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TANGENT TO A CIRCLE

Secant Lines:

A secant is a straight line which cuts the circumference of a circle in
two distinet points.

In the figure ¢ indicates the secant line to the circle C,.
Tangent Line: A tangent to a circle is the straight line which touches the
circumference at a single point only and perpendicular at the outer end of
radial segment obtained by joining the centre and point of tangency. The #A*
point of tangency 1s also known as the point of contact.

In the figure line AB indicates the tangent line to the circle C;.
Length of a tangent segment

The distance between the given point outside the circle and point of

G,

tangency is called length of tangent segment.
If a line is drawn perpendicular to a radial segment of a circle at its outer end point, it Is
: : 2
tangent to the circle at that point. N ¢
Given: A circle with centre O and OC 18 j 'C?ial segment.
“—> , —
AB 15 perpendicular to OC @uter end C.

>
To Prove: AB 15 atangenttot

Construction: Take any P other than C on fﬂ.—ﬁ}. Join O with P. g
Proof: o LY .
B Statements | Reasons
InAOCP, _
' mZOCP = 90° AB L CD (given) |
‘and  mZOPC <90 Acute angle of right angled triangle.
" mOP > mOC | Greater angle has greater side opposite to it.
P is a point outside the circle. OC 1s the radial segment. |
Similarly, every point on AB except C

lies out side the circle.
Hence AB 1ntersects the circle at one

point C only.
- E L ; = L]
i.e.., AB is a tangent to the circle at one

pointonly.

—— e —— T ——— R e
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THEOREM 2

The tangent to a circle and the radial segment joining the point of contact and the centre are

perpendicular to each other.

Given:
In a cirele with centre O and radius OC .
>
Also AB 15 the tangent to the circle at point C.
To Prove: "H;-
&> '
AB and radial segment OC are perpendicular to each other.
L — >
.e OC_LAB |
Construction:

| . >
Take any point P other than C on the tangent Iine AB .

Join O with P so that OF meets the circle at D.

Proof: |
| - Statem{:n_ts = Reaso1 s

| ) o Q}Q\O o - _
S % VGiven

AB is the tangent to the circle at point C. @
%S Construction

Radi of the same circle

D"P cuts the circle at D.

But mOD < mOP Point P i1s outside the circle.

- mOC <« mOP ’ Using (1) and (11) '
' So radius OC s shortest of all lines segments that
Y
can be drawn from O to the tangent line AB | | |

—
Alc,g OC L AB

' Hence, radial segment OCis perpendicular to the

&
[dl‘lf"t}ﬂ[ AR

L

(lnrnl-lar}f:
There can only be one perpendicular draw to the radial segment OC at the point C of the
circle. It follows that one and only one tangent can be drawn Lo the circle at the given point C on its

circumference.
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THEOREM 3

Two tangents drawn to a cirele from a point outside it, are equal in length.

Giiven:

] > > _ ,
Two tingents PA and PB are drawn from an external — point
P to the circle with centre O.

To prove:

I’ﬂﬁ — l'l"iﬁ

Construction:

Joimn O with A, B and P, So that we form ZrtA” OAP and OBP.

Prootf:

B Statements ~ Reasons o
In ZrtA" OAP <30OBP

' mZOAP = mZOBP = 90° | Radii Lt@he tangents PA and PB.

. mZOBP = ’x
|] hyp.OP = hyp.OP % @

mOA = mOB %5@) adn of the same circle.
. AOAP = A OBP @@/
@

Hence, mPA=mFPB @ Corresponding sides of congruent triangles.

&R o

In Z1t A HS=H.S

Note:
The length of a tangent to a circle s measured from the given point to the point of contact.

Corollary:

. . =
[f O is the centre of a circle and two tangents PA and PB are drawn from an external point P

then OF is the right bisector of the chord of contact AB .

AB is a diameter of a given circle with centre O. Tangents are drawn at the end points A
and B. Show that the two tangents are parallel.

D1 LF

(ziven:

._._.}'
AB is a diameter of a given circle with centre O. CD 15 the
C—>
tangent to the circle at point A and ~EF s an other tangent at point B.

To Prove:

{“'j"} € >
CDIl EF
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Prootl: _ o -
) Statements - __Reasons - !
Ab 1s the diameter of a circle with centre O, Given
~ OA and OB are radii of the same circle.
> _
Moreover CD 15 a tangent to the circle at A. Given
— > By Theorem |
OALCD |
el ev- TR -
AB LCD .. ... .. R R S (i} (iven
> By Theorem |
Sunilarly EF is tangent at point B.
So OB.LEE
| From (1) and (11)

| =5 ABLEF | maviasiansim (11) ( CD and EF are perpendicular to same AB)
|

f—> <—)>
Hence CDIl EF

Q@

In a circle, the tangents drawn at thc @ chord, make equal angles with that

chord. <§
,e.o

Given: AB is the chord of a circle with ce :'

' é@ EBF 1S an other tangent at D

TA D}is the tangent at point

point B.
To Prove: mZBAD = mZ;
Construction: Join O with A and B so that we form a AOAB then
wrte Z1, £2, Z3 and £4 as shown 1n the figure.

Proof: - s

| - Statements | Reasons -
In AOAB - | Construction -
mOA = mOB Radu of the same circle.
e mZl =mZ2.......() Angles opposite to equal sides of AOAB

E Also - OA cp Redial segment L to the tangent line

; . mZL3=mZOAD =90" ....... L0 |

' <> | Redial segment L to the tangent

. Similarly OB _L EF |

' s mZd =mLZOBF =W .. .oon0me:{010) '
Hence mLI =M L4 cviiivcisoenn (1v) | Using (1) and (iii) |

| mZ] +mZ3 =mZ2 + mZ4 Adding (i) and (iv)

e, mZBAD =mZABF ' |
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Exercise 10.1
Q.1 Prove that the tangents drawn at the ends of a diameter in a given circle must be parallel.

< > 4 ;

. ‘ _ = . 14
Given: A n..us_lt. with centre O, has AB as diameter. PAQ 1S tangent at point A. T T

<
\
I\B"* 15 L,mﬂt.m at point B Ag 0

H‘_’} {, M _
Prootl: ) e

| Statements | ~ Reasons B |
' PAlY | oo Tangent is L at the outer end of radial
AQ 1 0A segment. |
= PAQ | AB
mZo=90" ......... (1) |
—> ___
RBS 1 OB
«—> __
— RBS 1 AB
o mZB=90° ... (i)
- Thus, mZo=mZLp | @Q@é\ |
Therefore iﬁo alternate  Angles are equal in
asurement, then lines are parallel.

PQIIRS _@&

Q.2 The diameters of two concentric s are 10cm and Scm respectively. Look for the
length of any chord of the ﬂuteﬁ@c which touches the inner one.

Solution: Let AB be any chord of t
Diameter of outer circle =

uter circle that touches the inner circle.

‘lf}_ﬁ — Ml = Ccm

-

Radius of outer circl

Diameter of inner circle = 5 ¢m

Radius of inner circle = mOC = CTm = 2.5¢cm

AOCB is right angled triangle with right angle at C. ( 0OC _I_E_B_)
By Pythagoras theorem

(mOB) (mBC] (mﬁ]z

("i Lm) — (:n:) + (2. ‘it.m)

me :{j-{Scm] — (2. 5cm]
; = 25¢cm” - 6 25 cm”
2= 18.75cm’

Taking Sqmrﬂ root of both sides.

\/:{T:v 18.75¢cm’
= JI18.75cm
[Length r}f Chord = mAB = 2x

mAB = 2(/18. ?"’ium

mAB = 8.66¢m = { mAB = 8.?cml
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Q.3

3

S
AB and

If A and C are the points of tangency of

wWww.pakcity.org

CD are the common tangents drawn to the pair of circles.

1* circle where B and D are the points of

tangency of 2" circle, then prove that ACIIBD.

—

S

Given: Two circles with centre L and M. AB and CD are their common tangents. A is joined with
C and B is joined with D.

To prove:

ACII BD

Construction:

Proof:

JonLto A and C. Join M to B and D. Join
L to M and produce it to meet the BDat N.

|

A

A—

! -

Statements

Reasons

' In AAOL & ACOL

- or

B |

o

AL =CL Radu 1e same circle
VA= /C 1 Q@S opposite to congruent sides |
T5=10 %sé%%ﬁ{ ymmon side.
AAOL = ACOL @ S.AS = S.AS
mZl=m«L2 ..o..o.(1) | Corresponding angles of congruent
triangle.
mZl+mZ2=18Q% ... ...l (11) | O 1s the point on line segment AC.
— mZl=mZ£L2=90°

LO L AO

or LO L AC

L AC LLOMN ... (iii)

Similarly in the circle with centre M, 1t can be
- proved that

BD L MN
or BD L LOMN e (1Y)
Both AC and BD are 1 to the same linc
segment

ACIIBD

e —

|

Two lme secgments making same angle
with a lime are parallel to cach other.

i — T e o I
== —
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THEOREM 4 (A)

If two circles touch externally then the distance between their centres is equal to the sum of

their radii.
Given:
Two cureles with centres D and F respectively touch each other

externally at point C. So that CDand CFare respectively the radii of
the two curcles.

To Prove:
C lies
mﬁf‘:: I'ﬂ..]:_}-é'l'ﬂ"lfﬁ

Construction:
>
Draw ACB as a common tangent to the pair of circles at C.

Proof:

Point on the join of centres D and F and

Statements

i
L
1

' Both circles touch externally at C whereas CDis

£3 >
-radial segment and ACB s
~tangent.
~ MZACD =90° ......... (i

L]
1
|
i

Stmlarly CFis radial seg

common tangent
| . mZACF =90 ...........(ii)
; mZACD + mZACF = 90" + 90°
| m<ZDCF= 180" ... (iii)

Hence DCF is a line segment with point C
between D and F

: and mﬁ_fg=m EE+mCT:

A5
the a:..‘w::rrru@‘s

Radial segment CD L the tangent line AB

Radial segment CF L the tangent line AB
Adding (1) and (11)

- Sum of supplementary adjacent angles
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Exercise 10.2

Q.1  ABund CD are two equal chords in a circle with centre O. H and K are respectively

the mid points of the chords. Prove that HK makes equal angles with AB and CD .
Given:

A curele with centre "O°. Two chords such that
mAB = mCD . H and K are mid points of chords AB and CD respectively.
H 15 joined with K
1o Prove:
(1) mZAHK = mZCKH
) mZBHK = mZDKH

Proof:
' Statements \ Reasons
In AHOK .
1 mOH = mOK Two equal chor 6 arc equidistant from the center.
| - mZLl=mZLl ..... R (1) | Angles U@mm to the equal line segments

And  mMZS=mLO oo, (i) | E %{%
mZLl+mZLS=mL2+mLO Q’;ﬁlmg (1) and (11)

" Thus, mZDKH =mZBHK @@
or msZBHK = mZDKH«E Ve

“ Each 90°

Bt ms2=ms

Mﬂnﬁal:,mz/lﬂnﬁfj trayec.in (N
ms4d=m<s3
méAHK mZCKH |

Q.2 The radius nf a circle is 2.5 cm. AB and CDare two chords 3.9cm apart

By cancellation property

If mAB = 1.4 cm, then measure the other chord.
Given:
O 15 the centre of a circle.
(1) mOB = mOC = 2.5cm
(11) mAB =1.4cm
(HUmE?:Jﬂmﬂ
To Find:
mCD =7
(“onstruction:
Join O with B and (.
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Caleulations:

.L | | ~ Steps . ~ Reasons _ 1
Ii In AOEB Given

! mEB = él‘l'l;{ﬁ = é[leh:m) =0.7cm ......... (1)

1 mOB = 2.5¢m AT TRa: | . |

| (maﬁ)z =[mﬁ]l+('mﬁﬁ)1 By Pythagoras theorem in rnight
5 {l:’:{:l'n): = (mﬁi)z + ({).'}Hr:nl)3 ;:E:Eii;ﬂi?ii)

e . . |
mOE) =(2.5cm) —(0.7em) | |

(mOE)" =6.25cm* —0.49cm’

mﬁ?’:’f) = 5.76cm"

| J ( 1’1101]3) J 5.76cm” <Q®

| HIEE: 1*44:1‘1’5 ................... oA Q@’?}
| Now @%

mOF = mEF —= mOE @g
mOF = 3.9cm —2.4cm
mOF =1.5¢m A, ... (1v)

In right angled triangle

( mEIE) = (mOF) +(mCF)

l 3

mCT (2.5cm)’ —(I.Scm}:

lI

From (1v) a

= |
(m F) = 6.25cm” —2.25¢cm”
(

- Im I) = dem”

P— ﬁ
,J(mCFJ = Jdem®

i (mtl;):lcm o i e s sy e o e e n 3 I V) i
I
'1 - L I L ,
| . . pRAm— :'fl' . _14., ‘o "]CF:“—I]]C[J

> (m[.[?l) _.(m(,[") 5
| mCD =2(2cm) I'rom (v)

m( I) fh.m

S — T — ——

| — - - - - = 4B " p— TR el
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Q.3  The radii of two intersecting cireles are 10em and 8cm. I the length of thelr commaon
chord is 6¢cm then find the distance between the centres.
Solution:

Given: Two intersecting circles with centers O and C having radius mOA = 10cm,

radius mAC = Sem respectively.

Length of common chord mAB = 6cm
To Find:
Distance between the centers mOC =7
Construction:
Join the point A to the centers O and C. Joint O to C
which meets the chord AB at its midpoint.
Calculations:

Step:

OM L AB

AN = AT
9. 7

== F=="5

|

(6cm)=3cm ....(1) 1 from the center to the chord bisect it.

By Pythagoras theorem

L ¥ L,

(mOM] = (mOA) - (mm)

©

\2 §e
—(3cm) %@Sﬁmn oiven and [rom (i)

=100cm” —9cm” @,
N

I (mDM)E =9 cm’ @
\/(THDM‘)i =+/9lcm” 3

mOM =9.54cm
In AAMC
By Pythagoras theorem

L AT}

2

(ml‘*«’l(’l)2 = (n1C_A) —(mAM]E

1
1

B

= (Scm)z - (.3(:!‘!‘] }_
= 64cm” —9cm”
l (mﬁé)h =55 ¢m”

i \'/(ml"»ﬁf];l —/55¢cm”

mMC =7.42cm e (111)

- mMCA =8cm, mAM =3cm

We know that the distance between the centers

| (m-('j_(_j):(mm)rk(mm) From (1) and (111) |
=0.54mc-+7.42¢m
= 16.96cm

| Distance between the centres 1s 16.96cm |

== e ag—— - — o PR W . i il ®
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Q.4 Show that greatest chord in a cirele is its diameter.
Given: O be the centre of the circle, mBC is central chord and AB be Any
chord of the cirele
To prove: Central chord mCB > Any chord mAB
gunstrllttiun: Draw OM L AB to make right angled triangle OMB.
rootl:

-_—

btatements | mas;ﬂns -
In nﬂhl aneled [111.1111“'11:, OMB

[mDB] (mOM] (111MB]

1t means
mOB > mMB The length of hypotenuse 1s greater
Ty —— e length of other two sides.
3(11105) ::2(11‘1h*1]3) : than the length of other two sides

By Pythagoras theorem |

AS l(m@] 1s length of the central chord and |

1

I E(mMB) 1 length of the chord ﬁ thus,

Central chord mCB > Any chord mAB. _
[t means central chord of the circle i.e. diameter i @ ater than any other chord of the
circle, which proved that the greatest chord in 15 1ts diameter.

THEQOR LM 4(B)

If two circles touch each other internally _—A the point of contact lies on the line segment

through their centres and distance betwee, ,
Given: Two circles with centres D an uch EHCh other internally at point C.

So that C'D and CF are the radii of two Gircles.
To Prove: Point C lies o e join of centres D and F extended, and
mDF = mDC—mCF

<«—> all - .
Construction: Draw ACB as the common tangent to the pair of circles at C.

Proof:

Statements [y.or Reasons

- Both circles touch internally at C whereas

> —
ACB is the common tangent and CD is the

radial segment of the first circle. o
L S MEACDE B i o (1) Radial segment CD L the tangent line AB

— <— 2.
Similarly ACB s the common tangent and
CF is the radial segment of the second circle.

e — -

L mZACF=90" ............. (ii) Radi _ o

i ‘N =m/ACE = 9()° al segment CF 1 the tangent line AB |
= mZLACD =mZACF =90 M SERMIVRL Aal” 1gent ine -
Where ZACD and ZACF coincide each other Using (1) and (ii)

- with point F between D and C. I

Hence mDC =mDF +mfFC

é 1e.. mPDC-mFC=mDF |

o mDF = mDC-mFC

—— — — -

Please visit for more data at: www.pakcity.org



WwwWw.pakcity.org wWwWw.pakcity.org

Three circles touch in pairs externally. Prove that the perimeter of a triangle formed by
joining centres is equal to the sum of their diameters.
Given:

Three circles have centres A, B and C their radii are ry, r; and r;y respectively. They touch m

pairs externally at D, E and F. So that AABC is formed by joining the T T,
centres of these circles. . A
1o Prove: _ ‘ '
Perimeter of AABC = 2r) 42r-+2r - / Y \
= dy+ da+ d; — ,

= Sum of the diameters of these circles.

Proof:

| Statements <Q® Reasons

= ———

| - Three circles with centres A, B and C touch IN_paws Given
~externally at the points, D, E and F. %{\\%

. @
1 mABzmAF+mFB..,4.4......*....“.,,“{_

mBC=mBD+mDC........«{

And mCA = mCE +mEA

i) I ‘
mAB +mBC+mCA = mAF + mFB + mBD | Adding (i), (i) and (iii)

+ mDC +mCE + mEE

EA TR L R =T S f three sides of a triangle 15 equa \
P=(mAF+mEA)+ (mFB + mBD) +(mCD + mCE) Fi ot Tores Sxizs of @ triangle 1 eye

to 11s perimeter (P).
Pﬂ[’imﬂlﬂr of AABC = 2!?'] + 21‘2 " 21‘3

'—“d|+d3+d3

. . . . — — Dy . Y
Perimeter of AABC = Sum of diameters of the cireles. dy=2r),d>=2r; and d3 = 2r; arc
diameters of the circles.

D e - = _____ __ & ___ _ B E ____ & _ 3 "

T —— e ————
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EXERCISE 10.3

Q.1 'Two circles with radii Sem and 4em touch each other externally. Draw another circle

with radius 2.5¢m touching the first pair, externally.
Solution:
Radius of Circle A = r, =5cm
Radws of Circle B = r, =4cm
Radius of Circle C = r, =2.5¢cm
Steps of construction:
Step 1: Draw a line segment mﬁ Scm+4cm =9cm long.
Step 2: Take ‘P’ as a centre and draw a circle of radius Scm.
Step 3:Tuke ‘Q' as a centre and draw a circle of radius 4cm,
which intersects the circle of radius 4cm at point x.
Step 4: Take P as a centre and draw an arc of radius (Scm+2.5cm = 7.5¢cm)

Step 5: Take Q as a centre and draw an arc of radius (4cm+2,5cm — 6.5cm}, which intersects the

previous arc at point R.

Step 6: Take R as centre and draw a circle of radius 2 :}L§®mh touches externally the circles of
centre P and Q at the points Y and Z reapec:[wel’

Q.2 If the distance between the centres of g\ﬁg\%\ﬁcles is the sum or the difference of their

radii they will touch each other.
Given: Two circles with centre A and{&@ and BC are radial
C

seements of these circles such that mA +mBC or

To Prove: Both circle touch each

>
Construction: Join A to B. “a tangent PQ of circle A at point C

i.e. mZPCA=9(0°

Proof: L\l _
| Statements -} Reasons -
AB = mAC + mBC enensasnned (1) Given

Points A. C and B are collinear such that C 1s From (1)
hetween A and B. l
! mZPCA+mZPCB=180" .... )

| Supplementary angles
As moZPCA = 00" N I J— (Ill) Cﬂnﬁlt‘l:l'{:lii)ﬂ o
- m/PCB=90" il (iv) trom (11) and (i)
PC 1L BC at Ci.e. PQis L BCatC l From (iv)
| m 1s also a tangent of circle B

" PO is common tangent of both circles. i.c.
Both circles have a common point C.
Thus hoth circles touch cach other at a point C.
Similarly the same results can be proved when
distance between the centers of two cucles s
equal to the difference ol their radi
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ISCELLANEOUS EXERCISE - 10

Q. 1 Four possible answers are given for the 5. In the adjacent figure find semicircular

following questions. area if 7 =3.1416 and m QA =20cm.

[. In the adjacent figure of the circle, the (a) 62.83sqcm

> 0
line PQ is named as. (b) 314.16sq cm
(c) 436.20sg cm

() an arc

(b) a chord P (d) 628.32sgcm

(C) atangent 6. In the adjacent figure find half the

(d) asecant perimeter of circle with center O 1f
2. In a circle with centre O, OT is the 7= 3.1416 and m OA =20cm.

“«—> (a) 31.42cm
radical segment and PTQ s the tangent (b) 62.832cm

(c) 125.65cm

ﬁ@ 188.50 ¢cm
.(9)A line which has two points In cominon

line, then

>
(a) oT 1 PQ

oT £ PQ >
(b) GT’I with a circle 1s called.
2 D .
(C) OT | PQ (a) smne of a circle
- e@ ' (b) cosine of a circle
(d) OT 1s the night bisector gg ~ (c) tangent of a circle

m @E if (d) secant of a circle

n OB =fem m ~AchN & and 8. A line which has only one point in
~ m. — ::Dmmf}n with a.circle 1s called

o ' (a) sine of a circle

(a) ;‘C:' (b) cosine of a circle

() ; / (c) tangent of a circle

(c) 2.8cm (d) secant of a circle

(d) 3cm

9. Two tangents drawn to a circle from a

4. In the given diagram find m OX if point outside it are .......in length
m a:&:m and m ﬁ=9cm : (a) half (b) equal
(a) dcm (c) doublc (d) triple
(b) 6cm 10. A circle has only one.
(c) 9cm () secant (b) chord
(d) 12cm (¢) diameter () cenure

L1. A tangent line intersects the cirele at.

(a) three pomts (b)) two POIMLS

I {c) smglepoint (d) no poimnt at all
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12,

L3,

14.

Tangents drawn at the ends of diameter

of ucirele are.. . ... to each other.
(1 parallel (D) non-parallel
(el collinear (d)  perpendicular

The distance between the centres of two
congruent touching circles externally 1s
() ot zero length

(b)Y  the radius of each circle

() the diameter of each circle

() twice the diameter of each circle

In the adjacent circular figure with centre
O and radius 3cm. The length of the
chord intercepted at 4cm away from the
centre of this circle 1s

(a) 4cm

(b)Y  b6cm
(c)  Jcm
(d) 9cm

15.

wWwWw.pakcity.org

In the adjoining figure there is a ccle
with centre O. If DC |l diameter AB und
mZAOQC = 120° then mZACD 1s

(1) 40° D- &

(b) 30°

(c) S0°

(d) 60°
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