MAAS / CLASS 11 MATHEMATICS Circles
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Circles
q-

Centres, chords, tangents and circle families

6 concepts 6 worked examples 12 practice questions
B8 Y& JAYRUMY B gel [y 3aTexul IRE 37T T

Learning targets / i & @ga

« Convert between general and centre-radius forms.
* Distinguish a secant from a tangent.

* Use power and radical axes in multi-circle problems.

Before you start: Straight-line equations and distances.

Concept map & question links / sfauRom g

Concept Learn + explain / 3raerRom Practice
Cc1 Recover the centre Q01, Q02
p.2 thg ok Bwar

c2 Build a circle from geometry QO03, Q04
p. 2 Sanfafa § geftepror

c3 Compare line distance with radius QO05, Q06
p.3 ¥ o g < Ry

c4 Tangents are perpendicular to radii Q07, Q08
p.3 TR 3R sifdes

Cc5 Use the power of a point Q09, Q10
p.4 feig <t &ma

cé6 Subtract circles to find equal power Q11,Q12
p.4 Hettel 3R ga-uRar

Read C1-C6 — attempt Q01-Q12 — check solutions - complete the extension.

Ugat 3GYRUN g, fOhe foFT 81 G U & | TTeAclt 811 IR U & C-ahis ¥ Gafed UTS SIaRT g |

Green panels: key formulas and conditions. Amber panels: common errors. Each lesson has an English explanation, a Hindi
explanation and a worked example.
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MAAS / CLASS 11 MATHEMATICS Circles

LEARN e« g#Hs

Concepts 1 & 2

C1/ KEY CONCEPT

Recover the centre / shg 3R fBsar

A circle is the locus of points at a fixed positive distance from a centre. In the general equation the
coefficients of x2 and y? are equal and there is no xy term. Completing squares identifies the centre and
shows whether a real circle exists.

g1 &h &R feig hl chg @ g fRIR gIdt 81 FHT=T FHieRRoT # Ui e sTe che 3R fAsar fAehred | Sareor # (x -
3)2 + (y + 2)? = 25 fcTa §, 39T e (3,-2) 3R A1 5 81

(x - h)2 + (y - k)2 = r?; x2 + y2 + 2gx + 2fy + ¢ = 0 has centre (-g,-f).

WORKED EXAMPLE 1 / g« frar Iergzur
Find the centre and radius of x2 +y? - 6x + 4y - 12 = 0.

Solution: Complete squares: (x - 3)? + (y + 2)? = 25. The centre is (3,-2) and radius is 5.

WATCH OUT: r2 =0 is a single point; r2 < 0 gives no real points.

C2 / KEY CONCEPT

Build a circle from geometry / sanfafa @ afierzor

A centre and radius immediately give the equation. If a diameter’s endpoints are known, their midpoint is
the centre and half their separation is the radius. Three noncollinear points determine a unique circle;
collinear points do not determine a finite circle.

1Y & f8RY a1 Aegfelg oha giar & SR Ieh offa &t g ot ammert B g1 3a1evun # dhe (2,2) aur Bsar 3 81
N erRdiy faig g sifgdta g fRuilRa &=a €1

Diameter endpoints A(x1,y1),B(xz,y2): (X - X1)(x - x2) + (y - y1)(y - y2) = 0.

WORKED EXAMPLE 2 / g faar 3arexvor
Find the circle whose diameter endpoints are (-1,2) and (5,2).

Solution: The centre is (2,2), the diameter is 6 and radius is 3. Equation: (x - 2)2 + (y - 2)2 =09.

WATCH OUT: The distance between diameter endpoints is twice the radius.

BILINGUAL CONCEPT EDITION * English + &= 2/9



MAAS / CLASS 11 MATHEMATICS Circles

LEARN e« g#Hs

Concepts 3 &4

C3 / KEY CONCEPT

Compare line distance with radius / ¥ar 3iik g« & [@&afa

Let d be the perpendicular distance from the centre to a line. Asecanthas d <r, atangenthasd=r,and a
line outside the circle has d > r. The perpendicular from the centre bisects a chord.

ehg T 3@ I digad U d &l BSATr E g1 el d < r R BGeh, d = r TR WRET 3R d > r TR @1 I8 8
3arexur | areft Sfar V(25 - 9) = 4 8, g9feiq gt Sfiar 8 21

Chord length = 2V(r2-d?),for0<d <.

WORKED EXAMPLE 3 / g1 faham 3ergvor
Find the chord length cut from x2 + y2 =25 by y = 3.
Solution: The line is 3 units from the centre and r = 5. Half-chord = V(25 - 9) = 4, so the chord length is 8.

WATCH OUT: Use perpendicular distance to the line, not a distance along an axis unless justified.

C4 /| KEY CONCEPT
Tangents are perpendicular to radii / @R 3R sifAea

At a point P on the circle, the tangent is perpendicular to the radius CP. The point-form tangent is
especially useful because it also handles vertical tangent lines. Before applying it, verify that the specified
point lies on the circle.

Weifeg W Boar weReEr & ddad gidt 81 331830 # x2 + y2 = 25 W (3,4) i @WeRET 3x + 4y = 25 &l
SMfHela chy 3R Weifdg Pl Siigar 81 G @ uga feig 1 g R g1 Sird |

At (x1,y1) on (x - h)2 + (y - k)2 = r2: (xa - h)(x - h) + (yx - k)(y - k) = r2.

WORKED EXAMPLE 4 / g<t faar 3argsor
Find the tangent to x2 + y2 = 25 at (3,4).
Solution: The tangent equation is 3x + 4y = 25. The normal is the line through (0,0) and (3,4): 4x - 3y = 0.

WATCH OUT: The tangent formula at a point assumes that point is on the circle.
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MAAS / CLASS 11 MATHEMATICS Circles

LEARN e« g#Hs

Concepts 5 & 6

C5 / KEY CONCEPT
Use the power of a point / faig &t ama

For a point P, power is CP? - r2. It is positive outside, zero on, and negative inside the circle. From an
external point, the square of the tangent length equals its power. A secant through the point gives the
same product of directed intersection distances.

foig &t a1 CP2 - r2 &1 9ITgR o foig & Wk i @@ o1 aif T8l a7d giaT &1 3aTexur § 132 - 52 = 144 §,
STl caTg 12 §1 3R & foig & arafass weRar g =t

Tangent length = V(CP2 - r2), for CP = r.

WORKED EXAMPLE 5 / gt faham 3grgvor

Find the tangent length from (13,0) to x2 + y2 = 25.

Solution: CP =13 and r = 5. The tangent length is V(169 - 25) = 12. There are two tangents because the
point is outside.

WATCH OUT: An interior point has no real tangent to the circle.

C6 / KEY CONCEPT

Subtract circles to find equal power / et 3R ga-uRar

If two circle equations are normalised with x2 + y? coefficients equal to 1, subtracting them removes the
quadratic terms. The resulting line is their radical axis, provided the centres differ. When the circles
intersect, it is the line through their common chord.

ATARAhd g1 FHIRRUT B TR X2 3R y2 8¢ SiTd & | UTtd @1 9 =1 dTet faiga &1 figuy 81 3areeor #
6x - 18 = 0 & He1&T x = 3 AT g1 g1 e af Tgt IWAME Sfiar <t @ 8l

Radical axis: Si1 - Sz = 0 for normalised circle equations.

WORKED EXAMPLE 6 / ge1 foha Sarevor
Find the radical axis of x2 +y? =25 and x2 + y2 - 6x = 7.

Solution: Write S1 = x2 +y? - 25 and Sz = x? + y? - 6x - 7. Subtraction gives 6x - 18 = 0, hence x = 3.

WATCH OUT: The radical axis can exist even when the circles do not intersect.
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MAAS / CLASS 11 MATHEMATICS

PRACTISE * 3119 &3

Practice A

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

Q01 -.c1
Find centre and radius of (x + 2)? + (y - 5)? = 49.

(x +2)2 + (y - 5)2 = 49 &I &g 3R BT IABTI

Q02 .c1

Convert x? + y2 + 8x - 6y + 9 = 0 to centre-radius form.

X2 +y2 + 8X - by + 9 = 0 &l ha-Fwar ®u F faf@y)

Q03 -.c2
Find the circle with centre (1,-3) through (5,0).

&% (1,-3) 8k ga W foig (5,0) gt af Fefieeor Aemiferg

Q04 -c2
Find the circle with diameter endpoints (0,0),(6,8).

14 & X (0,0) 37 (6,8) & at g1 1 THYeRUT FepTfeg |

Q05 -.c3
Classify y = 6 relative to x2 + y2 = 36.

X2 +y2 = 36 % WI4&T y = 6 <l AT I3V

Q06 -c3
Find the chord length cut by x =5 from x2 + y? = 169.

X2 +y2 =169 & x = 5 gRT I T3 SIdT hl daTg BT
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PRACTISE * 3119 &3

Practice B

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.
had IR a1, fafe oft g | srmasaeRar gt af Heifdd C-ehls atel Ure o |

Q07 - ca

Find the tangent to x2 + y? = 100 at (6,8).

X2 +y2 = 100 =R (6,8) & Wi FAarferg|

Q08 - ca
Find the normal to x2 + y2 = 25 at (4,3).

X2 +y2 = 25 R (4,3) & sifaadq Feprfergl

Q09 -cs5
Find the tangent length from (10,0) to x? + y? = 36.

(10,0) & x2 + y2 = 36 Y WRET &} TiaTs R

Q10-c5
Determine whether (2,3) is inside, on or outside x2 + y? = 16.

(2,3), I x2 + y2 = 16 & 3cR, FHUR T ATEX 8?2

Q11 -cé6
Find the radical axisof x2+y2-4=0and x2 +y?-4x+2=0.

X2 +y2-4=03Rx2+y2-4x + 2 =0 &1 garel Ryl

Q12-.c6
Find the common chord length for x2 + y2 =25 and x? + y2 - 6x = 7.

X2 +y2 =25 3R x2 + y2 - 6x = 7 hl IYAME Siiar i dars Mgl
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CHECK ¢ ga wiftd

Solutions A

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q01 / C1 * Recover the centre
Centre (-2,5); radius 7.
A ¥9 &g (-2,5) 3R Bwar 7 81

Q02 / C1 * Recover the centre
(x +4)2 + (y - 3)2 = 16; centre (-4,3), radius 4.
qui if 9 @R (x + 4)2 + (y - 3)2 = 16 fAerar g1 a4 81

Q03 / C2 ¢ Build a circle from geometry
r2=42+32=25(x-1)2+(y+3)2=25.
e & oy foig gt 5 81 TFftevor (x - 1)2 + (y + 3)2=25 81

Q04 / C2 + Build a circle from geometry
Centre (3,4), radius 5: (x - 3)2 + (y - 4)2 = 25.
T 1 AeAfeg (3,4) ofiR ameft @S 5 &1 T8t g ok B &

Q05 / C3 « Compare line distance with radius

Distance from centre equals radius 6, so the line is tangent at (0,6).

hg & @1 o I SR AT g1 6 €1 3T (0,6) TR Wt dhedt &

Q06 / C3 « Compare line distance with radius
2V(169 - 25) = 24.
areft Sftar V(169 - 25) = 12 81 Ot &aTs 24 81

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

gl 811 WR PHRUT AT | Teld 811 TR Uget! TTerd fohdT Uga 3R SIERT gl i |
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MAAS / CLASS 11 MATHEMATICS Circles

CHECK ¢ ga wiftd

Solutions B

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q07 / C4 « Tangents are perpendicular to radii
6x + 8y = 100, or 3x + 4y = 50.
fg-%u & 6x + 8y = 100 g1 TReT &Y 3x + 4y = 50 g

Q08 / C4 * Tangents are perpendicular to radii
It passes through the origin and (4,3): 3x - 4y = 0.
A dhg 3R (4,3) St ST &1 HIhOT 3x - 4y = 0 81

Q09 / C5 ¢« Use the power of a point
V(100 - 36) = 8.
TR &t &g V(100 - 36) = 8 81

Q10 / C5 « Use the power of a point
Power =4 +9 - 16 = -3; the point is inside.
UTd 22 + 32 - 16 = -3 1 UM °1d ¥ foig eiaR g1

Q11 / C6 * Subtract circles to find equal power
Subtract: 4x -6 =0, so x = 3/2.
GHYRUT geH W 4x - 6 = 0 g1 HeT1&l X = 3/2 81

Q12 / C6 * Subtract circles to find equal power
The radical axis is x = 3, giving y = +4. Chord length = 8.

HeTlel X = 3 hl g # @1 W y = +4 g1 g1 foigai & g 8 81

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

gl 89 TR hRUT GHSY | TTeAd 811 UR Ugett TTeTd [ehal UgdT SR IR 8l he |
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MAAS / CLASS 11 MATHEMATICS Circles

CONNECT ¢« §dy g

Visual review & extension

41 Chord = 8

d=3

-5.0 =25 0.0 2.5 5.0

C3: a chord 3 units from the centre of a radius-5 circle has length 8.

Chord of contact

For x2 + y2 = r2 and external point P(u,v), the line joining the two contact points is ux + vy = r2. For
P(13,0) and r = 5, this is x = 25/13.

Orthogonality and families

Circles with centre separation d intersect at right angles when d? = r12 + r22. The family S1 + AS2 =0
passes through their common points; A = -1 can produce a line instead of a circle.

Challenge

Find horizontal tangents to (x - 2)2 + (y + 1)2 = 16. The centre has y-coordinate -1 and radius 4, so the
tangents arey =3 andy = -5.

Jre<t foig & o=t g1 weRkaratt & weifdgart ol ST arelt @1 WeiSiiar &1 dddd Sled dTet gl | ha-gu hl
it Brwamatt & gt o1 AR g1 g | dhg Y Same -1 ok Bwar 4 & dfaw weREd y = 3 8k y = -5 et
gl

Can you decide whether a real tangent exists before using a tangent-length formula?

AT 31T &I G <hl 2Tl 3R Teh AT Tt 70 Qa1 H THSI Fehd! 62
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