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Chapter 10: Circles
stera 10: I

Section 1: Detailed Concepts, Theorems & Formal Proofs
T3 1: fawqa AaurRony, WA uF TYut Iqutaar
10.1 Tangents to a Circle, Secant & Point of Contact / 10.1 g« & ¥usf ¥, S ¥ar ga wsf fag

[English Theory]: Consider a circle and a line in a plane. There are three possibilities:

1. Non-intersecting Line: The line and the circle have no common point.

2. Secant (& ¥@T): The line intersects the circle in two distinct points.

3. Tangent (Tasf ¥@m): The line meets the circle at only one point. The word 'tangent' comes from the Latin word
‘tangere’, which means to touch.

« Point of Contact (¥asf faig): The common point of the tangent and the circle.

 Crucial Property: There is only one tangent at a point of the circle. A circle can have infinitely many tangents,
but at most two parallel tangents in a given direction.

[[6& Rgia]: T a1 # Tor g 3R o 3@ & foig i Rfoar dvwa 8:

1. smifered ) Ya: ¥ ofik g & Y s fig T 21

2. B ¥@T (Secant): @1 g & &l f97 fagsii or et g1

3. e ¥@r (Tangent): @1 g ot hae Qah faig o= Tuef &=t 81

« Tef faig (Point of Contact): g< iR Tusf 3T & 3I3afs foig ot st &g Fed &

o I o foneht e foig TR ShareT Qo &t st @ gidt 81

10.2 Theorem 10.1 (Radius is Perpendicular to Tangent at Point of Contact) / 10.2 w#4 10.1 (¥usf fig & &=
areit Brear wuef 3@ R 9 gidt @)

[English Theory]: Theorem 10.1 Statement: The tangent at any point of a circle is perpendicular to the radius
through the point of contact.

Given: A circle with centre O and a tangent XY to the circle at a point P.

To Prove: OP L XY.

Construction: Take a point Q on XY other than P and join OQ.

Proof:

The point Q must lie outside the circle (if Q were inside the circle, XY would become a secant and not a tangent to
the circle).

Therefore, OQ is longer than the radius OP of the circle, i.e., 0Q > OP.

Since this happens for every point on the line XY except the point P, OP is the shortest distance of all the
distances of the point O to the points of XY.

Since the shortest distance of a point from a given line is the perpendicular distance, OP L XY. Hence Proved!

[E& Rgia]: 93 10.1 @1 hy=: g9 3 et foig oR TRt @ i foig © S aredt Bear iR &9 gidi g1

R &: s O arelr e g1 ofR foig P or Tuef @1 XY |

g @A g: OP L XY

TEET: 3@1 XY WR P & 3feiier ais foig Q forar sfik 0Q @t et

IuufR: fig Q g & ameR g1 =1fey (I sfer glar at XY Saak @1 & §ired) | 3rd: 0Q > OP|

Jfeh foig P & srfafved XY & uxdas faig & folg OQ > OP &, 81a: OP &g O & @1 XY & foigsi & <gaaw gt &1
FAaH gt g1 dead gt gl g, 91d: OP L XY | (313 f9gH)
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10.3 Number of Tangents from a Point & Theorem 10.2 (Equal Tangent Lengths) / 10.3 f&ft fig 9 ga =
et ¥t &t T v v 10.2

[English Theory]: « Case 1: Inside the circle = No tangent can be drawn.

e Case 2: On the circle = Exactly one tangent.

e Case 3: Qutside the circle = Exactly two tangents.

Theorem 10.2 Statement: The lengths of tangents drawn from an external point to a circle are equal.
Given: A circle with centre O, a point P lying outside the circle and two tangents PQ, PR on the circle from P.
To Prove: PQ = PR.

Construction: Join OP, OQ and OR.

Proof: LZOQP = LORP = 90° (Theorem 10.1).

In right triangles OQP and ORP:

¢ OQ = OR (Radii of the same circle)

e OP = OP (Common hypotenuse)

Therefore, by RHS Congruence Criterion: AOQP = AORP.

By CPCT (Corresponding Parts of Congruent Triangles): PQ = PR. Hence Proved!
[ RIgia]: « 3 3 sick A fig F: A Tt Ty 7t

« g R R fdg @: Sies Yep Tl 3@

o I & aTeR T foig T: e &t wef F@mg|

TR 10.2 T U «1g] foig & g W Eil 7 i @rsfi i gl sRreR gidl g1
g s e: PQ = PRI

TET: OP, OQ 3R OR &t fAama)

Iguf: THehRior AOQP dT AORP #:

0Q = OR (s & g1 ! Brsard), aur &vof OP = OP (Iuafe)|

RHS Tafmasar &4l 9: AOQP = AORPI|

CPCT &: PQ = PRI (37 AgR)

Ex 10.2 Q7: Concentric Circles (R=5, r=3) Ex 10.2 Q8: AB + CD = AD + BC

D R c
| < > Q
¢ \_// A ®
Chord AB =2 x 4 = 8 cl P

Fig 10.1: Circle & Tangent Geometry: Tangents TP and TQ (Ex 10.2 Q2), Concentric Circles (Ex 10.2 Q7), and Circumscribed
Quadrilateral AB+CD=AD+BC (Ex 10.2 Q8) — TYBA Coaching Centre

Ex 10.2 Q2: Two Tangents TP & TQ

P

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions

T 2: UoAqEa® & Ot g frw g Igreen (fasga wRoeg &)

Textbook Example 1: Concentric Circles Tangent Chord Bisection / 3&1gRur 1: @aheiar gt # Tusf Sfiar ar
gafgmeH

[Problem - ENI: Prove that in two concentric circles, the chord of the larger circle, which touches the smaller
circle, is bisected at the point of contact.

o121 - HI]: g ffSig {6 3t S gai & a2 g=r 6 sfian, it s g ot wef w=ed @, wsf fig o= aafzanfSa gt 2
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Step-by-Step Solution (English):

Given two concentric circles Cq and C, with centre O and a chord AB of the larger circle Cq touching the smaller
circle C, at the point P.

To Prove: AP = PB.

Join OP.

AB is a tangent to C, at P and OP is its radius.

By Theorem 10.1: OP L AB.

Now AB is a chord of circle C; and OP L AB.

We know from Class IX that the perpendicular from the centre to a chord bisects the chord.

Therefore, AP = PB. Hence Proved!

WU g (fFdh):

f&ar §: 3 O art & Uhdla gaf Cq U1 C,, 3R I g ol Sfiar AB B g« C ot P oR Tusf et 81
TgT: OP &t fAeman|

T 10.19: OP L ABI

el 9 & UAg ¥, dhe T Sfiar IR STaT T A Sfiar st gufgafoa &Rar gl

3d: AP = PB| (3/d [@5%)

Textbook Example 2: Two Tangents TP & TQ: Prove ZPTQ = 2/0PQ / 351gxur 2: @A @ TP a TQ: g
fIMT LPTQ =2L0PQ

[Problem - EN]: Two tangents TP and TQ are drawn to a circle with centre O from an external point T. Prove that
LPTQ=2L0PQ.

[ - HI]: g O aTet g1 R &gy faig T & & wef ¥amd TP siik TQ &i=ht 7€ &1 g HfSe fF LPTQ = 2£0PQ 81

Step-by-Step Solution (English):

Let ZPTQ = 6.

By Theorem 10.2, TP = TQ = aTPQ is an isosceles triangle.
Therefore, LZTPQ = LTQP = 2(180° - 8) = 90° - 6/2.

By Theorem 10.1, LZOPT = 90°.

So, LOPQ = LOPT - LTPQ = 90° - (90° - 6/2) = 6/2 = .LPTQ.
Therefore, LPTQ = 2£L0PQ. Hence Proved!

WuTEg & (fFh):

qET LPTQ = 61 981 10.2 & TP = TQ, 31d: aTPQ THAfgaTg st 81
LTPQ = (180° - 6) = 90° - 6/21

TT 1018 LOPT = 90°1

3d: LOPQ = 90° - (90° - 6/2) = 8/2 = LPTQ = 2L0PQI (33 @57

Textbook Example 3: Chord PQ of Length 8 cm with Tangents Intersecting at T / 3&1g3ur 3: 8 cm =il Sfiar PQ
& af @it wrufadg g T
[Problem - EN]: PQ is a chord of length 8 cm of a circle of radius 5 cm. The tangents at P and Q intersect at a
point T. Find the length TP.
[o1%1 - HI]: 5 cm 34t & ga g1 it 8 cm it gas Sfiar PQ 81 P 3R Q oR w2l ¥amd iR ga foig T ur ufa=as &=t €1 TP
& wiars 71 hifQ)

Step-by-Step Solution (English):

Join OT. Let it intersect PQ at point R. Then aTPQ is isosceles and TO is angle bisector of ZPTQ, so OT L PQ and

bisects PQ.
So,PR=RQ =4 cm.
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In right APRO: OR = v(OP2 - PR?) = v(52 - 42) = v9 = 3 cm.

In right ATPR and aOPT, ZTPR + ZRPO = 90° and ZROT + ZRPO = 90° = ZTPR = LROT.
Therefore, right aATRP ~ right aPRO (AA similarity).
TP/PO=RP/RO=TP/5=4/3=TP=20/3cm=6.67cm.

WRoTerg & (fed):

OT ol fierar St PQ &t R WR TH{ZenfSia @ dead shredt & = PR = 4 cm|
gHHIT APRO H: OR = V(25 - 16) = 3 cm|

&Y st aATRP ~ aPRO (AA e ¥
TP/PO=RP/RO=>TP/5=4/3= TP =20/3cm (6.67 cm)|

Section 3: Exercise 10.1 & 10.2 Complete Step-by-Step Solutions
g 3: ueEet 10.1 TE 10.2 & Hqof TRUEg e

Exercise 10.1 — Complete Solutions (Q1 to Q4) / usiraet 10.1 — €@yvuf gt

[EN] Q1: How many tangents can a circle have? Q2: Fill in the blanks. Q3: A tangent PQ at a point P of circle
radius 5 cm meets line through O at Q (OQ = 12 cm). Length PQ is? Q4: Draw a circle and two parallel lines.

[HI] wsmaeft 10.1 & usi 1§ 4 & &gof g=:

e Q1: A circle has infinitely many points on its perimeter, and at each point exactly one tangent can be drawn.
Therefore, a circle can have infinitely many tangents (sraRfaa ©u @ sFe =i 3@m).

« Q2 (Fillin blanks): (i) A tangent intersects a circle in one (Qa) point e (ii) A line intersecting in two points is
called a secant (&< @) » (iii) A circle can have two (gt) parallel tangents at the most  (iv) The common
point is called point of contact (¥usf fag).

« Q3: Radius OP L tangent PQ = Z0PQ = 90°. In right AOPQ: PQ = v(0Q? - OP?) = v(122 - 52) = v(144 - 25) =
v119 cm (Option D).
e Q4: Given aline m and a circle with centre O. A line parallel to m at distance r touches the circle at one point

(tangent); another line parallel to m at distance less than r intersects in two points (secant).

Final Answer / 3<%: Q1: Infinitely many ¢ Q2: one, secant, two, point of contact » Q3: Option D (v119 cm)

Exercise 10.2 — Complete Solutions & Proofs (Q1 to Q13) / usirast 10.2 — &qvf g« gd Iqufwat
[EN] Detailed solutions and formal proofs for Exercise 10.2 Q1 to Q13.
[HI] wstrarsft 10.2 & usr 1 @ 13 & Syt g« ga uufaar:
o Q1: From point Q, tangent = 24 cm, distance from centre = 25 cm. Radius = V(252 - 242) = v49 = 7 cm
(Option A).

* Q2 (Fig 10.1 Left): In quadrilateral OPTQ, LOPT = LOQT = 90° = £ZPTQ = 180° - LPOQ =180° - 110° = 70°
(Option B).

e Q3: APOA = APOB = £LAPO = 80°/2 = 40°. Since LOAP = 90° £POA = 90° - 40° = 50° (Option A).

» Q4 (Tangents at ends of diameter are parallel): Let AB be diameter. Tangents at A and B make alternate
interior angles ZOAP = £LOBS = 90° with diameter AB. Hence, tangents are parallel (¥HieR).

« Q5 (Perpendicular at point of contact passes through centre): Since the radius through point of contact is
perpendicular to tangent (Theorem 10.1) and only one perpendicular can be drawn at P, it must coincide with
the radius and pass through centre O.

« Q6: Tangent from A is 4 cm, distance OA = 5 cm = Radius r = V(52 - 42) = 3cm.
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» Q7 (Concentric Circles — Fig 10.1 Middle): Radii 5 cm and 3 cm. Chord AB touches inner circle at P = OP L
AB and bisects AB. AP = v(52 - 32) = 4 cm = Chord AB=2 x 4 = 8 cm.

» Q8 (Circumscribed Quadrilateral ABCD — Fig 10.1 Right): Tangents from external points are equal: AP = AS,
BP = BQ, CR = CQ, DR = DS. Adding all four gives: (AP + BP) + (CR + DR) = (AS + DS) + (BQ + CQ) = AB + CD
= AD + BC. Hence Proved!

» Q9 (Parallel Tangents XY & X'Y' with AB): In right triangles OAP & OAC: LPOA = £LCOA. Similarly QOB =
L COB. Since POQ is a diameter: 2(LCOA + LCOB) = 180° = LAOB = 90°. Hence Proved!

* Q10 (Supplementary Angle): In quadrilateral PAOB, ZOAP = £LOBP = 90°. Sum of angles = 360° = LAPB +
LAOB =180° (Supplementary). Hence Proved!

» Q11 (Parallelogram Circumscribing a Circle is a Rhombus): AB + CD = AD + BC (from Q8). In parallelogram,
AB = CD and AD = BC = 2AB = 2AD = AB = AD. All 4 sides equal = ABCD is a rhombus.

* Q12 (AABC circumscribing circle r =4 cm,BD = 8 cm,DC = 6 cm): Let AE = AF = x cm. Sides:a=14,b = x +
6,Cc = x + 8; s =x+ 14. Area by Heron's formula = v[48x(x + 14)]. Area by incircle = 4(x + 14). Equating: 48x(x
+14) =16(x +14)2 =3 3x =x+14 > x=7cm. Thus AB=7+8=15cm,AC =7 + 6 =13 cm.

» Q13 (Opposite Sides Subtend Supplementary Angles at 0): Tangents from each vertex subtend equal angles

atcentre 0. 2(£1+ £2 + L3 + £L4) = 360° = LAOB + £COD =180° and ZAOD + £ZBOC =180°. Hence
Proved!

Final Answer / 3<% All questions and proofs of Ex 10.2 completed.

Section 4: Chapter Summary & Key Circle Theorems
T 4: AT AR TS THE 79T

Theorem Key Mathematical Property fore=or (&)

Theorem 10.1 Radius L Tangent (OP L XY) el ¥ar BT w AT gidl @

Theorem 10.2 Tangents from external point are equal (PQ = g foig & Tusf Tareit i dargar 99 gidl &
PR)

Circumscribed AB + CD = AD + BC ORI TGST hT T ST T T 9 giaTl

Quad g
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