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CIRCLES

8.1 SECANT AND TANGENT

In Class IX, we have studied that a circle is a collection of all points ina plane which areata
constant distance from a fixed point. The fixed point is called the centre and the constant
distance is known as the radius. We have also studied various terms related to a circle like
chord, segment, sector, arc etc. Let us now see, how many different positions a line can take
with respect to a given circle.

Consider a circle C (O, r) and a line [ in a plane. We find that there are three different

situations as shown in Fig. 8.1.
/ ( t :/ |

¢
(i (i) (i)
Fig.8.1

(i) When the line 1 intersects the circle in two distinct points : Since a circle cannot pass
through three collinear points. So, the line [ intersects the circle in two points only. In
such a case the line | is called a secant of the circle. Thus, we have the following
definition:

SECANT A linewhich intersects acircle in two distinct points is called a secant of the circle.

(i) When the line | intersects the circle in only one point : In this case the line is said to be a
tangent to the circle and point is called the point of contact of the tangent. The concept
of tangent can also be understood as follows:

Consider a secant PQ of a circle intersecting it in two points P and Q. If we rotate the
secant about the point P so that the point Q comes nearer and nearer to the point P, we
find that ultimately the point Q will coincide with P. In this case the two points of
intersection will coincide and the secant will touch the circle at P. Thus, we have the
following definition:

8.1
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Fig.8.2
TANGENT A tangent to a circle isa line that intersects the circle in exactly one point.
The point is called the point of contact of the tangent and the line is said to touch the
circle at this point.
The word tangent is originated from the Latin word TANGERE which means ‘to touch’.
NOTE The point of contact is the only point which is comnion to the tangent and the circle and ey
other point on the tangent lies outside the circle. Thus, of all the points on a tangent to a circle, the
point of contact is nearest to the centre of the circle.

In order to understand the existence of the tangent to a circle at a point let us perform the

- following activities:

ACTIVITY 1 Draw a circle and a secant AB of the circle on a paper. Now, draw various lines
parallel to the secant AB onboth sides of it. You will find that the lengths of chords cut by the
lines will decrease as we go away from the secant AB as shown in Fig. 8.3. You will also
notice that on two sides of secant AB, A, B, and A, B, are the limiting positions of secants
when the lengths of the chords cut become zero. These are the tangents to the circle parallel to
the secant AB. It is evident from the above activity that there cannot be more than two
tangents parallel to the given secant or in general, to a given line. It also establishes thata
tangent is the secant when both of the end points of the corresponding chord coincide.

Ba
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ACTIVITY 2. Take a circular wire and a straight wire AB. Attach the straight wire AB ata point P
of thecircular wire in such a way that AB can rotate about the point P ina plane. Put the system
ona table and rotate wire AB about point P to get different positions of the wire as shownin Fig.
8.4. You will see that the wire AB intersects the circular wire at P and atanother point Q, or Q
etc. when it is rotated in clockwise sense about point P. And in one position A, B, it will

intersect the circlejust at point P only. In fact, it becomes tangent to the circular wireat P. This
shows that a tangent exists ata point P on the circle.

Fig.8.4

Now, if we rotate wire AB in anticlockwise sense about point P, it will intersect the circle

at P and an another point R, or R, etc. In position A, B, it intersects the circle at P only.
Thus, there is only one tangent at point P.

This activity establishes that the tangent at a point P to a circle is the limiting position of
secants PQ;, PQ,, PR,, PR, etc. through P when Q,, Qa, Ry, R; etc. coincide with P.

8.2 SOME PROPERTIES OF TANGENT TO A CIRCLE

If you look at the wheels of a bicycle you will find that its all spokes are along its radii. When

abicycle runs, its wheels move along the lines which are tangents at the points where they

touch the ground. You will also notice that in all positions, the radii through the points of

contact with the ground appear to be at rightangle to the tangent. We shall now prove this

property and some other properties of tangents to a circle as theorems.

THEOREM 1 A tangent toa circle is perpendicular to the radius through the pomt of contact.
INCERT, CBSE 2009, CBSE 2012, 2014, 2015, 2016]

GIVEN A circle C (O, r) and a tangent AB ata point P.

TOPROVE OP LAB.

CONSTRUCTION Take any point Q, other than P, on the tangent AB. Join OQ. Suppose OQ
meets the circle at R.

PROOF We know that among all line segments joining
the point O to a point on AB, the shortest one is perpen-
dicular to AB. So, to prove that OP L AB, itis sufficient to
prove that OP is shorter than any other segment joining,
O to any point of AB.

0
Cleraly, oOP = OR [Radii of the same circle]
Now, OQ = OR + RQ
= 0Q > OR A
=5 OQ > OP [ OP = OR] A P Q B

= OP < 0Q Fig-56
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Thus, OP is shorter than any other segment joining O toany point of AB.
Hence, OP.LAB.

QED.
REMARK The converse of the above theorem is also true as given below.
THEOREM 2 A line draun through the end point of a radius and perpendicular to it is a tangent to the
circle. [NCERT, CBSE 2012, 2013 ]
GIVEN A radius OP of a circle C (O, r) and a line APB,
perpendicular to OP.
TOFPROVE ABisa tangent to the circle at the point P.
PROOF Takea point Q, different from P, on the line AB.

Now, OP L AB. i
=% Among all the line segments joining O to a
point on AB, OP is the shortest.
R
= OP < OQ A = ) E —
= oQ>op Fig. 8.6
— Q lies outside the circle.

Thus, every point on AB, other than P, lies outside the circle. This shows that AB meets the
circle only at the point P.

Hence, ABisa tangent to thecircle at P.

Q.E.D.
REMARK The above theorem provides us a method of constructing a tangent at a given point toa
given circle. For this wedraw a line through the given point perpendicular to the radius at the given point.

LEVEL-1
EXAMPLE 1 Atangent PQata point P of a circle of radius 5 cm meets a line through the centre O at
a point Q so that OQ = 13 cm. Find the length of PQ. [NCERT]
SOLUTION  Since tangent at a point is perpendicular to the

radius through that point. Therefore, OP is perpendicular to

PQ. Inright triangle OPQ, we have

OQ* =0P* + PQ* [ Using Pythagoras theorem ]| e
= 13* = 52 + PQ? §cm Bep,
- PQ* =169 -25=14 P Q
s PQ =12em. Fig.8.7

EXAMPLE 2 A line through the centre O of a circle of radius 7 cm cuts the tangent, at a point P on
the circle, at Q such that PQ =24 cm. Find OQ.

SOLUTION  Since tangent at a point on a circle is perpendicular to the radius through the
point. Therefore, OP is perpendicular to PQ.
In right triangle OPQ), we have
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0Q* = OP? + PQ?

= OQ* =72 + 242 0
= 0Q = 25cm. P 24 cm o)
Fig.8.8
- — EXERCISE 8.1
LEVEL-1
1. Fillin the blanks:
(i) The common point of a tangent and thecircle is called .......... [NCERT]
(ii) A circlemayhave.......... parallel tangents. [NCERT]
() A tangenttoa circleintersectsitin.......... point(s). [NCERT]
(iv) A line intersecting a circle in two pointsiscalled a......... . [NCERT]
(v) The angle between tangent at a point on a circle and the radius through the point is
2. How many tangents can a circle have? [NCERT]
3. Oisthe centre of a circle of radius 8 cm. The tangent at a point A on the circle cuts a line
through O at B such that AB = 15 cm. Find OB.
4

. Ifthe tangent at a point P toa circle with centré O cuts a line through O at Q such that PQ

=24 cm and OQ =25 em. Find the radius of the circle.

1. (i) Pointofcontact (ii) two (iii) one (iv) secant (v) 90°

ANSWERS

2. Infinitely many 3. 17em. 4. 7 cm.

8.3 TANGENT FROM A POINT ON A CIRCLE

In this section, we will learn about the number of tangents drawn from a point to a circle. We
will also learn some properties of these tangents. In order to have an idea of the number of
tangents drawn from a point to a circle, let us perform the following activity:

ACTIVITY Draw a circle on a paper and take a point P inside it. Let us now try to draw a
tangent to the circle through this point P. We observe that all the lines through point P
intersect the circle in two distinct points. Therefore, none of them can be a tangent to the
circle as shown in Fig. 8.9.

P
ZON

Fig.8.9
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Now, take a point P on the circle. We have discussed in section 8.2 that there exists one and
0“1}? one tangent to a circle at a given point on it. So, there is only one tangent to the circle at
point Pas shown in Fig. 8.10(i).

Finally, let us take a point P outside the circle and try to draw tangents to the circle from point
P. We observe that we can draw exactly two tangents to the circle throu gh point P as shown
inFig. 8.10(i).

Fig. 8.10
g These facts can be summarized as follows:
B (1) No tangent can be drawn to a circle from a point lying inside it. ‘
' (i1) One and only one tangent can be drawn to a circle at a point on the circle. '
(iii) Two tangents can be drawn to a circle froma point lying outside it.
In Fig. 8.10(ii), PT, and PT, are two tangents drawn from a point P lying outside the circle.
These tangents touch the circle at T; and T, respectively. So, T; and T, are known as the
points of contact of tangents PT, and PT, respectively.
LENGTH OF TANGENT The length of the segment of the tangent between the point and the given
point of contact with the circle is called the length of the tangent from the point to the circle.

In Fig. 8.10(i), PT, and PT, are the lengths of tangents from point P to the circle.
In the following theorem, we will prove that these two lengths are equal.

THEOREM 3 The lengths of two tangents drawn from an external point to a circle are equal.
[NCERT, CBSE 2008, 2009, 2010, 2013, 2014, 2015, 2016, 2017, 2018]

GIVEN AP and AQ are two tangents froma point A toacircle C (O, r).
TOPROVE AP=AQ
CONSTRUCTION Join OP, OQand OA.
PROOF In order to prove that AP = AQ, we shall first prove A
that AOPA = AOQA.
Since a tangent atany point of a circle is perpendicular to the
radius through the point of contact. =
e OP L AP and OQ L AQ.
= ZOPA = ZOQA = Ar° (1)
Now, in right triangles OPA and OQA, we have

OP =0Q [ Radii of a circle]

ZOPA = ZOQA [ From (i) |

,,

Fig.8.11
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and, OA = 0A [ Common ]
So, by RHS-criterion of congruence, we get
AOPA = AOQA
- AP = AQ
Q.E.D.

THEOREM 4 If two tangents are drawm to a circle from an external point, then:

(1) they subtend equal angles at the centre,

(i) they are equally inclined to the segment, joining the centre to that point.

GIVEN Acircle C (O, r) and a point A outside the circle such that AP and AQ are the tangents
drawn to the circle from point A.

TOPROVE (i) ZAOP = £AOQ (ii) ZOAP = ZOAQ.
P
A
Q
Fig.8.12
PROOF Inright triangles OAP and OAQ, we have
AP = AQ [ Tangents from an external point are equal |
OF = 0Q [Radii of a circle]
and, OA = DA [Common]
So, by §5S-criterion of congruence, we have
AOAP = ADAQ
= ZAOP = ZAOQ and ZOAP = ZOAQ.
- Q.E.D.

REMARK [t follows from the above theorem that the centre of the circle lies on the angle bisector of
ZPAQ. This fact can be used in dratwing circles touching two intersecting lines. In particular, a circle
can be drawmn to touch altthe three sides of a triangle as discussed belotw:
, " .l'-‘
A

B B C
Fig.8.13

Let ABC be a triangle. Draw angle bisectors of any two angles, say ZB and 2C. Suppose they
intersect at O. Then, as O lies on the angle bisectors of ZB and 2#C, a circle can be drawn with
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centre O to touch AB, BCand AC. The radius of the circlewill be the length of the perpendicular from
Qonany side. This circle is called the incircle of A ABC and its centre is called the incentre of A ABC.

Type I ON FINDING THE LENGTH OF THE TANGENT OR RADIUS OF A CIRCLE

EXAMPLE 1 Apoint Pis 13 cm from the centre of the circle. The length of the tangent drazwn from p
to the circle is 12 cm, Find the radius of the circle. &

SOLUTION  Since tangent to a circle is perpendicular to the

radius through the point of contact. T
2 ZOTP = 90° C)
In right triangle OTP, we have >
OP? = OT? + PT? T :
= 13* = 0T? +122
= Or* =13 -12* = (13-12)(13+12) = 25
= OT =5, Fig. 8.14

Hence, radius of the circleis 5 cm.

EXAMPLE 2 Find the !'en}gth of the tangent drawn from a point whose distance from the centre of a
circleis 25 cm. Given that the radius of the circle is 7 cin.

SOLUTION Let P be the given point, O be the centre of the circle and PT be the length of
tangent from P. Then, OP =25 cmand OT =7 cm.

Since tangent to a circle is always perpendicular to the
radius through the point of contact.

ZOTP =90° J
inright triangle OTP, we have i
OP? = OT? + PT? P 25¢cm o
= 25% = 7% + PT?
= PT? =25 -7 =(25-7)(25+7) =576 Fig.8.15
= PT =24 cm.

Hence, length of tangent from P =24 cm.

Type I BASED ON THE RESULT THAT THE TANGENTS DRAWN FROM AN EXTERIOR POINT
TO A CIRCLE ARE EQUAL IN LENGTH.

EXAMPLE 3 InFig.8.16, if AB=AC, prove that BE=EC.
OR

ABC is an isosceles triangle in which AB = AC, circumscribed about a circle, as shown in
Fig. 8.16. Prove that the base is bisected by the point of contact.

[CBSE 2008, 2012, 2014]

SOLUTION  Since tangents from an exterior point to a circle are equal in length.
AD = AF |Tangents from A] ...(1)
BD = BE [Tangents from B] ...(ii)

CE=CF [Tangents from C] ...(iii)
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A
D F
B E C
Fig. 8.16
Now,
AB = AC
=4 AB-AD = AC - AD [Subtracting AD from both sides]
=5 AB- AD = AC - AF [Using (i)]
= BD = CF
= BE = CF [Using (i1)]
= BE = CE [Using (iii)]

EXAMPLE 4 A arcleis touching the side BC of AABC at Pand touching AB and AC produced at

Q and R respectively. Prove that

1
AQ = 5 (Perimeterof AABC). [ CBSE2000,2001,2002, NCERT EXEMPLAR]

SOLUTION = Since tangents from an exterior point to a circle are equalin length.

BP = BQ [From B] (1)

CP = CR [From C] ...(i1)
and, AQ = AR [From A] ..(111)
From (111), we have

AQ = AR
= AB+ BQ = AC+CR
= AB + BP = AC + CP [Using (i) and (ii)]
civ)

Now

Perimeterof AABC = AB + BC + AC
= Perimeterof AABC = AB+ (BP + PC) + AC
= Perimeter of AABC = (AB + BP)+ (AC + PC)
= Perimeter of AABC = 2( AB + BP)
= Perimeter of AABC = 2( AB + BQ)
= Perimeter of AABC = 2A0

AQ = % (Perimeter of AABC)

Fig.8.17

[Using (iv)]
[Using (i)]
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E\'.M:'II‘LE 5 InFig.8.18, XP and XQ are tangents from X to the circle with centre O. R isa point on
the circle. Prove that, XA + AR = XB + BR. [CBSE 2014

SOLUTION  Since lengths of tangents from an exterior point to
acircleare equal.

XP = XQ [From X] (i)
AP = AR [From A] (i)
BQ = BR [From B] ...(1ii)
Now, XP =XQ
= XA+ AP =XB+BQ
= XA + AR = XB+ BR [Using (i) and (ii)] H9.8.18

EXAMPLE & InFig. 8.19, the incircle of A ABC touches the sides BC, CAand AB at D, E and F
respectively. Show that

AF +BD +CE = AE+ BF+CD = %{Perimelfr of A ABC)
SOLUTION  Since lengths of the tangents from an exterior point to a circle are equal.

AF = AE [From A] ...(i)
BD = BF [From B] (i)
and, CE=CD [From C] ...(1i1)

Adding equations (i), (ii) and (iii), we get
AF +BD+CE = AE+ BF +CD

Now,
Perimeter of AABC = AB+ BC + AC
A
F E
B D Cc

Fig.8.19
= Perimeter of A ABC=( AF+FB)+(BD+CD)+(AE+EC)
= Perimeter of AABC=( AF+AE)+(BF+BD)+(CD+CE)
= Perimeter of AABC=2 AF+2BD+2CE

From (1), (i1) and (iii), we get

EXN Perimeter of A ABC =2(AF+BD+CE) [AE.:AF' B£;=BF anL CDE CE]
£ AF+BD+CE=%(PeﬁmeterufaABC)

1 ;
Hence, AF+BD+CE=AE+BF+CD=E[PEnmaterqfaABC)
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EXAMPLE 7 InFig. 8.20, the sides AB, BC and CA of triangle ABC toucha circle with centre O and
radius rat P, Q and R respectively,

Prove that:
(i) AB+CQ = AC + BQ

(ii) Area(AABC) = %{Per:’meh*r of AABC) xr [CBSE 2013]
SOLUTION We know that lengths of tangents drawn from an external point to a circle are
equal.

& AP={{R,BP=BQm1dCQ=CR
(1) AB+CQ = AP+ PB+CQ

= AR + BQ + CQ [ AP = AR and PB = BQ]

= (AR + CR) + BQ ['2€0 = CR]

= AC + BQ [ AR + CR = AC]
(11) Area (AABC) = Area (AOBC) + Area (AOAB) + Area (AOAC)

= %(HC x 0Q) + %(AB x OP) + %{AC x OR)

- %{BC xr)+ %{AB xr)+ %{AC‘ xr)

=%(BC+AB+AC]:-::‘

— %(P rrimeter of AABC) x r

EXAMPLE 8 [n Fig. 8.21, two circles touch cach other at the point C. Prove that the contmon tangent
to the circles at C, bisccts the common tangent at Pand Q.

|CBSE 2013]
P R

N

Fig.8.21
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SOLUTION - We know that the tangents drawn from an external point to a circle are equal,
RP = RCand RC = RQ
= RP = RQ
= R is the mid-point of PQ.
EXAMPLE 9 Acircle touches all the four sides of a quadrilateral ABCD. Prove that:

AB+CD=BC+DA.  [NCERT, CBSE 2008, 2009, 2012, 2013, 2014, 2015, 2017
SOLUTION  Since tangents drawn from an exterior point to a circle are equal in length,

AP = AS [From A] (i)
BP = BQ [From B] .-(ii)
CR=CQ [From C] .. (iii)
and, DR = DS [From D] (iv)

Fig.8.22

Adding (i), (i), (iii) and (iv), we get
AP +BP +CR+ DR = A5+ BQ+CQ + DS
= (AP + BP) +(CR + DR) = ( AS + DS) +(BQ + CQ)
= AB+CD = AD + BC
Hence, AB+CD =BC+DA
EXAMPLE 10 Ifahexagon ABCDEF circumscribes actrcle, prove that
AB+CD+EF =BC+DE+FA. INCERT EXEMPLAR]

SOLUTION Let Obe the centre of the circle touching sides AB, BC, CD, DE, EFand FAat P, Q,
R, S, Tand Urespectively. The lengths of tangents drawn from an external point to a circle are

equal.

AP = AU, BP= BQ,CQ = CR,DR = DS, ES = ET and FU = FT
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Now,
AB+CD + EF

= (AP + PB) + (CR + DR) + (ET + TF)

= (AU + PB) + (CQ + DS) + (ES + FU) [

= (AU + FU) + (BQ + CQ) + (DS + ES)
=AF +BC+DE =BC+DE+FA

EXAMPLE 11  Let s denote the semi perimeter of a triangle ABC in which BC=a, CA=band AB=c.
Ifacircle touches the sides BC, CA, ABat D, E, F respectively, prove that

AF:AE:S—[L BD=BF=s-band CD=CE =s5—r. INCERT EXEMPLAR]
SOLUTION We have,

S:;-‘ILIF3+BC+(D'!L_.ﬁ*+b+|:

.« AP = AU, PB = BQ,CR = CQ,
DR = DS, ET = ES, FT = FU

2 2
= a+b+c=2s
= b+c=2s—a,c+a=2s-band a+b=2s—-¢
= b+c—a=2(-a),c+a-b=2(s-b) anda+b-c=2(s-¢)

Fig.8.24

The lengths of tangents drawn from an external point to a circle are equal.
AF = AE,BD = BF and CD =CE

2s = BC + CA + AB
=> 2s = (BD + DC) + (CE + AE) + (AF + BF)
=5 25 = (BD + DC) + (CD + AF) + (AF + BD)
= 2s = 2(BD + DC) + 2AF
= 2s = 2BC + 2AF
= 2s = 2a + 2AF
=5 AF=s-a = AF=AE=s5-a
Again,
2s = BC+CA + AB
- 2s = (BD + CD) + (CE + AE) + (AF + FB)
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25 = (BF + CE) + (CE + AE) + (AE + FB)

2s = 2BF + 2(AE + CE)

2s = 2BF + 2AC

25 = 2BF +2b

BF =s-b

BD=BF =s-b

Similarly, we canprove that CD = CE = s - c.

EXAMFLE 12 Ifa, b, c are the sides of a right triangle where c is the hypotenuse, prove that the

y y : : ; b, % A b¥
radius r of the circle which touches the sides of the triangle is given by r = s > LA or,
r=s—c, wheres is the semi-perimeter of the triangle. [NCERT EXEMPLAR]

' SOLUTION Let the circle touches the sides BC, CA and AB of the right triangle ABCat D, E
and Frespectively.
Wehave,

Ul

BC=a,CA=b and AB=¢
. Itis given that the triangle ABC is right angled at C,
SRR AB* = BC? + AC?
= ¢t =a*+b?
The length of tangents drawn from a point to a circle are equal.
i AE = AF,CD = CE and BD = BF
Weobserve that CD = OE and CE = OD
CD=r and CE=r

Now,

AE='AE and BD = BF
= AF = AC-CE and BF = BC -CD
- AF=b-r and BF=q-r
= AF+BF =(b-r)+(a—-r)
= AB=a+b-2r
= c=a+b-2r
=3 Ll b-c
2
ALITER From example 11, we obtain
) CD=CE=s-c
I = r=s—c¢
= r=a+b+ﬂhc=ﬂ+b—c
2 2
EXAMPLE 13 InFig. 8.26, AB and CD are common tangents to two circles of unequal radii. Prove
L S [NCERT EXEMPLAR]
SOLUTION  Produce AB and CD to meet at P. The lengths of tangents drawn from P to the
twocircles areequal.
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Fig. 8.26
& PA =PC and PB = PD
= PA - PB = PC - PD
= AB=CD

EXAMPLE 14 If all the side of a parallelogram touch a circle, show that the parallelogram is a
“rhombus.
OR
Prove that a parallelogram circumscribing a circle is a rhombus.
NCERT, CBSE 2000C, ZUUZ, 2008, 2012, 2013, "UHI
SOLUTION Let ABCD be a parallelogram such that its sides
touch a circle with centre O

We know that the tangent s toa circle from an exterior point
are equal in length. S
AP = AS [From A] -.-(1) .
BP = BQ [From B] ...(ii) @ Q
CR=C0 [From C] ...(iii)
A P B

and, DR = DS [From D] (iV)

Adding (i), (ii), (iii) and (iv), we get Fig. 8.27
AP + BP + CR + DR = AS + BQ +CQ + DS

= (AP +BP)+(CR+ DR)=(AS+ DS)+(BQ+CQ)

=t AB +CD = AD + BC

=5 2 AB = 2 BC [ ABCD is a parallelogram .. AB = CD and BC = AD]
= AB = BC

Thus, AB=BC=CD = AD

Hence, ABCD is a rhombus.

EXAMPLE 15 PAand PBare tangents from P to the circle with centre O. At point M, a tangent is
drawn cutting PA at Kand PBat N. Prove that KN = AK + BN.

SOLUTION We know that the tangents drawn from an
external point to a circle are equal in length.

PA = PB [From P] (i)
KA = KM |From K] ...(11)
and, NB = NM [From N] .. (iii)

Adding (ii) and (iii), we get
KA + NB = KM + NM
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= AK + BN = KM + MN
= AK + BN = KN

EXAMPLE 16 ABCD isa quadrilateral such that £D = 90°. Acircle C(O, r) touches the sides AB,
BC,CDand DAat P,Q, Rand S respectively. If BC=38 cm, CD =25 cm and BP =27 em, find r.
SOLUTION  Since tangents to a circle is perpendicular to the radius through the point.

£ZORD = £0SD = 9(@

Itis given that 2D = 90°. Also, OR = OS. Therefore, ORDS is a square,
Since tangents from an exterior point to a circle are equal in length.

BP = BQ

CQ=CR
and, DR = D5,
Now,

BP = BQ
BQ =27 [+ BP =27 em (Given) ]
BC-CQ=27

B-CR=27 [ BC=38cm]
CQ=11cm

CR=11cm [+ CR=cQ]
CD-DR =11

25-DR =11 [ CD =25aem]
== DR =14 em

But, ORDS is a square. Therefore, OR = DR = 14 cm.
Hence, r=14cm.

| |

EXAMPLE 17 Prove that the tangents at the extremities of any chord make equal angles with the

chord. INCERT EXEMPLAR]
SOLUTION . Let AB bea chord of a circle with centre O, and let AP and BP be the tangentsat A

and B resﬁectively. Suppose the tangents meet at P. Join OP. Su ppose OP meets AB at C. We

havetgprove that #/PAC = #PBC.
In triangles PCA and PCB, we have

Fig.8.30
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PA = PB [+ Tangents from an external point are equal |
£ZAPC = £BPC [+ PA and PB are equally inclined to OP|
and, PC = PC [Common]
So, by SAS-criterion of congruence, we obtain
APAC = APBC
=5 ZPAC = ZPBC

EXAMPLE 18 From an external point P, two tangents PA and PB are drawn to the circlewith centre
O. Prove that OP is the perpendicular bisector of AB.

[CBSE 2015]

SOLUTION Suppose OP intersects AB at C.
In triangles PAC and PBC, we have

PA = PB [~ Tangents from an external point are equal |

ZAPC = £BPC [+ PA and PB are equally inclined to OP |
and, PC = PC [Common]
So, by SAS-criterion of similaritry, we obtain

APAC = APBC
= AC = BCand ZACP = ZBCP
But, ZACP + ZBCP = 180°

ZACP = ZBCP = 90°

Fig.8.31

Hence, OP 1 AB.

EXAMPLE 19 Two tangents TP and TQ aredratwn to a circle with centre O from an external point T.
Provethat ZPTQ = 2 Z0PQ. [NCERT, CBSE 2009, 2017}
SOLUTION We know that lengths of tangents drawn from an external point to a circle are
equal.

P

TP =TQ

= ATPQ is an isosceles triangle.
T

- Z/TPQ = ZTQP =
In ATPQ, we have

ZTPQ + £TQP + £ZPTQ = 180° L= e
= 2 ZTPQ = 180° - ZPTQ i,
= /_'TPQ=9[)°—%£PTQ
- %éPTQ:QD”—ATPQ i

Since, OF 1 TP.
ZOPT =90°
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= ZOPQ+ £TPQ = 90°
= Z0PQ = %0° - ZTPQ
From (1) and (ii), we get

1
~ZPTQ=2Z0PQ — /PTQ=2Z0PQ

MATHEMATICS - X

-..(i)

EXAMPLE 20 PQ is a chord of length 8 cm of a circle of radius 5 cm. The tangents at P and Q

intersect ata point T. Find the length TP,
SOLUTION Let TR = y.
Since OT is perpendicular bisector of PQ.
% PR=QR=4am (i)
In right triangle ORP, we have
OP? = OR® + PR?

= OR*=0P*-PR*=5*-4=9
— OR =3 com.
In right triangles PRT and OPT, we have
TP* = TR* + PR?
and, OT> = TP? + OP?
= OT? = (TR? + PR?) + OP?
= (v+3 =y* +16+25
= 6y = 32
=16
= ¥ 3
16
TR = —
= 3
TP = TR + PR?
6% vy, 256 400
TP2=(—) +4r=""416=—
= 3 9 9
= TP:%cm

[CBSE 2014, NCERT, CBSE 2016)

<]

X
5cm

4 cm
T £ R\o
4 cm
\\ Scm
Q

Fig. 8.33

..(ii)
[ Substituting the value of TP ]

[Using (i) and (ii)]

ALITER Since ATPQ is isosceles and TO is the angle bisector of ZPT(Q. Therefore,

OT L PQ and OT bisects PQ.

- PR =QR = 4cm.
In right triangle ORP, we have

OP* = OR* + PR*
= OR*=0P*-PR*=25-16=9
=5 OR = 3cm.
In triangles TRP and PRO, we have

ZTPR + £PTR = 90° and £TPR + £RPO = 9(0°
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= ZTPR + ZPTR = ZTPR + ZRPO
— ZPTR = ZRPO
Also, ZLZTRP = ZORP = 90°
PR = PR [Common]
ATRP ~ APRO
L IP_Re TP 4 20
PO~ RO 5§ T
EXAMPLE

21 InFig. 8.34, | and m are two parallel tangents at A and B. The tangent at C makes an
mtercept DE between  and m. Prove that /DFE = 90°. [ NCERT, CBSE 2000, 2013]

SOLUTION  Since tangents drawn from an external point to a circle are equal. Therefore,
DA=DC.

Thus, in triangles ADF and DFC, we have

DF = DF Common]
AF =CF [Radii of the same circle]
So, by 555-criterion of congruence, we obtain F
AADF = ADFC :
= ZLADF = £ZCDF m
= ZADC =2 LCDF (i) B E
Similarly, we can prove that Fig.8.34
ZBEF = ZCEF
= ZCEB =2 ZCEF ...(ii)
Sum of the interior angles on the same side of
Now, ZADC + ZCEB = 180° transversal is 180°
= 2 ZCDF + 2 ZCEF =180° [Using equations (i) and (ii)]
=5 ZCDF + ZCEF = 90°
"+ ZCDF, ZCEF and ZDFE are angles of a triangle
— 180° — ZDFE = 90° .. ZCDF + ZCEF + £DFE = 1B0°
=5 Z/DFE = 90°

EXAMPLE 22 Prove that the angle between two tangents drawn from an external point to acircle is
supplementary to the angle subtended by the line segments joining the points of contact at the centre.

INCERT]
SOLUTION Let PA and PB be two tangents drawn from an external point P to a circle with

centre O. We have to prove that angles ZAOBand ZAPB are supplementary i.e.
ZAOB + £ZAPB = 180°-
Inright triangles OAP and OBP, we have

PA - PB [ Tangents drawn from an external point are equal
0OA = OB

a-“da DP = OP
So, by §SS-criterion of congruence, we obtain

[Each equal to radius]
[Common]
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A
[ 0]
B
Fig.8.35
AOAP = AOBP
SN ZOPA = ZOPBand ZAOP = £BOP
= ZAPB=2 £0PAand £ AOB = 2 Z AOP (i)
But, ZAOP ='90° - ZOPA [- AOAP is right triangle |
: 2 ZAOP = 180° - 2 ZOPA

= ZAOB = 180° - ZAPB [Using (i)]
— ZAOB + £ZAPB = 180°

Type IIl BASED ON THE RESULT THAT THE TANGENT TO A CIRCLE AT A POINT IS
PERPENDICULAR TO THE RADIUS THROUGH THE POINT

EXAMPLE 23 Show that tangent lines at the end points of adiameter of a circle are parallel.

[CBSE 2014, 2017, NCERT]
SOLUTION  Let AB be a diameter of a given circle, and let PQ and RS be the tangent lines
drawn to the circle at points A and B respectively. Since tangent at a point to a circle is
perpendicular to the radius through the point.

R B s
40 ;
P A Q
Fig. 8.36
o AB | PQand AB L RS v
= ZPAB = 90°and ZABS = 90°
il

= ZPAB = ZABS !,'
= PQ || RS [* ZPABand £ABS are altermnate angles |
EXAMPLE 24 In two concentric circles, prove that a chord of larger circle which is tangent to
smaller circleis bisected at the point of contact, [CBSE 2012]

SOLUTION ~ Let O be the common centre of two con-centric circles, and let AB be a chord of
the larger circle touching the smaller circle at P.

e — e e e —
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Fig. 8.37

Join OP.
Since OP is the radius of the smaller circle and AB is a tangent to this circle at a point P.
OP 1 AB

We know that the perpendicular drawn from the centre of a circle to any chord of the circle,
bisects the chord. So,

OP 1 AB
= AP = BP
Hence, AB is bisected at P.

EXAMPLE 25 [n two concentric circles, a chord of length 24 cm of larger circle becomes a tangent to
the smaller circle whose radius is 5 cm. Find the radius of the larger circle.

SOLUTION Let O bethe centre of concentric circles and APB be the chord of length 24 cm, of
the larger circle touching the smaller circle at P. Then, OP 1 ABand P is the mid-point of
AB.

AP =PB=12cm

A i2cm p 12cm B

Fig.8.38
In AOPA, we have
OA? = OP? + AP? [By Pythagoras Theorem]
= OA* = 5% +12% = 169
—— OA =13cm

Hence, the radius of the smaller circle is 13 cm.

EXAMPLE 26 Two concentric circles are of radii 5 cmand 3 cm. Find the length of the chord of the
larger circle which touches the smaller circle. INCERT]
SOLUTION Let O be the centre of the concentric circles of radii5 cm and 3em respectively.
Let AB be a chord of the larger circle touching the smaller circle at P, Then

AP = PBand OP L AB
Applying Pythagoras theorem in AOPA , we have
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0
5cm
3cm
A P B
Fig. 8.39
OA? = OP* + AP?
= 25 =9+ AP?
- AP’ =16 = AP=4cm
AB=2AP=8cm

EXAMPLE 27 The radii of two concentric circlesare 13 cmand 8 cm. AB is a diameter of the bigger

circle. BD is a tangent to the smaller circle touching it at D. Find thelength AD.
SOLUTION Produce BD to meet the bigger circle at E. Join AE. Then,

ZAEB=90 [Angle in a semicircle)
OD 1 BE [-- BEis tangent to the smaller circle at D and OD is its radius]
and, BD=DE [-+ BEisachord of thecircleand Op | BE]
OD || AE [- £ AEB = ZODB = 90°]
In AAEB, Oand D aremid-points of AB and BE. Therefore, by mid-point theorem, we have
1
OD = EAE
= AE=2x8=16cm [+"OD = 8 em]

In AODB, we have

OB* = OD* + BD? [By Pythagoras Theorem]
132 = 8% + BD?

BD? = 169 - 64 = 105

BD = /105 cm

DE = 4105 cm [-+ BD=DE]

U U U
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In AAED, we have

AD* = AF? + ED? [By Pythagoras Theorem]
= AD? =16 + (V105)? = 256 + 105 = 361
= AD =19¢cm
EXAMPLE 28 In Fig. 8.41, O is the centre of the circle. PA and PB are tangent segments. Show that
the quadrilateral AOBP is cyclic. [NCERT EXEMPLAR]

SOLUTION  Since tangent at a point to a circle is perpendi-cular to the radius through the

pmnt.

Fig.8.41
_ OA L APand OB 1 BP
s ZOAP = 90° and ZOBP = 90°
B ZOAP + ZOBP = 90° + 90° = 180° .o (1)

In quadrilateral OAPB, we have
LOAP + £LAPB + £AOB + £OBP = 360°

=3 (LAPB + ZAOB) + (£OAP + ZOBP) = 360°
= ZAPB + ZAOB + 180° = 360° [Using (i)]
= ZAPB + ZAOB = 180° (i)

From (i) and (ii), we can say that the quadrilateral AOBP is cyclic.

Type IV BASED ON THE RESULT THAT THE TANGENTS DRAWN FROM AN EXTERNAL
POINT OF A CIRCLE SUBTEND EQUAL ANGLES AT THE CENTRE
EXAMPLE 29 A circle touches the sides of a quadrilateral ABCD at P, Q, R, S respectively. Show
that the angles subtended at the centre by a pair of opposite sides are supplementary.
[NCERT, CBSE 2012, 2014]
GIVEN A circle with centre O touches the sides AB, BC, CD and DA of a quadrilateral ABCD
at the points P, Q, R and Srespectively.

TO PROVE  ZAOB + £COD =180° and, ~ZAOD + ZBOC = 180°
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CONSTRUCTION  Join OP, OQ, OR and OS.
PROOF  Since the two tangents drawn from an external point to a circle subtend equal
angles at the centre,

Ll1=42,/3=/4,/5=/6and £7=/8

Sumofall theangles
Now, L1+ L24 L3+ L4+ L5+ L6+ L7+ Z8=360° }

subtended ata point is 360°

= 2(£2+ £3+ L6+ £7) = 360°and 2 (£1 + £8 + £4 + £5) = 360°
=S (£2+ £3) + (£6 + £7) = 180° and (L1 + £8) + (£4 + £5) = 180°

[: £2+ £3 = ZAOB, £6 + £7 = 2COD ]

= ZAOB + £2COD = 180° Ll+ £8= ZAODand £4 + /5 = ZBOC

and, ZAOD + £BOC = 180°

Type V. MISCELLANEOUS PROBLEMS

EXAMPLE 30 Prove that the segment joining the points of contact of two parallel tangents ;;asscs
through the centre. |CBSE 2014])
SOLUTION Let PAQ and RBS be two parallel tangents to a circle with centre O.

Join OA and OB. Draw OC || PQ.
Now, PA | CO

[Sum of the angles on the same]

=5 £ZPAO + £COA = 180° side of a transversal is 180°
= 90°+ ZCOA =180° [ £PAO = angle between a tangent and radius = 90°]
= £ZCOA = 90°

Similarly, ~COB = 90°

L £COA + £COB = 90° + 90° = 180°

Hence, AOB is a straight line passing through O.

EXAMPLE 31 Ois the centre of a circle of radius 5 cm. T is a point such that OT = 13 cm and oT

intersects thecircleat E. If AB is the tangent to the circleat E, find length of AB,
[CBSE 2016, NCERT EXEMPLAR)

0
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sOLUTION Clearly ZOPT = 9(°
Fig. 8.44

Applying Pythagoras in AOPT, we have

OT? = OP? + PT?
= 13 =52 + PT2
= PT? =169 - 25 = 144
= PT =12cm
Since lengths of tangents drawn from a point to a circle are equal. Therefore,

AP = AE = x(say)
= AT = PT - AP =(12 - x)cm
Since AB is the tangent to the circle E. Therefore, OF | AB
= ZOEA = 90°
= ZAET = 90°
= AT? = AE® + ET* [Applying Pythagoras Theorem in A AET |
= (12 — x)* = 2% + (13-5)°
= 144 - 24x + x* = x7 + 64
= 24x = 80

v=Yem
=5 TR

Similarly, BE = }:—?—cm

AH:AE+HE=(%}+~1§U]CH’1=%CH’1

LEVEL-2

EXAMPLE 32 The radiusof the incircle of a triangle 1s 4 cm and the segments into which one side is
divided by the point of contact are 6 cmand 8 cm. Delermine the other two sides of the triangle.

[CBSE 2014, NCERT]
SOLUTION Let Ibe theincentre of A ABC suchthatin-radivs=[L=IM=[N=4cm.

Also, AM =6cm, and CM =8 cm.
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Let BL=BN=xcm
We have,
AM=6cmand AM = AN
. AN =6cm
Stmllarly, CL=CM=8cm
& a=BC=BL+CL=(x+8)cm
b=AC=AM +CM=(6+8)cm=14cm
and, c=AB=AN+BN=(x+6)cm

= 2Z5=a+b+c¢
= 25=x+8+14+x+6
=> s=x+14

Now,
Areaof AABC =Js{s—a]{s-b}[s—c)

=J(x+14)(x+14-x-8)(x+14-14)(x+14-x-6)

= J(x+14)x(6)x(x)x8

= J48x(x + 14) 1)
Also,

Area of AABC = Area of AIBC + Area of AICA + Area of AIAB

=%xBCxIL+%xCAxIM+%xABxIN

=lx{x+8)x4+lx14x4+lx{r+6)x4
2 2 2

=2(x+8)+28+2(x+6)em? = 4x+56 cm?® (i)

From (i) and (ii), we get

J4Bx (x +14) = (4x +56)

48x(x +14) = (4x +56)°

—
= 48x(x+14) = 16(x +14)°

— 3x(x+14) = (x +14)

= 3x(x+14)-(x+14)* =0

= (x+14)(3x-x-14)=0

= 2(x+14)(x-7) =

= x-7=0 [“x>0.:.x+14%0]
= Xi=17:

BC =(x+8)cm =15cm and AB=(x+6)cm =13 cm.

EXAMPLE 33 A circleis inscribed ina A ABC having sides 8 cm, 10 em and 12 cm as shown in
Fig. 8.46. Find AD, BE and CF, [CBSE 2001, 2013, 2015, 2016]
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SOLUTION  We know that the tangents dr
Therefore,

AD = AF = x, say
BD = BE = y, say

and, CE = CF = z, say
Now,

awn from an external point to a circle are equal.

AB =12cm, BC = 8cm and, CA = 10cm

= x+y=12, y+z=8andz+x=10 B

— (x+y)+(y+z)+(z+x)=12+8+10

- 2(x+y+2z)=30

= x+y+z=15

Now,
x+y=1Randx+y+z=15 = 12+z=15 = z=3.
y+z=8andx+y+z=15 = x+8=15 = x=7

and, z+x=10andx+y+z=15 = y+10=15 = ¥ =5

Hence, AD=x=7cm,BE=y=5cmandCF=z=3cm.
EXAMPLE 34 Find thelocus of the centres of circles which touch a given Iine at a given point.
SOLUTION Let APB be the given line, and let a circle with centre O touch APB at P. Then,

Z0OPB = 90°. Let there be another circle with centre O’ which touches the line APB at P.
Then, £#0'PB=90°.

A P B
Fig.B.47

This is possible only when O and O’ lie on the same line O'OP. Hence, the required locus
is a line perpendicular to the given line at the point of contact.

EXAMPLE 35 In Fig. 8.48, circles C(O, r)and C(O" r/2) touch internally at a point A and AB isa
chord of the circle C (O, r) intersecting C(O’, r/2) at C. Prove that AC = CB.

SOLUTION Join OA, OC and OB. Clearly, #OCA isthe angle ina semi-circle.

Vo
/Z

A
Fig. 8.48
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ZOCA = %r°
Inright triangles OCA and OCB, we have
OA=0B=r
Z0OCA = ZOCB = 90°
and_. OC = DC
So, by RHS~criterion of congruence, we get
AOCA = AOCB
= AC=CB
EXAMPLE 36 In two concentric circles, prove that all chords of the outer circle which touch the i er
are of equal length.

SOLUTION Let AB and CD be two chords of the circle which touch the inner circle at M and
N respectively.

B
D
N
0
A
Cc
Fig.8.49

Then, we have to prove that AB = CD.
Since AB and CD are tangents to the smaller circle.
OM = ON = Radius of the smaller circle.
Thus, AB and CD are two chords of the larger circle such that they are equidistant from
the centre.
Hence, AB=CD.
7 Find thelocus of centres of circles which touch tuwo intersecting lines.

SOLUTION Let /; and I, be two intersecting lines which intersect at point P. Let O be the
centre of the circle which touchesboth /; and /,.

In triangles OAP and OBP, we obtain
OA = OB [Each equal to radius]
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PA = PB [Tangents drawn from an external point to a circle are 9‘1“31]
and, OP =0OP [Common]
So, by 555-congruence criterion, we obtain
AOAP = AOBP
= ZAPO = ZBPO
= OP is the bisector of ~#APB
= O lies on the bisector of the angle between /, and 1.

Hence, the required locus is the line bisecting the angle between the given lines.

EXAMPLE 38  Let A be one point of intersection of two intersecting circles with centres O and Q. The
tangents at A to the two circles meet the circles again at Band C, respectively. Let the point P be located
so that AOPQ is a parallelogram. Prove that P is the circumcentre of the triangle ABC.

SOLUTION Inorder to prove that P is the circumcentre of A ABC, itis sufficient to show that
P is the point of intersection of perpendicular bisectors of the sides of

Fig. 8.51

AABC, i.e. OP and PQ are perpendicular bisectors of sides AB and AC respectively. Now,
AC is tangent at A to the circle with centre at O and OA is its radius.

OA 1L AC
iy PQ L AC [ OAQP is a parallelogram . OA || FQ]
= PQ is the perpendicular bisector of AC. [ Q 1s the centre of the circlc]
Similarly, BA is the tangent to the circle at A and AQ is its radius through A.

BA L AQ

BA L OP |+ AQPO s parallelogram . OP || AQ |
= OP is the perpendicular bisector of AB.

Thus, P is the point of intersection of perpendicular bisectors 'Q and PO of sides AC and AB
respectively

Hence, P is the circumcentre of AABC.

EXAMPLE 39 Two circles with centres A and B of radii 3 cm and 4 cm respectively intersect at two
points C and D such that AC and BC are tangents to the two circles. Find the length of the common

chord CD. INCERT EXEMPLAR]
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SOLUTION  Since tangent at a point to a circle is perpendicular to the radius through the
point of contact. Therefore, ~ ACB = 90°

In AACB, wehave

AB® = AC? + BC? [By Pythagoras Theorem]
= AB* =3 +42=9+16=25
= AB =5cm

Since theline joining the centres of two intersecting circles is perpendicular bisector of their
common chord.

AP L CD and CP=PD

Let AP =x. Then, BP=5- [+ AB=5cm)])
Further, let CP=DP =ycm.

In AAPC and ABPC applying Pythagoras theorem, we have

AC? = AP* + PC?, BC? = PB* + PC2

= F=x+yand 4 = (5-27+1°

= £ -3 ={6-27 +1} - {2* +4*} [On subtracting first from second]
= 7=25-10x

= 10x=18 = x=18¢cm

R =2+y? = y=19-(1.87 = V576 = 2.4 em
Hence, CD = 2CP = 2y = 48 cm

EXAMPLE 40  Ifan isosceles triangle ABC in which AB = AC = 6 cmt is inscribed in acircle of radius
9cm, find the aren of the triangle. [NCERT EXEMPLAR]

SOLUTION = Let O be the centre of the circleand let Pbe the mid-pointof BC. Then, OP | BC.

Since AABC isisosceles and P is the mid-point of BC. Therefore, AP 1 BC as median from
the vertex in an isosceles triangle is perpendicular to the base.

Let AP=x and PB=CP=y.
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Fig. 8.53

Applying Pythagoras theoremin A's APBand OPB, wehave
AB* = BP* + AP* and OB® = OP* + BP?

= 36 =y + 1 (i) and, 81=(9-2)" +y° .. (ii)
=5 81-36={(@-xP +y?} -y +2*] [Subtracting (i) from (ii)]
= 45 = 81 — 18x

= xX=2cm

Putting x = 2 in (i), we get
%=y +4 = y* =32 = y=42em
BC = 2BP =2y = 842 cm

Hence, Area of AABC = ]E(BC x AP = % x 842 x 2cm® = 842 em”

—EXAMILE 41 AB is a diameter of a circle. P is a point on the semi-circle APB. AH and BK are
perpendiculars from A and B respectively to the tangent at P. Prove that AH + BK = AB.

SOLUTION Clearly, £ MPO = 90°

Fig.8.54

Since BK L HM, AH L HM and OP L HM. Therefore, AH || OP || BK .
Let AH = x, BK =y and OP =r. Further, let BM = z.
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In AMKBand A MHA , we have
ZMKB = ZMHA = 90°

and £BMK = £ AMH

50, by AA criterion of similarity, we have
A MKB ~ AMHA
BK MB y z

= T = w2y .
3 AH MA ™ x-2r+z:$2ry+‘yz_zr=°“":c—y ()

[Con*un.;;.n]

In AMKB and A MPO, we have
ZMKB = £MPO = 90°
£ZBMK = Z0OMP

So, by AA criterion of similarity, we obtain
AMKB ~ AMPO

BK _ BM U s ry

CRr o = 7 o e e R e =

[Common]

—

From (i) and (ii), we get

vy _ 2y

r-y x-y

=2-2y=x-y=>2r=x+y= AB=AH + BK

EXAMPLE 42 From an external point P, a tangent PT and a line segment PAB is drawn to a circle
with centre O. ON is perpendicular on the chord AB. Prove that

() PA.PB=PN?-AN? (ii) PN? - AN? = OP? - OT?
: - INCERT EXEMPLAR]

SOLUTION (i) PA.PB = (PN - AN)(PN + BN)

= AN = BN

ON 1 AB
= (PN - AN) (PN + AN) <. N is the mid- point of AB
= PN? - AN?
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(1) Applying Pythagoras theorem in right triangle PNO , we obtain
OP? = ON* + PN* = PN? = OP? - ON?
PN? — AN? = (OP? - ON?) - AN?
= OP? - (ON? + AN?)
= OP* - 0A? [Using Pythagoras theorem in AONA |
= OP? - OT? [+~ OA = OT =radius]

(i) From (1) and (ii), we obtain

PA-PB = PN* — AN? and PN? - AN? = OP* -OT*?
= PA - PB = OP* - OT?
Applying Pythagoras theorem in A OTP, we obtain

OP? = OT? + PT? = OP? -0OT? = PT?
Thus, we obtain

PA.PB = OP? -0OT? and OP? -OT? = PT?
Hence, PA.PB = PT2.

— EXERCISE 8.2

LEVEL-1

1. If PTis a tangent at T to a circle whose centre is O and OP = 17 cm, OT = 8 cm, Find the
length of the tangent segment PT.

2. Find the length of a tangent drawn to a circle with radius 5 cm, from a point
13 cm from the centre of the circle.

3. A point P is 26 cm away from the centre O of a circle and the length PT of the tangent
drawn from P to the circle is 10 cm. Find the radius of the circle.

4. 1f from any paint on the common chord of two intersecting circles, tangents be drawn to
the circles, prove that they are equal.

5, If the sides of a quadrilateral touch a circle, prove that the sum of a pair of opposite sides
is equal to the sum of the other pair.

6. 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.

INCERT EXEMPLAR]

7. A chord PQ of acircleis parallel to the tangent drawn at a point R of the circle. Prove that
R bisects the arc PRQ. [INCERT EXEMPLAR]

8. Prove that a diameter AB of a circle bisects all those chords which are parallel to the
tangent at the point A. [INCERT EXEMPLAR]

9. 1f AB, AC, PQ are tangents in Fig. .56 and AB =5 cm, find the perimeter of AAPQ.

| CBSE 2000]
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[ Fig. 8.56
10, Prove that the intercept of a tangent between two parallel tangents to a circle subtends a
right angle at the centre.

11. InFig. 8.57, PQ s tangent at a point R of the circle with centre O. If ZTRQ = 30°, find
: i mZPRS,

Fig.8.57

12. If PA and PB are tangents from an outside point P. such that-PA = 10 em and
ZAPB = 60°, Find the length of chord AB. [CBSE 2016]

13. In a right triangle ABC in which /B = 90°, a circle is drawn with AB as diameter
intersecting the hypotenuse AC at P. Prove that the tangent to the cirtle at P bisects | |
BC. : [INCERT EXEMPLAR]

{ 14. From anexternal point P, 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 = 14 cm, find the perimeter of A PCD.

[NCERT EXEMPLAR]

€ 9 15. InFig.8.58, ABC isa right triangle right-angled at B such that BC = 6 cm and AB =8 cm.
Find the radius of its incircle. [CBSE 2002]




- —

CIRCLES 8.35

Fig. 8.58

16, Prove that the tangent drawn at the mid-point of anarc of acircle is parallel to the chord
joining the end points of the arc. [NCERT EXEMPLAR]

17. From a point P, two tangents PA and PB are drawn to a circle with centre O. If
OP = diameter of the circle, show that AAPB is equilateral.

18. Two tangent segments PA and PB are drawn to a circle with centre O such that
ZAPB = 120° . Prove that OP =2 AP. (CBSE 2014]

19. 1If AABC isisosceles with AB=AC and C (O, r) is the incircle of the AABC touching BC
at L, prove that L bisects BC.

3(0/-%\8 is a diameter and AC isa chord of a circle with centre O such that #/BAC = 30°.The
tangent at C intersects AB ata point D. Prove that BC = BD.

INCERT EXEMPLARI
21. In Fig. 8.59, a circle touches all the four sides of a quadrilateral ABCD with
AB=6cm, BC=7cmand CD=4cm. Find AD. [CBSE 2002]

D i e

o}
S
Q
A P B
Fig.8.59

22. Prove that the perpendicular at the point of contact to the tangent to a circle passes
through the centre of the circle.

23. Two circles touch externally at a point . From a point T on the tangent at P, tangents TQ
and TR are drawn to the circles with points of contact Q and R respectively. Prove that
TQ=TR.
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Fig. 8.60

Aisa pointata distance 13 cm from the centre O ofa circle of radius 5em. AP and AQare
the tangents to the circleat Pand Q. If a tangent BC is drawn at a point R lying on the

minor arc PQ to intersect AP at B and AQat C, find the perimeter of the A ABC .
[NCERT EXEMPLAR]

In Fig. 8.61, a circle is inscribed in a quadrilateral ABCD in which ZB = 9¢°_ |
AD =23 cm, AB =29 cm and DS = 5 cm, find the radius r of the circle.

A

Fig. 8.61 Fig. 8.62

In Fig. 8.62, there are two concentric circles with centre O of radii 5 cm and 3 em., Froman
external point P, tangents PA and PB are drawn to these circles. If AP = 12 cm, find the

length of BP. [CBSE 2010, 2012, 2016)
In Fig. 8.63, AB isa chord of length 16 cm of a circle of radius 10 cm. The tangents at A and
B intersect at a point P. Find the length of PA. [CBSE 2010]
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28. InFig. 8.64, PAand PB are tangents from an external point P toa circle withcentre O. LN
touches the circle at M. Provethat pf + LM = PN + MN. [CBSE 2010]

Fig.8.64
29. In Fig, 8.65, BDC is a tangent to the given circle at point D such that BD = 30 cm and
CD =7 cm, The other tangents BE and CF are drawn respectively from B and C to the
circle and meet when produced at A making BAC a right angle triangle.
Calculate (1) AF (i1) radius of the circle.

B
30 cm
D
E‘\ 7em
A F c
Fig. 8.65

. Ifd,d,(dy > d,) be the diameters of tbwo concentric circles and ¢ be the length of a chord
of a circle which is tangent to the other circle, prove that dy =c* + ;ill.
[NCERT EXEMPLAR]
31. InFig. 8.66, tangents PQ and PRare drawn from an external point P to a circle with centre
0, such that £ RPQ = 30°. Achord RS is drawn parallel to the tangent PQ. Find £ RQS.
[CBSE 2015, NCERT EXEMPLAR]

Fig. 8.66

32. From an external point P, tangents PA = PB are drawn to a circle with centre O. If
/PAB = 50°, then find #AOB. |CBSE 2016]
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33. In Fig. 8.67, two tangents AB and AC are drawn to a circle with centre O such that
£BAC = 120°. Prove that OA = 248 [CBSE 2016

Fig. 8.67

34. The lengths of three consecutive sides of a quadrilateral circumscribing a circle are
4cm, 5¢m, and 7 em respectively. Determine the length of the fourth side.

35. The common tangents AB and CD to two circles with centres O and O’ intersect at E
between their centres. Prove that the points O, E and O’ are collinear.

[NCERT EXEMPLAR]
36. In Fig. 8.68, common tangents PQ and RS to two circles intersect at A. Prove that
PQ=RS. [CBSE 2014, NCERT EXEMPLAR)|

Fig. 8.68
37. Two concentric circles are of diameters 30 cm and 18 em. Find the len gth of the chord of
the larger circle which touches the smaller circle. [CBSE 2014]

38. ABand CD are common tangents to two circles of equal radii. Prove that AB = CD.
INCERT EXEMPLAR]

39. A triangle PQR is drawn to circumscribe a circle of radiys 8 cm such that the segments
QT and TR, into which QR is divided by the point of contact T, are of lengths 14 cm and

16 cmrespectively. If area of APQR is 336 cm?, find the sides PQ and PR.
[CBSE 2014]
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40. InFig. 8.69, the tangent ata point C of a circle and a diameter AB when extended intersect
at P.If ZPCA = 1107, find /CBA. [INCERT EXEMPLAR]

[Hint: Join CO.]

c
110°
P = = A
Fig. .69
41. ABis achord of a circle with centre O, AOC is a diameter and AT is the tangent at A as
<~ shownin Fig. 8.70. Prove that #/BAT = ZACB. [NCERT EXEMPLAR]
C
B
04
A T
Fig. 8.70
LEVEL-2

12, In Fig. 8.71, a A ABC 1s drawn to circumscribe a circle of radius 4 em such that the
segments BD and DC are of lengths 8 em and 6 em respectively. Find the lengths of

sides AB and AC, whenareaof A ABCis 84 cm”, |[CBSE 2015]
A B
o) o
4cm o8
P Q
B 8cm D 6cm C A T
Fig. 8.71 Fig. 8.72

43. In Fig. 8.72, AB is a diameter of a circle with centre O and AT is a tangent. If
2 AOQ = 58°,find ZATQ. [CBSE 2015]
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4. InFig.8.73, 0Q: PQ =3:4and perimeter of APOQ = 60 cm. Determine PQ, OR and op.

p Q

Fig. 8.73

45. Equal circles with centres Oand O touch eachotherat X. 00’ produced to meet a circle
with centre O, at A. AC is a tangent to the circle whose centre is O. O'D is

DO
: perpendicular to AC. Find the value of Yol

Fig.8.74
46. In Fig. 8.75, BC is a tangent to the circle with centre O. OE bisects AP. Prove that

= T
R
o Q
Fig.8.76

876, PO L QO. The tangents to the circle at Pand Q intersect ata point T. Prove
 PQ and OT areright bisectors of each other.
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48. In Fig. 8.77, O is the centre of the circle and BCD is tangent to it at C. Prove that
ZBAC + £ ACD = 90°,

Fig. 8.77

19. Prove that the centre of a circle touching two intersecting lines lies on the angle bisector
of the lines. INCERT EXEMPLAR]

50. InFig. 8.78, there are two concentric circles with centre O. PRT and PQS are tangents to

the inner circle from a point P lying on the outer circle. If PR =5 cm, find the length of PS.
[CBSE 2017] /
S
| \
=
Fig. 8.78

Al _InFig. 8.79, PQ is a tangent from an external point P to a circle with centre O and OP cuts
the circle at T and QOR is a diameter. If ZPOR=130° and S is a point on the circle, find
L1+ 22, |CBSE 2017]
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52. InFig. 8.80, PA and PB are tangents to the circle from an external point P. CD is another
tangent touching the circle at Q. If PA = 12 em, QC = QD = 3 cm, then finq

PC + PD. [CBSE 2017]
C
Q
P
D
Fig. 8.80
ANSWERS
L 15am 2. 12am 3. 24cm 6. 3cm 9. 10ecm  1§. 60°
12. 10cm 14, 28cm 15, 2Zem 21. 3cm 24, 24cm 25. 11.em
40
26. 4/10cm  27. < M 29, ()5em(ii)Sem 31. 75° 32. 100°
34. bcm 37. 24cm 40, 70 42. 13cm,15cm 43. 61°
1
. PQ=20cm,QR=30em,OP=25cm 45. 3 50. 10em  52. 18cm

3
HINTS TO SELECTED PROBLEMS

1. Since AOTP isaright triangle. Therefore,
OT>+PT>=0P* = PT* =0P*-0T* = PI*=17>-8* = PT =15am.
9. Wehave, PB=PX,QC = QX and AB = AC
. Perimeter of AAPQ = AP + PQ + AQ
=AP + (PX + XQ)+ AQ
= (AP + PX) + (AQ + XQ)
= (AP + PB) + (AQ + QC) = AB+ AC = 10 cm.

11. Wehave, £TRQ = 30°. Since ST is a diameter and angle in a semi-circle is a right angle.
Therefore, ZSRT = 90°.
Now, ZTRQ + £5RT + £ZPRS = 180° = 30° 4+ 90° + ZPRS = 180° = /PRS = 60°

12. Tangents from an external point are equal in length. Therefore,
PA = PB = APABisisosceles = ZPAB = ZPBA = 60° = APAB is equilateral
Hence, AB=10cm.
15. Wehave, AR = AP = AB-BP =(B-r)jem and, CR=CQ=CB - BQ = (6 = r)yem.
. AC=AR+CR=(B-r+6-rjam = (14 - 2r)cm
Now, AC*=AB*+BC* = (14-2r* =8%4+6" = r=2cm
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17. Jon OP. Suppose OP meets the circle at Q. join AQ.

Now,
OP = Diameter
= 0Q + PQ = Diameter
= PQ = Diameter - Radius [~ OQ = radius]
= PQ = Radius.
00 = PQ = Radius.

Thf’ls » OP is the hypotenuse of right triangle OAP and Q is the mid-point of OP. The mid-
point of hypotenuse of a right triangle is equidistant from the vertices

OA = AQ =0Q
= AOAQ s equilateral
ZAO0Q = 60°
S0, . LAPO = 30°,
S LAPB = 2ZAPO = 60°
Also, PA=PB = /PAB = /PBA.
But, ZAPB = 60°. Therefore, ZPAB = Z/PBA = 60°

U

Hence, AAPB is equilateral

. In example 9 on page 8.12, we have proved that if a circle touches all the four sides of

quadrilateral ABCD. Then,
AB+CD=AD+BC=6+4=AD+7 = AD = 3cm,.

. The tangents drawn from an external point to a circle are equal.

TP =TQand TP = TR = TQ = TR

. Proceed as in Example 16.

Join OA, OB and OP. In AOAP, we have
OP? = 0A% + AP = OP* =5 +12> = OP =13¢m
In AOBP, we have

OP? =0B? + BP? =513* =3 + BP* = BP? =169-9=160 => BP = 160 cm = 410 cm

. We have, AB =16 cm. Therefore, AL = BL = 8cm.

In AOLB, we have

OB = O + LB = 10° =0 +8° = O = 100-64 = 36 = OL = 6cm
Let PL = x and PB = y. Then, OP = (x + 6) cm.
In A's PLB and OBP, we have

PB? = PI* + BI? and OP* = OB’ + PB?
=4 ;,r: — x? 464 and (x +6)* =100+ .'f: [Substituting the value of i in second equation|

2 2 32
= (x+6)=100+x"+64 = 12x =128 = _\—z_ﬁ_cm



X e
N——
TR T T

Ty T

.,'f-'?.’".'_, -

$

AR = A - h ekt ki

u b

844

33.

36.
39.

MATHEMATICS - x

V=x+64 = ¥ =[3—3‘2)‘ +64=1_6:1} = Jf“:!:,’gcm
Hence, PA = PB = :4:—? cm

. Wehave,

PA = PB [Tangents drawn from P
= PL+AL=PN+BN = PL+IM=PN+MN [ AL = IM and BN = MN]
In A’s OAB and OAC, we have

ZOBA = ZOCA =90° and, 0OA = 0A [Common]

So, by RHS congruence criterion, we obtain

AOBA = AOCA = ZOAB= AGAC:%x 120° = 60°
In AOBA, we have
r:ms.:’m[]"=—1E S4B
OA = 2 0A— 0A=24B

AP=ARand AS=AQ = AP+AQ=A5+AR = P(Q=5R

Since length of tangents drawn from a point to a circle are equal. Therefore,
QS=AT =14cm, RU =RT =16cm and, ps = PU = x.

Q 14em T 16 cm R
Fig. 8.81

Thus, PQ=x+14, PR = x +16and QR = 30
Now, Area of APQR = Area of AIQR + Area of AIQP + Area of AIPR

s 336=%(QR:¢S]+%(14+2)><8+%{16+:-:}xB

= 84 =30+14+x+16+x
= 24 =2x=>x=12

Hence, PQ = 26 cm and PR = 28 cm
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47.

18.

In A's TPOand TQO, we have
£ZTPO = £TQO
So, by RHS congruence criterion, we obtain
ATPO = ATQO = /PTO = £QTO
Also, APTR = AQTR
PR = QRand £TRP = ZTRQ
But, ZTRP + ZTRQ = 180°
ZTRP = ZTRQ = 90°

Hence, PQ and OT are right bisectors of each other.

OA=0C

= ZOAC = ZOCA
Clearly, Z0CD = 90°

= ZLACD + £ZOCA = 90°
= ZLACD + ZOAC = 9"
= ZLACD + £BAC = 90°

B.45

[Eqch equal to 907

[By SAS congruence criterion]

[Each equal to radius]

.-(1)

[From (i)]

____ VERY SHORT ANSWER TYPE QUESTIONS (VSAQs)

Ansiver cach of the following questions either i one word or one sentence or as per requirement of the
questions:

1. InFig. 8.82, PA and PB are tangents to the circle drawn from an external point P.CD/is a
third tangent touching the circle at Q. 1f PB = 10 cm and CQ =2 cm, what is the length PC?

[FEI

Fig. 8.82

What is the distance between two parallel tangents of a circle of radius 4 em?

The length of tangent from a point A ata distance of 5 cm from the centre of the circle is

4 em. What is the radius of the circle?

. Two tangents TP and TQ are drawn from an external point T to a circle with centre O as

shown in Fig. 8.83. If they are inclined to each other at an angle of 100°, then what is

the value of ZPOQ?
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Fig. 8.83

5. What the distance between two parallel tangents to a circle of radius 5 cm?

6. InQ.No. 1, if PB =10cm, what is the perimeter of A PCD?

7. InFig. 8.84, CP and CQ are tangents to a circle with centre O. ARB is another tangent
touching the circle at R. If CP = 11 cm and BC = 7 cm, then find the length
of BR. [CBSE 2009)

Fig. B.84
8. InFig.8.85, A ABC is circumscribinga circle. Find the length of BC. [CBSE 2009]

Fig. 8.85

9. InFig. 8.86, CPand CQ are tangents from an external point C to a circle with centre O. AB
is another tangent which touches the circleat R. If CP = 11 cm and BR = 4 cm, find the
length of BC. [CBSE 2010]
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[Hint: Wehave, CP=11cm
CP=C0 = CQ=11cm

Now, BR =BQ

= BQ=4cm
BC=CQ-BQ=(11-4)ecm =7cm

10. Two concentric circles are of radii 5 cm and 3 em. Find the length of the chord of the
larger circle which touches the smaller circle.

11. InFig. 8.87, PA and PB are tangents to the circle with centre O such that ZAPB = 50°.

[Tangents drawn from B]

Write the measure of ZOAB. |CBSE 2015]
A
p<} 0
B
Fig. 8.87

12. In Fig. 8.88, PQ is a chord of a circle and P'T is the tangent at P such that ZQPT = 60°.

Then, find ZPRQ. INCERT EXEMPLAR]

&)
o

O ks rem—emaaa

Fig. 8.88
13. InFig. 8.89, PQLand PRM are tangents to the circle with centre O at the points Q and R
respectively and S is a point on the circle such that ZSQL = 50° and /SRM = 60°.

Then, find ZQ5R. INCERT EXEMPLAR|
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Fig. 8.89
14. InFig. 8.90, BOA is adiameter of a circle and the tangent at a point P meets BA produced
atT. If ZPBO = 30°, then find £PTA . INCERT EXEMPLAR|
m
mﬂ
B U A T
Fig. 8.90
ANSWERS
1. 8cm 3. 3cm 4. 80° 5 10cm 6. 20cm 7. 4cm B8, 10cm
9. 7cm 10. 8cm 11, 25° 12, 120° 13. 707 14. 30°

MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:
1. Atangent PQ ata point P of a circle of radius 5 cm meets a line through the centre O at a
point Q such that OQ =12 cm. Length PQ is
(a) 12cm (b) 13cm (c) 8.5cm (d) V119 em
2. Froma point Q, thelength of the tangent to a circle is 24 cmand the distance of Q from the
centre is 25 cm. The radius of the circle is
(a) 7em (b) 12cm (c) 15cm (d) 24.5cm.  [NCERT]

3, The length of the tangent froma point A ata circle, of radius 3 em, is 4 cm. The distance
of A from the centre of the circle is

(@) V7 cm (b) 7cm (¢) 5em (d) 25cm

4. If tangents PAand PB froma point P to a circle with centre O are inclined to each other
at an angle of 80° then ZPOA is equal to

(a) 50° (b) 60° (c) 70° (d) 80° [NCERT]
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10.

11.

If TP and TQ are two tangents to a circle with centre O so that ZPOQ = 110°, then,
ZPTQ 1s equal to

(a) 60° (b) 70° (©) 80° (d) 90° [NCERT]

. PQis atangent to a circle with centre O at the point P. If AOPQ isan isosceles triangle,

then ZOQP is equal to
(a) 30° (b) 45° (c) 60° (d) 90°

. Two equal circles touch each other externally at C and AB is a common tangent to the

circles. Then, ZACB =

(@) 60° b) 45° © 30° (d) 90°

ABC is a right angled triangle, right angled at B such that BC = 6 cm and
AB =8 cm. A circle with centre O is inscribed in A ABC. The radius of the circle is
(@) lcm (b) 2cm (€) 3cm (d) 4cm

PQ is a tangent drawn from a point P to a circle with centre O and QOR is a diameter of
the circle such that ZPOR = 1207, then ZOPQ is

(a) 60° (b) 45° (c) 30° (d) 90°
If four sides of a quadrilateral ABCD are tangential to a circle, then
(@) AC+ AD =BD +CD (b) AB+CD = BC + AD
() AB+CD = AC + BC (d) AC+ AD = BC + DB

The length of the tangent drawn from a point 8 em away from the centre of a circle of
radius 6¢cm is

(@) 7 ecm b) 247 em (c) 10ecm (d) 5em

. AB and CD are two common tangents to circles which touch each other at C. If D lies on

AB such that CD =4 ¢m, then AB is equal to

(a) 4cm (b) 6Hem (c) 8em (d) 12cm
. In Fig. 8.91, if AD, AE and BC are tangents to the circle at D, E and F respectively.
Then,
A
$\-

Fig. 8.91
(a) AD = AB + BC + CA (b) 2AD = AB+ BC + CA
(¢) 3AD = AB+ BC +CA (d) 4AD = AB+ BC + CA

14. In Fig. 8.92, RQ is a tangent to the circle with centre O. If SO = 6 cm and QR =4 ¢m, then

OR=
(a) 8 cm (b) 3 cm (c) 2.5 cm (d) 5¢em
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Fig. 8.92

15. InFig. 8.93, the perimeter of A ABC is
(a) 30cm (b) 60cm (c) 45¢cm (d) 15cm

B P =-—5cm—=C

Fig. 8.93
16. In Fig. 894, AP is a tangent to the circle with centre O such that OP = 4 c¢m and

ZOPA = 30°. Then, AP =

307

Fig.8.94

(a) 2v2 em (b) 2 cm () 2J3cm (d) 3V2em
. AP and PQ are tangents drawn from a point A to acircle with centre O and radius 9 cm.

If OA=15¢cm, then AP + AQ =
(a) 12cm (b) 18cm (c) 24em (d) 36cm

18. Atoneend of adiameter PQ of a circle of radius 5 cm, tangent XPY is drawn to the circle.
The length of chord AB parallel to XY and at a distance of 8 cm from P is
(a) 5cm (b) 6 cm (¢) 7cm (d) 8 cm

19. If PT is tangent drawn from a point P toa circle touching itat T and O is the centre of the
circle, then ZOPT + £POT =
(a) 30° (hj 60° (c) 90° (d) 180°

17
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20. InFig. 8.95,if AB =12em, BC =8 cm and AC = 10 cm, then AD =

]
F E
A D B
Fig.8.95
(a) 5em (b) 4 cm (c) 6cm (d) 7 cm
21. InFig.8.96, if AP = PB, then A
P Q
B
R
C
Fig.8.96
(a) AC=AB (b) AC=BC (¢) AQ=0QC (d) AB =BC
22. InFig.8.97,if AP =10cm, then BP =
A
3 0
3 cm
Fig.8.97

(@) J91em (b) V127 em (€) Y119 em (d) 109 em
23. In Fig. 8.98, if PR is tangent to the circle at P and Q is the centre of the circle, then
ZPOQ =

R

Fig.8.98
(a) 110° (b) 100° {c) 120° (d) 90°
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24. InFig.8.99,if quadrilateral PQRS circumscribes a circle, then PD + QB =

Fig. 8.99
(a) PQ (b) QR (c) PR (d) PS
25. InFig. 8.100, two equal circles touch each otherat T, if QP = 4.5cm, then QR =

Q P R
CX_)
|
Fig.8.100

(a) 9cm (b) 18 cm (¢) 15cm (d) 13.5 cm
26. InFig.8.101, APB isa tangent toa circle with centre O at point P. If ZQPB = 507, then the

measure of £POQ is
Q
O
A P B

Fig. 8.101
(a) 100° (b) 120° (c) 140° (d) 150°
27. In Fig. 8.102, if tangents PA and PB are drawn to a circle such that £ APB = 30° and
chord ACis drawn parallel to the tangent PB, then ZABC =  [NCERT EXEMPLAR]

CA X
M
30°
B

. Fig. 8.102
(a) 60° (b) 90 (c) 30° (d) None of these
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28. In Fig. 8.103, PR =

Fig.8.103
(¢) 24 cm (d) 28 cm
29. Two circles of same radii r and centres O and O’ touch each other at P as shown in
Fig. 8.104. If OO’ is produced to meet the circle C (O, r) at Aand AT 15 a tangent to
the circle C(O, r) such that O'Q L AT. Then AO: AO' =

(a) 20 cm (b) 26 cm

Fig.8.104
(a) 3/2 (b) 2 (c) 3 (d) 1/4

30. Two concentric circles of radii 3 cm and 5 em are given. Then length of chord BC which
touches the inner circle at Pis equal to [CBSE 2014]

Fig.8.105
(a) 4 cm (b) 6 cm (c) Bem (d) 10 em

31. In Fig. 8.106, there are two concentric circles with centre O. PR and POS are tangents to the
inner circle from point plying on the outer circle. If PR =7.5cm, then PS is equal to

Fig.8.106

(a) 10 cm (b) 12 cm (c) 15 ecm (d) 18 cm
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32. InFig.8.107, if AB =8 cm and PE =3 ¢cm, then AE =

Fig. 8.107
(@) 11cm (b) 7cm {c) 5cm (d) 3em
33. In Fig. 8.108, PQ and PR are tangents drawn from P to a circle with centre O. If

ZOPQ = 35° then

Fig.8.108
(a) a=230°0b=060° (b) 2=235%b=755°
(c) a=40°b=50° (d) a=45°b=45°

34. InFig.8.109, if TP and TQ are tangents drawn from an external point T to a circle with
centre O such that ZTQP = 60°, then ZOPQ =

P
T 0
mﬂ
Q
Fig.B8.109
(a) 25° (b) 30° (c) 40° (d) 60°
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35. In Fig. 8.110, the sides AB, BC and CA of triangle ABC, touch a circle at I, Q and R
respectively. If PA = 4em, BP = 3em and AC = 11cm, then length of BC is

A
P R
B 8] C
Fig.8.110
(@) 11cm (b) 10cm (¢) 14cm (d) 15cm  [CBSE 2012]

36. InFig.8.111, a circle touches the side DF of AEDF at Hand touches ED and EF produced
at Kand M respectively. If EK =9 cm, then the perimeter ot AEDF is

Fig.8.111
(a) 18cm (b) 13.5cm (€) 12em (d) 9em |CBSE 2012]

37. InFig.8.112, DE and DF are tangents from an external point D to a circle with centre A.
If DE=5cmand DE L DF , then the radius of the circle is

(a) 3cm (b) 5cm (c) 4em (d) 6em |CBSE 2013

Fig.8.112
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38. In Fig. 8113, a circle with centre O is inscribed in a quadrilateral ABCD such that, it
touches sides BC, AB, AD and CD at points P, Q, R and S respectively. If AB = 29 ¢y
AD =23 cm, ZB=90° and DS = 5 cm, then the radius of the circle (in ecm) is '

A

R

D

S 0. . Fy 10
|
!
|
|
} =

[ P B

Fig.8.113
(a) 11 (b) 18 (© 6 (d) 15 [CBSE 2013)

39, Inaright triangle ABC, right angled at B, BC = 12cm and AB =5 em. The radius of the
circle inscribed in the triangle (in cm) is
(a) 4 (b) 3 (€ 2 (d) 1 [CBSE 2014)
40. Two circles touch each other externally at P. AB is a common tangent to the circle
touching them at A and B. The value of ZAPB is
(@) 30° (b) 45° (c) 60° (d) 90° [CBSE 2014]
41. InFig. 8.114, PQ and PR are two tangents to a circle with centre O. If ZQPR = 46°, then

ZQOR equals
i Q
P
Fig.8.114
(a) 67° (b) 134° (c) 44° (d) 46° [CBSE 2014]

42, In Fig. 8.115, QR is a common tangent to the given circles touching externally at
the point T. The tangent at T meets QR at P. If PT = 3.8 ¢m, then the length of QR

(in cm) is
PleR
@

Fig.8.115
(a) 3.8 (b) 7.6 () 5.7 (d) 1.9 [CBSE 2014]
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43. InFig. 8.116, a quadrilateral ABCD is drawn to circumscribe a circle such that its sides

AB, BC, CD and AD touchthe circleat P, Q, R and S respectively. IfAB = xcm, BC=7 cm,
CR=3cmand AS=5cm, thenxy=

D
R
C
5
Q
A P B
Fig.8.116
(@ 10 (b) 9 (c) 8 d) 7 [CBSE 2014]
44. lIf angle between two radii of a circle is 1307, the angle between the tangents at the ends
of radii is
(a) 90° (b) 50° (©) 70° (d) 40°
INCERT EXEMPLAR]

45. If two tangents inclined at an angle of 607 are drawn to a circle of radius 3 cm, then
length of each tangent is equal to

3J3

(a) thm (b) 6em (c) 3cm (d) 3J3em

INCERT EXEMPLAR]
46. 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) 3 cm (b) 6 cm () 9Yem (d) 1cm
INCERT EXEMI'LAR]
47. Atone end A of a diameter AB of a circle of radius 5 cm, tangent XAY is drawn to the
circle. The length of the chord CD parallel to XY and at a distance 8 cm from A is
(a) 4 cm (b) 5¢cm (c) 6 cm (d) 8 cm
INCERT EXEMPLAR]
48. From a point P which is at a distance 13 em 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) 65 cm’ (c) 30 cm? (d) 32.5 em?®
INCERT EXEMPLAR]

19, If PA and PB are tangents to the circle with centre O such that ZAPB = 507, then ZOAB
is equal to

(a) 25° (b) 307 (c) 40° (d) 50°
50. The pair of tangents AP and AQ drawn from an external point to a circle with centre O

are prependicular to each other and length of each tangent is 5 cm. The radius of the
circle is

{a) 10 cm (b] 7.5 cm (C} 5 ecm |:d] 25 ¢cm

INCERT EXEMPLAR]|
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51. InFig. 8.117,if ZAOB = 125° then £COD is equal to
A

Fig.8.117
(a) 45° (b) 35° (c) 55° (d) 6214°
[NCERT EXEMPLAR]

52. InFig. 8.118,if PQR is the tangent to a circle at Q whose centre is O, AB is a chord paralle] [
to PRand ZBQR = 70°, then ZAQB is equal to

A B
0,
70°
AR Q R -
Fig.8.118 '
(a) 20° (b) 40° (c) 35° (d) 45°
[NCERT EXEMPLAR]
ANSWERS

1. (d) 2. (@) 3. (¢ 4. (a) 5. (b) 6. (b)
7. (d) 8. () 9. (c) 10. (b) 11. (b) 12. (o)

13. (b) 14, (d) 15. (a) 16. (c) 17. (o) 18. (d)
19. () 20. (d) 21. (b) 22. (b) 23. (o) 24, (a)
25. (a) 26. (a) 27. (c) 28. (b) 29. (o) 30. ()

31. (0 32. (o) 33. (b) 34. (b) 35. (b) 36. (a)
38. (a) 39. (0 40. (d) 41. (b) 42. (b) 43. (b)
44. (b) 45, (d) 46. (b) 47, (d) 48. (a) 49, (a)
50. (c) 51. (c) 52. (b)

SUMMARY

1. Tangenttoacircle ata point is perpendicular to the radius through the point of contact.
2. Fromapoint, lying outside a circle, two and only two tangents can be drawn to it.

3. The lengths of the two tangents drawn from an external point to a circle are equal.



