Circles

R

CIRCLE A circle is a collection of all points in a plane which are at a constant
distance from a fixed point. The constant distance is called the radius and the fixed
point is called the centre of the circle.

SECANT A line which intersects a circle in two distinct ,
points is called a secant to the circle.
TANGENT A line meeting a circle only in one point is

called a tangent to the circle at that point. Tangent

The point at which the tangent line intersects the circle is called the point
of contact.
NOTE  The tangent to a circle is a special case of the secant, when the two end

points of its corresponding chord coincide.

Consider a line / which is a secant to a circle
with centre O. Let PQ be the corresponding chord
of this secant. If we rotate the secant anticlockwise Qs Q2/Q/q
about the point P then point Q comes closer to the
point P. Let Q;, Q,, Q; etc., be the positions of Q
as the secant goes on rotating then we find these

. . . . P
positions getting closer to P sequentially. Finally, L

as the position of Q coincides with P, the secant is
reduced to a tangent at point P.

NUMBER OF TANGENTS TO A CIRCLE

(i) There is no tangent passing through a
point lying inside the circle.

(ii) There is one and only one tangent passing
through a point lying on a circle.

T
(iii) There are exactly two tangents through a (

point lying outside a circle. In the figure, P
PT and PT’ are two tangents from a point
P lying outside the circle.
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LENGTH OF ATANGENT  The length of the segment of the tangent from the external
point P to the point of contact with the circle is called the length of the tangent from
the point P to the circle.

RESULTS ON TANGENTS
THEOREM 1 The tangent at any point of a circle is perpendicular to the radius

through the point of contact. [CBSE 2007, 09, *11, 12, 13, '14, '15]

GIVEN A circle with centre O and a tangent AB
at a point P of the circle.

ToPROVE OP L AB.

CONSTRUCTION ~ Takeapoint(Q,otherthanP,on
AB. Join OQ.

PROOF Q) is a point on the tangent AB, other than the point of contact P.

o

A P B

Q lies outside the circle.
Let OQ intersect the circle at R.
Then, OR < OQ [a part is less than the whole]. ... ()
But, OP = OR [radii of the same circle]. ... (ii)
OP <0OQ [from (i) and (ii)].
Thus, OP is shorter than any other line segment joining O to any
point of AB, other than P.
In other words, OP is the shortest distance between the point O
and the line AB.
But, the shortest distance between a point and a line is the
perpendicular distance.
OP L AB.
REMARKS (i) From this theorem we also conclude that at any point on a
circle, one and only one tangent can be drawn to the circle.
(ii) The line containing the radius through the point of contact
is called the 'normal’ to the circle at the point of contact.

THEOREM2  (Converse of Theorem 1) A line drawn through the end of a radius
and perpendicular to it is a tangent to the circle.

GIVEN A circle with centre O in which OP is
a radius and AB is a line through P
such that OP L AB.

TOPROVE AB is a tangent to the circle at the
point P.
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CONSTRUCTION  Take a point Q, different from P, on AB. Join OQ.
PROOF  We know that the perpendicular distance from a point to a line is
the shortest distance between them.
OP L AB = OP is the shortest distance from O to AB.
OP < 0Q.
Q lies outside the circle [." OP is the radius and OP < OQ)].
Thus, every point on AB, other than P, lies outside the circle.
AB meets the circle at the point P only.
Hence, AB is the tangent to the circle at the point P.

REMARK This theorem gives us a method of constructing a tangent at a
point P on the circle. We first draw the radius OP and then draw
PT 1 OP.Then, PT is the tangent at P.

THEOREM 3  The lengths of tangents drawn from an external point to a circle
are equal. [CBSE 2007, 08, '08C, 09, '09C, 10, 11,12, *13,13C, "4, 15, *17]

GIVEN  Two tangents AP and AQ are drawn P

from a point A to a circle with centre O.
A
TOPROVE AP =AQ.

CONSTRUCTION  Join OP, OQ and OA. Q
PROOF AP is a tangent at P and OP is the radius through P.
OP L AP.
Similarly, OQ L AQ.
In the right AOPA and OQA, we have:
OP=0Q [radii of the same circle]
OA=0A [common]
AOPA = AOQA [by RHS-congruence].
Hence, AP = AQ [cpct].
REMARK The above theorem can also be proved by using the Pythagoras’

theorem:
AP?=0A?>-0OP*=0A*-0Q*=AQ? [ OP = OQ =radius]
= AP=AQ.

THEOREM 4  If two tangents are drawn from an external point then
(i) they subtend equal angles at the centre, and

(ii) they are equally inclined to the line segment joining the centre
to that point.
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GIVEN A circle with centre O and a point A P
outside it. Also, AP and AQ are the two
tangents to the circle. A ‘
TOPROVE ZAOP=2A0Q and ZOAP = ZOAQ. Q
PROOF In AAOP and AAOQ, we have
AP=AQ [tangents from an external point are equal]
OP=0Q [radii of the same circle]
OA=0A [common]
AAOP = AAOQ [by SSS-congruence].
Hence, ZAOP = ZAOQ and ZOAP = ZOAQ.

REMARK Since ZOAP = Z0AQ,i.e., AO is the bisector of ZPAQ), so the centre
lies on the bisector of the angle between the two tangents.

THEOREM 5  Prove that in two concentric circles, the chord of the larger circle,
which touches the smaller circle, is bisected at the point of contact.
[CBSE 2009, '12]
GIVEN  Two circles with the same centre O and AB is a

chord of the larger circle touching the smaller

circle at C.
ToPROVE AC = BC.
A B
CONSTRUCTION  Join OC.

PROOF AB is a tangent to the smaller circle at the point C and OC is the
radius through C.

OC L AB.

But, the perpendicular drawn from the centre of a circle to a chord
bisects the chord.

OC bisects AB ['" ABis a chord of larger circle].
Hence, AC = BC.

THEOREM 6  Prove that the tangents drawn at the ends of a diameter of a circle are

parallel. [CBSE 2011, 12, '14,17]
GIVEN  CD and EF are the tangents at the end points C A D
A and B of the diameter AB of a circle with
centre O. o

ToPROVE CD||EF.
PROOF  CD is the tangent to the circle at the point A. E B F
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CD L OA = ZOAD =90° = ZBAD =90°.
EF is the tangent to the circle at the point B.

EF L OB = ZOBE=90° = ZABE=90°.
Thus, /BAD = ZABE (each equal to 90°).
But these are alternate interior angles.

CD||EF.

THEOREM7  Prove that the line segment joining the points of contact of two
parallel tangents to a circle is a diameter of the circle.

GIVEN  CD and EF are two parallel tangents at the points A and B of a
circle with centre O.

ToPROVE AOB is a diameter of the circle. c A D
CONSTRUCTION  Join OA and OB. Draw OG || CD.
PROOF OG||CD and AO cuts them. G
ZCAO+ ZGOA =180° # #
=  Z£90°+2ZGOA=180° [. OA_LCD] E B F

= ZGOA=90°.
Similarly, ZGOB = 90°.

ZGOA + £ZGOB =90° +90° = 180°
=  AOBis a straight line.

Hence, AOB is a diameter of the circle with centre O.

THEOREM 8  Prove that the angle between the two tangents drawn from an
external point to a circle is supplementary to the angle subtended by
the line segments joining the points of contact to the centre.

[CBSE 2008C, ’14]

GIVEN  PA and PB are the tangents drawn from a point P to a circle with
centre O. Also, the line segments OA and OB are drawn.
TOPROVE ZAPB+ ZAOB =180°.

PROOF  We know that the tangent to a circle is
perpendicular to the radius through
the point of contact. P

PA L OA = ZOAP =90°, and

PB1 OB = ZOBP =90°.

ZOAP+ ZOBP =90° +90° = 180°. ... (1)
But, we know that the sum of all the angles of a quadrilateral
is 360°.

A
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Z0AP+ ZOBP+ ZAPB+ £ZAOB =360°. ... (i)
From (i) and (ii), we get
ZAPB+ ZAOB =180°.

THEOREM9  Prove that there is one and only one tangent at any point on the

PROOF

circumference of a circle.
Let P be a point on the circumference of a circle with centre O.
If possible, let PT and PT’ be two tangents at a point P of the circle.

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

OP L PT and similarly, OP 1 PT’ p
=  ZOPT =90° and £ZOPT’ =90°.
= ZOPT=ZOPT’
This is possible only when PT and PT” coincide.

I

|

|
TT

Hence, there is one and only one tangent at any point on the
circumference of a circle.

THEOREM 10  Prove that the perpendicular at the point of contact of the tangent to

PROOF

a circle passes through the centre.
Let PT be a tangent to a circle with centre O,
where P is the point of contact.
Let PQ L PT, where Q lies on the circle, i.e.,
ZQPT =90°.
If possible, let PQ not pass through the
centre O.

Join PO and produce it to meet the circle at R.
Then PO being the radius through the point of contact, we have

PO LPT [. the tangent is perpendicular to the radius
through the point of contact]

ZOPT =90° = ZRPT =90°.
Thus, we have ZQPT = ZRPT =90°.
This is possible only if P, Q and R are collinear.
But a straight line cuts a circle in at the most two points.
So, the points Q and R coincide.

Hence, PQ passes through the centre O, i.e., the perpendicular at
the point of contact to the tangent passes through the centre.
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SOLVED EXAMPLES

From a point P, 10 cm away from the centre of a circle, a tangent PT
of length 8 cm is drawn. Find the radius of the circle. ~ [CBSE 2002]

Let O be the centre of the given T

circle. .‘ Scm
Then, OP = 10 cm. Also, PT = 8 cm. 10 cm P
Join OT.

Now, PT is a tangent at T and OT is the radius through the
point of contact T.

OT L PT.
In the right AOTP, we have
OP?>=OT*+PT? [by Pythagoras’ theorem]
= OT=+/0P>-PT?=/(10)>- (8)> cm = /36 cm = 6 cm.

Hence, the radius of the circle is 6 cm.

A tangent PQ at a 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. [CBSE 2010]
We have OP =radius =5 cm, OQ = 13 cm.
PQ is a tangent at P and OP is the P
radius through the point of contact P.

OP L PQ. S Q
In right A OPQ, we have

OQ?=OP*+PQ* [by Pythagoras’ theorem]
= PQ=,/0Q*-0P?=4/13*-5% cm = /144 cm = 12 cm.

In the given figure, AB 1is the

B
diameter of a circle with centre O and
AT is a tangent. If ZAOQ =58°,
find ZATQ. [CBSE 2015] @b
Q
AT

£ AOQ = 58°
— ZABQ= % ZAOQ =29°

[* the angle subtended by an arc at the centre is
double the angle subtended by it at any point
on the remaining part of the circle]
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= ZABT=29"

Now, AT is a tangent at A and OA is the radius through the
point of contact A.

OA L AT,ie., ZOAT =90° = ZBAT =90°.
In ABAT, we have
ZBAT+ £ZABT+ £ZATB =180°
= 90°+29°+ LATB=180° = LATB=61".
ZATQ=2ATB=61°.

Tangents PA and PB are drawn from an
external point P to two concentric circles

with centre O and radii 8 cm and 5 cm » b
respectively, as shown in the figure. If

AP =15 cm then find the length of BP.

[CBSE 2012]
We have
OA L AP and OB L BP
[ the tangent at any point of a circle is
perpendicular to the radius through the
point of contact].
Join OP.

In right AOAP, we have S
OA=8cm, AP=15cm. (’>
OP*=0A?+ AP?

[by Pythagoras’ theorem]

= OP=yOA>+AP?=/8*+15* cm = y/289 cm = 17 cm.

In right AOBP, we have
OB=5cm,OP =17 cm.

OP?= OB*+BP? [by Pythagoras’ theorem]
= BP=yOP?>-0B?=4/17>-5% cm = /264 cm.
Thus, the length of BP = x/@ cm =16.25cm (approx).

In the given figure, two circles touch PR 4
each other at the point C. Prove that \r
the common tangent to the circles at C,
bisects the common tangent at P and Q.

[CBSE 2013]
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In the given figure, PR and CR are both tangents drawn to the
same circle from an external point R.

PR =CR. .. (@)

Also, QR and CR are both tangents drawn to the same circle
(second circle) from an external point R.

QR =CR. .. (ii)
From (i) and (ii), we get

PR =QR [each equal to CR].

R is the midpoint of PQ,

i.e., the common tangent to the circles at C, bisects the common
tangent at P and Q.

Two concentric circles of radii a and b (a > b) are given. Find the
length of the chord of the larger circle which touches the smaller
circle. [CBSE 2015]

Let O be the common centre of the two
circles and AB be the chord of the larger
circle which touches the smaller circle at C.

Join OA and OC. Then, OA =a and OC = b. A
B

Now, OC L AB and OC bisects AB
[ the chord of the larger circle touching the smaller
circle, is bisected at the point of contact].

In right AACO, we have

OA*=0C*+AC* [by Pythagoras’ theorem]
= AC=y0A*-0C*=ya*- b~

AB=2AC=2y/a’-b* [ Cisthe midpoint of AB]
i.e., required length of the chord AB = 2+/a?- 2.

Two concentric circles are of radii 7 cm and r cm respectively,
where r > 7. A chord of the larger circle of length 46 cm, touches
the smaller circle. Find the value of r. [CBSE 2011]

Let O be the common centre of the two
circles and AB be the chord of the larger
circle which touches the smaller circle at C.

Then, AB =46 cm. AB
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Join OA and OC. Then, OA =r cm and OC =7 cm.
Now, OC L AB and OC bisects AB. [See Theorem 5.]
In right AACO, we have

OA*=0C*+AC* [by Pythagoras’ theorem]

— OA=JOC+AC =,/0C*+ (%AB)Z

[+ Cis the midpoint of AB]

= rcem=4y/72+232cm =+578 cm =17y/2 = r=17y2 cm.

In the given figure, the radii of two concentric A
circles are 13 cm and 8 cm. AB is a diameter /
of the bigger circle and BD is a tangent to the pﬂ )
smaller circle touching it at D. Find the length pd J
BN D “E

of AD. [HOTS] [CBSE 2014]
We have ZAEB=90° [angle in a semicircle].
Also, OD L BE and OD bisects BE. [See Theorem 5.]
In right AOBD, we have
OB*>=0D*+BD? [by Pythagoras’ theorem]
= BD=yOB*-0D?=/13*-8?cm

=4105 cm [ OB=13 cm, OD = 8 cm].
BE =2BD =24105 cm [ Dis the midpoint of BE].
In right AAEB, we have

AB?= AE*+BE* [by Pythagoras’ theorem]
= AE=yAB*-BE? =426~ (2y/105)% cm = y/256 cm = 16 cm
[ AB =diameter =2 X OB =2 X13 cm = 26 cm].
In right AAED, we have
AD*= AE*+DE* [by Pythagoras’ theorem]
= AD=y/AE2+DE? = /16 + (/105)> cm
=19c¢m [. DE=BD =105 cm].
[Note We can also find AE by using midpoint theorem, since

in AABE, O is the midpoint of AB and D is the midpoint of BE
and so OD|| AE and AE=2X0OD =16 cm.]

From a point P outside a circle with centre O, tangents PA and PB
are drawn to the circle. Prove that OP is the right bisector of the line
segment AB. [CBSE 2015]
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GIVEN PA and PB are tangents to a circle with centre O from
an external point P.

A
TO PROVE OP is the right bisector k
of AB. p
CONSTRUCTION Join AB. Let AB ’
B

intersect OP at M.

PROOF In AMAP and AMBP, we have
PA=PB [. tangents to a circle from an external point

are equal]
MP = MP [common]

ZMPA =ZMPB [." tangents from an external point are
equally inclined to the line segment
joining the centre to that point, i.e.,

Z0OPA = Z0OPB]
AMAP = AMBP [by SAS-congruence].
And so, MA = MB [cpct]
and £ AMP = £ BMP [cpct].

But, ZAMP+ ZBMP =180° [linear pair]
ZAMP = ZBMP =90°.
Hence, OP is the right bisector of AB.

Prove that the tangents at the extremities of any chord of a circle,

make equal angles with the chord. [CBSE 2014, '17]
GIVEN  ABis any chord of a circle with A

centre O. Tangents at the extremities A ‘

and B of this chord meet at an external P
point P. Chord AB intersects the line V
segment OP at M. B

TOPROVE £MAP = 2MBP.

PROOF In AMAP and AMBP, we have
PA=PB [. tangents from an external point are equal]
MP =MP [common]

ZMPA=2MPB [. ZOPA = Z0OPB since tangents from
an external point are equally
inclined to the line segment joining
the point to the centre]
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AMAP = AMBP [by SAS-congruence].
And so, ZMAP = ZMBP [cpct].

Prove that the tangent drawn at the midpoint of an arc of a circle is
parallel to the chord joining the end points of the arc. ~ [CBSE 2015]
GIVEN  Point P is the midpoint of arc QR of a circle with centre
O. ST is the tangent to the circle at point P.

TOPROVE Chord QR || ST.

PROOF P is the midpoint of OR Oe
= QP=PR Q R
= chord QP = chord PR $ P +

[ in a circle, if two arcs are equal, then their
corresponding chords are equal]
o ZPQR=ZPRQ
= ZTPR=Z4ZPRQ
[Note ZPQR =ZTPR, angles in alternate segments]
= QR]||ST. [. 4£TPRand £PRQ are alternate int. 4]

In the given figure, AB is a chord
of length 9.6 cm of a circle with
centre O and radius 6 cm. The
tangents at A and B intersect at
P. Find the length of PA.

[CBSE 2009C, '13C, '15]

A
£
o
®
<
£
G
@
<

GIVEN A circle with centre O and radius 6 cm. AB is a chord of
length 9.6 cm. The tangents at A and B intersect at P.
TOFIND The length PA.
CONSTRUCTION  Join OP and OA. Let OP and AB intersect at M.
Let PA =x cm and PM =y cm.
Now, PA=PB [. tangents from an external point are equal]
and OP is the bisector of ZAPB
[ two tangents to a circle from an external point
are equally inclined to the line segment
joining the centre to that point].

Also, OP L. AB and OP bisects AB at M
[.- OPis the right bisector of AB].
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AM=MB=%cm=4.8cm.

In right AAMO, we have OA =6 cm and AM = 4.8 cm.
OM =y OA”>~ AM” = /6* -~ 4.8 = /12.96 = 3.6 cm.
In right AAMP, we have
AP*=PM*+AM* = x*=y*+(4.8)°
= x*=y>+23.04. .. ()
In right APAO, we have

OP?=PA%+(0A? [Note </PAO=90°, since AO is the
radius at the point of contact]

= (y+3.6)*=x*+6" [ OP=PM+MO = (y +3.6) cm]
= Y +72y+1296=x>+36 = 7.2y = 46.08 [using (i)]

= y=64cm.

Putting this value of y in (i), we get
x%=(6.4)2+23.04 =40.96+23.04 = 64 = x =464 =8.
PA =8 cm.

Two tangents PA and PB are A
drawn to a circle with centre O
from an external point P. Prove that
Z/APB=2/0AB. [cBSE2009,"14] P<
GIVEN A circle with centre O
and PA, PB are the tangents on B
it from a point P outside it.
TOPROVE ZAPB=2/0AB.
PROOF Let ZAPB=x".
We know that the tangents to a circle from an external point
are equal. So, PA = PB.
Since the angles opposite to the equal sides of a triangle are
equal, so

PA=PB = /PBA=/PAB.
Also, the sum of the angles of a triangle is 180°.

ZAPB+ ZPAB+ ZPBA = 180°
= x°+2£PAB=180° [ £ZPBA = ZPAB]
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1o o (a1
= ZPAB=(180 x)—(90 2x>

But, PA is a tangent and OA is the radius of the given circle.
Z0AB+ ZPAB =90°

= ZOAB=90"~(90° - %x) = LOAB = %x" - % / APB

= ZAPB=2/0AB.
In the given figure, the incircle of AABC A

touches the sides BC, CA and AB at P, Q and
R respectively. Prove that R Q

(AR+BP+CQ)=(AQ+BR+CP)

= % (perimeter of AABC). B P [o

We know that the lengths of tangents from an exterior point to
a circle are equal.

AR = AQ, ... (1) [tangents from A]
BP =BR, ... (i) [tangents from B]
CQ=CP. ... (iii) [tangents from C]

(AR+BP+CQ) =(AQ+BR+CP) =k (say).
Perimeter of AABC = (AB+BC + CA)
=(AR+BR)+(BP+CP)+(CQ+AQ)
=(AR+BP+CQ)+(AQ+BR+CP)
=(k+k) =2k
= k= % (perimeter of AABC).
(AR+BP+CQ)=(AQ+BR+CP)
= % (perimeter of AABC).
In the given figure, a circle is inscribed P
in a triangle PQR. If PQ=10 cm,

QR=8cm and PR=12cm, find the
lengths of QM, RN and PL. [CBSE 2012]
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We know that the lengths of the tangents drawn from an
external point to a circle are equal.

Let PL=PN=x;QL=0QM=y; RM=RN =z.

Now, PL+QL=PQ = x+y=10, )
OM+RM=QR = y+z=38§, ... (ii)
RN+PN=PR = z+x=12. ... (iii)

Subtracting (ii) from (iii), we get x —y = 4. ... (iv)

Solving (i) and (iv), we getx =7,y =3.
Substituting y = 3 in (ii), we get z = 5.
OM=y=3cm, RN=z=5cm,PL=x=7 cm.

A circle is inscribed in a AABC, touching N
BC, CA and AB at P, Q and R respectively,
as shown in the given figure. If AB =10 cm, R Q
AQ=7 cm and CQ=>5 cm then find the
length of BC. [CBSE 2009C]
B P C

We know that the lengths of tangents drawn from an external

point to a circle are equal.

AR=AQ=7 cm.
BR=(AB-AR)=(10-7)cm =3 cm.
BP =BR =3cm,
CP=CQ=5acm.

BC=(BP+CP)=(3+5)cm =8 cm.

A circle is touching the side BC of AABC
at P and touching AB and AC produced
at Q and R respectively. Prove that

AQ= % (perimeter of AABC).
[CBSE 2001, '02, ‘06, "14,17]

We know that the lengths of tangents drawn from an external
point to a circle are equal.

AQ=AR, ... (i) [tangents from A]
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BP = BQ, ... (ii) [tangents from B]
CP =CR. ... (iii) [tangents from C]
Perimeter of AABC
=AB+BC+AC
=AB+BP+CP+AC
=AB+BQ+CR+AC [using (ii) and (iii)]
=AQ+AR
=2AQ [using (i)].

AQ= % (perimeter of AABC).

PA and PB are tangents to the circle with centre O from an external
point P, touching the circle at A and B respectively. Show that the
quadrilateral AOBP is cyclic. [CBSE 2014]

GIVEN PA and PB are tangents to

A

L7
the circle with centre O from an
external point P. P
TO PROVE Quadrilateral AOBP is >

B

cyclic.
PROOF We know that the tangent at any point of a circle is
perpendicular to radius through the point of contact.
PA 1 OA,ie., ZOAP =90° ()
and PB L OB, i.e., ZOBP =90° ... (i)
Now, the sum of all the angles of a quadrilateral is 360°.
ZAOB+ Z0OAP + ZAPB+ ZOBP = 360°
= ZAOB+£ZAPB=180° [using (i) and (ii)]
quadrilateral OAPBiscyclic [since both pairs of opposite
angles have the sum 180°.].

In the given figure, tangents

PQ and PR are drawn from

an external point P to a circle

with centre O, such that
ZRPQ=30°. A chord RS is -
drawn parallel to the tangent

PQ. Find ZRQS.
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Join OQ and OR. Also, produce PQ and PR to M and N
respectively.

We know that the angle between two tangents from an external
point is supplementary to the angle subtended by the radii at
the points of contact.

ZRPQ+ Z/ROQ = 180°
— ZROQ=180° — ZRPQ = 180° - 30° = 150°.

Now, ZRSQ = % Z/ROQ = % X 150° = 75°

[ the angle subtended by an arc at the centre is
twice the angle subtended on the remaining
part of the circle].

ZS5QM =£ZRSQ =75 |[alternate int. 4; since RS|| PQ]
Also, ZPQR = ZRSQ =75 [angles in alternate segments].
Now, ZSQM + ZRQS + ZPQR = 180° [angles on a straight line]

ZRQS =180° — (£SQM+ ZPQR) =180° — (75° +75°) = 30°.
In the given figure, the sides AB, BC A

and CA of a triangle ABC touch a
circle with centre O and radius r at

P, Q and R respectively. 7 R
Prove that

AB+CQ=AC+B
@ Q Q B Q c
(b) area (AABC) = %(perimeter of AABC) Xr. [CBSE 2013]

We know that the lengths of tangents from an exterior point to
a circle are equal.

AP = AR, ... (1) [tangents from A]
BP = BQ, ... (ii) [tangents from B]
CQ=CR. ... (iii) [tangents from C]

(a) AB+CQ=AP+BP+CQ
=AR+BQ+CR [using (i), (ii) and (iii)]
=(AR+CR)+BQ=AC+BQ.



478

EXAMPLE 21

SOLUTION

Secondary School Mathematics for Class 10

(b) Join OA, OB and OC.
Area (AABC) = area (AOAB)
+ area (AOBC)
+area(AOCA)

:(%XABXOP)

—

+(%><CA><OR)>
ey
- 1(AB+BC+CA)

><BC><r>+<%><CA><r)

= %(perimeter of AABC) Xr.

In the given figure, ABC is a right-angled ”(i
triangle with AB =6 cm and AC =8 cm. \
A circle with centre O has been inscribed N
inside the triangle. Calculate the value of E1
1, the radius of the inscribed circle. bl " E
, \ I
[CBSE 2006C, "13] glr 0
// r b ~
A D B
Join OA, OB and OC. le——6 cm——»]

Draw OD L AB, OE 1L BC and OF L CA.
Then, OD = OE = OF =r cm.

ar(AABC) = ~ >< ABX AC = ( X 6% 8)cm 24 cm?.
Now, ar(AABC) =+ >< (perimeter of AABC) Xr

= 24=5X(AB+BC+CA)X

N\»—\ N\H

= 24=-X(6+10+8)Xr=r=2

[ BC?=AB*+AC*= BC=/6"+82=10].

Hence, the radius of the inscribed circle is 2 ¢cm.
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A triangle ABC is drawn to A
circumscribe a circle of radius A
4 cm such that the segments BD F E

and DC into which BC is divided
by the point of contact D are of
lengths 6 cm and 8 cm respectively.

; ; B D c
Find the lengths of the sides AB I~ 6 om 8 om ‘
and AC. [HOTS] [CBSE 2014]

We know that the lengths of tangents drawn from an exterior
point to a circle are equal.
AE=AF =xcm (say), BD=BF =6 cm,CD = CE =8 cm.
And so, AB=AF+BF=(x+6)cm, BC=BD+CD =14 cm,
AC=CE+AE=(x+8)cm.
Perimeter, 2s = AB+BC+AC =[(x+6)+ 14+ (x+8)] cm

=(2x +28) cm
= s=(x+14)cm.
r(AABC) = 4/s(s — AB)(s — BC)(s — AC)
= ¢ (x+14){(x + 14) — (x + 6)}{(x + 14) — 14}{(x + 14) — (x + 8)} cm?
= /48x(x +14) cm>. .. ()

Join OE and OF and also OA, OB and OC.
ar(AABC) = ar(AOAB) + ar (AOBC)
+ar(AOCA)

=(%><AB><OF)

+(%><BC><OD)

w
o-—=—
(@]

+(3 % AC X OF)
“pxarexaly
=2[(x+6)+ 14+ (x+8)] =4(x+14) cm>. ... (i)
From (i) and (ii), we get
J48x (x +14) = 4(x + 14)
= 48x(x+14)=16(x+14)> [on squaring both sides]

= 48x=16(x+14) :>x:163%14=7.
AB=(x+6)cm=(7+6)cm =13 cm

and AC=(x+8)cm = (7+8)cm =15 cm.

><14><4] [ ><(x+8)><4]
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In the given figure, a triangle A

ABC is drawn to circumscribe a A
circle of radius 3 cm, such that F E
the segments BD and DC into
which BC is divided by the point of
contact D are of lengths 6 cm and
8 cm respectively. Find the side

AB, if the area of AABC is 63 cm?.
[CBSE 2010, 11, "15]

We know that the lengths of
tangents drawn from an exterior

B D C

|+—6 cm —»}e«—8 cm——»|

point to a circle are equal.
AE = AF = x cm (say);
BD = BF =6 cm;
CD=CE=8cm. B 6cm D 8.cm C

And so, AB=AF+BF = (x+6)cm; BC=BD+CD =14 cm;

CA=CE+AE=(x+8)cm.

Join OE and OF and also OA, OB and OC.

ar(AABC) = ar(AOAB) + ar (AOBC) + ar (AOCA)

= 63=<%><AB><OF>+<%><BC><OD)+<%><CA><OE)
= 63={%><(x+6)><3}+(%><14><3)+{%><(x+8)><3}

= 63=2x(2x+28) S x=7.
AB=(x+6)cm=(7+6)cm =13 cm.

In the given figure, XP and XQ
are two tangents to the circle with
centre O, drawn from an external
point X. ARB is another tangent,
touching the circle at R. Prove that
XA+ AR = XB+BR. [CBSE 2014]

We know that the lengths of tangents drawn from an exterior
point to a circle are equal.

XP =XQ, ... (1) [tangents from X]
AP = AR, ... (ii) [tangents from A]
BR = BQ. ... (iii) [tangents from B]
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EXAMPLE 26
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Now, XP = XQ = XA+ AP = XB+BQ
—  XA+AR=XB+BR [using (ii) and (iii)].

If from an external point P of a circle with centre O, two tangents PQ
and PR are drawn such that ZQPR =120°, prove that 2PQ = PO.
[HOTS] [CBSE 2014]
In AOPQ, we have
ZPQO =90° [ the tangent at any point
is perpendicular to the
radius through the point
of contact]

and LQPO——XLQPR -1 2 X120° = 60°.

[ the two tangents drawn from an external
point are equally inclined to the line segment
joining the centre to that point and so

ZQPO = ZRPO]
In right AOPQ, we have
PQ
cos (£LQPO) =—~
_PQ PQ
= co0s60° mii PO:>2PQ PO.
A quadrilateral ABCD is drawn to D R C
circumscribe a circle, as shown in the
figure. Prove that AB+CD = AD + BC. Q
[CBSE 2008, '08C, '09, 12,13, ’14, ’17]
s
We know that the lengths of tangents N B
drawn from an exterior point to a
circle are equal.

AP =AS, .. (i) [tangents from A]

BP = BQ, (11) [tangents from B]

CR=CQ, (111) [tangents from C]

DR =DS. .. (iv) [tangents from D]

AB+CD = (AP + BP) +(CR+DR)
=(AS+BQ)+(CQ+DS) [using (i), (ii), (iii), (iv)]
=(AS+DS)+(BQ+CQ)
=AD +BC.

Hence, AB+CD = AD + BC.
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SOLUTION

EXAMPLE 28

SOLUTION
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In the given figure, ABCD is a quadrilateral

such that 2D =90°. A circle with centre O

and radius r, touches the sides AB, BC, CD

and DA at P, Q, R and S respectively. If

BC=40cm, CD =25 cmand BP =28 cm,

find r.

It is given that ZD = 90°.

Also, ZORD = £Z0SD =90°. [." tangentata pointis perpendi-
cular to the radius through
the point of contact]

ZROS=180°-4D=90°. [. angle between the tangents
from an external point is
supplementary to the angle
subtended by the line
segments joining the points
of contact to the centre]

And,OR=0S =r.
ROSD is a square and so OR = DR, i.e., r = DR. ... (i)

We know that the lengths of tangents drawn from an exterior
point to a circle are equal.

BP =BQand CQ =CR.
Now, CQ=BC-BQ=BC—-BP=(40-28)cm =12 cm.
And so, DR=CD-CR=CD-CQ=(25-12)cm =13 cm.
r=DR=13cm [using (i)].

Prove that the parallelogram circumscribing a circle is a rhombus.
[CBSE 2008, 09, 10, 12, 13, 14]

GIVEN A parallelogram ABCD circum-
scribes a circle with centre O.

TOPROVE AB=BC=CD=AD.

PROOF We know that the lengths of
tangents drawn from an exterior point
to a circle are equal.

AP = AS, ... (1) [tangents from A]
BP =BQ, ... (ii) [tangents from B]
CR=CQ, ... (iii) [tangents from C]

DR =DS. ... (iv) [tangents from D]
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AB+CD=AP+BP+CR+DR
=AS+BQ+CQ+DS [from (i), (ii), (iii) and (iv)]
=(AS+DS)+(BQ+CQ)
=AD+BC.
Thus, AB+CD = AD + BC
= 2AB=2AD [. opposite sides of a ||gm are equal]
= AB=AD.
CD=AB=AD = BC.
Hence, ABCD is a rhombus.

Prove that the opposite sides of a quadrilateral circumscribing a
circle subtend supplementary angles at the centre of the circle.
[CBSE 2012, 13C, 14,17}

GIVEN A quad. ABCD circumscribes a R
circle with centre O. ? Q
TOPROVE ZAOB+ £COD = 180", S Q
and £LAOD + ZBOC = 180°. 6
CONSTRUCTION  Join OP, OQ, ORand OS. A P B

PROOF We know that the tangents drawn from an external
point of a circle subtend equal angles at the centre.
L1=242,/3=1/4,/5=/6and £7 = /8.
And, Z1+ 22+ 23+ 24+ 5+ 26+ L7+ 28 = 360°
[ £ at a point]

= 2£2+43)+2(£6+ £7)=360°, and

L1+ £8)+2(L4+ £5) = 360°
= /2+/3+/6+/7=180"and £1+ £8+ 24+ /5=180°
= ZAOB+ ZCOD =180°and ZAOD + ZBOC = 180°.

In the given figure, PA is a tangent A

from an external point P to a circle ‘
with centre O. If ZPOB =115°, find

N
ZAPO. [CBSE2000C] < B

We know that the tangent at a
point to a circle is perpendicular

T

to the radius passing through the
point of contact.
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ZOAP =90°.
Now, ZAOP + ZBOP = 180°
= ZAOP =180°-ZBOP =180"—-115" = 65°.
Now, ZOAP+ ZAOP+ £APO = 180°
[sum of angles of a triangle is 180°]
= ZAPO=180"—-(£LOAP+ £ZAOP)=180° - (90° + 65°) = 25°.

From a point P, two tangents
PA and PB are drawn to a circle
C(O,r). If OP=2r, show that &
AAPB is equilateral.
[CBSE 2008, '11,°12] ‘

Let OP meet the circle at Q.

Join OA and AQ.

Clearly, OA L AP = ZOAP =90° [radius through the point
of contact is perpendicular
to the tangent].

Now, OQ=QP =r.

Thus, Q is the midpoint of the hypotenuse OP of AOAP.

So, Q is equidistant from O, A and P.

QA=0Q=QP=r
OA=0Q=QA=r
AAOQ is equilateral

ZAOQ =60° [ each angle of an equilateral triangle is 60°]
ZAOP = 60°

ZAPO =30° [ £LAOP+ ZOAP+ £APO =180°]
ZAPB =2/APO =60°.

Also, PA=PB = ZPAB=/PBA =60°.

Hence, APAB is an equilateral triangle.

O U

In the given figure, XY and X"Y" are X b AY
two parallel tangents to a circle with
centre O and another tangent AB

with point of contact C intersects R~ c
XY at A and X'Y" at B. Prove that
ZAOB =90°. X Q B Y

[HOTS] [CBSE 2012, 13, *14, ’17]
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In quad. APQB, we have
ZAPO =90° and ZBQO = 90°

[ tangent at any point is perpendicular to the
radius through the point of contact].

Now, ZAPO + ZBQO + ZQBC + ZPAC = 360°
—  ZPAC+2QBC =360° - (LAPO+ 2BQO) =180°. ... (i)
We have

/CAO = % ZPAC and ZCBO = % ZQBC

[ tangents from an external point are equally
inclined to the line segment joining the centre
to that point].

ZCAO+ £CBO = (4PAC+ ZQBC) =3 X 180° = 90°. .. (i)

In AAOB, we have
ZCAO+ £AOB+ £CBO =180°
= ZAOB=180°—-(£CAO+ £CBO) = 90° [using (ii)].

The incircle of an isosceles triangle ABC, with AB = AC, touches
the sides AB, BC, CA at D, E and F respectively. Prove that E
bisects BC. [CBSE 2008, '12, "13C, '14]

We know that the tangents drawn from A

an external point to a circle are equal.
AD = AF, ... (i) [tangents from A] D F
BD =BE, ... (ii) [tangents from B]
CE=CF. ... (ili) [tangents from C]

Now, AB=AC [given] B E c
= AD+BD=AF+CF
= BD=CF
= BE=CE [using (ii) and (iii)]
= E bisects BC.
EXERCISE 8A

1. A point P is at a distance of 29 cm from the centre of a circle of radius
20 cm. Find the length of the tangent drawn from P to the circle.

[CBSE 2017]
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2. A point P is 25 cm away from the centre of a circle and the length
of tangent drawn from P to the circle is 24 cm. Find the radius of

the circle.

. Two concentric circles are of radii 6.5 cm and 2.5 cm. Find the length

of the chord of the larger circle which touches the smaller circle.

. In the given figure, a circle inscribed

in a triangle ABC, touches the sides
AB, BC and AC at points D, E and F
respectively. If AB=12cm, BC=8cm
and AC =10 cm, find the lengths of AD,
BE and CF. [CBSE 2013]

. In the given figure, PA and PB are the

tangent segments to a circle with centre
O. Show that the points A, O, B and P
are concyclic.

. In the given figure, the chord AB of

the larger of the two concentric circles,
with centre O, touches the smaller
circle at C. Prove that AC = CB.

. From an external point P, tangents

PA and PB are drawn to a circle with
centre O. If CD is the tangent to the
circle at a point E and PA =14 cm, find
the perimeter of APCD. [CBSE 2002]

. A circle is inscribed in a AABC

touching AB, BC and AC at P, Q and R
respectively. If AB=10 cm, AR=7 cm
and CR =5 cm, find the length of BC.

[CBSE 2009C]

[CBSE 2011]
A

B E C
B
A




10.

11.

12.

13.

14.

D C
. In the given figure, a circle touches all the
four sides of a quadrilateral ABCD whose three
sides are AB=6 cm, BC=7 cm and CD =4 cm.
Find AD.
B
A
Q
P C
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A
In the given figure, an isosceles triangle ABC,
with AB = AC, circumscribes a circle. Prove that .
the point of contact P bisects the base BC.
[CBSE 2012,°17]

B

In the given figure, O is the centre of
two concentric circles of radii 4 cm
and 6 cm respectively. PA and PB are
tangents to the outer and inner circle
respectively. If PA=10 cm, find the
length of PB up to one place of decimal.

A
. P
In the given figure, a triangle ABC R
is drawn to circumscribe a circle of A
radius 3 cm such that the segments
BD and DC into which BC is divided
B D c

by the point of contact D, are of

lengths 6 cm and 9 cm respectively. If
the area of AABC =54 cm® then find l— 6 cm—>=——9 cm——»|
the lengths of sides AB and AC.

[CBSE 2011, '15]
PQ is a chord of length 4.8 cm of a
circle of radius 3 cm. The tangents at P

\

and Q intersect at a point T as shown T
in the figure. Find the length of TP.
[CBSE 2013C]

/

N

Prove that the line segment joining the points of contact of two parallel
tangents of a circle, passes through its centre. [CBSE 2014]
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In the given figure, a circle with centre O,
is inscribed in a quadrilateral ABCD such
that it touches the side BC, AB, AD and
CD at points P, Q, R and S respectively.
If AB=29cm, AD=23cm, £B=90° and
DS=5cm then find the radius of the
circle. [CBSE 2008, ’13]

In the given figure, O is the centre of the
circle and TP is the tangent to the circle from
an external point T. If ZPBT = 30°, prove that

BA:AT=2:1. [HOTS] [CBSE 2015]
ANSWERS (EXERCISE 8A)
1. 21 cm 2. 7cm 3. 12cm

. AD=7cm,BE=5cm,CF=3cm 7. 28 cm

8. BC=8cm

9. AD=3cm 11. 109 cm 12. AB=10cm, AC=12cm

13.

4.

5.

TP=4cm 15. 11 cm

HINTS TO SOME SELECTED QUESTIONS

x+y=12,y+z=8,z+x=10.

Solving, we getx=7,y=5,z=3.
AD=x=7cm,BE=y=5cm,CF=z=3cm.

OA L AP and OB L BP

= ZOAP =90°and ZOBP =90°
= ZOAP+ £ZOBP =180°

= quad. AOBPiscyclic [. a quad. is cyclic if the

sum of a pair of opposite

angles is 180°].

P




7.

10.

13.

14.
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PA=PB,CA=CE,DB=DE A
[ tangents from an external point are equal]. \

Perimeter of APCD = PC+CD +PD p
=PC+CE+DE+PD )
=PC+CA+DB+PD g P
=PA+PB=2PA [. PB=PA]
=(2X14)cm =28 cm.

. We know that the tangents to a circle from an exterior

point are equal. R
AP=AR=7 cm;
BQ=BP=AB-AP=(10-7)cm =3 cm;
CQ=CR=5cm.

And so, BC=BQ+CQ=(3+5)cm =8 cm.

B Q C

. When a qudrilateral ABCD is drawn to circumscribe a circle then AB+ CD = AD + BC.

AD=AB+CD-BC=(6+4-7)cm =3 cm.

We know that the tangents to a circle from an external point
are equal.

AQ=AR,BP=BR,CP=CQ. R Q
Now, AB=AC = AR+BR=AQ+CQ
= AR+BP=AR+CP = BP=CP
= P bisects the base BC.

B p ¢

R is the midpoint of PQ, i.e., PR=QR = (% X 4.8) cm = 2.4 cm.

Also, TO L PQ.
In right APRO, we have
PO?=PR?>+R0O? = RO = yPO?- PR? T

=y/32-24%=,324=138.

LetTR=xand TP =y.
In right APTR, we have TP? = TR?+ PR? = % = x2+ (2.4)2.
In right AOTP, we have

TO? = TP+ PO? = (TR + RO)? = TP?>+ PO?
= (x+1.8)2=y>+3%>=> ¥?+3.6x+3.24 = > +9. .. (il)
Solving (i) and (ii), we get x =3.2, y = 4.

TP =4 cm.
Let APB and CQD be two parallel tangents to a circle

[
with centre O. }
Join OP and OQ. Draw RO || AB. R :
Now, ZAPO + ZROP =180° [co-interior angles] }
= JZROP=90° [. ZAPO=90°]. e 5 5
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Similarly, ZCQO + ZROQ =180° [co-interior angles]
= ZROQ=90° [. £2CQO=90°].
ZPOQ = ZROP + ZROQ = 180°.
Hence, POQ is a straight line passing through O.
15. POQB is a square, since ZPBQ = ZBQO = ZBPO =90°, OP = OQ =r.
r=0Q=QB.
We know that tangents to a circle from an exterior point are equal.
DS =DR, AR = AQ.
Now, AR=AD—-DR=AD-DS=(23-5)cm =18 cm
and r=QB=AB-AQ=AB-AR=(29-18)cm =11cm.
16. ZAPB=90° [angle in a semicircle]
ZPAB=90° - ZPBA =90°-30°=60" [." ZPBA=<PBT =30°].
ZPAT+ ZPAB=180° [linear pair]
= ZPAT=180°-2ZPAB=180"-60"=120°.
ZAPT =/ZPBA=30° [angles in alternate segments].
In APAT, we have
ZAPT+ ZPAT+ ZPTA =180°
= ZPTA=180° - (LAPT + £PAT) = 180° — (30° + 120°) = 30°.
Now, ZAPT = ZPTA = 30° = AT = AP . (@
[sides opposite equal angles are equal]

In right AAPB, we have

cos (£PAB) = S—}: = cos 60° = g—}; = BA =2AP. ... (ii)

From (i) and (ii), we get BA: AT =2AP: AP =2:1.

EXERCISE 8B

Very-Short-Answer Questions

1. In the adjoining figure, a circle touches all the
four sides of a quadrilateral ABCD whose sides
are AB=6cm, BC=9cm and CD =8 cm. Find
the length of side AD. [CBSE 2011]

2. In the given figure, PA and PB are two
tangents to the circle with centre O. If
ZAPB=50" then what is the measure of p_
Z0OAB. [CBSE 2015]

—\
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3. In the given figure, O is the centre of a circle. .
PT and PQ are tangents to the circle from an ,
external point P. If ZTPQ =70°, find ZTRQ. R >p
[CBSE 2015] \
Q

4. In the given figure, common
tangents AB and CD to the two
circles with centres O, and O,
intersect at E. Prove that
AB=CD. [CBSE 2014]

5. If PT is a tangent to a circle with centre O
and PQ is a chord of the circle such that
ZQPT =70°, then find the measure of ZPOQ.

Short-Answer Questions

6. In the given figure, a triangle ABC is drawn

Y
Q
A
to circumscribe a circle of radius 2 cm such
that the segments BD and DC into which
BC is divided by the point of contact D, are
of lengths 4 cm and 3 cm respectively. If the £

area of AABC = 21 cm? then find the lengths of
sides AB and AC. [CBSE 2011]

7. Two concentric circles are of radii 5 cm and 3 cm. Find the length of the
chord of the larger circle (in cm) which touches the smaller circle.
[CBSE 2012, '14]

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

9. In the given figure, two tangents RQ and RP
are drawn from an external point R to the circle b
with centre O. If ZPRQ =120°, then prove that
OR = PR+ RQ. [CBSE 2015] R
Q
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10. In the given figure, a circle inscribed in a triangle

ABC touches the sides AB, BC and CA at points D,

E and F respectively. If AB=14cm, BC =8 cm and
CA =12 cm. Find the lengths AD, BE and CF.

[CBSE 2013]

(w)
>
e

W
m
@]

11. In the given figure, O is the centre of the
circle. PA and PB are tangents. Show that
AOBP is a cyclic quadrilateral.  [CBSE 2014] p

‘

12. In two concentric circles, a chord of length 8 cm of the larger circle
touches the smaller circle. If the radius of the larger circle is 5 cm then
find the radius of the smaller circle. [CBSE 2013C]

13. In the given figure, PQ is a chord of a

Q
circle with centre O and PT is a tangent. If ‘
ZQPT =60°, find ZPRQ. [HOTS] [CBSE 2015] R

£60°

T

@

o

14. In the given figure, PA and PB are two
tangents to the circle with centre O. If
ZAPB = 60° then find the measure of ZOAB. P

2\
w, >

15. If the angle between two tangents drawn from an external point P to a
circle of radius 2 and centre O, is 60° then find the length of OP.

[CBSE 2017]
ANSWERS (EXERCISE 8B)
1. AD=5cm 2. 25° 3. 55° 5. 140°
6. AB=75cm, AC=65cm 7. 8 cm
10. AD=9cm,BE =5cm,CF=3cm 12. 3 cm 13. 120°
14. 30° 15. av/3

HINTS TO SOME SELECTED QUESTIONS

1. When a quadrilateral ABCD circumscribes a circle then AB+CD = AD + BC.
AD=AB+CD-BC=(6+8-9)cm=5cm.
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. ZAPB=2/0AB = LOAB= % X ZAPB = 52

=25°. [See Solved Example 13.]

. Join OT and OQ.
Then, ZTOQ + £TPQ =180° = £ZTOQ =180°—70° =110°.

[See Theorem 8.] R &P

(2N

Now, ZTRQ =3 X £TOQ =3 X 110° = 55° 4

[ the angle subtended by an arc of a circle at the centre is double
the angle subtended by it at any point on the remaining part of
the circle].

. We know that the tangents to a circle from an external point are equal.
AE =CE, BE=DE
= AE+BE=CE+DE = AB=CD.

. Mark a point R in the alternate segment. P
N
Join RP and RQ. T
Then, ZPRQ = ZQPT =70° R N

[angles in the alternate segments].
ZPOQ =2/PRQ=2X70° = 140°. Q
[ angle subtended by an arc on the centre is double the angle
subtended at any point on the remaining part of the circle.]
. Mark the points of contact E and F of tangents AC and
AB respectively.
We know that the tangents to a circle from an external
point are equal.
AE = AF = x cm (say);
BD=BF=4cm;CD =CE =3 cm.

Now, ar(AABC) = % X (perimeter of AABC) Xr

= 21= X[+ +@A+3)+(3+0)) X2 > x=35.
AB=(x+4)cm=75cm; AC=(x+3)cm =6.5cm.
. Let AB be the chord, P be the point where it touches the
smaller circle and O be the common centre.
AB is tangent to smaller circle and so, OP L. AB.
P is the midpoint of AB, i.e., AP = PB
[ a perpendicular from the centre on any chord
bisects the chord].
Now, OP =3 cm, OA =5cm => AP =y0A?—OP? =/52-3% = 4.
AB=2AP =8 cm.
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Join OP and OQ.
ZPRQ=120° = ZPRO =ZQRO = % X ZPRQ =60°.

[ two tangents from an external point are

equally inclined to the line segment joining

the centre to that point.

And so, ZPRO = ZQRO = % ZPRQ]
In right AOPR, we have
_PR _1_PR -1
cos LPRO— OR = cos 60° = OR = 2" 0OR = PR= ><OR

Similarly, RQ =+ ><OR
PR+RQ=OR.
x+ty=14,y+z=8,z+x=12.
Solving, x =9,y =5,z=3.
AD=x=9cm,BE=y=5cm,CF=z=3cm.

Let AB be the chord, P be the point where it touches the

smaller circle and O be the common centre.

Then, AB is the tangent to smaller circle at P.
OP L AB.
And so, P is the midpoint of AB,

ie, AP = PBffAB ( ><8)cm 4cm

AB

[ perpendicular from the centre on any chord bisects the chord].

Now, OA =5cm, AP=4cm = OP = yOA2— AP? = /52— 42 =3,

radius of smaller circle = OP = 3 cm.
Mark a point M in the alternate segment.

Join MP and MQ.
Then, ZPMQ = ZQPT = 60°

[angles in the alternate segments].
Now, ZPMQ+ ZPRQ =180°

[" PMQR is a cyclic quadrilateral]
= ZPRQ=180"-ZPMQ =180°—-60° =120°.

=
IS ’
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14. PA=PB [. tangents from an external point are equal]

= ZPAB=/PBA= % X (180° — ZAPB) = % X (180° = 60°) = 60°.

Now, ZPAO =90° [ radius through the point of contact is perpendicular
to the tangent]

= ZOAB+ ZPAB=90° = ZOAB=90°—-ZPAB=90"—-60° =30°.

MULTIPLE-CHOICE QUESTIONS (MCQ)
Choose the correct answer in each of the following questions:

1. The number of tangents that can be drawn from an external point to a

circle is [CBSE 2011, 12]
(@)1 (b) 2 (o) 3 (d) 4
2. In the given figure, RQ is a tangent to the circle with Q R
centre O. If SQ=6cm and QR =4 cm, then OR is
equal to [CBSE 2014]
(a) 2.5 cm (b) 3cm
(c) 5em (d) 8em s
3. In a circle of radius 7 cm, tangent PT is
drawn from a point P such that PT = 24 cm. ‘ X o,
If O is the centre of the circle, then length
OP=? P
(a) 30 cm (b) 28 cm (c) 25 cm (d) 18 cm
4. Which of the following pairs of lines in a circle cannot be parallel?
[CBSE 2011]
(a) Two chords (b) A chord and a tangent

(c) Two tangents (d) Two diameters

5. The chord of a circle of radius 10 cm subtends a right angle at its centre.

The length of the chord (in cm) is [CBSE 2014]
(@) = (b) 52 ©10/2 (1043
V2
6. In the given figure, PT is a tangent to the circle T
with centre O. If OT = 6 cm and OP = 10 cm, then ‘
the length of tangent PT is 10 cmP
(a) 8cm (b) 10 cm

(c) 12cm (d) 16 cm
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10.

11.

12.

13.

. In the given figure, point P is 26 cm away from
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the centre O of a circle and the length PT of the
tangent drawn from P to the circle is 24 cm.
Then, the radius of the circle is [CBSE 2011, "12]

(a) 10 cm (b) 12 cm
(c) 13 cm (d) 15cm

&

. PQ is a tangent to a circle with centre O at the point P. If AOPQ is an

isosceles triangle, then ZOQP is equal to [CBSE 2014]
(a) 30° (b) 45° (c) 60° (d) 90°

. In the given figure, AB and AC are tangents to B

the circle with centre O such that ZBAC = 40°.
Then, ZBOC is equal to [CBSE 2011,"14] 7]

(a) 80° (b) 100°

(c) 120° (d) 140° c
If a chord AB subtends an angle of 60° at the centre of a circle, then the
angle between the tangents to the circle drawn from A and B is

[CBSE 2013C]
(a) 30° (b) 60° (c) 90° (d) 120°
In the given figure, O is the centre of two
concentric circles of radii 6 cm and 10 cm. AB is a »
chord of outer circle which touches the inner circle.
The length of chord AB is
(a) 8cm (b) 14 cm AN_P 7B
(c) 16 cm (d) ¥136 cm
In the given figure, AB and AC are tangents 8

to a circle with centre O and radius 8 cm. If
OA =17 cm, then the length of AC (in cm) is

o‘?

[CBSE 2012]
@) 9 () 15
(c) V353 ) 25

In the given figure, O is the centre of a circle,
AQC is its diameter such that ZACB =50°. If AT
is the tangent to the circle at the point A then
ZBAT =7

(a) 40° (b) 50°

(c) 60° (d) 65°

NG
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15.
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In the given figure, O is the centre of a circle, PQ is

achord and PT is the tangent at P. If ZPOQ =70°, T R
then ZTPQ is equal to [CBSE 2011]
(a) 35° (b) 45° Q
(c) 55° (d) 70°
In the given figure, AT is a tangent to the
circle with centre O such that OT=4cm and
Z0TA =30°. Then, AT =7
(a) 4cm (b) 2cm
() 2¢/3 cm (d) 43 cm A T
If PA and PB are two tangents to a circle with
centre O such that ZAOB =110° then ZAPB is P
equal to [CBSE 2011, '14] »
(a) 55° (b) 60° B
(c) 70° (d) 90°

In the given figure, the length of BC is i A\
[CBSE 2012, '14] § >

(@) 7cm ;F %

(b) 10 cm £ \

(c) 14 cm ¥

(d) 15 cm 50 ¢
In the given figure, if ZAOD =135 then A D
ZBOC is equal to [CBSE 2013C] @

(a) 25° ) "'

(c) 52.5° (d) 62.5° BC
In the given figure, O is the centre of a circle and T
PT is the tangent to the circle. If PQ is a chord &
such that ZQPT = 50° then ZPOQ =?

(a) 100° (b) 90° °

(c) 80° (d) 75°
In the given figure, PA and PB are two tangents A
to the circle with centre O. If ZAPB =60° then
Z0ABis [CBSE2011]  p]

(a) 15° (b) 30°

(c) 60° (d) 90° B
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21.

22.

23.

24.

25.

26.

27.
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If two tangents inclined at an angle of 60° are drawn to a circle of radius
3 cm then the length of each tangent is

(a) 3cm (b) ¥ cm (c) 3y/3 cm (d) 6 cm

In the given figure, PQ and PR are tangents
to a circle with centre A. If ZQPA =27° then

ZQAR equals [CBSE 2012] p
(a) 63° (b) 117°
(c) 126° (d) 153°

In the given figure, PA and PB are two tangents
drawn from an external point P to a circle with
centre C and radius 4 cm. If PA L PB, then the

length of each tangent is [CBSE 2013]
(a) 3cm (b) 4 cm
(c) 5cm (d) 6cm

If PA and PB are two tangents to a circle
with centre O such that ZAPB=80°. Then,

SRoN

ZAOP =7
(a) 40° (b) 50°
(c) 60° (d) 70°
In the given figure, O is the centre of o
the circle. AB is the tangent to the circle
at the point P. If ZAPQ = 58° then the R
measure of ZPQB is [CBSE 2014] b
(a) 32° (b) 58° A P B
(c) 122° (d) 132°

In the given figure, O is the centre of the circle.
AB is the tangent to the circle at the point P. If
ZPAO = 30° then ZCPB + ZACP is equal to

(a) 60° (b) 90°
(c) 120° (d) 150°
In the given figure, PQ is a tangent to a circle

with centre O. A is the point of contact. If
ZPAB = 67°, then the measure of ZAQB is

(a) 73° (b) 64°
(c) 53° (d) 44°




28.

29.

30.

31.

32.

33.

34.

Circles 499

In the given figure, two circles touch A
each other at C and AB is a tangent
to both the circles. The measure of

ZACBis [HOTS] [CBSE 2013C]
(a) 45° (b) 60°
(c) 90° (d) 120°

O is the centre of a circle of radius 5 cm. At a

distance of 13 cm from O, a point P is taken. From A
this point, two tangents PQ and PR are drawn to P "
the circle. Then, the area of quad. PQOR is o
(a) 60 cm? (b) 32.5 cm? R
(c) 65 cm? (d) 30 cm?
In the given figure, POR is a tangent to the circle

at Q, whose centre is O and AB is a chord parallel
to PR such that ZBQR =70°. Then, ZAQB =?

(a) 20° (b) 35°

(c) 40° (d) 45°
The length of the tangent from an external point P to a circle of radius
5 cm is 10 cm. The distance of the point from the centre of the circle is

(a) 8cm (b) v104 cm (c) 12cm (d) ¥125 cm
[CBSE 2013C]

In the given figure, O is the centre of a circle, P
BOA is its diameter and the tangent at the ///
point P meets BA extended at T. If ZPBO = 30°  g{=130° & A -
then /PTA="? v

(a) 60° (b) 30°

(c) 15° (d) 45°

In the given figure, a circle touches the side DF
of AEDF at H and touches ED and EF produced
at K and M respectively. If EK=9cm then the

perimeter of AEDF is [CBSE 2012]
(a) 9cm (b) 12 cm
(c) 13.5cm (d) 18 cm

To draw a pair of tangents to a circle, which are inclined to each other
at an angle of 45°, we have to draw tangents at the end points of those
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two radii, the angle between which is [CBSE 2011]
(a) 105° (b) 135° (c) 140° (d) 145°
35. In the given figure, O is the centre of a
circle; PQL and PRM are the tangents at
the points Q and R respectively and S is
a point on the circle such that ZSQL = 50°
and ZSRM = 60°. Then, ZQSR = ? %
(a) 40° (b) 50°
(c) 60° (d) 70° R P
36. In the given figure, a triangle POR is
drawn to circumscribe a circle of radius
6 cm such that the segments QT and
TR into which QR is divided by the
point of contact T, are of lengths 12 cm
and 9 cm respectively. If the area of
APQR =189 cm? then the length of side

PQis [CBSE 2011]
(a) 175 cm (b) 20 cm (c) 225 cm d) 25 cm
37. In the given figure, 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 cm then the
length of QR is [CBSE 2014]
(a) 1.9 cm (b) 3.8 cm
(c) 5.7 cm (d) 7.6 cm

38. In the given figure, quad. ABCD is circumscribed,

D S C
touching the circle at P, Q, R and S. If AP =5 cm,
BC =7 cm and CS =3 cm. Then, the length AB=7? P R
(a) 9cm (b) 10 cm
(c) 12cm (d) 8cm A A 5

39.In the given figure, quad. ABCD is

circumscribed, touching the circle at P, Q, R
andS.IfAP=6cm,BP=5cm,CQ=3cmand 3cm
DR = 4 cm then perimeter of quad. ABCD is

(a) 18 cm (b) 27 cm

(c) 36 cm (d) 32cm

A 6cm P 5cm
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In the given figure, O is the centre of a circle,

AB is a chord and AT is the tangent at A. If S T
ZAOB =100° then ZBAT is equal to [CBSE 2011]
(a) 40° (b) 50° B
(c) 90° (d) 100°
In a right triangle ABC, right-angled at B, BC =12 cm and AB =5 cm.
The radius of the circle inscribed in the triangle is [CBSE 2014]
(a) Tem (b) 2cm
(c) 3cm (d) 4 cm
In the given figure, a circle is inscribed in a B

quadrilateral ABCD touching its sides AB,
BC,CD and AD at P, Q, R and S respectively. r
If the radius of the circle is 10 cm, BC = 38 cm,

PB =27 cm and AD L CD then the length of °

CDis [CBSE 2013] a
(a) 11 cm (b) 15cm D R C
(c) 20 cm (d) 21 em

In the given figure, AABC is right-angled at B A
such that BC=6 cm and AB=8 cm. A circle
with centre O has been inscribed inside the
triangle. OP L AB,OQ 1L BC and OR L AC. If

£
OP=0Q=0OR=xcmthenx="7? ®
(a) 2cm (b) 2.5 cm b
(c) 3cm (d) 3.5cm
\47 6 cm—»{

Quadrilateral ABCD is circumscribed to a circle. If AB =6 cm, BC=7 cm

and CD = 4 cm then the length of AD is [CBSE 2012]
(a) 3cm (b) 4 cm
(c) 6cm (d) 7em

In the given figure, PA and PB are tangents A

to the given circle such that PA=5 cm and Sop

ZAPB = 60°. The length of chord AB is [>P
(a) 5v/2 cm (b) 5cm

¢) 5v3 cm (d) 7.5 cm ®
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48.

49.
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In the given figure, DE and DF are tangents from £
an external point D to a circle with centre A. If
DE =5cm and DE L DF then the radius of the D
circle is [CBSE 2013]
(a) 3cm (b) 4 cm
(c) 5cm (d) 6 cm
In the given figure, three circles with centres A, B,
C respectively touch each other externally. If AB=5
cm, BC =7 cm and CA = 6 cm then the radius of the

circle with centre A is - .;%
(a) 1.5 cm (b) 2cm &

(c) 25 cm (d) 3cm
In the given figure, AP, AQ and BC are tangents to A
the circle. If AB=5cm, AC =6 cm and BC =4 cm
then the length of AP is [CBSE 2012]

(a) 15cm (b) 10 cm

(¢c) 9cm (d) 7.5 cm

In the given figure, O is the centre of two
concentric circles of radii 5 cm and 3 cm. From
an external point P tangents PA and PB are
drawn to these circles. If PA =12 cm then PB

is equal to
(a) 5v2 cm (b) 3y5 cm
(c) 4410 cm (d) 5y10 cm
True/False Type

50.

Which of the following statements is not true?

(a) If a point P lies inside a circle, no tangent can be drawn to the
circle, passing through P.

(b) If a point P lies on the circle, then one and only one tangent can be
drawn to the circle at P.

(c) If a point P lies outside the circle, then only two tangents can be
drawn to the circle from P.

(d) A circle can have more than two parallel tangents, parallel to a
given line.
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51. Which of the following statements is not true?

(a) A tangent to a circle intersects the circle exactly at one point.

(b) The point common to the circle
of contact.

and its tangent is called the point

(c) The tangent at any point of a circle is perpendicular to the radius

of the circle through the point o

(d) A straight line can meet a circle

f contact.

at one point only.

52. Which of the following statements is not true?

(a) A line which intersects a circle
the circle.

in two points, is called a secant of

(b) A line intersecting a circle at one point only, is called a tangent to

the circle.

(c) The point at which a line touches the circle, is called the point of

contact.

(d) A tangent to the circle can be drawn from a point inside the circle.

Assertion-and-Reason Type

Each question consists of two statements, namely, Assertion (A) and
Reason (R). For selecting the correct answer, use the following code:

53.

54.

(a) Both Assertion (A) and Reason (R) are true and Reason (R) is a
correct explanation of Assertion (A).

(b) Both Assertion (A) and Reason

(R) are true but Reason (R) is not a

correct explanation of Assertion (A).

(c) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is true.

Assertion (A)

Reason (R)

At a point P of a circle with centre
O and radius 12 ¢cm, a tangent PQ
of length 16 cm is drawn. Then,
0Q =20 cm.

The tangent at any point of a circle is
perpendicular to the radius through
the point of contact.

The correct answer is (a)/(b)/(c)/(d).

~

Assertion (A)

Reason (R)

If two tangents are drawn to a circle
from an external point then they
subtend equal angles at the centre.

A parallelogram circumscribing a
circle is a rhombus.

The correct answer is (a)/(b)/(c)/(d).
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55

. ABOC is a cyclic quadrilateral
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Assertion (A)

Reason (R)

In the given figure, a quad. ABCD is
drawn to circumscribe a given circle,
as shown.

Then, AB+BC =AD+DC.

D R C

In two concentric circles, the chord
of the larger circle, which touches
the smaller circle, is bisected at the
point of contact.

The correct answer is (a)/(b)/(c)/(

d).

ANSWERS (MCQ)

®) 2.(c) 3.() 4(d) 5() 6@ 7.@a@ 8 @b 9 ()
.(d) 11 (c) 12 (b) 13.(b) 14 (a) 15.(c) 16.(c) 17.(b) 18. (b)
@ 20.(b) 21.(c) 22.(c) 23.(b) 24 (b) 25.(a) 26.(b) 27.(d)
() 29.(a) 30.(c) 31 (d) 32.(b) 33.(d) 34 (b) 35.(d) 36.(c)
(d) 38.(a) 39.(c) 40.(b) 4L (b) 42.(d) 43.(a) 44.(a) 45.(b)
(c) 47.(b) 48.(d) 49.(c) 50.(d) 51.(d) 52.(d) 53.(a) 54 (b)
. (d)

HINTS TO SOME SELECTED QUESTIONS

parallel.

. AB = OA?+OB? = y102+10% = 10y2 cm.

. We have OP L PQ, i.e., ZOPQ =90°.

. Every diameter passes through the centre and so no two diameters of a circle can be

A B

o

gTo

Q
~7

AOPQ is isosceles = OP = PQ = Z0QP = ZPOQ = 45°

[

in a triangle, angles opposite equal

[see Solved

ZBAC+ ZBOC =180° = ZBOC = 180°

sides are equal].

Example 18].
- ZBAC =180° —40° = 140°.
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Let P be the point of intersection of tangents at A and B.

Then, OAPB is a cyclic quadrilateral. [see Solved Example 18]
ZAOB+ ZAPB =180° = ZAPB =180°—60° =120°. @»

ZBAT =Z2ACB=50° [angles in alternate segments].

Mark a point R in the alternate segment.

Join PR and QR.

Then, ZPRQ = % ZPOQ = % X70° = 35°.

Now, £TPQ = ZPRQ =35" [angles in alternate segments].

In right AOAT (having right angle at A), we have

3
cos (£LOTA) =~+ :> cos 30° = AT = AT= (g X 4) cm =243 cm.

We have AF = AE, BD =BF,CD =CE. [. tangents from an external point are equal]
CE=AC-AE=AC-AF=(11-4)cm=7 cm;
BD=BF=3cm;CD=CE=7cm.

And so, BC=BD+CD=(3+7)cm =10 cm.

ZAOD+ £BOC =180° [see Solved Example 29]

= ZBOC=180°-£ZA0D =180° - 135" =45°.

Mark a point R in the alternate segment. P T
W

Join PR and QR. &

Then, ZPRQ = ZQPT =50° [angles in alternate segments]. a

Now, ZPOQ = 2/PRQ = 100°.
[ angle at the centre is double the angle on the circle]

ZAPB=2/0AB = ZOAB= % ZAPB=30°. [See Solved Example 13.]

Py

Let PQ and PR be tangents to a circle with centre O from
a point P such that ZQPR = 60°.

AP

P<Q

Then, /QPO = ZRPO = 3 ZQPR = 30°

04

[." tangents from an external point
are equally inclined to the line
joining the point and the centre].

In right AOPQ, we have
tan (LOPQ) = —8 = tan 30° = % %— %
Now, PR = PQ =343 cm.

= PQ=3/§cm.
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22. ZQPR=2/QPA=2X27°=54" [. AP bisects ZQPR].
Now, QPRA is a cyclic quadrilateral [see Solved Example 18]
= ZQAR+/QPR =180°
= ZQAR=180°-54°=126".
23. Join AC and BC. Then, ACBP is a square.
PA = PB = AC =radius of the circle = 4 cm.
25. ZQPR=90° [angle in a semicircle]
and ZQRP = ZAPQ =58 [angles in alternate segments].
In APQR, we have ZPQR + ZQRP + ZQPR =180° = ZPQR =32°.
ZPQB = ZPQR = 32°.
26. ZDPC=90° [angle in a semicircle]
and ZDPA = ZDCP [angles in alternate segments].
Now, ZCPB+ £ZDPA + 2DPC = 180°
= ZCPB+£DPA=90° = ZCPB+ ZDCP =90°
= ZCPB+ZACP=90".
27. ZBAC=90° [angle in a semicircle].
Z/PAB+ /BAC+ /CAQ =180° = ZCAQ =180° — (90° +67°) = 23°.
ZACB=£/PAB=67° [angles in alternate segments]
ZACB+ ZACQ=180° [linear pair]
= ZACQ=180"-67°=113".
Now, ZCAQ+ 2ACQ+ ZAQC=180° [in AACQ]
= ZAQC=180°—-(23"+113°)=44" = LZAQB=44".
28. Draw a tangent to the circles at point C. Let it meet AB at P.
Then, PA = PC and PB = PC.
PA=PC = £PAC=£PCA
PB=PC = £PBC=2PCB
s ZPAC+ £PBC=ZPCA+ ZPCB = ZACB
= /PAC+£PBC+ZACB=2/ACB
= 180°=2Z4ACB = ZACB=90".

29. Clearly, OQ = OR =5 cm, ZOQP = ZORP =90° and OP = 13 cm.
PQ%=0P*-0Q*=(13)2-(5)2=169-25 = 144 = PQ = /144 = 12 cm.
ar(AOQP) = % X PQ X 0Q = (% X125 5)em? = 30 em?.

Similarly, ar(AORP) = 30 cm?.
ar(quad. PQOR) = (30 +30) cm? = 60 cm?.
30. ZQAB=2BQR=70° [angles in alternate segments]
ZABQ=2/BQR=70° [alternate int. angles].
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In AAQB, we have

ZAQB = 180° — (LQAB + ZABQ) = 180° — (70° +70°) = 40°.
ZAPB=90° [angle in a semicircle].

ZPAB=90° — ZPBA = 90° - 30° = 60°.

ZPAT+ £ZPAB=180" [linear pair]
= ZPAT=180° - ZPAB=180°-60° = 120°.

ZAPT =/PBA=30° [angles in alternate segments].
Now, ZAPT + /PAT+ /PTA =180° [in APAT]
= ZPTA=180°-(30°+120°) = 30°.
Let PA and PB be the desired tangents to a circle with

A
centre O from an exterior point P.
Then, ZAPB =45°. >p
BOAP must be a cyclic quadrilateral.
. B

ZAOB+ £ZAPB=180° = ZAOB=180°—45° =135".
So, the angle between the two radii must be 135°.
Since PQL is a tangent and OQ is a radius, so ZOQL = 90°.
Z0QS = 90° - 50° = 40°.
Now, OQ = 0S = £0SQ =20QS = 40°.
Similarly, ZORS =90° —60° = 30°.
And, OR = 0S = Z0OSR = Z0ORS = 30°.
ZQSR =20SQ+ ZOSR =40° +30° =70°.

ar(APQR) = % X (perimeter of APQR) X r
= 189= 7 X[(x+12)+ (12+9)+(9+ )} X6

= x=105
PQ=(x+12)cm =(10.5+12) cm = 22.5 cm.

PQ=PT=38cm, PR=PT=38cm, Q 12 cm T 9cm R
QR=PQ+PR=(3.8+3.8)cm =7.6 cm.
Since the lengths of tangents drawn from an external point to a circle are equal,
we have AQ=AP =5cm.
CR=CS=3cmand BR=(BC—-CR)=(7-3)cm =4 cm.
BQ=BR=4cm.
AB=(BR+BQ)=(5+4)cm=9cm.
Mark a point C in the alternate segment. Join AC and BC.
ZACB =7 2AOB =1 x100° = 50°
[ angle at the centre is double the angle on
the circle].
Now, ZBAT =ZACB =50 [angles in alternate segments].
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42.

43.

44.

45.

46.

47.

49.

53.

54.

In right AABC, we have A
AC=4yAB*+BC?=y/52+122 cm =13 cm.
ar(AABC) = % X (perimeter of AABC) Xr 5cm o
1 _1 _ r
= §><5><12—E><(5+12+13)><r =r=2cm.
B 12 cm C

" ar(AABC) = % X BC X AB

BQ=PB=27cm; CQ=BC-BQ=38-27)cm=11cm; CR=CQ=11cm.
Join OR. Then, SDRO is a square.
DR = 50 =radius = 10 cm.

And so,CD=DR+CR=(10+11) cm =21 cm.

AC?= AB*+BC?=8%+6% = 64 +36 = 100

= AC=«/@€m=10cm.

CR=CQ=(BC—-BQ)=(6—x)cm.

AR=AP=(AB-BP)=(8—x)cm.

AC=(AR+CR)=[(8—x)+(6—x)]cm = (14— 2x) cm

= (14-2xv)=10=>2x=4=>x=2cm.

AB+CD=AD+BC [see Solved Example 26]

= AD=AB+CD-BC=(6+4-7)cm=3cm.

PA=PB = /PBA=/PAB = x’(say)

Then, x° +x° +60° =180 = x = 60°.

AAPB is equilateral and so, AB = PA =5 cm.

Join AE and AF. Then, AFDE is a square.
radius of circle = AE = DE =5 cm.

Let the radii of the three circles be x, y, z respectively. Then,
x+ty=5y+z=7andz+x=6=2(x+y+z)=18 = x+y+z=9.
x=@x+y+z)-(y+z2)=09-7)=2cm.

Join OB. Then, OA =5 cm, OB =3 cm.

OP=4/0A?+PA? =y/52+122 =13 cm.

PB=+y0OP?-0OB? =132-32 = /160 cm = 4410 cm.

0Q = yOP2+PQ? = /122 +162 = 20 cm.

A is true. Also, Ris true and is a correct explanation of A.
Hence, the correct answer is (a).
A and R are both true (see Theorem 4(i) and Solved Example 28) but R is not a correct

explanation of A.

Hence, the correct answer is (b).
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55. A is false. Correct relation is AB+CD = AD + BC.
Ris true (see Theorem 5).

Hence, the correct answer is (d).

TEST YOURSELF

MCQ
1. In the given figure, O is the centre of a circle,
PQ is a chord and the tangent PT at P makes
an angle of 50° with PQ. Then, ZPOQ =?

(a) 130° (b) 100°
(c) 90° (d) 75°

2. If the angle between two radii of a circle is 130° then the angle between
the tangents at the ends of the radii is

(a) 65° (b) 40° (c) 50° (d) 90°
3. If tangents PA and PB from a point P to a circle
with centre O are drawn so that ZAPB = 80° A
then ZPOA =?
(a) 40 (b) 50 ‘
(c) 80° (d) 60° P B

4. Inthe given figure, AD and AE are the tangents
to a circle with centre O and BC touches the
circle at F. If AE=5 cm then perimeter of A
AABC s

(a) 15cm (b) 10 cm
(c) 22.5cm (d) 20 cm

Short-Answer Questions

5. In the given figure, a quadrilateral ABCD D
is drawn to circumscribe a circle such r
that its sides AB, BC, CD and AD touch
the circle at P, Q, R and S respectively.
If AB=x cm, BC=7 cm, CR=3 cm and L
AS =5 cm, find x. A
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6.

10.

11.

12.

13.

14.

Secondary School Mathematics for Class 10

In the given figure, PA and PB are the tangents A
to a circle with centre O. Show that the points
A, O, B, P are concyclic.

vl
w

. Inthe given figure, PA and PB are two tangents A

from an external point P to a circle with centre
O.1If ZPBA = 65°, find ZOAB and ZAPB. P

. Two tangent segments BC and BD are drawn

to a circle with centre O such that ZCBD = 120°.

Prove that OB = 2BC. C
B
D
. Fill in the blanks.
(i) A line intersecting a circle in two distinct points is called a ...... .
(ii) A circle can have ...... parallel tangents at the most.

(iif) The common point of a tangent to a circle and the circle is called the

(iv) A circle can have ...... tangents.

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

Prove that the tangents drawn at the ends of the diameter of a circle are
parallel.

In the given figure, if AB = AC, prove that BE = CE. n

If two tangents are drawn to a circle from an external point, show that
they subtend equal angles at the centre.

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



15.
16.
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Prove that the parallelogram circumscribing a circle, is a rhombus.

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

Long-Answer Questions

17.

18.

19.

20.

A quadrilateral is drawn to circumscribe a circle. Prove that the sums of
opposite sides are equal.

Prove that the opposite sides of a quadrilateral circumscribing a circle
subtend supplementary angles at the centre of the circle.

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

PQ is a chord of length 16 cm of a circle

of radius 10 cm. The tangents at P and Q
intersect at a point T as shown in the figure.
Find the length of TP.

ANSWERS (TEST YOURSELF)

.(b) 2.(c) 3.(b) 4 (b) 5 9cm

. ZOAB =25°, ZAPB =50°

. (i) secant (ii) two (iii) point of contact (iv) infinitely many
16.

8 cm 20. 10.7 cm (approx.)

<
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