CIRCLES
Circle and Its Related Terms

e Circle: The collection of all points in a plane, which are at a fixed distance from a fixed
point in the plane, is called a circle. The fixed point is called the centre of the circle and #
the fixed distance from the centre is called the radius of the circle. In the given figure, g
O is the centre and OA is the radius of the circle.

Terms related to circle:
({) Chord: A line segment joining two point on the circle is called the chord of the circle. In fig (i), PQ =
chord of the circle.
(¢i) Diameter: It is the longest chord of the circle, it passes through the centre of a circle and two times ==
radius.
AOB or AB is a diameter [fig (i)].
(iii) Arc: A part of a circle between two points on it is called an arc. Smaller part of the circle is called a min=
arc, whereas larger part of circle is called a major arc.
In fig (i), PQ is the minor arc and PRQ is the major arc.
(v) Sector: The region between arc and two radii is called sector [fig (iif)].
(v) Minor arc corresponds to minor sector and major arc corresponds to major sector [see fig (iv)].
(vi) Segments: The region between a chord and either of its arcs is called segment of a circle.
A circle has two segments.
e Major segment and Minor segment [see fig (7ii)]

Major arc

Major
segment

Fig. (/) Fig. (if)
e Parts of the circle:
A circle divides the plane on which it lies into three parts.
(i) inside the circle called interior.
(if) outside the circle called exterior
(7ii) the circle

Angle Subtended by a Chord at a Point

e Circles having the same centre are called concentric circles.
e Two circles are congruent if they have equal radii.
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° Theorem 1: Equal chords of a circle subtend equal angles at the centre.

A
In the figure, if
X7 AB = CD, then
‘ ZAOB = £COD
B D

e Theorem 2: If the angles subtended by the chords of a circle at the centre are equal, then the chords are equal.
In the figure,

It ZAOB = ZCOD, then
AB=CD

Perpendicular from the Centre to a Chord

Theorem 3: The perpendicular drawn from the centre of a circle to a chord bisects the chord.
In figure, ‘O’ is the centre of the circle, OC L AB where AB is a chord of the circle.
= AC=BC
AN _*

AL 7"
A

Theorem 4: The line drawn through the centre of a circle to bisect a chord is perpendicular
to the chord. In the adjoining figure,
‘O’ is the centre of the circle and AC = BC
= OCLAB
* Circle through three points:
There is one and only one circle passing through three given non-collinear points.
= If ABC s a triangle, there is a unique circle passing through the three vertices A, B
and C of the triangle. This circle is called the circumcircle of the AABC.
Its centre and radius are called the circumcentre and circumradius of the triangle.

In the adjoining figure, ‘O’ is circumcentre and OA, OB, OC are circumradius of
circumcircle of AABC. B

Cc

) SOLVED QUESTIONS BASED ON EXERCISES 10.1, 10.2 AND 10.3

(2

Very Short Answer Type Questions [1 Mark]

L. Given a circle of radius r and with centre O. A point P lies in the plane, such that OP < r. Tell the exact
position of point P

Sel. Let a point A lie on the circle as shown in the figure.
Then OA=r A
and OP<r
= OP < OA

This shows point P lies inside the circle.
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Sol.

Sol.

B
. In the given figure, tell the position of point P. .
Point P lies outside the circle. .

- Justify the statement: A circle of radius 4 cm can be drawn through two points A and B, such that

Sol.

Sol.

Sol.

. Name the region between an arc and two radii, joining the centre to the end points of the arc.

This region is called the sector of the circle as shown in the figure.

% Sector of the circle

AB = 6.2 cm.

It is true that a circle of radius 4 cm can be passed through two points A and B, where
AB =6.2cm.

If we draw a circle of radius 4 cm, the length of longest chord, i.e. diameter = 8 cm.

Such diameter > AB = 6.2 cm. Hence, a chord of 6.2 cm can be drawn in a circle as shown in
the figure.

Short Answer Type Questions | [2 Marks]

- A, B and C are three points on a circle. Prove that perpendicular bisectors of AB, BC and CA are

concurrent. [NCERT Exemplar]
Given: A, B and C are three points on the circle.

To prove: Perpendicular bisector of AB, BC and CA are concurrent.
Proof: (i) Draw the perpendicular bisectors of AB.

(#) Draw perpendicular bisector of BC. Both the perpendicular bisectors
intersect at a point ‘O’. This point ‘O’ is called the centre of the circle.

(i) Now, draw perpendicular bisector of AC. We observe that perpendicular
bisector of AC also passes through the same point O.

Hence, all the three perpendicular bisectors are concurrent, i.e. they pass through the same point.

(Reason: Three or more lines passing through the same point are called concurrent lines).
In the given figure, AB = AC and O is the centre of the circle. If /BOA = 90°, determine ZAQC.

s
90°
A
Given: A circle having centre O and AB = AC. Also, ZAOB = 90°
To find ZAOC
Proof: As we know that equal chords of a circle subtend equal angles at the centre of the circle
3 ZAOB = ZAOC (as AB = AC)
o ZAOC =907 (as ZAOB = 90°)
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7.

Sel.

Sel.

Short Answer Type Questions Il [3 Marks]

Two congruent circles with centres O and O’ intersect at two points A and B. Then ZAOB = ZAQ'B.
Write True or False, and justify your answer. [NCERT Exemplar]
Given: Two circles with centres O and O’ are congruent. AB is the common chord.

Then ZAOB = ZAO'B (True) <
Construction: Join OA, OB, O’A and O'B. (‘)
Justification: In AAOB and AAQ'B
OA=0A (Radii of congruent circles) B
OB=0B (Radii of congruent circles)
AB=AB (common)
. AAOB = AAQO'B (By SSS congruence rule)
— ZAOB = ZAO'B (By CPCT)

Hence proved. Therefore, it is true

- In the given figure, chord AB subtends ZAOB equal to 60°.at the centre O of the circle. If

OA =5 cm. then find the length of AB.

Given: ZAOB = 60°, QA = 5 cm, where O is the centre of the circle.
To find: AB

Proof: In AAOB

ZAOB = 60° (Given)
OA =0B (Equal radii)
ZOAB = ZOBA (Angles opposite to equal sides OA and OB) ...(i)
In AAOB
Z0OAB + ZAOB + ZOBA = 180° (Angle sum property of triangle)
60° + ZOAB + ZOAB = 180° (+ ZOAB = ZOBA, using (i)
=> 2/0AB = 180° - 60°
= Z0OAB = 60°
= ZOBA = 60°
~. AAOB is an equilateral triangle
Hence OA=0B =AB
= AB=5cm (as OA = 5cm)
Long Answer Type Questions [4 Marks]
- In the given figure, O is the centre of a circle and A, B, C, D and E are points on D
the circle such that AB = BC = CD = DE = EA. Find the value of ZAOB. / \
[CBSE 2016] E C

Given: O is centre of circle and AB = BC = CD = DE = EA.

Construction: Join OC, OD, OE A
To find: Z/AOB

. ; 2 3 AN~—__ B
Proof: A, B, C, D and E are the points which lie on the circle.
Also AB=BC = CD = DE = EA D

All are the chords of the circle / \
E C

As we know that equal chords subtend equal angle at the centre of circle.

- £AOB = £ZBOC = ZCOD = ZDOE = ZAOE i)

Also, ZAOB + ZBOC + £COD + /DOE + /EOA = 360° A
(sum of angles at the centre of circle) AT
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Using (i)
ZAOB + ZAOB + ZAOB + ZAOB + ZAOB = 360°
= 5£A0B = 360°
ZAOB =72°
10. PQ and RS are two parallel chords of a circle on the same side of centre O and radius is 10 cm. Jid
PQ = 16 cm and RS = 12 cm, find the distance between the chords.
Sol. Given: A circle with centre O and two chords PQ and RS, such that PQ| |RS

To find: LM

Construction: Draw OM L RS which intersects PQ at L.

Proof: - OM L RS
OL L PQ (-~ PQ || RS) o
PL = %PQ i RV = %RS

Now, PL=8cmand RM = 6 cm

Let LM =xcm

OP=0R =10cm
In AOPL, OL = 4/ (10)* — (8)* cm = 6 cm

Also, In AORM, OM = 4/ (10)* - (6 cm = 8 cm
x=0OM-OL=8cm-6cm

= x=2cm

. Distance between the chords = LM = 2 cm
11. O, and O, are the centres of two congruent circles intersecting each other at points C and D. The *

joining their centres intersects the circles in points A and B such that AB > 0,0,. If CD=6cm

AB = 12 ¢m, determine the radius of either circle.
Sol. Let radius of each circle = r cm

AB=12cm
1 00,=12-2r
Now, CD is the common chord of the twocircles and O, 0O, is the line segment that
joins the centres. [Radii of congruent c==
As we know that line joining the centres of two circles is perpendicular bisector of the common chord
. 0,0, L CD and O,0, bisects CD
cp:% x CD =3 cm.
1 1
and OF= 5(0102) = 5(12—21’) = (6-r)cm
Now in right ACPO,, (0,C)* = (O,P)* + (PCY*
= P =(6-r"+(3)
=5 F=36+r"-12r+9
= 12r =145
N -
12
— r= 3.75cm
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i) PRACTICE QUESTIONS BASED ON EXERCISES 10.1,10.2 AND 10.3

1.

[

v

Sol.

Find the value of x in the following figures, where
‘O’ is the centre of the circle.

@)

. Find the value of 8 and o in the given figure, where

‘() is the centre of the circle.

In the given figure, OABC is rhombus. Find ZAOB
and #BOC, where ‘O’ is the centre of circle.

AC

B

Distance of a chord AB of a circle from the centre
is 12 cm and length of the chord AB is 10 cm. Find
the diameter of the circle.

5.

10.

In acircle of radius 5 cm having centre O, OL is drawn
perpendicular to the chord AB. If OL = 3 cm, find
the length of AB.

In a circle with centre O, chords AB and CD are of
lengths 4 cm each and subtend angles x° and y° at
the centre of the circle respectively. Determine the

relation between x° and y°. [CBSE 2011]
. Inthegivenfigure, Oisthe centre

of the circle with radius 5 cm. A B

OP LAB,OQ_LCD,AB || CD,

AB = 6 cmand CD = 8 cm.

Determine PQ. c D

In the given figure, diameter AB of circle with centre
O bisects the chord PQ. If PR = QR = 8 cm and
RB = 4 cm, find the radius of the circle.

Q

/ch
B Q A

4 om|R

P

A line segment AB is of length 5 cm. Draw a circle
of radius 4 cm passing through A and B. Can you
draw a circle of radius 2 cm passing through A and
B. Give reason to support your answer.  [HOTS]
Prove that the line drawn through the centre of a
circle to the mid point of a chord is perpendicular
to the chord.

Equal Chords and Their Distances from the Centre

The length of the perpendicular from a point to a line is the distance of the line from the point.

Equal chords of a circle (or of congruent circles) are equidistant from the centre (or centres). Conversely,
chords equidistant from the centre of a circle one equal in length.

SOLVED QUESTIONS BEASED ON EXERCISE 10.4

Very Short Answer Type Questions [1 Mark]

. Justify your statement
“The angles subtended by a chord at any two points of a circle are equal”

[NCERT Exemplar]

The angles subtended by a chord at any two point of a circle are equal if both the points lie in the same segment

(major or minor), otherwise they are not equal.
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Sol.

Sol.

Sol.

Sol.

. If two chords of a circle are equally inclined to the diameter passing through

. Justify your statement

“Two chords of a circle of lengths 10 cm and 8 cm are at the distances 8 cm and 3.5 cm respectively from

the centre” [NCERT Exemplar]
The statement is not correct because the longer chord will be at smaller distance from the centre.

Short Answer Type Questions | [2 Marks]

. If BC is a diameter of a circle of centre O and OD is perpendicular to the chord AB of a circle, show

that CA = 20D.

Given: A circle of centre O, diameter BC and ODL chord AB.

To prove: CA = 20D

Proof: Since OD L AB

. D is the mid-point of AB (perpendicular drawn from the centre
to a chord bisects the chord)

O is centre = O is the mid-point of BC.

In AABC, O and D are the mid-points of BC and AB, respectively.

OD || ACand OD = %AC (mid-point theorem)
CA =20D

their point of intersection, prove that the chords are equal.

Given: Two chords AB and AC of a circle are equally inclined to diameter AOD, i.e.
/DAB = ZDAC

Construction: Draw OL | AB and OM L AC

Proof: In AOLA and AOMA

ZOLA = ZOMA (each 90°)
AO=AO (commos
ZOAL = Z0AM (gives
AOLA = AOMA (AAS rui=
=5 OL =0OM (CPCE
= AB=AC (chords equidistant from the centre are equa.

Short Answer Type Questions Il [3 Marks]

. Two equal chords AB and CD of a circle when produced intersect at point P. Prove that PB = PD.

[NCERT Exempis
Given: AB = CD, chords AB and CD when produced meet at point P.
To prove: PB = PD
Construction: draw OM L AB and ON L CD. Join OP
where O is the centre of circle.

Proof: In APOM and APON
OM = ON (Equal chords of a circle are
equidistant from the centre)
ZOMP = ZONP = 9 (by construction)
OP = OP (common)
AOMP = AONP (by RHS)
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Sol. Given: AB || CD, AOD is the diameter of circle, where O is the centre of circle.

2 PM = PN (by CPCT) ...(J)
As AB = CD (given)

1ag = lop
2 2
BM = DN ...(ii) (perpendicular drawn from the centre on the chord bisects the chord)
Subtracting (i) from (i) PM-BM =PN -DN
=5 PB=PD

Long Answer Type Questions [4 Marks]

- Prove that the line segment joining the mid-points of two equal chords of a circle make equal angles

with the chords.

Given: A circle C(O, ), AB and CD are two equal chords of a circle. L, M are the mid-points of AB and CD
respectively.

To Prove: (i) ZALM = Z/CML B

(i) ZBLM = /DML. ,
Construction: LM, OL, OM are joined.

A
Proof : (i) OL L AB and OM L CD. .
(As the line joining the centre to the mid-point of the chord is perpendicular to the chord) \

Now, OL = OM [Equal chords are equidistant from the centre]
In AOLM, OL = OM [Proved above] B
= Z0OLM = ZOML [Angles opposite to equal sides are equal | ..(?)
ZOLA = ZOMC [Each 90°]

= Z0LA - Z0OLM = ZOMC - £ZOML [ ZOLA = ZOMC = 9]
=% ZMLA = ZLMC (i)
Again from (i)

Z0OLM + ZOLB = ZOML + ZOMD [" ZOLB = ZOMD = 9(°]
= ZMLB = ZLMD.

- In the given figure, AB | | CD. AD is a diameter of the circle whose centre is O. Prove that AB = CD.

To prove: AB = CD
Proof: In ADOQ and AAQP

OD = OA (radii of circle)
ZD0OQ = ZAQOP (vertically opposite angle A
ZQD0O = ZPAO [alternate angles as CD | | AB (given)]
— ADOQ = AAOP (by ASA)
— 0Q = OP (by CPCT)
= CD = AB (chords equidistant from the centre of a circle are equal)
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PRACTICE QUESTIONS BASED ON EXERCISE 10.4

. Two chords AB and AC of a circle are equal. Prove

that the centre of the circle lies on the angle bisector
of #/BAC.

In a circle of radius 18 cm, AB and AC are two
chords such that AB = AC = 12 cm. Find the length
of chord BC.

. AB and AC are two chords of a circle of radius

r such that AB = 2AC. If p and g are the distances
of AB and AC from the centre. Prove that
4q* = p* + 37,

In the given figure, AB and CD are two chords
equidistant from the centre O. OP is the perpendicular
drawn from centre O to AB. If CD = 6 cm, find PB.

[CBSE 2016]
v
[
D
Nl

A
c

B
D

In the given figure, AB and CD are two equal
chords of a circle with centre O. OP and OQ are
perpendiculars on chords AB and CD respectively.
If ZPOQ = 120°, find ZAPQ [CBSE 2014]

. In figure, O is the centre of the circle, OM 1 BC.

OL 1 AB,ON L ACand OM = ON = OL
[CBSE 2011]

A

Prove that AABC is an equilateral triangle.

. Two equal chords PQ and RS of a circle with centre

O, intersect each other at right angle A. f M and N
are mid-points of the chord PQ and RS respectively.
then prove that OMAN is a square.

P

!
-
Q

Angle Subtended hy an Arc of a Gircle and Cyclic Quadrilaterals

If two chords of a circle are equal, then their corresponding arcs are congruent and conversely, if two
arcs are congruent, then their corresponding chords are equal.

Congruent arcs (or equal arcs) of a circle subtend equal angles at the centre. ,
The angle subtended by an arc at the centre is double the angle subtended by it at any point on the

remaining part of the circle.

Angles in the same segment of a circle arc equal. Conversely, if a line segment joining two points subtends
equal angles at two other points lying on the same side of the line containing the line segment, the four

points lie on a circle (i.e. they are concyclic).
Angle in a semicircle is a right angle.

A quadrilateral is called cyclic if all the four vertices of it lie on a circle.

The sum of either pair of opposite angles of a cyclic quadrilateral is 180°. Conversely, if the sum of pair
of opposite angles of a quadrilateral is 180°, the quadrilateral is cyclic.
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) SOLVED QUESTIONS BASED ON EXERCISE 10.5

Very Short Answer Type Questions [1 Mark]

1. Two circles intersect at two points A and B. AD and AC are diameters of the

two circles. Prove that B lies on the line segment DC.
Sol. Given: Two circles intersect at A and B. AD and AC are diameters.
To prove: B lies on DC DR % &

Construction: Join AB

Proof: AD is the diameter of a circle.

ZABD = 90° .-(f) (Angle in a semicircle)

AC is the diameter of another circle.

e ZABC =90° ..(ff) (Angle in a semicircle)

Adding (7) and (i)
ZABD + ZABC = 90° + 90° = 180°

~. These two angles from a linear pair angles

= DBC s a line. Hence point B lies on line segment DC.

[§¥]

- In the given figure, find the value of x and y where O is the centre of the circle.

;V

£

/"

Sol. y= % X 70° = 35° (Angle at the centre is double the angle subtended
by the same arc at any point on the remaining part of the circle)
Also 2x=Ly (Angles in the same segment are equal)

= x=135°

Short Answer Type Questions | [2 Marks]

3. Find x in the adjoining figure.
Sal. Here O is the centre of the circle

ZBAC = %éy (By degree measure theorem)

= 50= S £y
2
= Zy = 100°
Also Zx + Ly = 360° (Angle at the centre of a circle)
= Zx + 100° = 360°
= Zx = 360° - 100° = 260° &
<. In the given figure, O is the centre of the circle, ZAOC = 50° and ZCOB = 30°. Find A B
the measure of ZADB. [CBSE 2010] @9
Sol. Here ZAOC = 50° and ZBOC = 30° YV

: ZAOB = ZAOC + /BOC = 50° + 30° = 80°

ZAOB = 8(° X
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1

£ADB = EAAOB (By degree measure theorem)
ZADB = % x 80° = 40°
5. In the given figure, AABC is equilateral. Find #BDC and ~/BEC. A
Sol. ZBAC = 60° [~ AABC is an equilateral triangle]
£ZBAC = ZBDC [ Angles in the same segment of a circle are equal] g -
= £ZBDC = 60°
Now, O DBEC is a cyclic quadrilateral &
£ZBDC + ZBEC = 18(0° [~ Opposite angles of a cyclic quadrilateral are supplementary.

60° +ZBEC = 180° = «BEC = 180° - 60° = 12(0°

6. If ZBOC = 100°, then find x from the given figure.
Sol. Here O is the centre of the circle

Z/BAC = %/_’BOC = % x 100° = 50°

Also Zx + ZBAC = 180° (sum of opposite angles of cyclic quadrilateral)
= Zx + 50° = 180° = x = 130°

Short Answer Type Questions Il [3 Marks]

7. ABCD is a parallelogram. The circles through A, B and C intersect CD (produced, if necessary) at E.

Prove that AE = AD. [NCERT]
Sol. Given : ABCD is a parallelogram. A circle passes through A, B and C intersect side CD

produced at E.

To Prove: AE = AD

Construction: Join AE
Proof: ABCDisa ||gm

ZADC = ZABC [Opposite angles of parallelogram] ...(i)
ZADC + ZADE = 180° ...(if) (Angles on straight line
Also, ZABC+ ZAEC = 180° ..(ti) [(Angles of cyclic quadrilateral ABCE by construction]

On equating (if) and (iii)
ZADC + ZADE = ZABC + ZAEC
= ZADE = ZAEC (As ZADC = ZABC opposite angles of | |gm
= AD = AE (Sides opposite to equal angles are equal)’
8. ABCD is a cyclic quadrilateral. BA and CD produced meet at E. Prove that the triangles EBC and EDA

are equiangular.

E
Sol. Given: ABCD is a cyclic quadrilateral. BA and CD are produced to meet at E.

To Prove: As EBC and EDA are equiangular.
Proof: - AB¢D is a cyclic quadrilateral. A D
' ZBAD + ZBCD = 180°[Sum of opposite angles of a cyclic quadrilateral] ...(7)
But £BAD + ZEAD = 180° [Linear pair] ...(if) b
From (7) and (i),
£BCD = /EAD .
Similarly, ZABC = ZEDA
and ZBEC = ZAED [Common]
Hence, As EBC and EDA are equiangular.,
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9.

Sol.

10.
Sol.

ABC is an isosceles triangle in which AB = AC. A circle passing through B and C intersects AB and AC
at D and E respectively. Prove that BC | | DE.

Given: An isosceles triangle ABC, in which AB = AC and a circle through B and Cintersecting A

AB and AC at D and E respectively.

To Prove: DE || BC.

D e o e
Proof : In AABC,AB = AC= /3 = /4 [Angles opposite to equal sides are equal] ...(7) 77 N
Also, DBCE is a cyclic quadrilateral =22 4+ /4 = 180° m
[Opposite angles of a cyclic quadrilateral are supplementary] g\ \ c
- 22+ 23 =180° [From (i)] ..(ii) '
But £2 and £3 are co-interior angles on the same side of transversal BD.

DE | | BC.

O is the circumcentre of the triangle ABC and OD is perpendicular to BC. Prove that Z/BOD = /A,
Given: In triangle ABC, OD L BC where O is the circumcentre of AABC.

A

To prove: /BOD = £A
Construction: Join OB and OC
Proof: Here O is the centre of circle.

&) ZBOC = 27A ... (?) (By degree measure theorem)
Also, in ABOD and ACOD
OB = OC (radii of circle)
OD = OD (common)
Z0DB = £Z0DC = 90° (OD 1 BC given)
= AOBD = AOCD (by RHS)
= ZBOD = 2COD . (By CPCT) ...(if)
= £ZBOC = ZBOD + ZCOD
= ZBOD + ZBOD [Using (i)]
= ZBOC = 2/BOD ...(iif)
Equating (/) and (iii)
2£A = 2/BOD
=3 ZBOD = /A

Long Answer Type Questions [4 Marks]

- Prove that the angle bisectors of the angles formed by producing opposite sides of a cyclic quadrilateral

(provided they are not parallel) intersect at right angle.

- Given: ABCD is a cyclic quadrilateral whose opposite sides are produced to meet at E and F.

To Prove: Bisectors of Z/E and ZF intersect at right angle.
Proof: In AFDL and AFBN,
2 = /1 [ FN is the bisector of £F]
L3 = /4
[Exterior angle of cyclic quadrilateral is equal to interior opposite angle]
Third ZFLD = Third £6

But ZFLD = /5 [Vertically opposite angles]

' £5 = £6

= : EN = EL [Sides opposite to equal angles are equal] F

Now in AELM and AENM '
EL = EN (Proved above)
EM = EM (Common)
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L7 = /8 ~ (Given as EM is the bisector of ZE)
AELM = AENM (SAS congruence rule)
ZEML = ZEMN (CPCT)
But ZEML + ZEMN = 180° (Linear pair)
= "Z/EML = ZEMN = 90°
Hence, EM 1 FM.

Hence, bisectors of ZE and ZF intersect at right angle.

12. Prove that the angle subtended by an arc at the centre is double the angle subtended by it at any point
on the remaining part of the circle.
Sol. Given: Given an arc PQ of a circle subtending angles POQ at the centre O and ZPAQ at a point A on the remaining

part of the circle.
A A
Q P 7o . |° o7
B
3 4

case (i) case (if) case (iif)
To Prove: ZP0OQ = 2/PAQ
Construction: Join AO and extends it to B.
Proof: Consider three cases
case (i): When arc PQ is a minor arc.
case (if): When arc PQ is a semicircle.
case (iif): When arc PQ is a major arc.
In all the three cases

Taking AAOQ

ZBOQ = Z0AQ + ZOQA (Exterior angle of A is equal to the sum of interior opposite angles)
Also OA = 0Q (radii of circle)
= Z0AQ = ZO0QA (Angles opposite to equal sides)
=> ZBOQ = ZOAQ + Z0AQ ‘
=5 £ZBOQ = 2/0AQ ()
Similarly ZBOP = 2/0AP ...(1i)

Adding (¢) and (if) we have
ZBOQ + ZBOP = 2Z0AQ + 2Z0AP
= 2(£0AQ + ZOAP)
=5 ZP0OQ = 2/PAQ
Specially for case (iii) we can write reflex Z/POQ = 2/PAQ

13. Prove that the quadrilateral formed (if possible) by the internal angle bisectors of any quadrilateral is
cyclic. [NCERT]
Sol. Given: ABCD is a quadrilateral, AH, BF, CF and DH are the angle bisectors of internal angles A, B, C and D.
These bisectors form a quadrilateral EFGH.
To Prove: EFGH is cyclic
Proof: In AAEB.

ZEAB + ZABE + ZAEB = 180° (Sum of angles of AABC)
= ZAEB = 180° - (/EAB + ZABE) ()
Also ZAEB = ZFEH ..(ii) (Vertically opposite angles) B C
By equating (f) and (if) /FEH = 180° - (£EAB + ZABE) ..(if)
Similarly, in AGDC ZFGH = 180° - (/GDC + ZGCD) (V)
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Adding (iii) and (iv)
ZFEH + #FGH

360° - (£LEAB + ZABE + ZGDC + £GCD)

360° - %(ABAD + ZABC + ZADC + ZBCD)
(As AH, BF, CF and HD are bisectors of ZA, /B, £C, ZD)

= 360°- -;- X 360° (Sum of angles of quadrilateral, ABCD)

ZFEH + ZFGH = 360°-180° = 180°
=  FEHG is a cyclic quadrilateral. (If the sum of opposite angles of quadrilateral is 180°, then it is cyclic)

14. In the given figure, O is the centre and AE is the diameter of the semicircle ABCDE. C
If AB = BC and ZAEC = 50°, then find (¢) ZCBE (b) Z/CDE (¢) ZAOB. Prove B D
that BO | | CE.
50°
Sol. Given: O is the centre of circle and AE is the diameter of the semicircle ABCDE., A o) E

Also, AB = BC, ZAEC = 5(°

To find: (a) ZCBE (b) ZCDE (c) ZAOB
and prove that BO || CE

Construction: Join OC and BE

Proof: ZAOC = 2/AEC (By degree measure theorem) N
ZAOC = 2 x 50° = 100° A ¢ E

Also ZAOB = ZBOC (Equal chords subtend equal angle at the centre of circle)
ZAOB = —21-4AOC [Using (i)]

ZAOB = %(100") = 50°

Now ZAOB = ZAEC (These are corresponding angles)

But these are corresponding angles and are equal. -

Line OB || CE Hence proved
(a) ZAOC + ZCOE = 180° (Linear pair angles)

100° + ZCOE = 180°
ZCOE = 180° - 100° = 80°
1

ZCBE = rz—ACOE (By degree measure theorem)
= L X 80° = 40°
2
(b) Now, OOCBED is a cyclic quadrilateral.
ZCBE + ZCDE = 18(° (Sum of opposite angles of cyclic quadrilateral)
= 40° + ZCDE = 180°
= ZCDE = 180° - 40° = 140°
() ZAOB = 50° (Proved above)
15. In the given figure, ify = 32° and z = 40°, determine x. Ify + z = 90°, prove that x = 45°.
E
A
B P
C
D
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Sol. Given: y = 32°and z = 40°.

Proof: Let the line segments AD and CE cut each other at P,

Since, ZAPE = ZCPD [Vertically opposite angles]
: ZAPE = x
Now, ZBCP = ZCDP + ZCPD [Exterior angle]
and ZPAB = /PEA + ZAPE [Exterior angle]
) ZBCP=x+y s (i)
and ZPAB =x +z . (i)
Since, ABCP is a cyclic quadrilateral
; ZBCP + ZPAB = 180°
= x+y+x+z=180°
or 2 + (y +2) = 180° . (Hif)
or 2x + (40° + 32°) = 180°
or 2x=180°-72° = 108° or x=54°
Since, from (i), we get
2x + (y + z)=180° andy + z = 90° [Given]

2x + 90° = 180°
x =45°

1. In the given figure, ABC is a triangle in which
ZBAC = 30°. Show that BC is equal to the radius

of the circumcircle of AABC, whose centre is O.
[CBSE 2015]

2. In the given figure, O is the centre of the circle and
ZAOB = 110°, find the value of x, y and z.
[CBSE 2015]

3. Inthe given figure, O is the centre of the circle and
AB is a chord of the circle. If ZAOB = 1107, find
ZAPB.

VTN
N

A
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or

2 =90°

PRACTICE QUESTIONS BASED ON EXERCISE 10.5

4. In APQR, right-angled at Q. A point S is taken on
the side PR such that PS = SR and QR = QS. Find
the measure of ZQRS. [HOTS]

P
s
Q R

5. If O is centre of circle as shown in figure, find
ZRQOT and ZRTQ

S
450 140° u
6. If O is the centre of the circle as shown in figure.
find ZCBD.




7. In the given figure, PQ is a diameter of a circle with
centre O. If /PQR = 65°, /SPR = 40°, /PQM = 50°,
find ZQPR, ZPRS and ZQPM.

8. In the given figure, ABCE is a cyclic quadrilateral
and O is the centre of circle. If ZAEC = 110°, then
find

(a) £ABC (b) ZADC
[CBSE 2010]

E
9. In the given figure, Z/ADC = 130° and chord BC =

chord BE. Find ZCBE.

C
D
130°
A B

10. In the given figure, OA and OB are respectively
perpendiculars to chords CD and EF of a circle

whose centre is O. If OA = OB, prove that EC=DF

[NCERT Exemplar]

A .‘.

1. In the given figure, O is the centre of the circle.
Prove that £x + £y = 22

=

12. In the given figure, ABCD is a cyclic quadrilateral.
Side CD is produced on both sides, such that
£BCP = 110° and ZADQ = 95°. Find the values

of ZA and ZB.
B
A
95° 110°
& oN_c

13. ABCD is a quadrilateral inscribed in a circle. CDis
produced to any point F and the bisector of ZABC
intersects the circle at E. Prove that DE bisects
ZADE

14. ABisadiameter of circle C(O,r). Chord CDis equal
to radius OD. AC and BD produced intersect at P.
Prove that ZAPB = 6(°.

A
o
o

15. Inthe given figure, AB is diameter of the circle with

centre O and CD | | AB. If /ZDAB = 25°, then find
the measure of ZCAD.

CD

L=\
\__/

16. In the given figure, determine a,b andc.

c

&

=

B
D
a
[
62° b
A E F
17. Find values of x and y
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Value Based Questions (i) Calculate ZADB and ZACB.
(i1) What impression does the society receive

1. Anon-government organisation has a circular piece through this activity ?

of land as shown. It wants to develop a vocational
training institute for poor girls to provide tailoring
skills and computer programming.

C

A B

@)
@)
w}

3. A sports academy has developed circular region
(North-east region mainly naxal dominated) as
shown to create various sports culture and to train
rural boys for Olympic purposes.

(i) Calculate ZAOB and ZACB, where O is the
centre of circular land.
(i) What impression did you get through this
activity?
2. Anon-permanent shade like structure is formed on
road- side of semicircular type to provide guidelines
of road safety. Also, O is the centre of semicircular

(i) Find therelation between ZAOBand ZCOD.
where O is the centre of circle and both AB
and CD are equal.

shade: (i) What conclusion is derived from this activity?
INTEGRATED EXERCISE
Very Short Answer Type Questions [1 Mark] b

pd
(3]

1. The1adius of a circle is 10 cm and a chord of a circle
is 12 cm in length. Find the distance of the chord
from the centre of the circle.

2. Given a circle with centre O, having chords AB, PQ
and XY. If points P, Q and O are collinear and radius
of circle is 6 c¢m, find PQ.

; ; : 7. AD is a diameter of a circle and AB is a chord. If
3. Given a circle with centre O and the smallest chord AD = 34 cm and AB = 30 cin. find the distance of
AB = 3 cm, largest chord CD = 10 ¢cm and chord - Fomdrn ! :

PQ = 7 cm. Find the radius of the circle. AB from the centre of the circle.

4. Find the length of a chord which is at a distance of
4 em from the centre of a circle whose radius is 5 cm.

5. In the given figure, O in the centre of the circle. If

OM < ON, show that CD > AB. 1;\ ; !
B

O
O
O |0
lw]

8. Prove that the diameter of a circle that bisect a chorc
also bisects the angle subtended by the chord at the
centre of the circle. [HOTS, CBSE 2016

9. Prove that the circle drawn on any equal side of ar
isosceles triangle as diameter bisects the base.

6. In the given figure, O is the centre of the circle 10. In a cyclic quadrilateral PQRS, if ZP ~ ZR = 3(°
of radius 5 cm. OP L AB, OQ L CD, AB || CD, find ZP [HOTS

AB = 6 cm and CD = 8 cm. Determine PQ.

Short Answer Type Questions | [2 Marks]
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Short Answer Type Questions I [3 Marks]

11. Inthe given figure, a diameter AB of a circle bisects a
chord PQ and AQ | | BP. Prove that chord PQ is also
a diameter. What is the name given to quadrilateral
AQBP [CBSE 2014]

12. In the given figure, O is the centre of the circle,
ZAOB = ZBOC = ZCOA and AO = 23 cm.
Find the perimeter of AABC. [CBSE 2016]

A
:; 0 ::
13. In the given figure, O is the A
centre of the circle. The angle \
subtended by arc BCD at the
centre is 140°. BC is produced
to P. Determine #/BAD and B>~——T P
ZDCP.
4. In the given figure, BD = DC and #DBC = 3(°.

Find the measure of Z/BAC, if O is the centre of
the circle.

th

- Inthe given figure, ABCD A B
is a quadrilateral in which
AD = BC and ZADC =
ZBCD. Show that the
points A, B, C and D lie D C
on a circle.

16. In the given figure, ABCD is a cyclic quadrilateral.
AE is drawn parallel to CD and BA is produced up
to F If ZABC = 92°, ZFAE = 20°, find ZBCD.

/\A
92° 20°
D

B —>F
E
G

17. Two circles are drawn with sides AB and AC of a
triangle ABC as diameters. The circles intersect at a
point D.If AB = 5 cm, BD = 3 cm and AC = 6cm,
find BC.

18. In the given figure, AB is a diameter of a circle
with centre O. If ZABC = 70°, ZCAD = 30° and
£BAE = 60°, find ZBAC, ZACD and ZABE.

19. In the given figure , AB is a diameter of a circle
with centre O. If /PAB = 55% ZPBQ = 25° and
ZABR = 50°, find ZPBA, #BPQ and ~BAR.

R
AZ i ~ 50°§3
55° 0 ( =
P‘Q

20. In the given figure, AB is a diameter of circle
C(O, r) and radius OD is perpendicular to AB. If
Cis any point on arc DB, find #ZBAD and ~ACD.

N
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Long Answer Type Questions [4 Marks]

21. Infigure O is the centre of the circle, ZBCO = 30°.
Find x and y. [NCERT Exemplar]

22. If a line is drawn parallel to the base of an isosceles
triangle to intersect its equal sides, prove that the
quadrilateral so formed is cyclic.

[NCERT Exemplar]

23. The bisectors of the opposite angles A and C of a
cyclic quadrilateral ABCD intersect the circle at
the points E and F, respectively. Prove that EF is a

diameter of the circle (See figure).
F

’

e

24. In the given figure, B and E are points on
line segment AC and DF respectively. Show that
AD || CE.

Q >
“%O

25. ABCD is a rectangle. The line through C
perpendicular to AC meets AB produced at X and
AD produced at Y. Prove that the points D, B, X,
Y are concyclic.
26. (i) Inthe given figure, ABCD isa cyclic quadrilateral
whose side AB is a diameter of the circle through
A, B, Cand D. If ZADC = 140°, find ZBAC.

D—_ —C

3

C\

B
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(if) In the given figure, AB || DC. Determi=:

ZDCB and ZABC.
A B
/1'1 5°
D 6

27. (i) In figure, O is the centre of the circle ===
ZAOB = 70°. Find ZOBA and ZOAC.

C
0]
A
B
(ii) Inthe given figure, AB = ACand ZABC =62
Determine Z/BPC.

28. (i) In the given figure, O is the centre of the circle
Calculate ZAPC and ZAOC.

(i) In the given figure, O is the centre of the circle
and AP = BP. Calculate ZA and ZPOA.

Ay
N,



29. (i) In the given figure, O is the centre of the circle.
Determine (a) ZAEC (b) Reflex ZAOC.
E

B
(if) In the given figure, PS = SR, #/RPS = 54° and
ZPRQ = 26°. Calculate (a) ZTQR (b) £RTQ.

»» ASSESS YOURSELF

1. Achord of a circle is equal to the radius of the circle.
Find the angle subtended by the chord at point of
minor arc.

2. Two congruent circles have centres O, and O,. Arc
AB of a circle, with centre O, subtends an angle of
100° at the centre and an arc A’B’ of the circle, with
centre O,, subtends an angle of 25°. Find arc (AB):
arc (A'B') [HOTS]

3. Prove that the perpendicular bisectors of the sides
of a cyclic quadrilateral are concurrent.

4. In the given figure, O is the centre of the circle. AB
and CD are two chords of the circle.

Also, OM L ABandON LCD. IfOM =ON =3
c¢cm and AM = BM = 5 cm, find the chord CD.

5. ABand CD are two parallel chords of a circle whose
centre is O and radius is 20 cm. If AB = 24 cm and

30.

K18

ABCis a triangle inscribed in a circle with centre O.
If ZAOC = 130° and £BOC = 150°, find ZACB.
In the given figure, AC is the diameter of circle with
centre O. Chord BD is perpendicular to AC. Find
measures of angles x, y, z, w in terms of a.

CD = 32 cm, find the distance between AB and CD,
if its given that they lie.

(i) on opposite sides of centre O.

(ii) on the same side of centre O. [CBSE, 2015]

. Prove that an isosceles trapezium is always cyclic

and its diagonal are equal. [CBSE 2016]

. In the given figure, A, B, C are three points on

a circle such that the angles subtended by the
chords AB and AC at the centre O are 80° and 120°
respectively. Determine ZBAC and the degree
measure of arc BPC.

AN

In the given figure, O is the centre of the circle and
the measure of arc ABC is 100°. Determine ~#ADC
and ZABC.
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9. In the given figure, ABC is a triangle in which

10.

11.

12.

ZBAC = 3(°. Show that the length of BC is equal
to the radius of the circumcircle of AABC, whose
centre is O.

B~—C

In the given figure, ZBPC = 90°, LM L CD. If AB
is 10 cm, find BL.,

D M C

A L B

ABCD is a parallelogram. The circle through A, B
and Cintersects CD produced at E. If AB = 10 cm,
BC = 8 cm, CE = 14 cm, find AE.

Prove that the angle subtended by an arc at the
centre of a circle is double the angle subtended by
it on any point on the remaining part of the circle.
Use above result to find the following:

(i) Ois the centre of the circle and
£ZBAC = 25°, find £x.
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13.

14.

15.

A

(if) Findx in the figure where O is the centre o?
the circle.

0

In the given figure, ABC, AEG and HEC arz
straight lines. Prove that ZAHE and ZEGC arz
supplementary.

The bisectors of the opposite angles P and R of =
cyclic quadrilateral PQRS intersect the circle =
the points A and B respectively. Prove that AB is =
diameter of the circle.

In a triangle ABC, ZA = 60° and the bisectors
4B and ZC meet AC and AB at P and ©
respectively and intersect each other at I. Prove thz
ZBIC = 120° and APIQ is a cyclic quadrilateral



