Loci and Construction

At the end of the unit, t

Construct a txi hg'given two sides and the included angle.
Cons € having given one side and two of the angles.
Construct a triangle having given two of its sides and the angle opposite to one of them.

Draw angle bisectors, perpendicular bisectors, medians, altitudes of a given triangle and
verify their concurrency.
Draw loci and intersection of loci for set of points in two dimensions which are
* ata given distance from a given point.
=  ata given distance from a given line
- = equidistant from two given points
= equidistant from two given intersecting lines
Solve real life problems using the loci and interesting loci.

INTRODUCTION

A locus plural loci is a set of points that follow a given rule. Loci are-also useful for
- le walking
““The possible locations
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around a room, each maintaining a
are where each person for

3 R
where each person might

satellites orbitﬂﬁgﬁf@] e the concept of loci to predict where they will be at
given timesm Ips in areas like telecommunications and GPS technology.

Loci in two dimensions are triangle, circle, parallel :

lines, perpendicular bisector and angle bisector. ,
There are three types of triangles

w.r.t. sides:

11.1 Construction of Triangles Scalene triangle: All sides are of

- - : : different length.
A triangle is a closed figure having three sides and Bobectss Sriamaten: Twe sides are

three angles. We construct triangle in the following | ¢ equal length.

cases: Equilateral triangle: All sides of

(a) When measure of all three sides are given. equal length. _

(b) When measure of two sides and their Ivh::ea:rgie;l‘lree hipes OF G
included angle are given. ot ' e: All angles

Acute angled triangle:
() When measure of one side and measure of ' ‘O

. is of measure equal to 90°.
opposite to ong

; a zlo rmne: OI;G angle
two angles are given. Q W& measure greater than 90°.
(d) When measure W e ght angled triangle: One angle
) en.
o




Q ’50 An equilateral triangle
is acute angled triangle.

« A right angled triangle
cannot be equilateral.

be greater han the third side i.e.,
5+7>8,5+8>7and7+8>5

(a) Construction of a triangle when measure of three sides is given

Example ! Construct a triangle of sides 5.3 cm,
5 9 cm and 6.2 cm.

solition: Steps of construction: _
(1) Draw a line segment AB of length 5.3cm long.

(i)  Using a pair of compasses, draw two arcs with
centres at points 4 and B of radii 5.9 cm and
6.2 cm respectively.

(iii)  These two arcs intersect each ath @@ @ |
(iv) Join 4 and B wq k

I—Ience, W(ﬂ ed triangle. ' 53cm B
axples 30°, 45°, 60°, 75°, 90°, 105°, 120°,
135° and 150° are constructed with the help a pajr of When three sides are given’ we
| compasses. Other angles are drawn using protractor. can draw any length first.

(b) Construction of a triangle when the measure of two sides and their
mcluded angle are given

BIé23 Construct a triangle BCD in which
measures of two sides are 5.5 cm and 4.2 cm and
measure of their included angle is 60°."

SOIEGNAE Steps of construction
(1) Draw a line segment BC of length 5.5cm.

(ii)  Draw an angle 60° at point B using a pair
of compasses and draw a ray B rou

 this angle. Qh C
(1i1) Draw an arc o entre at point B intersecting BX at point D.
(iv)

Hence, is the requu'ed tnangle
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(c) Construction of a triangle when measure of one side and two angles are given

ERE® Draw a triangle CDE when mDE Wz@c@@@@@ = 30° and

m<E = 120°. X\ T

- Steps of cons m

(1) Dra

(i1) Draw gles 300 and 120° at
points D and E respectively
using a pair of compasses and
draw two rays through these
angles from D and E.

(ili) These two rays intersect each 4.3cm E
other at point C.
Hence, ACDE is the required triangle.

(d) Construction of a triangle when measure of two sides sﬁﬂlgle opposite
to one of them is given @Wa
Consider the given two case @@

(1) If the measure S greater than or equal to 90°.

() If e of angle is less than 90°.

- Construct a triangle DEF when mDE = 6 cm, m D = 110° and

mEF =9 cm. ' |

Solution: -

Steps of construction:

(1) Draw m DE = 6 cm.

(1) Construct msD = 110°
using protractor and draw
DX through this angle.

(i) Draw an arc of radius 9
cm with centre at point E

intersecting DX at (ﬁ

Ve

If the given angle opposite to the given side is obtuse, only one triangle is possible.

T . 202 eSS ST

(iv) JoinE and F.
Hence, ADE 1red triangle

D 6 cm E



Construct tnangles DEF and DEF’

mEF = 3.6cm “@
Steps of conw

(1) Draw mDE = 6 cm.
(ii)  Construct an angle 30° at point

D using a El_ii of compasses
and draw DX through this

angle.

D 6 cm

(iii) Draw an arc of radius 3.6 cm

with centre at pomt E:

(iv)  This arc intersects DX at two points F | The Ambiguous Case (SSA) 0

and F". when we are iwen tw ﬁ

(V) Join F and F' with E.

@)
We get two tria @%JU =
This is kno AY )
o

(a) mEF =3 cm
(b) ~mEF=2.5cm

Soliifion: Steps of construction:

Follow the same steps (i) and (i1) as in Example 5.

Case (a)

(1) Draw an arc of radius 3 cm with
centre at point E which touches E)T'
at point F.

iy  Join E with F. Here, wﬁ%&‘@
perpendicular ‘%@
6 cm
Hence, Wc%uired triangle, which is a right angled triangle.
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Case (b)
(i)  If we take mEF = 2.5cm less than

3cm and draw an arc of raui @@
2.5cm with centrg “@
(i1) ThiWO X.
So, in this , HO triangle can be formed .
D 6 cm E
md three cases when acute angle is given.

© If mEF >3 cm, two triangles are possible.

* If mEF = 3cm, only one triangle is possible.

X : mEI; < 3cm, no triangle is possible.

11.2 Perpendicular Bisectors and Medians of a Triangle
Perpendicular Bisector: A perpendicular bisector is a line that intersects a line

segment at right angle and dividing it into two equal parts Ir c%@@s, it intersects
the line segment at its midpoint and forms with it.

.m\
Median: A median of a %@ ., “
the side that is oppos@' @l%mex.
@]

Point of co cy: A point of concurrency is the single point where three or more
lines, rays or line segments intersect or meet in a geometric figure. This concept is
commonly used in triangles, where several important types of points of concurrency
exist.

Example 7 Draw perpendicular bisector of the triangle EFG with mEF =5cm,
mFG=2.5cmand mEG = 4.3 cm . Find the medians.

Jution: First we draw perpendicular bisectors and then medians.

Steps of construction:

1. Draw AGEF as explained in the previous e p&@ei@m
ii. Draw two arcs above anghbelo
centre at £ g@ﬁ\ﬁ“

iti. Draw g@ ve and below EF with radius more than half of
WBM&I centre at F,

fhan half of mEF with
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1v. Draw a line through the

il Ve the
endicular bisector
- LL'of the side EF at A.

V. Draw two more
perpendicular bisectors
MM' and NN' of the
sides FG and EG at B
and C respectively.

V1. Join the point G with opposite midpoint 4 so GA is the median.

vii.  Join the point F with opposite midpoint C, we get med'ﬁﬁ_é and join

point E with opposite m(i)dp mt i
Hence, we see LIB e @‘\ G
ns

at point O or GA, EB and FC are concurrent at point O".
Circumce pgint of concurrency of perpendicular bisector of the sides of a

el B

4>
M’ and NN' are concurrent

triangle is called circumcentre.

Centroid: The point of concurrency of the medians of a triangle is called centroid
of the triangle.

11.3 Angle Bisector of a Triangle

An angle bisector is a line or ray that divides an angle into two equal parts, creating
two smaller angles that are congruent (each having half the measure of the original
angle).

Draw angle bisector of a triangle FGH if:

mFG=52 cm, mGH = 4.1cm and m£F =12@°m
olution: We first construct triangle 66@@@ @Eector.

Steps of construction:o
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(iii)  Draw two arcs with centres at points 4 and B with s ua m
(iv) Draw a ray from F Q @@@
passing through K@
point of intersciﬁc' %

the iii).
Which"is the required
angle bisector FP of the
angle F.

" (v) Draw two more angle
bisectors GQ and HR o - J4 52cm/R ol ¥
the angles G and H.

respectively.

. We see that all the angle bisectors F_'P: Eé and HR intersect at one point O. i.e, the
~ angle bisectors of the triangle are concurrent.

Incentre: The point of concurrency of the angle bisecters 3 (@m called
incentre of the triangle. O @@@
11.4 Altitudes of Tria mﬂ

Altitude isara icular from a vertex to the opposite side of the triangle.
There are titudes of the triangle which meet at a single point i,e. the altitudes of
a triangle are concurrent.

Orthocentre

The point of concurrency of the altitudes of the triangle is called orthocentre of the
triangle.

Construct a triangle GHI in which mGH = 5.7 cm, mZG = 68° and m£H = 50°. Prove
that altitudes of the AGHI are concurrent.

First, we construct AGHI using the given measurcments and then draw @W of the
triangle.

NJEC
Steps of construction. @@@
(i)  Construct AGHI usig éments.

i e
2

®
. 206
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(ii)

(iii)

—_— — ——
So, GA, HB and IC are the altitudes of AGHI
and they intersect at one point O. i.e., the
altitudes of AGHI are concurrent.

Draw perpendicular GA from G to the
opposite side HI .

Draw two more perpendiculars O—" m
and IC . The first is from %@

O
the opposite side er is

B
from pai Oopposite side GH .

{(EXERCISE 11.1 )

Construct AABC with the given measurements and verify that the

perpendicular bisectors of the triangle are concurrer @@@
. o

(i) mAB=5cm, mBC=6cm
(i) mAB= 71@ mBC=6.5cm

Construct AL ing measurements and verify that the medians of
ncurrent.

(1) mLM =49 ecm, mZL="51° and m/M =38
(11) mMN =4.8 cm, m/N =30° and mLM =8.1 cm

Verify that the angle bisectors of AABC are concurrent with the following
measurement:

(i) mAB=45cm, m/A=45 and mAC =53 cm

(i) mAB=6cm, mZA=150° and m/B=60°

Given the measurements of ADEF : mDE = 4.8 cm, mEF =4 cm and

mZE = 45°, draw altitudes of ADEF and find orthocentre. m
ambiguous

Construct the following triangles andcg& W
case. w @X

62° and mCD = 4.7 cm
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11.5 Loci and Construction

In Latin, the
efined by the

A locus (plural loci) is a set of points that follow a give ;g@ &
@j erm, location.

rule. In geometry, loci are often @se @ .
positions of points %m 0 other

geometric figures. types of loci along | Equidistant: Let 4 be a fixed
. . . : point and B be a set of points.
with d ations will be discussed. il Scrat diiegistanbe Srom
11.5.1 Loci in Two Dimensions all points of B, then 4 is said
e : : to be equidistant from B.
We study the loci, circle, parallel lines, perpendicular g
ocus

bisector and angle bisector in two dimensions and apply
them to real life situations.

Circle

The locus of a point whose distance is constant from a fixed
point is called a circle.

For example, the locus of a point P whose distance is 3 cm
from a fixed-point O is a circle of radius 3 cm and centre at

fom a

pOint 0. . &
Parallel Lines @“‘ Locus

A 4

The locus of a poi% _
fixed W arallel lines,fand m < [ >
A e B

2l e .y 208 s AN

e. g s of a point P whose distance is 54

oCm
2.5 cm from a fixed line AB are parallel lines S
at a distance of 2.5 cm from 4B. _m i S

it P
For example, a locus of points equidistant from a line segment
creates a sausage shape. We can think of this type of locus as (» ;)
a track surrounding a line segment.
Perpendicular Bisector f
P
The locus of a point whose distance from two fixed ot i
points is constant is called a perpendicular bisector. i i
For example, the locus of a point P whose distance fro (\f{g\\» : u‘ﬁ
fixed points 4 and B is constant is tm o
bisector of the line ¢ W&“ e eesliatl
‘ bisector '
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Mathematics - 9

Angle Bisector

The locus of a point whoO stant from two intersecting lines is called an
angle bisector. & =

For exampmwof a point P whose Angle

distance is constant from two lines 4B and €—£ - L -
CD intersecting at O is the angle bisector

(/) of ZAOC and £BOD.. 2 D

| Remember! J8
i *  Locus of points equidistant from a fixed point is a circle and equidistant from two fixed points
i is a perpendicular bisector.
*  Locus of points equidistant from a fixed line are two parallel lines and equidistant from two
fixed intersecting lines is angle bisector.

11.5.2 Intersection of Loci

If two or more loci intersect at a point P, then P satisfies all giy n@@mw loci.
This will be explained in the followi e@ s

Example 10: Construct ﬁg@& vith mAB= 5 cm and mBC = 3.2 cm.
Draw the locus of io are: |

(1) at 6f3.1 cm frompoint 4. (i)  equidistant from 4 and B.

Label the point P inside the rectangle which is 3.1 cm from point 4 and equidistant

from A4 and B.

Perpendiéular

Solution: Construct rectangle ABCD with Sisector

given lengths. D

Circle

(1) Draw a circle of radius 3.1 cm with
/
centre at A.

3.2cm

(i)  Draw perpendicular bisector of AB. p

The two loci intersect at P inside the

rectangle which is 3.1 cm from point

- y 5 B
A and equidistant from 4 and B. i o :@m
A AR
Angle w ' ical angle 80° at E and

mEF = mDE = 4.8 cm&re A Mcusof alf points which are:

Example 11: Construct an isosce

(1) at a di em from point E,
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(i1) equidistant from DE and Eg . @ @@W@ 1@@

Label the pomtX the tri ‘ \
from point E and e ‘ ‘ n ED and EF .

ct tnangle DEF with given

5
%0
measurements. ™~

(i) Draw a circle of radius 2.8 cm with centre at .

(i) Draw angle bisector of angle DEF. The two loci
intersect at X inside the triangle whichis 2.8 cm E 2.8 cm / Circte ]

from point £ and equidistant from ED and EF

MERE: A field is in the form of a triangle LMN with mLM = 69 m,
mAL 60° and mZ M= 45°,

(1) Construct ALMN with given measurements. IOm = lcm]

(i)  Draw the locus of all pomts and M, equidistant
from LM an ﬁ% m from LM inside the triangular
field.

(iii) @to be planted at points P and Q inside the field.

(a) Mark the position of point P which is equidistant from L and M and
equidistant from LM and LN .

(b)  Mark the position of point Q which is equidistant from LM and LN
and 13 m from LM .

Find the distance mPQ.

(1) Construct triangle LMN with given measurements using a scale of 10 m to
represent 1 cm.

(i)  Draw perpendicular bisector ¢

Mm Al e e
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(iii) (a) Label the point P which is
equidistant from L and M and
equidistant from LM and
LN . Mark the point P insi

Unit — 11: Loci and Construction

Perpendicular

V bisector

the triangle Parallel
equidist A line
*'e_z l_\.
(b) Label the point Q which is ¥, X’
* e g 1.3cm
Eﬂl-ldlstant from LM _and 60° — 5
LN and 1.3 cm from LM . L 6.9 cm y M
(c) mPQ=12x10=12m
11. 6 Real Life Application of Loci

The concept of loci has many applications across
fields where spatial relationships, distances, or
specific constraints are important. Here,

are 2
detailed examples illustrating the u OH-‘QQ@W
different contexts. o%@k@

g ces at two different

(i) A park ha

points. hydrant needs to be placed

so it is equally accessible to both sources.

Let X and Y represent the two water
SOuUrces the park. Draw the
perpendicular bisector of XY which
represents the locus of all
equidistant from X and Y.

in

points

(ii)

to work within a specific area without
crossing into areas ‘where it
interfere with other equi |
of the robot's possi
a defi 1C

A robotic arm in a factory is programmed §

+

rectangular region, ensuring it operates

safely within its designated zone.

28
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§( EXERCISE 112 @@

Two points A and B are 8.2@m jJ fbcus of points 5 cm from
point 4. S Q@

Construct a .2 cm from line segment CD of measure 5.7cm.

fl ‘angle ABC = 105°. Construct a locus of a point P which moves
such that it is equidistant from BA and BC.
Two points E and F are 5.4 cm apart. Construct a locus of a point P which '
moves such that it is equidistant from E and F.

The island has two main cities 4 and B 8 km apart. Kashif lives on the island
exactly 6.8 km from city 4 and exactly 7.3 km from city B. Mark with a cross
the points on the island where Kashif could live.

Construct a triangle CDE with mCD = 7.6 cm, m<D =45° and mDE = 5.9 cm. |
Draw the locus of all points which are:

(@  equidistant from CandD  (b) - e w@@m and CE
Mark the point X where the two loghi @0

o T
N ‘ 17
e

M =7 em, msL = 70° and m2M = 45°.
e triangle LMN which is equidistant from L and M and

Construct a right angled triangle RST with mRS = 6.8 cm, m.~ S = 90° and
mST =17.5 cm. Find a point within the triangle RST which is equidistant from |
RS and RT and 4.5 cm from R.

Construct a rectangle UVWX with mUV = 7.2 cm and mVW = 5.6 cm. Draw
the locus of points at a distance of 2 cm from UV and 3.5 cm from W.

Imagine two cell towers located at points 4 and B on a coordinate plane. The
GPS-enabled device, positioned somewhere on the plane, receives signals from

placed equidistant
gﬁgaﬂon.

raw
m s, especm]]y for contagious

both towers. To ensure accurate navigation, the device is
from both towers to estimate its position. Drg




12

13.

Mathematics - 9

Unit — 11: Loci and Construction

of the infection source. Draw the locus of all points 10 km from the source

defining the quarantine area to monitor and control the disad.
: oy .
g1 e .'\‘-'@ reasure is 24

kilometres from A@Q& equi % | \@
represent 10 ere th
P A

There e tree at a distance of 90 metres from banana tree in the garden

JUsing a scale of lem to

of Sara’s house. Sara wants to plant a mango tree M which is 64 metres from
apple tree and between 54 and 82 metres from the banana tree. Using a scale of
lcm to represent 10m, Find the points where the mango tree should be planted.

@ REVIEW EXERCISE 1)) _

1. Four options are given against each statement. Encircle the correct option.

(i)

(ii)

A triangle can be constructed if the sum of the measure of any two sides is
the measure of the third side.
(a) less than (b)  greater than

(c) equal to (d) greater @m to
An equilateral tria}ngle (\V,,g /\%\@@W 5

)~ can be right angled
(d)  has each angle equal to 50°.

(iii)  Ifthe sum of the measures of two angles is less than 90°, then the triangle

(iv)

1S

(a) equilateral (b)  acute angled
(c) obtuse angled (d)  right angled

The line segment joining the midpoint of a side to its opposite vertex in a
triangle is called ,

(a) median (b) perpendicular bisector

(c) angle bisector (d) circle

The angle bisectors of a triangle intersect at fras;

(a) one point (b) hoints

(c)  three points o ) 6@@“@

Locus of allp { from-ai soint is

(a) j IQW (b)  perpendicular bisector
M@ bisector (d) parallel lines




Mathematics - 9

Unit - 11: Loci and Construction

(vii)  Locus of points equidistant from two fixed points i @Q\E\m
(a) circle o ar bisector
(¢)  angle bisecto%%{@ parallel lines

(viii) Locus of om a fixed line is/are

WWQ] (b)  perpendicular bisector
)~ angle bisector ‘ (d)  parallel lines

(ix)  Locus of points equidistant from two intersecting lines is

(a) circle (b)  perpendicular bisector
(c) angle bisector (d) parallel lines
(x) The set of all points which is farther than 2 km from a fixed point B is a
region outside a circle of radius and centre at B,
(a) 1 km (b) 1.9 km
(¢) 2km (d 2.1km

2. Construct a right angled triangle with measures of gz@ and 10 cm.
0° an

3. Construct a triangle 4BC with@: = @ﬁ? d m<B = 120°,
Draw the locus ] poﬁ% idistanit from 4 and B.

of al
O L3
4. Construct a hiali@ { =73 cm, msD =42° and mEF = 54 cm.
5. C gle XYZ with mYX =8 cm, m¥Z =7 cm and mXZ = 6.5 cm,

Draw the locus of all points which are equidistant from XY and XZ .

6. Construct a triangle FGH such that mEG = mGH = 6.4 cm, mG = 122°.
Draw the locus of all points which are:
(a) equidistant from F and G,

(b)  equidistant from FG and GH .
(c)  Mark the point where the two loci intersect,
f B Two houses Q and R are 73 metres apart. Using a scale of 1 ¢cm to represent
10 m, construct the locus of a point P which moves such that it is;
(1) at a distance of 32 metres from Q m
(i)  ata distance of 48 metres from the line jeining ¢ O@.
8. The field is in the form of @ ; ‘

m-B_5=60m.C :

fart m from AB .

il i g R e
i o e T e e e




