Domain GEOMETRY

Practical Geometry

Students' Learning Qutcomes
After studying this sub-domain, students will be able t \ y

Know that the perpendicular distance from a point to a line is the sho r&tance to the line.
Construct different types of triangles. (equilateral, isosceles, ‘Pv icute-angled, right-angled and obtuse-angled)

Can you identify
the lines and
shapes in the
given image?

/ Geom the branch of mathematics Euclid (300 BC)
7 whi Is with the study of points, lines, was the first
‘$S and solids. mathematician who
Geometry helps us what design to make which plays an made remarkable
important role in the construction of houses, buildings, achievements in
dams etc. Art and architecture are based on geometry. geometry.
l RECALL §

Constructmn of Angles Usmg Compass and Ruler

e ———— ) '—.':w

We have learnt in previous class about the construction of angles 30° 45°, 60°, 75°, 90°, 105° and 120°.
We will revise here the construction of 60° and 90°.

P~  ay, Ny

‘.
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; (&
m Construction of an angle of 60°
m Steps of construction

i. Draw aray 4B of any suitable length. )
ii. Taking point 4 as centre, draw an arc of any suitable radius with 60°
compass intersecting AB at point X. 4 | B

iii. Taking point X as centre, draw an arc of same radius cutting the previous arc ::TE&LY.
iv. Draw AC passing through point Y. We get an angle of 60° i.e., m£BAC =

ormation |

In previous class we have also learnt how to bisect Bisection of angl

| means to ﬁnjﬁ
Example 2 Construction of an angle of 90° @

30°. Bisection of an angle
, half of the given angle
Remember! |
| —

For the construction of angle 90°,

we use the angles 60° and 120°.

the given angle. Bisect the angle of 60°,

m Steps of construction

i.  Draw aray CD of any length. 9

1. With point C as centre, draw an arc of an table with F
compass which intersecting @ at point )& I\

4
ii1. With point X as centre, draw an arc OQITIG ra@ntersecting K
the previous arc at point Y. Q

7 4
iv. Taking point Y as centre, drax’v@rc of @adlus intersecting /(/ »\
]

the first arc at point Z.

N

C Ix 8
v. Taking points Y and tres o arcs of any suitable radius a . |
— "7 Do you know? —
)

If we draw a ray through Z

cuttmg each other a
vi. Draw CF thrm@)mt W. We get an angle of 90°. i.e., m£DCF = 90°.

. we will get an angle of 120°.j

E— |
Brain Teaser! ———,
T—
If we bisect the angle 90° which angle do we get? )

Triangles and their Constructi0n>

Triangles are closed figures with three line segments (called sides) and three angles inside it. Triangles
|

are used in patterns for design and in construction. i -j-* Remember! |
‘i _—
D—(Types of Triangles) A triangle has 3 sides, 3 angles and 3 vertices.

Triangles are mainly divided into two types: Egyptians built pyramids that are triangular in shape.

(a) Triangles with respect to sides (b) Triangles with respect to angles

= <,
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(a) Trlangles wnth respect to s1des

S A I B S A

Scalene Trlangle
A triangle with all sides of different measure is called scalene triangle.

/\//

Isosceles Triangle

A tnangle with two sides of equal measure is called an isoscales tnanglo N
/\ F \_0

B C ¥ Y P M

‘\\, (a\ |

In AABC, mAB = mAC and /B and ZC are called baﬁ&g S. o8] Try yourselt

In AXYZ and ALMN, name the base
angles and vertical angle.

BC is base and /A is called vertical angle.
Equilateral Triangle Q \

A triangle with all sides of equal me 1s c equﬂateral triangle.
: : — |
Rem@er' ] s gswr;“} .i, Need to Know! =,
=  —
¢ in an equilateral The sum of all interior angles of a |
60°. triangle is 180°. )
‘(b) i i
Acute Angled Tri@ 55°
A tri @called an acute angled triangle if all
angles are than 90°. 75° 50 70° 70°
] ]
* A Need to Know! | . Remember! |
- r—_ \gr“ . . .
An acute angled triangle can be equilateral If sum of two angles in a triangle is greater
ot soseales than 90°, the triangle is acute angled.
. .
Right Angled Triangle =
=
A triangle is called a right angled triangle if exactly one angle is equal to 90°. é
4
In right angled triangle LMN, £
(=
LN is the hypotenuse, LM is base and MN is perpendicular. W

-
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i, 53 A Need to Know! | ?._"'";_—_1 Remember!
- % g m—

In right angled triangle, one angle is 90° and the sum of the other

two is 90°. i.e., other two angles are complementary.

A right angled triangle can be
isosceles.

Obtuse Angled Triangle
A triangle is called obtuse angled triangle if exactly

i
: o]
one angle is of megsure greater than 90°. . a
W =
# _@ . Remember! /'—'y_& ;f %; d. Need to Knuw :
S m——

*  An obtuse angled triangle can not be equilateral. If the sum Of two angl ss than 90°, then the
= An obtuse angled triangle may be isosceles or scalene. triangle will be obtu triangle. |

EXERCISE 4.1 ®+

L. Identify the triangles with respect to sides.

o g
LS < 3
}
3cm
2. Identify the triangles with respe
op
[/ 40°/\,
- P
Con ‘(‘}1‘011 of T?ian gles> "ﬁ."f':w"jfz ~ Need to Know!

The sum of the length of any two sides
in a triangle is always greater than the
length of the third side.

r@ o know how triangles are constructed. We
s with respect to sides and angles.

It is very imp@

construct tgja

Example 3 Construction of Equilateral Triangle

Construct an equilateral triangle ABC of a side length 5cm.
; l Method

m Steps of construction

i.  Draw a line segment 4B of length Scm.
ii. Construct an angle of 60° at points 4 and B with the help of compass.
1. Draw two rays from points 4 and B meeting each other at point C.

Therefore, AABC is the required an equilateral triangle. A
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— |
73 Remember!
A

2"d Method -

We can construct the following angles with compass:
302, 45°.:60°, 75°, 90°..105°, 120°, 1357, 1507

Bore

Steps of construction

1. Draw a line segment 4B of length 5cm.

il. With centres at points 4 and B, draw arcs of radius Scm with
compass which intersecting each other at point C.

iii. Draw rays AC and BC.
Therefore, AABC is the required an equilateral triangle.

Example 4 Construction of an isosceles triangle.

Construct a triangle ABC with mAB = 6 cm as base and base ang&(@

m Steps of construction ,&

i. Draw mAB = 6¢m with ruler.

ii. Using protractor, draw an angle of 50° at pomt B.
iil. Draw rays from points 4 and B meeting C. @
Therefore, AABC is the required an 1sosém
with mAC = mB z% 3 =— k
Construction o'f ht @-mngle
Construct a right angled trlan st 1

>

“¢¢2— Brain Teaser! ;
(3 mXY=52cm! mLY =90° A .
(b)  length ofh po use ¥Z="*cm and mXY = 6 cm Can you find m2C? 1

tw
@ teps of construction Z
3 . B
i. Draw .2 cm with ruler. =
ii. Taking centre at point Y, construct an angle of 90° and ).2

draw a ray YW i.e., mZXYW = 90°.

iil. Draw an arc of radius 4.5 cm with centre at point Y Z(\}\

cutting YW at Z.

iv. Join points X and Z. ¥ oy -t
Therefore, We get a right angled triangle XYZ i, —
with hypotenuse XZ. @Q" Brain Teaser! |
—-"'_
Measure XZ J
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m (b) Steps of construction AT

Draw mYZ =17 cm. X
ii. Draw perpendicular bisector 4B of YZ with the ><
help of compass and ruler and mark the point O S

where AB intersects YZ (Point O is on }7).

iii. Taking the point O as centre, draw a semi-circle

M

of radius mOZ using compass. Y
iv. Taking the point Y as centre draw an arc of

7
o
radius 6 cm cutting the semi-circle at point X. \\'0

v. Join point X with points Y and Z.

We get AXYZ with m2X = 90° &Q)
l‘ S=hal Important In gl
%——_& 1 N

Smce point Q is the mldpm o mOY = mOZ |

"W IR Construction of Scalene Tq\%\j \@

We construct a scalene triangle when
(a) Length of two sides and thei luded a@le are given, —
triang -
() it oF o dides at Fule Qen Asca]ene jangle can be acute angled,
right angled or obtuse angled.
(c) Two angles and the@ude

d &'are given.

(a) Length of two i luded angle are gwen :~

mmmmm it B A e A R M TR, A1 s it

=

|
i€ %H Remember! |

Draw a line segment 4B of 5.5 cm long.

ii. Construct an angle of 45° at point B with compass
and draw a ray BT.

iii. With centre at point B, draw an arc of radius 4.5 cm

—

with compass which intersecting BT at point C.

iv. Join point 4 with point C.

We geta scalene tnangle 4BC. Construct a trlangle with measure of sides 3.8 cm,

4.2 cm and 5 cm using compass and ruler.
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;;(b) Length of two sides and an angle are gwen §

e A S e TS A TR AR

Example 7 Draw a ADEF such that mDE = 5.7 cm, mEF = 7.5 cm and mZD = 120°

m Steps of construction G

i. Draw mDE=5.7 cm.

ii. Construct an angle 120° at point D using a compass

N 7.5
and draw DG such that mZEDG = 120° i
iil. With centre at point E, draw an arc of radius 5.7 cm O
with compass which intersecting DG at point F. D 57 om

iv. Join pomts Eand F. We get ADEF whlch is scalene and obtuse an

L i g

Example 8 Draw a AXYZ such that mXY 7 cm, méX 48° antyn/ZY = 56°

m Steps of construction ,&

i. Draw a line segment XY of measure 7 cm.

1. Construct angles 48° and 56° at points X an sp tlvely
and Y

using protractor and draw two rays from p01
iii. These rays intersect each other at point Z

We get AXYZ which is scalene and a angl@

—___ 7 cm ¥
Shortest Dlstance * We have I us class how to PY
draw perpendlcular from a p01 1n ﬁgure PO is
perpendicular to the line AB PQB 90°. -
It is clear from the ﬁg re ortest distance from point 4 0 =
Pto AB Hence we conclu that < >
The s distance is always perpendicular. 7
In parallel d and m, the shortest distance is d which is —

perpendicttai\to™ and m. €

Example 9 Find the shortest distance of a point P from the line 4B in the given figure.
m Steps of construction 1
1. With centre at point P draw an arc of any suitable radius which
intersecting 4B at points L and M. 244l
ii. With centres at points L and M draw two arcs of any suitable - S - A
radius which intersecting each other at point R. A L\—g/ M B
iil. Draw a ray PQ passing through point R intersecting E at point C.
iv. P_Q is the perpendicular and mPC = 2.4 cm (measured by ruler) is RXQ
v

the shortest distance from point P to the line AB.

P~ ay, N
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148
o ¥ = - e
. . , ' Important Information | : t-:%" Activity N
Z\MJ_

A perpendicular bisector is a line which divides a Draw the perpendicular bisector on side A8 of a

line segment into two equal parts. triangle ABC taking any suitable measures of its sides.

\\_

 EXERCISE 4.2

1. Using compass and ruler, construct the following angles: $
(1) 30° (i)  45° (i)  75° (iv)  105° @

2. Construct a right angled triangle XYZ in which mXY=6.5cm, mZY=4Q

3. Construct a right angled triangle ABC with hypotenuse 4B of meas

Ais 52°. - | - «@

150°
ht angle at point X.

cm and measure of angle

4. Construct an equilateral triangle of side length 4.7 cm.

5. Construct an isosceles triangle DEF given that mDE = um is the base and equal sides are EF and
DF each of length 6.5 cm. @"

6. Construct an isosceles triangle GHI with vertical@ at point G of measure 100° and mGH = 6 cm.

7. Construct a triangle XYZ with mYZ = 5.3 cm@ =452 1£Z = 30°.

8. Construct a triangle POR with mP‘_Q =7¢ R 5@311(1 mZQ="75°

9. Construct a triangle FGH with mGH = @m m ° and mFG = 6.9 cm.

10. Draw a line segment PQ of measu m. Ta a point A4 above PQ and draw a perpendicular from

the point A to PQ. What is the’s@st d1 pomt A from PQ2
\ K ~-SUMMARY —
/ ‘ ‘ Q% Wt o - el A \

ith respect to angles are: acute angled , right angled and obtuse angled.

» with respect to sides are: scalene, isosceles and equilateral.
» Triangle can be constructed if:

(a) length of all sides are given.

(b) when length of two sides and their included angle are given.
(c) when two angles and their included side are given.

(d)  when length of two sides and any angle are given.

\ The shortest distance from a point to a line is always perpendicular.




Angle Properties of
Polygons

Sub-domain

Students' Learning Outcomes

After studying this sub-domain, students will be able to:

. Recognise quadrilaterals and their characteristics =« Understand the relatj between interior and
(parallel sides, equal sides, equal angles, right angles, exterior angles o ns and between opposite
lines of symmetry etc.) square, rectangle, interior and ext glesin atriangle.

parallelogram, rhombus, trapezium and kite. . Calcula t@l rior and exterior angles of a
. Differentiate between convex and concave polygons. polyg the sum of interior angles of'a polygon.

. Calculate unknown angles in quadrilaterals using the esinatriangle.

. Cateulate unknown angl
properties of quadrilaterals. (square, rectangle, &

\ parallelogram, rhombus, trapezium and kite).

l/

This is the honeybee hix
Can you see geome

Who have taught ghe skill to {tl e for
@ ®

@
e

F ) L)

T
.

-
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Introduction >

There are many 2D figures around us in triangular, square, rectangular, pentagonal or hexagonal in our

daily life. These figures are used to make patterns in different 3D objects.

These figures are base of geometry which are useful to teach in elementary education.

m| |
u)
Square { Parallelogram {' Rectangl Hexagon
ul [

Angle Properties of Triangle>

The sum of all interior angles in a triangle is equal to 180°.

ie, x+y+z=180°inAABC «Q)

If we extend the side BC to BD we get mZACD = w as ex
angle of A ABC.

We see that interior and exterior angles at p@int ¢C are

z+w=180° — supplemenu&gles \

Triangle

£ %' Remember! [ —
v—

supplementary

Angle formed between a side and

extended side is called exterior angle.

= w=180°—-z .

But x+y+z=180° Q K Slu]lP‘_-
4 O O ill Practice —
xty= 180°—z \ K —
xty=w v @180 In A ABC, find x, if y = 36 andw=l(]0j
E ; je= ; : . 1 ik EE——
xterior angle = OO 1 opposite angles 52105, Important Information -
s ) ( Eavi I Teiamel ) [ A8
; qa 3@ fangie mZA=180° —2m2B (vertical angle)

In equilatera] th all angles and sides are equal. = 180° —mZA (pase angle)

2

In the x+x+x=180° ="

Skill Practice
T—

3x =180°

o - Find vertical angle of an isosceles
x = 60° (each angle is equal to 60°) . ; .
triangle if base angle is 75°.

Isosceles Triangle) y

InAABC,  mAB=mACand m/B=m/C
ZB and ZC are called base angles and £4 is called vertical

angle of isosceles triangle.

B G
= <,
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_ C
iil ) —{ Right Angled Triangle )

In right angled triangle, exactly one angle is 90° and other two angles are complementary. 53°
In AABC, mZB =90°, mZA=37° and m~ZC = 53°
Where Z4 and ZC are complementary angles. 370

|
@ Skill Practice | A B
[ -

If complementary angles in a right angle triangle are equal to each other, then find ﬂ*les}

Example 1 Find unknown angles in the following figures:

bl il = 180° 20
2x=180°-100° = x= ? =40°

A
Ex@}lgle = Sum of two interior opposite angles
Q @ 60° +x
=110° - 60°

: %® x=50°
Siangle is right angled, So
5 y+55°+90°=180°

y+145°=180°
y=180°-145° = y=35°

Sum Of@ A triangle = 180°
10

The given triangle is equilateral
ata+a=180° = 3a=180° = a=060°

a and x are alternate.i.e., x=a = 60°

The given triangle is isosceles
X+x+112=180°

2x=180°-112° = 2x =68° = x=34°

ABCD is equilateral

3a=180° = g=60° also ¢=x (AA4ABD is isosceles)

c+tx=a = x+x=6(0° (Theexterior angle is equal to the
sum of two opposite interior angles)
2x=60° = x=30°

\
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Identification of Quadrilaterals )

Any four sided closed figure is called quadrilateral. It has four angles and four vertices. There are

following different types of quadrilaterals:

Square Rectangle / Trapezium \ ' |

Noir_ _we discuss their properties in detail. (@0% C;pr"+ A Need to Know!
. S —
, Squa.ﬁ sum of interior angles of any
(i) All four sides are of equal length. /& quadrilaterals is equal to 360°.
— = — D

i.c., mAB = mBC = mCD = mAD @ > F
(i1) Four angles, each of measure equal to 90°. ’\

e, mZA=msB=m/C =msD = 90° A X A
(iii)  Two pairs of parallel sides i.e., A_]| ﬁ BC?
(iv)  Diagonals are of equal length i.e., m i > A

idpoint of both diagonals is same.

(V) Diagonals bisect each other at t O i.e.{
(vi)  Diagonals are perpendicuta @ sach @., mZAOB=m/BOC=m/COD=m/A0D =90°
k(\/11) Since AB || DC, so alt(@ anglf_sﬁgl;med are equal i.e., mZCAB =mZACD etc.

>
—— -
~ Rectangle - 3 D =%
2L >
(i) It has fou@iOpposite sides are of equal length.
i.c../NEIMDC and mAD = mBC A - A
(i1) inferior angle is equal to 90°.
e, mZA=m/B=m/C=m/D=90° y » B
(1)  Two pairs of parallel sides i.e., AB I DC and BC I AD. o Thi;;(_
|
(iv)  The following alternate angles are formed with the diagonals g
mZBAC =m/DCA and mZABD = m/CDB etc. & overy squatca roctangicy

(v)  Diagonals are of equal length i.e., mAC = mBD.
(vi)  Diagonals bisect each other at point O and the midpont of diagonal 4C = midpoint of diagonal
BD.

- —
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4 P';;:_lilelogram?“

———

(1) It has four sides. Opposite sides are of equal length. b >

ie, mAB = mDC and mAD = mBC

(ii) Two pairs of parallel sides.  (Opposite sides are parallel) .
i.e., AB| DC and BC || AD A > B
(111))  The following alternate angles are formed with the diagonals Ok
Remember! |

mZBAC =mZDCA and mZABD = mZCDB

e,
)% =—
Every square is a

(iv)  Opposite angles are equal i.e., m£4A =mZC and mZB =mZL
(v) Adjacent angles are supplementary due to parallel lme&@
mZA+msD = 180° and m£B + mZC = 180°
(m£LA, m£D) and (mZB, mZC ) are two pairs )\n r angles of parallel lines.

(vi)  Diagonals bisect each other at point O a

parallelogram and
every rectangle is a
parallelogram.

id point of diagonal 4C = mid point of

diagonal BD. kQ &Q

L

- ~ (@
~ Rhombus - O % N
(1) Ail four sides are of equal | €, = mBC = mCD = mAD

Alternate and interior angles

(ii)  Opposite sides are p g@\e AK and BC || AD. o pored dusto paraltel linies,

(1i1)  Diagonals are n @1

al@d they bisect the angles 2

msZA, mZB, m dmé ‘k
]

(iv) D1ag011 @ct each other at right angle at point O and 4 " @

dlagonal AC = midpoint of diagonal BD.
ite angles are equal in measure ' Think &
—_—

Le., mZA=msCand m£LB=msLD What is the difference between a rhombus and a square?}

\ )
3 Kite 1 ~

- . . . . 19
(1) Two pairs of adjacent sides are of equal length i.e., mPQ = mQOR and mPS = mRS

P R

o — O

(i) One pair of opposite angles are equal. i.e., nZP=m/R
i‘;@-l. Try yourself!
(1i1)  Diagonals are perpendicular to each other. >/ _ = \
PORS.
o

= Name two isosceles triangles in kite
(iv)  One diagonal OS bisect the other diagonal PR.
\.

+ Name two right angled triangles in kite PORS.

- —
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(i)  Only one pair of parallel sides i.e., XY || WZ W S 4
(11))  Two pairs of interior angles of parallel lines
i.e,mZWXY+mZXWZ=180° and 0
mLXYZ +mZWZY = 180° =
(iii)  The pairs of alternate angles of parallel lines. X i
Le.mZYXZ=m/WZX and msZ XYW =mZLZWY $
(iv)  Vertically opposite angles at point O are: mZXOY = mZLZOW m&’ =mLZOY
\

Find the unknown angles x, y or z in the following:

<
Ox
e
v 5
]

agonals bisect the angles of square, so

£ Since t i
45° 45° &

90°
=2 e
*T 7

) mZLC=msLD = 45°

Y +45° +45° = 180°

3 +90° = 180°
3 =90°

From ABCX:

D
Y b So,
76°
\ @ N .
Since
54° . o}
> . B
ABCD is a rectangle

In ACDX,

Since each angle is 90°,
So, m<B=90°
a=90° - 54°

=36°

ark angles a and b as shown

x+76°+a=180°
x+76°+36° = 180°

x=180°-112°
=68°

mZBCD = 90°
b+76°=90°

So,

b=90° - 76°
= 14°

Interior angle = Sum of two opposite interior angles

x=b+y
68°=14+y
y=068°—14°
=54°
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Solution
Mark angle a as shown
Since, PO || SR
So, x=39° Alternate angles of parallel lines
> 390 Since, opposite angles in parallelogram are equal, so
z mZPSR=mZ/PQOR
y=152°+58°=

X > 529 5 a=152° Alt gles of parallel lines
P 0 In ASRX, 6
at+tz+39°=1

52°+2+39° =

&@80“’ 91° = 89°

PORS is a parallelogream

D Mark as qhown
Sinc&% als bisect the angles

:‘:\3 b, x = 20° They are also alternate angles
41X ’ of parallel lines
(84 R
y Q 1 W C is right angled
x|a

: &S apy =150
; O y@Jr 90° = 180°

=180°-110° =70°

ABCD is a rhombus Q K y
C szaar an§ a and b as shown. Diagonals are at right angle to

" ea, er. So, a and 62° are complementary angles in right
d A XTY

a+62=90°
a=90°—62°=28°
Since A XZW is isosceles, so b = 40°
In right angled A XWT, b and y are complementary

b+ y=90°
Y 40°+ y=90°
XYZW is a kite y=50°

Diagonals intersect parallel lines AB and DC

X =32° Alternate angles of parallel lines

In A ABD,
y+32°+ 83° = 180°
ok y=180°— 115°
ABCD is a trapezium y=65°
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R —
EXERCISE 4.3 ‘

L. Find unknown angles in the following figures.

x 600 -4
X A B

Point O is the midpoint of’
the diagonals and mOB = mBE

A
3. Find th{ é@n angles in the following figures.
é 35°

Rectangle Rectangle

O %A CNI®

Rhombus Parallelogram Kite Trapezium

N
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Polygons >

The design of floor or walls are usually square, triangular, pentagonal or hexagonal. Due to symmetry,

—ecesenengld

7" Remember!
LEN

o —

The sides of polygon are line

their designs are fascinating,.

Any closed 2D shape with three or more sides is called polygon. If a

polygon has n-sides, then this polygon has n-angles and n-vertices. segments.

| J

' ™ 'a - ™
Polygon with three sides is called a triangle.

Polygon with fK
sides is ca])ﬂq~
quw%l
o

\_% J

s v ’ N
We have already studied dl es of quadrilateral.
\. k2 J/

’

Pentagon (5-sideg ; agon (6-sides) | Heptagon (7-sides) | Octagon (8-sides) Nonagon (9-sides) Decagon (10-sides)

D—{ um of Interior Angles of a Polygon)

The number of sides of a polygon is equal to the number of angles. We

know that the sum of interior angles of a triangle is 180°.

We can find the sum of interior angles of a quadrilateral by dividing the
figure into two triangles.

The sum of interior angles of the quadrilateral = Sum of interior angles of triangle-I and II

= 180° + 180°
or =2 % 180°
or =(4-2)x180°
=360°
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O
If we divide the pentagon into three triangles then the sum of interior angles 11
of pentagon = Sum of interior angles of triangles I, II and III.
= 180° + 180° + 180° L
=3 x 180° = 540°
=(5-2) % 180°
We have seen that
i Shape Sum of interior angles w R
Triangle 180° =1 x 180° (3@-11800
Quadrilateral 360°=2x 180° | AWP-2) x 180°

Pentagon 540° =3 x 180° " "(5-2) x 180°
n-sided polygon (n—2) = 180°
Hence, the sum of interior angles of n-sided polygon = @1 80°

Example 3 Find the sum of interior angles of: < )
(i)  Hexagon ta

Solution

(i)  Here n=6 (Hexagon has 6 51des) O % Here n =8 (Octagon has 8 sides)
Sum of interior angles = (n — & Sum of interior angles = (n — 2) x 180°

s @) — (8 _ 7Y x 180°
%\ 1804\ =(68>< 128)00180

@ 0° 0 =1080°

Example 4 ind unknown value .

@e given figure is a pentagon

interior angles of a pentagon = (n — 2) x 180°
=(5-2) x 180°
=3 x 180° = 540°

Su

1 1
Sum of interior angles = x + x + x + Ex + Ex
= 3x+x
=4x
4x = 540°
= 9l

4
=135°
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ii)—(The Sum of Exterior Angles of a Polygon)

An exterior angle of polygon is formed when one of its side is extended. Then the angle formed with the

adjacent side is called exterior angle.

For example in ABC, interior angles are mZA4 = 60°, m£B =70° and m£C = 50°.

Exterior angles at point 4, B, C are 120°, 110° and 130° respectively.

We notice that sum of exterior angles in a triangle
=120°+ 110° + 130°
=360°

In case of quadrilateral PORS the exterior angles at P,
0O, R and S are 104°, 102°, 96° and 58° respectively.

Sum of these exterior angles = 104° + 102° + 96° + 58

=360° p
We have seen that the sum of exterior angle is Q

both triangle and quadrilateral. So,

Sum of exterior angles of any polygon QSOC' %

' """"gle; of a Polygon |

From the above examples& ote é&ntenor and exterior angles are adjacent and they are
supplementary. So, the,su nter

e AR TN b s R RN s A

(a) Rotatlon between Interl

"/~

A

exterior angles at a point is equal to 180°.

18 Int%angle + Exterior angle = 180°

mf Polygons>

There are two main types of polygons  (a) Concave polygon (b) Convex polygon

g N AR byt AT

(;) C oncave Polygon

. Greater
than 180°

polygon.
For example: In the figure, one angle is of measure greater than 180°
(i.e., one angle is reflex). So, it is a concave polygon. If we draw

diagonals, we see that one of its diagonals lies outside the polygon. Concave polygon

= <,
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(b) s o ]y gon
A polygon which has all of its angles less than 180° is called convex polygon.
All of its diagonals lie inside the polygon as shown in the figure. Each angle is
less than 180°.

i

Convex polygon

The number of diagonals in a polygon can be caleulated by the i
—3 . . oy .
formula "(”T) where # is the number of sides of the polygon. ’\J‘ W

Find the number of diagonals of pentagon and octagon and also

L draw these figures with their diagonals. )

Draw a poh@l has two reflex angles.

(1) Identify the exterior angles of pentagon ABCD, E

(i) Find the exterior angles at vertices 4, B, C

(iii) Find the value of x. O 4

A

< B
(iv) Identify the polygon (concave or co ) \Q by

Solution 4 X'~

(i) The angles marked at vertices A.é > D and Ea#a, b, c, x and e are exterior angles of pentagon
ABCDE. Because they are fo witg\ ended side of the polygon.

(i)  The exterior angle at p(@a =£§ 507 =805 5 ——
The exterior angl a@ B, °_118°=62° Z aj;ﬂ“";’s‘l 'Important Information
The exterior angl% point C, =180° - 110° = 70° The exterior angle at point D can
The exterid@ie atpoint £, e = 180°—116° = 64° e it
x=180°-d
(iii) Tofi l@a ue of x, first we find the value of d.
Th f interior angles of pentagon= (n — 2) x 180°
=(5-2) % 180°
=3 x 180° = 540° Find whether the sum of exterior
angles of pentagon ABCDE is equal
Adding all the interior angles of pentagon t0 360°.

90° + 118° + 110° + d + 116° = 540°
434° +d =540° = d=106°
Since x is exterior angle, so x = 180° — 106°
=74°
(iv)  Since each of the interior angle of the pentagon is less than 180°, so it is a convex polygon.
= <
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Regular Polygon >

A polygon is said to be regular if all of its sides are equal in measure. A regular polygon also has all of

its interior angles (or exterior angles) equal in measure.

An equilateral triangle and square are regular polygons because each -

side is of equal length and all of the interior angles are equal.

e e i e RS Rl )

lnterlor Angle of Regular'Polygon i

i

&l

‘u»«‘»

lnterlor angle can be found by dividing sum of the interior

R B i 0 b O

angles by number of sides (») i.e.,
Sum of all interior angles

Interior angle = -
Number of sides

(n—2)x 180°
a .‘?

e SR

Each interior angle
is equal in me e

i s,

Exterlor Angle of Regular Polygon

A g TR AT M T e

A i A P AR R 7 il

(b) e 4
We know that sum of extermr angles of every pol
all exterior angles are equal in measure. So,

o

Exterior angle =——
n

Example 6 Find interior and exteps

angles
(i) n=6

(11) n=9
@i n=6 ‘\
Sum of interior angles O%ngn = & % 180°
A
= 720°

g

n is the numbe

Solution gon

@0 Interior angle = =120°
$ Exterior angle = = 60°
(i) =9 (Nonagon)
. (n—2) x 180°
Interior angle = =
(9-2) x 180°
- 9
7x 180" = 140°
-5 =
Exterior angle = 180° — interior angle
= 180° — 140° = 40°

3 ¥ ——A

* <, 2, Important Information |
e EEE——

A regular pentagon and a regular

hexagon arg;

[

o ———
Skill Practice

—

Draw a pattern made of repeating

equilateral triangle.

th n- sndes is equal to 360°. In regular polygon

lar polygon with given number of sides (n).

,

'.'b— Working

interior angle

120° =60°

Exterior angle = 180° —
=180°—

Working

The sum of all exterior
angles of hexagon = 6 x 60° = 360°

Sum of all exterior
angles of nonagon = 9 x 40° = 360°

—

-

~ « 42,05, Important Information b=
==

Bee honeycomb is a
network of regular

hexagon

= <



Example 7

. Mathematics 7 M.

(1) The interior angle of a regular polygon with n-sides is 144°. Find the value of .

(i)  The exterior angle of a regular polygon is 30°. Find the number of sides of the polygon.

Solution

(1) Interior angle = 144°
Number of sides = n
Interitor angle = (n — 2) x 180°

n

144° =

144n =180n — 360
180n — 144n =360
360
36
n=10

Example 8 ABCDE is a regular penta

1

(i) mZCBF Qﬁi)
“Soiion 4 o;,\o
(i) A pentagon has n = @‘é : 0\'
M

Interior angle = p

) - (5-2) x 180°
Interio a@ I S—

3x 186°36
=
=108°

(i) mZABC=108°
mZ ABF = 90°

Reflex angle CBF
mZABC + mZABF

108° + 90°
= 198°

mZCBF =360° — 198°
=162° (which is obtuse)

G
w ABF%UMG. Find:

(1) Interior angle of pent@'l

«O

360°

(1)  Exterior angle =
; o
O~

(iii) ADCE is isosceles because of
regular pentagon

Let mZCDE=108° and mZDCE=a
So, 108°+a+a=180°
2a = 180° - 108°

mZDCE = 36°
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e

. _;En‘—j,' 5, Important Information | N
| A

A tessellation is a repetitive pattern of
polygons that fit together without
overlapping and without gaps between
them. Find a tessellation anywhere in

. your house or city.

vvvvvvv

I8l TS

lIIIIIII

CECECE

AVAVAVAVAVAVAY
1]

P

[

/[\.!\I\.F\(\}'\

EXERCISE 4.4

Find the sum of interior angles of a polygon with given number

(1) n=7 (11) n=9
Find an interior angle of a regular polygon with give 1%{ of sides (n):
(1) n==6 (i) n=8 % (i) n=15

Find exterior angle of a regular polygon with@ number of sides (n):

i n=7 (if) n=Q \Q) (i) n=10

Find number of sides (#) of a rcgula %gon cn an interior angle:
(1) 108° ¢ (i)  150°
Find number sides () of ré& polyé@h given an exterior angle:
(1) 32 = 11) (i)  24°
The figure ABOA 1s a regu hexagon: "

(1) Fl@@value of xand y
(11 ntify two exterior angles in the polygon.

(i11)  Find the value of s and of 7.

Draw diagonals in the given figures g ..
8 ’ . (1) (i)

to identify which polygon is concave

and which is convex?
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8. The interior angles of a pentagon are in the ratio 1:2:3:4:2. Find these angles.
9. The size of each interior angle is 8 times the exterior angle in a regular polygon. Find the number
of sides of the polygon.

10.  The given polygon is a heptagon. Find the value of x.

QO

7 . SUMMARY ~
* Insquare, rectangle, parallellogram and rhombus, dlagona @each other and midpoint of one
diagonal =midpoint of the other diagonal.
* Intrapezium, there are two parallel lines. /&@
* Anyclosed 2D figure with three or more sides lled a polygon.

1 thefSi rangles) are of equal measure. Equilateral

* Apolygon which has at least one reflex angel i8§aid to b @kave polygon.
* Apolygon is said to be a regular polygc&

triangle and square are regular pol
*  Thesum ofinterior angles of 3 ygon @KQ) x 180, with n-sides.

*  Thesum of exterior angle is 360°

« Thesize of interior %@l ygon is (n—2)x180° 2) 180°

¢ Thesizeof ex

n
e Thesu gﬁ interior and corresponding exterior angles of any polygon is 180°.

* TheextéMor angle of triangle is equal to the sum of two opposite interior angles.




Sub-domain>' Transformation

Students' Learning Outcomes

After studying this sub-domain, students will be able to: \&
N N
*  Recognise identity and draw lines of symmetry in 2D shapes and rotate objects using ro@’symmctry and find t&
order of rotational symmetry. 0
*  Translate an object and give precise description of transformation \,
sy axps
A |
. It is an exampld -
It is an example .
of rotational
symmetry. PN
Ferris wheel S L "ﬁl_s

looks same after_) § Q

rotation.
A
Symmetry> O s\

Most of the things in our re S \‘Eal. Symmetry looks beautiful. Allah made symmetrical
objects which creates ohy and e will discuss here line symmetry, rotational symmetry and
translation symmetry.

i

Two type metry are mostly used in daily life which are reflective and rotational symmetry.

St AR iR

(a) Reﬁectlve Symmetry

- Square

Itisa type of symmetry in Whlch
half of the shape reflects the other
half. It is also known as mirror

“
< rd

symmetry. z

Mirror line

Both halves of the
square are same Leaf

/l Mirror line

o <
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e b e

* Lmes of Svmmetrv ina Squar 7

i e i e, W A T e St s TP A

MIITOI‘ line is a]so called line of symmetry. There are following lines of ¢

<

symmetry that can be drawn in a square.

/,1s honzontal /, 18 verttcal f and /, are dlagonal lines of Symmetry ¢,

i i 5 A L o7 T e AR IR i e R AP A At SR (4

s i

! Lines of Svmmctr\ in lsoscelcs and Fqlulatel al Tl 13110]es v
R S —— e, S . ot A Ty N

In an 1sosceles trlangle there is only one lme of symmetry The %
equilateral triangle has three lines of symmetry. O

Consider the line of symmetry /, in equilateral triangle. If we fold on
the line ¢, we see that half of the figure matches the other half.

Example 1 Draw lines of symmetry in the @ A —

following figures:

| ; ' (i) f
(i) (i1) S e 5 o "
Rectangle : f
I \;! i
only two lines of symmetry in
s ectan rhombus.
§ ldentlf\/ Lme of S\, mmetrv
‘ Ry S e e TP 2P .,“.”5
The figure shows a rectangle If we fol rectan over the line 7,
then upper half of figure does net@ Wi r half and also

same in case of /. So /, and ¢, linesof shmmetry.

If the figure is folded ovegr ® ine /; @alves match each other.
So ?, is the line of s

o o el IS vy ok e e B R

(b) Rotatlonalpmetry;
We have seen @ y figures have lines of symmetry but many have
no line of ry. Some figures look the same after rotation.

If a figure is rotated around its centre and it looks same as it was
before rotation, it is said to be a rotational symmetry.

The point about which the ﬁgure is rotated is called centre of rotation.

LA S S ]

Identlf} Rotetlonal Svmmetry

i T e [ A o A

State whether the ﬁgure has rotatlonal symmet:ry or not? We see

that 90° rotation clockwise or anticlockwise about point O we do
not get the original figure. If we rotate 180° about point O, we will

get the original figure again. So, the figure has rotational symmetry 180 rotation

because it gets its shape two times when rotated in full rotation. 90° rotation

v

Ferris wheel looks same after rotation
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/ =@

()rder of Rotatlon

The order of rotatlon is the number of times a shape becomes same in one full rotation. We rotate the
square about pomt (0] antlclockw1se through 90°

0° rotation 90° rotation 180° rotation 270° rotatlon 360° rotation

After 360° rotation the square is rotated four times and looks same aﬁer
90° anticlockwise rotation. So, the square has rotational symmetry 0 o3
ngle of rotation..

e EPAT [n the given equilateral triangle 4BC, find centre n

m AO, BO and CO are lines of symmetrx@ !
hd

In the AOAB, ce t} of rotation can be found by drawing lines
mZOAB =mZOBA = 30°

So, mZAOB= 180°—-30°-30° = 12{
Similarly, mZBOC = mZAOC = 120°
If we rotate A ABC about point O thro:&@

he point where the lines of symmetry

eet, 1S nt of rotation.

|
7 A Need to Know! ———
——
In regular polygon with #-sides, the
number of lines of symmetry are » and

Angle of rotation= !
Centre of rotatlo nt O order of rotational symmetry is also 7.

360° _ 360°
Order of rotational sy%g)- ﬁ . Angle of rotational symmetry = . )
Traﬂ'@rmatmn> e .
“*~ Do you know? |

T —

Transformatlon is the mapping of a

P,
t“
(=L
ncw=

original figure again. So,

o/‘
)w;

It is the pr Wmovmg a geometric figure from one place to

another in e. The image is the figure which is obtained after _
. . ) . geometric figure.
transformations. Reflection, rotation and translation are all types of

transformation. We first discuss reflection and then translation. ANy

D—{Reﬂection)

The mirror image produced by flipping a figure over a line is called | B B'
reflection. The distance of any point on the object is equal to the
distance of the corresponding point on the image.

We see that 4 and 4" are 3 units from line of reflection ¢ and B and
B’ are 2 units from the line of reflection /. A’B"is the image of 4B
in the line of reflection /. v

P~ ay, N
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2 LU Draw line of reflection in the following figure.

AABC has an image AA'B'C". We see that mBC = mB'C". So, points C or C'1s
the midpoint of BB'". Similarly midpoint of 44" is M. Draw ML which is the

required line of reflection. EQE

If a point lies on the line of reflection, the image of that point is sam

point. i.e., C and C"are same points.

SRS Complete the figure using the given line 0@0&3& 1

L

AV rs—1
Image of X will be X" both 2 units away from line flgttion
¢. Similarly Z, Z"are 1 unit away / and Y, Y'Q units aw@ T 0

from /. 0
iD—(Translation) . OQ K% Y

-
osigion to another
0

> X-axis

It is the movement of a figure 13153 1 Need to Know! |
ety (1

on
without turning it. In tran ea @cﬂ' f the object is e

_ ) »  Translation is sometimes called slide.
moved along straight liag.

»  Translation is a type of transformation.

e triangle ABC, 2 units right and 3 units upward.

The triangle ABC has coordinates 4(-5, 0), B(-5, — 3) Pt L
and C(-2, —1). Now move the point 4, 2 units right 2

M

and 3 units upward. We get 4'(-3, 3). Similarly the
images of B and C are B'(-3, 0) and C(0, 2). B
So, AA'B'C" is the image of AABC under a translation

2 units right and 3 units upward.

2
We denote the translation by 7= ( 3) , point by P and image by / then:

P+T=] [i.e., Point + Translation = Image]




i.e., for point 4, (_5) +(2j = _3j
0 3/ \3
For point B, (_5) +(2j = _BJ .
3 3 0
For point C, (_2) + (2] = 0] .
—1 3 2 x

Remember! ———
P——
2 units upward is written as +2

2 units down is written as —2
2 units right is written as +2

2 units left is written as -2

Example 6 Find translation when the point P(-1, 1) is mapped on to P'(3, —

ISR Ve know that P+ 7= P

T=P'-P

2 |

:[ 3]_[_1j The image nt Pis P' (- 6, 8) under a

—2-1

_(34' l]_( 4) %@ - (: Find the point P.

So, translation is 4 units right and 3 units downward. ,&
'I"-aX.]S

Example 8
Qslatl

Given a line segment 4B and its image A A'B'. Fin

" Soluion 4 A\
By looking at points 4 and A’ (also B 0 %(b 4
and B’ ), we see that point 4" is 6 ule K . 1%

left and 2 units down from point éo (__‘@/ B R R i ;
So, translation 15( ] We c@&so : 0 ------------------- — -j

translation T as:

e— Pomt A=11, 1), 45, -1)

<

Sill f

— —1 B —2]
~ EXERCISE 45

|

- f————t—> X-axis
4 [

— |
-"'

Draw a regular hexagon and draw
lines of symmetry of the hexagon.
Find the centre of the hexagon.
What is the angle of rotation?

Draw line of symmetry and order of rotational symmetry in each of the following:

m (H)Q (111)X (iv)

v)
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2. Find the point of rotation of regular hexagon and decagon. Also find the angle of rotation.
3. Find the translation if the point B(-3, 2) 1s mapped on to the point B'(2, 6).

4. A triangle ABC with vertices A(-3, 0), B(0, —3) and (3, 1) is mapped on to the triangle DEF
; _ R _
with a translation of( j T
2

O A S — - E— O v | N — —
5. Translate the AOPQ with a translation of ( 3] BN P. [ f,‘- l [ ]
—t - ‘- = .. |

* Inreflective symmetry, half of the shape i&(& ITor i fthe other half.

»  Theline which divides the shape into t@ual ha%s called line of symmetry.

* The pointand image are at equal diStgntes fr ¢ line of symmetry.
*
*  When a shape is rotated aboufN{8€entre an angle and the shape attains its original position

afterrotating, this type o i nas rotational symmetry.

*  Orderofrotational s i mber of times, the shape remains same between 0° and 360°.

* Thecentre of %on inregular polygons is the point of intersection of its lines of symmetry.

* Transfo a@ the process of moving a geometric figure from one position to another. Reflection,

\ rotati ranslation are types of transformation. /
REVIEW EXERCISE 4 ‘
¢ Choose the correct option.
(1) A right angled triangle can not be triangle.
(a) isosceles (b) equilateral
(c) scalene (d) both isosceles and scalene



(i)  Inright angled triangle, one angle is 90° and the other two angles are

(a) complementary  (b) supplementary  (d) obtuse (d) reflex
(111) In an isosceles triangle, if base angles are equal to 42° each, then vertical angle is
(a) 42° (b) 76° (c) 84° (d) 96°

(iv)  Which of the following angles so formed with transversal and parallel lines are

supplementary?

(a) alternate angles (b) interior angles \b

(c¢) vertically opposite angles (d) corresponding
(v) If two angles of an isosceles triangle are 40° and 100° the th gle is

(a) 40° (b) 80° (c) 100° (d) 140°
(vi)  The diagonals in the quadrilateral .&. ach other.

(a) square (b) rectangle (c) it (d) rhombus
(vii)  In which quadrilateral, there are no paralle @

(a) square (b) rectangle &c kite (d) rhombus
(viii) In which quadrilateral, the opposit are not eqml ?

(a) square (b) rect Q mbus (d) trapezirm
(ix) A polygon is said to be 1c angle is reflex.

(a) regular (b)sgoncave & (d) convex (d) closed

(%) The exterior angle pf ar ogtd

(a) 35° g\ (c) 90° (d) 135°
(xi) Ifafigure is @&?n wo equal parts, it is known as y

(a) reﬂesu& %@taﬁon (c) translation (d) image
(xi1) Th%r of rotational symmetry of hexagon is .

a@ (b) 4 (c) 16 (d) 8
(Xiy hich of the following quadrilateral has no line of symmetry?

(a) rectangle (b) rhombus (c) kite (d) square
(xiv) Which of the following quadrilateral has no rotational symmetry?

(a) rectangle (b) rhombus (c) kite (d) square

(xv) The movement of an object from one position to another along straight line is called

(a) translation (b) rotation (c) reflection (d) measurement

Using compass and ruler construct the following angles:
(i)  15° Gy 221° Giiy 37L°  (v) 135 (v)  165°
2 2
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Construct a right angled triangle with side lengths 4.5 cm, 6 cm, 75 mm.

Construct an isosceles triangle with base length 5.4 cm and base angles each of measure 75°.

Construct triangle POR if:
(1)

(i)
(i)

Find the unknown angles in the following figures:

mOR =6 cm, mZQ =

50° and mZR = 120°

mPR=15.5 cm, mZR = 45° and m@ =6.7 cm

m@ =7 cm, mPR = 6.2 cm and mZQPR = 60°

(1) ¢

=

P
<

54¢

{160

L
>

> (ii)

7. Find the unknown angles in the following quadn

8 ABCD is a quadrilateral

Trapezium

bisects the angle ABC find:
(a)
(b)

(i) (i)
RY
309
. N
»
Rect:
Square * 0
9.  ABCDEFGHisa @roct d
(1) Lntenor of the 0 gon
(i1) m
(111) $
AN
A4 B
11. Find interior angle of regular
(1) 24-gon (i)  27-gon
13.

10. ABCDEF is a regular hexagon and ABGH is a

12

square. Find: & &
(i) mZLABC F 0 a
(1) mZCBG
B
(i) mZAOB
H G

Find number of sides of a regular polygon
with given interior angle:

(1) 162° (i1) 170°

The size of each interior angle is 14 times the exterior angle of a regular polygon with n-sides.

Find the value of n.




=== Transformation

14.  Draw one line of symmetry in each of the following:

o 0 i

o 1
O‘b
(a) line symmetry (b) rotational symmetry 0
o o o o > S

=2 -
D
N

16.  Complete the following diagrams using t Qghine of reflection:
O ] o o
. 3
P, | | g™

L
v

15.  Which of the following letters have:

%

*
‘f"

Wi ﬁ = » Jt 74
: \J :
17. Find the order of go Q ls y and the  18. Shade one square so that the diagram has

centre of rotation of the followmg the given line of symmetry /.
o /\ 3
19. (i) How many squares should be shaded in the given diagram to get a rotational

symmetry of order 4?7 Draw the figure.

(i1) Shade one square so that the diagram has two lines of symmetry

20. Find a translation when a point A(1, —2) is moved to the point 4’ (-3, 5).
21, Translate AABC with vertices A(—2, 0), B(-5, 2) and C(-3, —6), 7 units right and 2 units upward.




