicular bisector of BC (See adjacent
figure).  Show that ABC  is an isosceles triangle in which
AB = AC.

A

B CD

A

B C

E F

A

B CD E
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ÆzVÕo�X)^�¶( AC Zzg AB F,KMzZg)z~̂V F Zzg E ~ D ABC [ : (10) Vw
BF = CE e��
~ D ACE Zzg D ABF i:

)�c*�Hì( AB = AC

)�uiZzt(  

))z~»**�( AF = AE

ñçqÆ�( SAS) Zk§b
Æ�( CPCT) BF = CE Zkn

XBE = CD 6,Zk§ba�Õo� BC I E Zzg D,AB = AC~  ABC )z~Z�:[ : (11) Vw
XAD = AE )^�¶(e��

~ D ACE Zzg D ABD i:
(1) '' )�c*�Hì( AB = AC

(2) ('' ))z~̂VÆ£.ÞiZz�
BE = CD ZkÆ´z{

BE - DE = CD - DE ®Z
(3) XXXXXXXX BD = CE ª

Zk§b
ñç·Åæ�Ð SAS Zzg (3) Zzg (2),(1)

Æ�( CPCT) qÝ�@*ì AD =  AE

Æ**� ÐC Zzg ÐB,AB = AC ~ ABC )z~Z�:[ .1       

6,s�D�X O Zq-�zu}Ã̀
Ð�hbX O Ã A gZk   

e��þþ:   

»**�ìX ÐA ,iZz� AO (ii) OB = OC (i)

»À�~**�ì)|̂�&À�/õ GG( BC I AD ~ D ABC .2

AB = AC Zq-)z~Z�:[ìT~ D ABC e��

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j
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 3. ABC is an isosceles triangle in which altitudes BD and CE are
drawn to equal sides AC and AB respectively (see figure) Show
that these altitudes are equal.

4. ABC is a triangle in which altitudes BD and CE to sides AC

and AB are equal (see figure) .  Show that

(i) ABD    ACE

(ii) AB = AC i.e., ABC is an
isosceles triangle.

 5. ABC and DBC are two isosceles triangles on the same
base BC (see figure).  Show that  ABD = ACD.

     7.5   SOME MORE CRITERIA FOR CONGRUENCY OF TRIANGLES

Theorem 7.4 (SSS congruence rule) : Through construction we have seen that SSS congruency rule
hold. This theorem can be proved using a suitable construction.

In two triangles, if the three sides of one triangle are respectively equal to the corresponding three sides
of another triangle, then the two triangles are congruent.

• Proof for SSS Congruence Rule

Given:  PQR and XYZ are such that PQ = XY, QR = YZ and PR = XZ

To Prove : PQR   XYZ

Construction : Draw YW such that ZYW = PQR and WY = PQ. Join XW and WZ

Proof: In PQR and WYZ
     QR = YZ (Given)
PQR = ZYW (Construction)
     PQ = YW (Construction)

       PQR   WYZ (SAS congruence axiom)

A

B C

D

A

B C

DE

A

B C

DE

Q

P

R
X

ZY

W

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



AC F,KMzZg)z~̂V CE Zzg BD ~ D ABC )z~Z�:[ .3

Ås��c*V�)^�&À�/õ GG(e��t�c*V)z~�X AB Zzg

Zq-[ìT~)z~îw ABC .4   

Æîw)z~�X CE Zzgþ BD �Zg·q 6,a AB Zzg AC zZá²
)^�&À�/õ GG(

e��
DABD ~= D ACE (i)

Zq-)z~Z�:[ìX ABC ª AB = AC (ii)

BC �z)z~Z�:!5Ò5é II]�X»Zq-��°{ D DBC Zzg D ABC .5

ì)^�&À�/õ GG(
ÐABD = ÐACD e��

§&Ïî I»Zßw( SSS :) 7.4 X
§�]»Zßwz��g�rìXZkXÃi¯z^ÆZEwÐU*"$H SSS ¯z^Æ�ëYy`��

ìX YY
�X �z!5Ò5é II]~Z¤/Zq-[Æ&²F,KMzZg�zu}[Æ&̂VÆ)z~�VA$t!5Ò5é II]§z�D

§&Ïî I»ZßwÆfg=o]: SSS

PR = XZ Zzg QR = YZ,PQ = XY Zk§bì� D XYZ Zzg D PQR �c*�Hì�:
: U*"$�**ì�

Zzg Zk§bU� YW¿:
Ã�h�X WZ Zzg XW,WY = PQ 

~ D WYZ Zzg D PQR o]:
)�c*�Hì( OR = YZ 

)i¯z^Æfg=(
)i¯z^Æfg=( PQ = YW 

§zñç·Æ�( SAS)

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j

!5Ò5é II]~§�]Æ'×h+Zßw 7.5
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A

CB

D

D C

A B

P = W and PR = WZ (CPCT)
      PQ = XY (given) and PQ = YW (Construction)
 XY = YW
Similarly, XZ = WZ
In XYW, XY = YW
YWX = YXW (In a triangle, equal sides have equal angles opposite to them)
Similarly,  ZWX = ZXW
YWX + ZWX = YXW + ZXW
W = X
Now, W = P
P = X
In PQR and XYZ

PQ = XY
P = X
PR = XZ

PQR   XYZ (SAS congruence criterion)

Let us see the following example based on it.

Example-12. In quadrilateral ABCD, AB = CD, BC=AD show that   ABC    CDA
Consider ABC  and  CDA

Solution : AB = CD (given)
AD = BC (given)
AC = CA (common side)
ABC    CDA  (by SSS congruency rule)

DO THIS

  1. In the adjacent figure  ABC  and DBC are two triangles
such that AB = BD and AC= CD.  Show that
ABC   DBC.

You have already seen that in the SAS congruency axiom, the pair of equal angles has to be the
included angle between the pairs of corresponding equal sides and if not so, two triangles may not be
congruent.
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Zzg PR  WZ (CPCT) 

)i¯z^( PQ = YW )�c*�Hì�(Zzg PQ = XY

 XY = YW

XZ  WZ ZÏ§b
XY = YW~  XYW 

)[~)z~̂VÆ£.ÞiZz�)z~�D�(
ZÏ§b

Z[

~  XYZ Zzg  PQR

PQ = XY

PR  XZ

§zñç·Æ�( SAS)
W�Z[ëqgzfsVwÃZkñç·Æ�i�,ÐX

e�� BC = AD,AB = CD ~ ABCD egV : (12) Vw
6,̈gÙX  CDA Zzg  ABC 

)�c*�Hì�( AB = CD

)�c*�Hì�( AD = BC

)�uI( AC = CA

§zñç·Æ�( SSS)

�z!5Ò5é II]Zk§b�  DBC Zzg  ABC |̂~ .1

�X AC = CD Zzg AB = BD

ABC ~=  BDC e��

§zñç·Æ�W\tYy`��)z~iZz-VÆ�h,)z~pÐø̂VÆ�hÆ�gxyzZµ�D SAS

�,ZzgZ¤/Z(�Â����z!5Ò5é II]§z7�MhX

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j
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  ACTIVITY

Construct a right angled triangle with hypotenuse 5 cm. and one side 3 cm. long.
How many different triangles can be constructed? Compare your triangle with those of the other
members of your class. Are the triangles congruent? Cut them out and place one triangle over the
other with equal side placed on each other. Turn the triangle if necessary what do you observe? You
will find that two right triangles are congruent, if side and hypotenuse of one triangle are respectively
equal to the correseponding side and hypotenuse of other triangle.

Note that the right angle is not the included angle in this case. So we arrive at the following
congruency rule.

Theorem 7.5  (RHS congruence rule) : If in two right triangles the hypotenuse and one side of one
triangle are equal to the hypotenuse and one side of the another triangle, then the two triangles are
congruent.

Note that RHS stands for right angle - hypotenuse-side.

Let us prove it.

Given: Two right triangles, ABC and  DEF

 in which   B = 90o and  E = 90o ;

AC = DF  and BC = EF.

To prove:  ABC   DEF

Construction: Produce DE to G

So that EG = AB. Join G, F.

Proof:

In  ABC and GEF

AB = GE (By construction)

B = FEG (Each angle is a right angle (900))

BC  = EF (Given)

ABC    GEF (By SAS criterion of congruence)

So A = G … (1) (CPCT)

A

B C

E

D

F

G

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



�C��ZyeUVÐÄZ!5Ò5é II]¯ñYMh�? 3cm ZzgZk»I 5cm Zq-�ìZ²Zzt[T»zF,
W\Æ¯ñ�ñ[»W\Æë)®)�VÆ¯ñ�ñ!5Ò5é II]Ð».ÞÙXH!5Ò5é II]§z�?Zy!5Ò5é II]Ã
»�̂ZyÆ)z~̂VÆ¼pÐZhzu}6,gÚZzgZ¤/¢zg]�ä6,ZyÃ¶ØZzgW\Hx@{�D�?W\Zk
Ë6,t���z�ìZ²Zzt!5Ò5é II]§z�D�,Z¤/Zy~Zq-IZzgzF,�zu}[ÆpÐøIZzgzF,Æ)z~�VX

W\Y���[�ìZ²ZztZkßg]~�ẑV»�gxãiZzt7ì,ZkÐë!5Ò5é II]»Zq-ZzgZßwæzy â^:
�D�X

Z¤/�z�ìZ²Zzt!5Ò5é II]~Zq-[»zF,ZzgZk»Zq-I�zu}[ÆzF,ZzgZk §z»Zßw(: RHS :) 7.5 X
ÆZq-IÆ)z~�VA$t!5Ò5é II]Zhzu}Æ§z�VÐX

)�ìZ²ZztXzF,XI(�@*ìX (Right angle - Hypotenuse- Side) »È RHS c*�gÚ� â^:

W�ZkÃU*"$�,X
�z�ì  DEF Zzg  ABC �c*�Hì:

Zzg Z²Zzt!5Ò5é II]�,T~
BC  EF Zzg AC  DFÔ

U*"$�**ì�:
J-Zk§bU� G Ã DE ¯z^
Ð�h�X F Ã G,GE  AB 

o]
~  GEF Zzg  ABC

)¯z^Æfg=( AB  GE

(900 )CÙZq-iZzt,iZzt�[ìª

)�c*�Hì( BC  EF

ñç·Æ�( SAS)
(CPCT) (1) ' Zk§b

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j
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              AC = GF … (2) (CPCT)
Further,  AC=GF and AC=DF (From (2) and  Given)
 DF = GF (From the above)
 So, D = G … (3) (Angles opposite to equal sides are equal)
we get A = D … (4) (From (1) and (3))
Thus, in ABC  and DEF A = D, (From (4))
B = E (Given)
So, A+ B = D + E (on adding)
But A + B + C = 1800 and (angle sum property of triangle)
D + E + F = 1800

180 - C = 180 - F (A+B=1800CandD +E=1800 F)
So, C = F, … (5) (Cancellation laws)
Now,  in  ABC  and  DEF, we have
        BC = EF (given)
      C = F (from (5))
       AC = DF (given)
ABC    DEF (by SAS axiom of congruence)

Example-13. AB is a linesegment.  P and Q are points on either side of AB such that each of them is
equidistant from the points A and B (See Fig ).  Show that the line PQ is the perpendicular bisector of
AB.

Solution : You are given that PA = PB and QA = QB and you have to show that PQ is perpendicular
on AB and PQ bisects AB.  Let PQ intersect AB at C.

Can you think of two congruent triangles in this figure ?

Let us take PAQ and PBQ.

In these triangles,

AP = BP (Given)

AQ = BQ (Given)

PQ = PQ (Common side)

So, PAQ  PBQ (SSS rule)

Therefore,  APQ =  BPQ (CPCT).

Now let us consider PAC and PBC.

You have : AP = BP (Given)
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(CPCT) (2) ' AC  GF

Zzg�c*�HeÈ( 2 ))zZ] AC  GF Zzg AC  DF ZyÆ´z{
)Zz6,Ð( DF  GF Zk§b
))z~̂V»£.ÞiZzt( (3) ' Zk§b

Åæ�Ð( 3 Zzg 1) (4) ' ëqÝ�D�
Ð( 4 ))zZ] ~  DEF Zzg  ABC Zk§b

)�c*�HeÈ(
)¦�ä6,( Zk§b
)[ÆiZz-VÆù· Zzg p
Å{¤Æ�(
)

( Zzg
(Cancellation laws) (5) ' Zk§b

~  DEF Zzg  ABC Z[
)�c*�Hì( BC  EF ëqÝ�D�

Ð( 5)
)�c*�Hì( AC  DF

§zñç·Æ�( SAS)
�¶( Ð)z~ÃA6,zZµ�X)^ B Zzg A Æ�zâVY+$ AB â Q Zzg P Zq-é«ì,Õo AB: (13) Vw

»À�~**�ìX AB é« PQ e��â
ìX »**� AB 6,À�zZgìZzg AB é« PQ ZzgW\ÃU*"$�**ì� QA = QB Zzg PA = PB c*�Hì� � i:

6,s�@*ìX C Ã̀ AB â PQ �Ûn�z�
HW\Zk̂~�z§z[0*D�?

Zy!5Ò5é
II]~  PBQ Zzg  PAQ 

)�c*�Hì( AP  BP

)�c*�Hì( AQ  BQ

)�uI( PQ  PQ

§zZßwÆ�( SSS) Zk§b
)§z!5Ò5é II]ÆpÐøiZz�Æ�( Zk§b
6,̈g�,X  PBC Zzg  PAC Z[W�

)�c*�Hì( AP  BP

C
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        APC =  BPC (APQ = BPQ proved above)

   PC = PC (Common side)

          So,          PAC    PBC (SAS rule)

                  AC = BC (CPCT) ........... (1)

and ACP =  BCP (CPCT)

Also,  ACP +  BCP = 180° (Linear pair)

So, 2ACP = 180°

or, ACP = 90° ........... (2)

From (1) and (2), you can easily conclude that PQ is the perpendicular bisector of AB.

[Note that, without showing the congruence of  PAQ and  PBQ, we cannot show that  PAC 
PBC]

AP = BP (Given)

PC = PC (Common side)

and PAC =  PBC (Angles opposite to equal sides in  APB)

It is because these results give us SSA rule which is not always valid or true for congruence of triangles
as the given angle is not included between the equal pairs of sides.]

Now observe some more examples.

Example-14. P is a point equidistant from two lines l and m intersecting at point A (see figure). Show
that the line AP bisects the angle between them.

Solution : You are given that lines  l and m intersect each other at A.

PB   l  and  PC   m. It is given that PB = PC.

You need to show that  PAB =  PAC.

Let us consider PAB and PAC. In these two triangles,
       PB = PC (Given)
PBA =  PCA = 90°  (Given)
       PA = PA (Common side)

     So, PAB    PAC (RHS rule)
     So,  PAB =  PACAC (CPCT)
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Zz6,U*"$H�H( )

)�uI( PC  PC

ZßwÆ�( SAS) Zk§b

(1) ' AC  BC Zkn
)§z!5Ò5é II]ÆpÐøiZz�Æ�( Zzg

)éiZztÆ�h( Zk§b

Zk§b

(2) ' c*
»À�~**�ìX AB é« PQ Åæ�ÐW\ÈMh�� (2) Zzg (1)

U*"$7�MhX Å§WU*"$G%ë  PBQ Zzg  PAQ â^<
)�c*�Hì( AP  BP

)�uI( PC  PC

Æ)z~̂VÆ£.ÞiZz�(  APB) Zzg
SSA aèZkÐt ZßwqÝ�@*ìX�å�g�&(�è

E;�@*X SSA ZkÅzztì�Zy}òÐ�§W»
ZßwZ~.�@*ìXtñç·å�g�&c*��t7ìaè�c*�ZiZzt̂VÆ)z~�hÆ�gxy�áï7ìX
W�P'×h+ÎZÑ]6,̈g�D�X

)z~Ã,6,zZµìX)^�¶( P 6,s�D�Ð̀ A Ð�̀ m Zzg l �z�éèo : (14) Vw
Zy�zâVÆ�gxy�WzZÑiZz�**�ìX AP e��â

6,s�D�X A ` m Zzg l �c*�Hì�èo i:
Zzg�c*�Hì 6,À�zZgìZzg l â PB 

PB  PC

U*"$�**ì�
6,̈g<X ó

)�c*�Hì( PB  PC

)�c*�Hì(
)�uI( PA  PA

ZßwÆ�( RHS)

)§z!5Ò5é II]ÆpÐøiZz�Æ�( Zk§b

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j74
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A

B C

D

A

B CM

P

Q RN

    EXERCISE - 7.3

  1. AD is an altitude of an isosceles triangle ABC in which AB = AC.

Show that,  (i) AD bisects BC (ii) AD bisects A.

  2. Two sides AB, BC and median AM
of one triangle ABC are respectively
equal to sides PQ and QR and median
PN of PQR (See figure). Show that:

(i) ABM    PQN

(ii) ABC    PQR

  3. BE and CF are two equal altitudes of a triangle ABC. Using
RHS congruence rule, prove that the triangle ABC is isosceles.

  4. ABC is an isosceles triangle in which AB = AC. Show that
B  = C.
(Hint : Draw AP BC)  (Use RHS congruence rule)

  5. ABC is an isosceles triangle in which  AB =  AC.  Side BA is
produced to D such that  AD = AB  (see figure). Show that BCD
is a right angle.

  6. ABC is a right angled triangle in which A = 900 and AB = AC.
Show that B = C.

  7. Show that the angles of an equilateral triangle are 600 each.

  8. In the adjacent figure   ABC is isosceles as AB=AC, BA and CA and CA are produced to Q
and P such that AQ=AP.  Show that  PB=QC.

(Hint : Compare  APB and  AQC)

      7.6  INEQUALITIES IN A TRIANGLE

So far, you have been  studying the equality of sides and angles of a triangle or triangles.
Sometimes, we do come across unequal figures and we need to compare them. For example, line
segment AB is greater in length as compared to line segment CD in figure (i) and  A is greater than
B in following figure (ii).
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» BC I AD (i) A$e�� AB = AC �~ìZzg AD ~ ABC )z~Z�:[   .1

Åß�@*ì? A,AD (ii) **�ì
ZzgzT6 BC,AB Æ�zI ABC Zq-[ .2

Zzg QR,PQ Æ�zI PQR �zu}[ AM 

Æ)z~ìX)^�¶( PN zT6
ABM ~=  PQN (i) e��

ABC ~=  PQR (ii)

§W»Zßw RHS ~�z)z~�c*V�X ABC CF Zzg BE .3

Zq-)z~Z�:[ìX  ABC ZEw�D�ñU*"$Ù�[
AB = AC Zq-)z~Z�:[ÐT~  ABC .4

 B = C e��
Zßw§WÆgzÐ( RHS UZzg AP |  BC )Z�ág{

Zk D Ã BA I AB  AC Zq-)z~Z�:[ìT~  ABC .5

)^�¶( AD  AB §b(,Jc*�Hì�
Zq-�ìZ²zZtìX BCD e��

e� AB  AC Zzg  B = 0 Zq-�ìZ²Zzt[ìT~ ABC .6

 B = C �
»�@*ìX 600 e��)z~ZÑHq[»tiZzt .7

J-Â9�~ Q Zzg̀ P Ã̀ CA Zzg BAÔAB = AC Zq-)z~Z�:[ì6� ABC |̂~ .8

~ñZi:<X( AQC Zzg APB )Z�ág{þ: PB = QC A$e�� AQ = AP �ìZk§b�
[~))ze$ 7.6

Z[J-ë!5Ò5é II]~ZyÆ̂VZzgiZz-VÆ�gxy�WÆ!*g}~zZ��`�X

Ð	 CD (,Zé« AB �Zz�]ëÃ))z~ZDw»Zq-�zu}Ð».Þ�**7,kìX}é«
~ªCÙH�HìX (ii) Ð	̂ B ,(,Zì A ~Zzg (i)^

!5Ò5é II] ¥ÅF,¹cÓ#Ö»j
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(i) (ii)

Let us now examine whether there is any relation between unequal sides and unequal angles of
a triangle. For this, let us perform the following activity:

   Activity

 1. Draw a triangle ABC mark a point A  on  CA produced (new position of it)

So, AC > AC (Comparing the lengths)

Join A to B and complete the triangle ABC.

What can you say about    ABC and  ABC?

Compare them. What do you observe?

Clearly,   A’BC > ABC
Continue to mark more points on CA (extended) and draw the triangles with the side BC and

the points marked.

You will observe that as the length of the side AC is increases (by taking different positions of
A), the angle opposite to it, that is, B also increases.

Let us now perform another activity-

 2. Construct a scalene triangle ABC (that is a
triangle in which all sides are of  different lengths).
Measure the lengths of the sides.

Now, measure the angles. What do you
observe?

A

B C

A'
A"

A
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A B
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W�Z[ëYõ�,Ð[ÆZy))z~̂VZzgiZz-VÆ�gxyÃðģ0*c*Y@*ìXZkÆaqgz
fsaÃZØx�,X

»¶KyÎ�X A' 6,CA U ABC Zq-[ .1

)îw»».ÞÙ( A'C  AC Zk§b
ÃåÙX A' BC Ð�hØZzg[ B Ã A `       

Æ!*g}~HÈMh�? ABC Zzg A'BC W\
ZyiZz-V»».ÞÙXW\Hx@{�D�?

A'BC > ABC zZãîg6,
Ð�hD�ñ!5Ò5é II]¯�X BC Ã(,JD�ñÕoÅ¶K0+�Æ�BI CA Zk§bâ
ÆCÙ̀Æa(ZkIÆ£.ÞÆ A Æîw~Z���Ç) AC W\x@{�,Ð���I

~ÌZ���ÇX B

W�Z[ëZq-r�,ÐX
¯� ABC Zq-ZZÑHq[   .2

)ª[TÆÓx̂VÆîwZ
�D�(ZyÆ̂VÆîwÅeö
ÙX
Z[ZyÆiZz-VÅeöÙ,W\Hx@{

�D�?
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A

B C

In  ABC Figure, BC is the
longest side and AC is the
shortest side.  Also, A is the
largest and B is the smallest.

Measure angles and sides
of each of the above triangles,
what is the relation between   a side and its opposite angle when campared with another pair?

Theorem-7.6 : If two sides of a triangle are unequal,
the angle opposite to the longer side is larger (or
greater).

You may prove this theorem by taking a point
P on BC such that CA = CP as shown in adjacent
figure.

Now, let us do another activity:

  ACTIVITY

Draw a line-segment AB. A as centre draw an arc
with some radius. Mark different points P, Q, R, S and T
on it.

Join each of these points with A as well as with B
(see figure). Observe that as we move from P to T, A
is becoming larger and larger. What is happening to the
length of the side opposite to it? Observe that the length of the
side is also increasing; that is TAB >SAB >RAB >
QAB > PAB and TB > SB > RB > QB > PB.

Now, draw any triangle with all angles unequal to each
other. Measure the lengths of the sides (see figure).

Observe that the side opposite to the largest angle is the longest. In figure, B is the largest
angle and AC is the longest side.

Repeat this activity for some more triangles and we see that the converse of the above Theorem
is also true.

A B

P
QR

S
T

A B

C

P
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�&Ð BC~ D ABC

�&Ð AC (,ZIìZ#�
�&Ð A gN*IìXZka
�&ÐgN* ÐB (,ZiZztZzg

iZztìX
qgz!*Ñ!5Ò5é II]~CÙ[Æ̂VZzgiZz-VÅeöÙ,ZyÆIZzg£.ÞÆiZzt»».Þ�zu}�hÐ

�D�ñZyÆ�gxyģ¥xÙX
Z¤/Zq-[Æ�z²))z~�D�A$(,} : 7.6 X

IÆ£.Þ»iZztÌ(,Z�@*ìX
fe CA = CP 6,Zk§b BC I P W\ZkXÃ`

�ñU*"$�Mh�6�́^~Cc*�HìX
W�Z[ë'×h+Zq-Zzgr�,ÐX

Ã%�/ây�ËÌÛ¢»Zq- A U, AB Zq-é«
Î�X T Zzg S,R,Q,P Õo ¸k¯�ZzgZķk6,Z

Æ�B�h}X)^�[Ö( B Zzg A CÙZq-Ã̀
Å§s(,_�XZk T Ð P x@{Ù���ë`

Ì(,kY@*ì,HW\Y���£.ÞÆIÆîw ÐA §b
~Hp~zZµ�g�ì?

W\äx@{H�Ç�IÆîw~ÌZ���@*ìª
Zzg ÐTAB > ÐSAB > ÐRAB > ÐQAB > ÐPAB

TB > SB > QB > PB

Z[W\ÃðÌ[TÆÐViZz�Z�VUXZkÆ
ZHqÆîwÅeöÙX)^�&À�/õ GG(

�&Ð(,ZiZztìZzg ÐB W\x@{�D���&Ð(,}iZz�Æ£.ÞÆI»îw(,Z�ÇX̂~
�&Ð(,ZIìX AC ZkÆ£.Þ»I

qgz!*ÑaÃP'×h+!5Ò5é II]Æa�CÙZ�ë�BÐ�ZkX»',@Ìå��t�@*ìX

.P
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A

B CD

Measure angles and sides of each triangle given below. What relation you can visualize  for a
side and its opposite angle in each triangle.

In this way, we arrive at the following theorem.

Theorem -7.7 : In any triangle, the side opposite to the larger (greater) angle is longer.

This theorem can be proved by the method of contradiction.

DO THIS

Now draw a triangle ABC and measure its sides. Find the sum of the sides AB + BC,
BC + AC and AC + AB, compare it with the length of the third side.  What do you observe?

You will observe that AB + BC > AC,  BC + AC > AB and AC + AB > BC.  Repeat this
activity with other triangles and with this you can arrive at the following theorem:

Theorem-9.8 : The sum of any two sides of a triangle is greater than the
third side.

In adjacent figure, observe that the side BA of   ABC has been
produced to a point D such that AD = AC. Can you show that  BCD >
BDC and BA + AC > BC?

Have you arrived at the proof of the above theorem.

Let us take some examples based on these results.

Example-15. In ABC, D is a point on side BC ABC such that AD = AC (see figure).

Show that AB > AD.

Solution : In   DAC,
       AD = AC (Given)

So, ADC =    ACD (Angles opposite to equal sides)

Now, ADC is an exterior angle for  ABD.
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fs~���!5Ò5é II]ÆiZz-VZzĝVÅeöÙXW\Zy!5Ò5é
II]Æ̂VZzg£.ÞiZz-VÆ�gxyW\¾ģÃ

ZY¤/�Mh�X

Zk§iÐëfsÆXÃÒy�Mh�X

ËÌ[~(,}iZz�»£.ÞIå(,Z��@*ìX : 7.7 X
ZkXÃU*"$�äÆa¯�§iÌZCc*YYìX

»ù·¥x< AC  AB Zzg BC  AC,AB  BC UZzgZkÆZHqÅeöÙX, ABC [
ZzgZy»».Þ[Æ�}IÆîwÐÙXW\Hx@{�D�?

AC  AB  BC Zzg BC  AC  AC,AB  BC  AC W\�BÐ�
ZkaÃP'×h+!5Ò5é II]Æ�B�CÙZ�TÆË~W\XÒy�Mh�X

[ÆÃð�ẑV»ù·ZkÆ�}IÐic*�{�@*ìX : 7.8 X
AD = AC J-5�HZk§b� D Ã BA ÆI  ABC |̂~[

Zzg 7,´XHW\CMh��
HW\qgz!*ÑX»o]�}Mh�X
W�Z[ëZÏXÆË6,FFVßV6,̈g�,X

)^�¶( AD  AC Zk§bì� D 6,̀BC ÆI  ABC [ : (15) Vw
e��

~  DAC [ i:
)�c*�Hì( AD  AC

))z~̂VÆ£.ÞiZz�( ADC= ACD Zk§b
»{gYiZztìX ABD [ Z[
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So, ADC > ABD

or, ACD >  ABD

or, ACB >  ABC

So, AB > AC (Side opposite to larger angle in  ABC)

or, AB > AD (AD = AC)

  EXERCISE - 7.4

  1. Show that in a right angled triangle, the hypotenuse is the longest side.

  2. In adjacent figure, sides AB and AC of  ABC are
extended to points P and Q respectively.

Also, PBC <  QCB. Show that AC > AB.

3. In adjacent figure,   B <  A  and  C <  D. Show
that AD < BC.

  4 . AB and CD are respectively the smallest and longest sides of a
quadrilateral  ABCD (see adjacent figure).

Show that  A  >  C and B >  D.

5. In adjacent figure, PR > PQ and PS is a angle
bisector of QPR.  Prove that PSR > PSQ.

  6. If two sides of a triangle measure 4cm and 6cm find all possible measurements (positive
Integers) of the third side. How many distinct triangles can be obtained?

  7. Try to construct a triangle with 5cm, 8cm and 1cm. Is it possible or not? Why? Give your
justification.
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Zk§b
c*
c*

~(,}iZz�Æ£.Þ»I(  ABC) Zk§b
AB  AD (AD  AC) c*

e���ìZ²Zzt[~zF,�&Ð(,ZI�@*ìX .1

Q Zzg P ÃÕo AC Zzg AB ÆZHq  ABC |̂~[ .2

AC > e�� PBC < QCB J-(,Jc*�Hì,Zzg

C D Zzg |̂~ .3

AD BC e��

F,KMzZg�&Ð(,ZZzg�& CD Zzg AB ~ ABCD Zq-egV .4

ÐgN*IìX)^�¶(
B D Zzg A C e��

Åß�@*ìó QPR ,PS Zzg PR > PQ |̂~ .5

PSR PSQ A$U*"$Ù�

ª�ÂZkÆ�}IÅÓxÂeNK])µ9æ�(¥xÙ, 6 ªZzg 4 Z¤/Zq-[Æ�ẑVÅeö .6

Zk§b�ÄZ!5Ò5é II]qÝGYMh�X
ªeöÆ[¯äÅÃÒÙXHteìc*7?YV?ZL�Z[Å {ÙX 1 ªZzg 8ª, 5 .7
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   WHAT  HAVE WE DISCUSSED?

 • Figures which are identical i.e. having same shape and size are called
congruent figures.

 • Three independent measurements are required to make a unique triangle.

 • Two triangles are congruent if corresponding angles are congruent and
corresponding sides are equal.

 • Also, there is a one-one correspondence between the vertices.

 • In Congruent triangles corresponding parts are equal and we write in short ‘CPCT’ for
corresponding parts of congruent triangles.

 • SAS congruence rule: Two triangles are congruent if two sides and the included angle of one
triangle are equal to the corresponding two sides and the included angle of the other triangle.

 • ASA congruence rule: Two triangles are congruent if two angles and the included side of one
triangle are equal to two angles and the included side of other triangle.

 • Angles opposite to equal sides of an isosceles triangle are equal.

 • Conversely, sides opposite to equal angles of a triangle are equal.

 • SSS congruence rule: If three sides of one triangle are equal to the three sides of another
triangle, then the two triangles are congruent.

 • RHS congruence rule: If in two right triangles the hypotenuse and one side of one triangle are
equal to the hypotenuse and one  side of the other triangle, then the two triangles are congruent.

 • If two sides of a triangle are unequal, the angle opposite to the longer side is larger.

 • In any triangle, the side opposite to the larger angle is longer.

 • The sum of any two sides of a triangle is greater than the third side.

• Representation of Line, linesegment and ray

LM = Length of Linesegment LM; LM  = Line segment LM  LM
  = Ray LM; LM

  = Line
LM.
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ZDw�7V�VªZyÅ̂Zq-h�ZzgZyÅÀÌ)z~�§zZDwBC�X
Zq-»�[Å¯z^Æa&WiZ�Z:eNK]Å¢zg]�Cì
�z!5Ò5é II]§z�D�Z¤/O~iZz�§z�VZzgO~²)z~�V

§z!5Ò5é II]~gZÎVÆ�gxyZq-@*Zq-m0*c*Y@*ìX
Æ���X CPCT §z!5Ò5é II]~pÐø8]õ O)z~�D�,TÃë�3

§W»Zßw:Zq-[Æ�z²ZzgZyÆ�gxyzZµ�äzZÑiZzt�zu}[ÆpÐø�ẑV SAS

ZzgZyÆ�gxyzZµ�äzZáiZz�Æ)z~�Ât!5Ò5é II]§z�D�X
§W»Zßw:Zq-[Æ�ziZz�ZzgZkÆ�gxyzZµ�äzZÑI�zu}[ÆpÐø�z ASA

iZz-VZzgZyÆ�gxyzZµ�äzZáIÆ)z~�A$t!5Ò5é II]§z�D�X
)z~Z�:[Æ)z~̂VÆ£.ÞiZz�)z~�D�X
ZÏ§b,[~)z~iZztÆ£.Þ²)z~�D�X

§W»Zßw:Z¤/Zq-[Æ&̂VÅeö�zu}[Æ&̂VÅeöÆ)z~�A$ SSS

t�z!5Ò5é II]§z�D�X
§W»Zßw:Z¤/Zq-�ìZ²Zzt[~zF,ZzgZq-I�zu}�ìZ²Zzt[ÆpÐøzF,ZzgZq-I RHS

Æ)z~�VA$t!5Ò5é II]§z�D�X
Z¤/[Æ�z²))z~�VA$(,}IÆ£.Þ»iZzt(,Z�@*ìX

ËÌ[~(,}iZzØÆ£.Þ»I(,Z�@*ìX
[ÆÃð�ẑVÆîw»ù·ZkÆ�}²ÆîwÐic*�{�@*ìX
ÖÔé«ZzgÃq»ZÖg â

LM »îw= LM Ôé« = é«

Ãq= LM = âÖ LM
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     8.1     INTRODUCTION

You have learnt some properties of triangles in the previous chapter with justification.  You know
that a triangle is a figure obtained by joining three non-collinear points in pairs.  Do you know which
figure you obtain with four points in a plane ?  Note that if all the points are collinear, we obtain a line
segment (Fig. (i)), if three out of  four points are collinear, we get a triangle (Fig(ii)) and if any three
points are not collinear, we obtain a closed figure with four sides (Fig (iii), (iv)), we call such a figure as
a quadrilateral.

You can easily draw many more quadrilaterals and identify many around you. The Quadrilateral
formed in Fig (iii) and (iv) are different in one important aspect.  How are they different?

In this chapter we will study quadrilaterals only of type (Fig
(iii)). These are convex quadrilaterals.

A quadrilateral is a simple closed figure bounded by four line
segments in a plane.

The quadrilateral ABCD has four sides  AB, BC, CD and DA,
four vertices are  A, B, C and D.  A , B , C   and D  are the
four angles formed at the vertices.

When we join the opposite vertices A, C and B, D, then AC
and BD are the two diagonals of the Quadrilateral ABCD.

A B C D

A

DC

B

C

D

A

B

A

C

B
D

(i) (ii) (iii) (iv)

C

B

D

A

CD

BA

Quadrilaterals
Chapter
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 8.1
 


  (ii)  (i) 
 (iv)(iii) 

 
 (iv)  (iii)  


 (iii) 




CBA  DA  CDBCAB  ABCD 
 D     D 

 (vi)  (B,D)  (A,C) 
 ABCD  BD  AC

 



8
 8.1
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CD

BA

D C

A B(ii)

A B

CD (iv)

A B

CD (v)

A

B

C

DO

(vi)

E F

GH
(iii)

D C

A B
(i)

     8.2  PROPERTIES OF A QUADRILATERAL

There are four angles in the interior of a quadrilateral. Can we find the sum of these four angles?
Let us recall the angle sum property of a triangle.  We can use this property in finding sum of four interior
angles of a quadrilateral.

ABCD is a quadrilateral and AC is a diagonal (see figure).

We know the sum of the three angles of ABC is,

                        ...(1)  (Angle sum property of a triangle)

Similarly,  in ADC,

o180DCADCAD  ...(2)

Adding (1) and (2),  we get

BAC+B+BCA+CAD+D+DCA = 1800+1800

But B A C C A D A       and CDCABCA 

So,  A  + B + C  + D  = 360o

i.e the sum of four angles of a quadrilateral is 360o or 4 right angles.

     8.3    DIFFERENT TYPES OF QUADRILATERALS

Look at the quadrilaterals drawn below. We have come across most of them earlier. We will
quickly consider these and recall their specific names based on their properties.

180oBAC B ACB   

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



 8.2


 ABCD 
 AC 

  ABC 
 (1) 

  ADC 

(2) 
 (2)  (1)

 


 3600 

 8.3




 

 8.2

 8.3
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We observe that

In fig. (i) the quadrilateral ABCD had one pair of opposite sides AB and DC parallel to each
other. Such a quadrilateral is called a trapezium.

If in a trapezium non parallel sides are equal, then the trapezium is an isosceles trapezium.

In fig. (ii) both pairs of opposite sides of the quadrilateral are parallel such a quadrilateral is called
a parallelogram. Fig.(iii), (iv) and (v) are also parallelograms.

In fig. (iii) parallelogram EFGH has all its angles as right angles and is called a rectangle.

In fig. (iv) parallelogram has its adjacent sides equal and is called a rhombus.

In fig. (v) parallelogram has its adjacent  sides equal and angles of 90° this is called a square.

The quadrilateral ABCD in fig.(vi) has the two pairs of adjacent sides equal, i.e. AB = AD and
BC = CD.  It is called a kite.

Consider what Nisha says:

A rhombus may or maynot be a square but all squares are rhombuses.

Lalita Adds

All rectangles are parallelograms but all parallelograms are not rectangles.

Which of these statements you agree with?

Give reasons for your answer. Write other such statements about different types of
quadrilaterals.

Illustrative examples

Example-1 :  ABCD  is a parallelogram and A  = 60o.  Find the remaining angles.

Solution : The opposite angles of a parallelogram are equal.

So  in a parallelogram ABCD

 C  = A = 60o  and B  = D

and the sum of adjacent angles of parallelogram is equal to 180o.

As A   and B  are adjacent angles

D  =  B =  180o  A

=  180o  60o = 120o.

Thus the remaining angles are 120o, 60o, 120o.

D C

A B
600
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
 DC  AB  ABCD  (i)  




(iv) (iii)  (ii)  

 (v) 
 EFGH  (iii)  

 (iv)  

 900  (v)  

 BC  CD  AB  AD  (vi) ABCD  











  ABCD (1) 

 
 ABCD 


 1800 

  

  12006001200 

 92
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Example-2. In a parallelogram ABCD,  DAB  = 40o find the remaining angles of the parallelogram.
Solution :

ABCD is a parallelogram
DAB = BCD = 40° and AD || BC
As sum  of consecutive angles
CBA + DAB = 180°

CBA = 180  40°
        = 140°

From this we can find ADC = 140°  and BCD = 40°
Example-3 :  Two adjacent sides of a parallelogram are 4.5 cm and 3 cm.  Find its perimeter.
Solution : Since the opposite sides of a parallelogram are equal the other two sides are 4.5 cm and

3 cm.
Hence, the perimeter = 4.5 + 3 + 4.5 + 3 = 15 cm.

Example-4 : In  a parallelogram ABCD,  the bisectors of the adjacent A and B intersect at P.
Show that A PB = 90o.

Solution :  ABCD is a parallelogram  AP   and  BP  are bisectors of adjacent angles, A  and B.
As, the sum of adjacent angles of a parallelogram is supplementary.

A  +  B  = 180o

2
180B

2
1A

2
1



o90PBAPAB 

In APB,
o180PBAAPBPAB   (angle sum property of triangle)

)PBAPAB(180APB 0 

      = 180o  90o

       = 90o

Hence proved.

A B

D C

40°

A B

D C

E
40°

Extend AB to E.  Find CBE.  What do

you notice?  What kind of angles are

ABC and CBE ?

       TRY THIS

D C

A B

P
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  ABCD   (2) 


 ABCD

AD || BC 


 1400  

  
 3  4.5   (3) 

 3  4.5  
 15  4.5  3  4.5  3  

 P    ABCD   (4) 


     ABCD 


  APB



 1800  900

 900



 

 E  AB

 CBE

 CBE  ABC


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EXERCISE - 8.1

1. State whether the statements are True or False.
(i) Every parallelogram is a trapezium (     )
(ii) All parallelograms  are quadrilaterals (     )
(iii) All trapeziums are parallelograms (     )
(iv) A square is a rhombus (     )
(v) Every rhombus is a square (     )
(vi) All parallelograms are rectangles (     )

2. Complete the following table by writing (YES)  if the property holds for the particular Quadrilateral
and (NO) if property does not holds.

3. ABCD  is trapezium in which AB || CD.  If AD = BC, show that A  = B  and C  = D .
4. The four angles of a quadrilateral are in the ratio 1: 2:3:4.  Find the measure of each angle of the

quadrilateral.
5. ABCD is a rectangle AC is diagonal. Find the nature of ACD.

   a.   Only one pair of opposite        YES
          sides are parallel

b. Two pairs of opposite
sides are parallel

c. Opposite sides are
equal

d. Opposite angles
are equal

e. Adjacent angles
are supplementary

f. Diagonals
bisect each other

g. Diagonals are equal
h. All sides are equal
i. Each angle is a

right angle
j. Diagonals are per-

pendicular to each
other.

Properties Trapezium  Parallelogram    Rhombus    Rectangle     Square
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      8.4    PARALLELOGRAM AND THEIR PROPERTIES

We have seen parallelograms are quadrilaterals. In the following we would consider the properties
of parallelograms.

  ACTIVITY

Cut-out a parallelogram from a sheet of paper again and cut  along one of its diagonal.
What kind of shapes you obtain?  What can you say about these triangles?

Place one triangle over the other.  Can you place each side over the other exactly. You may
need to turn the triangle around to match sides. Since, the two traingles match exactly they are
congruent to each other.

Do this with some more parallelograms. You can select any diagonal to cut along.

We see that each diagonal divides the parallelogram into two congruent triangles.

Let us now prove this result.

Theorem- 8.1 :  A  diagonal of a parallelogram divides it into two congruent triangles.

Proof: Consider the parallelogram ABCD.

Join A and C. AC is a diagonal of the parallelogram.

Since AB || DC and AC is transversal

DCA = CAB. (Interior alternate angles)

Similarly DA || CB and AC is a transversal therefore DAC = BCA.

We have in ACD and CAB

DCA = CAB  and   DAC  = CA

 also AC = CA.  (Common side)

Therefore ABC   CDA.

This means that the two traingles are congruent by ASA rule (angle, side and angle). This means
that diagonal AC divides the parallelogram in two congruent traingles.

A B

CD
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Theorem-8.2 : In a parallelogram, opposite sides are equal and opposite angles are equal.
Proof:  We have already proved that a diagonal of a parallelogram divides it into two congruent
triangles.

Thus in figure ACD  CAB  

We have therefore AB = DC and CBA = ADC

also AD = BC  and  DAC = ACB

CAB = DCA

 ACB + DCA = DAC + CAB

i.e. DCB = DAB

From above in a parallelogram
i. The opposite sides are equal.
ii. The opposite angles are equal.

We have proved that in a convex quadrilateral if opposite sides are parallel then the opposite
sides are equal and opposite angles are equal.

We will now try to prove its converse i.e. if the opposite sides of a quadrilateral are equal, then it
is a parallelogram.

Theorem-8.3 : If  each pair of opposite sides of a quadrilateral is equal, then it is a parallelogram.

Proof :  Consider the quadrilateral ABCD with AB = DC  and  BC = AD.

Draw a diagonal AC.

Consider ABC and CDA

We have BC = AD, AB = DC and AC = CA (Common side)

So  ABC CDA (why?)

Therefore BCA = DAC with AC as transversal

 AB || DC ...(1)

Since ACD = CAB with CA as transversal

We have BC || AD ...(2)

Therefore,  ABCD is a parallelogram.  By (1) and (2)
You have just seen that in a parallelogram both pairs of opposite sides are equal and conversely

if both pairs of opposite sides of a quadrilateral are equal,  then it is a parallelogram.
Can we show the same for a quadrilateral for which the pairs of opposite angles are equal?

A D

B C
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áZi~ZÑHq~£.ÞÆI)z~�D�X : 8.2 X
ëtU*"$�`��áZi~ZÑHq~zF,ZkÃ�z§z!5Ò5é II]~��@*ìX o]:

DACD ~= DCAB :̂~
ÐCBA = ÐADC Zzg AB = DC aè

ÐDAC = ÐACB Zzg AD = BC '×h+
ÐCAB = ÐDCA

\ ÐACB +ÐDCA = ÐDAC + ÐCAB

ÐDCB = ÐDAB

ÐPAB = ÐDCBª
:áZi~ZÑHq~
£.ÞÆI)z~�D�X (i)

£.ÞÆiZz�)z~�D�X (ii)

ëU*"$�`��ö[egV~Z¤/ZkÆ£.ÞÆIáZi~�VA$£.ÞÆIZzg£.ÞÆiZz�
)z~�X

Z[ëZkÆ',@ÃU*"$�äÅÃÒ�,ÐX,ªLLZq-egVÆ£.ÞÆ²)z~�VA$z{Zq-áZi~
ZÑHqìóóX

Z¤/Zq-egV~£.ÞÆI»CÙ�h)z~�A$z{Zq-áZi~ZÑHq�ÇX : 8.3 X
6,̈gÙX BC = AD Zzg AB = DC ~ ABCD egV o]:

UX AC Zq-zF,
6,̈gÙX DCDA Zzg DABC

)�uI( AC = CA Zzg AB = DC,BC = AD qÝ�@*ì �
)YV?( DABC ~= DCDA ®Z

Æ�B AC �éâ ÐBCA = ÐDAC ®Z
(1) '' AB || DC c*

Æ�B CA �éâ ÐACD = ÐCAB aè
(2) '' BC || AD ��c*�Hì

ÅgzÐX (2) Zzg (1) Zq-áZi~ZÑHqì ABCD ®Z
W\tÌ�N`��Zq-áZi~ZÑHq~£.ÞÆ)^V(Æ�z�h)z~�D�,ZkÆ',@Z¤/Zq-

egVÆ£.ÞÆZHqÆ�z�h)z~�VA$z{Zq-áZi~ZÑHqìXHë¸³LLZq-egVTÆ£.ÞÆ
iZz�)z~�D�óóÆaZ~.�Mh�?
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Theorem-8.4 :  In a quadrilateral, if each pair of opposite angles are equal then it is a parallelogram.

Proof:  In a quadrilateral ABCD, A = C and B = D then we need to prove that ABCD is a
parallelogram.

We know A + B + C + D = 360°

A +B = C + D = 
360

2


i.e. A + B = 180°

Extend DC to E

CD + BCE = 180° hence BCE = ADC

If BCE = DC then AD || BC  (Why?)

With DC as a transversal
We can similarly show AB || DC or ABCD is a parallelogram.

  EXERCISE - 8.2

1. In the adjacent figure ABCD  is a parallelogram and
ABEF is a rectangle show that AFD  BEC.

2. Show that the diagonals of a rhombus divide it into
four congruent triangles.

3. In a quadrilateral ABCD,  the bisector of C  and
D intersect at O.

Prove that )BA(
2
1COD 

     8.5    DIAGONALS OF A PARALLELOGRAM

Theorem-8.5 :  The  diagonals of a parallelogram bisect each other.

Proof: Draw a parallelogram ABCD.

Draw both of its diagonals AC and BD their intersecting point is at ‘O’.

In OAB and OCD

Mark the angles formed as 1, 2, 3, 4

1 = 3 (AB || CD and AC transversal)

2 = 4 (Why) (Interior alternate angles)

D C

A B

E

F C

A B

D E

D C

A B

O

1 2

34

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



  8.4 
 B = D  A = C  ABCD  

 ABCD 
A + B + C + D = 3600 

 A + B = C + D = 

A + B = 1800 
 E  DC

BCE = ADC  C + BCE = 1800

 AD || BC  BCE = D 
 DC

 ABCD  AB || DC 

ABEF  ABCD  .1

AFD ~= BEC 
   4  .2

 D  C ABCD  .3

COD =  (A+B)  'O' 

 8.5
  8.5 

 ABCD  
 'O'  BD  AC 

 OCD  OAB
 4321 

 AC  AB || CD 1 = 3

 2 = 4

 



 8.5
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and  AB = CD (opposite sides of parallelogram)
By ASA rule

OCD  OAB

CO= OA, DO = OB or diagonals bisect each other. (CPCT)

Hence  we have to check if the converse is also true. Converse is if  diagonals of a  quadrilateral
bisect each other  then it is a parallelogram.

Theorem-8.6 : If the diagonals of a quadrilateral bisect each other then
it is a parallelogram.
Proof: ABCD is a quadrilateral.

AC and BD are the diagonals intersecting at ‘O’,
such that OA = OC and OB = OD.
Prove that ABCD is a parallelogram.

(Note : Consider AOB and COD. Are these triangles congruent? If so how ABCD become a
parallelogram?)

8.5.1   More geometrical statements

In the previous examples we have  shown that starting from general statement we can make many
statements about a particular figure(Parallelogram). We use previous results to deduce new statements.
Note that these statements need not be verified by measurements as they have been proved logically.

Such statements that are deduced from the previously known and proved statements are called
corollary. A corollary is a statement, the truth of which follows readily from an established theorem.
Corollary-1 : Show that each angle of a rectangle is a right angle.
Solution : Rectangle is a parallelogram in which one angle is a right angle.

ABCD is a rectangle. Let one angle is A = 90o

We have to show that B  = C  = D  = 90o

Proof : Since ABCD is a parallelogram,
thus AD || BC  and AB is a transversal
so A  +  B  = 180o ( Interior angles on the same side of a transversal)
as  A  = 90o (given)
  B  =   180o  A

=   180o  90o = 90o

Now  C   = A   and  D  = B  (opposite angles of parallelogram)
So  C  = 90o and  D = 90o .
Therefore each angle of a rectangle is a right angle.

A B

CD

D C

A B
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 AB = CD 
OCD ~= OAB  A.S.A 

CPCT  DO = OBCO = OA 



  8.6 
 ABCD 

 'O'  BD  AC

OB = OD  OA = OC 
 ABCD 

  ABCD  COD  AOB  
 8.5.1








 (Corollary) 






  (1) 




 

 A = 900  ABCD 
B = C = D = 900  

 ABCD 
 AB  AD || BC 

A + B = 1800 


  = 900 
 



 D = B  C = A 
 D = 900  C = 900 

 104
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Corollary-2 : Show that the diagonals of a rhombus are perpendicular to each other.
Proof : A rhombus is a parallelogram with all sides equal.

 ABCD is a rhombus,  diagonals AC and BD intersect at O
We want to show that AC is perpendicular to BD

Consider  AOB and BOC
OA = OC  (Diagonals of a parallelogram bisect each other)
OB = OB  (common side to AOB and BOC)
AB = BC (sides of rhombus)

Therefore BOCAOB   (S.S.S rule)

So  BOCAOB 

But o180BOCAOB   (Linear pair)

Therefore  o180AOB2 

or  
o

o180AOB 90
2

  

Similarly  o90AODCODBOC    (Same angle)

Hence AC is perpendicular on BD
So,  the  diagonals of a rhombus are perpendicular to each other.

Corollary-3 : In a parallelogram ABCD, if the diagonal AC bisects the angle A , then ABCD is a
rhombus.
Proof : ABCD is a parallelogram

Therefore AB || DC.  AC is the transversal intersects  A  and C

So, DCABAC    (Interior alternate angles) ...(1)

DACBCA  ...(2)

But it is given that AC bisects A

So  BAC DAC 

 DCA DAC   ...(3)

Thus AC bisects  C  also

A

B

C

D O

A B
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  (2) 




 

 'O'BD  AC  ABCD

 BD  AC 
 BOC  AOB

 OA = OC

 BOC  AOB   OB = OB

 AB = BC

 AOB ~= BOC 
AOB = BOC  

 AOB + BOC = 1800 
2AOB = 1800 


 BOC = COD = AOD = 900 

 BD  AC 


 ABCD  A  AC  ABCD   (3) 




 ABCD 

 C  A  ACAB || DC 
(1)  BAC = DCA 
(2)  BCA = DAC

 AAC 
BOC = DAC 

(3)  DCA = DAC

 CAC 

 106
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From (1), (2) and (3), we have

BAC BCA 

In ABC, BAC = BCA means that BC = AB  (isosceles triangle)

But AB = DC and BC = AD (opposite sides of the parallelogram ABCD)
  AB = BC = CD = DA
Hence,  ABCD  is a rhombus.

Corollary-4 : Show that the diagonals of a rectangle are of equal length.

Proof : ABCD is a rectangle and AC and BD are its diagonals

We want to show AC = BD

ABCD is a rectangle,  means ABCD is a parallelogram with all its angles equal to right angle.
Consider the triangles  ABC and  BAD,

AB = BA (Common)

      B  = A  = 90o  (Each angle of rectangle)
BC = AD (opposite sides of the rectangle)

Therefore,  BADABC   (S.A.S rule)

This implies that AC = BD
or the diagonals of a rectangle are equal.

Corollary-5 :  Show that the angle bisectors of a parallelogram form a rectangle.

Proof : ABCD is a parallelogram.  The bisectors of angles
A , B , C and D  intersect at P, Q, R, S to form a

quadrilateral. (See adjacent figure)

Since  ABCD is a parallelogram, AD || BC.  Consider
AB as transversal intersecting them then
BAD+ABC=180°(Consecutive angles of Parallelogram)

We know BAP = 
1
2  AD and ABP = 

1
2 BC [Since AP


 and BP


 are the bisectors

of  A  and B  respectively]

o1 1 1BAD ABC 180
2 2 2

     

Or BAP ABP 90o     ...(1)
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 3(2)  (1)

BAC = BCA

 BC = AB  BCA = BCA ABC

 ABCD  BC = AD  AB = DC 
AB = BC = CD = DA

 ABCD 
  (4) 





 BD  AC  ABCD 

AC = BD 
 ABCD  ABCD

 BAD  ABC

 AB = BA

 B = A = 900

 BC = AD

 ABC ~= BAD 
AC = BD 


  (5) 





CBA  ABCD 

 SRQP  D 


AD || BC   ABCD 
 PAB + ABC = 1800  AB 

 A     ABP = 12 ABC  BAP = 12 BAD 
 B

  12BAD + 12 ABC =  12


(1)  BAP + ABP = 900 

 108
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But In  APB,
o180ABPAPBBAP  (Angle sum property of the triangle)

So  A PB = 180o )ABPBAP( 

APB 180 90o o    (From (1))

     =  90o

We can see that SPQ = APB = 90°

Similarly, we can show that CRD = QRS = 90°  (Same angle)

But BQC = PQR and DSA = PSR (Why?)

 PQR = QRS = PSR = SPQ = 90°

Hence PQRS  has all the four angles equal to 90°.
We can therefore say PQRS is a rectangle.

THINK, DISCUSS AND WRITE

1. Show that the diagonals of a square are equal and right bisectors of each other.
2. Show that the diagonals of a rhombus divide it into four congruent triangles.

Some Illustrative examples

Example-5. AB  and DC  are two parallel lines and a

transversal l, intersects AB   at P and DC   at R.  Prove
that the bisectors of the interior angles form a rectangle.

Proof :  AB  || DC  , l is the transversal intersecting AB

at P and DC at R respectively..

Let RS,RQ,PQ  and PS  are the bisectors of DRP,CRP,RPB   and APR
respectively.

BPR = DRP (Interior Alternate angles) ...(1)

But  BPR
2
1RPQ  ( PQ is the bisector of BPR )

...(2)
also  DRP

2
1PRS  ( RS  is the bisector of DPR ).
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Ð (1) '' ÐAPB = 180 - 90
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Î8/õ FGÔn�!ìwÙZzgÉ
À�/õG

110

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



111 QUADRILATERALS Government’s Gift for Students’ Progress

From (1) and (2)
  PRSRPQ 

These are interior alternate angles made by PR  with the lines PQ  and RS

   PQ  || RS
Similarly

PRQ = RPS, hence PS   ||  RQ
Therefore PQRS  is a parallelogram ... (3)
We have  BPR  + CRP  = 180o (interior angles on the same side of

the transversal l with line AB  ||  DC )

o1 1BPR CRP 90
2 2
   

o90PRQRPQ 
But  in  PQR,

o180PRQPQRRPQ   (three angles of a triangle)

)PRQRPQ(180PQR o 
      = 180o   90o  = 90o ... (4)

From  (3) and (4)
PQRS is a parallelogram with one of its angles as a right angle.
Hence PQRS is a rectangle

Example-6. In a triangle ABC, AD is the median drawn on the side BC is produced to E such that
AD = ED prove that ABEC is a parallelogram.
Proof :  AD is the median of   ABC

Produce AD to E such that AD = ED
Join BE and CE.
Now  In s ABD  and ECD

       BD = DC (D is the midpoints of BC)
EDCADB    (vertically opposite angles)

AD = ED (Given)
So ECDABD  (SAS rule)
Therefore,  AB = CE    (CPCT)
also  ABD ECD  

These are interior alternate angles made by the transversal BC


 with lines  AB


 and CE


.

 AB


 || CE

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)£.ÞÆiZz�( ÐADB = ÐEDC

)�c*�Hì( AD = ED

)I,iZzt,I( DABD ~= DECD Zka
(CPCT) AB = CE ®Z

ÐABD = ÐECD Zzg
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Thus, in a Quadrilateral ABEC,
AB || CE  and AB = CE

Hence ABEC is a parallelogram.

   EXERCISE - 8.3

1. The opposite angles of a parallelogram are (3x  2)o and (x + 48)o.
Find the measure of each angle of the parallelogram.

2.  Find the measure of all the angles of a parallelogram, if one angle is 24o less than the twice of the
smallest angle.

3. In the adjacent figure ABCD is a
parallelogram and E is the midpoint of
the side BC.  If AB and DE are
produced to meet at F, show that
AF = 2AB.

4. In the adjacent figure ABCD is a  parallelogram P and Q are the
midpoints of sides AB and DC respectively.  Show that PBCQ is
also a parallelogram.

5. ABC is an isosceles triangle in which AB = AC.  AD


bisects exterior angle QAC  and CD || BA as shown
in the figure. Show that

(i) BCADAC 

(ii) ABCD is a parallelogram

6. ABCD is a parallelogram AP and CQ are perpendiculars
drawn from vertices A and C on diagonal BD  (see figure)
show that

(i) CQDAPB 

(ii) AP = CQ
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 ABEC 
AB = CE  AB || CE

 ABEC 

 (x 48)0  (3x 2)0  .1


 .2

 240 
 ABCD  .3

 BC  'E' 
 'F'  AB  DE 

AF = 2AB 
 QP  ABCD  .4

 PBCQ  DC  AB 



AB = AC  ABC .5

CD || BA  QAC  AD


DAC = BCA (i)

 ABCD (ii)

 C  A  CQ  AP  ABCD .6

 BD 
APB ~= CQP (i)

AP = CQ (ii)

 
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7. In s ABC  and DEF,  AB || DE;  BC = EF and BC || EF.  Vertices A, B and C are joined to
vertices D, E and F respectively (see figure).  Show that

(i) ABED is a parallelogram
(ii) BCFE is a parallelogram
(iii) AC = DF

(iv) DEFABC 

8. ABCD is a parallelogram.  AC and BD are the diagonals
intersect at O.  P and Q are the points of tri section of the
diagonal BD.  Prove that CQ || AP and also AC bisects PQ
(see figure).

9. ABCD is a square.  E, F, G and H are the mid points of AB, BC, CD and DA respectively.
Such that AE = BF = CG = DH.  Prove that EFGH is a square.

     8.6     THE MIDPOINT THEOREM OF TRIANGLE

We have studied properties of triangle and of a quadrilateral. Let us try and consider the midpoints
of the sides of a triangle and what can be derived from them.

TRY THIS

Draw a triangle ABC and mark the midpoints E and F of two sides of triangle.

AB   and AC  respectively. .  Join the point E and F as shown in the
figure.

Measure EF and the third side BC of the triangle. Also
measure AEF  and ABC .

We find AEF = ABC and   EF
1=
2 BC

As these are corresponding angles made by the transversal
AB with lines EF and BC, we say EF || BC.

Repeat this activity with some more triangles.

So,  we arrive at the following theorem.
Theorem-8.7 : The line segment joining the midpoints of two sides of a triangle is parallel to the third
side and also half of it.
Given : ABC is a triangle with E and F as the midpoints of AB and AC respectively.
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F  ED  C  BA  BC || EF  BC = EFAB // DE  DEF  ABC   .7


 ABED (i)

 BCFE (ii)

ABC ~= DEF (iv) AC = DF (iii)

'O'  BD  AC  ABCD .8

 BD  Q  P 
 AC  CQ || AP 

 PQ 
  D A  C D B C A B  H  G F E  A B C D .9

 EFGH  AE=BF=CG=DH

 8.6




E  AC  AB  ABC 
 F  E  F 

 ABC  AEF  BC  EF

EF = 2
1 BC  AEF = ABC 
 BC  EF  AB 

EF || BC 
 


  8.7 

 AC  AB  F  E  ABC 

 

 8.6
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R.T.P : (i)  EF || BC   (ii)  EF = BC
2
1

Proof:-  Join EF and extend it, and draw a line parallel to BA
through  C to meet to produced EF at D.

In s AEF  and CDF
        AF = CF    (F is the midpoint of AC)

AFE CFD   (vertically opposite angles.)

and CDFAEF  (Interior alternate angles as CD || BA with
transversal ED.)

By A.S.A congruency rule

CDFAEF  (ASA congruency rule)

Thus AE = CD and EF = DF (CPCT)
We know AE = BE
Therefore BE = CD
Since BE || CD  and BE = CD, BCDE is a parallelogram.
So ED || BC

  EF || BC
As BCDE is a parallelogram,  ED = BC(how ?) (DF = EF)
we have shown FD = EF
  2EF = BC

Hence BC
2
1EF 

We can see that the converse of the above statement is also true. Let us state it and then see how
we can prove it.

Theorem-8.8 : The line drawn through the midpoint of one of the sides  of a triangle and parallel to
another side will bisect the third side

Proof:  Draw ABC.  Mark E as the mid point of side AB. Draw a line l passing through E and parallel
to BC. The line intersects AC at F.

Construct CD || BA

We have to show AF = CF

A

E

B C

F D
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EF = 2
1 BC (ii)  EF || BC (i) 

 BA  'C'  EF 
 'D'    EF 

 CDF  AEF  
 AC 'F' AF = CF

 AFE = CFD

 CD || BA  ED  AEF = CDF 


  AEF = CDF

(CPCT) EF = DF  AE = CD 
AE = BE 

BE = CD 
 BCDEBE = CD  BE || CD 

ED || BC 
EF || BC 

   ED = BC  BCDE 
FD = EF 
 2EF = BC

EF = 2
1 BC 




  8.8 
 'E'  AB  ABC 

 CD  BA  F  AC  l  BC 'E' 
AF = CF  CD || BA 

 118
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Consider AEF and CFD

EAF = DCF (BA || CD and AC is transversal) (How?)

EF = D (BA || CD and ED is transversal) (How?)

We can not prove the congruence of the triangles as we
have not shown any pair of sides in the two triangles as equal.

To do so we consider EB || DC

     and    ED || BC

Thus EDCB is a parallelogram and we have BE = DC.

Since BE = AE we have AE = DC.

Hence  AEF  CFD (ASA)

 AF = CF

Some more examples

Example-7.  In ABC, D, E and F are the midpoints of sides AB,
BC and CA respectively.  Show that ABC is divided into four
congruent triangles, when the three midpoints are joined to each
other. (DEF is called medial triangle)

Proof : D, E are midpoints of AB  and AY


  of triangle ABC
respectively

So by Mid-point Theorem,

DE || AC

Similarly DF || BC and EF || AB.

Therefore ADEF, BEFD, CFDE are all parallelograms

In the parallelogram ADEF, DF is the diagonal

So ADF DEF   (Diagonal divides the parallelogram into
two congruent triangles)

Similarly BDE DEF  

and         DEFCEF 

A

E F D

B C

l

A

EB C

FD
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 CFD  AEF

 AC  BA || CD EAF = DCF



 ED  BA || CD AEF = D



  



 EB || DC 
ED || BC 

BE = DC  EDCB 
AE = DC  BE = AE 

AEF ~= CFD 
 AF = CF


 CA  BCAB  F  ED  ABC  (7) 

 DEF   ABC 
    ED  ABC 


DE || AC

EF || AB  DF || BC 

 CFDEBEFDADEF 
 DF  ADEF 

  ADF ~= DEF 
BDE ~= DEF 

CEF ~= DEF 

 120

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



121 QUADRILATERALS Government’s Gift for Students’ Progress

So, all the four triangles are congruent.

We have shown that a triangle ABC is divided in
to four congruent triangles by joining the midpoints of
the sides.

Example-8.  l, m and n are three  parallel lines
intersected by the transversals p and q at A, B, C and
D,E, F such that they make  equal intercepts AB and
BC on the transversal p.  Show that the intercepts  DE
and EF on q are also equal.
Proof :  We need to connect the equality of AB and
BC to comparing DE and EF. We join A to F and call
the intersection point with ‘m’ as G.

In ACF,  AB = BC (given)
Therefore B is the midpoint of AC.
and BG || CF  (how ?)
So G is the midpoint of AF (By the theorem).
Now in AFD, we can apply the same reason as G is the midpoint of AF and GE || AD,
E is the midpoint of DF.
Thus DE = EF.
Hence l, m and n cut off equal intercepts on q also.

Example-9. In the Fig.  AD and BE are medians of  ABC  and BE || DF.  Prove that

CF = 
1
4  AC.

Proof : If   ABC,  D is the midpoint of BC and BE || DF;  By Theorem  F is the midpoint of CE.

 CF = CE
2
1

1 1 AC
2 2
   
 

  (How ?)

Hence  CF = 
1 AC
4 .

Example-10.  ABC  is a triangle and through A, B, C lines are drawn parallel to BC, CA and AB
respectively intersecting at P, Q and R.  Prove that the perimeter of  PQR is double the perimeter of
ABC.

p q

A

G

F

B E

D

C

l

m

n

A

E

B C

F

D
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 
 ABC 

 
p  n  ml  (8) 

 FED  CBA  q 
 BC  AB   p 

 EF  DE 
 q 


 EF  DE  BC  AB  

 'G'  m  F  A 
 AB = BC  ACF

 AC 'B' 
 BG || CF 

 AF 'G' 
  DF 'E'  GE || AD  AF 'G'  AFD 

DE = EF 


 q  n  ml 
BE || DF   ABC BE  AD   (9) 

CF =4
1 AC 

F  BE || DF  BC 'D'  ABC 
 CE

 CF = 2
1 CE

 = 2
1 [2

1 AC]

CF = 4
1 AC 

QP  AB  CABC  CBA  ABC  (10) 
 ABC  PQR  R 

 122

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



123 QUADRILATERALS Government’s Gift for Students’ Progress

Proof : AB || QP and BC || RQ  So  ABCQ is a parallelogram.
Similarly BCAR,  ABPC are parallelograms
  BC = AQ  and BC = RA
   A is the midpoint of QR
Similarly B and C are midpoints of PR and PQ respectively.

QR
2
1BC;PQ

2
1AB    and PR

2
1CA  (How)

(State the related theorem)
Now perimeter of    PQR  = PQ + QR + PR

                 = 2AB + 2BC + 2CA
                 = 2(AB + BC + CA)

                     = 2 (perimeter of  ABC).

  EXERCISE - 8.4

1. ABC is a triangle.  D is a point on AB such that AB
4
1AD   and E is a

point on AC such that  .AC
4
1AE    If  DE = 2 cm find BC.

2. ABCD is quadrilateral E, F, G and H are the midpoints of AB, BC, CD and DA respectively.
Prove that EFGH is a parallelogram.

3. Show that the figure formed by joining the midpoints of sides of a rhombus successively is a
rectangle.

4. In a parallelogram ABCD, E and F are the midpoints of the sides
AB and DC respectively.  Show that the line segments AF and EC
trisect the diagonal BD.

5. Show that the line segments joining the midpoints of the opposite
sides of a quadrilateral and bisect each other.

6. ABC is a triangle right angled at C.  A line through the midpoint M of
hypotenuse AB and Parallel to BC intersects AC at D.  Show that

(i) D is the midpoint of AC

(ii) ACMD 

(iii) CM = MA = AB
2
1

.

A

P

B C

QR

D C

A BE

P

Q

F

C B

A

D M
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 ABCQ  BC || RQ  AB || QP 
 ABPCBCAR 

BC = RA   BC = AQ

 QR 'A' 
 PQ  PR  C  B 

  


PQR = PQ + QR + PR 

= 2AB + 2BC + 2CA
= 2(AB + BC +CA)
= 2  ABC

 'E'  AC  AD = 4
1 AB  D  AB   ABC .1

 BC  DE = 2cm  AE = 4
1 AC

 DA  CDBCAB  H  GFE  ABCD .2

 EFGH 
 .3

 DC  AB  F  E  ABCD  .4

 BD  EC  AF 


 .5

 
BC  M  AB  CABC .6

 D AC 
MD  AC (ii)  AC 'D' (i)

CM = MA = 2
1 AB (iii)

 
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    WHAT HAVE WE DISCUSSED?

1. A quadrilateral is a simple closed figure formed by four line segments in a
plane.

2. The sum of four angles in a quadrilateral is 3600 or 4 right angles.

3. Trapezium, parallelogram, rhombus, rectangle, square and kite are special
types of quadrilaterals.

4. Parallelogram is a special type of quadrilateral with many properties.  We
have proved the following theorems.

a) The diagonal of a parallelogram divides it into two congruent triangles.
b) The opposite sides and angles of a parallelogram are equal.
c) If each pair of opposite sides of a quadrilateral are equal then it is a parallelogram.
d) If each pair of opposite angles are equal then it is a parallelogram.
e) Diagonals of a parallelogram bisect each other.
f) If the diagonals of a quadrilateral bisect each other then it is a parallelogram.

5. Mid point theorm of triangle and converse
a) The line segment joining the midpoints  of two sides of a triangle is parallel to the third

side and also half of it.
b) The line drawn through  the midpoint of one of the sides of a triangle and parallel to

another side will bisect the third side.

Brain teaser
1. Creating triangles puzzle

Add two straight lines to the above diagram and produce 10 triangles.

2. Take a rectangular sheet of paper whose length is 16 cm and breadth is 9 cm. Cut it
in to exactly 2 pieces and join them to make a square.

9 cm

16 cm 12 cm

9 cm
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 .1

 3600  .2

 .3

 .4

  (a)

 (b)

 (c)

 (d)

 (e)

 (f)

 .5

 (a)

 (b)

 

  


 Puzzle   .1

  10 





 2  9  16  .2
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   11.1   INTRODUCTION

Have you seen agricultural fields around your village or town? The land is divided amongst
various farmers and there are many fields. Are all the fields  of the same shape and same size?  Do they
have the same area? If a field has to be further divided among some persons, how will they divide it? If
they want equal area, what can they do?

How does a farmer estimate the amount
of fertilizer or seed needed for field? Does the
size of the field have anything to do with this
number?

The earliest and the most important
reason for the initiation of the study of geometry
is agricultural organisation. This includes
measuring the land, dividing it into appropriate
parts and recasting boundaries of the fields for
the sake of convenience. In history you may
have discussed the floods of river Nile (Egypt)
and the land markings generated later . Some of these fields resemble the basic shapes such as square,
rectangle trapezium, parallelograms etc., and some are in irregular shapes.   For the basic shapes, we
follow the rules to find areas from given measurements. We would study some of them in this chapter.
We will learn how to calculate areas of triangles, squares, rectangles and quadrilaterals by using formulae.
We will also explore the basis of those formulae. We will discuss how are they derived ? What do we
mean by ‘area’?

    11.2   AREA OF PLANAR REGIONS

You may recall that the part of the plane enclosed by a simple closed figure is called a planar
region corresponding to that figure.  The magnitude or measure of  this planar region is its area.

Areas
Chapter
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Triangular Quadrilateral Circular Rectangular Square
region region region region region

A planar region consists of a boundary and an interior region.  How can we measure the area
of this?  The magnitude of measure of these regions (i.e. areas) is always expressed with a positive
real number (in some unit of area) such as 10 cm2, 215 m2, 2 km2, 3 hectares etc.  So, we can say that
area of a figure is a number (in some unit of area) associated with the part of the plane enclosed by the
figure.

The unit  area is the area of a square of a side of unit length.  Hence square centimeter (or
1cm2)  is the area of a square drawn on a side one centimeter in length.

The terms  square meter (1m2), square kilometer (1km2), square millimeter (1mm2) are to be
understood in the same sense.  We are familiar with the concept of congruent figures from earlier classes.
Two figures are congruent if they have the same shape and the same size.

1 cm

1 cm
Area = 1 sq. cm

1 m 1 km

1 m
Area = 1 sq. m 1 km

Area  = 1 sq. km

2.4 cm

6 cm

2.4 cm

6 cm
I II

(i)

ACTIVITY

Observe Figure I and II. Find the

area of both figures. Are the areas equal?

Trace these figures on a sheet of

paper, cut them. Cover fig. I with fig. II.

Do they cover each other completely?

Are they congruent?
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�« egV« �Z],z�©� î GG
!k3�5Ðö

G
G« %d«

Zq-�~«ÔZ0+gzã{ZzgZkÆuz�6,��@*ìXëZyÆgJVÅeö¾§b�D�?Zy�VÅ
�5�.ç ;GHz){XZk§b 3 Ô2km

2 Zzg 215m
2 Ô10cm

2 eöÅlZg)gÕ(ÃåµÇ�g~ªCÙ�D�X6�
ëÈMh��Ë̂»gK°��@*ì)�ËZ»ðgKÆ�Bà�lZgì(�Zq-È�~̂Ð%1o�@*ìX

ªZ,Q (1 cm
2
) Z»ðgK�gZÝZq-%,»gK�@*ìT»IZ»ðîw6,��@*ìXZk§bLL%,ªóóc*

�%,»gKìTÆI»îwZq-ª�@*ìX

ÔZzt~ë§zZDwÐ0zZ�qÝ�`�XZDwZkz�Ü§z�C�Z#ZyÅ̂7V
ZzgØ#Ö�zâV)z~�VX

»x@{<Zy�zZDw»gK II Zzg I |̂
¥x<?HZyÆgÕ)z~�?

Ã I ZyZDwÃ»½6,¯�ZzgZyÃ»^�̂
6,gqpXHtZq-�zu}6,;�C�Ht II^

ZDw§z�?

gK = Zq-%,³¢agK = %,¢a 1gK = %,ª 1

i»x
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Observe fig. III and IV. Find
the areas of both. What do you
notice?

Are they congruent?

Now, trace these figures on sheet
of paper. Cut them let us cover fig.
III by fig. IV by conciding their bases (length of same side).

As shown in figure V are they covered completely?

We conclude that Figures I and II are congruent and equal in
area.  But figures III and IV are equal in area but they are not
congruent.

Now consider the figures given below:

You may observe that planar region of figures X, Y, Z is made up of two or more planar regions.
We can easily see that

Area of figure X = Area of figure P + Area of figure Q.

Similarly        area of (Y) = area of (A) + area of (B) + area of (C)
area of (Z) = area of (E) + area of (F).

Thus the area of a figure is a number (in some units) associated with the part of the plane enclosed
by the figure with the following properties.

(Note : We use area of a figure (X) briefly as ar(X) from now onwards)

(i) The areas of two congruent figures are equal.

If A and B are two congruent figures,  then ar(A) = ar(B)

(ii) The area of a figure is equal to the sum of the areas of finite number of parts of it.
If a planar region formed by a figure X is made up of two non-overlapping planar regions formed
by figures P and Q then ar(X)  =  ar(P)  + ar(Q).

P

Q

X Y

A

B
C

Z

E F

2.4 cm

5 cm

2.4 cm

5 cm
III IV

v
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»x@{< IV Zzg III ZDw
Zy�zâV»gK¥x<?ZW\H³
Z~.�D�?Ht§z!5Ò5é II]�?
Z[ZyZDwÃ»½6,¯�ZzgZyÃ»^

�Zq-�zu}6,Zk§bgO�Zy
~ec*�HìXHz{Zq-�zu}6,;�D�? V Æ�°}Zq-�zu}6,;�))z~îwzZÑI(6�̂

§z�ZzggJV~Ì)z~ II Zzg I ëZkË6,t��ZDw
gJV~)z~�p§z7�XW�n�~� IV Zzg III �pZDw

ZDw6,̈g�,X

~X '×h+�zc*�zÐic*�{�~�V6,��X̂ Z Zzg YÔX W\ZyZDw~x@{�Mh���~¿
ë�NMh��

»gK X »gK=^ P »gK�^ Q^
ZÏ§b

»gK Y »gK= (A) »gK� (B) »gK� (C)

»gK Z »gK= (E) »gK� (F)        

Zk§bË̂»gKZq-lZgì)PZ»ÇV~(�Zk̂~ñ��È�~�VÆ´z{ZyS:]6,�
�@*ìX

ÐªCÙ�,ÐX( Ar(X) ÆOñÜs Area (X) ÆgKÃ X )â^:Z[ë̂
�z§zZDw»gK)z~�@*ì (i)

Ar(A)=Ar(B) �z§zZDw�A$ B Zzg A Z¤/
6,q Zzg p ��z);�~�V X ^»gKZkÆpÐ��VÆgJVÆù·Æ)z~�@*ìXZ¤/�~̂ (ii)

ar (X) = ar (P) + ar(Q)  �ìA$
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    11.3  AREA OF RECTANGLE

If the number of units in the length of a rectangle is multiplied by the number of units in its breadth,
the product gives the number of square units in the area of
rectangle

Let ABCD represent a rectangle whose length AB is
5 units and breadth BC is 4 units.

Divide AB into 5 equal parts and BC into 4 equal parts
and through the points of division of each line draw parallels to
the other.  Each compartment in the rectangle represents one
square unit (why ?)

 The  rectangle contains 5 units   4 units.  That is 20 square
units.

Similarly, if the length is ‘l’ units and breadth is ‘b’ units then the
area of rectangle is ‘lb’  square units.  That is “length   breadth”  square
units gives the area of a rectangle.

  THINK, DISCUSS AND WRITE

1. If 1cm represents 5m, what would be an area of 6 square cm. represent ?

2. Rajni says 1 sq.m = 1002 sq.cm.  Do you agree? Explain.

  EXERCISE - 11.1

1. In ABC, o90ABC  ,  AD = DC, AB = 12cm   and
BC = 6.5 cm.  Find the area of ADB.

A B

CD

5 Units

4 
U

ni
ts

1 unit

1 unit
This is defined
as 1 sq unit area

A

D

B 6.5 cm C

12
 cm
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l»gK 11.3

Z¤/lÆîw~ñ��Z»ÇVÅ®Z�ÃZkÆ²n~ñ��Z»ÇVÅ
®Z�Ð¢[�¶6,%,Z»ÇVÅ®Z�qÝ�CìX�l»gKBCìX

5 îw�  Zq-lÃªCÙ�@*ìXT~ ABCD �Ûn�z�
Z»×VìX 4� Z»×VìZzg

)z~�V~� 4Ã )z~�V~Zzg²n 5Ã îw
l~ZyèoÐqÝ <XZzgZŷV6,ËÕoÐáZi~èoUX

�äzZÑCÙZq-«Zq-%,Z»ðÃªCÙ�@*ì)YV?(
%, 20 Z»×V(6,�ìXZk§bl»gK 4 Z»×V� 5 l)

Z»×VìX
' ab ' Z»×V�A$l»gK ' b ' Z»×VZzg²n ' a ' ZÏ§bZ¤/îw

%,Z»×V�@*ìXªLLîw�²nóó%,Z»ÇVÐl»gKqÝ�@*ìX

Z»ð 1

Z»ð 1

ZkÃZk§bÒyHY@*
%,Z»ð '1'ì

%,ªgÕÃZkÅÇeö~ªCÙ<X 6 ÐªCÙHYñÔA$ 1cmÃ 5m Z¤/ .1

�ìXHW\QkÆ�Z[Ð��?z�s#<X 1sqm = 100sq.cm Ç .2

AB=12cmÔAD=DCÔ ABC = 900~ ABC .1

»gK¥x<X ADBA$BC=6.5cm Zzg

gÕ ¥ÅF,¹cÓ#Ö»j

l»gK 11.3

ÎGÔI�<Zzgs

w
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2. Find the area of a quadrilateral PQRS in which QPS = SQR = 90°, PQ = 12 cm,
PS = 9 cm, QR = 8 cm and SR = 17 cm (Hint: PQRS has two parts)

3. Find the area of trapezium ABCD as given in the figure in which ADCE is a rectangle.
(Hint: ABCD has two parts)

4. ABCD is a parallelogram.  The diagonals
AC and BD intersect each other at ‘O’.
Prove that ar(AOD) = ar(BOC).
(Hint: Congruent figures have equal area)

    FIGURES ON THE SAME BASE AND BETWEEN THE SAME

             PARALLELS

We shall now study some relationships between  the areas of some geometrical figures under the
condition that they lie on the same base and between the same parallels.  This study will also be useful
in understanding of some results on similarity of triangles.

Look at the following figures.

           (i) (ii)       (iii)         (iv)

B

C

A D

3 cm

3 cm

E

8 cm

CD

A B

O

A

D

B
E F

C

P

S

T

R

U

Q A D

B C C

P

BA

D

17 cm

9 cm

S

P

8 cm

Q

R

12 cm

11.4
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QR=8cmÔPS=9, PQ=12cmÔ QPS = SQR=90o K¥x<T~ »g PQRSl .2

�z�V6,��( PQRS �X)Z�ág{: SR=17cm Zzg

�z�V6, ABCD lìX)Z�ág{: ADCE »gK¥x<T~ ABCD ^~�Ø�Ås .3

�ì(X

`BD Zzg AC ~ZkÆzF, ABCD áZi~ZÑHq .4

6,Zq-�zu}Ãs�D�XU*"$<� ' 0 '

)Z�ág{:§zZDw»gK ar( AOD)=ar BOC)

)z~�@*ì(X
ZDw�Zq-��°}ZzgZy�áZi~èoÆ�gxyzZµ�VX .11.4

ë�VZ,ææ~ZDw�Zq-��°}ZzgZq-�áZi~èoÆ�gxy¯ð��VÆgJV~0*ñYä
zZáģÆmÐ_·�,ÐXZkñçqÆ_¬Ðë!5Ò5é II]Åx¹ÆnP}ò»�qÝ�,ÐX
W�qgzfsZDw6,�eZBX

gÕ ¥ÅF,¹cÓ#Ö»j

ZDw�Zq-��°}ZzgZy�áZi~èoÆ�gxyzZµ�VX 11.4
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In Fig(i)  a trapezium ABCD and parallelogram EFCD have a common side CD.  We say that
trapezium ABCD and parallelogram EFCD are on the same base CD.  Similarly in fig(ii)  the base of
parallelogram PQRS and parallelogram TURS is the same. In fig(iii) Triangles  ABC and DBC have the
same base BC. In Fig(iv) parallelogram ABCD and triangle PCD lie on DC so, all these figures are of
geometrical shapes are therefore on the same base. They are however not between the same parallels
as AB does not overlap EF and PQ does not overlap TU etc. Neither the points A, B, E, F are collinear
nor the points P, Q, T, U. What can you say about Fig(iii) and Fig (iv)?

Now observe the following figures.

      (v)                        (vi)           (vii)     (viii)

What difference have you observed among the figures? In Fig(v), We say that trapezium
A1B1C1D1 and parallelogram E1F1C1D1 are on the same base and between the same parallels
A1F1 and D1C1.  The points A1, B1, E1, F1 are collinear and A1F1 || D1C1. Similarly in fig. (vi)
parallelograms P1Q1R1S1 and T1U1R1S1 are on the same base S1R1 and between the same parallels
P1U1 and S1R1. Name the other figures on the same base and the parallels between which they lie in
fig. (vii) and (viii).

So, two figures are said to be on the same base and between the same parallels, if they have a
common base (side) and the vertices (or the vertex) opposite to the common base of each figure lie on
a line parallel to the base.

THINK, DISCUSS AND WRITE

Which of the following figures lie on the same base and between the same parallels?

In such a cases, write the common base and the two parallels.

(a) (b) (c) (d) (e)

A1

D1 C1

E1B1 F1 P1 Q1

S1 R1

U1 A1 D1

B1 C1

A1 P1 B1

C1D1

T1

P Q

RS

T
P A B

CD

Q

S R

A B

CD
P

A B

D C

P P Q

S R

M N
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ìXZk§bëÈMh��Ås CD »Zq-�uI EFCD ZzgáZi~ZÑHq ABCD ~Ås (i)^
ZzgáZi~ PQRS ~áZi~ZÑHq (ii) 6,zZµ�XZk§b^ CD Zq-��°} EFCD ZzgáZi~ZÑHq ABCD

(iv) 6,zZµìX̂ BC Zq-��°} DBC Zzg ABC ~!5Ò5é II] (iii) Zq-��°}6,zZµ�X̂ TURS ZÑHq
6,��XZk§btÓxZDwææ~ZDw��Zq-� DC Zq-��°} PCD Zzg[ ABCD ~áZi~ZÑHq

6,;7�@*ìX EFÔAB �°}6,zZµ�XtZDwZq-�áZi~èoÆ�hÆ�gxyzZµ7�X6�I
Æ(iv) Zzg (iii) ëâ�XW\ZDw PQTU ëâ�Zzg:Õo A,B,C,D 6,;7�@*ìz){X:ÂÕo TUÔPQ Zzg

!*g}~HÈMh�X
qgzfsZDw6,̈g<X

ZzgáZi~ A1 B1 C1 D1 ~ëÈMh��Ås (v) W\ZyZDw~ÃyÃµ�Ût»x@{�D�?^
ëF1 Zzg E1 B1 A1 6,zZµ�XÕo D1 C1 Zzg A1 F1 Zq-��°}ZzgZq-�áZi~èoÆ�gxy E1 F1 C1 D1 ZÑHq
Zzg S1 R1 áZi~ZÑHq�Zq-��°} T1 U1 R1 S1 Zzg P1 Q1 R1 S1~(vi) ZÏ§b^ AF||DG âÕo�XZzg

~�~�ZDwÆ**xe��Zq-� (viii) Zzg (vii) Æ�gxyzZµ�X S1 R1 Zzg P1 V1 Zq-�áZi~èoÆ�h
�°}ZzgáZi~èoÆ�gxyzZµ�X

Zk§b�zZDwZkßg]~Zq-��°}ZzgZq-�áZi~èoÆ�hÆ�gxyzZµ�ÂëÈMh��Zy
ZDw»�°{�u�ZzgCÙ̂Æ�u�°}Æ£.ÞÆgZk)Õo(�°}ÆáZi~ZÏèo6,zZµ�X

qgzfs~ÃµZDwZq-��°}ZzgZq-�áZi~èoÆ�hÆ�gxyzZµ�?
Zkßg]~�u�°{ZzgáZi~èoÆ�hÆ**xe�?

gÕ ¥ÅF,¹cÓ#Ö»j

ÎGÔI�<Zzgs
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     PARALLELOGRAMS ON THE SAME BASE AND BETWEEN THE

      SAME PARALLELS

Now let us try to find a relation, if any, between  the areas of two parallelograms on the same
base and between the same parallels.  For this, let us perform the following activity.

  ACTIVITY

Take a graph sheet and draw two parallelograms ABCD and PQCD on it as show
in the Figure-

The parallelograms are on the same base DC
and between the same parallels PB and DC  Clearly
the part DCQA is common between the two
parallelograms. So if we can show that DAP and
CBQ have the same area then we can say
ar(PQCD) = ar(ABCD).

Theorem-11.1 : Parallelograms on the same base and between the same parallels are equal in area.
Proof: Let ABCD and PQCD are two parallelograms on the samebase DC and between the parallel
lines DC and PB.

In  DAP and CBQ
PD || CQ and PB is transversal DPA = CQB

and AD || CB and PB is transversal DAP = CBQ
also PD = QC  as PQCD is a parallelogram.
Hence DAP and CBQ are congruent and have equal areas.
So we can say ar(PQCD) = ar (AQCD) + ar(DAP)

    = ar(AQCD) + ar(CBQ) = ar(ABCD)
You can verify by counting the squares of these parallelogram as
drawn in the graph sheet.
Can you explain how to count full squares below half a square,
above half a square on graph sheet.
Reshma argues that the parallelograms between same parallels
need not have a common base for equal area. They only need to
have an equal base. To understand her statement look at the
adjacent figure.
If AB = A1B1 When we cut out parallelogram A1B1C1D1 and place it over parallelogram ABCD,
A  would  concide  in  with  A1  and  B  with  B1 and C1, D1 coincide with C, D.  Thus these are equal

D C D1 C1

A B A1 B1

P A Q B

D C

11.5
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áZi~ZHq�Zq-��°}ZzgáZi~èoÆ�gxyzZµ�V .11.5

Z[ëZyZDwÆgJVÆ�gxymaZ�äÅÃÒ�,ÐXáZi~ZÑHq�Zq-��°}ZzgZq-�
áZi~èoÆ�hÆ�gxyzZµ�XW�ZkmÅYõÆnqgzfsr�,X

U6�̂~�3c*�HìX PQCD Zzg ABCD Zq-¤/ZsÄkZzg�záZi~ZÑHq
ZzgZq-z�áZi~èo DC táZi~ZÑHqZq-��°}

DCQA Æ�gxyzZµ�X̂ÐªCÙì� DC Zzg PB Æ�h
Æ CBQ Zzg DAP �zâVáZi~ZÑHq�uzìZ¤/ë

gÕ)z~�U*"$�,A$ëtÈMh��
ar(PQCD) = ar (ABCD)

áZi~ZÑHq�Zq-��°}Zzgz�áZi~èoÆ�gxyzZµ�VgK~)z~�D�X :11.1X
�záZi~ZÑHq�Zq-��°} PQCD Zzg ABCD �Ûn�z� o]:

Æ�gxyzZµ�X PB Zzg DC ZzgáZi~èo
~ CBQ Zzg DAP

Zzg AD||CB Zzg DAP= CBQ �éâÐ PB Zzg PD||CQ

áZi~ PQCD YV� PD||QC ZkÆ´z{ DAP= CBQ �éâ PB

§z�Zzgz{)z~gKgnp�X CBQ Zzg DAP ZÑHqìXZk§b
Zk§bëÈMh��

Ar(PQCD)  =  ar  (AQCD)  +  ar  (DAP)                 

= ar (AQCD)+ar(CBQ)=ar(ABCD)

¤/ZsÄ6,Q�áZi~ZÑHq~ñ��%�VÃÑg�D�ñ
W\�Z[Å¤&�Mh�X

HW\¤/ZsÄ6,̂Ð�WzZáÔå%�W�ñÐÁÔZzgW�ñ
Ðic*�{zZá%�VÃÑg�äÆZßßVÅ {�Mh�X

2{Zk!*]6,c�Cì�áZi~ZÑHq�Zq-�áZi~èo
Æ�hÆ�gxy�VX)z~gÕÆnZq-��°{6,zZµ�**¢zg~ìXÜsZyÆ�°zVÆîw)z~�**e�4/õ ;G

JX
W�Z[ë2{ÆÒyÆ�Æn̂�BX

      6,;�D�A$ ABCD Ã»^�áZi~ZÑHq A1B1C1D1 Z#~áZi~ZÑHq AB=A1B1 Z¤/
Ð;�D�XZk§btáZi~ZHqgÕ~)z~�D�X  C, D`C1, D1 Zzg B1`B Zzg A1`A

gÕ ¥ÅF,¹cÓ#Ö»j

áZi~ZHq�Zq-��°}ZzgáZi~èoÆ�gxyzZµ�V 11.5
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in area.  Thus the parallelogram with the equal base can be considered to be on the same base for the
purposes of studying their geometrical properties.

Let us now take some examples to illustrate the use of the above Theorem.
Example-1. ABCD is parallelogram and ABEF is a rectangle and  DG is perpendicular on AB.

Prove that (i)  ar (ABCD)  = ar(ABEF)
    (ii)  ar (ABCD) = AB   DG

Solution : (i) A rectangle is also a parallelogram
   ar(ABCD)  = ar(ABEF) ..... (1)
 (Parallelograms lie on the same base and between the same parallels)

   (ii) ar(ABCD) = ar(ABEF)   (  from (1))
=  AB   BE  (  ABEF is a rectangle)
=  AB   DG  (  DG   AB and  DG = BE )

Therefore ar(ABCD) = AB   DG
From the result, we can say that “area of a parallelogram  is the product of its any side and the

corresponding altitude”.

Example-2. Triangle ABC and parallelogram ABEF are on the same base, AB as in between the

same parallels AB and EF.  Prove that ar(ABC)  =  
1 ar(|| gm ABEF)
2

Solution : Through B draw BH || AC to meet FE  produced at H
 ABHC is a parallelogram
Diagonal BC divides it into two congruent triangles

  ar(ABC)  =  ar(BCH)

    =  
1 ar (|| gm ABHC)
2

But || gm ABHC and || gm ABEF are on the  same base AB and between same parallels
AB and EF

  ar(|| gm ABHC) = ar(|| gm ABEF)

Hence   ar(ABC) = 
1 ar (|| gm ABEF)
2

From the result,  we say that “the area of a triangle is equal to half the area of the parallelogram
on the same base and between the same parallels”.
Example-3. Find the area of a figure formed by joining the mid-points of the adjacent sides of a
rhombus with diagonals 12 cm. and 16 cm.
Solution : Join the mid points of AB, BC, CD, DA of a rhombus ABCD and name them M, N, O and
P respectively to form a figure MNOP.

What is the shape of MNOP thus formed? Give reasons?

F

A

D

G

CE

B

B

F E

A

HC
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Z6bZ[ææ~ZDwÅS:]Æ�Æn)z~�°}6,zZµáZi~ZÑHqÃZq-��°}6,zZµ
áZi~ZÑHq)z~fe�X

W�Z[ëqgz!*ÑXÃZEw�D�ñZyVßVÅz�s#�,ÐX
6,XU*"$<� AB À�zZgì DG lìXZzg ABEF Zq-áZi~ZÑHqZzg ABCD:1 Vw

ar(ABCD)=ar(ABEF) (i)

ar(ABCD)=ABxDG (ii)

Zq-lÌáZi~ZÑHq�@*ìX (i) i:
ar(ABCD)=ar(ABEF)

)áZi~ZÑHq�Zq-��°}Zzgz�áZi~èoÆ�gxyzZµ�V(
ar(ABCD)=ar(ABEF)(fig(i)) (ii)

=ABxBE(ABEF )lì
=AB�DG( Zzg DG=BE)

Ar(ABCD)= ABxDG Zk§b
qgz!*ÑËÐëtÈMh��LLáZi~ZÑHq»gKZkÆ�°}ZzgpÐø�~»qÝ¢[�@*ìX

ÆEF Zzg AB ZzgZq-�áZi~èoÆ�h AB �zâVZq-��°} ABEF ZzgáZi~ZÑHq ABC[ :2 Vw
�gxyzZµ�XU*"$<�

6,X�X H ÃWÐ(,Jä6, FE Q� BH||ACÐB gZk   i:
ZkÃ�z§z!5Ò5é II]~��@*ìX BC áZi~ZÑHqìXzF, ABHCª

)áZi~ZÑHq
Æ�gxyzZµ�X EF Zzg AB Zzgz�áZi~èo AB Zq-��°} ABEF ZzgáZi~ZÑHq ABHC páZi~ZÑHq

Zz6,ÆÒyÐëÈMh��LL[»gKÛ�@*ìáZi~ZÑHqÆgKÆ²�zâVZq-��°}ZzgáZi~èo
Æ�gxyzZµ�VX

�X 16cm Zzg 12cm ¥Æ|̂VÆzVÕoÃ5ä6,�WzZà̂»gK¥x<�zF, :3 Vw
ÐªCÙ<XT D Zzg OÔNÔM ÆzVÕoÃ�hD�ñZyÕoÃ DA Zzg CDÔBCÔAB Æ̂V ABCD¥:i

qÝ�@*ìX MNOP Ð̂
Ã́̂ì?z�;]e�X MNOP ú�{̂

gÕ ¥ÅF,¹cÓ#Ö»j142
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Join P, N, then PN || AB and PN || DC (How?)
We know that if a triangle and a parallelogram are on the same base and between the same

parallels, the area of the triangle is equal to one-half area of the parallelogram.
From the above result parallelogram ABNP and triangle MNP are on the same base PN and in

between same  parallel lines PN and AB.

ar MNP= 
1
2  ar ABPN .....(i)

Similarly ar PON) = 
1
2  ar (PNCD).....(ii)

and  Area of rhombus = 1 2
1 d d
2
 .....(iii)

From (1), (ii) and (iii) we get
ar(MNOP) = ar(MNP) + ar(PON)

= 
1
2  ar(ABNP) + 

1
2 ar(PDCN)

= 
1
2  ar(rhombus ABCD)

= 
1 1 12 16
2 2
      = 48 cm.2

  EXERCISE - 11.2

1. The area of parallelogram ABCD is 36 cm2.
Calculate the height of  parallelogram ABEF
if AB = 4.2 cm.

2. ABCD is a parallelogram.  AE is perpendicular on
DC and CF is perpendicular on AD.

If  AB = 10 cm,  AE = 8 cm and CF = 12 cm. Find
AD.

3. If E, F G and H are respectively the midpoints of
the sides AB, BC, CD and AD of a parallelogram

ABCD, show that ar(EFGH) 
1 ar(ABCD)
2

 .

4. What type of quadrilateral do you get, if you join APM, DPO, OCN and MNB in the
example 3.

D C EF

A B

CD

A B

E

F

A B

CD O

N

M

P

CD

A BE

G

H F
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)ù?( PN||PC Zzg PN||AB Ã�hñA$ PNâ
ëY���LLZ¤/Zq-[ZzgZq-áZi~ZÑHq�Zq-��°}ZzgZq-�áZi~èoÆ�hÆ�gxyzZµ

�VA$[»gKÛ�@*ìáZi~ZÑHqÆgÕÆX
AB Zzg PN ZzgZq-�áZi~èo PN Zq-��°} MNP Zzg[ ABNP qgz!*ÑËÐáZi~ZÑHq

Æ�gxyzZµ�X

ABCD¥

¥»gK
Åæ�ÐëqÝ�Mh�X (iii) Zzg (ii)(i)

A$AB=4.2cm ìXZ¤/ 36cm2 »gK ABCD áZi~ZÑHq .1

Å�~¥x<X ABEF áZi~ZÑHq

ADICF 6,Zzg DCIAE Zq-áZi~ZÑHqìX ABCD .2

A$ CF=12cm Zzg AE=8cm AB=10cm 6,À�zZg�XZ¤/
»îw¥x<X AD

ÆABCD F,KMzZgáZi~ZÑHq H Zzg G,F,E Z¤/ .3

6,zVÕo�Âe�� AD Zzg CD BCÔAB ^V
DAPM, DDPO, DOCN ~�~�̂~Z¤/W\ 3 Vw .4

Ã�hD�A$W\ÃÃ́^qÝ�ÏX DMNB Zzg

.... (iii)

   .... (i)

(PDCN)

ZÏ§b

gÕ ¥ÅF,¹cÓ#Ö»j
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11.6

5. P and Q are any two points lying on the sides DC
and AD respectively of a parallelogram ABCD show
that ar(APB) = ar (BQC).

6. P is a point in the interior of a parallelogram ABCD.
Show that

(i)  ar(APB) + ar(PCD) 1 ar(ABCD)
2



(ii)  ar(APD) + ar(PBC) = ar(APB) + ar(PCD)

(Hint : Through P, draw a line parallel to AB)

7. Prove that the area of a trapezium is half the sum of the parallel sides multiplied by the distance
between them.

8. PQRS and ABRS are parallelograms and X is any
point on the side BR.  Show that

(i) ar(PQRS) = ar(ABRS)

(ii) ar(AXS) = 
1 ar(PQRS)
2

9. A farmer has a field in the form of a parallelogram PQRS as shown
in the figure. He took the mid- point A on RS and joined it to points
P and Q.  In how many parts of field is divided? What are the
shapes of these parts ?
The farmer wants to sow groundnuts which are equal to the sum of
pulses and paddy. How should he sow? State reasons?

10. Prove that the area of a rhombus is equal to half of the product of the diagonals.

   TRIANGLES ON THE SAME BASE AND BETWEEN THE SAME

              PARALLELS

We are looking at figures that lie on the same base and between the same
parallels. Let us have two triangles ABC and DBC on the same base BC and
between the same parallels,  AD and BC.

What can we say about the areas of such triangles?  Clearly there can be
infinite number of ways in which such pairs of triangle between the same parallels
and on the same base can be drawn.

A D

B C

D P C

BA

Q

CD

A B

P

RS

A Q

X

P B

S A R

P Q
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Zzg DC Æ̂V ABCD Ãð�zÕoáZi~ZÑHq Q Zzg P .5

6,F,KMzZgn��Xeñ� AD

ar(DAPB)=ar(DBQC)

ÃðZ0+gzã`ìeñ� P~ABCD áZi~ZÑHq .6

ÆáZi~âU( AB ÐI P )Z�ág{:`
U*"$<�Ås»gKÔáZi~̂VÆù´ÆÛZzgZyÆ�gxyÆÃA»qÝ¢[�@*ìX .7

áZi~ZÑHq� ABRS Zzg PQRS .8

6,XA$e�� BR Ãð`6,I X Zzg

Å§bìX6�̂~�3c*�Hì? PQRS Zq-�y»EáZi~ZÑHq   .9

Ð�h@*ìXEÃÄ�V~Ë Q Zzg P fe�ñZj A 6,zV` RS z{I
H�Hì?t{ÁZDwÅ§b�?
�yE~�JyZzg�ZwÅaZzZgÆ)z~ñ8-̂ZÇ**eLìXZÐaZzZg¾
§bqÝ�ÏX

U*"$<�¥»gKZkÆzF,zVÆqÝ¢[»Û�@*ìX .10

!5Ò5é
II]�Zq-��°}Zzgz�áZi~èoÆ�gxyzZµ�V .11.6

ë|̂~�Ù��Z,!5Ò5é II]�Zq-��°}Zzgz�áZi~èoÆ�gxyzZµ�X
BC Zzg AD ZzgáZi~èoÆ�h BC �Zq-��°} DBC Zzg ABC W�ëZy!5Ò5é II]Ã

Æ�gxy�ëZy!5Ò5é II]ÆgJVÆ!*g}~HÈMh�?
t!*ÇÈVì�Zk§bÆÑpÐ�!5Ò5é II]Æ�h�Zq-��°}ZzgZq-�áZi~èoÆ
�hÆ�gxyQYMh�X

gÕ ¥ÅF,¹cÓ#Ö»j
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Let us perform an activity.

   ACTIVITY

Draw pairs of triangles one the same base or ( equal bases) and between the same
parallels on the graph sheet as shown in the Figure.

Let ABC and DBC be the two triangles lying on the same base BC and between
parallels BC and AD. Extend AD on either sides and draw CE || AB and BF || CD.
Parallelograms AECB and FDCB are on the same base  BC and are between the same parallels
BC and EF.

Thus ar(AECB) = ar(FDCB).   (How ?)

We can see ar(ABC) = 
1
2 ar(Parallelogram AECB) ...(i)

and ar(DBC) = 
1
2 ar(Parallelogram FDCB) .... (ii)

From (i) and (ii), we get ar(ABC) = ar(DBC).

You can also find the areas of ABC and DBC by the method of counting the squares in
graph sheet as we have done in the earlier activity and check the areas are whether same.

A

B C B

D

C

A D

B C

EF

B

P

F A D E

C

B

P

F A D E

C

THINK, DISCUSS AND WRITE

Draw two triangles ABC and DBC on the
same base and between the same parallels as shown in the
figure with P as the point of intersection of AC and
BD.  Draw CE || BA and BF || CD such that E and F lie on
line AD.

Can you show ar(PAB) = ar(PDC)?

(Hint : These triangles are not congruent but have equal areas.)
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Zq-¤/ZsÄ6,�z!5Ò5é II]ÃZq-��°{6,Zzgz�áZi~èoÆ�gxyU6�̂~Cc*�HìX
Æ�gxyzZµ AD Zzg BC Zzg�záZi~èo BC �z!5Ò5é II]���Zq-��°{ DBC Zzg ABC Z¤/

Zq-� FDCB Zzg AECB UXáZi~ZÑHq BF||CD Zzg CE||AB Ã�zâVY+$îw�ØZzg AD �X
)ù?( ar(AECB) = ar(FDCB) Æ�gxyzZµ�X EF Zzg BC Zzg�záZi~èo BC �°{

ëx@{�Mh��
   áZi~ZÑHq

ar( ABC)=ar( DBC) ÅgzÐ�qÝ�@*ì (ii) Zzg (i) )zZ]
ÆgÕÔZy~ñ��%�VÅ2ÌÆ§jÐÌ¥x�Mh�X DBC Zzg ABC W\

Ôr~ëä�¤/ZsÄ6,rHåYõ<�Wc*z{gÕ)z~�X

ABC �záZi~èoÆ�gxyZq-��°{6,�z!5Ò5é II]
»`»é BD Zzg AC Zk§b¯��ZyÆ�zI DBC Zzg

Zk§b�` BF||CD Zzg CE||BA ìX�zèoU�� P

6,zZµ�X ADâF Zzg E

ar( PBC)=ar( PBC) HW\CMh�
)Z�ág{:t!5Ò5é II]§z7�p�zâV»gK)z~ì(

W�Zq-r�,ÐX

gÕ ¥ÅF,¹cÓ#Ö»j

ÃÒ<

ÎGc<Zzgs

148

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



149 AREAS Government’s Gift for Students’ Progress

Corollary-1 :  Show that the area of a triangle is half the product of its base (or any side) and the
corresponding attitude (height).
Proof : Let ABC be a triangle. Draw AD || BC such that  CD =BA.

Now ABCD is a parallelogram one of whose diagonals is AC.

We know ABC   ACD
So  ar (ABC) = ar(ACD)  (Congruent triangles have equal area)

Therefore,  1ar ABC ar(ABCD)
2

 

Draw  AE BC
We know ar(ABCD) = BC   AE

We have ar(ABC) = 
1
2 ar(ABCD)  = 

1
2
BCAE

So  arABC  = 
1
2
  base BC   Corresponding attitude AE.AE.

Theorem-11.2 : Two triangles having the same base (or equal bases) and equal areas will lie between
the same parallels.

Observe the figure. Name the triangles lying on the same base
BC. What are the heights of ABC and DBC?

If two triangles have equal area and equal base, what will be
their heights? Are A and D collinear?

Let us now take some examples to illustrate the use of the above results.

Example 4.  Show that the median of a triangle divides it into two triangles of equal areas.
Solution : Let ABC be a triangle and Let AD be one of its medians.
In ABD and ADC the vertex is common and these bases BD and DC are  equal.

Draw AE BC.

Now ar 
1( ABD) base BD altitude of ADB
2

    

1 BD AE
2

  

1 DC AE
2

        (  BD = DC)

1 base DC altitude of ACD
2

   

= ar ACD

Hence ar (ABD) = ar (ACD)
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U*"$<�[»gKZkÆ�°{ZzǵZg·q)�~(ÆqÝ¢[Æ)z~�@*ìX 1 �³:
qÝ ABCD Z[ëÃZq-áZi~ZÑHq CD=BA Zk§bU� AD||BC Zq-[ì ABC o]:�Ûn<�

ìX AC �ÇT»zF,
ABC ACD ëY���
)§z!5Ò5é II])z~gKgnp�( ar ABC ar ACD Z6b

ar ABC= ar(ABCD) ZkI

AE BC Zk§bU AE 6,Zq-À� BC

ar(ABCD)=BC x AE ëY��
ar( ABC)= ar (ABCD) ëY��

 x BC x AE

ar ABC=  x BC        x AE Z6b�~
�z!5Ò5é II]X»Zq-��°{)c*)z~�°}�(Zzg)z~gÕ :11.2X

gnp�VëáZi~èoÆ�gxyzZµ�X̂»x@{<XZy!5Ò5é II]Æ
Å�c*VH�? DBC Zzg ABC 6,zZµ� BC **x�,�Zq-��°{

Z¤/�z!5Ò5é II]X»gK)z~ìZzgZq-��°{6,zZµ�XZyÅ�c*VH
ëâ�? D Zzg A �VÏ?H

W�'×h+VBá�Zz6,�Ø�}òÅz�s#�,X
X U*"$<�CÙZq-[»zT6[Ã�z)z~gJVÆ!5Ò5é II]~��@*ì :4 Vw

ìX AD »zT6 ABC �Ûn<[ i:
UX AE BC )z~�D�X DC Zzg BD ~Zq-�ugZk�@*ìXÆ�°} ADC Zzg ABD

�°{

»Zg·q�°{

»Zg·q�°{

ar ( ABD) = ar( ACD)

Z[
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Example-5.  In the figure, ABCD is a quadrilateral.  AC is the diagonal and  DE || AC and also DE
meets BC produced  at E.  Show that ar(ABCD)  =  ar(ABE).

Solution :  ar(ABCD) = ar(ABC) + ar(DAC)

DAC and EAC lie on the same base AC

 and between the parallels DE || AC

ar(DAC) = ar(EAC)        (Why?)

Adding areas of same figures  on both sides.

ar(DAC)  +  ar(ABC)  =  ar(EAC) + ar(ABC)

Hence  ar(ABCD) = ar(ABE)

Example 6.  In the figure , AP || BQ || CR.  Prove that ar(AQC) = ar(PBR).

Solution : ABQ  and PBQ  lie on the same
base BQ and between the same parallels AP || BQ.

  ar(ABQ) = ar(PBQ)              ...(1)

Similarly,

ar CQB) = ar RQB)      (same  base BQ and BQ || CR) ...(2)

Adding results (1) and (2)

ar(ABQ) + ar(CQB)  = ar(PBQ) + ar(RQB)

Hence  ar(AQC) = ar (PBR)

EXERCISE - 11.3

1. In a triangle ABC (see figure), E is the
midpoint of median AD,  show that

(i) ar ABE = ar ACE

(ii) )ABC(ar
4
1ABEar 

2. Show that the diagonals of a parallelogram  divide it into four triangles of equal area.
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BC ìXI DE||AC Zq-zF,ìZzg AC Zq-egVìX�V ABCD :̂5 Vw
»�ugZk�X BC Zzg DEÔE J-UZk§b�̀ E Ã̀

ar (ABCD) = ar( ABE)  C��
ar (ABCD) = ar( ABC) + ar ( DAC) :i

Æ�gxyzZµ�X DE//AC 6,zZµ�XZzgáZi~èo Zq-��°{ EAC Zzg DAC

)YV?( ar ( DAC) = ar ( EAC) 

�VÂU*"$< AP//BQ//CR :�~�̂~Z¤/ 6 Vw
ar(AQC)=ar( PBR)�

6,zZµ�Zzgz�áZi~ BQ Zq-��°{ PBQ Zzg ABQ  :i
Æ�gxyzZµ�X AP//BQ èo

ar( ABQ) = ar ( PBQ)..........(1)

(BQ Zzg�°{ BQ//CR) ar( CQB)=ar ( RQB) ZÏ§b (ii)

Ã¦�ä6, (ii) Zzg (i) }ò

zT6 E )^»x@{Ù(~` A B C Zq-[ .1

»zV`ìXC�� AD

C��Zq-áZi~ZÑHqÆzF,ZkÃeg)z~gKgppzZá!5Ò5é II]~Ë�D�X .2

c�l ;EZ

gÕ ¥ÅF,¹cÓ#Ö»j

w

152

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



153 AREAS Government’s Gift for Students’ Progress

3. In the figure, ABC and ABD are two triangles
on the same base AB.  If line segment CD is

bisected by AB  at O,  show that

ar (ABC) = ar (ABD).

4. In the figure,ABC,  D, E, F are the midpoints of sides
BC, CA and AB respectively.  Show that

(i) BDEF  is a parallelogram

(ii) )ABC(ar
4
1)DEF(ar 

(iii) )ABC(ar
2
1)BDEF(ar 

5. In the figure D, E are points on the sides
AB and AC respectively of  ABC
such that ar(DBC) = ar(EBC).
Prove that DE || BC.

6. In the figure, XY is a line parallel to BC is
drawn through A.  If BE || CA and CF || BA
are drawn to meet XY at E and F
respectively.  Show that  ar(ABE) = ar
(ACF).

7. In the figure, diagonals  AC and BD of a
trapezium ABCD with AB || DC intersect each
other at O.  Prove that

ar(AOD) = ar( BOC).

D C
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�Zq-��°{ ABD Zzg ABC �~�^~�z!5Ò5é II] .3

6,s�@* O Ã̀ ABÔCD 6,zZµ�XZ¤/Zq-é« AB

ar( ABC)=ar( ABD) ìXA$C��

Zzg C A ÔB C ~I AB C �~�^Æ� .4

�XC��X FÔEÔD ÆzVÕo!*nKM AB

Zq-áZi~ZÑHqì BDEF

�XZk§b E Zzg D 6,Õo!*nKM AC Zzg AB �~�^~ZHq .5

¯@*ìXZk§b� ABC z{Zq-[
ar( DBC) = ar( EBC)

DE||BC U*"$<

» BC Zq-áZi~âì XY �~�^~ .6

Ð*g@*ìXZ¤/ A �`
Zk§b]�� CF//BA Zzg BE//CA

¯@*ìU*"$ XY Ð*g� F Zzg E !*nKM
ar( ABE) = ar( ACF) <�

O`BD Zzg AC ~zF, ABCD �~�^~Ås .7

U*"$<� AB||DC 6,s�D�Zzg
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8. In the figure, ABCDE is a pentagon.  A line through B parallel to
AC meets DC produced at F.  Show that

(i) ar (ACB) = ar (ACF)

(ii) ar (AEDF) = ar (ABCDE)

9. In the figure, if ar RAS) = ar RBS) and
[ar (QRB) = ar(PAS) then show that both the
quadrilaterals PQSR and RSBA are trapeziums.

10. A villager Ramayya has a plot of land in the shape of a
quadrilateral.  The grampanchayat of the village decided to take over some portion of his plot
from one of the corners to construct a school.  Ramayya agrees to the above proposal with the
condition that he should be given equal amount of land in exchange of his land adjoining his plot
so as to form a triangular plot.  Explain how this proposal will be implemented.  (Draw a rough
sketch of plot).

  THINK,  DISCUSS AND WRITE

ABC is a right triangle right angled at A.  BCED,  ACFG and ABMN are squares on the sides
BC, CA and AB respectively.  Line segments DEAX   meets BC at Y.  and DE at X.  Join
AD, AE also BF and CM (See the figure).

Show that

(i) ABDMBC 

(ii) ar(BYXD)  = 2ar (MBC)

(iii) ar(BYXD) = ar(ABMN)

(iv) FCB  ACE

(v) ar(CYXE) = 2 ar(FCB)

(vi) ar(CYXE)  = ar (ACFG)

(vii) ar(BCED)  =  ar(ABMN) + ar(ACFG)

Can you write the result (vii) in words ?  This is a famous theorem of  Pythagoras.  You shall
learn a simpler proof in this theorem  in class X.
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J-(,Jä6,�W FÃ DC Zq-�ìXI ABCDE �~�̂~ .8

ÆX AC áZi~�@*ì BF zZÑI

Zzg ar RAS = ar RBS �~�̂~ .9

A$e���zâVegV ar( QRB) = ar( PAS)

Ås�X RSBA Zzg PQRS

gZxÆ0*kZq-egV^»ö^ìXÇ�VÅ¤/ZxÐe$Qkö^ÆZq-Ãä~Zjw�ì�**e6 .10

ìXgZxZk!*]6,gZè��HXpÑog��ZÚ��Z!*izÆö^ÐZk§b�c*Yñ�z{Zq-[
�YñXe��t¾§b�Ç?)ö^»Zq-�{�¯ñ(

6,F,KMzZg A B Zzg C A ÔB C 6,�ìZ²Zzt¯@*ìXI A Zq-�ìZ²Zzt[ì� A B C [
Æ£x6,Zzg Y6,BC ÔIAE óé« AX DE ¯ñ��Xé¿ ABMN Zzg ACFGÔBCED %�

Ã�h�Zzge�� CM Zzg BF Zzg AEÔAD Æ£x6,s�@*ìX X6,DEI

»³ZLZÖp~Òy�Mh�?t¢45é EG
I¨g=»�gXìXW\Zk»W�yi (vii) HW\

)®)zë~7,³ÐX
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  WHAT HAVE WE DISCUSSED?

   In this chapter we have discussed the following.
1. Area of a figure is a number (in some unit) associated with the part of the

plane enclosed by that figure.
2. Two congruent figures have equal areas but the converse need not be

true.
3. If X is a  planar region formed by  two non-overlapping planar regions of

figures P and Q,  then ar(X)  = ar(P) + ar(Q)
4. Two figures are said to be on the same base and between the same parallels, if they have a

common base (side) and the vertices (on the vertex) opposite to the common base of each
figure lie on a line parallel to the base.

5. Parallelograms on the same base (or equal bases) and between the same parallels are equal in
area.

6. Area of a parallelogram is the product of its base and the corresponding altitude.
7. Parallelogram on the same base (or equal bases) and having equal areas lie between the same

parallels.
8. If a parallelogram and a triangle are on the same base and between the same parallels, then

area of the triangle is half the area of the parallelogram.
9. Triangles on the same base (or equal bases) and between the same parallels are equal in area.

10. Triangles on the same base (or equal bases) and having equal areas lie between the same

DO YOU KNOW?
A PUZZLE (AREAS)

German mathematician David Hilbert (1862-1943)  first proved that any polygon can be
transformed into any other polygon of equal area by cutting it into a finite number of pieces.

Let us see how an English puzzlist, Henry Ernest Dudency (1847 - 1930)  transforms an
equilateral triangle into a square by cutting it into four pieces.

Try to make some more puzzles using his ideas and enjoy.
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Zk!*[~ëäøDfsï]6,̈gHX
Ë̂»gK°��@*ì)�ËZ»ðgKÆ�Bà�lZgì(�Zq-È�~̂ÐÉ�@*ìX .1

�z§zZDw»)z~gK�YìpZk»',@��t7�@*X .2

ar(X)=ar(P)+ar(Q) Ðú0*@*ìA$ Q Zzg P Zq-�~¸��z);�-V X Z¤/ .3

�zZDwZq-��°{Zzgz�áZi~èoÆ�gxyzZµ�VÐZ#�Zy»Zq-�u�°{�Zzg�°{ÆáZi~ .4

gZkQyáZi~èoÅ�h6,0*ñYNX
áZi~ZÑHq�Zq-��°{6,zZµ�VZzgZq-�áZi~èoÆ�gxyzZµ�VgK~)z~�D�X .5

Zq-áZi~ZÑHq»gK)z~�@*ì�°{ZzgQkÆpÐø�~ÆqÝ¢[ÆX .6

áZi~ZÑHq�Zq-��°{6,zZµ�VZzggK~)z~�VA$z{Zq-�áZi~èoÆ�hÆ�gxyzZµ .7

�VÐX
Z¤/Zq-áZi~ZÑHqZzgZq-[Zq-��°{6,zZµ�VZzgz�áZi~èoÆ�gxyzZµ�VA$[»gK .8

)z~�@*ìáZi~ZÑHqÆW�ñgÕÆX
!5Ò5é

II]�Zq-��°{6,zZµ�VZzgáZi~èoÆ�gxyzZµ�VgÕ~)z~�D�X .9

!5Ò5é II]�Zq-��°{6,zZµ�VZzg)z~gKgnp�Vz{Zq-�áZi~èoÅ�hÆ�gxyzZµ�D�X .10

HW\Y��?
ä«!*gU*"$H�ËÌMVÃËZzgMV~Y (1862-1943) C%
»Zq-gc*è�ZVe-e9e

�Mh�T»gK)z~�Z#�ZkÃpÐ��V~»N*YñX
äZq-)z~ZÑHqÃeg (1847-1930) W��B�¾§bZq-Zôm,~Ä»g~̂Zzrezé

�V~»�̂QkÃZq-%,~YH

ZkÆÃ̂ZEw�D�ñZzgÄ¯äÅÃÒ<X
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   12.1   INTRODUCTION

We come across many round shaped objects in
our surroundings such as coins,  bangles, clocks, wheels,
buttons etc. All these are circular in shape.

You might have drawn an outline
along the edges of a coin, a bangle, a button in your childhood  to form a circle.

So, can you tell, the difference between the circular objects and the circles you
have drawn with the help of these objects?

All the circular objects we have observed above have thickness and are
3-dimensional objects, where as, a circle is a 2-dimensional figure, with no
thickness.

Let us take another example of a circle. You might have
seen the oil press called oil mill (Spanish wheel - in Telugu known
as ganuga). In the figure, a bullock is tied to fulcrum fixed at a
point. Can you identify the shape of the path in which the bullock
is moving? It is circular in shape.

A line along the boundary made by the bullock is  a  circle.
The oil press is attached to the ground at a fixed point, which is the
centre of the circle. The length of the fulcrum with reference to the
circle is radius of the circle. Think of some other examples from
your daily life about circles.

In this chapter we will study circles, related terms and properties of the circle. Before this, you
must know how to draw a circle with the help of a compass.

Circles
Chapter
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Insert a pencil in the pencil holder of the compass
and tighten the screw. Mark a point ‘O’ on the drawing
paper. Fix the sharp point of the compass on ‘O’. Keeping
the point of the compass firmly move the pencil round on
the paper to draw the circle as shown in the figure.

If we need to draw a circle of given  radius, we
do this with the help of a scale.

Adjust the distance between the sharp point of the compass and tip of the pencil equal to the
length of the given radius, mark a point ‘O’(radius of the circle in the figure is 5 cm.)  and draw circle as
described above.

Mark any 6 points A, B, C, D  E and F on the circle.   You can see that the length of each line
segment OA, OB, OC, OD, OE and OF is 5 cm., which is equal to the given radius. Mark some other
points on the circle  and measure their distances from the point ‘O’.  What have you observed? We can
say that a circle is a collection of all the points in a plane which are at a fixed distance from a fixed point
on the plane.

The fixed point ‘O’ is called the centre of the circle and the fixed
distance OA,  is called the radius of the circle.

In  a circular park  Narsimha started walking from a point around the
park and completed one round. What do you call the distance covered by
Narsimha? It is the total length of the boundary of the circular park, and is
called the circumference of the park.

So, the complete length of a  circle is called its circumference.

ACTIVITY

Let us now do the following activity. Mark a point on a sheet of paper.
Taking this point as centre draw a circle with any radius. Now increase or decrease
the radius and again draw some more circles with the same centre. What do you
call the circles obtained in this activity?

Circles having same centre with different radii are called concentric
circles.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCALE
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 DO THIS

 1. In the figure, which circles are congruent to the circle A?

 2. What measure of the circles make them congruent?

A circle divides the plane on which it lies into three parts. They are (i)

inside the circle, which is also called interior of the circle; (ii) on the circle, this is

also called the circumference and (iii) outside the circle, which is also called the

exterior of the circle. From the above figure, find the points which are inside,

outside and on the circle.

The circle and its interior make up the circular region.

ACTIVITY

Take a thin circular sheet and fold it to half and open.  Again fold it along any other

half and open. Repeat this activity for several times.  Finally when you open it, what do

you observe?

You observe that all creases (traces of the folds) are intersecting at one point. Do you remember

what do we call this point? This is the centre of the circle.

Measure the length of each crease of a circle with a divider.  What do you notice ?  They are all

equal and each crease  is dividing the circle into two equal halves. That crease is called diameter of

circle. Diameter of a circle is twice its radius.  A line segment joining any two points on the circle that

passes through the centre is called the diameter.

In the above activity if we fold the paper in any manner not only in half, we see that creases

joining two points on circle. These creases are called chords of the circle.

So, a line segment joining any two points on the  circle is called a

chord.

What do you call the longest chord?  Does it pass through the centre?

See in the figure, CD , AB  and PQ  are chords of the circle.

In the fig.(i), two points A and B are on the circle

and they are dividing the circumference of the circle into two parts.  The part  of

the circle between any two points on it is called an arc.  In the fig.(i)  AB

is    called    an    ‘arc’   and   it   is   denoted   by   ฀AB .    If   the   end   points   of
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an arc become the end points of a diameter then such an
arc is called a semicircular arc or a semicircle. In the fig.(ii)
ACB  is a semicircle

If the arc is smaller than a semicircle, then the arc is
called a minor arc and if the arc is longer than a semicircle,
then the arc is called a major arc. In the fig.(iii) ACB is a
minor arc and ADB  is a major arc.

If we join the end points of an arc by a chord, the
chord divides the circle into two parts. The region
between the chord and the minor arc is called the minor
segment and the region between the chord and the major
arc is called the major segment. If the chord happens to
be a diameter,  then the diameter
divides the circle into two equal
segments.

The region enclosed by an arc and the two radii joining the centre to the
end points of an arc is called a sector.  One is minor sector and another is
major sector (see adjacent figure).

EXERCISE -12.1

1. Name the following parts from the adjacent figure where ‘O’ is the centre of
the circle.

(i)  AO (ii)      AB (iii)  BC

(iv) AC (v) DCB (vi)   ACB

(vii) AD (viii)   shaded region

2. State true or false.
i. A circle divides the plane on which it lies into three parts. (      )
ii. The region enclosed by a chord and the minor arc is  minor segment. (      )
iii. The region enclosed by a chord and the major arc is major segment. (      )
iv. A diameter divides the circle into two unequal parts. (      )
v. A sector is the area enclosed by two radii and a chord (      )
vi. The longest of all chords of a circle is called a diameter. (      )
vii. The mid point of any diameter of a circle is the centre. (      )
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¸k ¸kZûZzģk ~̧k (iii) Zºë�X̂

ZºBñÏX
Z¤/Ë¸kÆ
)gzVÃËzF,Ð
�h�c*YñÂzF,�Z],{Ã�z�V~��}Çz{´z�ZkzF,ZzģkZû
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    12.2   ANGLE SUBTENDED BY A CHORD AT A POINT ON THE CIRCLE

Let A, B be any two points on a  circle with centre ‘O’.  Join A,O

and B,O. Angle is made at centre ‘O’ by AO , BO  i.e. AOB is called

the angle subtended by the chord AB  at the centre ‘O’.

What do you call the angles POQ, PSQ and PRQ in the
figure?

i. POQ is the angle subtended by the chord  PQ  at the centre ‘O’

ii. PSQ and PRQ are respectively the angles subtended by the chord
PQ at point S and point R on the minor and major arc.

In the figure, O is the centre of the circle and AB ,

CD ,  EF  and GH  are the chords of the circle.

What did you observe from the figure?

We can observe from the figure that GH > EF > CD > AB.

Now what do you say about the angles subtended by these chords at the
centre?

After observing the angles, you will find that the angles subtended by the chords at the centre of
the circle increases with increase in the length of chords.

So, now imagine what will happen to the angle subtended at the centre of the circle, if we take
two equal chords of a circle?

Construct a circle with centre ‘O’ and draw equal chords AB and
CD using the compass and ruler.

Join the centre ‘O’ with A, B and with C and D.  Now measure the
angles AOB and COD.  Are they equal to each other?

Draw two or more equal chords of a circle and measure the angles
subtended by them at the centre.

You will find that the angles subtended by them at the centre are equal.

Let us try to prove this fact.
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Theorem-12.1 :  Equal chords of a circle subtend equal angles at the centre.

Given : Let ‘O’ be the centre of the circle.  AB  and  CD  are two equal chords and AOB and
COD are the angles subtended by the chords at the centre.

R.T.P. : AOB  COD

Construction : Join the centre to the end points of each chord and you get two triangles AOB and
COD.

Proof:  In triangles  AOB and COD

                                      AB = CD (given)

                                      OA = OC (radii of same circle)

                                      OB  = OD (radii of same circle)

Therefore  AOB    COD (SSS rule)

Thus AOB  COD (corresponding parts of congruent triangles)

In the above theorem, if in a circle, two chords subtend equal angles at the centre, what can you
say about the chords? Let us investigate this by the following activity.

ACTIVITY

Take a circular paper. Fold it along any diameter such that the two edges
coincide with each other. Now open it and again fold it into half along another diameter.  On  opening,
we find  two diameters meet at the centre ‘O’. There
forms two pairs of vertically opposite angles which are
equal. Name the end points of the diameter as A, B, C
and D.

Draw the chords AC , BC , BD  and AD .
Now take cut-out of the four segments namely 1, 2,

3 and 4.
If you place these segments pair wise one above the other the edges of the pairs (1,3) and (2,4)

coincide with each other.

Is AD BC  and AC BD ?
Though you have seen it in this particular case, try it out for other equal angles too. The chords

will all turn out to be equal. We will prove it as a theorem.
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Can you state converse of the above theorem (12.1)?
Theorem-12.2 : If the angle subtended by the chords of a circle at the centre
are equal, then the chords are equal.

This is the converse of the theorem 12.1.

Note that in adjacent figure PQR = MQN, then

PQR  MQN (Why?)

Is  PR = MN? (Verify)

EXERCISE -  12.2

1. In the figure, if AB =CD and AOB = 900 find COD

   2. In the figure, PQ = RS and RS = 480.

Find OPQ and ROS.

3. In the figure PR and QS are two diameters. Is PQ = RS?

     12.3  PERPENDICULAR FROM THE CENTRE TO A CHORD

ACTIVITY

• Construct a circle with centre O. Draw a chord AB  and a
perpendicular to the chord AB  from the centre ‘O’.

• Let the point of intersection of the perpendicular on AB  be P..
• After measuring PA and PB, we will find PA = PB.

Theorem-12.3 : The perpendicular from the centre of a circle to a chord bisects the chord.
Write a proof by yourself by joining O to A and B and prove that OPA  OPB.
What is the converse of the theorem 12.3?
“If a line drawn from the centre of a circle bisects the chord  then the line is perpendicular to that

chord”
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ACTIVITY

Take a  circular sheet of paper and mark centre as ‘O’

Fold it into two unequal parts and open it.
Let the crease represent a chord AB, and then
make a fold such that ‘A’ coincides with B. Mark
the point of intersection of the two folds as D. Is
AD=DB? and ODA=ODB ? (Measure the
angles between the creases). They are right angles.
So, we can make a hypothesis “the line drawn
through the centre of a circle to bisect a chord is perpendicular to the chord”.

TRY THIS

In a circle with centre ‘O’.  AB  is a chord and ‘M’ is its midpoint. Now

prove that  OM   is perpendicular to AB .

(Hint : Join OA  and OB  consider triangles OAM and OBM)

12.3.1 The three points that describe a circle

Let ‘O’ be a point on a plane. How many circles we can
draw with centre ‘O’?  As many circles as we wish. We have already
learnt that these circles are called concentric circles. If ‘P’ is a point
other than the centre of the circle, then also we can draw many
circles through P.
Suppose that there are two distinct points P and Q

How many circles can be drawn passing through given two points? We see
that we can draw many circles passing through P and Q.

Let us join P and Q, draw the perpendicular bisector to PQ . Take any
three points R, R1 and R2 on the perpendicular bisector and draw circles with
centre R, R1, R2 and radii RP, R1P and R2P respectively. Does these circles also
passes through Q (Why?)
As every point on the perpendicular bisector of a line segment is equidistant from end

points of the line segment. Centre of a circle lies on the perpendicular of
any chord.
If three non-collinear points are given, then how many circles can be
drawn through them? Let us examine it. Take any three non-collinear
points A, B, C and join A, B and B, C.
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Draw PQ


 and RS


 the perpendicular bisectors to AB  and BC .
respectively. Both of them intersect at a point ‘O’(since two lines cannot
have more than one point in common)
Now O lies on the perpendicular bisector of AB , so OA = OB. .....(i)

(As every point on PQ


 is at equidistant from A and B)

Also, ‘O’ lies on the perpendicular bisectors of  BC
Therefore OB = OC         ..... (ii)

From equation (i) and (ii)

We can say that OA = OB = OC (transitive law)

Therefore, ’O’ is the only point which is equidistant from the points A, B and C so if we draw a
circle with centre O and radius OA, it will also pass through B and C i.e. we have only one circle that
passes through A, B and C.

The hypothesis based on above observation is “there is one and only one circle that passes
through three non-collinear points”
Note : If we join AC, the triangle ABC is formed. All its  vertices lie on the circle. This circle is called

circum circle of the triangle, the centre of the circle ‘O’ is circumcentre and the radius OA or
OB or OC i.e. is circumradius.  Generally circumradius is denoted by ‘R’.

TRY THIS

If three points are collinear, how many circles can be drawn through these points?
Now, try to draw a circle passing through these three points.

Example-1. Construct a circumcircle of the triangle ABC where  AB = 5cm;  B = 75° and
BC = 7cm
Solution : Draw a line segment AB= 5 cm. Draw  BX


  at B such that B

= 75°.  Draw an arc of radius 7cm with centre B to cut BX


 at C.  Join CA to

form  ABC.   Draw perpendicular bisectors PQ


 and  RS


 to AB  and BC

respectively.  PQ


, RS


 intersect at ‘O’. Keeping ‘O’ as a centre, draw a
circle with OA as radius. The circle also passes through B and C and this is
the required circumcircle.

12.3.2 Chords and their distance from the centre of  the circle

A circle can have infinite chords. Suppose we make many chords of equal length in a circle,  then
what would be the distance of these chords of equal length from the centre? Let us examine it through
this activity.

R P C
A

Q B S

O

R P C
A

Q B S

O

A B

C

S

OR

P

X

75°
5 cm.

7 cm
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**��ÇX
(ii) ���������������� OB=OC

Ð(ii)  Zzg (i)  )zZ]
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BC = ª7  Zzg ÐB = 75
0
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&B3�ö G�Z],{¯��V DABC :1 Vw
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0 Zk§bU� BX6,BU AB = ª5 Zq-éâ
Ã5�W\  CA 6,s�}X CÃ ª»Zq-¸kU@*� 7 ây�Û¢

Ã O 6,s�,ÐX` O` Zzg 6,!*nKM Zzg qÝ�Ç DABCÃ
Ð¦/g}ÇZzg¸ C Zzg B Û¢fe�ñZq-�Z],{¯�Xt�Z],{Ì OA %�/ây�

£/
&B3�ö G�Z],{�ÇX
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ACTIVITY

Draw a big circle on a paper and take a cut-out of
it. Mark its centre as ‘O’. Fold it in half. Now make
another fold near semi-circular edge. Now unfold it.
You will  get two conguent folds of chords. Name them
as AB and CD. Now make perpendicular folds passing
through centre ‘O’ for them. Using divider compare
the perpendicular distances of these chords from the
centre.

Repeat the above activity by folding congruent chords. State your observations  as a
hypothesis.

“The congruent chords in a circle are at equal distance from the centre of the circle”

TRY THIS

 In the figure, ‘O’ is the centre of the circle and AB = CD. OM is
perpendicular on AB  and ON  is perpendicular on CD . Then prove that
OM = ON.

As the above hypothesis has been proved logically, it becomes the
theorem ‘chords of equal length are at equal distance from the centre of the
circle.’

Example-2. In the figure, O is the centre of the circle. Find the length of CD, if AB = 5 cm.
Solution : In  AOB and   COD,

OA = OC (why?)
OB = OD (why?)

AOB = COD
  AOB  COD (Criterian of congruent by SAS)
        AB = CD (Congruent parts of congruent triangles)
        AB = 5 cm. then CD = 5 cm.

Example-3.  In the adjacent figure, there are two concentric circles with
centre ‘O’. Chord AD of the bigger circle intersects the smaller circle at
B and C. Show that AB = CD.

Given : In two concentric circles with centre ‘O’. AD  is the chord of the

OB

A C

D
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R.T.P. : AB = CD

Construction : Draw OE  perpendicular to AD

Proof : AD is the chord of the bigger circle with centre ‘O’ and OE  is perpendicular to AD .

 OE  bisects AD (The perpendicular from the centre of a circle to a chord bisect it)
AE = ED ..... (i)

BC  is the chord of the smaller circle with centre ‘O’ and OE is perpendicular to AD.

 OE  bisects BC (from the same theorem)
BE = CE ..... (ii)

Subtracting the equation (ii) from (i), we get

AE - BE = ED - EC

AB = CD

EXERCISE - 12.3

1. Draw the following triangles and construct  circumcircles  for them.

(i) In ABC, AB = 6cm, BC = 7cm and A = 60o

(ii) In PQR, PQ = 5cm, QR = 6cm and RP = 8.2cm

(iii) In XYZ, XY = 4.8cm, X = 60o and Y = 70o

2. Draw two circles passing through A, B where AB = 5.4cm

3. If two circles intersect at two points, then prove that their centres
lie on the perpendicular bisector of the common chord.

4. If two intersecting chords of a circle make equal angles with
diameter passing through their point of intersection, prove that
the chords are equal.

5. In the adjacent figure, AB  is a chord of circle with centre O.

CD  is the diameter perpendicualr to AB . Show that AD = BD.

OP

A

D

B

C
Q

L

M

E

O

A B

D

C

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



AB = CD  £[:
6,À�U ¿:
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Åß�@*ìX)Ë�Z],}Æ%�/Ð5YäzZÑÀ�zF,Åß�@*ì( Ô

AE = ED   ..................... (i)     ®Z
»À�ìX Ô  ìZ#� O gL�Z],}»zF,ìT»%�/

Åß�@*ì)ZÏZÐâpf( Ô  aV�
BE=CE   ..................... (ii)   ®Z
Ð̧&�ä6, (i) Ã)zZ] (ii) )zZ]

AE - BE = ED - EC

AB = CD

øDfs!5Ò5é II]¯ØZzgZyÆ
&B3�ö G�Z],}Ìú�ØX .1

ÐA = 60
0
  Zzg BC = 7ª AB = 6 ~ª DABC (i)

RP = 8.2 Zzgª QR = 6ª PQ = 5 ~ª DPQR (ii)

ÐY = 70
0
  Zzg ÐX = 60

0
  ª XY = 4.8 ~ª DXYZ (iii)

AB = 5.4cm  Ð¦/gD��V BÔA Z,�z�Z],}U�Õo .2

Z¤/Ãð�z�Z],}Ë�zÕo6,s�D�ÂU*"$Ù�ZyÆ%Z�/ZyÆ�� .3

zF,ÆÀ�~**�6,zZµ�VÐX
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zZá¢6,)z~iZzb¯D�ÔÂU*"$Ù�tzF,)z~�VÐX
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    12.4  ANGLE SUBTENDED BY AN ARC OF A CIRCLE

In the fig.(i), AB  is a chord and AB  is an arc (minor arc). The end
points of the chord and arc are the same i.e. A and B.

Therefore angle subtended by the chord at the
centre ‘O’ is the same as the angle subtended by the arc
at the centre ‘O’.

In fig.(ii) AB  and CD  are two chords of a circle
with centre ‘O’.  If  AB = CD, then AOB = COD

Therefore we can say that the angle subtended by an arc AB  is equal to
the angle subtended by the arc CD  at the centre ‘O’. (Prove AOB  DOC)

From the above observations we can conclude that in the same cirlce or congruent circles“arcs
of equal length subtend  equal angles at the centre”   [ Angle subtended by an arc at the centre is
called a measure of that arc]

12.4.1  Angle subtended by an arc at a point on the remaining part
   of circle

Consider the circle with centre ‘O’.

Let PQ  in fig. (i) the minor arc, in fig. (ii) semicircle
and in fig. (iii) major arc.
Take any point R on the circle. Join R with P and Q.

PRQ is the angle subtended by the arc PQ at the
point R on the circle while POQ is subtended at the

centre.

Complete the following table for the given figures.

Angle Fig. (i) Fig. (ii) Fig. (iii)

PRQ

POQ

Similarly draw some circles and subtended angles on the circumference and centre of the
circle by their arcs. What do you notice? Can you make a conjecture about the angle made by an
arc at the centre and a point on the circle? So from the above observations, we can say that
“The angle subtended by an arc at the centre ‘O’ is twice the angle subtended by it on the
remaining arc of the circle”.

P Q

O

R

(i)

O
P Q

R

(ii)

P Q

R

O

(iii)

O

A B
(i) O

A B

CD
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Let us prove this hypothesis as a theorem.

Theorem-12.4 : The angle subtended by an arc at the centre of a circle is double the angle subtended
by it at any point on the remaining circle.

Given :  Let O be the centre of the circle.

PQ  is an arc subtending POQ at the centre.

Let R be a point on the remaining part of the circle (not on PQ )

Proof:Here we have three different cases in which (i) PQ  is minor arc, (ii) PQ  is semicircle and

(iii) PQ  is a major arc

Let us begin by joining the point R with the centre ‘O’ and extend it to a point S (in all cases)

For all the cases in  ROP

OP = OR  (radii of the same circle)

Therefore ORP = OPR (Angles opposite to equal
sides of an isosceles triangle are equal).

POS is an exterior angle of ROP (construction)

POS = ORP + OPR or 2 ORP ..... (1)

(exterior angle = sum of opp. interior angles)
Similarly for ROQ
SOQ = ORQ + OQR  or 2 ORQ  ... (2)

(exterior angle is equal to sum of the opposite interior
angles)

From (1) and (2)

POS + SOQ = 2 (ORP + ORQ)

This is same as POQ = 2 QRP ..... (3)

For convenience
Let ORP = OPR = x
POS = 1
1 = x + x = 2x
Let ORQ = OQR = y
SOQ = 2
2 = y + y = 2y
Now POQ =  1 + 2  = 2x +2y
= 2 (x+y) = 2 (PRO +  ORQ)
(i.e.) POQ = PRQ

(iii) P Q

R

O

S

(i)

P Q

R

S

x

x y

y
1 2
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Hence the theorem is “the angle subtended by an arc at the centre is twice the angle subtended by
it at any point on the remaining part of the circle.

Example-4. Let ‘O’ be the centre of a circle, PQ  is a diameter, then prove that PRQ = 90o

(OR) Prove that angle in a semi-circle is right angle.

Solution : It is given that PQ  is a diameter and ‘O’ is the centre of the
circle.

 POQ = 180o [Angle on a straight line]

and POQ = 2 PRQ [ Angle subtended by an arc at the centre is
twice the angle subtended by it at any other point on circle]

PRQ = 
o

o180  90
2



Example-5. Find the value of x° in the adjacent figure

Solution : Given  ACB = 40°

By the theorem angle made by the arc AB at the centre

              AOB = 2 ACB = 2  40° = 80°

     x° + AOB = 360°

Therefore x° = 360° – 80° = 280°

12.4.2 Angles in the same segment

Let us now discuss the measures of angles made by an arc in the same segment of a circle.

Consider a circle with centre ‘O’ and a minor arc AB (See figure). Let P, Q, R and S be points on
the major arc AB i.e. on the remaining part of the circle. Now join the end points of the arc AB with points
P, Q, R and S to form angles APB, AQB, ARB and ASB.

    AOB = 2APB (why?)

       AOB = 2AQB (why?)

       AOB = 2ARB (why?)

      AOB = 2ASB (why?)

Therefore APB = AQB =ARB = ASB

Observe that “angles subtended by an arc in the same segment are equal”.
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Note : In the above discussion we have seen that the point P, Q, R, S and A, B lie on the same circle.
What do you call them? “Points lying on the same circle are called concyclic”.

The converse of the above theorem can be stated as follows-

Theorem-12.5 : If a line segment joining two points, subtends equal angles at two other points lying on
the same side of the line then these, the four points lie on a circle ( i.e. they are concyclic)

Given : Two angles ACB and ADB are on the same side of a line segment AB joining two
points A and B are equal.

R.T.P : A, B, C and D are concyclic (i.e.) they lie on the same circle.

Construction : Draw a circle passing through the three non colinear point  A, B and C.

Proof: Suppose the point ‘D’ does not lie on the Circle.

Then there may be other point ‘E’ such that it will intersect AD (or extension of AD)

If points A, B, C and E lie on the circle then

ACB = AEB (Why?)

But it is given that ACB = ADB.

Therefore AEB = ADB

This is not possible unless E coincides with D  (Why?)

Therefore, E coincides with D.

EXERCISE – 12.4

1. In the figure, ‘O’ is the centre of the circle.

AOB = 100° find ADB.

2. In the figure, BAD = 40°  then find BCD.

A

D
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B A
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B

A
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3. In the figure, O is the centre of the circle and POR = 120°. Find
PQR and PSR

4. In the figure, ‘O’ is the centre of the circle.
OM = 3cm and  AB = 8cm. Find the radius of the
circle

5. In the figure, ‘O’ is the centre of the circle and

OM , ON  are the perpendiculars from the

centre to the chords PQ  and RS . If OM =

ON and PQ = 6cm. Find RS.

6. A is the centre of the circle and ABCD is a square.
If  BD = 4cm then find  the radius of the circle.

7. Draw a circle with any radius and then draw two
chords equidistant from the centre.

 8.   In the given figure ‘O’ is the centre of the circle and  AB , CD  are  equal
chords.  If AOB = 70°. Find the angles of the OCD.

    12.5   CYCLIC QUADRILATERAL

In the figure, the vertices of the quadrilateral A, B, C and D lie on the same
circle, this type of  quadrilateral ABCD is called cyclic quadrilateral.

ACTIVITY

Draw a circle. Mark four points A, B, C and D on it.
Draw quadrilateral ABCD. Measure its angles. Record them
in the table. Repeat this activity for three more times.

P Q

O

M

R

N

S

70°A
O

B
C

D

A B

O

M

A B

CD

Q

P R

O

120°

S

A

D C

B

A

D C

B
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S.No A B C D A+C B+D

1

2

3

4

What do you infer from the table?

Theorem-12.6 : The opposite angles of a cyclic quadrilateral are supplementary.

Given : ABCD is  a cyclic quadrilateral .

To Prove : A +  C = 180°

B + D = 180°

Construction :  Join OA, OC

Proof: D = 
1
2  y (Why?) ..... (i)

B = 
1
2  x (Why?) ..... (ii)

By adding of (i) and (ii)

D + B = 
1
2 y + 

1
2 x

D + B = 
1
2  (y + x)

B + D = 
1
2  × 360°

B + D = 180°

Similarly A + C = 180°

Example-6. In the figure, A = 120° then find C

Solution:ABCD is a cyclic quadrilateral

Therefore  A + C = 180°

    1200 + C = 180°

Therefore C = 180° – 120° = 60°

A

D

C

B

x

y
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D

C
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What is the converse of the above theorem?

“If the sum of a pair of opposite angles of a quadrilateral is 1800, then the quadrilateral is
cyclic”.

The converse is also true.

Theorem-12.7 : If the sum of any pair of opposite angles in a quadrilateral is 180o, then it is cyclic.

Given : Let ABCD be a quadrilateral such
that

ABC + ADC = 180o

DAB + BCD = 180o

R.T.P. : ABCD is a cyclic quadrilateral.
Construction : Draw a circle through three non-collinear points A, B, and C.
If it passes through D, the theorem is proved since A, B, C and D are concyclic. If the circle does not
pass through D, it intersects CD  [fig (i)] or CD  produced [fig (ii)] at E.

Draw AE
Proof : ABCE is a cyclic quadrilateral (construction)

AEC + ABC = 180o [sum of the opposite angles of a cyclic quadrilateral]

But ABC + ADC = 180o (Given)

AEC + ABC  = ABC + ADC AEC= ADC

But one of these is an exterior angle of  ADE and the other is an interior opposite angle.

We know that the exterior angle of a triangle is always greater than either of the opposite interior
angles.
AEC = ADC is a contradiction.
So our assumption that the circle passing through A, B and C does not pass through D is false.
The circle passing through A, B, C also passes through D.
A, B, C and D are concyclic. Hence ABCD is a cyclic quadrilateral.

Example-7. In figure, AB  is a diameter of the circle, CD  is a chord equal to the radius of the circle.

AC


 and BD


 when extended intersect at a point E. Prove that AEB = 60°.

Solution : Join O,C, join O,D and join B,C.

Triangle ODC is equilateral (Why?)

E C

BA

D

A

E

C

B

D

(i) (ii)
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Therefore, COD = 60°

Now, CBD = 
1
2  COD (Why?)

This gives CBD = 30°

Again, ACB = 90° (Why?)

So, BCE = 180° - ACB = 90°

Which gives CEB = 90° - 30° = 60°, i.e. AEB = 60°

EXERCISE 12.5

1. Find the values of x and y in the figures given below.

2. Given that the vertices A, B, C of a quadrilateral ABCD lie on a circle.

Also A + C = 180°, then prove that the vertex D also lie on the same circle.

3. If a parallelogram is cyclic, then prove that it is a rectangle.

4. Prove that a cyclic rhombus is a square.

5. For each of the following, draw a circle and inscribe the figure given. If a polygon of the given
type can’t be inscribed, write not possible.

(a) Rectangle
(b) Trapezium
(c) Obtuse triangle
(d) Non-rectangular parallelogram
(e) Accute isosceles triangle

(f) A quadrilateral PQRS   with PR  as diameter..

(iii)(ii)(i)

85
110o

x
yo

o

30o

xo yo

50o

x
y
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o
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 WHAT WE HAVE DISCUSSED?

• A collection of all points in a plane which are at a fixed distance from a
fixed point in the same plane is called a circle. The fixed point is called the
centre and the fixed distance is called the radius of the circle

• A line segment joining any points on the circle is called a chord
• The longest of all chords which also passes through the centre is called a

diameter.
• Circles with same radii are called congruent circles
• Circles with same centre and different radii are called concentric circles
• Diameter of a circle divides it into two semi-circles
• The part between any two points on the circle is called an arc
• The area enclosed by a chord and an arc is called a segment. If the arc is a minor arc then it is

called the minor segment and if the arc is major arc then it is called the major segment
• The area enclosed by an arc and the two radii joining the end points of the arc with centre is

called a sector
• Equal chords of a circle subtend equal angles at the centre
• Angles in the same segment are equal
• An angle in a semi circle is a right angle.
• If the angles subtended by two chords at the centre are equal, then the chords are congruent
• The perpendicular from the centre of a circle to a chord bisects the chords. The converse is

also true
• There is exactly one circle passes through three non-collinear points
• The circle passing through the vertices of a triangle is called a circumcircle
• Equal chords are at equal distance from the centre of the circle, conversely chords at equidistant

from the centre of the circle are equal in length
• Angle subtended by an arc at the centre of the circle is twice the angle subtended by it at any

other point on the circle.
• If the angle subtended by an arc at a point on the remaining part of the circle is 90o, then the arc

is a semi circle.
• If a line segment joining two points subtends same angles at two other points lying on the same

side of the line  segment, the four points lie on the circle.
• The pairs of opposite angles of a cyclic quadrilateral are supplementary.
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    13.1   INTRODUCTION

To construct geometrical figures, such as a line segment, an angle, a triangle, a quadrilateral etc.,
some basic geometrical instruments are needed.  You must be having a geometry box which contains a
graduated ruler (Scale) a pair of set squares, a divider, a compass and a protractor.

Generally, all these instruments are needed in drawing. A geometrical construction is the
process of drawing a geometrical figure using only two instruments - an ungraduated ruler
and a compass. We have mostly used ruler and compass in the construction of triangles and
quadrilaterals in the earlier classes.  In construction  where some other instruments are also
required, you may use a graduated scale and protractor as well. There are some constructions
that cannot be done straight away. For example, when there are 3 measures available for the triangle,
they may not be used directly. We will see in this chapter, how to extract the needed values and
complete the required shape.

    13.2   BASIC CONSTRUCTIONS

You have learnt how to construct (i) the perpendicular bisector of a line segment,  (ii)  angle
bisector of 30°, 45°, 60°, 90° and 120° or of a given angle, in the lower classes.  However the reason
for these constructions were not discussed. The objective of this chapter is to give the process of
necessary logical proofs to all those constructions.

13.2.1 To Construct the perpendicular bisector of  a given line
segment.

Example-1. Draw the perpendicular bisector of a given line segment
AB and write justification.
Solution : Steps of construction.
Steps 1 : Draw the line segment AB

Step 2 : Taking A as a centre and with radius more than  
1
2 AB, draw

an arc on either side of the line segment AB.

A BO

Q

P

Geometrical
Constructions
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ãC�~¯z� 13.2 

Zzg 90
0Ô60

0Ô45
0Ô30

0 �ñ�iZzt (ii) é«»À�~**� (i) ë)oV~ëJ`��¾§bZq-
ÆiZzc*ð**�QYD�Zk§bÅÓx¯zIVÆ¿Æn�g»gxo]Åà**Zk!*[»ZëÑìX 120

0

é«»À�~**�n 13.2.1 

»À�~**�UZzgZkÅz�s#<X AB ���é« :1 Vw
¯z^Æ%Zi: i:

U AB :é« 1 %³
ÆÛÐic*�{Åeöá� Ã%�/ây� A :6,»gÅæ�Ð 2 %³

Å�zâVY+$Zq-Zq-̧kU AB é«
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Step 3 : Taking ‘B’ as centre, with the same radius as above, draw arcs so that they intersect the
previously drawn arcs.

Step 4 : Mark these points of intersection as P and Q.   Join P and Q.

Step 5 : Let PQ intersect  AB at the point O
Thus the line POQ is the required perpendicular bisector of AB.

How can you justify the above construction made i.e. “PQ is the perpendicular bisector of
AB”.

Draw diagram of construction and join A to P and A to Q; also B to P and B to Q.

We use the congruency of triangle properties to prove the required.

Proof :

Steps Reasons

In s  PAQ and PBQ (Selected triangle)

AP = BP ; AQ = BQ (Equal radii)

PQ = PQ (Common side)

PBQPAQ  (SSS rule)

So BPOAPO  (CPCT (corresponding parts of congruent triangles))

Now In s APO and BPO
        AP = BP (Equal radii)

BPOAPO  (Proved above)

       OP = OP (Common side)

BPOAPO  (SAS rule)

So OA = OB and BPOAPO  (CPCT)

As AOP + BOP  = 180° (Linear pair)

andAPO = BPO

We get AOP = BOP = 
180

2


 = 90° (From the above result)

Thus PO, i.e. POQ


 is the perpendicular bisector of AB.

Hence proved.
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Ã%�/ây�qgz!*ÑeöÐ�z̧kZk§bU�s¬Q�̧kÃs�,X B :3 %³
Ã5� Q Zzg P »**x�£X Q Zzg P ¸ÎVÆ̀»éÃ :4 %³

»£/À�~**�ìXW\qgz!*Ñ¯z^ª ABÔ 6,s�@*ì:â O Ã̀ ÔPQ �Ûn<� :5 %³
»À�~**�ìÃxîg6,¾§bU*"$�,Ð? ABÔ

Ã5�X Q Zzg PÐB Ã5�ZÏ§b Q Zzg PÐA ¯z^Å̂~
£/o]Ænë[Å§&Ðö

I{¤ÃZEw�D�X
o]:D

z�;] %Zi
É!5Ò5é II]( )

))z~Û¢(
)�uI(

Qßw( SSS)
{( !5Ò5é

II]ÆpÐø §z CPCT)

))z~Û¢(
)U*"$H�H(

I( )�u
Qßw( SAS)

(CPCT)
é�h

)qgz!*Ñ³(

~PBQ Zzg PAQ !5Ò5é
II]

AP=BP ; AQ = BQ

PQ = PQ

DPAQ @ DPBQ

ÐAPO = ÐBPO Z=
~BPO Zzg APO Z[!5Ò5é

II]
AP=BP

ÐAPO = ÐBPO

OP = OP

DAPO @ DBPO

ÐAPO = ÐBPO Zzg OA=OB Zkn
ÐAPO + ÐBPO=180

0
 6�

ÐAPO = ÐBPO Zzg
�qÝ�@*ìX

»À�~**�ì ABÔPOQªPO:
®ZU*"$�ZX
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13.2.2 To  construct the bisector of  a given angle

Example-2. Construct the bisector of a given angle ABC .
Solution :  Steps of construction.

Step 1 : Draw the given angle ABC

Step 2 :  Taking B as centre and with any radius, draw an arc to

intersect the rays BA


 and BC


, at D and E respectively,  as shown in the
figure.

Step 3 : Taking  E and D as centres draw two arcs with equal radii to intersect
each other. Let the point of intersection be F.

Step 4 : Draw the ray BF.  It is the required bisector of ABC .

Let us see the logical proof of above construction.  Join D, F and E, F.  (We use congruency rule
of triangles to prove the required).

Proof :

Steps Reasons

In s  BDF and BEF (Selected  triangles)

         BD = BE (radii of same arc)

          DF = EF (Arcs of equal radii)

          BF = BF (Common side)

BEFBDF  (SSS rule)

So EBFDBF  (CPCT)

Thus  BF is the bisector of ABC

 Hence proved.

A

B C

D

E

A

B C

D

E
A

B C

D

E

F

A

B C
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�b ���iZzt»iZz�**�ú 13.2.2

»iZz~**�¯** ABC ���iZzt :2 Vw
¯z^Æ%Zi i:

¯� ABC �c*�HiZzt :1 %³
6,Zq-¸kU� Zzg Ã%�/ây�ËÌÛ¢ÐÃÑ B :2 %³

6,s�D�6�̂~ec*�H E Zzg D !*ZnKMÕo
ìX

Ã%�/ây�)z~Û¢zVÐ�z D Zzg E :3 %³
6,Zq-�zu}Ãs�D�VX F ¸kZk§bU�

»£/iZz� ÐABC UXs BF :Ãq 4 %³
**�ìX

Ã5�X)£/o]Ænë!5Ò5é II] FÐE Zzg FÐD W�Z[ëqgz!*Ñ¯z^»xo]�BÐX
Å§&Ðö

I{¤ÃZEw�,ÐX(
z�;] %Zi

Î!5Ò5é II]( )

))z~̧kzZáÛ¢(
))z~Û¢zVzZá̧k(

)�uI(

Qßw( SSS)

(CPCT)

~BEF Zzg BDF !5Ò5é
II]

BD = BE

DF = EF

BF = BF

DBDF @ DBEF

ÐDBF = ÐEBF Z=

»iZz�**�ì ÐABCÔBF:
U*"$�ZX ®Z
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TRY THESE

Observe the sides, angles and diagonals of quadrilateral BEFD. What type of figures are given
below and  write properties of figures.

1. 2.

13.2.3 To construct an angle of  60° at the initial point of  a given ray.

Example-3. Draw  a ray AB (with initial point A) and construct a ray AC such that BAC = 60°.

Solution :  Steps of Construction
Step 1 : Draw the given ray AB and taking A as centre and some radius,

draw an arc which intersects AB, say at a point D.

Step 2 : Taking D as centre and with the same radius
taken before, draw an arc intersecting the previously drawn arc, say at a point E
(as shown in the fig.)

Step 3 : Draw a ray AC


 Passing through E then BAC is the
required angle of 60°.

Let us see how the construction is justified. Draw the figure again and
join D,E and prove it as follows .

Steps Reasons

In   ADE
AE = AD (radii of same arc)
AD = DE (Arcs of equal radius)
Then AE = AD = DE (Same arc with same radii)
 ADE is equilateral triangle (All sides are equal)
EAD = 60° (each angle of equilateral triangle)

BAC  = EAD ( EAD  is a part of BAC )
BAC   = 60o. Hence proved.

B

D

E C

A

F

B

D

E C

A F

A D B

A

E

D B

A
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ÆZHqóiZz�ZzgzF,zV»x@{<qgzfsZDwÆ**x�£ZzgZyÅS:]s BEFD egV

»iZzt¯** 60
0 �~�ÃqÆZ�Zð`6, 13.2.3

ÐBAC= 60
0 Zk§bU� AC ZzgZq-Ãq AB ÐZq-Ãq A Z�Zð` :3 Vw

¯z^Æ%Zi i:
Ãs�@* AB Ã%�/ây�ËÌÛ¢ÐZq-̧kU� A Zzg U AB Ãq :1 %³

ìX D ìX�Ûn�z�z{̀
Ã%�/ây�¬n�Û¢ÅeöÐZq-¸kZk§bU�¬Q D :2 %³

»**x�£X)6�̂~�¬�HìX( E �̧kÃs�@*�X̧ÎVÆ̀»éÃ
ÐBAC Ð*gC� E U�� AC :Zq-Ãq 3 %³

»iZztìX 60
0 £/

^ W�Z[ë�BÐ�s¯z¾̂uJ-�g�&ìX
Ã5�ZzgZkÃfsÅ§bU*"$òX E Zzg D Ã�z!*g{Z@*gbX

z�;] %Zi
É�{( )

))z~Û¢Å̧k(
))z~Û¢zZá̧k(
))z~Û¢zZá)z~̧k(
)ÓxZHq)z~�(

iZzt( ))z~ZÑHq[»CÙZq-
»Zq-z Ð BAC ÔÐEAD )

ì(
®ZU*"$�ZX

~ADE[
AE = AD

AD = DE

AE = AD = DE

Zq-)z~ZÑHq[ì D ADE  Z=
ÐEAD=60

0

ÐEAD 7Vì ÐBAC

ÐBAC=60
0
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  TRY THIS

Draw a circle, Identify a point on it. Cut arcs on the circle with the length of the radius in
succession.  How many parts can the circle be divided  into?  Give reason.  What will be the
length of the choad?

  EXERCISE - 13.1

1. Construct the following angles at the initial point of a given ray and justify
the construction.
(a) 90o (b) 45o

2. Construct the following angles using ruler and compass and verify by measuring them by a
protractor.

(a) 30o (b) 22
o

2
1 (c) 15o

(d) 75o (e) 105o f) 135o

3. Construct an equilateral triangle, given its side of length of 4.5 cm and justify the construction.
4. Construct an isosceles triangle, given its base and base angle and justify the construction.

[Hint : You can take any measure of side and angle]

     13.3  CONSTRUCTION OF TRIANGLES (SPECIAL CASES)

We have so far, constructed some basic constructions and justified with proofs.  Now we will
construct some triangles when special type of measures are given.  Recall the congruency  properties of
triangles such as SAS, SSS, ASA and RHS rules.  You have already learnt how to construct triangles in
class VII using the above rules.

You may have learnt that at least three parts of a triangle have to be given for constructing it but
not any combinations of three measures are sufficient for the purpose.  For example, if two sides and an
angle (not the included angle) are given, then it is not always possible to construct such a triangle
uniquely. We can give several illustrations for such constructions. In such cases we have to use the given
measures with desired combinations such as SAS, SSS, ASA and RHS rules.

13.3.1 Construction : To construct a triangle, given its base, a base
angle and sum of  other two sides.

Example-4. Construct a ABC given BC = 5 cm.,  AB + AC = 8 cm. and
o60ABC  .

Solution :  Steps of construction 60°
5cm.
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13.1 wD
�~�ÃqÆZ�Zð`ÐøDfsiZz�¯�Zzg¯z^Å¤&<X .1

ð~Zzg6,»gÅæ�ÐøDfsiZz�¯�Zzge0+}Åæ�ÐZyÅeö�D�ñYõ<X .2

ª�c*�HìXZzg¯z^Åz�s#<X 4.5 )z~ZÑHq[¯�Z#�ZkÆZq-I»îw .3

)z~Z�:[¯�²Zk»�°{Zzg�°{»iZzt�c*�HìXZzg¯z^Åz�s#<X .4

)Z�ág{:IZzgiZztÆnW\ÃðÌeöáMh�(

[Å¯z^ 13.3

Z[J-ëæ¢a~ÆPãC�~ZDw¯`�Zzgo]Æfg=ZyÅ¤&Ì�`�XZ[ëºmeö
QßßV»Z¬�{<XW\ RHS Zzg ASA ÔSSSÔSAS �¶6,P!5Ò5é II]ú�,ÐX!5Ò5é II]Å§&Ðö

IS:]�
)®)Þ~qgz!*ÑQßßVÆZEwÐ!5Ò5é II]Å¯z^J`�X

W\äsÌ5�Ç�Zq-[Å¯z^ÆnÁZiÁ&)«eUVÅ¢zg]�CìpZkÑÆ
nÃðÌ&eUV»ZâZ`»°7�@*X}�z²ZzgZq-iZzt)Zy�zâVÆ�gxyzZµ:�(�c*�H�A$åse
7�Zq-»�[¯c*nXZ+¯zIVÆnëFÂí]�}Mh�XZ+ßgÂV~��~�eNK]ÃZL

ÆQßwÆ�BZEw�**�@*ìX RHS ÔZzg ASAÔSSSÔSAS Ih+{ZâZ`�
¯z^:Zq-[¯**Ô²�°{Ô�°{»iZztZzg�zu}�ẑV 13.3.1

»ù·�c*�H�X
�c*�HìX ÐABC=60

0
 Zzg AB+AC=ª8 ÔBC=ª5 ¯�² DABC :4 Vw

¯z^Æ%Zi i:
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Step 1 : Draw a rough sketch of  ABC and mark the given measurements as usual.
(How can you mark AB + AC = 8cm ?)
How can you locate third vertex A in the construction ?

Analysis : As we have  AB + AC = 8 cm., extend BA up to D so that
BD = 8 cm.
  BD = BA + AD = 8 cm
but AB + AC = 8 cm.  (given)

     AD = AC
To locate A on BD what will you do ?
As A is equidistant from C and D, draw a perpendicular

bisector of  CD  to locate A on BD .
How can you prove AB + AC = BD  ?

Step 2 : Draw the base BC= 5 cm and construct
o60CBX   at B

Step 3:With centre B and radius 8 cm (AB +

AC = 8 cm)  draw an arc on BX  to intersect (meet)
at D.

Step 4 : Join C, D and draw a perpendicular bisector
of CD to meet BD at A

Step 5 : Join A,C to get the required triangle
ABC.

Now, we will justify the construction.

Proof :  A lies on the perpendicular bisector of   CD
 AC = AD
AB + AC = AB + AD

    = BD
    = 8 cm.

Hence ABC  is the required triangle.

5cm.
60°

B C

X

5cm.

8c
m

.

60°
B C

D
X

5cm.

8c
m

.

60°
B C

D X

5cm.

8c
m

.

60°
B C

D

5cm.
8c

m
.
60°

B C

D

X
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»�{�¯�ZzgøD©w�~�eNK]Å¶K0+�< DABC :1 %³
Å¾§b¶K0+��,Ð?( AB+AC=8cm )W\
Å¾§b¶K0+��,Ð? A ¯z^~W\�}gZk

J-Zk§b(,J�� DÃ BA �c*�Hì AB+AC=ª8 �t6��
�X BD=8 cm

�c*�HìX AB+AC=8cm p
AD = AC 

6,¶K0+�ÆnW\H�,Ð? BDÅ A

Å A6,BD Ð)z~Ã,6,zZµì D Zzg CÔA 6�
UX ¶K0+�ÆnZq-À�~**�

¾§bU*"$�,ÐX AB+AC=BD W\
¯� ÐCBX=60

06,B UZzg =5 :�°{ª 2 %³
Å (AB+AC=8cm)ª8 Ã%�/ây�Û¢ B :3 %³

6,s�@*ìX D 6,Zq-̧kU� eöÐ
Ã BD »À�~**�U� CD Ã5�Zzg CD :4 %³

6,s�@*ìX A

qÝ�nX ABC Ã5�@*�£/[ AC :5 %³
Z[ëZk¯z^Åz�s#�,ÐX

ÆÀ�~**�6,zZµìX ÔA o]:
£/[ìX DABC:
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  THINK,  DISCUSS AND WRITE

Can you construct a triangle ABC  with BC = 6 cm, o60B   and
AB + AC = 5cm.? If not, give reasons.

13.3.2 Construction : To Construct a triangle given its base, a base
angle and the difference of  the other two sides.

Given the base BC of a triangle ABC, a  base angle say B  and the difference of other two
sides AB  AC in case AB>AC or AC-AB, in case AB<AC, you have to construct the triangle ABC.
Thus we have two cases of constructions discussed in the following examples.

Case (i) Let AB > AC

Example-5. Construct ABC in which BC = 4.2 cm, B  = 30o and  AB   AC = 1.6 cm
Solution :  Steps of Construction

Step 1: Draw a rough sketch of  ABC  and mark the given
measurements
(How can you mark AB   AC = 1.6 cm ?)

Analysis : Since AB   AC  = 1.6 cm and AB > AC,
mark D on AB such that AD = AC Now
BD = AB   AC = 1.6 cm.  Join CD and
draw a perpendicular bisector of CD to find
the vertex A on BD produced.
Join AC to get the required triangle ABC.

Step 2: Construct BCD using SAS rule with measures  BC =
4.2 cm  B = 300 and  BD=1.6 cm. (i.e. AB - AC)

Step 3 : Draw the perpendicular bisector of CD.
Let it meet ray BDX at a point A.

30°

A

B

D

C
1.6cm.

4.2cm.

X

A

B C
30°

4.2cm.

30°B

D

C
1.6cm.

4.2cm.

X

30°

A

B

D

C
1.6cm.

4.2cm.

X
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¯Mh�?Z¤/7 ABC eNK]Ð[ AB+AC=5 cm Zzg ÐB=60
0 Ô BC=6 cm HW\

A$z�;]Òy<X

¯z^:[¯**ä�°{ó�°}»iZztZzg�zZHq»�Ût�c*�H� 13.3.2

kßg]~ »AB-AC »�Ût Zzg�zu}�z² Ð B »iZzt �c*�HìX�°} BC »�°{ AB C[
¯**ì:øg}0*k¯zIVÅ�zßg'�X ABC �c*�H�A$W\ÃZq-[ AB<AC ZzgZ#� AC-ABc*AB>AC²

AB>AC �Ûn�z� (i) ßg]
AB-AC=1.6 cm  Zzg ÐB=30

0 ÔBC=4.2 cm  ¯��V DABC :5 Vw
¯z^Æ%Zi i:
»�{�¯�Zzg�~�eNK]Å¶K0+�<X DABC :1 %³

Å¾§b¶K0+��,Ð( AB-AC=1.6cm )W\
Å D ìZ[ AB>AC Zzg AB-AC=1.6cm �t:aV�
Ã5� CDÔ BD=AB-AC=1.6 cm ¶K0+�Zk§b<�
»À�~ CD Å¶K0+�Æn A Æ(,_�ñ{6, BD Zzg

qÝ�@*ìX ABC Ã5��£/[ AC **�UX

ÔBC =  4.2  cm  QßwÆZEwZzgeNK] SAS :2 %³

(Ð AB-AC )ª BD=1.6 cm Zzg ÐB=30
0

¯�X ABC Zq-[
»À�~**�U�Ûn<�z{Ãq CD :3 %³
6,s�@*ìX A Ã̀ BDX
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Step 4: Join AC to get the required triangle ABC.

Case (ii) Let AB < AC

Example-6. Construct  ABC in which BC = 5cm, B = 45o and AC AB = 1.8 cm.
Solution :  Steps of Construction.

Step 1: Draw a rough sketch of  ABC and mark the given
measurements.
Analyse how  AC AB = 1.8 cm can be marked?

Analysis : Since AC AB = 1.8 cm i.e. AB < AC  we have to find D on AB produced such that
AD = AC
Now BD = AC AB = 1.8 cm  (  BD = AD  AB and AD = AC)
Join CD to find A on the perpendicular bisector of DC

Step 2 : Draw BC = 5 cm and construct BX
  such that CBX = 45°

With centre B and radius 1.8 cm (BD = AC AB)  draw an arc to intersect the line XB
extended at a point D.

Step 3 :  Join D, C and draw the perpendicular bisector of
DC.

Step 4 : Let it meet BX  at A and join A, C
ABC is the required triangle.

Now,  you can justify the construction.
Proof: In  ABC, the point A lies on the perpendicular bisector

of DC .

  AD = AC
AB  BD = AC
So BD = AC  AB

  = 1.8 cm

Hence ABC is the required that triangle.

45°

THINK, DISCUSS AND WRITE

Can you construct the triangle ABC with the same
measures by changing the base angle C  instead
of B ?  Draw a rough sketch and construct it.

30°

A

B

D

C
1.6cm.

4.2cm.

X

A

B C

D

X

5cm.
1.8

cm
.

45°

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



qÝ�@*ìX ABC Ã5��£/[ AC :4 %³

AB<AC �Ûn�z� (ii) ßg]
Zzg ÐB=4 5

0
BC=5cm ¯��V ABC :Zq-[ 6 Vw

AC-AB=1.8 cm

i:¯z^Æ%Zi
»�{�¯��~�eNK]Å¶K0+�<X DABC :1 %³

Å¶K0+�ùÅY$ËìX AC-AB=1.8cm �t<�
Å¶K0+�Zk§b�**�Ç� D6,AB �WÐ(,JD�ñ AB<AC ª ªAC-AB 1.8cm �t:aè

�X AD=AC 

(AD=AC Zzg BD=AD-AB )aV� BD=AC-AB=1.8 cm Z[
¥xHYnX A6,DC À�~**� Ã5�@*� CD

¯�X ÐCBX=45
06, UZzg BC=5cm :2 %³

6,s�@*ìX D Ð(,Jñ�â6,U� XB ÐZq-̧k (BD=AC-AB) ªÛ¢ 1.8 Ã%�/ây� B

»À�~**�U DC Ã5�Zzg DC :3 %³
�£/[ìX DABC Ã5�XZk§b AC 6,s�@*ìX AÃ :�Ûn<�z{ 4 %³

Z[W\Zk¯z^Å¤&�Mh�X
6,zZµ�@*ìX À�~**� A ~` DABC o]:

ÆOñ B HW\Zy�eNK]Æ�B�°{ÆiZztÃ
¯Mh�?Zq-�{�¯D�ñ ABC fe�ñZq-[ ÐC

[¯�

�£/[ì DABC ®Z

Zk§b
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13.3.3 Construction : To construct a triangle, given its perimeter and its two
base angles.

Given the base angles, say B  and C   and  perimeter AB + BC + CA, you have to construct
the triangle ABC.

Example-7.  Construct a triangle ABC,  in which  B  = 60o, C  = 45o and

     AB + BC + CA = 11 cm.
Solution :  Steps of construction.

Step 1 : Draw a rough sketch of a triangle ABC and mark the given
measures
(Can you mark the perimeter of triangle ?)

Analysis  : Draw a line segment, say XY equal to  perimeter of  ABC i.e., AB + BC + CA.  Make
angles YXL equal to B  and  XYM equal
to C  and bisect them.
Let these bisectors intersect at a point A.

Draw perpendicular bisectors of AX
  to intersect

XY at B and the perpendicular bisector of AY


to intersect it at C.  Then by joining  AB and AC,
we get required triangle ABC.

Step 2: Draw a line segment XY = 11 cm
(As XY = AB + BC + CA)

Step 3 : Construct YXL  = 60o and
XYM = 45o and draw bisectors of these angles.

Step 4 : Let the bisectors of these angles intersect at a
point A and join AX or AY.

Step 5 : Draw perpendicular bisectors of AX  and

AY  to intersect XY at B and C
respectively
Join A, B and A, C.
Then, ABC is the required triangle.

A

B C
60° 45°

YX 11cm.

YX

M

L

60° 45°
11cm.

YX

A

B C

P

M

L

Q

R

S

60° 45°
11cm.

YX

A

B C

P

M

L

Q

R

S

60° 45°
11cm.
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¯**ì ABC �c*�HìXW\Ã[ AB+BC+CA ZzgZq© ÐC Zzg ÐB �°}ÆiZz�
AB+BC+CA=11 cm Zzg ÐC=45

0ÔÐB=60
0 ¯�T~ ABC Zq-[ :7 Vw

¯z^Æ%Zi i:  

»�{�¯��~�eNK]Å¶K0+�<X ABC :[ 1 %³
)HW\Zq©Å¶K0+��Mh�?(

AB+BC+CA »**x�£ª XY ÆZq©ÅeöÆ)z~Zq-é«UZzgZÐ DABC �t
iZz�¯�ZzgZy ÐXYM Æ)z~ ÐC Zzg ÐYXL Æ)z~ ÐB

ÆiZz~**�UX
6,s�D�X A �Ûn<�iZz~**�`

»À�~**� AY 6,s�}Zzg BÃ XY »À�~**�U� AX

Ã5äÐ� AC Zzg AB 6,s�@*ìA$ C Ã̀ AY U�
qÝ�@*ìX ABC £/[

U XY=11cm é« :Zq- 2 %³
(XY=AB+BC+CA )6�

¯�ZzgZy ÐXYM=45
0 Zzg ÐYXL=60

0 :iZz� 3 %³

ÆiZz�**�UX
6,s�D A :�Ûn<�ZyiZz-VÆiZz�**�` 4 %³

Ã5�X AY Zzg AX�

6,C Zzg B Ã!*nKM À�~**�U� Æ Zzg :5 %³
�£/[ìX ABCA$ Ã5�X C,A Zzgþþ B,A s�@*ìX
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You can justify the construction as follows

Proof: B lies on the perpendicular bisector PQ of AX

 XB = AB and similarly CY = AC

This gives AB + BC + CA = XB + BC + CY

                 = XY

Again AXBBAX   (   XB = AB in AXB) and

 AXBBAXABC 

     (Exterior angle of  ABC).

  = AXB2

  = YXL

  =  60o.

Similarly  oACB XYM 45     as required

 B  = 60° and C  = 45° as given are constructed.

13.3.4 Construction : To construct a circle segment given a chord and a
given an angle.

Example-8. Construct a segment of a circle on a chord of length 7cm. and
containing an angle of 60°.
Solution : Steps of construction.
Step-1: Draw a rough sketch of a circle and a segment contains an
angle 60°. (Draw major segment Why?) Can you draw a circle without
a centre?

Analysis: Let ‘O’ be the centre of the circle.
Let AB be the given chord and ACB be the
required segment of the circle containing an angle
C = 60°.
Let AXB  be the arc subtending the angle 60° at C.

Since ACB = 60°, AOB = 60° × 2 = 120° (How?)

In OAB, OA=OB (radii of same circle)

OAB = OBA = 
180 120 60 =  = 30°

2 2
   

So we can draw  OAB and then draw a circle with radius equal to OA or OB.

A B

C

Y X

60°

7cm.
30° 30°

O

TRY THESE

Can you draw the triangle
with the same measurements in
alternate way?

(Hint: Take YXL = 
60
2


 = 30°

and XYM = 1
2

45 22
2

  )

O

A B

C

7 cm

X
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W\Zk¯z^Å¤&øDfs§iÐ�Mh�X
6,zZµìX PQ »À�~**� AXÔB o]:
CY=AC ZÏ§b Zzg XB = AB

AB+BC+CA=XB+BC+CY=XY ZkÐqÝ�@*ì
(Zzg XB=AB~DAXB)ÐBAX=ÐAXB '×h+
Æ{gYiZz�( DABC)ÐABC=ÐBAX+ÐAXB

= 2ÐAXB

= ÐYXL

= 60
0

��£[ì ÐACB=ÐXYM=45
0 ZÏ§b

6��c*�HìX ÐC=45
0 Zzg ÐB=60

0

¯z^:�Z],~«¯**Z#�Zq-zF,ZzgZq-iZzt�c*�H� 13.3.4

ìX 60
0 ªzZázF,6,Zq-�Z],~«¯�T»iZzt 7 :8 Vw

¯z^Æ%Zi i:
ì»�{�¯�)(,Z«¯�YV?(H 60

0 :�Z],~«»T»iZzt 1 %³
W\%%�/Æ�Z],{¯Mh�X?

�Z],{»%�/ìX�Ûn O �Ûn�z� �t:
ìX C = 60

0 £/�Z],z~«ìTZq-iZzt ACB �c*�HzF,Zzg AB �z�
»iZzt¯CìX 60

06,C Zq-̧kì� �Ûn�z�
)ù( ÐAOB=60

0 
x 2=120

0ÔÐACB=60
0 aè

)Zk�Z],}Æ¢( OA=OB~DOAB

HW\Z4eNK]Æ�B¾Ì��w
§iÐs[¯Mh�?

)Z�ág{:

Æ)z~Û¢Ð�Z],{¯Mh� OBc*OA ¯NÐZkÆ� DOAB Zknë¬
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Step-2 : Draw a line segment AB = 7cm.

Step-3 : Draw AX
  such that BAX = 30° and draw BY

  such
that YBA = 30° to intersect AX

  at O .

[Hint :  Construct 30o angle by bisecting 60o angle]

Step-4 : With centre ‘O’ and radius OA or OB, draw the circle.

Step-5 : Mark a point ‘C’
on the arc of the circle.
Join A, C and B, C. We get
ACB = 60°

Thus ACB is the required circle segment.

Let us justify the construction

Proof : OA = OB (radii of circle).

 OAB + OBA = 30° + 30° = 60°

 AOB = 180° - 60° = 120°

AXB  Subtends an angle of 120° at the centre of the circle.

 ACB = 
120  = 60°

2


 ACB is the required segment of a circle.

TRY THIS

What happens if the angle in the circle segment is right angle? What kind of segment
do you obtain? Draw the figure and give reason.

  EXERCISE - 13.2

1. Construct ABC in which BC = 7 cm, B  = 75° and AB + AC = 12 cm.

2. Construct PQR in which QR = 8 cm,  Q  = 60° and PQ  PR = 3.5 cm

3. Construct XYZ in which Y  = 30°, Z  = 60° and XY + YZ + ZX = 10 cm.

A B7cm.

A B

Y X

7cm.
30° 30°

O

A B

Y X

7cm.
30° 30°

O

A B

C

Y X

60°

7cm.
30° 30°

O
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U AB=7 cm :Zq-é« 2 %³
Zk§bU Zzg Ð B A X = 3 0

0 Zk§bU� :3 %³
6,s�}X O Ã Zzgz{ ÐYBA=30

0�
»iZzt¯�( 30

0 Åß�D�ñ 60
0 )Z�ág{:

á�Zq-�Z],{¯�X OBc*OA ÐÛ¢ O :%�/ 4 %³
Ã5�� BC Zzg AC Å¶K0+�<X C :�Z],{Æ¸k6,Zq-` 5 %³

qÝ�@*ì ÐACB=60
0

£/�Z],~«ì ACB:
W�Z[ë¯z^Å¤&�,
Ð

)�Z],}ÆÛ¢( OA=OB o]:

Zzt¯@*ìX »i 120
0 �Z],}Æ%�/6,»

£/�Z],~«ìX ACB

ÃÒ<

Z¤/�Z],~«~iZzt�ìZ²Zzt�ÂH�Ç?W\Ã¾n»«qÝ�Ç?^¯�Zzgz�;]Òy<X

13.2 wD
AB+AC=ª12 Zzg ÐB=75

0 ÔBC=ª7 ¯�T~ DABC .1

PQ-PR=ª3.5 Zzg ÐQ=60
0 ÔQR=ª8 ¯�T~ DPQR .2

XY+YZ+ZX=ª10 Zzg ÐZ=60
0Ô ÐY=30

0 ¯�T~ DXYZ .3
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4. Construct a right triangle whose base is 7.5cm. and sum of its hypotenuse and other side is
15cm.

5. Construct a segment of a circle on a chord of length 5cm. containing the following angles.
i.   90° ii.   45° iii.   120°

WHAT HAVE WE DISCUSSED?

1. A geometrical construction is the process of drawing geometrical figures
using only two instruments - an ungraduated ruler and a compass.

2. Construction of geometrical figures of the following with justifications
(Logical proofs)

• Perpendicular bisector of a given line segment.

• bisector of a given angle.

• Construction of 60° angle at the initial point of a given ray.

3. To construct a triangle, given its base, a base angle and the sum of other two sides.

4. To construct a triangle given its base, a base angle and the difference of the other two sides.

5. To construct a triangle, given its perimeter and its two base angle.

6. To construct a circle segment given a chord and a chord angle.









Brain Teaser

How many triangles are threre in the figure ?

(It is a ‘Cevian’ write formula of a triangle - named in honour of Mathematician Ceva)

(Hint : Let the number of lines drawn from each vertex to the opposite side be ‘n’)
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ªìX 15 ªÔzF,Zzg�zu}I»ù· 7.5 Zq-�ìZ²Zzt[¯�T»�°{ .4

ªzF,6,Zq-�Z],~«¯�TÆiZz�øDfs�X 5 .5

120
0

(iii) 45
0

(ii) 90
0

(i)

ææt¯z�óææ~ZDw¯ä»z{¿ì8g)4è EGÜs�zWÑ])�gzÈð~Zzg6,»gZEw�D�X .1

øDfsææ~ZDwÅ¯z�¤&Æ�B)xo]( .2

�Ø�é«»À�~**� /
�ñ�iZzt»iZz~**� /

»iZzt¯** 60
0 �~�ÃqÆZ�Zð`Ð /

[¯**²Zk»�°{ó�°{6,»iZztZzg�zu}�ẑV»�Ût�c*�H�X .3

[¯**²Zk»�°{ó�°{6,»iZztZzg�zu}�ẑV»�Ût�c*�H�X .4

[¯**²Zk»Zq©Zzg�°}6,Æ�ziZz��ñ��X .5

�Z],~«¯**²Zq-zF,ZzgZq-iZzt�c*�HìX .6

�â©zgil
^~ÀÄ!5Ò5é II]�?

[»��ì�Zq-gc*è�ZV±ZÆ**xÐñÎxH�HìX (Cevian) ±y

ìX n Z�ág{:�Ûn�z�CÙgZkÐ£.ÞÆI6,Q�èoÅ®Z�

æ¢at¯z� ¥ÅF,¹cÓ#Ö»j222

ëäH5?

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



223 PROBABILITY Government’s Gift for Students’ Progress

Probability theory is nothing but common sense reduced to calculation.
- Pierre-Simon Laplace

 14.1    INTRODUCTION

Siddu and Vivek are classmates. One day during their lunch they are talking to each other.

Observe their conversation

Siddu : Hello Vivek , What are you going to do in the evening today?
Vivek :   Most  likely, I will watch India v/s Australia

    cricket match.

Siddu : Whom do you think will win  the toss ?
Vivek : Both teams have equal chance to win the toss.

Do you watch the cricket match at home?

Siddu : There is no chance for me to watch the cricket at
my home. Because my T.V. is under repair.

Vivek : Oh! then come  to my  home, we will watch the
match together.

Siddu : I will come after doing my home work.

Vivek : Tomorrow is 2nd october. We have a holiday on the occasion of Gandhiji’s
birthday. So why don’t you do your home work tomorrow?

Siddu : No, first I will finish the homework then I will come to your home.

Vivek : Ok.

Consider the following statements from the  above conversation:

Most likely, I will watch India v/s Australia cricket match
 There is no chance for me to watch the cricket match.
 Both teams have equal chance to win the toss.
Here Vivek and Siddu are making judgements about the chances of  the particular  occurrence.

Probability
Chapter

14
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In many situations we make such statements and use our past experience and logic to take decisions.
For example.  It is a bright and pleasant sunny day. I need not carry my umbrella and will take a chance
to go.

However, the decisions may not always favour us.  Consider the situation. “Mary took her
umbrella to school regularly during the rainy season.  She carried the umbrella to school for many days
but it did not rain during her walk to the school.  However, by chance, one day she forgot to take the
umbrella and it rained heavily on that day”.

Usually the summer begins from the month of March, but one day in that month there was a
heavy rainfall in the evening.  Luckily Mary escaped becoming wet, because she carried umbrella on
that day as she does daily.

Thus we take a decision by guessing the future happening that is whether an event occurs or not.
In the above two cases, Mary guessed the occurrence and non-occurrence of the event of raining on
that day.  Our decision  may favour us and sometimes may not. (Why?)

We try to measure numerically the chance of occurrence or non-occurrence of some events just
as we measure many other things in our daily life.  This kind of measurement helps us to take decision
in a more systematic manner. Therefore we study probability to figure out the chance of something
happening.

Before measuring numerically the chance of happening that we have discussed in the
above situations, we grade it using the following terms given in the table.  Let us observe the following
table.

Term Chance Examples from conversation

certain something that must occur Gandhiji’s birthday is on 2nd October.

more likely something that would occur Vivek watching the cricket match
with great chance

equally likely somethings that have the same Both teams winning the toss.
chance of occurring

less likely Something that would Vivek doing homework on the day of
occur with less chance cricket match.

impossible Something that cannot happen. Sidhu watching the circket match
at his home.
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* A dice is a well balanced cube with its six faces marked with numbers from 1 to 6, one number on each face.
Sometimes dots appear in place of numbers.

DO THIS

1. Observe the table given in the previous page and give some other example for each term.

2. Classify  the following statements into the categories less likely, equally likely,
more likely.
a) Rolling a dice* and getting a number 5 on the top face.
b) Cold waves in your village in the month of November.
c) India winning the next soccer(foot ball)world cup
d) Getting a tail or head when a coin is tossed.
e) Winning the jackpot for your lottery ticket.

   14.2   PROBABILITY

14.2.1  Random experiment and outcomes

To understand and measure the chance, we perform the experiments like
tossing a coin, rolling a dice and spining the spinner etc.

When we toss a coin we have only two possible results, head or tail.
Suppose you are the captain of a cricket team and your friend is the captain
of the other cricket team. You toss the coin and ask your friend to choose
head or tail. Can you control the result of the toss? Can you get a head or tail
that you want? In an ordinary coin that is not possible. The chance of getting
either is same and  you cannot say what you would get. Such an experiment
known as ‘random experiment’. In such experiments though we know the
possible outcomes before conducting the experiment, we cannot predict the
exact outcome that occurs at a particular time, in advance. The outcomes of
random experiments may be equally likely or may not be. In the coin tossing
experiment head or tail are two possible outcomes.

  

(Raining in the month of March) (Cold waves in the last week of
December)

Equally likely

(Tossing a coin)

spinner

Bl
ue

Bl
ue

Blue

Red

Red

Green

YellowRed

Red
Red

Green

Green
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yz*yZ�Å!*wzg®�'òÇX (c)

]Âî OZY%6,i#c*2$»z̧qX (d)

ÑR,~]y%h+�00*^Ý§»ZkyX (e)

ª(] 14.2

�µ/�/ZzgZkÐqÝ�äzZá}ò 14.2.1

zZu]ÆªkÆaë,Zq-]Âî OÃZYÜ,Zq-0*³Ã±.**Zzgl%/Ã�**z){�
�!*]�D�X

Zzg Head (H) Z#ëZq-]Âî OÃZYs�ÂÜs�zZkã}ò�D�,h#
�ÛnÙ�W\Zq-��'�ÆLy�ZzgW\»�z�&�zu~��'�» XTail (T) 2$

LyXW\]Âî OZYaZzgZL�z�&Ãh#c*2$É�äÆavXH³W\Å%è
Æ_.�Ç?¬xîg6,Z(¢zg~7ìXW\t7ÈMh�W\ÅÂµÆ_.³�Ç,
Zk§bZq-]Âî OÃZY%»�/L�µ/�/óB@*ìXZk§bÆ�!*]~ëÃ�/Æ
ÓxÂ}ò¬Ð¥x�D�,pH{mñµ6,LL³óó¬Ð¥x7�@*X�µ/
�!*]Æ}òÆZk**]Â)z~�D�1Sà³',Wæ�**¢zg~7X]Âî OZY%

�Mh�X (Tail) Zzg2$ (Head) Æ�/~Üs�zÂ}òh#
J-(��iZ°Z�Å(Õo»ÌZEwHY@*ìX 6 Ð 1 /0*³bgpVzZÑZq-áZiyk�@*ìTÆCÙgc6,Zq-°���@*ìX)

)z~Zky

ö

ª(] ¥ÅF,¹cÓ#Ö»j
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A B

C

TRY THESE

1. If you try to start a scooter , What are the possible outcomes?

2. When you roll a dice, What are the six possible outcomes?

3. When you spin the wheel shown, What are the possible
outcomes?
(Out comes here means the possible sector where the pointer
stops)

4. You have a jar with five identical balls of different colours
(White, Red, Blue, Grey and Yellow) and you have to pickup
(draw) a ball without looking at it. List the possible outcomes
you get.

  THINK, DISCUSS AND WRITE

In rolling a dice.

• Does the first player have a greater chance of getting a six on
the top face?

• Would the player who played after him have a lesser chance of
getting a six on the top face?

• Suppose the second player got a six on the top face. Does it
mean that the third player would not have a chance of getting a
six on the top face?

14.2.2  Equally likely outcomes

When we toss a coin or roll a dice , we assume that the coin and the dice are fair and unbiased
(i.e. for each toss or roll the chance of all possibilities is equal).  We conduct the experiment many times
and collect the observations. Using the collected data, we find the measure of chance of occurrence of
a particular happening.

A coin is tossed several times and the result is noted. Let us look at the result sheet where we
keep on increasing the tosses.
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Z¤/W\ZjR,Z6ĝ�**e�ÂC��Â}òH�VÐ? .1

Z¤/W\Zq-0*³ÃZYs�VÂbÂ}òH�VÐ? .2

Z#W\ëÃizgÐ�D�VÂ}òH�VÐ? .3

)�V}òÂz{·qì�V7Z"2.ç JEHgÂì(
W\Å1LÞ~ZgùVÅ0*õxËt,�X)C,uc,�,u# .4

Zzgig�(
Z7�A%W\ÃZy~ÃðZq-tï$ìXz̧q5+k,�äzZáÂ}òÅ

z�&¯�X

Zq-0*³ÃZY%~
H¬îh~ÃZz6,~gc6,LbóqÝ�ä»ic*�{Zkyì? ·

HZkÆ�ÉzZáîh~ÃZz6,~gc6,LbóqÝ�ä» ·

ÁZkyì?
�ÛnÙ��zu}îh~ÃZz6,~gc6,LbóqÝ�@*ì, ·

HZk»Ètì��}îh~ÃZz6,~gc6,Lbóz̧q
�äÅÂµ7ì?

}ò / )z~Â 14.2.2

Z#ëZq-]Âî OÃZYsc*Zq-0*³Ã±.ä»�µ/�/�D�ÂY���]Âî OZzg0*³»³Zkã�äÅ
¯Y6,ËÆÌh~�Yì,ÓxgpVÐËZq-gcÆZz6,WäÆZk**]7V�XëZk�/ÃF!*g�CÙZD�ñ
x@Z]ÃZ��,Ð,ZzgZ�K�ñ!��5éG]ÆZEwÐLLZq-{m[óóÆz̧q5+k,�ä»ªk�,ÐX

Æ¼�!*gz̧q5+k,�ä»x@{ (T) Zzg2$ (H) VwÆîg6,Zq-]Âî OÃZY%»¿F!*g�D�ñëh#
�,ÐXZkÑÆafsÆ].zw»x@{ÙX
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  Number of Tally marks Number of Tally mark Number of
tosses (Heads) heads (Tails) tails

50     22    28
  

60    26    34
   

70 ...... 30 ...... 40

80 ...... 36 ...... 44

90 ...... 42 ...... 48

100 ...... 48 ...... 52

We can observe from the above table as you increase the number of tosses, the number of heads
and  the number of tails come closer to each other.

 DO THIS

Toss a coin for number of times as shown in the table. And record your findings in
the table.

No. of Tosses Number of heads No. of tails

10

20

30

40

50

What happens if you keep on increasing the number of tosses.

This could also be done with a dice, roll it for large number of times and observe.S
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öÆZY%

Å®Z�
2ÌÆ¶Kyh#

(Heads)

h#z̧q�ä

Å®Z�
2ÌÆ¶Ky2$

(Tails) 

2$Æz̧q�ä

Å®Z�
50     22

   

  
28

60
   

 
26

   

  
34

70 ...... 30 ...... 40

80 ...... 36 ...... 44

90 ...... 42 ...... 48

100 ...... 48 ...... 52

Zz6,Æ].zwÐëtªk�Mh��,Î%û]Áõ OÃZYÑYñÇZâ�%ûh#Zzg2$ÆªCÙ�äÆZk**]
ic*�{�VÐX

].zw~eð�®Z�Æ_.Zq-]Âî OÃZYaZzg].zw~ZK¥â]»Z0+gZ`ÙX
öÃZY%Å®Z� h#z̧q�äÅ®Z� 2$z̧q�äÅ®Z�

10

20

30

40

50

]Âî OÃZY%Æ¿~Z���ä6,W\³Ð0Hªk�,ÐX

t¿Zq-0*³Æfg=ÌHYYì,ZkÃ¼�!*g±.�Zzgx@{ÙX

ª(] ¥ÅF,¹cÓ#Ö»j

2$Æz̧q�ä
Å®Z�

2ÌÆ¶Ky2$
(Tails) 

h#z̧q�ä
Å®Z�

2ÌÆ¶Kyh#
(Heads)

öÆZY%
Å®Z�

tÙ   
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From the above table, it is evident that rolling a dice for a larger number of times, the each of six
outcomes, becomes almost equal to each other.

From the above two experiments, we may say that the different outcomes of the experiment are
equally likely. This means each of the outcome has equal chance of occurring.

14.2.3 Trials and Events

In the above experiments  each toss of a coin or each roll of a dice is a Trial or Random
experiment.

Consider a trial of rolling a dice,
How many possible outcomes are there to get a number 5 more than 5 on the top face?
It is only one (i.e. 5, 6)
How many possible outcomes are there to get an even number on the top face?
They are 3 outcomes (2, 4 and 6).
Thus each specific outcome or the collection of specific outcomes make an Event.

In the above trial getting a number more than 5 and getting an even number on the top face are
two events. Note that event need not necessarily a single outcome. But, every outcome of a random
experiment is an event.

No. of times Number of times each outcome  occured
Die rolled (i.e. each number appearing on the top face)

1 2 3 4 5 6

25 4 3 9 3 3 3

50 9 5 12 9 8 7

75 14 10 16 12 10 13

100 17 19 19 16 13 16

125 25 20 24 18 16 22

150 28 24 28 23 21 26

175 31 30 33 27 26 28

200 34 34 36 30 32 34

225 37 38 40 34 38 38

250 40 40 43 40 43 44

 275 44 41 47 47 47 49

300 48 47 49 52 52 52
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Zz6,Æ].zwÐëtx@{�D��,Zq-0*³Ã±.ä»¿LLÎic*�{%û�CÙZc*Y@*ìóóXbÂ}ò~Ð
CÙZq-Æz̧q�äÅ®Z�Ì(,fYCìX

Zz6,Æ�z�!*]Å¯Y6,ëtÈMh���/ÆZ}ò)z~,Â,c*)z~Zkã�D�X
ÃÒZzgz̧q 14.2.3

Zz6,Æ�!*]~]Âî O»Zq-%ûZYÜc*0*³»Zq-%û±.**L�/óc*L�µ/�/ó�@*ìX
Zq-0*³ÃZY%Æ¿6,̈gÙX

Ð(,Z°�z̧q�äÆÄÂ}ò�Mh�? 5c*5 Zz6,~gc6,
(5,6 �z}ò�VÐ)ª

0*³ÆZz6,~gc6,ñ°�z̧q5+k,�äÆÄZk**]�Mh�?
(6 Zzg 4,2 &}ò�Mh�)

Zk§bZq-ºm³c*ºm}ò»ù·Zq-z̧·B@*ìX
Ð(,Z�ZzgZq-ñ°�»Zz6,~gc6,ªCÙ�**�zz̧´�VÐẌgÙ�z̧·»Üs 5c*5 Zz6,Æ�/~Zq-°��

Zq-zZu³¢zg~7,pZq-�µ/�/»CÙ³Zq-z̧·�@*ìX

0*³Ã±.äÆ
¿Å®Z�

CÙ³Æz�Ü0*³Å®Z�)ªZz6,~¥c6,ªCÙ�äzZÑ°�(

ª(] ¥ÅF,¹cÓ#Ö»j234

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



235 PROBABILITY Government’s Gift for Students’ Progress

Here we understand the basic idea of the event, more could be learnt on event in higher
classes.

14.2.4 Linking the chance to Probability

Consider the experiment of tossing a coin once. What are the outcomes? There are only two
outcomes Head or Tail and both outcomes are equally likely.

What is the chance of getting a head?

It is one out of two possible outcomes i.e. 1
2

.  In other words it is expressed as the  probability

of getting a head when a coin is tossed  is 1
2

, which is  represented by

P(H) = 
1
2

 = 0.5 or 50%

What is the probability of getting a tail?

Now take the example of  rolling a dice. What are the possible outcomes in one roll?  There are
six equally likely outcomes  1,2,3,4,5,or 6.

What is the probability of getting an odd number on the top face?

1, 3 or 5 are the three favourable outcomes out of six total possible outcomes.  It is 3
6

 or 
1
2

We can write the formula for Probability of an event ‘A’

P(A) = 
Number of favourable outcomes for event 'A'

Number of total possible outcomes

Now let us see some examples :

Example 1: If two identical coins are tossed simultaneously. Find (a) the possible outcomes,  (b) the
number of total outcomes,  (c) the probability of getting two heads, (d) probability of getting atleast one
head, (e) probability of getting no heads and (f) probability of getting only one head.

Solution : (a) The possible outcomes are

Coin 1 Coin 2
Head Head
Head Tail
Tail Head
Tail Tail
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�Vëz̧·»ÜsãC�~¦g­Ð,ZzgZ�)oV~ZkÆ!*g}~'×h+z�s#�ÏX
z̧úV»ª(]Ðg* 14.2.4

¨gÙ�ëÜsZq-�i]Âî OÃZYs�ñ�/�D�,Zk�/~Üs�zÂ}ò�Mh�X
Zzgt�zâV}òÌ)z~Zk**]gnp�X (Tail) c*2$ (Head) h#

Zq-h#Æz̧q�ä»Hñµì?
z̧q�ä» (H) �@*ìX�zu}ZÖp~,Zq-]Âî OÃZY%6,Zq-h#

2
1- t�zÂ}ò~ÐZq-ì��

�@*ìX
2
1- Zky

T»ZÖgZk§bHY@*ìX
P (H) = 

2
1- = 0.5 c*50%

Æz̧q5+k,�ä»ZkyH�Ç? (T) Zq-2$
)z~Â 6 Z[ëZq-0*³Ã±.ä»¿�D�ñ�/�D��Zk~ÄÂ}ò�Mh�XZk�/~

Zq-0*³ÆZz6,~gc6,Zq-¤t°�Æz̧q�ä»ZkyH�Ç? �Mh�X 6 Zzg 5,4,3,2,1 }ò
X

2
1- c*

6
3- �Mh��� 5 c*3,1 ]bÂ}ò~Ð&ñZ¬}ò

ÆªkÆa��Zk§b�YYìX 'A' Zq-z̧·
ÆañZ¬Â}ò»®� 'A' z̧·
]Â}ò»®�

Z[PVßV6,̈g�,ÐX
�zh#z̧q (c) ]Â}ò»®� (b) Â}ò (a) Z¤/�zxË]½ð OVÃZq-�BZYÑY@*ìÂ¥xÙX : (1) Vw
ÜsZq-h#z̧q (f) Zzg ªk Zq-Ìh#z̧q:�ä» (e) ªk ÁZiÁZq-h#z̧q�ä» (d) ªk �äÆ

X ªk �ä»
Â}ò�Mh� (a) i:

2 ö 1 ö
h# h#
2$ h#
h# 2$
2$ 2$

  P(A)= 
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b) Number of total possible outcomes is  4

c) Probability of getting two heads

=   
Number of favourable outcomes of getting two heads

Number of total possible outcomes  =   
1
4

d) Probability of getting atleast one head = 
3
4

[At least one head means getting a head one or more number of times]

e) Probability of getting no heads   = 
1
4 .

e) Probability of getting only one head = 
2 1
4 2
 .

DO THIS

1.  If three coins are tossed simultaneously then write their outcomes.

a) All possible outcomes

b) Number of possible outcomes

c) Find the probability of  getting  at least one head

(getting one or more than one head)

d) Find the Probability  of getting at most two heads

(getting Two or less than two heads)

e) Find the Probability of getting no tails

Example 2 : (a) Write the probability  of getting each number on the top face when a dice was rolled
in the following table. (b) Find the sum of the probabilities of all outcomes.

Solution : (a) Out of six possibilities the number 4 occurs once hence probability is 1/6. Similarly we
can fill the table for the remaining values.

Outcome 1  2 3   4  5   6

Probability (P)  1/6
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ìX 4 Zk§b]Â}ò»®� (b)

�zh#z̧q�ä»Zky (c)

�zh#z̧q�äñZ¬Â}ò»®� =
4
1-  

]Â}ò»®�

4
3- = ÁZiÁZq-h#z̧q�ä»Zky (d)

)ÁZiÁZq-h#Æz̧q�ä»Èic*�{Ðic*�{Zq-h#X%ûz̧q5+k,�Yì(

4
1- = Zq-Ìh#z̧q:�ä»Zky (e)

2

1- = 
4
2- = ÜsZq-h#z̧q�ä»Zky (f)

Z¤/àz�Ü&]½ð OVÃZYÑY@*ìÂ .1

ÓxÂ}òÉÀ�/õGX (a)

Â}òÅ®Z�X (b)

ÁZiÁZq-h#z̧q�ä»ªkÙ (c)

)ªZq-h#ic*�{Ðic*�{X!*gz̧q5+k,�Yì(
�zh#ÆÁZiÁ�z�z!*gz̧q5+k,�ä»ZkyH�Ç? (d)

z̧q5+k,:�ä»ªkÙX (T) Zq-Ì2$ (e)

fsÆ].zw~Zq-0*³Ã±.äÆ�/~Zz6,~gc6,CÙZq-°�Æz̧q5+k,�ä»ªkÉÀ�/õGX (a) : (2) Vw

»ù·¥xÙX ªk ÓxÂ}òÆ (b)

�ÇXZÏ§bë!*¹{ä6,
6
1- ÜsZq-!*gz̧q5+k,�@*ìXZkaZk»Zky 4 ÓxbÂ}ò~Ð,°� (a) i:

�,ÐX

³
(P) ªk
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(b) The sum of all probabilities

P(1) +  P(2) +  P(3) + P(4)+ P(5) +  P(6)

= 
1
6  + 

1
6  + 

1
6  + 

1
6  + 

1
6  + 

1
6  = 1

We can generalize that

Sum of the probabilities of all the outcomes of a random experiment is always 1

             TRY THIS

      Find the probability of each event  when a dice is rolled once

Event Favourable Number of  Total Number Probability =
outcome(s) outcome favourable  possible possible

outcome(s) outcomes outcomes

Getting a         5         1  1, 2, 3, 4,        6                1/6

number 5  5 and 6
on the top face

Getting a
number greater
than 3 on the
top face

Getting a prime
number on the
top face

Getting a number
less than 5 on
the top face

Getting a number
that is a factor of
6 on the top face

Getting a number
greater than 7
on the top face

Getting a number
that is a Multiple of
3 on the top face

Getting a
number 6 or
less than 6
on the top face

Number of favourable outcomes

Number of  total possible outcomes
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Óxª�]»ù· (b)

P (1) + P (2) + P (3) + P (4) + P (5) + P (6)

= 
6
1- + 

6
1- + 

6
1- + 

6
1- + 

6
1- + 

6
1- = 1

ZkÐët³Z~.�D��

�@*ìXóó  1 LLZq-�µ/�/ÆÓxÂ}òÆª�]»ù·å

Z#0*³ÃZq-�i±.c*Y@*ìÂCÙZq-z̧·»Zky¥xÙX
= ªk
ñZ¬}òÅ®Z�
Óx]}òÅ®Z�

Â}òÅ®Z� ]Â}ò ñZ¬³Å
(S) ®Z�

ñZ¬³
(S)

(Event) z̧·

1/6 6 ó4ó3ó2ó1
6 Zzg 5

1 5 »z̧q5+k,�** 5 Zz6,~gc6,°�

Ð(,Z°�z̧q5+k,�** 3 Zz6,~gc6,
Zz6,~gc6,ñ°�»z̧q�**

ÐÁ!*gz̧q 5 Zz6,~gc6,Zq-°�»
5+k,�**

ÆZb%Zñ¢!z̧q5+k,�** 6 Zz6,~gc6,
Ð(,Z°� 7 Zz6,~gc6,

z̧q5+k,�**
Æüz̧q5+k,�** 3 Zz6,~gc6,

ÐÁZ°Z�z̧q 6c*6 Zz6,~gc6,°�
�**
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  You can observe that
     The probability of an event always lies between 0 and 1 (0 and 1 inclusive)
                    0 < probability of an event  < 1

a) The probability of an event which is certain = 1
b) The probability of an event which is impossible = 0

14.2.5   CONDUCT YOUR OWN EXPERIMENTS

1.  We would work here in groups of 3-4 students each. Each group would take a coin of the same
denomination and of the same type. In each group one student of the group would toss the coin
20 times and record the data. The data of all the groups would be placed in the table below
(Examples are shown in the table).

Group No. of tosses   Cumulative Number of Cumulative    Cumulative heads Cumulative tails
No. tosses of heads No. of heads  total times tossed   total times tossed

groups

(1) (2) (3) (4) (5) (6) (7)

1 20 20 7 7
7
20

20 7 13
20 20




2 20 40 14 21
21
40

40 21 19
40 40




3 20 60
4 20 80
5 20 100
6 ..... ....
7 .... ....

What happens to the value of the fractions in (6) and (7) when the total  number of tosses of the
coin increases? Could you see that the values are moving close to the probability of getting a
head and tail respectively.

2. In this activity also we would work in groups of 3-4. One student from each group would roll a
dice for 30 times. Other students would record the data in the following table. All the groups
should have the same kind of dice so that all the throws will be treated as the throws of the same
dice.

No. of times Number of times the following outcomes turn up
Dice rolled 1 2 3 4 5 6

30
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0 = **ez̧·»ªk (b)

�/Ù 14.2.5

CY6,�Zq-¤/z\¯��/�,Ð,CÙ¤/z\Zq-�eögppzZÑZzgZq-�n»]Âî OZEw 4 @*3 ë�V .1

�iZYs�ñqÝ�äzZá}ò»Z0+gZ`�}ÇXÓx¤/z: 20 �}ÇXCÙ¤/z\»Zq-¤(̈D]Âî OÃ
!��5éG]ÃnÆ].zw~�g`�,ÐX)].zw~VBeð��(

~qÝãgÅ�g~Hp~�Ï?HW\ä̈gHì� (7) Zzg (6) Z#]Âî OÃZY%Å]®Z�(,JðYCìÂ»Ý
Æz̧q5+k,�äÆªkÆ�Ûd$F,+�DYgì�X (T) ZzgZq-2$ (H) t�g,Zq-%ûöZY%6,Zq-h#

�i�µ/0*³±.äÆ¿» 30 CY»Zq-¤/z\�Ç,CÙ¤/z\»CÙZq-¤(̈D 4 @*3 Zkr~Ì .2   

�/�}ÇX�zu}CYfsÆ].zw~x@Z]»Z0+gZ`�,ÐXÓx¤/z:Zq-�nÆ0*³»ZEw
�,Ð@*��&Æ0*³(£45¼/õ FE

GE»¿Zq-6�X

0*³Ã±.äÅ®Z� fsÆ}òÅ®Z�

ª(] ¥ÅF,¹cÓ#Ö»j

¤/z\
�

öZYá
YäÅ®Z�

h#z̧q
�äÅ®Z�

h#z̧q�ä
Åù¦®Z�

¤/z:Æö
ZY%Åù¦®Z�

h#z̧q�äÅù¦®Z�
öZYáYäÅ]®Z�

2$z̧q�äÅù¦®Z�
öZYáYäÅ]®Z�
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Complete the following table, using the data obtained from all the groups :

Group(s)
Number of times Total number of times  Number of times

1 turned up a dice is rolled 1 turned up
Total number of times

a dice is rolled

(1) (2) (3) (4)

1st

1s t+ 2nd

1st+2nd+3rd

1st + 2nd + 3rd + 4th

1st + 2nd + 3rd + 4th  + 5th

What do you observe as the number of rolls increases; the fractions in cloumn (4) move

closer to 
1
6 ? We performed the above experiment for the outcome 1. Check the same for the

outcome 2 and the outcome 5.

What can you conclude about the values you get in column (4) and compare these with the
probabilities of getting 1, 2, and 5 on rolling a dice?

3. What would happen, if we toss two coins simultaneously? We could have either both
coins showing head, both showing tail or one showing head and one showing tail. Would the
possibility of occurrence of these three be the same? Think about this while you do this group
activity.

Divide class into small groups of 4 each. Let each group take two coins. Note that all the coins
used in the class should be of the same denomination and of the same type. Each group would throw
the two coins simultaneously 20 times and record the observations in a table.

No. of times No. of times Number of times Number of times
two coins tossed no head turns up one head turns up two heads turns up

20

All the groups should now make a cummulative table:
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Óx¤/z:Æ&B}Ïî!��5éG]»ZEw�D�ñfsÆ].zwÃåÙX

Ð�Ûd$�CYC
6
1- ~ãg (4) W\Hx@{�D�Z#0*³Ã±.äÆ¿Å®Z�(,fYCìÂ»Ý

qÝ�äÆaÌZ+�YõÙX 5 Zzg³ 2 qÝ�äÆaëäZz6,»�/H³ 1 �X³
~qÝ�äzZà�~�gzVÐW\H³Z~.�D�ZzgZyÆ».ÞÔZq-0*³Ã±.ä6, (4) »Ý
ÆqÝ�äÐÙX 5 Zzg 2,1 Zk**]

W\ÏgÏ�z]Áõ OZYBÂH�Ç?�zâV]Áõ Oh#ªCÙ�Mh�c*�zâVÌ2$c*Zq-h#ZzgZq-2$XHZy .3

ÐVÆz̧q5+k,�ä»Zky7V�Ç?¤/z�r~Z46,̈gÙX
¤/z\~�ÙXCÙ¤/z\Ã�z]Áõ Oǵ�ÇXc*�gÚ�ZEwGYäzZá]Áõ O7Veö �VÆ 9 )®)Ã

Zzg7VnÆ�VX

�i�z]Áõ O9ÇZzg].zw~x@Z]Ã�g`�}ÇX 20 CÙ¤/z\Zq-�B

ª(] ¥ÅF,¹cÓ#Ö»j

(S) ¤/z\
0*³±.ä6,

MäÅ®Z� '1'

Zq-0*³±.äÅ
]®Z�

MäÅ®Z� '1' 0*³±.ä6,
0*³±.äÅ]®Z�

�zn!z�ÜZY%Å®Z� z̧q:�ä (H)h#  

Å®Z�
(H) Zq-!*gh#

z̧q�äÅ®Z�
�zh#Zq-�B
z̧q:�äÅ®Z�
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Number of Number of Number of Number of
Group(s) times two coins times no head times one times two

are tossed turns up head turns up heads
turns up

1st

1st + 2nd

1st + 2nd + 3rd

1st + 2nd + 3rd + 4th

.... .... ....

Now we find the ratio of the number of times no head turns up to the total number of times
two coins are tossed. Do the same for the remaining events.

Fill the following table:

No. of times No. of times No. of times
Group(s) no head one head  two heads

Total tosses Total tosses Total tosses
            (1) (2) (3) (4)

Group 1 st

Group 1 + 2 nd

Group 1 + 2 + 3 rd

Group 1 + 2 + 3 + 4 th

.... .... ....

As the number of tosses increases, the values of the columns (2), (3) and (4) get closer to
0.25, 0.5 and 0.25 respectively.

Example-3: A spinner was spun 1000 times and the frequency of outcomes was recorded as in given
table:

Out come Red Orange Purple Yellow Green

Frequency 185 195 210 206 204

Find (a) How many possible outcomes can you see in the spinner? What are they? (b) Compute the
probability of each colour. (c) Find the ratio of each colour to the total number of times that the spinner
spun (use the table)
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Z[ëh#z̧q:�äÅ®Z�Zzg�z]Áõ Oàz�ÜZY%Å]®Z�~Ú¥x�,ÐXHZq-h#Zzg�z
h#z̧q5+k,�äÆaÌ¸§i�Ç?

fsÆ].zwÃåÙ

Æ 0.25 Zzg 0.5,0.25 Å�g,�gó (4) Zzg (3),(2) ]Âî OZY%Å®Z���(,fYCì,»>V
4,�q-�CYNÏX

!*g�c*�Hì}òÅ®Z�ÃfsÆ].zw~�g`H�H 1000 Zq-l%QÃ : (3) Vw

185 195 210 206 204

CÙ³ÆZky»(ÙX (b) Â}òÅz�&¯��W\l%q�Dz�Ü�NMh�X (a) ¥xÙ
CÙ³Zzgl%QÆ�tÅ®Z�~Ú¥xÙX)].zw�&À�/õ GG( (c)

(S) ¤/z\
�zn àz�Ü
YäÅ®Z� ZYá

z̧q: (H) h#
�äÅ®Z�

z̧q (H) Zq-h#
�äÅ®Z�

�zh#z̧q
�äÅ®Z�

³
®�

Ñw i*Zã »� ¨ CÙZ

ª(] ¥ÅF,¹cÓ#Ö»j

¤/z\ h#z̧q�äÅ®Z�
jVÃZY%Å]®Z�

Zq-h#z̧q�äÅ®Z�
jVÃZY%Å]®Z�

�zh#z̧q�äÅ®Z�
jVÃZY%Å]®Z�
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Solution :

(a) The possible outcomes are 5. They are red, orange, purple, yellow and

green.  Here all the five colours occupy equal areas in the spinner. So, they

are all equally likely.

(b) Let us compute the probability of each event.

P(Red) =  
Favourable outcomes of red

Total number of possible outcomes

= 
1

5
  = 0.2.

Similarly

P(Orange), P(Purple), P(Yellow) and  P(Green) is also 
1

5
 or 0.2.

(c) From the experiment the frequency was recorded in the table

P(Red) = Ratio for red  =  
No. of outcomes of red in the above experiment

Number of times the spinner was spun

         =  �
185

0.185
1000

Similarly, we can find the corresponding ratios for orange, purple, yellow and green are   0.195,

0.210,  0.206 and 0. 204 respectively.

Can you see that each of the ratio is approximately equal to the probability which we have

obtained in (b) [i.e. before conducting the experiment]

Example-4. The following table gives the ages of audicence in a theatre. Each person was

given a serial number and a person was selected randomly for the bumper prize by choosing a serial

number. Find the probability of each event.

Age                 Male              Female

Under 2 3 5

3 - 10 years 24 35

11 - 16 years 42 53

17 - 40 years 121 97

41- 60 years 51 43

Over 60 18 13

Total number of audience : 505

Red

G
re

en
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range
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i:
�Xz{t�:Ñw,i*Zã,»�,¨ZzgCÙZX 5 Â}ò (a)

�Vl%q~0*õgùV»yZ�ZgK)z~ìXt)z~áµz̧´�X
CÙz̧·ÆZky»(ÙX (b)

Ñwg8-z̧q�äÆñZ¬}ò
Â}òÅ]®Z�

= 
5
1- = 0.2

ZÏ§b
�VÐX 0.2 c* 

5
1- Ì P ,)CÙZ( P ,)¨( P ,)»�( P )i*Zã(

�/Ð].zw~®�»Z0+gZ`H�HX (c)

Zz6,Æ�/~Ñwg8-z̧q�äÆ}òÅ®Z�
l%qÆ�tÐ�WzZáz̧úVÅ®Z�

 =  = 0.185

�VÏX 0.204 Zzg 0.206,0.210,0.195 !*nKM ZÏ§bi*Zã,»�,)ZzgCÙ}ÅpÐøñ
~CÙÚ&B}ÏîZkã�gÆ)z~ìX)�/Ð¬( (b) Hë�NMh��

Zq-mÀ~Æ�ñ�á@Å/,fsÆ].zw~�~��XCÙ¿ÃZq-�¶Ky�c*�Hì,ZzgZq- : (4) Vw
�¶Ky�µ/ZN[�D�ñZk�¶KyzZá¿Ã�6,Z,̂ÆaÉHY@*ìXZ[W\CÙz̧·»ªkÙX

/ %� úg'
�wJ- 2 3 5

�w 3  - 10 24 35

�w 11 - 16 42 53

�w 17 - 40 121 97

�w 41 - 60 51 43

�wÆZz6, 60 18 13

505 = �á@Å]®Z�

P )Ñw( = 
Zg

P )Ñw( = ÑwÆaÚ = 
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a) The probability of  audience of age less than or equal to 10 years

Solution : The audience of age less than or equal to 10 years = 24 + 35 + 5 + 3 = 67

Total number of people = 505

P(audicence  of age < 10 years) = 
67

505

b) The probability of female audience of age 16 years or younger

Solution : The female audience with age less than or equal 16 years = 53 + 35 + 5 = 93

P(female audicence  of age < 16 years) =  93/505

c) The probability of male audience of age 17 years or above

Solution : The male audience of age 17 years or above = 121 + 51 + 18 = 190

P(male audience of age > 17 years) = 
190

505
 =  

38

101

d) The probability of  audience of age above 40 years

Solution : The audience of age above 40 years = 51+43+18+ 13 = 125

P(audience of age > 40 years) = 
125

505
 = 

25

101

e) The probability of the person watching the movie is not a male

Solution : The number of persons watching the movie is not a male

= 5 + 35 + 53 + 97 + 43 + 13 = 246

P(A person watching movie is not a male) = 
246

505

Example-5 : Assume that a dart will hit the dart board and each point on the dart board is equally likely

to be hit in all the three concentric circles where radii of

concetric circles are 3 cm, 2 cm and 1 cm as shown in the

figure below.

Find the probability of a dart hitting the board in the

region  A. (The outer ring)

Solution :  Here the event is hitting in region A.

 The Total area of the circular region with radius 3 cm

= 
2(3)� Dart Board
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�wc*ZkÐÁ/�á@»Zky 10 (a)

�wc*ZkÐÁ/Æ�á@ 10= 24 + 35 + 5 + 3 = 67 i:
]ßÍVÅ®Z� = 505

P �wÐÁ/�á@( 10) = 

�wc*ZkÐÁ/Å±YV»ªk 16 (b)

�wc*ZkÐÁ/Å±HV 16 =53 + 35 + 5 = 93 i:
P ±HV( Á/Ð �w 16)

�wc*ZkÐic*�{/Æâ�ZâV»ªk 17 (c)

�wc*ZkÐic*�{/ÆZ�ÛZ� 17 = 121 + 51 + 18 = 190 i:
P ÆZ�ÛZ�( Ðic*�{/ �w 17)

�wc*ZkÐic*�{/ÆZ�ÛZ�»ªk 40 (d)

�wc*ZkÐic*�{/ÆZ�ÛZ� 40 = 51 + 43 + 18 + 13 = 125 i:
P ( ÆZ�ÛZ� Ðic*�{/ �w 40)

pZ&»ªk (e)

{Ây�á@ = 5 + 35 + 53 + 97 + 43 + 13 = 246 i:
P ){Ây�á@(

�ÛnÙ�Zq-¾,eZg^1geÐ�Z@*ì,eZg^1ge6,&ë%�/ : (5) Vw
ª�X 3 ªZzg 2 ª1 �Z],}�ZyÆÛ¢

CÙ̀)z~Zk**]6,z̧q¯@*ì,6�̂~ec*�HìX
)ÛzãI(~¾Æ�Zä»ªk¥xÙX 'A' 1geÆ¸

Ð�Z**ìX A �Vz̧q¸ i:
ëÛ¢Ð�Z],~»̧]gK 3

Dart Board
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 Area of circular region A (i.e. ring A) =  2(3)   2(2)

Probability of the dart hitting the board in region A is  P(A)

P(A) =  
Area of circular region A

Total Area of the circular region

=  
2 2

2
(3) (2)

(3)
  



=  
9 4 5

9 9
  




TRY THESE

From the figure given in example 5.

1. Find the probability of the dart hitting the board in the circular region B (i.e. ring B).

2. Without calculating, write the percentage of probability of the dart hitting the board  in
circular region C (i.e. ring C).

   14.3   USES OF PROBABILITY IN REAL LIFE

Meteorological department predicts the weather by observing trends from the data collected
over many years in the past.

Insurance companies calculate the probability of happening of an accident or casuality to determine
insurance premiums.

“An exit poll”  is taken after the election . It is
surveying the  people to which party they have
voted. This gives an idea of winning chances of
each candidate and predictions are made
accordingly.

Remember

Area of a circle =  2r

Area of a ring =   2 2R r
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(A »gK)I 'A' �Z],z~¸
~Æ�Zä»ªk 'A' eZĝ1ge6,¾̧

c*�gì� »gK 'A' �Z],z~¸
pr2 = �Z],{»gK ]gK

pR2 - pr2 = I»gK �Z],~ = 

= 

=  0.556 = 55.6%

~�~�̂Ð 5 Vw

ì( 'B' ~¾)eZg^(Æ�ZäÆz̧q»ªkÙX)�I 'B' eZg^1geÆ�Z],z~¸ .1  

~¾)eZg^(Æ�ZäÆz̧q»ªkÙZzgZk»�Ì 'C' %C[K�1geÆ�Z],z~¸ .2

ì( 'C' ¥xÙX)�I

ii0+Ï~ªk»Z:t 14.3

Yñ�],�*gkgeÅæ�ÐñÌÅ7ªÏ�@*ìX /
Ý|Vq�U*]ÆZk**]»Z0+Zi{�ÆÝÅZlo»ç�C /
�X

)Zkã}ò(Æ�~ Exit poll N[Æ� Z /
gZñ�yzVÐ7YY@*ì�ZrVä¾)®)Æh~
zz^�c*ìXZkÆ_.CÙZyzZgÆÝ§Å7ªÏÅYC
ìX

P (A) = 

ª(] ¥ÅF,¹cÓ#Ö»j

ÃÒ<

ii0+Ï~ªk»Z:t 14.3
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EXERCISE - 14.1

1. A dice has six faces numbered from 1 to 6.  It is rolled and the number on the top
face is noted. When this is treated as a random trial.

   a) What are the possible outcomes ?

    b) Are they equally likely? Why?

    c) Find the probability of a composite number turning up on the top face.

2. A coin is tossed 100 times and the following outcomes are recorded

           Head:45 times          Tails:55 times from the experiment

a) Compute the probability of each outcomes.

b)  Find the sum of  probabilities of all outcomes.

3.   A spinner has four colours as shown in the figure.  When we spin it once, find

   a) At which colour, is the pointer more likely to stop?

b) At which colour, is the pointer less likely to stop?

c) At which colours, is the pointer equally likely to stop?

d) What is the chance the pointer will stop on white?

e) Is there any colour at which the pointer certainly stops?

4. A bag contains  five green marbles,  three blue marbles, two red marbles, and two yellow
marbles. One marble is drawn out randomly.

a) Are the four different colour outcomes  equally likely? Explain.

b)  Find the probability of drawing each colour marble

i.e. , P(green), P(blue), P(red) and P(yellow)

c)  Find the sum of their probabilities.

5. A letter is chosen from English alphabet. Find the probability of the letters being

a) A vowel b) a letter that comes after P

c) A vowel or a consonant d)   Not a vowel

Bl
ue

Bl
ue

Blue

Red

Red

Green

YellowRed

Red

Red

Green

Green
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J-Z°Z���D�,0*³ÃZYÑY@*ìZzg 6 Ð 1 0*³Æbgc�D�ZzgCÙgc6, .1

Zz6,~gc6,z̧q�äzZá°�Ã�g`�1Y@*ìXZÐ�µ/�/ë�X
Â}òH�? (a)

HZyÆZk**])z~�D�? (b)

Zz6,~gc6,)G�°�z̧q�ä»ªkH�Ç? (c)

%ûZYs�ñZkÐqÝ�äzZá}òÃZk§b�g`H�HX 100 Zq-]Âî OÃ .2

%û)�/ì( 55 : (T) %û,2$ 45 : (H) h#
CÙ³»ªkC[ÙX (a)

Óx}òÆªk»ù·¥xÙX (b)

Zq-l%q~egg8-�6�̂~ec*�HìXZ#ëZÐZq-�i�D�,Â¥xÙX .3

»�Æ¾g8-6,z̧q�äÆZk**]ic*�{�? (a)

»�Æ¾g8-6,z̧q�äÆÁZky�? (b)

»�ÆÁgùV6,z̧q�äÆ)z~Zk**])z~�? (c)

»�ÆCg8-6,z̧q�äÆHZk**]�? (d)

HÃðÌZ(g8-ìT6,»�Dîg6,z̧q�nÇ? (e)

Zq-$~0*õCÙ~Í1V,&�Í1V,�zÑwÍ1VZzg�z³Í1V0*ðYC�XZk~Ð�µ/Zq-Æ .4

��v}Í1VïàYC�X
HegZgùVÆz̧úVÐ)z~}ò»�wáµì? (a)

�µ/ïàYäzZàÍà»Zky¥xÙX (b)

P ,)CÙ~( P ,)�( P Zzg)Ñw( P �)³(
ZyÆZk**]»ù·¥xÙX (c)

Zôm,~wzs{ÐÃðZq-wsÃÉH�Hwzs�ä»Zky¥xÙX .5

Æ�W@*ìX p ws� (b) Zq-wsA (a)

Zq-wsA7 (d) Zq-wsAc*Zq-ws9 (c)
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6.  Eleven bags of wheat flour, each marked 5 kg, actually contained the following weights  of flour
(in kg):

4.97, 5.05, 5.08, 5.03, 5.00, 5.06, 5.08, 4.98, 5.04, 5.07, 5.00

Find the probability that any of these bags chosen at random contains more than 5 kg of
flour.

7. An insurance company selected 2000 drivers at random (i.e., without any preference of one
driver over another) in a particular city to find a relationship between age and accidents. The
data obtained is given in the following table:

 Age of Drivers Accidents in one year More than 3

(in years) 0 1 2 3 accidents

 18-29 440 160 110 61 35

30- 50 505 125 60 22 18

Over 50 360 45 35 15 9

Find the probabilities of the following events for a driver chosen at random from the city:

(i) The driver being in the age group 18-29 years and having exactly 3 accidents in one year.

(ii) The driver being in the age group of 30-50 years and having one or more accidents in a
year.

(iii) Having no accidents in the year.

8. What is the probability that a randomly thrown
dart hits the square board in shaded region?

(Take  = 
22
7  and express answer in percentage)

2 cm
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³¤/Zx»¶KyÎc*�Hì,|~t�fs~�b�ZziZy 5 [VÆWLÆ�Hg{��T6, .6

6,��X)³¤/Zx~(
4.97, 5.05, 5.08, 5.03, 5.00, 5.06, 5.08, 4.98, 5.04, 5.07, 5.00

³¤/ZxÐiZZ+ziygppzZáÏV»ZkyH�Ç? 5 �µ/�/ÐÏV»ZN[�D�ñ¥xÙ�
ìX egZÇgk»ZN[�C 2000 Zq-Ýv,/Zzgq�U*]~ëg_5Àö

IGYC[�äÆÑÐZq-àÐ�µ/ .7

Zk�Æ!��5éG]fsÆ].zw~�g`K��X

à~�µ/É�ä6,Zq-egZÇgÐz̧q�äzZáq�U*]»Zky¥xÙX
q�U*]�D�X 3 �w/zZáegZÇgkÐZq-�w~ 29 Ð 18 (i)

�w/gppzZáegZÇgkÐZq-�w~Zq-c*iZZ+q�U*]�D�X 50 Ð 30 (ii)

�w~Ãðq�U*]7�DX (iii)

�µ/²�H»�Z#%,1geÆ�t�ZģÐ�ZñÂZk» .8

ZkyH�Ç?
³Zzg�~ªCÙÙ(  p =

22
7
---    )Z�ág{:

ª(] ¥ÅF,¹cÓ#Ö»j

egZÇgzVÅ/ Zq-�w~gzú�äzZáq�U*] Ðic*�{ 3

)�w~( q�U*]
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WHAT HAVE WE  DISCUSSED?

• There is use of words like most likely, no chance, equally likely in daily life,
are showing the manner of chance and judgement.

• There are certain experiments whose outcomes have equal chance of
occurring.  Outcomes of such experiments are known as equally likely
outcomes.

• An event is a collection of a specific outcome or some of the specific outcomes of the experiment.

• In some random experiments all outcomes have equal chance of occurring.

• As the number of trials increases, the probability of  all equally likely outcomes come very
close to each other.

• The probability of an event A

P(A) = 
Number of favourable outcomes of event A

Number of total possible outcomes

• The probability of an event which is certain = 1.

• The probability of an event which is impossible = 0

• The probability of an event always lies between 0 and 1 (0 and 1 inclusive).

Do you Know?
The diagram below shows the 36 possible outcomes when a pair of dice are thrown. It is
interesting to notice how the frequency of the outcomes of different possible numbers
(2 to 12).

This curve illustrate the Gaussian curve, name after 19th century
famous mathematician Carl Friedrich Gauss.
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gzi%{i0+Ï~ë,ic*�{eì,Âµ7ì,)zc*:Zky�ZÖp»ZEw�D�,TÐê�ä»Z0+Zi{   ·

HY@*ìX
)z~Zky�@*ìZ,�!*]Ð / �Z,Ç�!*]�D�TÆ}òÆz̧q5+k,�ä»7V   ·

Z~.K�}òLL)z~áµóóc*L7VZkãóBD�X
�/Æfg=Ë³c*}ò»Z��**Zq-Lz̧·óB@*ìX   ·

P�µ/�!*]~Óx}òÆz̧q5+k,�ä»)z~Zky�@*ìX  ·

�/~��z̧úVÅ®Z�(,fYCì,ÓxLL)zc*:áµóó}ò»Zky�Ûd$F,�@*Y@*ìX  ·

»Zky 'A' Zq-z̧·  ·

ñZ¬}òÅ®Z� Â 

ÓxÂ}òÅ®Z�  

1 = Zq-z̧·»Zky�Çì  ·

0 = ì Zq-z̧·»Zky�**e  ·

�zâV�áï�( 1 Zzg 0 Æ�gxy0*c*Y@*ìX)T~ 1 Zzg 0 Zq-z̧·»Zkyå  ·

HW\Y��?

Â}òz̧q5+k,�D�XtZq-�Nx@{ 36 n»{�e@*ì�Z#Zq-0*³Å�h~¢YCìÂ
J-(ZÂZ°Z�Æ}ò»®�¾§bF,KM�c*Y@*ìXÈÃnÅVwÆfg=ÉX 12 Ð 2 ì�)

Åc*�Çg~ Carl Friedrich Gauss z,�~Æ�ggc*è�ZV 19 qgz!*ÑÈâÃÇëÈë���
ZkÆ**xÐñÎxH�HåX
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  15.1  INTRODUCTION

We come across many statements in our daily life.  We gauge the worth of each statement.
Some statements we consider to be appropriate and true and some we dismiss. There are some
we are not sure of. How do we make these judgements? In case there is a statement of conflict
about loans or debts. You want to claim that bank owes your money then you need to present
documents as evidence of the monetary transaction. Without that, people would not believe you.
If we think carefully we can see that in our daily life we need to prove if a statement is true or false.
In our conversations in daily life we sometimes do not consider to prove or check statements and
accept them without serious examination. That however will not be accepted in mathematics. Consider
the following:

1. The sun rises in the east. 2. 3 + 2 = 5
3. New York is the capital of USA. 4. 4 > 8
5. How many siblings do you have? 6. Goa has better football team than Bengal.
7. Rectangle has 4 lines of symmetry. 8. x + 2 = 7
9. Please come in. 10. The probability of getting two consecutive 6's on

throws of a 6 sided dice.
11. How are you? 12. The sun is not stationary but moving at high speed all

the time.
13. x < y 14. Where do you live?

In the above sentences you find some sentences are false. For example, 4>8, and New York is
not the capital of USA. You find some sentences are correct.

These include "sun rises in the east." The probability of getting two consecutive 6's, the Sun is not
stationary etc.

Besides those there are some other sentences that are true for some cases but not true for other
cases, for example x + 2 = 7 is true only when x = 5 and x < y is only true for those values of x and y
where x is less than y.

Proofs in
Mathematics
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gzi%{i0+Ï~�FÒ**]Ð��7,@*ì,ëÒyÅ¤&�**eT�X¼Ò**]ÃëñizVZzg9%�,
Z#�¼ZzgÃg���ï�,Zzg�Ò**]Z,Ì�D�XÆ!*g}~�Ð¼7¹YYXQëtê¾§b
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��ië¹VÆ�Z�ÜÅYõÃ¢zg~7%Zzg%YõÆ�Jw�fe�Xgc*è~Z(7HYYX
: fs6,̈gÙ

3 + 2 = 5 .2 Îg`ætÐ�q�@*ìX .1

4 > 8 .4 Z%0»�g£x(c*guìX .3

ÍZÅ¢45é EHEw�;wÅ�Ð�ìX .6 W\Ä¸ð,c�? .5

x + 2 = 7 .8 l~eg"Àèo�D�X .7

Wä»ZkyH�Ç? 6 Zq-0*³Ã�z%û�6,�z½ .10 Z0+gW�X .9

Îg`�f'7eå!gsg~Ðwf'�@*ìX .12 W\ù�? .11

W\¹VgT�? .14 x < y .13

XZk§bëY���Z%0»�g£x 4 > 8 ëY��Zy~ÐP�»f[�,VwÆîg6,
(c*gu7ìXøg~ñ��{¥â]ÐëtÈMh��P9�X

Wä»ªkóóÎg̀�f'7z){�áï�X 6 Zy~LLÎg`ætÐ�q�@*ìóóZzgLLZq-0*³ÃZY%6,½�z%û
ZyÆ´z{P�zu}�Z,�D��P¥x�gzVÆa��t�D�,Zzg�zu~�gzVÆa

y,x Zy��gzVÆa��t�ÇZ#� x < y Æa��tì,Zzg x = 5 Üs x + 2 = 7 ��t7�DX}
ÐgN*�X
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Look at the other sentences which of them are clearly false or clearly true. Such type of sentences
are called statements. We say these statements that can be judged on some criteria, no matter by what
process for their being true or false.

Think about these:
1. Please ignore this notice..... 2. The statement I am making is false.
3. This sentence has some words. 4. You may find water on the moon.

Can you say whether these sentences are true or false? Is there any way to check them being true
or false?

Look at the first sentence, if you ignore the notice, you do that because it tells you to do so.
If you do not ignore the notice, then you have  paid some attention to it. So you can never follow it and
being an instruction it cannot be judged on a true/false scale. 2nd and 3rd sentences are talking about
themselves. 4th sentence have words that show only likely or possibility and hence ambiguity of being
on both sides.

The sentences which are talking about themselves and the sentences with possibility are not
statements.

DO THIS

Make 5 more sentences and check whether they are statements or not. Give reasons.

  15.2    MATHEMATICAL STATEMENTS

We can write infinately large number of sentences. You can think the kind of sentences you use
and can you count the number of sentences you speak? Not all these however, they can be judged on
the criteria of false and true. For example, consider, please come in. Where do you live? Such sentences
can  also be very large in number.

All these the sentences are not statements. Only those that can be judged either true or false but
not both are statements. The same is true for mathematical statements. A mathemtical statement can not
be ambiguous.  In mathematics a statement is only acceptable if it is either true or false.  Consider the
following sentences:

1. 3 is a prime number. 2. Product of two odd integers is even.
3. For any real number x; 4x + x = 5x 4. The earth has one moon.
5. Ramu is a good driver. 6. Bhaskara has written a book "Leelavathi".
7. All even numbers are composite. 8. A rhombus is a square.
9. x > 7. 10. 4 and 5 are relative primes.
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e:ÃY�7YYìX�zu}Zzg�}�p�Ð0�Zzga��~ÜsZkyªCÙ�g;ìZzgZk»9c*ß�**
­uìX

Z,��p�Ð0�V,Z,�XÐZk**]ªCÙ�V,Ò**]7BDX

�¯�ZzgYõÙ�z{Ò**]�c*7Xz�;]e�X 5 '×h+

gc*MCÒ**] 15.2

ëÑ®Z��ÉMh�,W\̈gÙ�W\Ã¾nÆ�ZEw�**ìXHW\ZyÅ®Z�Å2Ì�Mh�?ZyÓx»
Ñg7HYY,pZyÃ�gÆ�Y�YYì�t��t�c*»f[?VwÆîg6,̈gÙLLZ0+gW�óóÔLLW\¹VgT
�óóZ,�ZÒZEw�D�X

Z,Óx�,Ò**]7BD,Üsz��Ò**]BD�X»��t�**c*»f[�**Y�YY�XZq-Òyà
z�Ü��tZzg»f[7�YXgc*MCÒ**]ÆaÌ¸Zßw�@*ì�Zq-gc*MCÒy)zZã7�YXgc*è~
Zq-ÒyZkz�Ü�.ÞJw�ÇZ#c*Âz{��t�c*Q»f[,p�zâV7XfsÆ¹V6,̈gÙX

�z¤t9Z°Z�»qÝ¢[ñ�@*ìX .2 Zq-G�°�ìX 3 .1

i}»Zq-e0+ìX .4 4x + x = 5x Æa x ÃðÇ°� .3

¸KZäZq-Â[LL;zCóópX .6 gZñZq-ZYegZÇgìX .5

¥Zq-%,�@*ìX .8 ÓxñZ°Z�)G��D�X .7

Z�°G�Z°Z��X 5 Zzg 4 .10 x > 7 .9
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11. Silver fish is made of silver. 12. Humans are meant to rule the earth.
13. For any real number x, 2x > x. 14. Havana is the capital of Cuba.

Which of these are mathematical and which are not mathematical statements?

  15.3  VERIFYING THE STATEMENTS

Let us consider some of the above sentences and discuss them as follows:

Example-1. We can show that (1) is true from the definition of a prime number.

Which of the sentences from the above list are of this kind of statements that we can prove
mathematically? (Try to prove).

Example-2. “Product of two odd integers is even”. Consider 3 and 5 as the odd integers. Their
product is 15, which is not even.

Thus it is a statement which is false. So with one example we have showed  this. Here we are
able to verify the statement using an example that runs counter to the statement. Such an example,
that counters a statement is called a counter example.

TRY THIS

Which of the above statements  can be tested by giving a counter example ?

Example-3.   Among the sentences there are some like “Humans are meant to rule the earth” or
“Ramu is a good driver.”

These sentences are ambiguous sentences as the meaning of ruling the earth is not specific.
Similarly, the definition of a good driver is not specified.

We therefore recognize that a ‘mathematical statement’ must comprise of terms that are understood
in the same way by everyone.

Example-4. Consider some of the other sentences like
The earth has one Moon.
Bhaskara has written the book "Leelavathi"
Think about how  would you verify these to consider as statements?

These are not ambiguous statements but  needs to be tested. They require some observations or
evidences. Besides, checking this statement cannot be based on using previously known results. The
first sentence require observations of the solar system and more closely of the earth. The second
sentence require other documents, references or some other records.

Mathematical statements are of a distinct nature from these. They cannot be proved or
justified  by  getting  evidence  while  as  we  have  seen,  they can be disproved by finding an example
counter to the statement.
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In the statement  for any real number  2x > x,  we can take  x = 1 or  1
2

.... and disprove the
statement by giving counter example. You might have also noticed that 2x > x is true with a condition on
x i.e. x belong to set N.
Example-5.  Restate the following statements with appropriate conditions, so that they become true
statements.
i. For every real number x, 3x > x.
ii. For every real number x, x2   x.
iii. If you divide a number by two, you will always get half of that number.
iv. The angle subtended by a chord of a circle at a point on the circle is 90°.
v. If a quadrilateral has all its sides equal, then it is a square.
Solution :

i. If x > 0, then 3x > x.
ii. If x   0 or x   1, then x2   x.
iii. If you divide a number other than 0  by 2, then you will always get half of that number.
iv. The angle subtended by a diameter of a circle at a point on the circle is 90°.
v. If a quadrilateral has all its sides and interior angles equal, then it is a square.

EXERCISE - 15.1

1. State whether the following sentences are always true, always false or ambiguous.
Justify your answer.

i. There are 27 days in a month. ii. Makarasankranthi falls on Friday.
iii. The temperature in Hyderabad is 2°C. iv. The earth is the only planet where life exist.
v. Dogs can fly. vi. February has only 28 days.
2. State whether the following statements are true or false. Give reasons for your answers.
i. The sum of the interior angles of a ii. For any real number x, x2   0.

quadrilateral is 350°.
iii. A rhombus is a parallelogram. iv. The sum of two even numbers is even.
v. Square numbers can be written as the sum of two odd numbers.
3. Restate the following statements with appropriate conditions, so that they become true

statements.
i. All numbers can be represented as ii. Two times a real number is

the product of prime factors. always even.
iii. For any x, 3x + 1 > 4. iv. For any x, x3   0.
v. In every triangle, a median is also an angle bisector.

4. Disprove, by finding a suitable counter example, the statement x2 > y2 for all x > y.
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  15.4  REASONING IN MATHEMATICS

We human beings are naturally curious. This curiosity makes us to interact with the world.
What happens if we push this? What happens if we stuck our finger in that? What happens if we
make various gestures and expressions? From this experimentation, we begin to form a more or less
consistant picture of the way that the physical world behaves. Gradually, in all situations, we make a
shift from

‘What happens if.....?’ to ‘this will happen if’

The experimentation moves on to the exploration of new ideas and the refinement of our world
view of previously understood situations. This description of the playtime pattern very nicely models the
concept of ‘making and testing hypothesis.’ It follows this pattern:
• Make some observations, Collect data based on the observations.
• Draw conclusion (called a ‘hypothesis’) which will explain the pattern of the observations.
• Test out hypothesis by making some more targeted observations.

So, we have
• A hypothesis is a statement or idea which gives an explanation to a series of observations.

Sometimes, following observation, a hypothesis will clearly need to be refined or rejected. This
happens if a single contradictory observation occurs. In general we use word conjecture in mathematics
instead of hypothesis. You will learn the similarities and difference between these two in the higher
classes.

15.4.1   Using deductive reasoning in hypothesis testing

There is often confusion between the ideas surrounding proof, making and testing an experimental
hypothesis which is mathematics, which is science. The difference is rather simple:

• Mathematics is based on deductive reasoning : a proof is a logical deduction from a set of clear
inputs.

• Science is based on inductive reasoning : hypotheses are strengthened or rejected based on an
accumulation of experimental evidence.

Of course, to be good at science, you need to be good at deductive reasoning, although experts
at deductive reasoning need not be mathematicians.

Detectives, such as Sherlock Holmes and Hercule Poirot, are such experts : they collect
evidence from a crime scene and then draw logical conclusions from the evidence to support the
hypothesis that, for example, person M. committed the crime. They use this evidence to create sufficiently
compelling deductions to support their hypothesis beyond reasonable doubt. The key word here is
‘reasonable’.
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15.4.2   Deductive Reasoning

The main logical tool used in establishing the truth of an unambiguous statement is deductive
reasoning. To understand what deductive reasoning is all about, let us begin with a puzzle for you to
solve.

You are given four cards. Each card has a number printed on one side and a letter on the other
side.

Suppose you are told that these cards follow the rule:

“If a card has an odd number on one side, then it has a vowel on the other side.”

What is the smallest number of cards you need to turn over to check if the rule is true?

Of course, you have the option of turning over all the cards and checking. But can you manage
with turning over a fewer number of cards?

Notice that the statement mentions that a card with an odd number on one side has a vowel on
the other. It does not state that a card with a vowel on one side must have an odd number on the other
side. That may or may not be so. The rule also does not state that a card with an even number on one
side must have a consonant on the other side. It may or may not.

So, do we need to turn over   A  ? No! Whether there is an even number or an odd number on
the other side, the rule still holds.

What about    8  ? Again we do not need to turn it over, because whether there is a vowel or a
consonant on the other side, the rule still holds.

But you do need to turn over   V  and   5. if  V  has an odd number on the other side, then the rule has
been broken. Similarly, if    5    has a consonant on the other side, then the rule has been broken.

The kind of reasoning we have used to solve the puzzle is called deductive reasoning. It is
called ‘deductive’ because we arrive at (i.e., deduce or infer) a result or a statement from a previously
established statement using logic. For example, in the puzzle by a series of logical arguments we deduced
that we need to turn over only   V   and   5  .

Deductive reasoning also helps us to conclude that a particular statement is true, because it is a
special case of a more general statement that is known to be true. For example, once we prove that the
product of two even numbers is always even, we can immediately conclude (without computation) that
56702 × 19992 is even simply because 56702 and 19992 are even.
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Consider some other examples of deductive reasoning:

i. If a number ends in ‘0’ it is divisible by 5. 30 ends in 0.
From the above two statements we can deduce that 30 is divisible by 5 because it is given that
the number ends in 0 is divisible by 5.

ii. Some singers are poets. All lyricists are Poets.

Here the deduction based on  two statemens is wrong. (Why?)  All lyricist are poets (wrong).
Because we are not sure about it.  There are three posibilities (i) all lyricists could be poets, (ii) few
could be poets or (iii) none of the lyricists is a poet.

You may come to a conclusion that if - then conditional statement comes into deductive reasoning.
In mathematics we use this reasoning a lot like if linear pair of angles are 180°. Then only the sum of
angles in a triangle is equal to 180°. Like wise if we are using decimal number system to write a number
5. If we use the binary system we represent the quantity by 101.

Unfortunately we do not always use correct reasoning in our daily life. We often come to many
conclusions based on faulty reasoning. For example, if your friend does not talk to you one day, then
you may conclude that she is angry with you. While it may be true that “if she is angry at me she will not
talk to me”, it may also be true that “if she is busy, she will not talk to me. Why don’t you examine some
conclusions that you have arrived at in your day-to-day existence, and see if they are based on valid or
faulty reasoning?

EXERCISE - 15.2

1. Use deductive reasoning to answer the following:
i. Human beings are mortal. Jeevan is a human being. Based on these two statements,

what can you conclude about Jeevan ?
ii. All Telugu people are Indians. X is an Indian. Can you conclude that X belongs to Telugu

people.
iii. Martians have red tongues. Gulag is a Martian. Based on these two statements, what can

you conclude about Gulag?
iv. What is the fallacy in the Raju’s reasoning in the cartoon below?

All Presidents are smart. 
I am smart.
Therefore,  I am a President.
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2. Once again you are given four cards. Each card has a number printed on one side and a letter
on the other side. Which are the only two cards you need to turn over to check whether the
following rule holds?
“If a card has a consonant on one side, then it has an odd number on the other side.”

3. Think of this puzzle What do you need to find a chosen number from this square?
Four of the clues below are true but do nothing to help in finding the number.
Four of the clues are necessary for finding it.
Here are eight clues to use:
a. The number is greater than 9.
b. The number is not a multiple of 10.
c. The number is a multiple of 7.
d. The number is odd.
e. The number is not a multiple of 11.
f. The number is less than 200.
g. Its ones digit is larger than its tens digit.
h. Its tens digit is odd.

What is the number?

Can you sort out the four clues that help and the four clues that do not help in finding it?  First
follow the clues and strike off the number which comes out from it.  Like - from the first clue we
come to know that the number is not from 1 to 9 strike off them.

After completing the puzzle, see which clue is important and which is not?

  15.5  THEOREMS, CONJECTURES AND AXIOMS

So far we have discussed statements and how to check their validity. In this section, you will
study how to distinguish between the three different kinds of statements, Mathematics is built up from,
namely, a theorem, a conjecture and an axiom.

You have already come across many theorems before. So, what is a theorem? A mathematical
statement whose truth has been established (proved) is called a theorem. For example, the following
statements are theorems.

B 3 U 8

0
10
20
30
40
50
60
70
80
90

1
11
21
31
41
51
61
71
81
91

2
12
22
32
42
52
62
72
82
92

3
13
23
33
43
53
63
73
83
93

4
14
24
34
44
54
64
74
84
94

5
15
25
35
45
55
65
75
85
95

6
16
26
36
46
56
66
76
86
96

7
17
27
37
47
57
67
77
87
97

8
18
28
38
48
58
68
78
88
98

9
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29
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59
69
79
89
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Theorem-15.1 : The sum of the interior angles of a triangle is 180°.

Theorem-15.2 : The product of two odd natural numbers is odd.

Theorem-15.3 : The product of any two consecutive even natural numbers is divisible by 4.

A conjecture is a statement which we believe as true, based on our mathematical understanding
and experience, i.e., our mathematical intuition. The conjecture may turn out to be true or false. If we
can prove it, then it becomes a theorem. Mathematicians often come up with conjectures by looking for
patterns and making intelligent mathematical guesses. Let us look at some patterns and see what kind of
intelligent guesses we can make.

While studying some cube numbers Raju noticed that “if you take three consecutive whole numbers
and multiply them together and then add the middle number of the three, you get the middle number
cubed”; e.g., 3, 4, 5, gives 3 × 4 × 5 + 4 = 64, which is a perfect cube. Does this always work? Take
some more consecutive numbers and check it.

Rafi  took 6, 7, 8 and checked this conjecture. Here 7 is the middle term so according to the rule
6 × 7 × 8 + 7 = 343, which is also a perfect cube. Try to generalize it by taking numbers as n, n + 1,
n + 2. See other example:

Example-6. The following geometric arrays suggest a sequence of numbers.

(a) Find the next three terms.

(b) Find the 100th term.

(c) Find the nth term.

The dots here arranged in such a way that they form a rectangle. Here T1 = 2,
T2 = 6, T3 = 12, T4 = 20 and so on. Can you guess what T5 is? What about T6? What about Tn?

Make a conjecture about Tn.

It might help if you redraw them in the following way.

Solution :

So, T5 = T4 + 10 = 20 + 10 = 30 = 5 × 6

T6 = T5 + 12 = 30 + 12 = 42 = 6 × 7 ..... Try for T7?

T100 = 100 × 101 = 10, 100

Tn = n × (n + 1) = n2 + n

T1 T2 T3 T4

T1 T2 T3 T4 T5 T6

2 6 12 20 ? .....
+4 +6 +8 +10

T1 T2 T3 T4T1 T2 T3 T4T3
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Gz£��tc*»f[�@*ìTÃU*"$�ä6,z{Zq-LLXóó~ps�Y@*ìXZÒâCÙ+gc*èä�!�âVZzg©VÃ
i�äÆnGz�]Ðæ�àZzggc*MCoVÐZi�D�ñà]0*ðXëZ,�P�âV6,̈g�D�,
�BÂ!W\Zk�~ZKf;�$Ã¾§bZEw�,Ð?

Z°Z�Æk»_·�Dz�ÜZcä̈gH�Z¤/W\&|Z°Z�Ã¢[�,ZzgZk~�gxã°�Ã¦�,A$W\
�gxã°�»kqÝ�,ÐX

'×h+|Z°Z�á�YõÙ
�gxã°�ì,ZßwÆ_. 7 á�ZkGz£ÅYõÅX�V 6,7,8 Oä

 ��Zq-»ïkìX
fe�ñZq-¬x³6,
X�zu~VwÌ�&À�/õ GGX n + 2 Zzg n + 1,n Gz£

fsÅæic*ð�È~Z°Z�Æ|ÃªCÙ�CìX : (6) Vw
Z &Zg»y¥xÙX (a)

zZVgÁ¥xÙX 100 (b)

zZVgÁ¥xÙX n (c)

�VÕoZk§bÐF,KM�b���z{Zq-lÅ̂Z�g�D�X
T1 = 2, T2 = 6, T3 = 12, T4 = 20,....... �V

H�Ç? T
5
 HW\Z0+Zi{ÎMh��

H�Ç? T
n
 Æ!*g}~W\»Hìwì? T

6
 

ÆaZq-Gz£¯�X T
n
 

Z¤/W\Gz£fsÆ_.¯NÂW\ÃZkÐæ�ï$ËìX

i:

T5 = T4 + 10 = 20 + 10 = 30 = 5 × 6 Zk§b
T6 = T5 + 12 = 30 + 12 = 42 = 6 × 7 ..... ÆaÃÒÙ T7

T100 = 100 × 101 = 10, 100

 Tn = n × (n + 1) = n2 + n
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This type of reasoning which is based on examining a variety of cases or sets of data, discovering
patterns and forming conclusions is called inductive reasoning. Inductive reasoning is very helpful
technique for making conjecture.

Gold bach the famous mathematician in 1743, put forward a pattern observe it :

6 = 3 + 3 8 = 3 + 5 10 = 3 + 7
12 = 5 + 7 14 = 11 + 3 16 = 13 + 3 = 11 + 5

From the above we observe that every even number greater than 4 can be written as the sum of
two primes (not necessarily distinct primes). His conjecture has not been proved to be true or false so
far. Perhaps you will prove that this result is true or false and will become a theorem.

But just by looking few patterns some time lead us to a wrong conjecture like: in class 8th Janvi
and Kartik while studying Area and Perimeter chapter..... observed a pattern

and stated a conjecture that when the perimeter of the rectangle increases the area will also
increase. What do you think? Are they right?  While working on this pattern.

Inder drew some rectangles and

disproved the conjecture

stated by Janvi and Kartik.

We understand that while making a conjecture we have to look at all the possibilities.

TRY THIS

Envied by the popularity of Pythagoras his disciple claimed a different relation between
the sides of right angle triangles. By observing this what do you notice?

3 
cm

.

3 cm.

3 
cm

.

3 
cm

.

3 
cm

.

4 cm. 5 cm. 6 cm.

(i) (ii) (iii) (iv)
Perimeter :

Area :
12 cm.
9 cm2 12 cm2 15 cm2 18 cm2

14 cm. 16 cm. 18 cm.

3 
cm

.

3 cm.

1 
cm

. 6 cm.

(i) (ii)
Perimeter :

Area :
12 cm.
9 cm2 6 cm2

14 cm.

13

12

55 4
3 24

7
25

(i) (ii) (iii)
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6 = 3 + 3 8 = 3 + 5 10 = 3 + 7

12 = 5 + 7 14 = 11 + 3 16 = 13 + 3 = 11 + 5
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Liethagoras Theorem : In any right angle triangle the square of the smallest side equals the sum of the
other sides.

Check this conjucture, whether it is right or wrong.

You might have wondered - do we need to prove every thing we encounter in mathematics and
if not, why not?

In mathematics some statements are assumed to be true and are not proved, these are self-
evident truths’ which we take to be true without proof. These statements are called axioms. In chapter
3, you would have studied the axioms and postulates of Euclid. (We do not distinguish between axioms
and postulates these days generally we use word postulate in geometry).

For example, the first postulate of Euclid states:

A straight line may be drawn from any point to any other point.

And the third postulate states:

A circle may be drawn with any centre and any radius.

These statements appear to be perfectly true and Euclid assumed them to be true. Why? This is
because we cannot prove everything and we need to start somewhere, we need some statements
which we accept as true and then we can build up our knowledge using the rules of logic based on these
axioms.

You might then wonder why  don’t we just accept all statements to be true when they
appear self evident. There are many reasons for this. Very often our intuition can be wrong,
pictures or patterns can deceive and the only way to be sure that something is true is to prove it.
For example, many of us believe that if a number is added to another number, the result will be
large than the numbers. But we know that this is not always true : for example 5 + (-5) = 0,
which is smaller than 5.

Also, look at the figures.  Which has bigger area ?

It turns out that both are of exactly the same area, even though B appears
bigger.

You might then wonder, about the validity of axioms. Axioms have
been chosen based on our intuition and what appears to be self-evident.
Therefore, we expect them to be true. However, it is possible that later on we discover that
a particular axiom is not true. What is a safeguard against this possibility? We take the following
steps:
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i. Keep the axioms to the bare minimum. For instance, based only on axioms and five postulates of
Euclid, we can derive hundreds of theorems.

ii. Make sure that the axioms are consistent.
We say a collection of axioms is inconsistent, if we can use one axiom to show that another
axiom is not true. For example, consider the following two statements. We will show that they are
inconsistent.
Statement-1 : No whole number is equal to its successor.
Statement-2 : A whole number divided by zero is a whole number.

(Remember, division by zero is not defined. But just for the moment, we assume that it is
possible, and see what happens.)

From Statement-2, we get 
1
0  = a, where a is some whole number. This implies that, 1=0. But

this disproves Statement-1, which states that no whole number is equal to its successor.

iii. A false axiom will, sooner or later, result into contradiction. We say that there is a contradiction,
when we find a statement such that, both the statement and its negation are true. For
example, consider Statement-1 and Statement-2 above once again.
From Statement-1, we can derive the result that 2   1.

Let   x = y

  x × x = xy

x2 = xy

x2 - y2 = xy - y2

(x+y) (x-y) = y (x - y) From Statement-2, we can cancel (x - y) from both the sides.

x + y = y

But x = y

so x + x = x

or 2x = x

2 = 1
So we have both the statements 2 = 1 and its negation, 2   1 are true. This is a contradiction.

The contradiction arose because of the false axiom, that a whole number divided by zero is a whole
number.

So, the statement we choose as axioms require a lot of thought and insight. We must make sure
they do not lead to inconsistencies or logical contradictions. Moreover, the choice of axioms themselves,
sometimes leads us to new discoveries.
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We end the section by recalling the differences between an axiom, a theorem and a conjecture.
An axiom is a mathematical statement which is true without proof; a conjecture is a mathematical
statement whose truth or falsity is yet to be established; and a theorem is a mathematical statement
whose truth has been logically established.

EXERCISE - 15.3

 1. (i)  Take any three consecutive odd numbers and find their product;

for example, 1 × 3 × 5 = 15, 3 × 5 × 7 = 105, 5 × 7 × 9 - .....

(ii) Take any three consecutive even numbers and add them, say,

2 + 4 + 6 = 12, 4 + 6 + 8 = 18, 6 + 8 + 10 = 24, 8 + 10 + 12 = 30 and so on.

Is there any pattern can you guess in these sums? What can you conjecture about them?

 2. Observe the Pascal’s triangle.

Line-1 : 1 = 110

Line-2 : 11 = 111

Line-3 : 121 = 112

Make a conjecture about Line-4 and Line-5.

Does your conjecture hold? Does your conjecture hold for Line-6 too?

 3. Look at the following pattern:

i) 28 = 22 × 71, Total number of factors  (2+1) (1+1) = 3 × 2 = 6
28 is divisible by 6 factors i.e. 1, 2, 4, 7, 14, 28

ii) 30 = 21 × 31 × 51, Total number of factors (1+1) (1+1) (1+1) = 2 × 2 × 2 = 8
30 is divisible by 8 factors i.e. 1, 2, 3, 5, 6, 10, 15, 30

Find the pattern.
(Hint : Product of  every prime base exponent  +1)

 4. Look at the following pattern:

12 = 1

112 = 121

1112 = 12321

11112 = 1234321

111112 = 123454321

1

1

1

1

1

1

1

1

1
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1 × 3 × 5 = 15, 3 × 5 × 7 = 105, 5 × 7 × 9 - ..... 

Ãð&|ñZ°Z�³ZzgZ7¦Ù} (ii)
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fsÆ�äÃ�&À�/õ GG .3

(2+1) (1+1) = 3 × 2 = 6 ,Zb%ZYÅ]®Z� 28 = 2
2
 × 7

1
(i)

�X 1, 2, 4, 7, 14, 28 Zb%ZYÐ�.Þ�ì�� 6,28

(1+1) (1+1) (1+1) = 2 × 2 × 2 = 8 ,Zb%ZYÅ]®Z� 30 = 2
1
 × 3

1
 × 5

1
(ii)

�X�:¥xÙX 1, 2, 3, 5, 6, 10, 15, 30 Zb%ZYÐ�.Þ�ì�� 8,30
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1
2
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2
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Make a conjecture about each of the following:

1111112   =

11111112 =

Check if your conjecture is true.

 5. List five axioms (postulates) used in this book.

 6. In a polynomial p (x) = x2 + x + 41 put different values of x and find p (x). Can you conclude
after putting different values of x that p (x) is prime for all.  Is x an element of N? Put x = 41 in
p (x). Now what do you find?

   15.6   WHAT IS A MATHEMATICAL PROOF?

Before you study proofs in mathematics, you are mainly asked to verify statements.

For example, you might have been asked to verify with examples that “the product of two odd
numbers is odd”. So you might have picked up two random odd numbers, say 15 and 2005 and
checked that 15 × 2005 = 30075 is odd. You might have done so for many more examples.

Also, you might have been asked as an activity to draw several triangles in the class and compute
the sum of their interior angles. Apart from errors due to measurement, you would have found that the
interior angles of a triangle add up to 180°.

What is the flaw in this method? There are several problems with the process of verification.
While it may help you to make a statement you believe is true, you cannot be sure that it is true in all
cases. For example, the multiplication of several pairs of even numbers may lead us to guess that the
product of two even numbers is even. However, it does not ensure that the product of all pairs of even
numbers is even. You cannot physically check the products of all possible pairs of even numbers because
they are endless.  Similarly, there may be some triangles which you have not yet drawn whose interior
angles do not add up to 180°.

Moreover, verification can often be misleading. For example, we might be tempted
to conclude from Pascal’s triangle (Q.2 of Exercise), based on earlier verification, that
115 = 15101051. But in fact 115 = 161051.

So, you need another approach that does not depend upon verification for some
cases only. There is another approach, namely ‘proving a statement’. A process which can
establish the truth of a mathematical statement based purely on logical arguments is called a
mathematical proof.
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To make a mathematical statement false, we just have to produce a single counter-example. So
while it is not enough to establish the validity of a mathematical statement by checking or verifying it for
thousands of cases, it is enough to produce one counter example to disprove a statement.

Let us look what should be our procedure to prove.

i. First we must understand clearly,  what is required to prove, then we should have a rough idea
how to proceed.

ii. A proof is made up of a successive sequence of mathematical statements. Each statement is a
proof logically deduced from a previous statement in the proof or from a theorem proved earlier
or an axiom or our hypothesis and what is given.

iii. The conclusion of a sequence of mathematically true statements laid out in a logically correct
order should be what we wanted to prove, that is, what the theorem claims.

To understand that, we will analyse the theorem and its proof. You have already studied this
theorem in chapter-4. We often resort to diagrams to help us to prove theorems, and this is very
important. However, each statement in proof has to be established using only logic.  Very often we hear
or said statement like those two angles must be 90°, because the two lines look as if they are
perpendicular to each other. Beware of being deceived by this type of reasoning.

Theorem-15.4 : The sum of three interior angles of a triangle is 180°.

Proof : Consider a triangle ABC.

We have to prove that

ABC + BCA + CAB = 180°

Construct a line CE parallel to BA through C and produce line BC to D.

CE is parallel to BA and AC  is transversal.

So, CAB = ACE, which are alternate angles. ..... (1)

Similarly, ABC = DCE which are corresponding angles. ..... (2)

adding eq. (1) and (2) we get

CAB + ABC = ACE + DCE ..... (3)

add BCA on both the sides.

We get, ABC + BCA + CAB = DCE + BCA + ACE ..... (4)

But DCE + BCA + ACE = 180°, since they form a straight angle...... (5)

Hence, ABC + BCA + CAB = 180°
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Now, we see how each step has been logically connected in the proof.

Step-1: Our theorem is concerned with a property of triangles. So we begin with a triangle ABC.

Step-2: The construction of a line CE parallel to BA and producing BC to D is a vital step to proceed
so that to be able to prove the theorem.

Step-3: Here we conclude that CAB = ACE and ABC = DCE, by using the fact that CE is
parallel to BA (construction), and previously known theorems, which states that if two parallel
lines are intersected by a transversal, then the alternate angles and corresponding angles are
equal.

Step-4: Here we use Euclid’s axiom which states that “if equals are added to equals, the wholes are
equal” to deduce ABC + BCA + CAB = DCE + BCA + ACE.

That is, the sum of three interior angles of a triangle is equal to the sum of angles on a straight
line.

Step-5: Here in concluding the statement we use Euclid’s axiom which states that “things which are
equal to the same thing are equal to each other” to conclude that

ABC + BCA + CAB = DCE + BCA + ACE = 180°

This is the claim made in the theorem we set to prove.

You now prove theorem-15.2 and 15.3 without analysing them.

Theorem-15.5 : The product of two odd natural numbers is odd.

Proof : Let x and y be any two odd natural numbers.

We want to prove that xy is odd.

Since x and y are odd, they can be expressed in the form x = (2m  1), y = 2n  1 (for some
natural number m, n)

Then, xy = (2m  1) (2n  1)

= 4mn  2m  2n + 1

= 4mn  2m  2n + 2  1

= 2(2mn  m  n + 1)  1

Let  2mn  m  n  + 1 = l, any natural number, replace it in the above equation.
= 2l  1, l  N

This is definitely an odd number.
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Ã%�tKU*"$ÙX 15.3 ZzgX 15.2 Z[�¸U*"$�**å,X

�z¤t8Z°Z�»qÝ¢[¤t�@*ìX : 15.5 X
Ãð�z¤t8Z°Z��X y Zzg x �ÛnÙ� o]:

¤tìX xy ëU*"$�**eT��
n Zzg 'm' Å̂~ªCÙHYYìYÃð8°� y = 2n 1 Zzg x = (2m  1) ¤t�,ZyÃ y Zzg x YV�

Æa
xy = (2m  1) (2n  1)A$

Ãð8°�ìX 'l' �V gÚX Zz6,Å)zZ]~

��Zq-¤t°�ìX
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Theorem-15.6 :  The product of any two consecutive even natural numbers is divisible by 4.

Any two consecutive even number will be of the form 2m, 2m + 2, for some natural
number n. We have to prove that their product 2m (2m + 2) is divisible by 4. (Now try to prove this
yourself).

We conclude this chapter with a few remarks on the difference between how mathematicians
discover results and how formal rigorous proofs are written down. As mentioned above, each proof
has a key intiative idea. Intution is central to a mathematicians’ way of thinking and discovering results.
A mathematician will often experiment with several routes of thought, logic and examples, before she/
he can hit upon the correct solution or proof. It is only after the creative phase subsides that all the
arguments are gathered together to form a proper proof.

We have discussed both inductive reasoning and deductive reasoning with some examples.

It is worth mentioning here that the great Indian mathematician Srinivasa Ramanujan used very
high levels of intuition to arrive at many of his statements, whch he claimed were true. Many of these
have turned out to be true and as well as known theorems.

EXERCISE - 15.4

 1. State which of the following are mathematical statements and which are not? Give
reason.

i. She has blue eyes
ii. x + 7 = 18
iii. Today is not Sunday.
iv. For each counting number x, x + 0 = x
v. What time is it?

 2. Find counter examples to disprove the following statements:

i. Every rectangle is a square.

ii. For any integers x and y, 2 2x y x y  

iii. If n is a whole number then 2n2 + 11 is a prime.
iv. Two triangles are congruent if all their corresponding angles are equal.
v. A quadrilateral with all sides are equal is a square.

 3. Prove that the sum of two odd numbers is even.
 4. Prove that the product of two even numbers is an even number.
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Ð�.Þ�ìX 4 �z|ñ8Z°Z�»qÝ¢[ ËÌ : 15.6 X
4,2m(2m+2) Å̂~�VÐXëÃU*"$�**ì� 2m,2m + 2 Æa, n Ãð�z|ñZ°Z�,P8Z°Z�

Ð�.Þ�ìX)W\Zip�U*"$�äÅÃÒÙ(
ëZk!*[ÃPï]6,tCD�ñ»�D��¾§bgc*è�ZâVä}òZ~.KZzgù)±�{o]Ã

!*�°{¯c*,6�Zz6,Cc*�Hì�CÙo]ÆaZq-m~�t�@*ìXZq-gc*è�ZVÀZzgZÖgÆz�»�~g'y
y%XÆÀJ-àD�X g�rìZzgZÏãC�6,z{ZK�,ÎaZzg�ÑDÆfg=�!*]�@*ìÔZ4Ã#VÆ}òZÐ!*U

�8�VÆ�ÑDÃ½�äÆ��o]�ÛZë�@*ìX
ëäVßVÆ�BZ�ZðZ�ÑwZzgZ�ZYZ�Ñw�zâV6,cÅX
�VtC**ª:�Ç�[yz*ãgc*è�ZVuHZkgZâ¦äZLz].Zãz�»�ZEw�D�ñZ°Z�Ð
0Z�
Ã7KgZâg¦Æ¼��c*]9U*"$�ñX

e��fs~ÃyÐgc*MCÒ**]�ZzgÃyÐ7?zze�X .1

ZkÅW#��X (i)

x + 7 = 18 (ii)

W`ZÂZg7ìX (iii)

x + 0 = x Æa x CÙ2ÌÆ°� (iv)

Z[Hz�Ü�g;ì? (v)

fsÆÒ**]ÃßU*"$�äÆa#³VB�ØX .2

CÙlZq-%,ìX (i)

Æa y Zzg x Ãð9Z°Z� (ii)

Zq-G�ìX 2n2 + 11 Zq-å°�ìA$ n Z¤/(iii)

�z!5Ò5é II]§z�D�Z¤/ZyÆÓxpÐøiZz�)z~�VX (iv)

Zq-egVTÆÓx²)z~�VZq-%,�@*ìX (v)

U*"$Ù��z¤tZ°Z�»ù·ñ�@*ìX .3

U*"$<��zñZ°Z�»qÝ¢[Zq-ñ°��@*ìX .4

Dgc*è~o] ¥ÅF,¹cÓ#Ö»j
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 5. Prove that if x is odd, then x2 is also odd.
 6. Examine why they work ?

i. Choose a number. Double it. Add nine. Add your original number. Divide by three. Add four.
Subtract your original number. Your result is seven.

ii. Write down any three-digit number (for example, 425). Make a six-digit number by
repeating these digits in the same order (425425). Your new number is divisible by 7, 11, and
13.

WHAT WE HAVE DISCUSSED?

 1. The sentences that can be judged on some criteria, no matter by what process for their being
true or false are statements.

 2. Mathematical statements are of a distinct nature from general statements. They can not be
proved or justified by getting evidence while they can be disproved by finding a counter
example.

 3. Making mathematical statements through observing patterns and thinking of the rules that
may define such patterns.
A hypothesis is a statement of idea which gives an explanation to a sense of observation.

 4. A process which can establish the truth of a mathematical statement based purely on logical
arguments is called a mathematical proof.

 5. Axioms are statements which are assumed to be true without proof.
 6. A conjecture is a statement we believe is true based on our mathematical intution, but which

we are yet to prove.
 7. A mathematical statement whose truth has been established or proved is called a theorem.
 8. The prime logical method in proving a mathematical statement is deductive reasoning.
9. A proof is made up of a successive sequence of mathematical statements.

10. Begining with given (Hypothesis) of the theorem and arrive at the conclusion by means of a
chain of logical steps is mostly followed to prove theorems.

 11. The proof in which, we start with the assumption contrary to the conclusion and arriving at a
contradiction to the hypothesis is another way that we establish the original conclusion is true
is another type of deductive reasoning.

12. The logical tool used in establishment the truth of an unambiguious statements to deductive
reasoning.

13. The resoning which is based on examining of variety of cases or sets of data discovering
pattern and forming conclusion is called Inductive reasoning.
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Ì¤tìX x2 ¤tìA$ x U*"$Ù�Z¤/ .5

YõÙ�z{¾§b»x�@*ì? .6

¦ÙXZL°�Ã̧&ÙX 4 Zq-°�ÉÙ,ZkÃ�zkHÙZk~ZCGz£°�Ã¦ÙX&Ð�ÙX (i)

ìX 7 W\»³
(ZyyÎVÃZ+�F,KM~�CÙZD�ñZq-byÏ°�¯�X 425 Ãð&yÏ°�ÉÀ£4/õ JG)} (ii)

Ð�.Þ�ìX 13 Zzg 11,7 W\»
°� (425425)

�XÃËZßw6,Y�YY�,Ò**]BD�XZyÆ9c*ß�äÆ�g¼Ì�Mh�X .1

gc*MCÒ**],ÓxÒ**]ÐZ�D�,Z7o]Æfg=ßU*"$HYYìX .2

��âVÆx@{ZzgZßßVÆ¼pÐgc*MCÒ**]ú�bYD�X .3

Gz£z{ìwì�x@ZCIÃÒy�@*ìX
z{§iTÆþfg=Z�ÑwÅãC�6,Ò**]Å�Z�ÜÃ7HY@*ìLgc*MCo],B@*ìX .4

ñç´z{Ò**]��%o]ÆÌ9âäYD�X .5

Gz£z{Òyì	ëgc*MCªkÅZ�k6,9%�pëäZÐaiU*"$7HìX .6

LLXóóz{gc*MCÒyìTÅ�Z�ÜU*"$ÅYBìX .7

Zq-gc*MCÒyÃG�x§iÐU*"$�**Z�ZY�"BCìX .8

Zq-o]gc*MCÒ**]Å�zZgF,KMìX .9

XÃU*"$�ä»§itì�ËXÆ�b�ñGz�]ÐÑzq�D�ñ%³/%³xZ0+Zi~ .10

o]�ÛZëHYñX
o]Z,Ì�ÛZëHY@*ì�T~Gz�]ÐÑzq�D�ñ£/³»§�~³Z~.HY@*ìXt .11

§iÌZ�ZY�"»Zq-ZzgZ0+ZiìX)tz{§i¿ìTÆfg=ë£/³6,t�(X
Z�ZYZ�ÑwzZãÒ**]Å�Z�ÜÃYi»Zq-§iìX .12

Z�Zð�"ñZ�ÅZßgÂVc*NÅYõ�ä,�âVÅF,KM¥x�äZzg}òZ~.�äÆaHYä .13

zZÑ§iìX
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EXERCISE - 5.1

1. (i) Water Tank (ii) Mr. ‘J’ house
(iii) In street-2, third house on right side while going in east direction.
(iv) In street 4, first building on right side while going in east direction.
(v) In street 4, the third building on left side while going in east direction

EXERCISE - 5.2

1. (i) Q2 (ii) Q4 (iii) Q1 (iv) Q3

(v) Y-axis (vi) X-axis (vii) X-axis (viii) Y-axis
2. (i) abscissa : 4 (ii) abscissa : -5 (iii) abscissa : 0 (iv) abscissa : 5

ordinate : -8 ordinate : 3 ordinate : 0 ordinate : 0
(v) abscissa : 0

ordinate : -8
3. (ii) (0, 13) : Y-axis (iv) (-2, 0) : X-axis

(v) (0, -8) : Y-axis (vi) (7, 0) : X-axis
(vii) (0, 0) : on both the axis.

4. (i) -7 (ii) 7 (iii) R (iv) P
(v) 4 (vi) -3

5. (i) False        (ii) True (iii)  True (iv) False     (v) False     (vi) False

EXERCISE - 5.3

2. No. (5, -8) lies in Q4 and (-8, 5) lies in Q2

3. All given points lie on a line parallel to Y-axis at a distance of 1 unit.
4. All points lie on a line parallel to X-axis at a distance of 4 units.
5. 12 Sq.units. 6.  8 Sq. units

Answers
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»ky 'J' »[ (ii) 0*ãÅN*é (i) .1

óæ¹�~YDz�Ü¦SY+$»My%~kyX 2 Z7f$)�(X (iii)

óæ¹�~YDz�Ü¦SY+$Å«qg]X 4 Z7f$)�(X (iv)

óæ¹�~YDz�Ü�ZNY+$ÅMy%~qg]X 4 Z7f$)�(X (v)

Q3 (iv) Q1 (iii) Q4 (ii) Q2 (i) .1

X"g Y (viii) X"g X (vii) X"g X (vi) X"g Y (v)

5 : ª�c*¢}Ïî E
(iv) 0 ª�c*¢}Ïî E: (iii) -5 : ª�c*¢}Ïî E

(ii) 4 ª�c*¢}Ïî E: (i) .1

0 : �zuZ�c*¥ 0 ª�c*¥: 3 : �zuZ�c*¥ -8 �zuZ�c*¥:     

0 ª�c*¢}Ïî E: (v)

-8 �zuZ�c*¥:
X"g X : (-2, 0) (iv) X"g Y : (0, 13) (ii) .3

X"g X : (7, 0) (vi) X"g Y : (0, -8) (v)

:JZY (0, 0) (vii)

P (iv) R (iii) 7 (ii) -7 (i) .4

-3 (vi) 4 (v)

»f[ (iv) ��t (iii) ��t (ii) »f[ (i) .5

��t (vi) »f[ (v)

~zZµìX Q2 g, (-8, 5) ~Zzg Q4 g, (5, -8)7ó .2

X"gÆáZi~â6,zZµ��Zq-Z»ðÆÃA6,ìX Y �Ø�ÓxÕo .3

Z»ÇVÆÃA6,ìX 4 X"gÆáZi~â6,zZµ�� X �Ø�ÓxÕo .4

%,Z»×V 6 .6 %,Z»×VÔ 12 .5

�Z!*] ¥ÅF,¹cÓ#Ö»j

5.1 w

�Z!*]

5.2 w

5.3 w
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EXERCISE - 7.4

6. 7 7. No.

EXERCISE - 8.1

1. (i) True (ii) True (iii) False (iv) True
(v) False (vi) False

2. (a) Yes, No, No, No, No (b) No, Yes, Yes, Yes, Yes
(c) No, Yes, Yes, Yes, Yes (d) No, Yes, Yes, Yes, Yes
(e) No, Yes, Yes, Yes, Yes (f) No, Yes, Yes, Yes, Yes
(g) No, No, No, Yes, Yes (h) No, No, Yes, No, Yes
(i) No, No, No, Yes, Yes (j) No, No, Yes, No, Yes.

4. Four angles = 36°, 72°, 108°, 144°

EXERCISE - 8.3

1. Angles of parallelogram = 73°, 107°, 73°, 107°
2. Angles of parallelogram = 68°, 112°, 68°, 112°

EXERCISE - 8.4

1. BC = 8 cm.

EXERCISE - 11.1

1. 19.5 cm2 2. 114 cm2 3. 36 cm2

EXERCISE - 11.2

1. 8.57 cm 2. 6.67 cm
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7 .7 7 .6 

��t (iv) »f[ (iii) ��t (ii) ��t (i) .1 

»f[ (vi) »f[ (v)

7ó;Vó;Vó;Vó;V (b) ;Vó7ó7ó7ó7 (a) .2

7ó;Vó;Vó;Vó;V (d) 7ó;Vó;Vó;Vó;V (c)

7ó;Vó;Vó;Vó;V (f) 7ó;Vó;Vó;Vó;V (e)

7ó7ó;Vó7ó;V (h) 7ó7ó7ó;Vó;V (g)

(7ó7ó;Vó7ó;V j) (7ó7ó7ó;Vó;V i)
144° ó108° ó72° ó36° = egiZzØ .4

107° ó73° ó107° ó73° = áZi~ZÑHqÆiZzØ .1 

112° ó68° ó112° ó68° = áZi~ZÑHqÆiZzØ .2

BC = W¢a 8 .1 

36 cm2 .3 114 cm2 .2 19.5 cm2 .1

6.67 cm .2 8.57 cm .1

�Z!*] ¥ÅF,¹cÓ#Ö»j
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EXERCISE - 12.1

1. (i) Radius (ii) Diameter (iii) Minor arc
(iv) Chord (v) Major arc (vi) Semi-circle
(vii) Chord (viii) Minor segment

2. (i) True (ii) True (iii) True (iv) False
(v) False (vi) True (vii) True

EXERCISE - 12.2

1. 90° 2. 48°, 84° 3. Yes

EXERCISE - 12.4

1. 130° 2. 40° 3. 60°, 120° 4. 5cm.
5. 6 cm. 6. 4 cm. 8. 70°, 55°, 55°

EXERCISE 12.5

1. (i) x° = 75° ; y° = 75° (ii) x° = 70° ; y° = 95°
(iii) x° = 90° ; y° = 40°

5. (a),  (b), (c),  (e),  (f) = Possible ; (d) = Not possible

EXERCISE - 14.1

1. (a) 1, 2, 3, 4, 5 and 6 (b) Yes (c) 1
3

2. (a)
45 55;  

100 100 (b) 1

3. (a) Red (b) Yellow (c) Blue and Green (d) No chance

(e) No (It is random experiment)

4. (a) No.

(b) P (green) = 
5

12 ; P (blue) = 
1
4 ; P (red) = 

1
6 ; P (yellow) = 

1
6

S
.C

.E
.R

.T
.,
 T

e
la

n
g
a
n
a



¸kZû (iii) ¢ (ii) Û¢ (i) .1

Û�Z],{ (vi) ¸kZº (v) zF,(iv)

«Zû (viii) zF,(vii)

»f[ (iv) �� (iii) ��t (ii) ��t (i) .2

��t (vii) ��t (vi) »f[ (v)

;V .3 48°, 84° .2 90° .1

5 cm. .4 60°, 120° .3 40° .2 130° .1

70°, 55°, 55° .8 4 cm. .6 6 cm. .5

x° = 70° ; y° = 95° (ii) x° = 75° ; y° = 75° (i) .1

x° = 90° ; y° = 40° (iii)

(d) = e7 ; (a),  (b), (c), (e),  (f) = eì 5

(c) Yes (b) 6 Zzg 1, 2, 3, 4, 5 (a) .1

1 (b) (a) .2

ÃðZky7 (d) Zz�ZÔ!Zzguc (c) ig� (b) uc (a) .3

7)t�µ/�/ì( (e)

7 (a) .4

P )ig�(  = ; P )uc(  = P )Zz�Z(  = ; P = )!(  (b)

1 (c)

�Z!*] ¥ÅF,¹cÓ#Ö»j

12.1 w

12.2 w

12.4 w

12.5 w

14.1 w
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5. (a) P(E) = 
5

26 (b) P(E) = 
5

13 (c) 1 (d)
21
26

6. P(E) = 
7

11

7. (i) P = 
61

806 (ii) P = 
45

146 (iii) P = 
261
400 8.

3.43
16

EXERCISE - 15.1

1. (i) Always false. There are minimum 28 days in a month. Usually we
have months of 30 and 31 days.

(ii) Ambiguous. In a given year, Makara Sankranthi may or may not fall on friday.
(iii) Ambiguous. At some time in winter, there can be a possibility that Hyderabad have

2°C temperature.
(iv) True, to the known fact, so far we can say this but it can be changed if scientists find

evidances of life on other planets.
(v) Always false. Dogs cannot fly.
(vi) Ambiguous. In a leap year, February has 29 days.

2. (i) False, the sum of the interior angles of a quadrilateral is 360°.
(ii) True - eg. all negative numbers.
(iii) True- Rhombus has opposite side parallel to each other therefore rhombus is

parallelogram.
(iv) True
(v) No, all square number can not be written as a sum of two odd numbers, eg. 9 = 4+5

(But we can write all square numbers as a sum of odd, eg. 9 = 1 + 3 + 5 numbers)
3. (i) Only natural number

(ii) Two time a natural number is always even.

[eg. 
52
2

  = 5 (odd number)]

(iii) For any x > 1, 3x + 1 > 4 (iv) For any x   0, x3   0
(v) In an equilateral triangle, a median is also an angle bisector.

4. Take any negative number x = –2, y = –3
–2 > –3 (Given)

x2 = -2 × -2 = 4 (here x2 < y2)
y2 = -3 × -3 = 9
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(d) 1 (c) P(E) = (b) P(E) = (a) .5

P(E) = .6

(8) P =  (iii) P = (ii) P = (i) .7

�X �âVÆ¹ 31 Zzg 30 �y�D�ó¬xîg6,øg}0*k 27 å»f[�@*ìXZq-¹~ (i) .1

ãX�Ø��w~(ñZ�-ÃÌ�$Ëì7ÌX (ii)

J-VYñX 2oC ãXñÌuâ~�z�Üte�Yì�à©gM!*�»�gzwZg] (iii)

��tX|ÅgzÝ~ó�~tÈMh�1t$+wÌYìXZ¤/�0ZV�zu} (iv)

(gzV6,§])i0+Ï(Æo]�l�,X
å»f[�@*ìXÈQh7MhX (v)

�y�D�X 29 ãX�w«~â{�Ûzg~Æ (vi)

�@*ìX 360
o ��tXegVÆZ0+gzãiZz-V»ù· (i) .2

»f[XVwÆîg6,ÓxtZ°Z�X (ii)

��tX¥TÆ£.ÞÆ²áZi~�X®Zt¥áZi~ZÑHqìX (iii)

��t (iv)

9 = 4 + 5 7XÓx%�VÃ�z¤tZ°Z�Æù´Å̂~7�YY� (v)

(9 = 1 + 3 + 5 )1ëÓx%�VÃ¤tZ°Z�Æù´Å̂~ÉMh��
Üs8°� (i) .3

 ËÌ8°�»�kHåñ�@*ìX�)ñ°�( (ii)

x > 1, 3x + 1 > 4 ËÆaÌ (iii)

x 0,  x3 0 ËÆaÌ (iv)

[Æ)z~ZÑHq»zT6ZkÆiZzt»Ì**��@*ìX (v)

y x                   ÃðtZ°Z�³X .4

)�c*�Hì( -2 > -3                   

x2 = -2 × -2 = 4 x2 < y2 �V
y2 = -3 × -3 = 9

�Z!*] ¥ÅF,¹cÓ#Ö»j

15.1 w
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EXERCISE - 15.2

1. (i) Jeevan is mortal
(ii) No, X could be any other state person lke marathi, gujarati, punjabi etc.
(iii) Gulag has red tongue.
(iv) All smarts need not be a president. Here we have given only that all presidents are smart.

There could be some other people like some of the teachers, students who are smart too.
2. You need to turn over B and 8. If B has an even number on the other side, then the rule has been

broken. Similarly, if 8 has a consonant on the other side, then the rule has been broken.
3. The answer is 35.
• Statement ‘a’ does not help because by following the other clues you can tell that you need more

than on digit.
• Statement ‘b’ does not help because the one digit has to be larger than the tens-digit and the only

multiple of 7 and 10 is 70 and 0 is smaller than the 7.
• Statement ‘c’ helps because being a multiple of 7 concels out a lot of numbers that could have

been possibilities.
• Statement ‘d’ helps because being an odd number it too ancels out a lot of other possibilities.
• Statement ‘e’ does not help because the only multiple of 7 and 11 is 77 and the ones digit has to

bigger than the tens digit.
• Statement ‘f’ does not help.
• Statement ‘g’ helps because by using it there will be few numbers left.
• Statement ‘h’ helps by using it only 35 remains.

So - 3, 4, 7 and 8 helps and they only are enough to get the number.

EXERCISE - 15.3

1. (i) The possible three conjuctures are:
a) The product of any three consecutive odd number is odd.
b) The product of any three consecutive odd number is divisible by 3.
c) The sum of all the digits present in product of three consecutive odd numbers is

    even.
(ii) The possible three conjuctures are:

a) The sum of any three consecutive number is always even.
b) The sum of any three consecutive number is always divided by 3.
c) The sum of any three consecutive number is always divided by 6.
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Yzh+ÃãìX (i) .1

ËÌ�zu~gc*�&�%ZBó_ZCó�!z){»�YìX X7ó (ii)

g�Åi!*yÑwìX (iii)

ÓxfÖßS�gjC¢zg~7ìXëä�Vtec*��gfÖ�D�X1�V�zu}ZzgÌ (iv)

ßS�D��Z�(+{óC�ZyÐÌic*�{fÖ�D�X
Zq-ñ°�ìA$ZßwI^Y@*ìXZÏ§b 8 ÃZW�äÅ¢zg]ìX�zu~Y+$Z¤/ 8 Zzg B �V .2

�zu~Y+$wzsØìA$ÌZßwI^Y@*ìX 8 Z¤/
ìX 35 �Z[ .3

æ�7�YYè�zu}Z�ágZ]Ãcpg3YñÂM\tÈMh�M\ÃZq-ÐiZZ+ 'a' �V •

yÐÅ¢zg]ìX
æ�7�YYV�Z»ð»y�ó�;ðÆyÐÐ(,Z�**eFX 'b' Òy •

ÐgN*ìX 7 ó  0 ìZzg 70 »ü 10 Zzg 7

ÆZ's�äÅßg]~ic*�{Ðic*�{Z°Z�»ZkyìX 7 æ��@*ìYè 'c' Òy •

æ��@*ìYè¤t°�Åßg]~�zu}Ù]Ã(,JzZ�}Mh�X 'd' Òy •

ìXZ»ðÆy�Ã�;ðÆyÐÐ(,Z�** 77 »ü 11 Zzg 7 æ�7�@*Yè 'e' Òy •

eFX
æ�7�YX 'f' Òy •

æ��@*ìZ¤/ZkÃZEwHYñÂPZ°Z�$YD�X 'g' Òy •

°�ÃqÝ�ä 8 Zzg 7 ó4 ó3 dìXZk§b 35 æ��@*ìZ¤/ZkÃZEwHYñÂ 'h' Òy •

Æat»°�X

&ÂZ·�])ªk( (i) .1

Ãð&áZi~¤tZ°Z�»qÝ¢[¤t�@*ìX (a)

Ð�5+k,ìX 3 Ãð&áZi~¤tZ°Z�»qÝ¢[ (b)

&áZF,¤tZ°Z�ÆqÝ¢[~ñ��ÓxyÎV»ù·ñ�@*ìX (c)

&ÂZ·�])ªk( (ii)

Ãð&áZF,Z°Z�»ù·åñ�@*ìX (a)

Ð�.Þ��@*ìX 3 Ãð&áZF,Z°Z�»ù·å (b)

ÐÌ�.Þ��@*ìX 6 Ãð&áZF,Z°Z�»ù·å (c)
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4. 1111112 = 12345654321 11111112 = 1234567654321
Conjecture is true

6. Conjecture is false because you can not find a composite number for x = 41.

EXERCISE - 15.4

1. (i) No (ii) Yes (iii) No
(iv) Yes (v) No

2. (i) A rectangle has equal angles but may not be a square.
(ii) For x = 2; y = 3, the statement is not true.

(It is only true for x = 0; y = 1 or x = 0, y = 0)
(iii) For n = 11, 2n2 + 11 = 253 which is not a prime number.
(iv) You can give any two triangles with the same angles but of different sides.
(v) A rhombus has equal sides but may not be a square.

3. Let x and y be two odd numbers. Then x = 2m + 1 for some natural number m and
y = 2n + 1 for some natural number n.
x + y = 2 (m + n + 1). Therefore, x + y is divisible by 2 and is even.

4. Let x = 2m and y = 2n
Product xy = (2m) (2n)

         = 4 mn
6. (i) Let your original number be n. Then we are doing the following operations:

         
3 92 2 9 3 9 3 3 4 7 7 7

3
nn n n n n n n n n n

                  

(ii) Note that 7 × 11 × 13 = 1001. Take any three digit number say, abc. Then abc × 1001 =
abcabc. Therefore, the six digit number abcabc is divisible by 7, 11 and 13.
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11111112 = 1234567654321 1111112 = 12345654321 .4

(��tìX
Æaë%x'°�¥x7�MhX x = 41 Z0+Zi{)((»f[ìYè .6

7 (iii) ;V (ii) 7 (i) .1

7 (v) ;V (iv)

Z¤/Zq-lÆiZzØ)z~�A$z{%,7�YX (i) .2

ÆaÒy��t7ìX y = 3 óx = 2 (ii)

Æa��tì( y = 0 ó x = 0 c*y = 1 óx = 0 )tÜs
�G�°��ìX 2n2 + 11 = 53 Æa n = 11 (iii)

M\Ãð�z!5Ò5é II]¯Mh�XÆiZzØ)z~�1ZHqZ�X (iv)

Z¤/Zq-¥ÆZHq)z~�1z{Zq-%,7�YX (v)

n óP8Z°Z� X = 2m + 1 Æa m �z¤tZ°Z��A$P8Z°Z� Y Zzg X ây³� .3

Y = 2n + 1 Æa
  x + y = 2 (m + n + 1) 

Ð�5+k,ìZzgñìX 2 óx + y ®Z
Y = 2m Zzg X = 2m ây³� .4

qÝ¢[ xy = (2m) (2m) 

= 4mn           

ìXfs~ëPZqwZØx�}gì�X n ây³�M\»Z�°� (i) .6

Ãð&yÏ°�³X 7 x 11 x 13 = 1001 â^Ù� (ii)

abc x 1001 = abcabc A$ abc �
�.Þ�ìX 13 Zzg 11 ó 7 óabc abc ®ZbóyÏ°�
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SYLLABUS

Number System (10 hrs)

(i)  Real numbers

(i) Polynomials
Definition of a polynomial in one variable, its coefficients,
with examples and counter examples, its terms, zero
polynomial.
Constant, linear, quadratic, cubic polynomials; monomials,
binomials, trinomials. Zero / roots of a polynomial /
equation.
State and motivate the Remainder Theorem with examples
and analogy to positive integers (motivate).
Statement and verification of the Factor Theorem.
Factorization of ax2 + bx + c, a  0 where a, b, c are real
numbers and factorization of cubic polynomials using the
Factor Theorem.

Algebra  (20 hrs)

(i) Polynomials

(ii) Linear Equations in
TwoVariables·

(i)  Real numbers
Review of representation of natural numbers, integers, and
rational numbers on the number line.
Representation of terminating / non terminating re
curring decimals, on the number line through successive
magnification.
Rational numbers as recurring / terminating decimals.

Finding the square root of 2 , 3 , 5 correct to
6-decimal places by division method
Examples of nonrecurring / non terminating decimals
such as  1.01011011101111—
1.12112111211112—

and 2 , 3 , 5  etc.

Existence of non-rational numbers (irrational numbers)
such as 2 , 3 and their representation on the number
line.
Existence of each real number  on a number line by using
Pythogorian result.
Concept of a Surd.
Rationalisation of  surds
Square root of  a surd of the form a b
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»[

ÇZ°Z� (i) ]( 50 Z°Z�»Âx)
°�~â6,8Z°Z�,9Z°Z�Zzg**rZ°Z�ÆZÖg»Z¬�{X ÇZ°Z� (i)

)ÉZ�gt»ZÖgX / ½ÂVúÆfg=°�~â6,É
ÉZ�gtX / ÇZ°Z��gáZà

» , ,
�©R-+ö
GG

G§jÆfg=
B.gZ»,¥x�** 9Z�gc*ð£xJ- 6 

)ÉZ�gtÅVB�X / )áZà
1.01011011101111.......

1.12112111211112.......

z){X , , Zzg
Zy»°�~â6,ZÖgX Zzg , )**rZ°Z�»z���

¢45é EG
I¨g=³Åæ�Ð°�~â6,CÙZq-Ç°�Æz��Ãe**X
ZÈ»¦gX
ZÈÃ���é EG**X

Mg.V (i) ]( 20 ZrZY)
Zq-o~Mg�Å°RZk»°�~¢d$VßVZzg Mg.V i

¯�VßVÆfg=ÐZkÆZg»yZzgMg�»#X �zoZ]~é)zZ] ii

x,é,�z�gY,�½�-öEMg.V,q-g�,�zg�,�g�,Mǵ43ðEGV
)zZ]X / g� / Æ#

µ9Z°Z�ÆVßVÆfg=X!*¹ÃÒyÙZzg�u¯�X
b%z¢!Æ)DÃÒyÙZzgZkÅ¤&ÙX

Ç c,b,a ÆZb%Zñ¢~¥x�**�V ax2 + bx + c, a /= 0

Z°Z��Xb%z¢!ÆXÅæ�ÐMǵ43ðEGV»k¥x�**X
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Geometry (40 hrs)

(i) The Elements of
Geometry

(ii) Lines and Angles
(iii) Triangles

(iv) Quadrilaterals
(v) Area
(vi) Circles
(vii) Geometrical

Constructions

Recall of algebraic expressions and identities.
Further identities of the type:
(x + y + z)2   x2 + y2 + x2+ 2xy + 2yz + 2zx
(x ± y)3   x3 ± y3 ± 3xy (x ± y)
x3 + y3 + z33xyz   (x + y + z)(x2+ y2 + z2 – xyyzzx)
x3 +y3   (x + y)(x2  xy + y2)
x3  y3   (x  y)(x2 + xy + y2)
and their use in factorization of polynomials.

(ii) Linear Equations in TwoVariables

Recall of linear equations in one variable.

Introduction to the equation in two variables.

Solution of a linear equation in two variables

Graph of a linear equation in two variables.

Equations of lines parallel to x-axis and y-axis.

Equations of  x-axis and y-axis.

Coordinate geometry
Cartesian system

Plotting a point in a plane if its co-ordinates are given.

Coordinate geometry

(i) The Elements of Geometry

History – Euclid and geometry in India. Euclid’s method of
formalizing observed phenomenon onto rigorous mathematics
with definitions, common / obvious notions, axioms /
postulates, and theorems. The five postulates of Euclid.
Equivalent varies of the fifth postulate. Showing the
relationship between axiom and theorem.

Given two distinct points, there exists one and only one line
through them.

(Prove) Two distinct lines cannot have more than one point
in common.

(5 hrs)
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ZrZð�gÂVZzgZ»ÇV»Z¬�{ ·

Z»ÇVÆZlxX ·

(x+y+z)
2
 = x

2
 + y

2
 + z

2
 + 2xy + 2yz + 2zx 

(x-+y)
3
 = x

3
 -+ y

3
 -+ 3xy (x -+ y) 

x
3
+y

3
+z

3
 -3xyz = (x + y + z) (x

2
+y

2
+z

2-xy-yz-zx)

x
3
+ y

3
= (x+y) (x2-xy+y2)

x
3- y

3
= (x-y) (x2-xy+y2)

ZzgMǵ43ðEGVÆZb%Zñ¢!~Zy»ZEw
�zoZ]~é)zZ' (ii)

Zq-o~é)zZÂV»Z¬�{X ·

�zoZ]~)zZ]»¬gsX ·

�zoZ]~Zq-é)zZ]»iX ·

�zoZ]~Zq-é)zZ]ÅF,®X ·

X"gÆáZi~èoÅ)zZ] y X"gZzg x ·

X"gÅ)zZ'X y X"gZzg x ·

&B3}é
EG]Åææ~)¥ææ~( ]( 5 ¥ææ~)

(Cantesian system) »g!~Âx ·

Z¤/&B3}é
EG]��YNÂ�~~Ã̀�g`�**X ·

]( 40 ææ~)
ææ~ÆÁÜ (i)

èoZzgiZz� (ii)

!5Ò5é II] (iii)

egV (iv)

gK (v)

�Z],} (vi)

ææ~¯z� (vii)

ææ~ÆÁÜ (i)

¸Z2zZã /  @*gõXZ½kZzgyz*y~ææ~Z,Gz�] ·

�uìÑ],°d]ÐJgc*èÆx@Z]ÅZ½k / ¦gZ]
Æ§jÐ���i~�**Z½kÆ0*õGz�]Xç�w,0*v,
Gz2ÐZµ�@*ìXZZzgcz�]Æ�gxyģÃe**X
�b��zZÕoÐÜsZq-�â5YYìX ·

)o](�zZèoZq-ÐiZZ+�u7̀gnpX ·
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(iii) Triangles
(Motivate) Two triangles are congruent if any two sides
and the included angle of one triangle is equal to any two
sides and the included angle of the other triangle (SAS
Congruence).
(Prove) Two triangles are congruent if any two angles and the
included side of one triangle is equal to any two angles and the
included side of the other triangle (ASA Congruence).
(Motivate) Two triangles are congruent if the three sides of
one triangle are equal to three sides of the other triangle (SSS
Congruence).
(Motivate) Two right triangles are congruent if the hypotenuse
and a side of one triangle are equal respectively to the
hypotenuse and a side of the other triangle.
(Prove) The angles opposite to equal sides of a triangle are
equal.
(Motivate) The sides opposite to equal angles of a triangle are
equal.
(Motivate) Triangle inequalities and relation between ‘angle
and facing side’; inequalities in a triangle.

(ii) Lines and Angles

(Motivate) If a ray stands on a line, then the sum of the two
adjacent angles so formed is 1800 and the converse.
(Prove) If two lines intersect, the vertically opposite angles
are equal.
(Motivate) Results on corresponding angles, alternate
angles, interior angles when a transversal intersects two parallel
lines.
(Motivate) Lines, which are parallel to given line, are parallel.
(Prove) The sum of the angles of a triangle is 1800.
(Motivate) If a side of a triangle is produced, the exterior
angle so formed is equal to the sum of the two interior opposite
angles.
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èoZzgiZz� (ii)

1800 )�u(Z¤/Zq-â6,Zq-ÃqzZµ�YñÂ�z|iZzÇV»ù·
�@*ìZzgZk»',@X
)o](�zZèoZq-�zu}ÃÀ�zZgs�D�Â£.ÞÆiZz�
)z~�D�X
)�u(Z#�záZi~èoÃZq-�éâs�}A$ZkÆ�Z½iZz�,
��wiZz�O~iZz�Æ}òX
)�u(èo����âÆáZi~�z{ÌáZi~�X

�@*ìX 1800 )o]([ÆÐViZz-V»ù·
)o](Zq-[ÆZq-IÃWÐ(,Jc*YñÂ{gYiZztáCì,�
£.ÞÆ�Z½iZz-VÆù´Æ)z~�@*ìX

!5Ò5é II] (iii)

)�u(�z!5Ò5é II]§z�D�,Z¤/Zq-[Æ�z²ZzgZq-À!iZzt
SAS �zu}[Æ�z²ZzgZkÆÀ!iZz�Æ)z~�X)

§W(

)o](�z!5Ò5é II]§z�D�Z¤/Zq-[Æ�ziZz�ZzgÀ!I
§W( ASA �zu}[Æ�ziZz�ZzgÀ!IÆ)z~�X)

)�u(�z!5Ò5é II]§z�D�Z¤/Zq-[ÆÐV²�zu}[
§W( SSS ÆÐV̂VÆ)z~�X)

)�u(�z�ìZ²Zzt[§z�D�Z¤/Zq-[»zF,ZzgI!*nKM
�zu}[ÆzF,ZzgIÆ)z~�X
)o](Zq-[Æ)z~ZHqÆ£.ÞÆiZz�)z~�D�X

�X )�u(Zq-[Æ)z~iZz-VÆ£.ÞÆZHq)z~�D
)�u())z~[c*iZztZzg»IÆ�gxyģ,))z~

!5Ò5é II]X
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(iv) Quadrilaterals
• (Prove) The diagonal divides a parallelogram into two

congruent triangles.
• (Motivate) In a parallelogram opposite sides are equal and

conversely.
• (Motivate) In a parallelogram opposite angles are equal and

conversely.
• (Motivate) A quadrilateral is a parallelogram if one pair of its

opposite sides are parallel and equal.
• (Motivate) In a parallelogram, the diagonals bisect each other

and conversely.
• (Motivate) In a triangle, the line segment joining the mid points

of any two sides is parallel to the third side and (motivate) its
converse.

(v) Area
• Review concept of area, area of planar regions.
• Recall area of a rectangle.
• Figures on the same base and between the same parallels.
• (Prove) Parallelograms on the same base and between the

same parallels have the same area.
• (Motivate) Triangles on the same base and between the same

parallels are equal in area and its converse.

(vi) Circles
• Through examples, arrive at definitions of circle related

concepts radius, circumference, diameter, chord, angle
subtended by arc.

• (Prove) Equal chords of a circle subtend equal angles at the
centre and (motivate) its converse.

• (Motivate) The perpendicular from the centre of a circle to a
chord bisects the chord and conversely, the line drawn through
the centre of  circle to bisect a chord is perpendicular to the
chord.
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egV (iv)

)o](Zq-áZi~ZÑHq»zF,ZkÃ�z§z!5Ò5é II]~��@*ìX
)�u(Zq-áZi~ZÑHq~£.ÞÆZHq)z~�D�ZzgZk»
',@X
)�u(Zq-áZi~ZÑHq~£.ÞÆiZz�)z~�D�ZzgZk»
',@X
)�u(Zq-egV,áZi~ZÑHq�@*ìZ¤/ZkÆ£.ÞÆZHq»
Zq-�háZi~Zzg)z~�X
)�u(Zq-áZi~ZÑHq~ZkÆzF,Zq-�zu}Å��D�
Zzg',@X
)�u(Zq-[~,é«ZkÆÃð�zZHqÆzVÕoÃ5@*ì,z{

�}IÆáZi~�@*ìZzg',@X

gK (v)

�~´̧V»gK,gKÆ¦g»Z¬�{X
l»gKX

ZDw�Zq-��°{ZzgáZi~èoÆ�gxy¯ñYD�X
)o](áZi~ZÑHq�Zq-��°{ZzgáZi~èoÆ�gxy0*ñ
YD�gÕ~)z~�D�X
)�u(!5Ò5é II]�Zq-��°{ZzgáZi~èoÆ�gxy¯ñYD�
gÕ~)z~�D�ZzgZk»',@X
�Z],} (vi)

VßVÆfg=�Z],}Å°R�**ZzgZkÐ¦́gZ]�Û¢,
¥,¢,zF,,¸k,iZzt£�)¸kÐ�WzZÑiZzt(Å� {X

)o](Zq-�Z],}Æ)z~zF,ZkÆ%�/6,)z~iZzt¯D�Zzg
)�u(ZkÆ',@X
)�u(Zq-�Z],}Æ%�/ÐZkÆzF,6,¤/Zc*�HÀ�ZkÅß�@*
ìXZzgZk»',@Z¤/Zq-âzF,Åß�@*ìz{zF,6,À�zZgÌ�@*ìX
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• (Motivate) There is one and only one circle passing through
three given non-collinear points.

• (Motivate) Equal chords of a circle (or of congruent
circles) are equidistant from the centre (s) and conversely.

• (Prove) The angle subtended by am arc at the centre is
double the angle subtended by it at any point on the
remaining part of the circle.

• (Motivate) Angles in the same segment of a circle are
equal.

• (Motivate) A line segment joining any two points subtends
equal angles at two other points lying on the same side of it
then the four points are concyclic.

• (Motivate) The sum of the either pair of the opposite angles
of a cyclic quadrilateral is 1800 and its converse.

(vii) Geometrical Constructions
Construction of a triangle given its base, sum / difference of
the other two sides and one base angles.
Construction of a triangle when its perimeter and base angles
are given.
Construct a circle segment containing given chord and given
an angle.

Mensuration (15 hrs)

(i) Surface Areas and
Volumes

(i) Surface Areas and Volumes
Revision of surface area and volume of cube, cuboid.
Surface areas of cylinder, cone, sphere, hemi sphere.
Volume of cylinder, cone, sphere. (including hemi spheres)
and right circular cylinders/ cones.

Statistics and Probability
(15 hrs)

(i) Statistics

(ii) Probability

(i) Statistics
Revision of ungrouped and grouped frequency
distributions.
Mean, Median and Mode of ungrouped frequency distribution
(weighted scores).

(ii) Probability
Feel of probability using data through experiments.  Notion
of chance in events like tossing coins, dice etc.
Tabulating and counting occurrences of 1 through 6 in a number
of throws.
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)�u(�b�&)ëâÕoÐZq-ZzgÜsZq-�Z],{¦/g@*ìX
)�u(Zq-�Z],}Æ)z~zF,)§z�Z],zVÆ(%�/Ð)z~ÃA
6,�D�ZzgZkÆ',@X
)o](�Z],}Æ̧kÐ%�/6,�WzZÑiZzt,�Z],}Æ!*¹8]õ OÅË

y6,�WzZáiZzt»�kH�@*ìX
)�u(�Z],}ÆZq-�«ÆiZzt)z~�D�X
)�u(Ã~�zÕoÃ5äzZÑé«)z~iZz�¯@*ìZkÆZq-�
Y+$zZµ�zÕo6,Zk§bZkÆegÕoë�Z],z~�D�X

180
0
 )�u(Zq-�Z],~egVÆ£.ÞÆiZzÇVÅ�h~»ù·

�@*ìZzgZkÆ',@X
¯z� (vii)

ZkÆ�zZHq»ù·c*�ÛtZzg�°}»iZzt / [¯**Z#�Zk»�°{
�c*�H�X

[¯**Z#�Zk»Zq©Zzg�°}ÆiZz��b��VX
Zq-�Z],~«¯**Z#�zF,ZzgiZzt�c*�H�X

»gKZzgZ (i) ]( 15 )s#)    

kZzgkú»»gKZzgZ»Z¬�{X »gKZzgZ  (i)

Z2Z:,�zo,�{Zzg4�{»»gKX
Z2Z:,�zo,�{,�ì�Z],~Z2ZäZzg�zo»ZX
Ñgc*] (i) ]( 15) Ñgc*]Zzgª�+

¤/z�Zzg)¤/z�
�©R-+ö
GG

G®�~»Z¬�{X Ñgc*] (i)

)¤/z�
�©R-+ö
GG

G®�~»Zz�,zT6ZzgF6X ª(] (ii)

ª(] (ii)

ª(]ÃCk�Z**!��5éG]ÃZEw�D�ñ�!*]Æfg=XöeZ}
)0*³(z){ÃZYsz�ÜzZãZ0+Zi{Î**X

~ÐZq-z̧q5+k,�äzZázZu]Å2ÌZzg].zw 6 �Å®Z�~
ÅF,KMX
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Proofs in Mathematics
(5 hrs)

(i) Proofs in
Mathematics

(i) Proofs in Mathematics
Mathematical statements, verifying them.
Reasoning Mathematics, deductive reasoning
Theorems, conjectures and axioms.
What is a mathematical proof.

Comparing the observation with that for a coin. Observing
strings of throws, notion of randomness.
Consolidating and generalizing the notion of chance in
eventslike tossing coins, dice etc.
Visual representation of frequency outcomes of repeated
throws of the same kind of coins or dice.
Throwing a large number of  identical dice/coins together and
aggregating the result of the throws to get large number of
individual events.
Observing the aggregating numbers over a large number of
repeated events.Comparing with the data fora coin. Observing
strings of throws, notion of randomness.
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Academic standards are clear statements about what students must know and be able to do.
The following are categories on the basis of which we lay down academic standards

Problem Solving

Using concepts and procedures to solve mathematical problems

(a) Kinds of problems:

Problems can take various forms- puzzles, word problems, pictorial problems, procedural
problems, reading data, tables, graphs etc.

(b) Problem Solving - steps

Reads problems

Identifies all pieces of information/data

Separates  relevant pieces of information

Understanding what concept is involved

Recalling of (synthesis of) concerned procedures, formulae etc.

Selection of procedure

Solving the problem

Verification of answers using theorems, problems based on theorems.

(c) Complexity:

The complexity of a problem is dependent on the following

Making connections (as defined in the connections section)

Number of steps in the problem

Number of operations in the problem

Context unraveling

Nature of procedures

Reasoning Proof

Reasoning between various steps

Understanding  and making mathematical generalizations and conjectures

Understands and justifies procedures·Examining logical arguments.

Academic Standards
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Understanding the notion of proof

Uses inductive and deductive logic

Testing mathematical conjectures

Communication

Writing and reading, expressing mathematical notations (verbal and symbolic

 forms)

Ex: 3 + 4 = 7,  3 < 5,  n1+n2= n2+n1, Sum of angles = 1800

Creating mathematical expressions

Explaining mathematical ideas in her own words like- a square is closed figure having
four equal sides and all equal angles

Explaining mathematical procedures like adding two digit numbers involves first adding
the digits in the units place and then adding the digits at the tens place/ keeping in mind
carry over.

Explaining mathematical logic

Connections

Connecting concepts within a mathematical domain- for example relating adding to
multiplication, parts of a whole to a ratio, to division. Patterns and symmetry,
measurements and space

Making connections with daily life

Connecting mathematics to different subjects

Connecting concepts of different mathematical domains like data handling and
arithmetic or arithmetic and space

Connecting concepts to multiple procedures

Visualization & Representation

Interprets and reads data in a table, number line, pictograph, bar graph,
2-D figures, 3-D figures, pictures

Making tables, number line, pictograph, bar graph, pictures.

Mathematical symbols and figures.
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LEARNING OUTCOMES

The learner

• applies logical reasoning in classifying real numbers, proving their properties
and using them in different situations.

• identifies/ classifies polynomials among algebraic expressions and factorises
them by applying appropriate algebraic identities.

• relates the algebraic and graphical representations of a linear equation in one or
two variables and applies the concept to daily life situations.

• identifies similarities and differences among different geometrical shapes.

• derives proofs of mathematical statements particularly related to geometrical
concepts, like parallel lines, triangles, quadrilaterals, circles etc., by applying
axiomatic approach and solves problems using them.

• finds areas of all types of triangles by using appropriate formulae and apply them
in real life situations.

• constructs different geometrical shapes like bisectors of line segments, angles
and triangles under given  conditions and provides reasons for the processes of
such constructions.

• develops strategies to locate points in a Cartesian plane.

• identifies and classifies the daily life situations in which mean, median and mode
can be used.

• analyses data by representing it in different forms like, tabular form (grouped or
ungrouped), bar graph, histogram (with equal and varying width and length), and
frequency polygon, frequency curve and ogive curves

• calculates empirical probability through experiments and describes its use in
words.

• derives formulae for surface areas and volumes of different solid objects like,
cubes, cuboids, right circular cylinders/ cones, spheres and hemispheres and
applies them to objects found in the surroundings.

• solves problems that are not in the familiar context of the child using above
learning. These problems should include the situations to which the child is not
exposed earlier.
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Textbook - Overview

The Government of Telangana has decided to revise the curriculum of all the subjects based on
State Curriculum Frame work (SCF - 2011) which recommends that children’s life at schools must be
linked to their life outside the school.  Right to Education (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.
The introduction  of syllabus based on National Curriculum Frame Work - 2005 is every much necessary
especially  in Mathematics and Sciences at secondary level with a national perspective to prepare our
students with a strong base of Mathematics and Science.

The strength of a nation lies in its commitment and capacity to prepare its people to meet the
needs, aspirations and requirements of a progressive technological society.

The syllabus in Mathematics for three stages i.e. primary, upper primary and secondary is based
on structural and spiral approaches.  The teachers of secondary school Mathematics have to study the
syllabus of classes 8 to 10 with this background to widen and deepen the understanding and application
of concepts learnt by pupils in primary and upper primary stages.

The syllabus is based on the structural approach, laying emphasis on the discovery and understanding
of basic mathematical concepts and generalisations. The approach is to encourage the pupils to participate,
discuss and take an active part in the classroom processes.

The present text book has been written on the basis of curriculum and Academic standards emerged
after a thorough review of the curriculum prepared by the SCERT.

The syllabus has been divided broadly into six areas namely, Number System, Algebra, Geometry,
Measuration, Statistics and Coordinate Geometry.  Teaching of the topics related to these areas
will develop the skills prescribed in academic standards such as problem solving, logical thinking,
mathematical communication, representing data in various forms, using mathematics as one of the
disciplines of study and also in daily life situations.
The text book attempts to enhance this endeavor by giving higher priority and space to opportunities
for contemplations.  There is a scope for discussion in small groups and activities required for
hands on experience in the form of ‘Do this’ and ‘Try this’. Teacher’s support is needed in setting
the situations in the classroom.

Some special features of this text book are as follows
The chapters are arranged in a different way so that the children can pay interest to all curricular
areas in each term in the course of study.
Teaching of geometry in upper primary classes was purely an intuition and to discover properties
through measurements and paper foldings. Now, we have stepped into an axiomatic approach.
Several attempts are made through illustrations to understand, defined, undefined terms and axioms
and to find new relations called theorems as a logical consequence of the accepted axioms.  Care
has been taken  to see that every theorem is provided initially with an activity for easy understanding
of the proof of those theorems.
Continuous Comprehension Evaluation Process has been covered under the tags of ‘Try this’ and
‘Think, Discuss and Write’.  Exercises are given at the end of each sub item of the chapter so that
the teacher can assess the performance of the pupils throughout the chapter.
Entire syllabus is divided into 15 chapters, so that a child can go through the content well in bit wise
to consolidate the logic and enjoy the learning of mathematics.
Some interesting and historical highlights are given under titles of Brain teasers, Do you know will
certainly help the children for creative thinking.
Colourful pictures, diagrams, readable font size will certainly help the children to adopt the contents
and care this book as theirs.

Chapter (1)  Real  Numbers under the area number system and irrational numbers in detail.The child can
visualise the rational and irrational numbers by the representation of them on number line. Some history of
numbers is also added e.g value of   to create interest among students. The representation  of real numbers on
the number line  through successive magnification help to visualise the position of a real number with a non-
terminating recurring decimal expansion.
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Chapter (2)  Polynomials and Factorisation under the area algebra dealt with polynomials in one variable
and discussed about how a polynomial is diffierent  from an  algebraic expression. Facrtorisation of
polynomials using remainder theorem and factors theorem is widely discussed with more number of
illustrations . Factorisation of  polynomials were discussed by splitting the middle term with a reason
behind it. We have also discussed the factorisation  of some special polynomials using the identities  will
help the children to counter various tuypes of factorisation.
Chapter (3) Linear equations in two variables  under the same area will enable the pupil  to discover
through illustative examples,the unifying face of mathematical structure  which is the ultimate objective
of teaching   mathematics as a system. This chapter links the ability of finding unknown with every day
experience.
There are  7 chapters of Geometry i.e (3, 4, 7, 8, 11, 12 and 13) were kept in this book. All these
chapters  emphasis learning geometry using reasoning , intutive understanding  and insightful personal
experience of meanings. It helps in communicating and solving problems and obtaining  new relations
among various plane figures. Development  geometry historically  through centuries  is given and discussed
about Euclid’s  contribution in development of plane geometry through his collection “The Elements”  .
The activities and  theorem were given on angles, triangles, quadrilaterals , circles and areas. It  will
develop induction, deduction, analytical thinking and logical reasoning. Geometrical constructions were
presented insuch a way that the usage of an ungraduated ruler and a compass are necessary for a
perfect construction of geometrical figures.
Chapter (5)  deals with coordiante geometry as an alternate  approach to Euclidean geometry by means
of a coordinate  system and associated algebra. Emphasis was given to plot ordered pairs on a cartesian
plane ( Graph ) with a wide variety of illustratgive examples.
Chapter (9)  statistics deals with importance of statistics , collection of statistical data i.e grouped  and
ungrouped , illustrative examples for finding mean, median and mode of a given data was discussed  by
taking daily life sitution.
Chapter (14) Probability is entirely a new chaper  for secondary school students was introduced with
wide  variety of examples which deals with for finding probable chances of success in different fields.
and  mixed proportion problems with a variety of daily life situations.
Chapter (10) surface areas and volumes we discussed  about finding  curved (lateral) surface area, total
surface area and volume of cylinder, cone and  sphere. It is also discussed the  relation among these
solids  in finding volumes and derive their formulae.
Chapter (15) Proofs in mathematics will help ;the students to understand what is a mathematical statement
and how to prove a mathematical statement in various situations. We have also discussed about axiom ,
postulate, conjecture and the various stages in proving a theorem with illustrative examples.  Among
these 15 chapters the teacher has to Real Numbers, Polynomials and Factorisation, Co-ordinate geometry,
Linear equation in two variables, Triangles, Quadrilaters and Areas under paper - I and the elements of
Geometry, lines and  angles, Statistics, Surface as a part of are volume, Circles Geometrical constructions
and probability under paper - II.
The success of any course depends not so  much on the syllabus as on the teacher and the teaching
methods  she employs.  It is expected that all concerned  with the improving of  mathematics education
would extend their full co operation in this endeavour.
Mere the production of good text books does not ensure the quality of education, unless the teachers
transact the curriculum the way it is discussed in the text book.  The involvement and participation of
learner in doing the activities and problems with an understanding is ensured. Therefore it is expected
that the teachers will bring a paradigm shift in the classroom process from mere solving the problems in
the exercises routinely to the conceptual understanding, solving of problems with ingenity.

Text Book development committee
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Highlight from History

“The Wonder of Discovery is especially keen in childhood”
How a child  become Ramanujan a great mathematician of all the time?

Srinivasa Ramanujan was the one who never lost his joy at learning
something new. As a boy he impressed his classmates, senior students and
teachers with his insight and intuition.  One day in an Arithmetic class on division
the teacher said that if three bananas were given to three boys, each boy would
get a banana and he generalised this idea.  Then Ramanujan asked “Sir, if no
banana is distributed to no student will every one still get a banana?” Ramanujan’s
math ability won several friends to him. Once his senior student posed a
problem “If  7x y   and 11x y  , what are x and y”.  Immediately
Ramanujan replied x = 9 and y = 4. His senior was impressed and became a
good friend to him.  In his school days, along with school homeworks,

Ramanujan worked with some patterns out of his interest.

Ramanujan

2

2

2

2

1 12 1
4 2

1 1(2 3) 2
4 2

1 1(2 3 5) 5
4 2

1 1(2 3 5 7) 14
4 2

    
 

     
 

      
 

       
 

    ... and so on

3 9 1 8  

   1 (2 4)  

   1 2 16 

   1 2 1 15  

   1 2 1 (3 5)   

and so on ...

Srinivasa Aaiyangar Ramanujan is undoubtedly the most celebrated Indian Mathematical genius.
He was born in a poor family at Erode in Tamilnadu on December 22, 1887.  Largely self taught, he
feasted on “Loney’s Trigonometry” at the age of 13, and at the age of 15, his senior friends gave him
synopsis of Elementary results in pure and Applied mathematics by George Carr.  He used to write his
ideas and results on loose sheets.  His filled note books are now famous as “Ramanujan’s Frayed
note books”. Though he had no qualifying degree, the university of Madras granted him a monthly
Scholarship of Rs. 75 in 1913. He had sent papers of 120 theorems and formulae to great mathematican
G.H. Hardy (Combridge University, London). They have recognised these as a worth piece and invited
him to England.  He had worked with Hardy and others and presented numerical theories on numbers,
which include circle method in number theory, algebra inequalities, elliptical functions etc. He was
second Indian to be elected fellow of the Royal Society in 1918.  He became first Indian elected fellow
of Trinity college, Cambridge.  During his illness also he never forget to think about numbers.  He
remarked the taxi number of Hardy, 1729 is a singularly unexceptional number.  It is the smallest
positive integer that can be represented in two ways by the sum of two cubes; 1729 = 13+123 =
93+103. Unfortunately, due to tuberculosis he died in Madras on April 26, 1920. Government of India
recognised him and released a postal stamp and declared 2012 as “Year of Mathematics” on the
eve of his 125th birth anniversary.
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SIGNS AND SYMBOLS OF SCHOOL MATHEMATICS
Sign/symbol Read as Mathematical meaning

 plus or minus Add or Substract

 not equal to unequal

 therefore logical flow of a statement

 infinite not finite

 is similar to same in geometrical shape

 is congruent to same shape and same size

 is identically equal to equivalent statements

 for all universal quantifier

square root of square root of a number
3 cube root of cube root of a number
 cup of union of sets

 cap of intersection of sets

 phi symbol for golden ratio

% percent of per hundred
o degree angle measure
 delta / triangle symmetric difference in sets/symbol of triangle
 belongs to an element belong to a particular set

 equivilent to one to one correspondence
, ,  alfa,beta,gamma greek lettetrs to represent zeroes of polynomial
 mu universal set symbol
 pi circumference of a circle / diameter
 sigma sum of scores

sin , cos , tan  sin theta,cos theta,tan theta trigonometric ratios

x x bar arithmetic mean
loga x log x to the base a logarthemic function

(a, b) point (a, b) ordered pair (a, b)
|x| mod x absolute value of a real number

P(x) P of x a polynomial function in x
P(E) P of E probability of an event

 Since reasoning at a stage
rupee symbol of Indian rupee

| | is parallel to parallel lines

 is perpendicular to making 90 degree with a line
{   } flower bracket used to set notation
PQ arc PQ arc of a circle

 a2 a square square of a number

 angle symbol of angle
 theta measurement of an angle
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Notes
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