Chapter - 9
Circles

Exercise No. 9.1

Multiple Choice Questions:
Choose the correct answer from the given four options:

1. If radii of two concentric circles are 4 cm and 5 cm, then the length of
each chord of one circle which is tangent to the other circle is

(A)3cm

(B) 6 cm

(C)9cm

(D) 1cm

Solution:

As given in the question,
OA =4cm,

OB =5cm

And,

OA L BC

Therefore,
OB’ = OA” + AB’
52 = 4% + AB?

AB =3cm

And,

BC =2AB
=2x3cm
=6cm

2. In Fig., if AOB =125°, then COD is equal to



(A) 62.5°
(B) 45°
(C) 35°
(D) 55°

Solution:

ABCD is a quadrilateral circumscribing the circle

And we know that the opposite sides of a quadrilateral circumscribing a circle subtend
supplementary angles at the center of the circle.

So,
<AOB + 2COD =180°
125° + 2COD = 180°
£2COD =55°

3. In Fig., AB is a chord of the circle and AOC is its diameter such that
£ACB = 50°. If AT is the tangent to the circle at the point A, then £ /BAT
is equal to

(A) 65°

(B) 60°

(C) 50°

(D) 40°



B

-

Solution:

As given in the question,

A circle with centre O, diameter AC and
2ACB =50°

AT is a tangent to the circle at point A

As, angle in a semicircle is a right angle
£CBA =90°

So using angle sum property of a triangle,

2ACB + 2CAB + 2CBA = 180°
50° + 2CAB + 90° = 180°
2CAB = 40° .. (D)

As, tangent to at any point on the circle is perpendicular to the radius through point of
contact,

We get,
OA L AT
20AT =90°
£0OAT + £BAT =90°
£CAT + «BAT =90°
40° + LBAT =90° [from equation (1)]

£BAT =50°

4. From a point P which is at a distance of 13 cm from the centre O of a
circle of radius 5 cm, the pair of tangents PQ and PR to the circle are
drawn. Then the area of the quadrilateral PQOR is

(A) 60 cm®

(B) 65cm?



(C) 30 cm?
(D) 32.5 cm?

Solution:

Construction: Draw a circle of radius 5 cm with center O.

Let P be a point at a distance of 13 cm from O.

Draw a pair of tangents, PQ and PR.

OQ = OR =radius = 5cm ...equation (1)

And OP =13 cm

Also, tangent to at any point on the circle is perpendicular to the radius through point of
contact,

We get,
OQ 1 PQand OR | PR
APOQ and APOR are right-angled triangles.
By using Pythagoras Theorem in APQO,
(Base)?+ (Perpendicular)= (Hypotenuse)?
(PQ)* + (0Q)*= (OP)’

(PQ)* + (5) = (13)°

(PQ)? + 25 = 169
(PQ)* =144



PQ=12cm
Tangents through an external point to a circle are equal.
So,
PQ=PR=12cm - (2)

Therefore,
Area of quadrilateral PQRS, A = area of APOQ + area of APOR

Avrea of right angled triangle = %2 x base x height

A=(*x0QxPQ)+ (¥xORXxPR)
A=(%x5x12)+ (2 x5x12)
A=30+30

=60 cm?

5. At one end A of a diameter AB of a circle of radius 5 cm, tangent XAY
isdrawn to the circle. The length of the chord CD parallel to XY and at
adistance 8 cm from A is

(A)4cm

(B) 5cm

(C)6cm

(D) 8 cm

Solution:

As given the question,

Radius of circle,
AO=0C =5cm

AM=8CM
AM=0OM+AO



OM =AM-AO
Putting these values in the equation,

OM= (8-5)
=3CM

OM is perpendicular to the chord CD.
In AOCM <OMC=90°

By Pythagoras theorem,
0OC2=0M>+MC2

Therefore,

CD=2 xCM
=8cm

6. In Fig., AT is a tangent to the circle with centre O such that OT =4 cm
and £ ZOTA=30°. Then AT is equal to

(A)4cm

(B) 2cm

(C) 243 cm

(D) 443 cm

Solution:

(©)

Join OA

We know that, the tangent at any point of a circle is perpendicular to the radius through the
point of contact.



Z0OAT =90°
InOAT,

cos30° = ot
AT

N3 _AT
2 4
AT =23 cm

7. In Fig., if O is the centre of a circle,PQ is a chord and the tangent PR at
Pmakes an angle of 50° with PQ, then£POQ is equal to

(A) 100°

(B) 80°

(C) 90°

(D) 75°

Solution:

(A)
Given,
£2QPR =50°
We know that, the tangent at any point of a circle is perpendicular to the radius through the
point of contact.
20PR =90°
£20PQ + £QPR =90°
£20PQ =90° - 50°
=40° [ as, QPR =50°]



Now,
OP = 0Q = radius of circle
£0QP = 20PQ
=40°
[Angles opposite to equal sides are equal]

In AOPQ,
20+ £0PQ + 2£Q = 180° [Angle sum property]
£P0OQ =180° — (40 + 40°)
=180° - 80°
[ £OPQ =40° = Q]
£P0OQ = 100°

8. In Fig., if PA and PB are tangents to the circle with centre O such that £
ZAPB=50°, then £ ZOAB is equal to

(A) 25°

(B) 30°

(C) 40°

(D) 50°

Solution:

(A)

Given,

PA and PB are tangent lines.

PA=PB [as, Length of tangents drawn from an external point to a circle is equal]
Let,

£PBA =2PAB=0

In APAB,
4P+ 2£A+ 4B =180° [Angle sum property]
50° + 0 + 0= 180°
20 =180°-50°=130°
0 =65°
Also,
OA LPA
[as,tangent at any point of a circle is perpendicular to the radius through the point of contact]



So,
£<PAO =90°
<PAB + «BAO =90°
65° + ~.BAO = 90°
£«BAO =90° - 65°
=25°
20AB = 25°

9. If two tangents inclined at an angle 60° are drawn to a circle of radius 3
cm, then length of each tangent is equal to

(A) gﬁ cm

(B) 6 cm
(C) 3cm
(D) 33 cm

Solution:

(D)

Let P be an external point and a pair of tangents is drawn from point P such that the angle

between two tangents is 60°.
h :l
s

Join OA and OP.

Also,

OP is a bisector line of ZAPC.

2APO = £CPO = 30°

And,

OA 1L AP

[Tangent at any point of a circle is perpendicular to the radius through the point of contact.]
20AP =90°

In right angled AOAP,
tan30° = OA

AP = 3\/3_cm



So, the length of each tangent is 3V3 cm.

10. In Fig., if PQR is the tangent to a circle at Q whose centre is O, AB is a
chord parallel to PR and «#BQR =70°, thenz ZAQB is equal to

(A) 20°

(B) 40°

(C) 35°

(D) 45°

Solution:

(B) Given,
AB Il PR

i

Therefore,

£ABQ = £BQR = 70° [Alternate angles]

Also,

QD is perpendicular to AB and QD bisects AB.

In AQDA and AQDB,
2QDA =2QDB [90° each]
AD =BD
QD=QD [Common side]
So,
AADQ = ABDQ [by SAS congruency]

Therefore,
2QAD = 2QBD [CPCT] ...(1)
But,



£QBD = £ABQ = 70°

£QAD =70° [From (i)]
Now, in AABQ,
LA+ 4B+ £AQB =180°. [Angle sum property]

£2AQB =180° — (70° + 70°)
=40°



Exercise No. 9.2

Short Answer Questions with Reasoning:
Write ‘True’ or ‘False’ and justify your answer in each of the following:

1. If a chord AB subtends an angle of 60° at the centre of a circle, then
angle between the tangents at A and B is also 60°.

Solution:

False

Explanation:
Let us consider the given figure. In which we have a circle with centre O and AB a chord
with £AOB = 60°

As, tangent to any point on the circle is perpendicular to the radius through point of contact,
We get,

OA |l ACand OB | CB
£OBC = 20AC = 90° ... eq(i)

Using angle sum property of quadrilateral in Quadrilateral AOBC,
We get,

£0BC + £OAC + £AOB + £ACB = 360°
90° + 90° + 60° + LACB = 360°
2ACB =120°

Therefore, the angle between two tangents is 120°.



And, we can conclude that,the given statement is false.

2. The length of tangent from an external point on a circle is always greater
than the radius of the circle.

Solution:
False

Explanation:
Length of tangent from an external point P on a circle may or may not be greater than the
radius of the circle.

3. The length of tangent from an external point P on a circle with centre O
is always less than OP.

Solution:

True

Explanation:

Consider the figure of a circle with centre O.

Let PT be a tangent drawn from external point P.
Now, Joint OT.

OT LPT

We know that,
Tangent at any point on the circle is perpendicular to the radius through point of contact
Therefore, OPT is a right-angled triangle formed.

We also know that,
In a right angled triangle, hypotenuse is always greater than any of the two sides of the
triangle.



So,

OP>PTor PT<OP

Hence, length of tangent from an external point P on a circle with center O is always less than
OP.

4. The angle between two tangents to a circle may be 0°.

Solution:

True
Explanation:

The angle between two tangents to a circle may be 0°only when both tangent lines coincide
or are parallel to each other.

5. If angle between two tangents drawn from a point P to a circle of radius
aand centre O is 90°, then OP=av2.

Solution:

True.

Tangent is always perpendicular to the radius at the point of contact.
So, 2O0TP =90

If 2 tangents are drawn from an external point, then they are equally inclined to the line
segment joining the centre to that point.

Let us consider the following figure,

From point P, two tangents are drawn.
Given,
OT=a



Also, line OP bisects the ZRPT
£2TPO = £LRPO = 45°
Also,
OTLTP
20TP =90°
In right angled AOTP,
sin45° = ot
OP

1 _a
J2 opP
OP =a\2

6. If angle between two tangents drawn from a point P to a circle of radius
a and centre O is 60°, then OP =a4/3.

Solution:

False

Explanation:

From point P, two tangents are drawn.
Given,

OT=a

P==3

Also, line OP bisects the £RPT.
£TPO = £RPO = 30°

Also,

OT LPT

20TP =90°

In right angled AOTP,

sin30°:g
OP

1 a

2 OP
OP =2a
OP =2a



7. The tangent to the circumcircle of an isosceles triangle ABC at A, in
which AB = AC, is parallel to BC.

Solution:

True
Explanation:
Let EAF be tangent to the circumcircle of AABC.

To prove: EAF | BC
We have, ZEAB = 2ZACB ...(1)
[Angle between tangent and chord is equal to angle made by chord in the alternate segment]

Here, AB = AC
2ABC = 2ACB ...(11)

From equation (i) and (ii), we get
£EAB = £ABC
Alternate angles are equal.

EAF I BC

8. If a number of circles touch a given line segment PQ at a point A, then
their centres lie on the perpendicular bisector of PQ.

Solution:

False

Explanation:

Given that PQ is any line segment and S;, Sy, Ss, Sa, ........ circles touch the line segment PQ
at a point A. Let the centres of the circles Sy, Sy, S3, Sa4, ........... be Cq, Cy, C3, Cyy ...

respectively.



Q

To prove: Centres of the circles lie on the perpendicular bisector of PQ.
Joining each centre of the circles to the point A on the line segment PQ by line segment i.e.,
CiA, CA, C3A, C4A,... and so on.

We know that, if we draw a line from the centre of a circle to its tangent line, then the line is
always perpendicular to the tangent line. But it does not bisect the line segment PQ.

9. If a number of circles pass through the end points P and Q of a line
segment PQ, then their centres lie on the perpendicular bisector of PQ.

Solution:

True

Explanation:

We draw two circles with centre C; and C, passing through the end points P and Q of a line
segment PQ. We know that the perpendicular bisector of a chord of circle always passes
through the centre of the circle.

7

Thus, perpendicular bisector of PQ passes through C; and C, . Similarly, all the circle passing
through the end points of line segment PQ, will have their centres on the perpendicular
bisector of PQ.

10. AB is a diameter of a circle and AC is its chord such that ZBAC = 30°.
If the tangent at C intersects AB extended at D, then BC = BD.



Solution:

True
To prove: BC =BD

Join BC and OC.

Given,

£BAC = 30°

£BCD = 30°

[Angle between tangent and chord is equal to angle made by chord in the alternate segment]
OC LCDand

OA = 0C =radius

20AC = £0OCA =30°

So,

<ACD =2ACO + 20CD
=30° +90°
=120°

Now,

In AACD,

2DAC + £ACD + 2CDA = 180° [Angle sum property]
30° +120° + «CDA = 180°
£CDA =180° — (30° + 120°)
=30°
£CDA =£BCD
BC =BD
[as, Sides opposite to equal angles are equal]



Exercise No. 9.3

Short Answer Questions:
Question:

1. Out of the two concentric circles, the radius of the outer circle is 5 cm
and the chord AC of length 8 cm is a tangent to the inner circle. Find the
radius of the inner circle.

Solution:

Let C; and C, be the two circles having same centre O. AC is a chord which touches C; at
point D.

Join OD.

Also, OD L AC

AD=DC=4cm

[Perpendicular line OD bisects the chord]

In right angled AAQOD,
OA? = AD? + OD? [By Pythagoras theorem]
OD? = 52— 4
OD?=25-16
=9
OD=3cm
Radius of the inner circle is OD = 3 cm

2. Two tangents PQ and PR are drawn from an external point to a circle
with centre O. Prove that QORP is a cyclic quadrilateral.

Solution:

We know that,

Radius L Tangent = OR L PR



20RP =90°
Similarily,

Radius L Tangent = OQ LPQ
20QP =90°

In quadrilateral ORPQ),

Sum of all interior angles = 360°
20RP + £RPQ+ £PQO + £QOR = 360°
90° + LRPQ + 90° + £QOR = 360°

So,
20+ 2P =180°
PROQ is a cyclic quadrilateral.

3. If from an external point B of a circle with centre O, two tangents BC
and BD are drawn such that £ #~DBC =120°, prove that BC + BD = BO, i.e,,
BO = 2BC.

Solution:

As given in the gquestion,
By RHS rule,
AOBC and AOBD are congruent {By CPCT}



EE )12007

£0BC and £ OBD are equal
Therefore,
£0BC = £0BD =60°

In triangle OBC,
cos 60°= BC/OB
Y% = BC/OB

OB =2BC

Hence proved.

4. Prove that the centre of a circle touching two intersecting lines lies on the
angle bisector of the lines.

Solution:

Let us take the lines be |, and I».

S __x..‘-.x
J_;; P
_—
_—

Assume that O touches |, and |, at M and N,
So,
OM =0ON (Radius of the circle)
Therefore,

From the centre ”O” of the circle, it has equal distance from 1; & 5.

In A OPM & OPN,



OM = ON (Radius of the circle)

£0MP = 2ONP (As, Radius is perpendicular to its tangent)
OP=0P (Common sides)

Therefore,

A OPM = AOPN (SSS congruence rule)

By C.P.C.T,

£2MPO = ZNPO

So, | bisects ZLMPN.

Hence, O lies on the bisector of the angle between I; & I .
Also,
Centre of a circle touching two intersecting lines lies on the angle bisector of the lines.

5. In Fig. 9.13, AB and CD are common tangents to two circles of unequal
radii.
Prove that AB = CD.

Solution:

As given in the question,
AB =CD

Construction: Produce AB and CD, to intersect at P.
Proof:

Consider the circle with greater radius.
Tangents drawn from an external point to a circle are equal



AP =CP ()
Also,

Consider the circle with smaller radius.

Tangents drawn from an external point to a circle are equal

BP =BD ..(ii)
Subtract Equation (ii) from (i),

AP —BP = CP—BD
AB=CD

Hence Proved.

6. In Question 5 above, if radii of the two circles are equal, prove that AB =
CD.

Solution:

Join OO’

Since, OA =0’B [Given]
And,

20AB = 2O0’BA =90°

[Tangent at any point of a circle is perpendicular to the radius at the point of contact]

Since, perpendicular distance between two straight lines at two different points is same.
AB is parallel to OO’

Also,
CD is parallel to OO’
ABII CD

Now,
£0AB = £0CD = 2O’BA = £0’DC = 90°
ABCD is arectangle.

Hence,
AB =CD.

7. In Fig., common tangents AB and CD to two circles intersect at E.
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Prove that AB = CD.

Solution:

Given, common tangents AB and CD to two circles intersecting at E.

To prove:
AB=CD

We have,

The length of tangents drawn from an external point to a circle is equal
EB = ED and

EA=EC

On adding, we get
EA+EB=EC+ED
AB=CD

8. A chord PQ of a circle is parallel to the tangent drawn at a point R of the
circle. Prove that R bisects the arc PRQ.

Solution:

Given, chord PQ is parallel to tangent at R.
To prove : R bisects the arc PRQ.

M
< R

¥z

P \/Q
21=12,2 [Alternate interior angles]
21=1,3

[Angle between tangent and chord is equal to angle made by chord in alternate segment]
22=1,3



PR=0QR [Sides opposite to equal angles are equal]

As,
arc PR =arc QR

Therefore, R bisects PQ.

9. Prove that the tangents drawn at the ends of a chord of a circle make
equal angles with the chord.

Solution:

Toprove: 21 =212
Let RQ be a chord of the circle. Tangents are drawn at the points R and Q.

Q

Let P be another point on the circle, then join PQ and PR.
As, at point Q, there is a tangent.

22 =1¢/P [Angles in alternate segments are equal]
Also, at point R, there is a tangent.

21=1¢,P [Angles in alternate segments are equal]
21=212=¢P

21=1212

10. Prove that a diameter AB of a circle bisects all those chords which are
parallel to the tangent at the point A.

Solution:

Given, AB is a diameter of the circle.
A tangent is drawn at point A.
Draw a chord CD parallel to tangent MAN.



Therefore, CD is a chord of the circle and OA is radius of the circle.

£MAO =90°

[tangent at any point of a circle is perpendicular to the radius through the point of contact]
£CEO = £MAO [Corresponding angles]
£CEO =90°

So,

OE bisects CD,

[Perpendicular from centre of circle to chord bisects the chord]

Similarily,

Diameter AB bisects all chords which are parallel to the tangent at the point A.



Exercise No. 9.4

Long Answer Questions:
Question:

1. If a hexagon ABCDEF circumscribe a circle, prove that AB + CD + EF =
BC + DE + FA.

Solution:

As given in the question,

A Hexagon ABCDEF circumscribe a circle.

To prove:
AB +CD + EF =BC + DE + FA

We know that,
Tangents drawn from an external point to a circle are equal.

So,

AM =RA ... 1 [tangents from point A]
BM =BN ... Ii [tangents from point B]
CO=NC ... 111 [tangents from point C]
OD =DP ... Iv [tangents from point D]
EQ =PE ... v [tangents from point E]
QF=FR ... Vi [tangents from point F]
Now,adding,

[eq i]+[eq ii]+[eq iii]+[eq iv]+[eq v]+[eq vi]



AM+BM+CO+0D+EQ+QF=RA+BN+NC+DP+PE+FR
On solving, we get,
(AM + BM) + (CO + OD) + (EQ + QF) = (BN + NC) + (DP + PE) + (FR + RA)

AB + CD + EF=BC + DE + FA
Hence Proved!

2. Let s denote the semi-perimeter of a triangle ABC in which BC = a, CA
=b, AB =c. If a circle touches the sides BC, CA, AB at D, E, F,
respectively, prove that BD =s-D.

Solution:

As given in the gquestion,

A triangle ABC with BC =a, CA =b and AB = c . Also, a circle is inscribed which touches
the sides BC, CA and AB at D, E and F respectively and s is semi- perimeter of the triangle

To Prove:BD=s-h
We have,
Semi Perimeter = s

Perimeter = 2s
2s=AB +BC + AC [i]

We know that,

Tangents drawn from an external point to a circle are equal

So,

AF = AE [ii] [Tangents from point A]
BF =BD [iii] [Tangents From point B]
CD=CE [iv] [Tangents From point C]

Adding [ii] [iii] and [iv],



AF+BF+CD=AE+BD+CE
AB+CD=AC+BD

Adding BD both side,
AB+CD+BD=AC+BD+BD
AB + BC-AC=2BD

AB+BC+AC-AC-AC=2BD

2s—2AC =2BD [From i]
2BD =2s5-2b [as AC = b]
BD=s-b

Hence Proved.

3. From an external point P, two tangents, PA and PB are drawn to a circle
with centre O. At one point E on the circle tangent is drawn which
intersects PA and PB at C and D, respectively. If PA = 10 cm, find the
perimeter of the triangle PCD.

Solution:

As given in the question,

From an external point P, two tangents, PA and PB are drawn to a circle with center O. At a

point E on the circle tangent is drawn which intersects PA and PB at C and D, respectively.
And PA =10cm

To Find : Perimeter of APCD

As we know that, Tangents drawn from an external point to a circle are equal.
So, we have,

AC =CE [i] [Tangents from point C]
ED=DB [ii] [Tangents from point D]
Now,

Perimeter of Triangle PCD= PC + CD + DP
=PC+CE+ED +DP



=PC+AC+DB+DP [Fromiandii]
=PA+PB

Now,
PA = PB = 10 cm as tangents drawn from an external point to a circle are equal
So,
Perimeter = PA + PB
=10+10
=20cm

4. If AB is a chord of a circle with centre O, AOC is a diameter and AT is
the tangent at A as shown in Fig.. Prove that ZBAT = £ACB.

Solution:

As given in the question,

A circle with center O and AC as a diameter and AB and BC as two chords also AT is a
tangent at point A

To Prove : 2.BAT = 2zACB

Proof :

£ABC =90° [Angle in a semicircle is a right angle]

In AABC By angle sum property of triangle

¢<ABC + 2 BAC+2£ACB=180"°

2ACB +90° = 180° — «zBAC
£2ACB =90 - £BAC [1]

Now,
OA L AT
[Tangent at a point on the circle is perpendicular to the radius through point of contact ]



£0OAT = 2CAT =90°
£BAC + £BAT =90°
£BAT =90° - 2zBAC [ii]

From [i] and [ii],
<BAT = 2ACB [Proved]

5. Two circles with centres O and O¢of radii 3 cm and 4 cm, respectively
intersect at two points P and Q such that OP and O‘P are tangents to the
two circles. Find the length of the common chord PQ.

Solution:

We have,

Two circles with centers O and O’ of radii 3 cm and 4 cm, respectively intersect at two points
P and Q, such that OP and O’P are tangents to the two circles and PQ is a common chord.

To Find: Length of common chord PQ

20PO’ =90°
[Tangent at a point on the circle is perpendicular to the radius through point of contact]

Therefore,
OPO is aright-angled triangle at P

By Pythagoras in A OPO’, we have
(00°)° = (O’P)*+ (OP)?
(00°)? = (4)* + (3)°
(00°)? =25
00’ =5¢cm

Let ON =x cm and
NO’=5-xcm

In right angled triangle ONP



(ON)*+ (PN)? = (OP)’
x* + (PN)* = (3)?
(PN)?=9 — x* [i]

In right angled triangle O’NP

(O'N)> + (PN)’ = (O’P)’
(5-X)° + (PN)? = (4)°
25— 10x + x* + (PN)> = 16
(PN)? = -x*+ 10x — 9 [ii]

From [i] and [ii]
9-x*=-x*+10x—-9
10x =18
x=1.8
From (1) we have
(PN)? =9 — (1.8)°
=9-3.24
=576
PN =24cm
PQ =2PN

=2(2.4)
=48cm

6. In a right triangle ABC in which B = 90°, a circle is drawn with AB as
diameter intersecting the hypotenuse AC and P. Prove that the tangent to
the circle at P bisects BC.

Solution:

As given in the question,

In a right angle AABC is which £B = 90°, a circle is drawn with AB as diameter intersecting
the hypotenuse AC at P. Also PQ is a tangent at P

To Prove: PQ bisects BC or, BQ = QC



C
We have,
£APB =90° [Angle in a semicircle is a right-angle]
2BPC =90° [Linear Pair]
23+ 24=90 [i]
Now,
£ABC =90°
In AABC,

2ABC + 2.BAC + £ACB = 180°
90+ 21+ 2£5=180
21+ 25=90 [i1]
Now,

21=23
[angle between tangent and the chord equals angle made by the chord in alternate segment]

Using this in [ii] we have,
23+2£5=90 [iii]
From [i] and [iii] we have

23+ 24=123+ 15

24 =15
QC=PQ [Sides opposite to equal angles are equal]
Also
PQ=BQ [Tangents drawn from an external point to a circle are equal]
;% =QC

Therefore,PQ bisects BC .



7. In Fig., tangents PQ and PR are drawn to a circle such that ZRPQ = 30°.
A chord RS is drawn parallel to the tangent PQ. Find the £RQS.
[Hint: Draw a line through Q and perpendicular to QP.]

S F':-:_ T
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Solution:

As given in the question,

Tangents PQ and PR are drawn to a circle such that zRPQ = 30°. A chord RS is drawn
parallel to the tangent PQ.

To Find : ZRQS

PQ =PR [Tangents drawn from an external point to a circle are equal]
£PRQ = £PQR [Angles opposite to equal sides are equal] ]
In APQR

£PRQ + £PQR + £QPR =180°
£PQR + £PQR + £QPR = 180° [Using 1]

2/PQR + 2RPQ = 180°



2,.PQR + 30 =180
2,£PQR =150

£PQR =75°

£2QRS = £PQR = 75° [Alternate interior angles]
2QSR = ZPQR = 75°

[angle between tangent and the chord equals angle made by the chord in alternate segment]

Now
In ARQS
2RQS + LQRS + QSR =180
£RQS +75+75=180
£RQS = 30°

8. AB is a diameter and AC is a chord of a circle with centre O such that
/BAC=30°. The tangent at C intersects extended AB at a point D.
Provethat BC = BD.

Solution:

Given,
AB is a diameter and AC is a chord of circle with centre O, ZBAC = 30°
To prove : BC = BD

Construction: Join BC

<BCD = «CAB [Angles in alternate segment]
2CAB = 30° [Given]
<BCD = 30° ...(1)
2ACB =90° [Angle in semi-circle]
In AABC,
LA+ 4B+ 2£C=180° [Angle sum property]
30° + 2CBA +90° = 180°
£CBA =60°

Also,



2CBA + «CBD = 180° [Linear pair]
£CBD =180° - 60°

=120°
[as, 2 CBA =60°]

Now,
In ACBD,
2CBD + «BDC + «DCB = 180°
120° + «BDC + 30° = 180°
¢<BDC = 30° ...(11)
From (i) and (ii),
£BCD = «BDC
BC =BD
[Sides opposite to equal angles are equal]

9. Prove that the tangent drawn at the mid-point of an arc of a circle is
parallelto the chord joining the end points of the arc.

Solution:

Let us take the mid-point of an arc AMB be M and TMT’ be the tangent to the circle.
Join AB, AM and MB.

Since,
arc AM = arc MB =3
Chord AM = Chord MB

In AAMB,

AM = MB
/MAB = ZMBA ...(0)
[Sides opposite to equal angles are equal]

L)
\/

T M r
Since, TMT" is a tangent line.
Therefore,
£LAMT = LMBA [Angles in alternate segments are equal]
= 2«MAB [from equation (i)]

But, ZAMT and 2MAB are alternate angles, which is possible only when AB is parallel to
T™MT



Hence, the tangent drawn at the mid-point of an arc of a circle is parallel to the chord joining
the end points of the arc.

10. In Fig., the common tangent, AB and CD to two circles with centres
Oand O' intersect at E. Prove that the points O, E, O' are collinear.
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Solution:

Join AO, OC and O’D, O’B.
Now,
In AEO’D and AEO’B,
O’D=0’B
O’E=0’E
ED=EB
[Tangents drawn from an external point to the circle are equal in length]

EO’D = AEO’B [By SSS congruence criterion]
20’ED = £O’EB ...(0)
Therefore,

O’E is the angle bisector of ZDEB.

Similarly,
OE is the angle bisector of ZAEC.

Now, in quadrilateral DEBO’.

20’DE = £0’BE =90°
[CED is a tangent to the circle and O’D is the radius, i.e., O’D L CED]



20O’DE + £0O’BE = 180°
<DEB + £DO’B = 180°

[as, DEBO’ is cyclic quadrilateral]

Since,
AB is a straight line.

£AED + «DEB = 180°
£AED +180° - «DO’B = 180°
<AED = 2DO’B

Similarly,
£AED = 2£A0C

Again from eq. (ii),
<DEB =180° - «DO’B

Dividing by 2 on both sides, we get,

%LDEB = 90°-%LDO'B

Z/DEOQO" = 90°-%4DO'B

Similarily,
/AEC =180°- ZAOC
Dividing 2 on both sides,

% ZAEC =90° -% ZA0C

ZAEQO = 90°-%AAOC

Now,

(V)

(Vi)

1 1

ZAED + ZAEO + ZDEOQO' = 4AED+9O°-ELDO'B +90°-§4AOC

= 4AED+180°-%(£DO‘B +/A0C )

= 4AED+180°-%(4AED +/AED )

= /AED+180°-ZAED
=180°
So,

ZAED + Z/AEO + /DEO'=180°

...(i)

[from (ii)]
...(ii1)

...(1v)

(from iiiandiv)



So,
OEQ’ is straight line.

Hence, O, E and O’ are collinear.

11. In Fig. 9.20. O is the centre of a circle of radius 5 cm, T is a point such
that OT = 13 cm and OT intersects the circle at E. If AB is the tangent to
the circle at E, find the length of AB.

Solution:

OP is perpendicular to PT.
In AOPT,
OT?=OP*+PT?
PT?=OT?- OP?
PT?= (13)*— (5)°

=169 — 25

= 144
PT=12cm

Since, the length of pair of tangents from an external point T is equal.

So,
QT=12cm

Now,

TA =PT - PA

TA =12 -PA ...(1)
and

TB=QT-QB

TB=12-0QB ...(1i)

Also,

PA = AE and QB = EB ...(1i1) [Pair of tangents]
ET =0T -OE [as, OE = 5 cm = radius]
ET=13-5

ET=8cm



Since, AB is a tangent and OE is the radius.

OE L AB,

Z OEA =90°

< AET =180° - ZOEA [Linear pair]
Z AET =90°

Now, in right angled AAET,
(AT)E = (AE)22 + (EPZ [by Pythagoras theorem]
(12 -PA) = (PA)" +(8)

On solving,
144 + (PA)? — 24 PA = (PA)? + 64
24 PA =80

pa=10
3

So,

AEzg

3
We join OQ,
Similarily,
BE:E

3

Also,
AB=AE+BE
10 10
=4 —
3 3
_20
3

12. The tangent at a point C of a circle and a diameter AB when extended
intersect at P. If £PCA =110°, find CBA.
[Hint: Join C with centre O.]



Solution:

Join OC. In this, OC is the radius.

o

a

,:I.-.-'
Pre

We know that, tangent at any point of a circle is — perpendicular to the radius through the
point of contact.

Therefore,
OoC 1L PC

Now,
Z PCA=110° [Given]
/PCO+ Z0OCA =110°
90° + L OCA =110°
Z0OCA =20°

Also,
OC = OA = radius of circle

Z0OCA = Z0OAC =20° [Sides opposite to equal angles are equal]

Since, PC is a tangent,
Z/BCP = ZCAB =20° [Angles in alternate segment]

In APAC,
/ZP+ £LC+ £A=180°

So,
/P=180°-(£ZC+ ZA)



= 180°-(110°+ 20°)
= 180° - 130° = 50°

In APBC,
/BPC+ /PCB+ «CBP =180°
50° + 20° + ~PBC =180°
ZPBC =180°-70°
/PBC =110°
Since, ABP is a straight line.

Therefore,
/PBC+ CBA =180°
/ CBA =180°-110°
=70°

13. If an isosceles triangle ABC, in which AB = AC =6 cm, is inscribed in a
circleof radius 9 cm, find the area of the triangle.

Solution:

Join OB, OC and OA.

In AABO and AACO,
AB =AC [Given]
BO=CO [Radii of same circle]
AO =AO0 [Common side]
AABO = AACO [By SSS congruence criterion]
o A
o b cm
VAN

L1=/2 [CPCT]
Now,
In AABM and AACM,
AB =AC [Given]
L1=/2 [proved above]
AM = AM [Common side]

So,



AAMB = AAMC
ZAMB = ZAMC

Also,
ZAMB + £ AMC =180°
Z AMB =90°

[By SAS congruence criterion]

[CPCT]

[Linear pair]

We know that a perpendicular from the centre of circle bisects the chord.

So, OA is a perpendicular bisector of BC.

Let AM = x, then OM =9 — x

In right angledd AAMC,
AC? = AM? + MC?
MC? = 62 — x°

In right angle AOMC,
OC? = OM? + MC?
MC? = 9% — (9 — x)?

From equation (i) and (ii),

62— x%=9%— (9 —x)?

36 —x*=81- (81 + x*— 18x)
36 = 18x
X=2

So,

AM=2cm

From equation (ii),

MC? = 9% — (9 — 2)?

MC?=81-49
=32
MC =4\2cm
So,
BC =2 MC
=8V2 cm

Areaof ABC = %XbaseXheight
1
= EXBCXAM

:%XSﬁXZ

=82cm?

[ as, OA =radius = 9 cm]

[By Pythagoras theorem]
...(1)

[By Pythagoras theorem]



The required area of AABC is 8V2 cm2.

14. A'is a point at a distance 13 cm from the centre O of a circle of radius 5
c¢cm.AP and AQ are the tangents to the circle at P and Q. If a tangent BC
isdrawn at a point R lying on the minor arc PQ to intersect AP at B and
AQ atC, find the perimeter of the AABC.

Solution:

We have,
2 OPA =90°
[Tangent at any point of a circle is perpendicular to the radius through the point of contact]

In AOAP,
OA? = OP? + PA?
132 =52 + PA?

PA =12cm

Now,
Perimeter of AABC = AB + BC + CA
=AB +BR +RC + CA
= (AB + BR) + (RC + CA)
= (AB +BP) + (CQ + CA)
[As,BR = BP, RC = CQ i.e., tangents from external point to a circle are equal]

Perimeter of AABC = AP + AQ
= 2AP [as, AP = AQ]
=2x12
=24 cm

Hence, the perimeter of AABC = 24 cm.
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