Geometry

C HAPTER

SYNOPSIS

O

Parallel lines: Two co-planar lines that do not have a
common point are called parallel lines.

In the figure given above, ¢, and /, are parallel lines.
We write £, || £, and read as ¢, is parallel to /,.

Properties of Parallel Lines

O

(1) The perpendicular distance between two parallel

lines is equal everywhere.

(2) Two lines lying in the same plane and perpendicu-

lar to the same line are parallel to each other.

(3) If two lines are parallel to the same line, then they

are parallel to each other.

(4) One and only one parallel line can be drawn to a

given line through a given point which is not on the
given line.
Transversal: A straight line intersecting a pair of
straight lines in two distinct points is a transversal for
the two given lines.

Let 7, and /, be a pair of lines and t be a transversal.
As shown in the figure, totally eight angles are
formed.

If ¢/, and /, are parallel, then the
(i) corresponding angles are equal, i.e., £1 = /5,

L2=/6,/3=/7and L4= /8.
(ii) alternate interior angles are equal, i.e., Z4 = £6

and /3 = /5.
(iii) alternate exterior angles are equal, i.e., Z1 = /7
and /2 = /8.

(iv) exterior angles on the same side of the transver-
sal are supplementary, i.e., Z1 + £8 = 180° and
2+ /7 =180°.

(v) interior angles on the same side of the transver-
sal are supplementary, i.e., £4 + £5 = 180° and
Z3+ £6 =180°.

O Intercepts: If a transversal ¢ intersects two lines 7 and

£, in distinct points P and Q, then the lines ¢, and £, are
said to make an intercept PQ on t.

In the figure given above, PQ isan intercept on ¢.

A pair of parallel lines makes equal intercepts on all
transversals which are perpendicular to them.



O Triangles: A triangle is a three sided simple closed

plane figure.
A
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Types of triangles: A. Based on sides:

(i) Scalene triangle: A triangle in which no two sides
are equal.
(ii) Isosceles triangle: A triangle in which a minimum
of two sides are equal.
(iii) Equilateral triangle: A triangle in which all the
three sides are equal.

B. Based on angles:

(i) Acute-angled triangle: A triangle in which each
angle is less than 90°.
(ii) Right-angled triangle: A triangle in which one of
the angles is equal to 90°.
(iii) Obtuse-angled triangle: A triangle in which one of
the angles is greater than 90°.

A triangle in which two sides are equal and one angle

is 90°, is an isosceles right triangle. The hypotenuse is V2
times each equal side.

Important Properties of Triangles

1. The sum of the angles of a triangle is 180°.
2. The measure of an exterior angle is equal to the sum of
the measures of its interior opposite angles.
3. If two sides of a triangle are equal, then the angles
opposite to them are also equal.
4. If two angles of a triangle are equal, then the sides
opposite to them are also equal.
5. Each angle in an equilateral triangle is equal to 60°.
6. In a right-angled triangle the square of the hypot-
enuse is equal to the sum of the squares of the other
two sides.
7. The sum of any two sides of a triangle is always
greater than the third side.
Ina AABC,
(i) AB+BC > AC,
(ii) BC+ AC> ABand
(iii) AB+ AC>BC.
8. The difference of any two sides of a triangle is less
than the third side.
Ina AABC,
(i) (BC-AB)<AC,
(i) (AC-BC)<ABand
(iii) (AC- AB) <BC.

9. In a triangle ABC, if /B > ZC, then the side
opposite to £B is longer than the side opposite to
ZC,ie., AC> AB.

10. In triangle ABC given above, if AC > BC, then the
angle opposite to side AC is greater than the angle
opposite to side BC, i.e., ZB > ZA.

O Congruence of triangles: Two geometrical figures are

congruent if they have the same shape and the same
size.

The three angles of a triangle determine its shape
and its three sides determine its size. If the three
angles and the three sides of a triangle are respectively
equal to the corresponding angles and sides of
another triangle, then the two triangles are congruent.
However, it is not necessary that each of the six
elements of one triangle is equal to the corresponding
elements of the other triangle in order to conclude
that the two triangles are congruent.

Based on the study and experiments, the following
results can be used to establish the congruence of two
triangles.

Different Types of Quadrilaterals

1. Trapezium: In a quadrilateral, if two opposite sides
are parallel to each other, then it is called a trape-

zium.
In the given figure AB || CD, hence ABCD is a trape-
zium.
D @
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2. Parallelogram: In a quadrilateral, if both the pairs
of opposite sides are parallel, then it is called a par-
allelogram.

In the given figure,

(i) AB=CD and BC = AD.
(i) AB || CD and BC || AD.
Hence, ABCD is a parallelogram.

Note: In a parallelogram, diagonals need not be
equal, but they bisect each other.

3. Rectangle: In a parallelogram, if each angle is a
right angle (90°), then it is called a rectangle.




In the given figure, ZA = /B = ZC = ZD = 90°,
AB=CDand BC=AD.
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Hence, ABCD is a rectangle.

Note: In a rectangle, the diagonals are equal, i.e.,
AC=BD.

. Rhombus: In a parallelogram, if all the sides are
equal, then it is called a rhombus. In the given figure,
AB =BC=CD = AD, hence ABCD is a rhombus.
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Note:

(1) Inarhombus, the diagonals need not be equal.
(2) In a rhombus, the diagonals bisect each other
at right angles, i.e., AO = OC, BO = OD and

AC L DB.

. Square: In a rhombus, if each angle is a right angle,
then it is called a square.

(OR)
In a rectangle, if all the sides are equal, then it is
called a square. In the given figure, AB=BC=CD =
DAand ZA=/B=/ZC= /D =90°.
Hence, ABCD is a square.
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Note:

(1) In a square, the diagonals bisect each other at
right angles.

(2) Inasquare, the diagonals are equal.

. Isosceles trapezium: In a trapezium, if the non-

parallel opposite sides are equal, then it is called an

isosceles trapezium.

A B

In the figure, AB || CD and BC = AD.
Hence, ABCD is an isosceles trapezium.

7. Kite: In a quadrilateral, if two pairs of adjacent
sides are equal, then it is called a kite.

C

In the figure ABCD,
AB =AD and BC=CD
Hence, ABCD is a kite.

8. Cyclic Quadrilateral: A quadrilateral which can be
inscribed in a circle is called a cyclic quadrilateral.
The opposite angles of a cyclic quadrilateral are
supplementary.

(We shall study more about such quadrilaterals in
the next chapter circles)

Geometrical Results on Areas

1. Parallelograms on the same base and between the
same parallels are equal in area.
In the figure given above, parallelogram ABCD and
parallelogram ABEF are on the same base AB and
between the same parallels AB and CD.
". Area of parallelogram ABCD = Area of paral-
lelogram ABEF.

<




Note: A parallelogram and a rectangle on the same
base and between the same parallels are equal in area.

. The area of a triangle is half the area of the paral-
lelogram, if they lie on the same base and between
the same parallels.
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In the figure given above, parallelogram ABCD and

A ABE are on the same base AB and between the

same parallels AB and CD.

. Area of AABE = 1/2 Area of parallelogram
ABCD.

. Triangles on the same base and between the same

parallels are equal in area.
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In the figure given above, AABC and AABD are on
the same base AB and between the same parallels
AB and CD.

. Area of AABC = Area of AABD.

Note: Triangles with equal bases and between the
same parallels are equal in area.
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In the above given figure, in AABC and ADEF,
AB=DEand AE ||CF.
". Area of AABC = Area of ADEF.

. Triangles with equal bases and with equal areas lie
between the same parallels.

In the above figure, if Area of A ABC

= Area of AABD, then AB ||CD.
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Note: In this case, altitudes CE and DF are equal.
5. A diagonal of a parallelogram divides the parallelo-
gram into two triangles of equal area.
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In the figure given, diagonal AC divides parallelo-
gram ABCD into two triangles; AABC and AACD.
Here, area of A ABC = area of A ACD.

Similarly, diagonal BD divides the parallelogram
into two triangles, AABD and ABDC.

Hence, the area of AABD = area of ABCD.

O Mid-point Theorem: In a triangle, the line segment
jointing the mid-points of any two sides is parallel to
the third side and also half of it.

O Basic proportionality theorem: In a triangle, if a line
is drawn parallel to one side of the triangle, then it
divides the other two sides in the same ratio.

O Converse of basic proportionality theorem: If a line
divides two sides of a triangle in the same ratio then
that line is parallel to the third side.

In the figure given, AD/DB = AE/EC = DE I BC.
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Note: The intercepts made by three or more parallel
lines on any two transversals are proportional.
Similarity: Two figures are said to be congruent,
if they have the same shape and same size. But the
figures of the same shape need not have the same
size. The figures of the same shape but not necessar-
ily of the same size are called similar figures.

Examples:

1. Any two line segments are similar.

A B o D

2. Any two squares are similar.




3. Any two equilateral triangles are similar.

60°
60°
60°  60° 60° 60°

4. Any two circles are similar.

e

Two polygons are said to be similar to each other if

(i) their corresponding angles are equal and
(ii) the lengths of their corresponding sides are pro-
portional.

Note: “~” is the symbol used for “is similar to”.

If AABC is similar to APQR, we denote it as AABC ~ APQR.
The relation ‘is similar to’ satisfies the following properties.

(1) Itis reflexive as every figure is similar to itself.
(2) Itis symmetric as, if A is similar to B, then B is also
similar to A.
(3) Itistransitive as, if A is similar to B and B is similar
to C, then A is similar to C.
". The relation ‘is similar to’ is an equivalence rela-
tion.

O Criteria for similarity of triangles: In two triangles, if
either the corresponding angles are equal or the ratio
of corresponding sides are proportional, then the two
triangles are similar to each other.

In AABC and ADEF,

(1) If£ZA=4D, /B=/Eand ZC= /F,then AABC~
ADEEF. This property is called A.A.A. criterion.

(2) If AB/DE = BC/EF = AC/DF, then AABC ~
ADEF. This property is called S.S.S. criterion.

(3) IfAB/DE=AC/DFand ZA = /D, then AABC ~
ADEEF. This property is called S.A.S. criterion.

Results on Areas of Similar Triangles

(a) The ratio of the areas of two similar triangles is
equal to the ratio of the squares of any two corre-
sponding sides of the triangles.

AABC ~ ADEF
Area of AABC AB> BC* CA?

= = = .
Area of ADEF  DE? EF? FD?

D
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(b) The ratio of the areas of two similar triangles is
equal to the ratio of the squares of their corre-

sponding altitudes.
D
A
B X C E Y F

In the following figures, AABC ~ ADEF and AX, DY
are the altitudes.

Area of AABC AX?
en, =
Area of ADEF  DY?

(c) The ratio of the areas of two similar triangles is
equal to the ratio of the squares on their corre-
sponding medians.

B D cQ S R
In the above given figures, AABC ~ APQR and AD
and PS are medians.
Area of AABC AD?
en, =
Area of APQR  PS?




(d) The ratio of the areas of two similar triangles is equal
to the ratio of the squares of their corresponding angle
bisector segments.

In the figure, AABC ~ ADEF and

AP, DQ are bisectors of ZA and ZD respectively,
then

Area of AABC  AP?
Area of ADEF  DQ>

Pythagorean theorem: In a right angled triangle, the
square of the hypotenuse is equal to the sum of the
squares of the other two sides.

Converse of Pythagorean Theorem: In a triangle,
if the square of one side is equal to the sum of the
squares of the other two sides, then the angle opposite
to the first side is a right angle.

Polygons: A closed plane figure bounded by three or
more line segments is called a polygon.

Convex polygon and Concave polygon: A polygon in
which each interior angle is less than 180° is called a
convex polygon.

Otherwise it is called concave polygon.

Vertical angle bisector theorem: The bisector of the
vertical angle of a triangle divides the base in the ratio
of the other two sides.

Converse of vertical angle bisector theorem: If a line

that passes through a vertex of a triangle, divides the

base in the ratio of the other two sides, then it bisects

the angle. In the adjacent figure, AD divides BC in the

ratio BD and if D = E, then AD is the bisector
DC DC AC

of ZA.

Concurrence - Geometric Centres
of a Triangle

1. Circumcentre: The locus of the point equidistant
from the end points of the line segment is the
perpendicular bisector of the line segment. The
three perpendicular bisectors of the three sides
of a triangle are concurrent and the point of
their concurrence is called the circumcentre
of the triangle and is usually denoted by S. The
circumcentre is equidistant from all the vertices
of the triangle. The circumcentre of the triangle is
the locus of the point in the plane of the triangle,
equidistant from the vertices of the triangle.

2. Incentre: The angle bisectors of the triangle are con-
current and the point of concurrence is called the
incentre and is usually denoted by . I is equidistant
from the sides of the triangle. The incentre of the tri-
angle is the locus of the point, in the plane of the
triangle, equidistant from the sides of the triangle.

3. Orthocentre: The altitudes of the triangle are
concurrent and the point of concurrence of the
altitudes of a triangle is called orthocentre and is
usually denoted by O.




4. Centroid: The medians of a triangle are concur-
rent and the point of concurrence of the medians
of a triangle is called the centroid and it is usually
denoted by G. The centroid divides each of the
medians in the ratio 2: 1, starting from vertex,
i.e., in the figure given below, AG:GD = BG:GE =
CG: GF =2:1.

O The angle subtended by an arc at the centre of a circle
is double the angle subtended by the same arc at any
point on the remaining part of the circle.

O Angles in the same segment of a circle are equal.
O Anangle in a semicircle is a right angle.
If an arc of a circle subtends a right angle at any

point on the remaining part of the circle, it is a semi
circle.

O  Cyclic quadrilateral: If all the four vertices of a quad-
rilateral lie on one circle, then the quadrilateral is
called a cyclic quadrilateral.

Note 1: Opposite angles in a cyclic quadrilateral are sup-
plementary.

Note 2: In a quadrilateral, if the opposite angles are sup-
plementary, then the quadrilateral is a cyclic quadrilateral.

In the above given figure, ABCD is a cyclic quadrilat-
eral.

ZA + ZC=180°and ZB + £D = 180°

D

Note 3: Exterior angle of a cyclic quadrilateral is equal to
the interior opposite angle.

In the figure, ABCD is a cyclic quadrilateral. AB is pro-
duced to E to form an exterior angle, ZCBE and it is equal
to the interior angle at the opposite vertex, i.e., ZADC.

. ZCBE = ZADC

O Theorem 1: One and only one circle exists through
three non-collinear points.

O Theorem 2: The perpendicular bisector of a chord of a
circle passes through the centre of the circle.

O Theorem 3: Two equal chords of a circle are equidis-
tant from the centre of the circle.

O Theorem 4: Equal chords subtend equal angles at the
centre of the circle.

O Theorem 5: The opposite angles of a cyclic quadrilat-
eral are supplementary.

O Theorem 6: The exterior angle of a cyclic quadrilateral
is equal to the interior opposite angle.

O Theorem 7: The tangent at any point on a circle is per-
pendicular to the radius through the point of contact.

O Theorem 8: Two tangents drawn to a circle from an
external print are equal in length.

T

O Theorem 9: If two chords of a circle intersect each
other, then the products of the lengths of their seg-
ments are equal.

O Theorem 10: Alternate segment theorem: If a line
touches the circle at a point and if a chord is drawn
from the point of contact then the angles formed
between the chord and the tangent are equal to the
angles in the alternate segments.

O Appolonius theorem: In a triangle, the sum of the
squares of two sides of a triangle is equal to twice
the sum of the square of the median which bisects
the third side and the square of half the third side.

O Common tangent: If the same line is tangent to
two circles drawn on the same plane, then the line is
called a common tangent to the circles. The distance
between the point of contacts is called the length of
the common tangent.

In the figure, PQ is a common tangent to the cir-
cles, C, and C,. The length of PQ is the length of the
common tangent.



Direct common tangent

P 1 Q
c, .
CZ
Fig (i)

Transverse common
tangent

In figure (i), we observe that both the circles lie on the
same side of PQ. In this case, PQ is a direct common
tangent and in figure (ii), we notice that the two circles
lie on either side of PQ. Here PQ is a transverse com-
mon tangent.

O Locus

The collection (set) of all points and only those
points which satisfy certain given geometrical condi-
tions is called the locus of a point satisfying the given
conditions.

Alternatively, a locus can be defined as the path or
curve traced by a point in a plane when subjected to
some geometrical conditions.

Consider the Following Examples

1. The locus of the point in a plane which is at a con-
stant distance r from a fixed point O is a circle with
centre O and radius r units.

Solved Examples

1. In the above figure (not to scale), ZBCD = 40°,
ZEDC = 35°, ZCBF = 30° and ZDEG = 40°, find
ZBAE.

The locus of the point in a plane which is at a con-
stant distance from a fixed straight line (/) is a pair
of lines, parallel to ¢, lying on either side of /. Let
the fixed line be . The lines m and n form the set of
all points which are at a constant distance from /.

Before proving that a given path or curve is the de-
sired locus, it is necessary to prove the following.

(i) Every point lying on the path satisfies the given
geometrical conditions.

(ii) Every point that satisfies the given conditions lies
on the path.

Some Important Points

(i) In an equilateral triangle, the centroid, the
orthocentre, the circumcentre and the incentre
coincide.

(ii) In an isosceles triangle, the centroid, the ortho-
centre, the circumcentre and the incentre all
lie on the median to the base, i.e., they are collinear.

(iii) In a right-angled triangle the length of the median
drawn to the hypotenuse is equal to half of the
hypotenuse. The median is also equal to the circ-
umradius. The mid-point of the hypotenuse is the
circumcentre.

(iv) In an obtuse-angled triangle, the circumcentre
and orthocentre lie outside the triangle and for
an acute-angled triangle the circumcentre and the
orthocentre lie inside the triangle.

(v) For all triangles, the centroid and the incentre lie
inside the triangle.

(vi) For all triangles, the excentre lies outside the
triangle.




& Solution: Given ZBCD = 40°, ZEDC = 35°

ZCBF = 30° and ZDEG = 40°

Produce AF to meet CD at P and also produce AG
to meet CD at Q.

In ABPC, ZBPQ = ZCBP + £ZBCD
(" exterior angle) = ZBPQ = 70°

In AEQD, ZEQP = ZDEQ + ZEQDQ
(v exterior angle)

— /EQP = 40° + 35°

= /EQP =75°

In AAPQ, Z/PAQ + ZAPQ + ZAQP
= 180°

= /PAQ = 180° - (70° + 75°) = 35°.
. /BAE =35°

. In the given triangle ABC, D, E and F are the mid-
points of sides BC, CA and AB respectively. Prove

AB—BC AB+BC
that <AE < .
A
F E
B D C

Solution: Difference of two sides is less than
the third side.
. AB-BC<AC
Since E is the mid-point of AC, AE = AC/2
AB - BC<2AE

AB-BC
T CAE ()

The sum of the two sides is greater than the third
side.
AB+BC>AC. AC=2AE. AB + BC > 2AE
AB+BC
< — - (2)

AE

AB-BC AB+BC
From (1) ad (2), — <AE<——.

. In the given quadrilateral ABCD, p° + q° = 100°,

1
a® = 140° and r° :E(a° +q°). Find the angles p°,
q°and r°.

Solution: p°+a°=180°

= p + 140° = 180° = p = 40°

and given that p + q = 100°

= 40° + q=100°= q=60°

But b° + q = 180° = b° + 60° = 180°
= b°=120°

givenr ="/ (a+q) =r="/,(140 + 60)
= r=100°

. In the given figure, AB|| DE and area of the

parallelogram ABFD is 24 cm Find the areas of
AAFB, AAGB and AAEB.

Solution: Given AB || DE and the area of par-
allelogram ABFD is 24 cm®.
AAFB, AAGB, AAEB and parallelogram ABFD
are on the same base and between the same paral-
lels.

Area of AAFB = Area of AAGB

= Area of AAEB
= 1/2 x area of parallelogram ABFD
=1/2x24=12cm?

. In the given figure (not to scale), ABC is an isos-

celes triangle in which AB = AC. AEDC is a paral-
lelogram. If ZCDF = 70° and ZBFE = 100°, then
find ZFBA.



& Solution:

G

B c D

Given, ABC is an isosceles triangle in
which AB = AC.
AEDC is a parallelogram.
ZCDF =70° and ZBFE = 100°.
Since AEDC is a parallelogram,
ZACD +70°=180°
= ZACD=110°— (1)
ZACD + ZGCB = 180° (*. linear pair)
= /GCB = 180° - 110° = 70° — (2)
ZGFD + £BFE = 180° (linear pair)
= ZGFD =180° - 100° = 80° — (3)
In A BED, ZFBD = 180° - (80° + 70°) = 30°
Since AB = AC, ZABC = ZACB
. LABC=70°
= ZABG = ZABC - ZFBD =70° - 30° = 40°
. A pole of height 14 m casts a shadow 10 m long
on the ground. At the same time a tower casts the

shadow 70 m long on the ground. Find the height
of the tower.

Solution: Let CD be the pole and AB be the tower.

B
D
AT C 10 E

<« 70 —>

/BAE = ZDCE = 90°

. DC|| AB.

. AABE ~ ACDE (AAA)
CE CD_ 10 14
AE AB 70 AB

= AB=98m

. Find each interior and exterior angle of a regular
polygon having 30 sides.

& Solution:

10.

The number of sides (n) = 30

Each interior angle of a regular polygon with ‘n’
sides

(2n-4)x90°  (60—4)x90°

=56x3
n 30
=168°
360° 360
Each exterior angle = —— = S0 12°

In the following figure, DE || BC, AD

=5.6cm, AE=(x+1) cm, DB =2.8 cmand EC =
(x-1) cm. Find x.

A
D E
B / c
. AD AE
Solution: DE||BC>—="—
DB EC
AE 56 x+1 x+1

_— = = -
EC 28 x-1 x—1
= 2x-2=x+1=>x=3

One angle of a decagon is 90° and all the remain-
ing nine angles are equal. What is the measure of
the other angles?

Solution: One angle of the decagon = 90°
The number of sides (n) = 10

The sum of interior angles = (2n - 4) x 90°
Let each of the other angles be equal to x°
9x + 90° = (20 - 4) x 90° = 16 x 90° = 1440°
9x = 1440° - 90° = 1350°

1350°
X= e 150°. Each of the other angles = 150°.

In the above figure (not to scale), E and D are the
mid-points of AB and BC respectively. Also /B =

90°, AD = /292 cm and CE = /208 c¢cm. Find AC.

Solution: 1In A ABD, AD?= AB?+ BD?

2
. AD'= AB+ [%] )

(" D is the mid-point of BC)



In ABEC, CE? = BC* + BE?

2
= CE*=BC?*+ (%} .(2)
(" E is mid-point of AB)
Adding (1) and (2), we get,
= 292 +208 = Z(AB2 + BC?)
= 400 = AB?> + BC?> = 400 = AC?
= AC=20cm

11. In the following figure, angle PQR = 90°, and

E is perpendicular to PR. Show that QR? x PS?
=PQ?*x QR

Q T R

& Solution: Given that PQR is a right angled tri-
angle and QS is perpendicular to PR. APQR and
APSQ are similar.

PQ_PR

=-— = PQ*=PRxPS
PS PQ

= PS= QL (1)

PR
In APQR and AQSR, % = PR
RS QR

R2
. QR'=PRxRS= RS = 2
PR

.. (2)
and in APQR, QS? =PS x SR .3

. . PQ* QR’
Substitute (1 d@ 3),Q8* = —
ubstitute (1) and (2) in (3), Q PRXPR

QS? x PR? = PQ? x QR?. Hence proved.

12. In a triangle PQR, ST is parallel to QR. Show that
RT(PQ + PS) = SQ(PR + PT).

=]

Q R

& Solution: PQRis a triangle. ST is parallel to QR.

P

Q R

By basic proportionality theorem, in APQR.
PQ_PR
PS PT

By componendo and dividendo,

PQ PR PQ+PS PR+PT
PS PT _ PQ-PS PR-PT
PQ+PS PR+PT

sQ TR

RT(PQ + PS) = SQ(PR + PT)

13. In the following figure, PQRS is a rhombus
formed by joining the mid-points of a quadrilat-
eral YMXN, show that 3PQ? = SN? + NR? + QX? +
XR?+ PY? +YS%

& Solution: Given that, PQRS is a rhombus
formed by joining mid-points of the sides of the
quadrilateral YMXR.



14.

. YMXR is a rectangle.
= LY =/M=Lx=/LR=90°
In triangle SNR, SN? + NR? = SR?
In triangle QXR, QX? + XR? = QR?
In triangle PYS, PY? + YS? = P§?
Since PQRS is a rhombus, PQ = RQ = RS = SP
SR? + QR? + PS* = 3PQQ?
= 3PQ?=SN?+ NR? + QX% + XR?> + PY? + YS?
In the following figure, PR is a secant and PT is a

tangent to the circle. If PT = 6 cm and QR =5 cm,
then PQ = cm.

& Solution:

15.

PQR s a secant, PT is a tangent

. PQx PR =PT? (D)
Given, PT =6, QR =5
Let PQ=x
. PR=PQ+QR=x+5
from (1)
PQ xPR = PT?
X(x + 5) = 6
x* + 5x = 36
X +5x-36=0

x+9)(x-4)=0
X+9=0x-4=0
x=-9;x=4
Since length is always positive
. x=PQ=4cm
Find the locus of a point which is at a distance of
5 units from (-1, -2).

Solution: Let, P(x, y) be any point on locus and
the given point be A(-1, -2)
Given that, AP = 5 units.

e (x= (1) +(y—(=2)) =5

= (x+1)2+(y+2)2:5

= XX+2x+1+y +4y+4=5
= X+y +2x+4y=0
The required locus is x* + y* + 2x + 4y = 0.



PRACTICE EXERCISE 3 (A)

Directions for questions 1 to 40: Select the correct alterna- 5. Ina AABC, if ZB =90° and D is a point on AC such
tive from the given choices. that BD L AC . Then AB? =
1. (1) BCxBD (2) BCxCD
A (3) ACxBD (4) ACx AD
6.
C
B c
301 8cm E
N
D A B
In the above figure, AB is produced to D. The bisec-
tors of ZDBC and ZBAC meet at E. Find ZACB, if D
ZBEA =30°.
(1) 45° (2) 60° In the figure above, ABC is a triangle. AE and CF are
(3) 75° (4) 90° the medians and ADBE is a rectangle. If AC = 8 cm
and BE = 4 cm, then the length of BD is
2. Il? a triangle ABC, AD, BE and CF are the altitudes. 1) 33 ) 443
Find the value of
AD? +BE? +CF? —(AF® + BD* + CE?) (3) 542 (4) 3+2
CD.DB+BE.FA+AF.FB 7. ABCD is a rhombus in which ZDAC = 30°. P is a
1) 1 () 2 point on CD and BP is perpendicular to CD. AC
(3) 3 (4) 4 and BP intersect at T. If BD = 6 cm, then find the
length of BT.
3.
D c ) 242 2 243
(3) 342 4) 33
8.
A E B D C
O
In the figure above, ABCD is a trapezium and DEBC
is a parallelogram such that AD = DE, £ DAP = 40° A E B
and ZABC = 75°. If AC and DE intersect at P, then
find ZPCD. In the given rectangle ABCD, the sum of the lengths
(1) 35° (2) 30° of two diagonals is equal to 52 cm and E is a point on
(3) 40° (4) 45° AB such that OE is perpendicular to AB . Find the
4 area of the rectangle (in cm?), if OE = 5 cm.
) D c (1) 120 (2) 240
(3) 260 (4) 90

9. In a AABC, E and F are points on the sides AB and
AC respectively. If AE =3 cm, AF=4cm,EB=9cm

A E B and FC = 12 cm, then find EF in terms of BC.
In the figure above, ABCD is a parallelogram and (1) E Q) E
/DEB = Z/CBE. If ZADE = 40°, then find ZABC. 2 3
(1) 100° ) 90° 3) BC @ ¢

(3) 80° (4) 110° 4 5



10.

11.

12.

13.

14.

N

D
In the following figure, show that area of ADCO: area
of ACOB =
(1) OD:0C
(3) OD:OB

%)

(2) OC: OB
(4) BC:CD

In the following figure, if XN is parallel to MK and
MN is parallel to KY. Then (LX) (MY) =

Y

,_
pd X
X <

(1) (LM) (MX)
(3) (NK) (MK)

(2) (LM) (MN)
(4) (NK) (LN)

In the following figure, CE is parallel to AD and
angle AEC = x° = angle ACE. If BEC is a triangle,
Then AB x CD =

B D C
"
A
N
E
(1) BCxDE (2) BCxCE
(3) ABxBC (4) ACxBD
E
\I'i
"D B C

In the figure above (not to scale), AB L CDand AD
is the bisector of ZBAE. AB = 3 cm and AC = 5 cm.
Find CD(in cm).

(1) 10 ) 12
(3) 15 (4) 18
A B

P Q

D C

15.

16.

17.

18.

19.

In the figure above (not to scale), ABCD is an isosceles
trapezium. AB ||CD, AB=9 cmand CD =12 cm. AP:
PD = BQ: QC = 1: 2. Find the length of PQ (in cm).
(1) 8 2 9

(3) 6 (4) 10

In a APQR, M lies on PR and between P and R such
that QR = QM = PM. If ZMQR = 40°, then find ZP.

(1) 45° (2) 40°
(3) 35° (4) 50°
A
F
B D c

In the figure given a triangle ABC with, AE = 3ED,
2BD=DCand v2AB = AC. If AB =3BD. Find ZABC.
(1) 90° (2) 70°
(3) 80° (4) 72°

In the figure below, LM = LN and ZPLN = 130°.
Find ZMLN.

P
140°
40
Q M N
(1) 70° (2) 80°
(3) 85° (4) 90°
P Q W
T
U
R S
Y

In the figure above, TU||RS. Find ZWUT, given
ZPWU =50° ZPQR = 70°, ZQRT = 10° and LUTR
=120°.

(1) 110°
(3) 130°

(2) 120°

(4) 140°

PQRS is a parallelogram. T is a point on QR satisfy-
R

ing QT = QT If PQ and ST are produced to meet at

U, as shown in the figure, then PU =



20.

21.

22.

23.

R S
T
U Q P
(1) 4UQ (2) 3UQ
5 7
(3) EUQ 4) EUQ

In the given figure, BE is parallel DF. Find ZAGB.

B
30°
G
/j/ 80°>/D
2 F
(1) 70° (2) 75°
(3) 80° (4) 90°

Two parallel chords of equal length 18 cm are drawn
inside a circle of radius 15 cm. Find the distance be-
tween the chords.

(1) 12cm (2) 18 cm
(3) 24cm (4) 30 cm

In the given figure, ABCD is a cyclic quadrilateral.
AP, BP, CQ, DQ are the bisectors of angles A, B, C
and D. The sum of the angles PRQ and PSQ is .

P
R S
Q
A B
(1) 90° (2) 120°
(3) 180° (4) Data insufficient
E
A D

0
B \\/ C
In the figure above, rectangle ABCD and triangle

ABE are inscribed in the circle with centre O. If
ZAEB = 40°, then find ZBOC.

24,

25.

26.

27.

(1) 100° (2) 60°
(3) 120° (4) 80°
D C
A (0] B

In the figure above, ABCD is a rectangle inscribed
in a semi circle. If the length and the breadth of the
rectangle are in the ratio 2: 1. What is the ratio of
the perimeter of the rectangle to the diameter of the
semicircle?

1) V3:42 2) 342
3) 23 4) 32

In the figure given below, if ZBCF = 70° and ZEFG =
120°, then find the value of ZBAD + ZABG + ZBGF.

(1) 260°
(3) 180°

(2) 360°
(4) 150°

In the figure above, ABCD is a cyclic quadrilateral.
O is the centre of the circle. If ZOAD = 30° and
Z0OCD = 20°, then find ZABC.

(1) 120° (2) 50°

(3) 130° (4) 80°



28.

29.

30.

31.

32.

In the figure above, AB is a diameter of the circle
with the centre O. AP and AQ are equal chords.
If ZPAQ = 80°, then find ZAPO.

(1) 45° (2) 40°

(3) 80° (4) 100°

In the figure above, A, B, C, D and E are concyclic
points. O is the centre of the circle. ZEAD = 25° and
ZCBD =20°. Find ZEDC.

(1) 145° (2) 180°

(3) 135° (4) 85°
S R
P Q

In the figure above, PQRS is a cyclic quadrilateral
and PR is a diameter. If ZRPQ = 50° and ZSQP =
45°, then find ZQRS.
(1) 85°
(3) 60°

(2) 90°
(4) 100°

Let A and B be two fixed points in a plane. Find the
locus of a point P such that PA* + PB* = AB%.

(1) Right triagle

(2) Circle with out A and B

(3) Semicircle with out A and B

(4) Square

Find the locus of the vertex of triangle with fixed
base and having constant area.

(1) line parallel to the base

(2) circumcircle

(3) incircle

(4) the vertex

P is the point of intersection of the diagonals of a
square READ. P is equidistant from

(1) theverticesR, E, A and D.

(2) REand EA.

(3) EA and AD.

(4) All of these

33.

34.

35.

36.

37.

In a triangle ABC, D is a point on BC such that any
point on AD is equidistant from the points B and C.
Which of the following is necessarily true?

(1) AB=BC (2) BC=AC

(3) AC=AB (4) AB=BC=AC

Ina AABC, AB = AC. P, Q and R are the mid-points
of the sides AB, BC and CA respectively. A circle
is passing through A, B, Q and R. Another circle
is passing through A, P, Q and C. If AC = 6 cm,
then find the distance between the centres of the
circles.

(1) 4cm
(3) 5cm

(2) 3cm
(4) 2cm

In the figure above (not to scale), QP and SR are two
chords of the circle, produced to meet at the point O.
OR=3cm,SR=3xcm,OP =(x+ 1) cmand PQ =
(x +2) cm. Find x.
(1) 3
(3) 9

) 6
(4) 12

In a triangle ABC, P and Q are the points on BC and
AC respectively. If BP: PC = 2: 3 and PQ|| AB, then
find AQ: AC.

(1) 2:3

(2) 2:5

(3) 3:5

(4) None of these

:
/

In the figure above (not to scale), AB and AC are two
tangents drawn to a circle at B and C respectively,
Z/DCA = 35° and ZDBA = 40°. Find the measure of
ZBAC.
(1) 15°
(3) 45°

(2) 30°
(4) 60°



38. (1) 10° (2) 15°
1 2 (3) 20° (4) 25°

39. Radii of two concentric circles are 40 cm and 41 cm.
AB is a chord of the bigger circle and tangent to the
smaller circle. Find the length of AB.

1) 9 (2) 18
P R (3) 13 4) 26

In 'Fhe figure above (not to scale), two circles C, and 40. Tn AABC, ZABC = 90°, AB = 3 cm and BC = 4 cm. If
C, intersect at S and Q. PQN and RQM are tangents BD L AC where D i ] “C.. then find BD
drawn to C, and C, respectively at Q. MAB and ABN where D1s a point on > then fin ‘
are the chords of the circles C, and C,. If ZNQR = (1) 24 cm (2) 3.6cm

85° then find ZAQB. (3) 4.8cm (4) 1.2cm

PRACTICE EXERCISE 3 (B)

Directions for questions 1 to 40: Select the correct alterna- (1) 45° (2) 60°
tive from the given choices. (3) 90° (4) 120°
1. The perpendicular bisectors of AB and AC of the tri- 5.
angle ABC meet BC at D. If the bisectors meet AB at D G F c
P and AC at Q, then find ZBDP + ZCDQ. g
(1) 80° (2) 90°
(3) 60° (4) 100°
A E B
2. In AABC, D, E and F are the mid-points of BC, CA o
. ( AB+BE + CF) ' In the figure above, ABCD is a parallelogram DE, EF
and AB respectively. ( AB+BC+C A) 1S and BG are the bisectors of ZADC, ZDEB and
3 1 ZABC respectively. BG and EF intersect at H. If
m >7 @) <3 ZDAB = 70°, then find ZBHE.
3 3 1)°
3) <= 4) <— (1) 50° 2) [62—)
3) 5 4) , 5
3. 1 o
D c (3) 75° (4) (875]
6. Match the Column A with Column B.
A B
Column A Column B
In the figure above (not to scale), ABCD is a trape- (Name of the polygon) (Number of diagonals)
zium in which AB ||CD, AD = CD and AB = 2CD. (@) Octagon O @ 5
If ZADC = 100°, then find ZABC.
(b) Decagon ()@ 9
(1) 40° (2) 50°
c) Pentagon r) 10
3) 60° @) 70° © g () @
o (d) Hexagon () (s) 15
4. ABCD is an isosceles trapezium in which AB||CD. () ® 20
If the bisectors of /BAD and ZADC intersect at P. () 35
Find ZAPD.




10.

11.

(1) @—->t(b)—>u()—>p(dq
2) @—>tMd)—>u(c)>P,(d)r
) @—->t0d)>u()q(dr
(4) None of these

B E F C

then find the length of BE + FC.

(1) 2.4cm (2) 3.6cm
(3) 48cm (4) 6cm
C
A D B

In the above figure AABC is a right triangle. ZA = 90°
and CD is the median then BC* - CD? = .
1 3
1) —AB’ 2) —AB’
(1) 5 2) 5
3 1
3) —AB’ 4) —AB’
3) 2 4) 2
If the sides AB, BC, CD and DA of a trapezium ABCD
measure 10 cm, 20 cm, 18 cm and 16 cm respectively,
then find the length of the longer diagonal, given that
AB is parallel to CD.

(1) /760 @) 231
(3) 54 4) 930

PQR is a right triangle. The length of its greatest side
is 24+/3cm . Find the length of the line segment join-
ing the vertex of the right angle and the mid-point of
the greatest side (in cm).

(2) 9v3

1) 643
3) 1243 4) 183

In the figure, ABCD is a parallelogram. P is the point
on BC such that BP/PC = 1/4 and DP is produced
to meet AB produced at Q. The area of triangle
BPQ = times of (area of triangle CPD).

12.

13.

14.

15.

16.

A B Q
P
D C L
(1) 1/4 (2) 1/8
(3) /16 (4) 1/32

The distance between two buildings is 24 m. The
heights of the buildings are 12 m and 22 m. Find the
distance between the tops (in m).

(1) 20 (2) 26
(3) 30 (4) 32
D A
0
F
C E B

In the figure above (not to scale), ABCD is a rect-
angle with diagonals intersecting at O. If OA = AB
and ZAEC = 120°, then ZOAF =

(1) 30° (2) 45°
(3) 50° (4) Cannot be determined
Diagonal AC of a rectangle ABCD is produced to

the point E such that AC: CE =2: 1. AB = 8 cm and
BC = 6 cm. Find the length of DE(in m)

1 17 @) 317
3) 2317 ) 417

In APQR, PQ =6 cm, PR =9 cm and M is a point on
QR such that it divides QR in the ratio 1: 2. PM L QR.
Find the length of QR.

(1) 15 @) 2415
3) 3415 4) 415

In the given figure ABC and ADE are triangles such that
AB = AD, AE = EC. Find the measure of angle DAE.

A

20°

30°

O

B D E
(1) 10° (2) 20°
(3) 25° (4) 15°



17.

18.

19.

20.

21.

In a right angled triangle ABC, AB = 10 /3 cm and
BC =20 cm, ZA = 90°. An equilateral triangle ABD
is constructed with base AB and with vertex D, at a
maximum possible distance from C. Find the length
of CD.

(1) IOﬁcm
(3) 10412 cm

(2) 10x/ﬁcm
(4) 1014 cm

A B
E F
D C

In the above figure, ABCD is a square and triangle
ADE is equilateral. Find ZEFD.

(1) 65° (2) 70°
(3) 80° (4) 75°
A B

D o}

In the figure above, AB is parallel to CDxAD = BC. If
ZDAB =100°, find ZBCD

(1) 80° (2) 60°

(3) 70° (4) 50°

In the given figure, DEand FG are equal chords of
the circle subtending Z/DHE and ZFHG at the point
H on the circle. If ZDHE = 23%°, then find ZFHG.

D
E H
F
G
(1) (1°7)° 2) 30°
(3) (23)° (4) 47°

In the given figure, O is the centre of the circle and
Z0AC =60° and ZOBC = 70°. Find ZAOB.

>
%
8
N
V
@

22.

23.

24.

25.

(1) 130°
(3) 65°

(2) 80°
(4) 100°

(@]

B

In the given figure (not to scale), O is the centre of the

circle. AC and BD interest at P. PB = PC, Z/PBO =
25° and ZBOC = 130°, then find ZABP + ZDCP.

(1) 15° (2) 30°
(3) 45° (4) None of these

>
[ve)
m
el
v}
9]

In the figure above (not to scale), AC is the diameter
of the circle and ZADB = 20°, then find ZBPC.

(1) 80° (2) 90°

(3) 100° (4) 110°

In the figure given below, O is the centre of the circle
and CD = DE = EF = GF.

If ZCOD = 40°, then find reflex ZCOG.

>

N
E
(1) 200° (2) 220°
(3) 250° (4) 280°

In the figure above, ABCD is a cyclic quadrilateral and
O is the centre of the circle. B, O and D are collinear
points. If ZABC = 70° and ZOAD = 50°, then find
ZOCB.



26.

27.

28.

29.

30.

(1) 15°
(3) 30°

(2) 20°
(4) 45°

PS
QR

In the figure above P, Q, R and S are concyclic
points. O is the centre of the circle PQ = QR = RS. If
Z0OPS = 15°, then find ZOQR.

(1) 50° (2) 55°

(3) 60° (4) 65°

D R c
S
Q
A P B

In the figure above, a circle is inscribed in a paral-
lelogram ABCD. PQRS is also a parallelogram and

AB L PR. If ZSRP = 60°, then find Z/BPQ.
(1) 60°
(3) 30°

(2) 45°
(4) 25°

In the figure above, O is the centre of the circle. A, B
and C are the points on the circle AD and BD are
the angle bisectors of ZOAC and ZOBC respective-
ly. If ZACB =xand ZADB =y, thenx: y

(1) 3:2 2) 2:3

3) 1:2 4) 2:1

ABCD is a parallelogram. A circle is passing through
B, C, D and intersecting AB at E. If ZDAE = 65°,
then find ZCDE.

(1) 65° (2) 50°

(3) 55° (4) 40°

In the figure given below, if O is the centre of the

circle, AB is the diameter and AD is produced to the
point C, then find ZACB.

31.

32.

33.

34.

(1) 15°
(3) 45°

In the figure above, ABCD is a trapezium in which
AB||DC. E is the centre of the circle. If AD = EC,
then find ZBDC.
(1) 15°
(3) 25°

(2) 20°
(4) 30°

In the given figure, ABCD is a cyclic quadrilateral
and AD = BC. If ZA = 110°, then find /B.

)
>
vs}
(@)

1) 70°
(3) 100°

(2) 80°
(4) 110°

In the given figure, O is the centre of the circle. If
OP = 3 cm and radius of the circle is 5 cm, then find

the length of AB.

(1) 8cm (2) 6cm

(3) 4cm (4) 2cm
AS_P B



In the figure above, AQ = CT and ZQAC = 70°. Find
ZACT.

(1) 70° (2) 80°
(3) 90° (4) 110°

35. T

P
S
In the figure above (not to scale), PT and PS are tan-
gents segments drawn to a circle at T and S respec-
tively. TM and SM are chords of the circle. If ZTMS
= 100°, then find the angle between the tangents.
(1) 10° 2) 15°
(3) 20° (4) 25°
P
36. Q
R

In the figure above (not to scale), PQ is a tangent,
drawn to the circle with centre O at P and QR = RO.
If PQ = 3+/3 cm, and ORQ is a line segment, then find
the radius of the circle. (in cm).
() 3 2) 243
(3) 3 (4) 33

37. P, Qand R are on AB, BC and AC of the equilateral
triangle ABC respectively. AP: PB=CQ: QB=1:2.G
is the centroid of the triangle PQB and R is the mid-
point of AC. Find BG: GR.
(1) 4:3 2) 3:4
(3) 5:4 (4) 45

ANSWERKEYS
PRACTICE EXERCISE 3 (A)

1. 2 2. 2 3.1 4. 4 5. 4
11. 1 12. 4 13. 1 14. 4 15. 3
21. 3 22. 3 23. 1 24. 2 25. 1
31. 1 32. 4 33. 3 34, 2 35. 1

PRACTICE EXERCISE 3 (B)

1. 2 2.1 3.2 4. 3 5.2
11. 3 12. 2 13. 1 14. 2 15. 3
21. 4 22. 2 23. 4 24. 1 25. 3
31. 4 32. 4 33. 1 34. 1 35. 3

38.

39.

40.

16.
26.
36.

16.
26.
36.

Three congruent circles of radius r units are inscribed
in an equilateral triangle in such way that, each
circle touches two sides of the triangle. Each circle
also touches the other two circles. Find the length of
side of the triangle (in units).

W (V3+1)
(3) 3(x/§+1)

) 2(\/§+1)
(4) 4(\B+1)

AXJ 60° 70°CYC
@ W

B

In the figure above (not to scale), O is the centre of
the circle, ZOAB = 60° and ZOCB = 70°. Then find
the ZAOC.

(1) 150° (2) 120°
(3) 100° (4) 80°
The following figure shows that AABD is symmetri-

cal figure about the line AC. If ZABD = 60°, then
ZBAD =

3
A
B c D

1) 60° 2) 80°
(3) 100° (4) Can
2 7. 2 8. 2 9.3 10. 3
1 17. 2 18. 3 19. 2 20. 1
3 27. 2 28. 3 29. 1 30. 2
2 37. 2 38. 1 39. 2 40. 1
1 7. 1 8. 3 9.1 10. 3
2 17. 1 18. 4 19. 1 20. 3
4 27. 3 28. 2 29. 1 30. 4
3 37. 4 38. 2 39. 3 40. 1




