UNIT

PRACTICAL GEOMETRY

» Construction of a Triangle

» Construction of a Quadrilateral
b Tangent to a Circle

After completion of this unit, the students will be able to:

» construct a triangle having:
« Two sides and the included angle.
o One side and two of the angles, y ,
» Two of its sides and the angle opposite to one of them (with all the three possibilities).
» draw:
« Angle bisectors.
» Medians, of a given triangle and verify their concurrency.

» construct a rectangle when.
+ Two sides are given.
« Diagonal and one side are given.

» construct a square when its diagonal is given.

» construct a parallelogram when two adjacent sides and the angle included between them is given.
» locate the centre of given circle.
» draw a circle passing through three given non-collinear points.
» draw a tangent to a given circle from a point P when P.lies.

» On the circumference,

« Outside the circle.
» draw:

o Direct common tangent or external tangent.

« Transverse common tangent or internal tangent to two equal circles.
» draw a tangent to.

» Two unequal touching circles.

o Two unequal intersecting circles. |



.-_'éjon'sjtruct a triangle, When two sides and the included angle, are
given. |

Let the given two sides are of measure 7cm and Scm and the included
- angle between them is of measure 45°.

- Steps of Construction:-
~ « Draw a line segment mBC = 7cm
o At point B, dréw }nADBC='45° using compasses.

Wlth B as centre draw an arc of radius Scm to cut BD at A.
Jom A to C

., b  A4BCis the required triangle.




| 2 Construct a triangle, when two angles and their included side i

are given.

Let the given two angles are mZA=60° and mZ£B=30° and the : ; 3
included snde mAB=6cm | B

Steps of Construction:-
o Draw a line segment 4B = 6cm.

o At point-4 drawmZBAD=60°
with the help of compasses.

At point B draw mZEBA=30°
with the help of compasses.

e AD and BE intersect at C. S "

AABC is the required triangle.

Construct a triangle when two sides and the éngle oppdsite to
one of them are given.

Let mZ4=60°, mAC=7cm, mBC=6.5cm

—

Steps of Construction:-

e On any line AG construct
ZGAF = 60 with the help
of compasses. :

e Draw AC = 7em”

» With C as center draw an
arc of radius 6.5cm cutting
line AG in B and B'.

e Draw CB and CB'.

A CAB and A CAB'are the
two required triangles.

e R



8.1.2 Angle Bisectors of a Triangle

‘5"‘.. A « : i

!, .~ An angle-bisector of a triangle is a line segment that bisects an angle
| L . of the triangle and has its other end on the side opposite to that angle.
{ : Clearly, every triangle has three angle bisectors, one for each angle.

To Draw Angle-Bisectors of o Triangle

Steps of Construction:-
'« Draw any triangle 4BC.

e With 4 as center and any
convenient radius draw an
arc, cutting 48 and AC at X
and Y respectively.

* With X as center and a

- convenient radius draw an’
arc. Now, with Y as center

- and with the same radius
draw another arc, cutting the
previously drawn arc at Z.

e Join AZ and produce it to meet BC at P. Then AP is the required
angle bisector of £ 4.
S|mllarly the other angle blsectors may be drawn.

— T TR

if we draw all the angle bisectors of a triangle, we find that they meet at
@ point. For example:

' Draw any A4BC.
e Draw the angle bisector B0 and
CR of ZR and ZC respectively,
interzociing each otherata .
point/. '
= - Join 4 with I and produce it to
: meet BC at P.
Measure ZBAP and £CAP.
We find that ZBAP = ZCAP.
7o This shows that 4P is the third
- angle bisector of ABC.
‘.'--.’_We observe that the point of intersection of two angle bisectors lies on
the third angle bisector as well. ;




The angle bisec_jors of a triangle are concurrent,
that is they meet at a point.

What we need to know ?

The point at which the three angle-bisectors of a triangle meet
is called the incenter of the triangle. :

Altitudes of a Triangle:-

An altitude of a triangle is the
line segment from a vertex of
the triangle, perpendicular to the
opposite side. Clearly, every
triangle has three altitudes, one
from each vertex.

Draw the altitudes of a triangle:-
Steps of Construction:-

e Draw any triangle 4BC.

e With 4 as center and suitable
radius, draw an arc cutting
BC(or BC produced) at two
points P and Q. '

* With P as center and radius PB | C70
greater than half of PQ draw \ _/
an arc. Now, with QO as center R
and the same radius, draw st

another arc, cutting the v
previously drawn arc at R.

o Join 4 with R, cutting BC at L.
Then, AL is the required altitude.

« Similarly, the other altitudes may be drawn. -

All the three altitudes of a triangle, (produced, if necessary) intersect

ata point.
Forexample:
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» Draw any triangle ABC.
From B and C, draw the altitudes BM and CN respectively.

Let BM and CN meet in H (produced, if necessary).
Join A with H and produce it, if necessary, to meet BCin L.

Measure ZALC.

We find that m£4LC = 90° and, therefore, AL is also an altitude of A 4BC.

The altitudes of a triangle are concurrent i.e. they meet in one point.

What we need to know ?

The point at which the altitudes of a triangle meet, is called the |
orthocenter of the triangle.

- ,
- Note :- i\

» The altitudes‘drown on equal sides of an isosceles triangle
areequal. |

» The alﬂ'rude{\ bisects the base of an isosceles triangle.
1) The almudes of an equilateral triangle are equal.

a friangle are concurrent, that is they meet




’e;pendiculur Bisectors of the Sides of a Tridngle:.

A line segment .Which‘bise'cts any side of a triangle and makes a right
angle with the side at its midpoint is called the perpendicular bisectorg or
the right bisector of the side of the triangle. There are three perpendicular
bisectors of a triangle, one of each side.

. Construct the perpendicular bisectors of the sides of a triangle

teps of Construction:-

o Draw any triangle ABC.

» With B as center and any radius more than half of BC draw arcs
one on each side of BC. Now, with C as center and the same radius
draw arcs to cut the previously drawn arcs at points P and 0
respectively. Join £ with O then, PQ is the right bisector of the

side BC.
* Also draw the perpendicular bisectors RS and UV of AC'and 4B
respectively. ity % '

» Produce these right bisectors, if necessary, to meet at a point 0. .
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e We find that they meet at a pomt
| i For example:

e Draw any triangle 4BC.
' 1 o Draw the right bisectors PL and

RM of BC and AC respectively.

Let PL and RM intersect at O.
From O, draw ON.L 4B,
meeting 4B at N.

Measure AN and NB.

We find that AN = NB.

Thus, ON is the perpendicular
bisector of 4B. Thus, the point O

is common to the three perpendlcular bisectors of the sides of A4BC.

2N
<<

The perpendicular bisectors of the sides of a triangle are
concurrent, that is, they meet at a point.

What we need fo know ?

The point of intersection of the perpendicular bisectors of the sides
of a triangle is called the circum-center of the triangle.

Medians Of A Triangle:-

A median of a triangle is a line-segment joining a vertex to the midpoint
of the side opposite to the vertex. Clearly, every triangle has three
medians, one from each vertex.

P Construct medians of a triangle -
'Sfeps of Construction:-
- Draw any triangle 4BC.

~ With B as center and 1any radius more than half of BC draw arcs
on :__on_each side of BC. With C as center and the same radius
vV two arcs cutting the previous drawn arcs at points P and O




e Join P with O, meeting BC at D. Then, D is the midpoint of BC.
o Join A4 with D, then, 4D is the required median.

Similarly, draw the other medians from B and C.

We find that they meet at a point 7"

What we need to know 2

The point at which the medians of a triangle meet, is called the
centroid of the triangle. . '

Note :-

» The centroid of a triangle divides each one of 1he medluns 5
in the ratio 2:1 e

> The medlans of an equilateral 1rlc|ng|e are. equcl

are equal

" » The medians of a triangle are concurren’t

R =re




8.2 CONSTRUCTION OF QUADRILATERALS

In this section, we will learn to construct the following types of

quadrilaterals.

i
H
| RS
s 2
H
|

(i) Rectangle (i) Square (i) Parallelogram

8.2.1 Rectangle

p Construct a rectangle when its two sides are given.

Steps of Conilrudioni-

Draw a line-segment 4B =¢.
Construct m£ 4 = 90° and

m<B =90°.Taking “A” as center

cut AD =m from AE.

Taking “B” as center cut BC=m

from BF .
Join C with D.

Thus ABCD is the required
rectangle.
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{

) Construct a rectangle when diagonal and one side are given.

Steps of Construction:-

Draw a line-segment 4B =¢ .

Construct m£ A = 90°. Taking “B”
as center and radius ‘e’ draw an

arc cutting 4E at D.
With B as center and radius

- AD, draw an arc. With D as
center and radius4B =¢. Draw

another arc BF cutting at C. Join 9

C with D.
ABCD is the required rectangle.

N A
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5.2.2 Square

» Construct a square when its diagonal is given.

teps of Construction:-

Draw a line-segment AC =,
Draw the perpendicular bisector
PQ of “AC” intersecting AC at 0.

From “O" cut OD = % and OB =%

along OP and OO0 respectively.

Join 4 with B; B with C; C with D
and D with A.

ABCD is a square.

8.2.3 Parallelogram

P Construct a parallelogram when two adjacent sides and the
angle between them is given.

Draw a line-segment 4B = (.
Construct £ BAD = ZA.

Cut 4D = m along AE. S
With B as center and radius “m” ‘
draw an arc cutting BF at C.

With D as center and radius “¢” L
draw another arc cutting the 0

previous arc at “C”. Join C with:
B and C with D. ABCD is the
required parallelogram.
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8.3 TANGENT TO THE CIRCLE

A line coplanar with a circle
intersecting the circle at one
point only, is called the tangent
line to the circle. The point is
called the point of contact or
point of tangency.

8.3.1 Locate the Cenire of the Circle
o The given figure is of circle.
e The centre of the circle is at point “O”.
e Thereis only-one center of the circle.
» Center of the circle is not a point on the curve.
o Center of the circle is fhe mid point of the diameter.

e All the points on the curved path are at a constant distance from
the center and their distances are called radii.




8.3.2

Draw a Circle Passing Through Three Non-Collinear Points

A,B and C are three non-collinear
points. We are going to draw a
- circle through points 4,8 and C

c
 Steps of Construction:- ( \
Take any three non-collinear
A

points 4,8 and C.

1-

&) ™
8.3.3

P Draw a tangent to a circle from
a point on the circumference.

Join 4 with B; B with C and
C with 4, to make a triangle
ABC as shown in the figure.

Draw the right bisectors of .
the sides ACand BC at o
points F and E respectively *
of A ABC.

These bisectors meet at point “O”.

Taking “O” as the center and radius equal to the length
mOA=mOB=mOC , draw a circle passing through 4, B and C.

N

KC

NS

Steps of Construction:- \\

1-

2-

Draw a circle of radius 2cm
with center at “O”. A

Take a point “4” on the
circumference of a circle with

mOA=2cm.

With the help of the compasses construct an angle O4C of
measure 90° at point 4.

AC is the required tangent Iine to the circle.
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D Draw a tangent to a circle from a point outside the circle.

Steps of Construction:-

1- Draw a circle of radius 2cm with center at “0”.
*2- Take a point P outside the circle.
3- Join 0 and P and bisect OP at 4.

(-]

4- Draw a circle of radius m O4=m AP with center at “4”, intersecting
the given circle at points B and C.

5- Join P with B and produce it.
6- PB and PC are the tangents from point P to the given circle.
' 234
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8;3.4 Drawing Tangent o Two Equal Circles

Direct Common Tangent or External Tangent

If the points of contact of a common tangent to the two circles are on
the same side of the line joining their centers, then this common ' E
tangent is called direct common tangent or external tangent. i

P Draw direct common tangent to the two circles having same
radii 2cm having their centers 5cm apart.

Steps of Construction:-

1- Draw a line-segment 4B of length 5cm. 1
2- With 4 and B as two centers draw circles of radius 2¢m.

3- Draw mZ BAE =90° and m£ ABD =90°.

‘
1r' - " s sia




4- Draw line segments AE and BD through P and Q respectively.

5- Draw a line intersecting the two circles through P and Q
respectively.

6- FG is the required common tangent to the given two equal circles.

Transverse Common Tangent or Internal Tangent

If the centers of the two circles lie on either side of the common
tangent then it is called transverse common tangent.

P Toconstructtransverse common tangent to two circles.

Two circles of radii 3cm and 2¢m have their centers /0cm apart.
Draw transverse common tangents.

Steps of Construction:-

Distance between the centers = d = 10cm, radius = R = 3cm and
radius =r = 2cm.




P e

1- Draw 4B = I10cm

il

2- Draw circle C, of radius 3cm with “4” as center.
3- Draw circle C, of radius 2cm with “B” as center.
4- Draw circle C, of radius S5cm with “4” as center.
5- Taking M as a mid point of - 4B draw a semicircle.
6- Draw tangent BX to the circle C, from point B.

7- Join 4 to X (4X intersects circle C, at point P).

8- From point B, draw BS||AP (by using set square).
9- BS intersects circle C, at S.

- 10- .. PS is a transverse common tangent to the circles C, and C,.
8.3 ' ngents to Two Un-Equal Circles
Direct Common Tangent or External Tangent

b Draw direct common tangent or external tangent to two un-equal
circles.

Steps of Construction:-

1- Draw a line-segment C,C, =6cm.
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4

2- With centers at C;and C, draw circle of radius 2cm and Iem

respectively.
3- Extend the segment C,C, to the right side.

4- From points C, and C,draw two parallel lines C,4 and C,B such
that £C,C, 4 is an acute angle.

5- Join the points 4 and B extend it to D.

6- Draw a bisector of C,D through C,.

7- Taking C,as center and CC, =CD radius, draw a circle intersecting

the circle with center C,at 7.
8- Draw a line joining the points D and 7, and touching the circle
with center C, at 7,.

9- The line 7,7, is the direct common tangent to the given circles.

Transverse Common Tangent or Internal Tangent

Draw common tangent or internal tangent to two unequal circles.

Steps of Construction:-

1- Draw a line-segment 6¢m long with C, and C, as its end points
(mC,C,=6cm).




2- Taking C, as center draw a circle of radius 2cm.

3- Taking C, as center draw a circle of radius I.4cm.

4- Divide C,C, in the ratio 1.4:2 (ratio of radius of the given circles)at point B.

5- Bisect the line-segment BC, at point D.

6- Taking D as center and mBD = m DC, = radius, draw a circle
intersecting the circle with center at C, at point C.

7- Draw a line through C and B and touching the second circle at 4.

8- AC is the transverse tangent to the given circles.
8.3.6 Drawing Tongents

Tangent to Two Unequal Touching Circles
p Draw a tangent to two unequal touching circles.

Steps of Construction:-

1- Draw two circles of radius 3cm and 2 cm touching each other at
point C. :




2- Drawm £ ACD=90° at point C.
3- Draw DE through C, which is perpendicular to 4B.
4- DE is the required common tangent to the given two unequal
touching circles.
Tangent to Two Unequal Intersecting Circles
) Draw a tangent to two unequal intersecting circles.

Construction:-
1- Draw a line-sgment C,C, of length:4cm.

2- Taking C, and C, as centers, draw two circles of radius 3cm and
2cm intersecting at points 4 and B respectively.

3- Taking C, as center draw a circle of radius 3cm —2cm = Icm.




Bisect the line-segment C,C, at 0.

Taking O as center and mC O=m C O= radius , draw a cwcle
intersecting the inner circle at point E.

Join the point C; to £ and extend it to intersect the concentnc
circle at F.

Draw a line from C,, parallel to C,F mtersectmg the circle wuth
center C, at point G.

- Draw a line joining the points F and G. 0. A

. The line FG is the direct common tangent to two unequal
intersecting circles.

EXERCISE 8.1

' mAC = 3.9cm. Find the in center

Construct a ABC i in whlch mBC 4. 6cm, A B

= ’_-Construct a A ABC in which mBC = 5. 4cm.' |
= 55" Find the centroid of the trlangle '




e

9. Construct a rectangle whose adjacent sides are 4cm and 3cm.

10- Construct a rectangle whose one side is 6cm and an adjacent
_ diagonal of 9cm.

11- Construct a square whose one side is Scm.
" 12- Construct a square whose one side is 3.5cm.

13- Constructa rectanglé whose two adjacent sides measure 5cm and
4em and their included angle is 90°.

14- Draw a rectangle whose one side is §cm and the Iength of each
dlagonal is 10cm.

15- Draw a rectangle ABCD in which m AB = 6.5cm and m AD = 4.8cm
and m ZBAD = 90°. Measure its diagonals.

16- Name the following quadrilaterals when:
(i) The diagonals are equal and the adjacent sides are unequal.
(ii) The diagonals are equal and the adjacent sides are equal.
:’(iii) All the sides are equal and one angle is 90°.

(iv) All the angles are equal and the adjacent sides are unequal.

- Construct a rectangle with sides 0cm and 6cm.
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20- Draw a circle with center O and radius 5cm. Explain the steps
necessary to draw a segment of the circle.

21- Draw a circle with center O’and any radlus Draw the dlameterAB
and shade one semicircular region.

22- Show four angles in a semi-circular régi‘on of question 21.

23- Draw a circle of radius 2cm with center O. Draw a chord and'shade
the portion showing major arc. : ;

-

24- Draw a circle of radius 2. 5cm with center at O. Draw a chord and
shade the portion showing the minor arc of the circle.

25- Draw a semi-circle with diameter 4cm and center at O.

26 Draw a circle passing through the vertices of a square of side 3em. .

2]- In a right triangle ABC , mAB = 3cm and mBC 4cm WIth nghtﬂ :

ey

angle at B. Draw a circle through 4, B and C

28- Draw a circle passing through the three vertu:es of an equ1latera|
triangle with length of each side 4em. == iy e

e -
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Review Exercise-8

I-  Encircle the Com.ad Answer.

1. The number of medians in a triangle is:
@ 1 (b) 2
) 3 ‘ @ 4

2. The number of altitudes in a triangle is:
(@ 1 . ) 2
"0 3 : (@) 4

3. The number of angle bisectors in a triangle is:
@ e - . b 2
© 3 (@ 4

(@ 1 (b) 2
© 3 : o 4

- 5. The angle bisectors of a triangle are:
(a) concurrent (b) collinear
(c) perpendicular _(d)  non-concurrent

6. The medians of a triangle are:

(a) concurrent .. . (b) collinear
) nbﬂ-coizamnt (:ﬂ 4

_.7 ;{'The Ealtltudes of a tnangle are:

b) collinear

@ 5

(b) altitude
(d) sia

4. The number of perpendicular bisectors of the side of a triangle is:




<55, Tv.'}:';-‘—wﬁ?f;gf L

9. Aline joining one vertex of a triangle and perpendicular to its
opposite side is called:

(@) angle bisector ‘ (b) median
(c) altitude (d) side bisector

10. A line coplanar with a circle and mtersectlng the cnrcle at one
point only is called:

(@) tangent line (b) median
(c) altitude (d) normal line

17 Fill in the blanks.

. The altitudes of a triangle-are

2. The medians of a triangle are

3. The angle bisector of a triangle are

4. The perpendicular bisector of the three sides ofa triangle
are :

5. The line j jomlng one vertex of a triangle and perpendlcular to |ts
opposite side is called s of a tnangle

6. Aline joining one vertex of a triangle to the midpdint of its
opposite side is called of a _triangle.

7. Aline bisécting the angle of a triangle is called the

S [

Every triangle has : altitudes.

Every triangle has — median.

10. Every triangle has.



SUMMARY

1- An angle bisector of a triangle is a line segment that bisects an
angle of the triangle and has its other end on the side opposite to
that angle.

2- Every triangle has three angle bisectors, one for each angle.

3- An altitude of a triangle is the line segment from one vertex,
_ perpendicular to the opposite side.

4- Every triangle has three altitudes, one from each vertex.

5- A line-segment which bisects any side of a triangle and makes a
right angle with the sides at its mid point is called the perpendicular
bisector of the side of a triangle.

6— Every triangle has three perpendicular sides bisectors, one for each
side..

7- The point at which the three angle bisectors of a triangle meet is
called the incenter of the triangle.

8- The point at which the three altitudes of a triangle meet is called the
orthocenter of the triangle. .

9- The point of intersection of the three perpendicular bisectors of the ‘

sides of a triangle is called the circum-center of the triangle
2

| 10-The point at which the three medians of a triangle meet is.called
~ the centroid of the triangle.

"‘1.1-' A'n'n'e coplanar with a circle intersecting the circle at one point only
is called the tangent line to the circle.




