PRACTICAL GEOME
CIRCLE

T the students will be able to.
" ;.th' st_Eﬂ'g—‘..'.:-'-_----: ot

givencircle. . :

through three givennon- collinear points.

® Locatethecentre ofa
@ Dnaw acirclepass]ing .
te the circle: S

® C@gleby foding the ceaf®, 5 S \, TS

o without finding ﬂ:_e cenl;rci; i b (4

its circumferenc :

0“531]1;“11:1&2;; circle aboutagiven triangle.
® Inscribeacircleinagiven triangle.
® Escribeacircletoagiven triangle. . .
L) ﬁrcums-::ribcanequilateraluiangleahoutagwen-:trcle.
@ Inscribeanequilateral triangleina givencircle.
@ Circumscribea square abouta givencircle. _ :
@ Inscribeasquareina given circle. 4 y. ‘.
@ Circumscribearegularhexagonaboutagiven circle. : e “
® Inscribearegularhexagon ina given circle.. AL — s
@ Draw a tan&n;_m a given arc, without using the centre, throygha given point PwhenPis

—_——

O the middle point of the arc,
O at the end of the arc,
o outside the arc.
® Draw a tangent to a given circle from a point P when
© on the circumference, O outside the circle.

L)) mewl.'c tangents to a circle meeting each otherata given angle.
® Draw direct common tangent or external tangent,

: Erausversecommontangem orinternal tangent to two equal circles.
raw

O direct common tangent or external tangent,

O transvers ; it
% :Dik s men 1; Common tangent or internal tangent to two unequal cuﬁl_es.

O two unequal touching circles
® Draw a circle which touches '

© both the arms of a given angle,

C two converging line : .
O three converging e P> trOUgh & given point between thern,

O two unequal intersecting circles
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Greek geometers at the time of Euclid believed that circles §
have a special perfection. With the rediscovery of Euclid's
Elements by English philosopher Adelard (twelfth century), §
this way of thinking made its way into the European world,
The designs in many early buildings and churches were based
on geometric principles learned from Euclid. Today the
practical geometry of circles is at its best in masajids.

mechanical n}ethods of constructing various geometrical figures. It is the branch wh:
highly essential in all drai_:tsr_nanshlp necessary in the work of engineers, architect, survi
and others. The huge buildings, bridges and dams around us are all indebted to pra
geometry. :

T Historical Bhong Masjid Rahim
IBHI Practical Geometry

Yar Khan Pakistan

2ol Locate the centre of a given circle
Given: A circle without any mention of its centre.
Required: To locate the centre of the circle.
Steps of Construction:
(). Choose any three points A, B and C on the
circumference of the given circle.
(ii). Join AwithBand C. |
({i7). Draw the perpendicular bisector of AB and AC .
{iv). These bisectors intersect at O.
\"). O'is the required center of the given circle.




LT ~ Unit 13 Practical . . —
- e, \ -
3 9 m'etr!t‘i : _— .
ree given non—collinear poings k- Unit 13 Practical geometry circle

thmﬂﬂh th

m

Draw a circle passlﬁ“

A |
~ %
- Given: Anywpomtsh Band C mapla“"’ “’h‘chm (ii). JoinA toB,BtoCand A toC.
non—collinear. . ' (jii). With C as a centre and radius equal AB
‘ : . .o through these points. : equal to mdB,
Required: To draw 2 circle passing gh - —--5\-& draw an arc. Again taking B as centre and radius

radius equal tomAC , draw another ar ¢, wh:ch
cuts the first arc at point D,

(iv). Join B and C to D. With D as centre and radius

Steps of Construction: '
(i). JoinA to Band C respectively.

(ii). Draw the perpendicular bisectors £, andl' £,

1' . ;iliyo:'n:in:n{;ectmn of these perpendicular | ::arlazuf:ﬂc , ‘limw an arc and with C as ceﬂtm

: bisectors is O. A0 '_ : equal to mBD, draw another arc which

il ' '/ (i¥). Taking radius = =mOA — mOB=mOC , draw a circle. ':; o cu?s the first arc at pau:rt E. -

i 4 : T . _ (v)- Join Cand D to E. With E as centre and radius equal to mCD, draw an arc and wr
" This is the required circle. 't D as centre and radius equal to mCE, draw another arc which cuts the faspet

H - + & - p
‘ i ' finding the centre W hen a partofits circumfer
W m [n)Cempletcthc circle, by 5

is given

(vi). Continue the same process which gives a sequencn: of
points getting nearer a
nearer to the point A. All the points D, E, F, G -....-s0 obtained are the
the circumference of the required circle. S

Given: A part .{E of the circumference of a circle.

Required: To complete the circle by finding its centre. o (vii). By free ~hand drawing of arcs joining the above sequence of points.

Steps of Construction: Thas gives the requinei ciicle.

i). Choose thmthegwenarcABat '
-U reasonn:;ydfosmnce both from A and B @ CITCIES Aﬁached to Polygons
m Cir -_'.-'..-1'-:_ a cirele a thout a "1\ en trl;nl“‘ll.

2 udmCassuchmgetEand BC. t ¥t
{§i). Find the mid - points of AC and BC and Rk Given: AABC
draw the ir perpendicular bisectors £, and £,. Required: To circumscribe a circle about the
d . 1 _ given AABC.
(iif). The point of intersection of £,and £, is the ' ,
centre of the required circle. Denote this Steps of Construction: : il
pointby 0. : (@). Draw AABC >

%

(iv). With O as centre draw a circle with radius equal to mOA or mOB or mOC- (- Draw perpendicular bisectors £, and

£, of two sides 4B and EE, which

]
This gives the required circle. 1;
ois .
(k) Complete the circle without finding the center when a pa rt of its circumfer enc " mtemot ?ach other at O, =I
siven _ ). Draw a circle with centre O and radius |
2% = —, F S ——— i — |
:-:IWD..Apan AC of the circumference of a circle, : equal to mOA or mOB or mOC .. i
equired: To complete the circle without finding the centre. (¥). This is the required circumscribed circle about the given triangle.

Steps of Construction:

(). Take any point B on the arc AC. _ - B .
Mathematis X | - NOT FOR EAI
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E m inscribe 3 ‘ :

Given: MB-ngﬁbc \ circle in the given triangle i.e. 10 construct 5
jii}

) Cl
\hree sides of the given triangle. ; e whig,

circle in @ g

ired: To
. touches dll the
Steps of Construction:
(i). Draw bisectors ¢,and £
(i), ¢and £; intersect at O W

of any two angles say ZA4 and ZB of the giye,
hich is the centre of the required circle.
: e .

(iii). From O draw OD L 4B.

(iv). With O as centre and mOD as radius draw a circle , which touches all the three
sides of the given triangle. ,

This is the required inscribed circle in the given triangle.

1x8+1=9
12x8+2= 98
123x8+3= 987

1234 x 8 4+ 4 = 9876
12345 x 8 + 5 = 98765
123456 x 8 + 6 = 987654
1234567 x 8 + 7= 9876543
12345678 8 + 8 = 98765437
123456789 x § + 9 = 987654321

" Steps of Construction:

Unit 13 Pructlcal'gzume:.rg circle

Escribe a circle to a given triangle
Given: AABC
Required: To draw an escribed circle
opposite to vertex A of
the A ABC.

{i). Produce 4B and AC to form two
exterior angles £CBD and £BCE.

(ii). Draw bisectors £,, £, and £, of ZBAC®
ZCBD and ZBCE respectively.

(iii). All these angle bisectors intersect at 0.

(iv). Draw OF L AB.

(v). With O as centre and mOF as the radius, draw a circle, which touches BC, BD

and CE.

This circle is the required escribed circle. Similarly escribed circles opposite to the
vertices B and C can be drawn. :

EEEZD Circumscribe an equilateral triangle about a given circle
Given: A circle with centre O.
Required: To circumscribe an equilateral triangle about the circle.
Steps of Construction:
(). Take any point A on the circumference of the circle
and join O to 4. OA is radial segment.
(i). Construct an angle £ AOT of measure 120°.
(iii). Construct another angle ~ TOU measuring 120°.
(iv). The three points A, T, U which are lying
on the circumference of the given circle

are such that they divide the boundary of ) A C\Q
the circle into three equal arcs which are /

AﬁT} ﬁaﬂd er_A? 5
(v). Draw perpendiculars to a, OT and OU at A, T and U respectively. These

w 5

perpendicular lines are :FTQ', RS and VW .
- (vi). These lines intersect each other at B, Cand D forming a triangle BCD.
The ABCD is the required equilateral triangle circumscribed about the given circle.




(ii). Join A to Band C.

L

51

?‘

9J

%"E m Inscribe an ¢q
ai : D
Given: A circle with centre O:]
Required: To inscribe an equiid B

Steps of Construction:
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gilateral triangle in 2 given circle

teral triangle in the circle.

ia D of the given circle. :
i). Draw any diameter A% ’
Eii] With centre D and radius 7 0D, draw two arcs
which cut the given circle at Band C.

A ABCis the required equilateral triangle.

+ Exercise 13.1

p—

Construct a triangle with sides 2 cm, 2.5 ¢m and 3 cm. Also draw its circumcircle.

Construct 2 riangle ABC such that m AB =3" mAC =4" and mZA = 60°. Draw
circumeircle to this triangle. '
Suppose we have a triangle whose sides are 3 cm,
inscribed circle. o
Construct a triangle ABC with sides mAB =5cm, mBC = 6cm and mCA=38cm. Draw
perpendicular bisectors of its sides and then circumscribe a circle.
Draw a triangle ABC with mZ4 = 60° and m/B = 45° . Draw three angle bi
then inscribe a circle in it. | ’ .
Anequilateral riangle s inscribed ina circle. Find the altitude of the triangle ifthe radivs
rofthe circle varies as under. :

4 cm and 6 cm respectively. Draw its

r=3units, r =4 units, r = 6units, r =12 units . Can you deduce some o o
fdm E':lllila%!‘éll triangle is circumscribed about a circle. Find the altitude of the G
 if the radius r of the circle varies as = 2 units, » = 5 units =10 units.

C:.m you dﬁduce some result from this?

Cm:umﬂ"_“h'e an eqilateral triangle about a circle of radius 2", 3" and 1"-
E?:;a triangle w_i'ih sides 2.5 cm, 3.5 cm and 4.5 ¢cm long. Draw an eseribed s

angle touching the longest side of the triangle. l
fest si9

10. For th :
© problem in Q.9 draw an escribed circle to the triangle touching the o

1

sectorsand -
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m Circumscribe a square about a given circle 4T

Given: A circle centre at O. :

.(: To circumscribe a square about the
given circle.

Sieps of comsiruction: e
(i) Draw any diameter AB of the circle.

(ii). Draw another diameter CD which is

perpendicular to AB .

(iii). Draw perpendicular PO, RS, TU and
VW at the extremities A, B, C, D of the
diameters AB and CD.

These lines cut each other at the points
E,F,Gand H.

(v). EFGH is the required circumscribed square about the given circle.

Require

(iv).

BE gl Inscribe o square in a given circle

Given: A circle with centre O.
Required: To inseribe a square in the given circle.
Steps of construction: :

(). Draw any diameter, say AB, of the circle.

(ii). Draw another diameter CD of the circle which

is perpendicular to 4B .
(iii). Draw AC, CB, BD and DA.
ACBD is the required inscribed square.
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Ei Circumsceribe a regular hexagon about a given circle

M2 A circle with centre O, :

hired: i ibe a
red: To circumscribe a regular hexagon about the given circle,
s of construction:

' Take any point A on the
circumference of the given
circle,

). With Aas centre and mOA as’
radius, draw two arcs which cut BT
the circumference of the circle at

- BandF, : o

ii). Through O, draw AD, BE and FC.

¥)..Draw perpendiculars at the extremities
A, B, C, D, Eand F of the diameters 4D,
EBand FC of the circle. These lines cut
each other at points G, H, I, J, K and L.

AIJKL is the required circumscribed hexagon.

FIOR Inscribe a regular hexagon in given circle
m: A circle with centre O.

uired: To inscribe a regular hexagon in the given
circle.

s of construction:

. Take any point A on the circumference of the
given circle.

). With A as centre and mOA as radius, draw
an arc which cuts the circumference of the

rcle at B. Similarly draw successive arcs which cut the circumference of the circle at D,
and F. S e _

). Draw E,Eﬁﬁand EF. ;

'CDEF is the required hexagon which is inscribed in the given circle.

Unit 13 Practical geometry circle ' =y
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1, Circumscribe a square abouta circle of radjys 5cm.
5. Inscribe asquare inacircle of radius 6 cm,

2 Draw a square of side 6 cm. Circumscribe a circle
" circle inthe same square. Measure the fadii of these

4, Firstdraw a circle of suitable radius, so that
sides of length 8 units.

_ Inscribe asquare of side 10 cmin a circle, What will be
Inscribe aregular hexagon inacircle of radius 4 om,
Construct a circle of radius 4em and draw aregular hexagon about the circle

Draw a circle of radius 8 cm. Circumscribe a regular hexagon abou i -

/ I _ [ G t that ¢
inscribe a regular hexagon in the same circle. Find the areas of these geomeg-?lealagd e
" Comment on the values of these areas, G

9, Draw two regular hexagons of perimeters 6 cm
centres. From their centers draw perpendicular
therelation of these two perpendiculars?

10. Can you construct a square whose area equals the areas of a given cin:]e?Discuﬁ indetail

abou't that square and then inscribe a
twocircles,

the size of the radjus?

® N

and 30 cm respectively. Determine their
to any of their sides respectively. What is

Tangent to the circle

SN (i) Draw a tangent to a given arc, without using the centre,
point ” when P is the middle point of the arc -

lh‘ruugh a given

Given: An arc such that P is the mid point of the arc.
Required: To draw a tangent at P.

SFeps of construetion:
(). Draw 45

(). From P, draw CD 1 4B. !
(D). AtP, draw EF"L'CD which is the required tangentat P
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without using the centre, flis Melry o
u

fto 3 gi"e" arc, Unit 13 Practical geometry circle

Riv,

(if) Draw 2 tangent the end of the arc : . gha K{E

% : (i) Draw a tangent to a given circle from a point P when P lies outside the
afe AP of a circle.

f point P

; ; ircle
{ Given: An . the end point P circ
ent at the end P . ; % .
|°  Required: Todrawa e Given: Acircle with centre at O. Pis a point lying outside the circle. ~ _,
Steps ﬂfcunﬂr_umnm Required: To draw a tangent to the circle from the

(i). Take any point Q on the arc AP and draw

(ii). Join A and Q.
(ii). Now construct ZQPT = ZPAQ.

given point P.
Steps of Construction:
(i). With P as centre and mOP as radius, draw
an arc OA.
(ii). With O as center and the diameter of the

(iv). PT is the required tangent at P. . : B given circle as radius, draw another arc
(iii) Draw ﬂaﬂ?em t{{ :‘1 given arc, without using the centre, through agivey which Eersects_ arc OA atE.
Pﬂi“‘PWhenP's outzide thearc g ' x (iii). Draw OE which intersects the circle at F.

| - Given: AT is an arc and P is a point outside the arc.
i Required: To draw a tangent from point P on the arc.
Steps of Construction:
(). Join A and P. Which cuts the arc at B.
(ii) Bisect AP atD.
(iii). With D as centre and radius equal
to mDP, draw a semi - circle on AP .

(iv). Through F draw PF which is the required tangent.

JREFRE Draw two tangents te a circle meeting each other at a given angle

Given: A circle with centre O and an angle
equal to angle 8. The vertex of the
given angle is k. :

Required: To draw two tangents to the given

o :
(iv). Draw BC L AP, which intersects the semi-circle at C. _ , :}I:I;:Tll:eds?g :a:ﬁ::tht:it:.?:;i?]i ;.m
. (). ~With P as centre and mPC as radius draw an arc to cut the given arc atE. ' Steps of Construction:
, vl]. Draw PE which is the required tangent. ; _ (). 'Draw any diameter AB .
i (@) Draw a tangent to a given circle from a point P when P lies on the (i). AtO, construct ZBOD = £8.
! circumference ; (iii). AtD draw DE LOD .
/ Given: A Fim]l‘.’_ with centre O and Pis a (iv). AtA draw AG L OA.
_ ED :ﬁ;giru;i?nthecmumfgmme (V). These two perpendiculars intersect each
/ Required: To draw a tangent from the oy
point P. _(“}: DH and AH are the required tangents

Steps of construction:
(. Draw OP.

(ii). Draw QP 1 QP at p,
(ii). AE’Q— is the required tangent at p

-Ma!.!iemaﬁcsf i

inclined to each other at angle the angle 6. |

¥



angent to tyg “qual cjpepe
5

-
=

==}

Steps of Construction:
(). JoinOtoP.
(ii). Now draw two perpendiculars on OP at O 3
respectively, <« ”
(iii). Join A and B and produce it towards both ends.

(iv). AB is the required direct common tangent or external tangent to two given equal
circles.

(ii) Draw transverse common tangent or internal tangent to two equal circles

Given: Two equal circles with centres at O and Prespectively. R
Required: To draw transverse common tangent orinternal tan gent to the two given circles.

X <

- -

nd P which cut the circles atA and B

Unit 13 P‘rgqrm' Eﬁﬂmetrg o
) fcle

. (iv),

Unie 13 Fﬂ:ltlil:ﬂf geometry circle
: f construction: e
Sf[c;;S 9 Join O and P, the centers of the given circles, |
(if). Bisect OP atC.

(iii). Bisect CP atD. st

(iv) Draw a semi—circle on CP diameter e
(v). Join E and P.

(vi). Draw OF || EP.

(vil). Join Eand F and extend the line to both directions,

(viil) GH is the required tangent to both the circles,

Eﬂ (i) Draw direct commaon tangent or external tangent to two un —equal circles
Given: Twounequal circles with centres at O and Prespectively.

Required: Todraw adirect common tangent or external tangent to the given circles,

uts the given circle at E.

Steps of construction:
(i).
(ii).

Join centres of the circles O and P. OP cuts the circles at R and S respectively.
Bisect OP at Q. With Qs centre and mOP as radius, draw a semi circle.

(). Take a point T on GF in the bigger circle such that mRT= mSP~length ofthe adius
of the smaller circle,

With center O and mOT as radius, describe an arc cutting the semicircle at L.

). Draw o
(vi), :

to meet the bigger circle at M. i :
Draw 5 py I OM. Join M and N and produce it to bqth sides to get the common
tangent or external tangent MN' to'the two given circles.




(i) Draw transverse common tangent or internal tangent to two Uho
circles : Hual

Given: Two unequal circles with centres O and P having radii # and Iy, where r; > p,
Required: To draw a transverse common tangent or internal tangent to the given circles,

“Steps of Construction:

(i). Join the centres of the given circles and pi‘oducc the line to both directions. Also -

draw a line segment 4B such that mAB = nt+rn.
(ii). With centre O and radius equal to mAB , draw a semicircle.
(iii). Bisect OP at C. Then choosing C as centre and mOC as radius, draw an arc which
cuts the semicircle at Q.
(iv). Draw (T-Q cutting the bigger circle at T. Now from P, draw ES'—’” 5@ in the opposite
sense cutting the smaller circle at S.
(v). - Join OQ cutting the given circle at T. Now draw a line parallel to @ but passing
- through P which is the centre of the smaller circle. This line cuts the smaller circle
- ats. ; 7 phc e
(vi)- Join T and S and produce it in both directions. The line TS so obtained is the required
transverse tangent or internal tangent to the given unequal circles.

. . + Unit 13 Practical geomet 'drd =
2.

= A
V& e i R s 3
e ekt 1

Unit 13 Practical geometry circle [ B .
‘m (a) Draw a tangent to two unequal touching circles

Given: Two unequal circles with centers O and P touching each other at T.
Required: To draw a tangent to the circles.

steps of Construction: | | 2 |
(i). Join the centers O and P of the given circles. OP passes through T, the point
contact.
(ii). AtTdrawa line ATB 1 OP.

(iii). ATB is the required tangent to the given circles.
_®

>

+B

k.

(b) Draw a tangent to two unequal intersecting circles

Given: Two unequal circles with centers O and P and intersecting each other.
Required: To draw a tangent to the given circles.




" Steps of Construction: -
i) Join the Centers of the

(ii). Draw a line segment PO

' (iii). Join R and Q and produce it to meet the I
Segment OS at T and draw a semicircle o

(iv). Finally Ijoin S'and L and produce it to M. SMis the required tangent,
EEERZ () Draw a circle which touches both the

arms of a givep angle
Given: Anangle ZABC whose vertey isatB. 4B

and BC are its arms,

* Required: To draw a circle which touches both the

igger circle at L.

arms AR ang BC of the given angle,

LA

Steps of construction:
(i). Draw 55, the bisector of ZABC .

(ii). Take any point O on BD and draw a perpendicular OF on BC.

(iii). Taking O as centre and mOF as radius draw a circle,
(iv). This is the required circle. 2

P

e —

e e ———

Unit 13 Practical geometry circle

(ii) Draw a circle which touches two conver
given point between them
Given: Two converging lines L4 and KC meet at B and £4BC
is an angle formed by these converging lines. Let D be a
point lying between these converging lines.
Required: To draw a circle which touches
the two converging lines L4
and KC and passes through
given point D.
Steps of construction:
(i). Draw the bisector BE of B
the angle ZABC.

{ii). Take a point F on BE and draw FG 1 BC. With F as centre and mFG as radiw:
draw a circle. This circle touches the given converging lines tangentially.

{iii). Join D and B DB cuts the circle at H. Join F to H and draw DO || FH .

(vi). With O as centre and mDO as radius, draw a circle C which as required.

ging lines and passes through

=

v Exercise 13.3
———————

I Draw an arc of length 7 cm. Without using the center draw a tangent through a given poir
P when Pis

(i). The middle point of the arc..

(it). End point of the arc.

(11). Outside the arc. e 2 o g e
Z. Draw a circle passing through a point D and touching a given line BC at pt?mt D
3. Describe a circle of radius 4cm, passing through a given point C and touching a'give

—
straight line AR . -

4. Radius of acircleis 2.5 cm. A point Q is at a distance of Scm from the centre. Draw tanger
to the circle from the point Q. 3 Drsw dies
5. Radii of two circles are 2 cm and 3cm and their centres are 8 cm apart.
common tangents to the circles. ) ; 10 Drar
6. Two congruent circles are of radius 4 cm each. Their centres are 10 cm apart.

transverse common tangents to these circles. F Setvodithi <5,
7. Radii of two circles are 2em and 2.5 cm WW‘TIY‘ !}m.ance :

cm. Draw transverse common tangents to the" GG s radies 25 i fnd Aouching
8. Draw ZABC of measure 60°. Construct a circle having :

arms of the angle.

-
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( I"Review Exercise 13
1. At the end of each question, four circles are given. Fillin the correct cirgy, i
( (:l. The measure of the external angle of a regular hexagon is o
X = o= O non
. o8 S 6 © of these
= (ii). Tangents drawn at the end points of the diameter of circle are
EE O parallel v merpendicular
Gi - 'O intersecting O none of these
Re (iii). How many tangents can be drawn from a point outside the circ]e?
01 D2 O3 O 4
i (iv). If the distance between the centers of two eircles is equal to the sum of the:.. ..
3 then the circles will their ragi;
| O intersect O do not intersect

O touch each other externally O touch each other internally
2, Practically find the centre of an arc ABC.,

I,

|CA|=3cm. Find its radius also. '

4. Circumscribea circle about an equilateral triangle ABC with each side of length Scm.
5. Circumscribe a regular hexagon about a circle of radius 4cm.

is Tem, then draw their transverse tangents.

:' Draw two comon tangents to two intersecting circles of radii 2.5cm and 3.5¢m.
+ Draw two common tangents o two touching circle of radii 3 cm and 4c.

T g
""Etrg'

3. Escribea circle opposite to vertex A of a triangle ABC with sides |AB| = Scm, [BC|=dcm,

6. Constructa circle of radius 3 cm. Draw two tangents making an angle of 60° with each other
7. Draw ‘two equal circles each of radius 3.5cm. If the distance.between their cenires

)

N

Unit 13 Fraéﬂf.ﬂ'l geometry circle . .

‘i he perpendicular bisectors of two non-parallel chords of a circle intersect at a point
which is known as centre of the circle.

@ Acircle of any radius can be traced by rotating a compass about fixed point.
@® Acirclecan be drawn through given three non-collinear points,

@ If a triangle; the circumscribed circle, inscribed circle and escribed circle opposite to
each vertex can be constructed.

@ When a part of circumference of acircle is given, the circle can be completed.

If a circle is given, then the circumscribed and inscribed equilateral triangles can be '

constructed.
@ Foragivencircle, the circumscribed an inscribed squares can be drawn.
.’E} Fora given circle, the circumscribed and inscribed regular hexagon can be constructed.

@' Tangents can be drawn to a given circle, when apoint is an its circumference and froma
point outside the circle.

@ We can draw tangents to a given arc as its mid point, its any end point, and a pointnot on

the arc.

' @ Tangents to two unequal touching circles can be traced.

@ We can construct a circle touching the arms of a given angle.

© Direct or transverse common tangents of two equal circles or two unequal circles can be
drawn. :

© Acircle passing through a given point between two converging lines and touching each
ofthem, can be traced. :

"A summary of several pages
can sometimes be as brief
as one sentence.”

2 @

T S

——
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3 3 2°3 -

ii. {12, -6}

2

mm ()

I'xercise 1.2

() {1, +2} (@) fr2,£3]

] P

g -2
(vi) {10. —5~} . (vii) {],3. %}
(ix) {iiz—J—g.liﬁ} x) {2,0)
(xii) {-1,2} (i) {-1£4/71,2,4) - ‘
(xv) {—-4iJ§] i
Exercise 1.3
G {s) @ {5 @ )
(vi) {0} (vii) {4] (viii) {6}
1
(x) {—'5, —1}
Review Exercise 1
i, 145 iii. cannot be simplified
2 . 232
Y. X =?

iva=2,b=-],c=-3 v. x=4 -1

viii. 2 or-9 ix. r=3orx=5

a=-2,b=0 x==2
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Exercise 2.1

(i) =36 (ii) 9 (iii) -3

(i) Real (irrational) and unequal (ii) Real (rational) and unequal

(i) Complex and uncqual

() +6 (i) £12 (i) %

of255 w23 wii3)

(i) The roots are real (rational) and unequal: 3, %

(ii) The roots are real (irrational) and unequal :3++/5, 3—+/5
(iiii) The roots are real (irrational) and unequal :3 ,—3

(i)(a)ks-:- (b)ic::% )@ ES] ) E>1

25
4

Exercise 2.2

-1, -0, -0* (i) 2,20, 20" (i) -3,-30, -30°

(i) 0 ! (ii) —128w* 6(w-1)

Exercise 2.3

=3
(i) Sum of the roots = 1, Product of the roots =Z

5

(ii) Sum of the roots ;E ; Product of the roots = 3

2

: - -5
(iii) Sum of the roots = =3-, Product of the roots = 3

-,-—""_——-.
i
':‘."f"‘ = =0 7 =
gus R -
ﬁ;:‘ k=6 R -6
W k=6 A m=5.-23
Exercise 2.4
c[b* -2ac 2_
(iJ—[;—) iy E e
a a

(i) 20" =3x+1=0 (i) ¥ =x-12=0

(iv) ¥ +ar-2a"=0

(i) ¥ —6x+7=0

PR & (b -2ac)x+c7 =0

B o 9
[|)-2— (ii) 5 (iii) ~I

i

e

15 +26x+15=0 6. 2x'-12x+17=0

Exercise 2.5

PR )  0(x)=3+*-7x+20, R=—61
(i)  Q(x)=2x"-x4+9, R=0
(i) Q(x)=2x'-4x*+5x-5 R=3

MR k-

R -1, -2

p=—4qg=1
B 215

| Exercise 2.6

(i) (4. 2).(4.-2) (ii)(212), (—4.0)

™ (1. 0). (-1, 0)




Vi (3.6), (-3 (3,—6}, (=3, =6) : : E|

6).
() b )
: AT el A VAR i 151208
| i 08,9 b GhaLEy | ‘ x=63

J. Exercise 2.7

-l 89 3,4,5 or =3,4, -5,

Exercise 3.1

! First Partner = Rs. 8,000, Second Pariner = Rs, 12'360, T‘hird Partner = Rs. 19,200
14.5

— i), y=8l (. x=10,-10 d
4.7 BB 6and8 —6and-8 n L) ' ]
g Lig g2 ). x=1 !
— 9cm, 6cm [ 9cm, 12cm Wbkl 3cm, Scm, 4em . : 7

TH 15 goats. @ r=3 (@) p=18 f }.

| Review Exercise 2 i ; =i
| : . x 4 6 7 15 .
| & ..‘ . S ---' fth f
/N - 2 il. ¥-2c+15=0 iii. none of these . = 2 3 3.5 15 e
. 3 ' 3
I : ‘

t=2 ~128 . Exercise 3.2

12 | r
1 ""f..-_'.-' 1 C : i
(i) Sum of mclnts =0, Product of roots m— . wi.2ii, (i) Continued Proportion

(if) Not in continued proportion (iii) Continued Proportion

(ii) Sum of roots = —% , Product of roots =0

N I

The other root is 1, k =—6

e " (i) .“é's-s - i) Ea'
@ (-14).(4-1) ) .

(n)(J'J‘[J"J‘)(f—I](J'J‘) ; : | 5

6x=17x+12=0




| (i) 18cm

119N/em?
8 days
6Bcm.

ii.

viii.

¥=0] vi.

Exercise 3.3

Exei‘cise 3.5

(ii).. 3

~ 100N/em®
J00N /m*

V =2816 e’

Review Exercise 3

Jto2

X

mm =k iii.

Answerg

2

a=

—
n
1 | el

11 g fa+ mc+ ne

e ix.

2 fh+ md+ nf

T

t ; Answers
Exercise 4.1
g 2 !
ﬁw x 2x-1 2(x+5) 2(x+1) n

B | !
R 6 (x+5) | 6(x—1)

-

SR SRR
4(x=1) 4(x+2) 2(x+1)

ol o 1
2+ T -1

6 8
=3
LS gy s@2x—1)

11 10 6

—

43 x42 (y42f

- i 1 5 : 1
B - ————+ b=t
SIS Tor " 9(x-3) " 3(x-3) L TS BT

T A 1 sl
B 4(x+ 1) 4 '_;-(__\-__1}3 h 4fx—1)

z Exercise 4.2

rrinorea | X
Eﬁ R T
; LY, —Q— ¥

X+l ,

M lot! 3

L e 2(x—1).
s 1 6x—3
' Tk " 7 3241
R 4 448 Lo%=2 ;
| 5(x-2). S(J:2 +1] (x’+1)2
¥ - 2 1 l

(Paa)t o, FREES
-3x—3 I 3
2 241 26-1)

-1 —x 1
(J¢2+]]2

5 x-11
4(x-1) 4(x*+3)

B + 3
5x% 5 (:Z + 5}
-_5 5.1.'-5_ 5x-10

—_— T

"
x+l X =2 ,:_r! _Lg}

4x—35
(¥ +4)°




(vii) { }

- Review Exercise 4
-
’ bl -
- (@ 2(x—1) 2(x+1) (1)  Rational fraction  (iii) Improper fraction
] (i) ¥-3x+1
¢ 2 B T B . 30 16
‘ i. 2+:¢—l =l ii. 2._1'+3+x_?'-:__—]
i
{ T e i SO TS
K X =1 (I_]:I =1 (_l'—]]l
; 1 1 ; 2 1 3x-1
! V. ——f—— i L S
’aff ik R R TP T
i W X+T x+2 1 3 |
; Vi, ——— . viii. TR CUNRPN R )
: +1 (11_‘_1]‘ P x+ 1 x
I
Ji X +2x+4 x—2
1
iF - x 1
ifl @+ e
|
!lj Exercise 5.1
i
!
l i 10,1,2,3} ({1} (i) {1,2,3,4) iv) (1.3)
L ) {0,1,3,4) i) {1,2,3)
*H ) (1) {4,6,8) G0, 1,2,3), {1 Gi) (24,6, ... ). { )
[m i1{1,3,5,7,...19) (i) {2, 4,6, ... 20}
Lyl (iii) (1,2, 3, ... 20} (iv) (1,2,3, ... 20}
| ™} (vi) {1,3,5, ... 19}
| (vii) {1,2,3, ... 20} (viii) {2, 4, 6, ... 20}
| (ix) { } 1{1,2,3, ...20}
1 I 01,2315 Gi) ()
¥ 1 (i) { ) : Gv) {1, 2,3, ... 15}
; W (1,3, ... 15) (vi){1,2,3, ... 15}

(viii) {2, 4,6, ... 14}

=@

N

B T e ]
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p Exercise 5.4 ' Answers e g | 4
Ry = ((L,4), (2, 4 ﬂ @) 1(1.5).2.6).G3.7.¢4.8)) M O Itisafuncti .
R;JEZ! 5;.:3,4;1 _ _ l i) ((1.6).(2.5), (3.8, (4.7) o Raags= 1.2, Sk b i
Rs=((1,4), (2,5).3,9) ' - s, PER 0 ) ltisafuntion.
s 4 X ] L ’ » ] Ll L] R =
Ro DR e
Ry= (@ 1), (3,2).4.3)) - bt e " Range= {1,2,4, 5} A, notonto’
1:{4 = f[ﬁ ﬂ ﬁ ;; (5, 1), (5,2)} ; Review Exercise 5 .
1= s 1L, ] : 3 A 52 : 5 -
;:F {{H‘ﬂ g 3;1{3 af ) : ﬂ (i) Anonto function fomAtoB (i) 2x3  (iii) {0,4,8,12) and {6,10,14,18)
3= A sy s Lts i 1
e . | . (iv) 13 (v) Rangef=B (vi) {0,8,10,14}
Ri={(4,4)} D231 i i
Bom iy m ER'; {'1,5,'5'.".'..83} @ } (iii) {2, 4, 6, ..‘1001
= ¥ 1 L L] .3 * e H ;
R={2 1.6 l; @ 1):@,3) (i) Function (ii) Bijective function
R ={0,8,1
Ra“g"’ l“ . ”‘3” (ifi) Bijective function (iv) Not a function
i ange={1,7, 17,
(i) Function, Range = {1, 2, 3, 5} , not onto
il- - ' 2 [ (ii) Function, Range = {1,2,3,4} , not onto I
'l Exercise 5.5 s (iiii) Function, Range = {1, 2, 3,5} , notonto i
: | : : = |
o — | ) ot Fanadien |®
j _ Ry is onto function. f
R; is into function. aE (i) {(=5, 1), (=6, 2), (-4, 3), (=3, 4)} Note: Several answers are possible. :
(l) into function (“} {(_51 2}- ("_61 1}. {_4: 4): (_Sa 3)}
(i)  nota function, because both conditions of being a function are not no (i) {(-5,4),(-6,3),(4,2), (-3, )}
Sﬂtisﬁcd, - i {iv) [{_Sv 2)r [_6v 2}1 (_4- l)! [_31 3)}
(iii)  not a function

1
3 : : [
(iv)  intofunction : 2 ice 6.1 y
4 |: Exercise 0.
(i) ~ There exists one-one comrespondence between set A and set B. ST AXercis | |
dsh Class-Limits Tally Marks Frequency i

(ii)  There is nol onc-one correspondence because PE€B ;
: gias : | -
remains unpaired | 35— 45 I 2
0] There does not exist one-one correspondence between set A and set B. 46 — 55 111 4
It is one-one function. 1 L 56 — 65 LTI 6
(i)  There does not exist one-one correspondence between setAandsetB. | 66 —75 il 9
It is into function. i 76— 85 Ll g




1—3

79

10—12.

13—15

16—18

19—21

ool | o]t sl v o] =] T

2224

I

195

45 95

Class-Limits

20 —24
25 —29
30 —34

35 —39
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. i ; I\-Fd Answers - 3

- T . S ——

Exercise 6.2 . =
Class-Limits Tally Marks Frequency :
55— 64 I 2 1
65— 74 1l 3 |
75 —84 Pl 6 1
o 85 —94 1l 4 { !
i 95— 104 i 3 .
L . 105—114 0 .
A 115— 124 q 1 ; ,
4 125 — 134 0 :
: b 135 — 144 0 ' !
i l ' 145— 154 [ 1 :
|1 l - : I 1
| Im vﬂgc e Upper class Frequency i".l'.'
1- e 5 Boundary frequency
o 203 245 1 1
25—6 295 2. 1+2=3 _ , o
| 30—9 34.5 16 3+16=19 i ==
t : [~ 35—12 395 10 19+10-29 |
| 40—15.- 345 2 29+22=51 . | Ty -
| 45—18 49.5 20 51420=71 :
.- 50—21 54.5 5| 71+15=86
i li 55—24 59.5 14 86+14=100 10 == Eoe
| —
R 5 |
2 :
i ] g i e _ : i
I 2 o S W YO

- Bl 0.0 e @i).5  (@v).10 (). 795

20

Ma‘ti-lcs;u&cs X
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: "..._,_.d-- 1 A%‘e;x Answers

2 5.D: Maths = 9.96, Physics = 3.15 in Physi - i | i
’ ¥ysics students are more cons;
l ﬂ Variance = 2.88,5.D=1.7 onsistent.

40 . Review Exercise 6
E 15 . (‘1) Class interval (i)  Ogive (iif) Frequency
g 20 (i) 1 ™ 1,233,212 (vi)  Geometric mean El
g. 25 (vii) 66 (viii) 51 (ix) 7 f
_ E | "
..é 20 x) 0 . (xi) Rs. 600/ (xii) None of these |
'ﬁ 15 (xiii) Range (xiv) Arithmetic Mean (xv) 05 |
i Ii . E 10 ‘1 (xvi) Variance (xvii) Mode
P =
: E 05 : '!
..‘ | 000.5 8000.5 9000.5 100005 110005 e i .5
f . 0 ——0005 60005 7 S ; =, 180 = 1
B Upper class boundaries . : Classes i P L ] :
J if Exercise 6.3 15-16 12 120 - :
l' &%k 17-18 12 AR
| 1 4 ﬁf‘: 3 2 s : 19— 20 3 60 - | | 1 !
bl ' 244) R Ser wg
Ll 1247(for assumed mean of 1 Total 27 &
i g . (i) 7500 0 ABCDE X
(] (i) 65.5 inches 1 P
[ Mean = 66, Median =67, S GM&;M.M o
=' ll Mean = 1543 Median = 156.5, Mode =1 M = 119.44 y : 21"
! Median = 121.12, P . X 2l f . 200 —
& Median= 12.5thitem Q=% 0 / 55—
I . i —_ ! E 150 —
| Qs=1275th tem  Mode =26.166 16 Z sl -
J , : 14 = '
! o : . 2 100
| ; Exercise 6.4 H Y
. 8 Z
_ s 33
/A eeen : S
2

0 T o G 8ol (i) 171 s e N e
; Range =65, Variance = 10.38 and sD=322 ' B e - e

n @ |AM:  SectionA=7, SectionB = 7

(b) || Variance: Section A = 2.4, Section B = 6.4




Exercise 7.1
(1) 8:2597° (ii) 39.8152° (iif) 84- 319:4 3
@azcls @ 57019'30" (iii) 12° 59'
@ae (@ 300° (iii) 30°

Y T
o) T adians: (ii) 2 adians
4 4

) 1.0576 radians .

| o " . ‘Exercise 7.2

. ()1.047cm (i) 31415 (@) 12.57 om

(i) 2.5 radians (i) 5 radians
()382cm (i) 0.1632cm

(iv) 32°37'30"
(iv) -135°

(iii) .—_1—15 radians

(iii) 2.09 radians
(iii) 6.366 cm

96m’

M2 625 cm (i) 6.5625 cm’
g cm

T0mm

4Mcm

gaccnt Exercise 7.3

i . 13n  lr
I’ - (i) 415°, ~305° (ii) 315°, —405° @ ==~ "¢
| .. m -Hu
f / (iv) 5 W |
| | | (i) 3” quadrant . (ii) 1* quadrant (iii) 3" quadrant
r' l (iv) 3" quadrant  (v) 2" quadrant
[ \ .
.I | , Exercise 7.4
| (i) +ve, I1 quadrant (ii)+ve, T-quadrant
| (iii) +ve, IlI-quadrant (iv) —ve, Il-quadrant
(v) —ve, Ill-quadrant (vi) +ve, Il-quadrant

r"'nt""r_\\[:ﬁ I"" D

O R SALE

(iv) 18.1058°

lm

i el e
2

(i) sin(~180°)=0, cos(~180°) =1, tan(y |
80°) =0, co 180°
sec(-180%) =-1, cot(- 180%) = undefined A A~
(ii) ~sin(-270°)=1, cos(~270°) =0, tan (~270°) = undefined
GOB&C(—E?UO) =], sac(—?‘?ﬂ"] = ulld.eﬁng.d, cot (_21'0&] =0

$in720°=0, cos 720° =1, tan 720° = 0, cosec720° = undefined
sec720° =1, cot720° = undefined |

(iv) sin(1470°)= 05{]4?0°}=£ :an(m?o“)z;;., cosee(1470°) =2
- =

sec{i#‘m")= . cot(1470°)=+/3

, tanf=—3, a:rusvtznr:9='-i cot3=——1-—

V3’ 3

5 3 4
8=2, cosB=-—-, tanB = 3 3
cosec 3 cos 3 tan@ = 3 RQLB_? cotB=—

ol& Hle T

: e 1
@1 (i) —= i) —  (iv) 2
Ji ( )1+J$_ (iv2 W0
& it o | '
il () 1" quadrant (ii) 3" quadrant (iii) 2* quadrant
(iv) 4" quadrant (v) 4" quadrant (vi) 2™ quadrant
(i) 25.56 (i) 26.16 (iify 7.79
333.92yd
Exercise 7.6 _ H
40° B 50Gm
26_§5° 4| ?éum
260 feet [ 6 | 300(¥3+1)m
210
V3-1




Review Exercise 7
(i) engle of depression () g WSB (i) sec’® ) __;T
i) = i) 26496 i) 04
l w1 quad.-.-ant 4
} @) 22 ) 45:* ”
& 3« 3. 216°4012
% 4 ) radian - (i) 2 radian
! 5 0 ospe, 1700 @) 110° -610° 1
Ii 6. (i) sin390°=3 cm390°"-§- @n390° =5

o q_ﬁ
ousec39’0°=2.sf:€390 -'T cot 390

~ ——-3 —~240° :--41 , tan -240“) = -«E

(i) sin( 240°)= r:.os[ 240 ] [ :

= = /! —240°) =~ —240%)=—F

cosec( 240°) —\T—Ssec( 240 ) 2, cot (; ; ) NG
1

; 5 »
I ; 1 3 ma:—.ﬁ,cosecﬁ=ﬁ,cmﬁ— E

inf=——

cosb=—, si
8. 2

f 9 4m (zppm:jmately)l 10. 194 feet (approximatc'ly).
:: Exercise 8.1
I- 1. l4em 2. 15cm ¢ T
{ " 4.  £Band /D are obtuse. ‘
’ . Exercise 8 2
| R
| R L V7 cm, Ji42cm, VS8cm
o ol

2. —ecm ,
Fl

' : ] el
F . mCD =6 cm, mAD:ﬁﬁcm, mAB=4Jﬁ cm

M‘l_ (’r I
N g i '- 'l;"."-':_'l'.' -‘--1';”"""‘:-"#— ﬁ
—— Cinns o il

3

i
SRS e

Review Exemse 8

(ii) Perga (iii) Mathematician

ﬂ (i) Greek
ﬂj 1.53 units.

mBC = \r'.s mAD _.ﬂ

= 5™ "= sem
‘g mBE J41em
g <5~
2?5
_E0 i
y T T(apprﬂx.]
441794
a0 =8.92(approx)
Exercise 9.1
B0V em B o0em EH %=1,5 units
Bl Gim BB Fon EE %
Exercise 9.2
1 cmor7 cm 8.39cm
(8) QT>PR

(b) PR is farther from C than OT .

Review Exercise 9

m (i) congruent (i) CDisclosertoO (iii) 24 centimeters (iv) 15units -

(V) 14.4units  (vi) 6¢em (vil) 8

BEEE o) ac-12m AB=24m
‘(i)8em (V) 48 Units
m 17 cm

(ii) Radius = 10 cm, Diameter =20 cm

v) 5{2m




e "‘.'.ﬁl-_-‘..'--l.'_'- -
: R

Exercise 10.1

8cm “ J7em

() 2 (i) 1565 (i) 10

16 ¢cm .

() x=49,y=14 (ii) x=58,y =15
(ii)x=34,y=1438 (iv) x=35,y=55
o (i)6 em (ii) 3cm

(iii) 3J5 cm (iv) 3(«,@ - l}cm

Exercise 10.2

iem  [EE 12em
12 em B 16cm
27 em . 6em

Review Exercise 10

9 f

24°
M (i) 26° (i) 122°

I )= =674

(b) k=12.6,1=50.0

; 1 .
; < =08° v =gne i) x=38%y=25 i
B O o (i) OT LPQ (iii) equal i WanlE y=gl Ul gy ;
- = J 4 -

EKE{‘cisc 11
(i) x=12, y=9¢° (i) x=1
i ; ~ ¥y=90
(iii) x=12, y=674" (i\")x=ll.l] y=6l0
) =10 FERE < e rsonr
Review Exercise 17 2= 4 ﬁ
7 (i) AB=CD
BEEEE /ADB=65°ZBDC=25¢ mBC=sp0 - - f
Exercise 12 ]
EEE -3y -u5 Ak
m 10 units :
o c=62, x=10 (ii) a=45,b=30 |
> i

Revigy Exercise 12

B | |

) : o
R o - i) 60° ah e . )4 O 77N 4
! (vi) 50° (vii) 25° (viii) 125% 3

-]

Dx=80° (i) x=125° (i) x=50"
(V) x=45° (v) y=12° (vi) x=70°

i waon 12
Review Exercise I

) none of thes?-

(i) 4
(1) none of these (1

(iv) touch each other internally



- Quadratic equation

UNIT 1

An equation that can be written in the form
: ax* +bx+c=0

where a; b, and ¢ are real numbers with @ %0, is a quadratic equation.
Standard form :

A quadratic equation written in the form ax” +bx+¢ =0 is in standard form.
7ero-factor property of real numbers
If o and b are real numbers, with ab =0, then either a=0.0r b=0
Square root property

The solution set of x* =k is

(.- ]

Quadratic formula

The solutions of the quadratic equation ax’+bx+c=0,
where a=0, are )
-bx+b*- dac

2a

=

g

- Radical.equation

An equation in which the variable appears ir one or more radicands.

The discriminant = : _
~ The expression b*--4ac that appears under the radical sign in

formula is called the discriminant.
Cube roots of unity A 5
i3

the quadratic

1,0, o are the cube roots of unity, where ©= ; and ©° = >

- Pruperties of the cube roots of unity

1. The sum of the cube roots of unity is zero, ie. 1+ @+’ =0
2. The product of the cube roots of unity is 1, ie. Ixoxd =@’ =1.

. " 2 i 1
3. Each complex cube root of unity is reciprocal of the other, 1.e. ®="7

ARl

e

G‘pssurg o, 1‘

TN T 3

Glossory « : :
_Relation between the roots and the coefficients of
a
If o,B a:ze the roots of the quadratic equatio
ax’+bx+c=0,then 3

quadratic ;aaquntion

Sum of the roots = b

a
and product of the roots = <

Formation of quadratic Bqualiona
The quadratic equation whose roots are RN
; y

% = (sum of the roots) x + ;
- rodu 2
Simultanecus equations product of the roots = 0,

More than one equation which are saf
variables involved, are called simultaneous e

lisfied by the same values uft
quations or a system of equations,

Ratio
Arelation between two quantitiés of the same kind is call -
g m .
Proportion ; e kind is called ratio.
=

Aproportion is a statement, which is expressedase;:]nivalence of tworatios

: i
Iftworatiosa: bandc: dare equal, then we can write a: b=:::d-

Direct variation

If two quantities are related in such a way that when one chm;lge

inany ratio so does the otheri i iati
; is called
ln_versc variation AP

. Iftwo quantities are related in such-a way that when one quantity increases, the otht

decreasesisc i Tt
e alled inverse variat
Joint Variation i
Joint variation i s Gy
_ vaﬂﬂ::;l;lgtzon is th‘e same as direct variation with two or more quantities, i.&Joir
OIS a variation where a quantity varies directly as the product of two ot mor

other s Fakhe:
quantities. If x is jointly proportional to y and z, we can write xkyz=for som
G [ et

C :
Onstantk, We can also write this relationship as . 3
' Xk ! |
¥z 5
L e
If P(x) and Q(x) are two_polynomials and Q(x) is non zero P"Wﬂ.

P(- 3 =

x) £
o()

.."

than the fraction

is called rational fraction.




Proper rational fraction _ . : *
e A rational fraction , Q(x)#0-is a proper rational fraction, if the degree of

numerator P (x) is léss than the degree of denominator Q(x).

Improper rational fraction

Plx : ; .
A rational f@cﬂon Q[(x%' Q(x)#0 is an improper ranonallfragnon‘ if the
degree of numerator P(x) is equal
_ Partial fractions
Splitting vp a single rati
single factor in denominator, suc

onal fraction into two or more rational fraction with
h a procedure is called partial fractions

3 A set is a “collection of well-defined distinct objects. Sets are represented by
capital English alphabets, A, B, C ... 7 and elements of sets are represented by small
English alphabets, a, b, ¢, ... Z-

Union of two sets. .
- If A and B are two sets, then the union of set A and set B consists of all elements

in set A or in set B or in both A and B, and it is denoted by AU B . Symbolically.
AuB={x|xe A or xe B} d :

Intersection of two sels _ :
If A and B are two sets, then the intersection of set
those elements which are common 1o both A and B, and it is denoted

* -Symbolically,

s

by AnB,

AnB={x|xe A A.xe B}
Disjoint sets ; ,
Two sets A and B are disjoint if AnB=9¢.
Complement of a set ' -
If U is universal set and A is a subset'of U, then U\
set A, and is denoted by A'or A”.
**  Difference of two sets
If A and B are two sets, then their difference consists of all thos
PA which are not in B, and it is denoted by A V\BorA-B symbo]ical]}'
_ A\B={x|xe A Axe B}
_ Commutative property of union
For any two sets A and B
- AuB=BuUA
Commutative property of intersection
For any two sets A and B
AnB=BnNnA

A is called complement of

e elements of

e

= (it sy \ —
0T PO SALE
o e b ot

TR N T - s

to or greater than thé degree of denominator 0(x)

A and set B consists of all -

M .

Glossary
Associative property of union
For any three sets A, B and C

; ﬂ:u{BuC):(,tu)uC
Associative property of intersection
For any three sets

AN(BNC)=(AnB)nC !
Distributive property of union over intefsection =~ - ¥ ’I

For any three sets A, B and C
AU(BNC)=(AUB)n(AuC)
Distributive property of intersection over union

For any three sets A, B and C
AN(BUC)=(AnB)U(ANC)
De. Morgan’s laws
For any two sets A and B
@ -(AUB)=A'NB (i) (AnB) =A"UB’ I
Venn diagrams - ‘ 3 1
Concept of sets i.e. union, intersectio i l
_ . _ .e. : n, compls
explained :ﬁ:ﬂy with the help of Venn diagrams. Il::zetj:l:s?d‘ii;f:ammus“::ﬂgi?u?lu;ﬂbe
represented by a circle and universal set i : g
- o set is represented by a rectangle.
5 (a, b) is called an ordered pai
‘ pair of two elements a and b of a set or of di
sets, where a is the first element and b is the second element. e
(@, b)#(b, a)
. Cartesian product
| 3 If A and B are two non- empty sets then A x B is called Cartesian product,
: o is set of all ordered pairs such that the first element of each ordered pair
: ngs to set A and second element of each ordered pair belongs to set B 2
symbolically. A
: AxB= {[x, y) Ixe A and Ve B}
- If A#B,then AxB#BxA f‘
.Binary relation -
Any subset of A x B is called a binary relation, where A and B are two non- e
empty sets. o

BN A

D
Omain and range of binary relation
IfRis a binary relation from set A to s¢t B.ie. .
R = {[‘ y)lxe Aaye B}, then domain of R is
of all ordered Pairs‘in R and is denoted by “DomR" -

&

set of first elements




S

- H

E The range of R is sel of s

‘_.
by "R.ﬂIlgE R“-

econd elements of all ordered pairs in R, and is denoteq ’

Function
BA and B are two _non-emp
fanction from A to B,if
(i Dom f=A

i There should be 1o €
contained in f.
Symbolically
f: A—B

ty sets, then @ binary relation f is said to be a

petition in the first elements of all ordered pairs

Domain, co-domain and range of a function
Ei & : )

B be a function, then set A is called domain of f, set B is

called co-domain of £ and the set of second sjements of all ordered pairs contained in
£ is called range of f. The range is subset of co-domain .

ie. RangefcB

Into it e i
f is into function, if

ittion ;
letfbea function from Ato B, then
Range f #B

One — e or 1-1 function :
wfbeafunctionfmm Ato B, then f

" there €xist unique y € B,ie. there is no repetition in the sec
pairs contained i f.
|Z . ‘nto and one-one function (injective function)
1. LeL_fheaflmctionfromﬁtoB,menfisinje
: @)  Rangef#B !
; (i) There is no repetition in
%  conainedinf.

is one-one function, if for each xe A

ond element of all ordered

ctive (into and one- one) function if

the second elements of all ordered pairs

‘Onto fusiction (surjective function)
Let f be a function from A to B, then f is onto function if

Range f=B :

& -
l g8 One-one and onto function {hij.ectii:ie function)
Fet f be function from A to B, thenl f is one-one and onto (b

ii Aifitis bajh one-one and onto.

1 One-ouly orrespondence R -
l ‘ ?A and B are two non-empty sets then one-one correspondence petween A
and B i nd only oné

rule for which each element of set A is paired with oné 2
elemenif B and each element of B is paired with one and only one element Of A
and non of the

: fuuclipqu one-one correspondence both sets A and B have s&

ijgmivc} function

me nam

Glﬂﬁ\:unj

members of any set remains unpaired. It is also known as One o-0n¢ %
: per of eleme™

Glossary ' , T .

Histogram

A graphical representation of data in the form of

Frequency of rectangles is called Histogram

Anumber showing the repetition of a i g

Frequency Polygons givensetofdata,

Acirveon the graph showing the frequency of values - : ; I
: : !

i

. Median

Avalue lying in the middle of arran ; :
geddataisc :
Mode | alled median.

5 ﬁ\"iﬂll.e repeated maximum times in a given
given setof datais called mod
: e. It shows the trend of

a data and hence is usually used to find public opinion

Range

The difference between maximum
: um value and minimu nei
ey m value in given set
- en st of data.

An angle is a union of two i | mmon
; ity rays which ha i
: 11‘15 ray is called “initial side” and other ray is ca]le‘t;l%:e:::ina] sidl:?'m g
Eacxas_r,-:,;-:u-mi system (degrees, minutes seconds) .
_ tis the system of measurement of i
= an angle in which ion i
d;\;ded Hﬂo 36{0 parts called degrees, written asg360°. One aﬁéﬂﬁﬁg o 60
parts called minutes, written as 60"and one minute is again divided i i,
ca.].led seconds, written as 607 . 2 = i
Circular system (radians) ' -
mcasur;talfs another system of measurement of an‘angle. Tn this system unit of
e .angh: is r_achan. One radian is an angle subtended at the centre of a circle
: : ose !englth is equal to radius of the circle. . . I
L Length of an arc is measured by the formula f=rf where [ is length of an :
. . 0 is central angle of a circle measured in radians and r is radius of circle.
rea sector of circle ; l
Area of sector of a circle is given by A=

LT

%r’e.Whererisradiusofcimle. 0

is
= tcntra! angle of sector measured in radians.
oterminal angles : ' -
(o d_t_;’mgies having the same initial and erminal sides are call
| differ by a multiple of 2% radians or 360° they are 4150

ed co-terminal angles
general angles- Fe

Angle in standard position 4%
initis In XY-plane (co-ordinate plane), if the vertex of an angle s at ongin and ;
%d.l side lies on positive X-axis then such an angle is said to be 10 standard
position. ; ;
i
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‘=ants and quadrantal angles . _
XY-plane divided into four equal parts each part is called quadrant. Being in
the 1%, 2", 3 and 4" quadrants means measure of angle from 0° to 90%, 90° to 180°,
180° to 270° and 270° to 360° respectively quadrant angles are 0%, 90°, 180°,90,360°,
* Trigonometric ratios of unit circle 5 ; ¥

Theseare sin@=y, cosf=x, tanf==
: o

7T Ty AT

and cos =l, 3m9=l, cﬁtB: z
X ¥y
Trigonometric identities are
(i) cos’ B+sin*B=1
(i) _1+tan*@=sec’®
(iii) . 1+cot’9=cos’0
Angle of elevation .
: If an object is. above the level of observer’s sight then the angle between
the horizontal line and observer's line of sight is called angle of elevation.

Angle of depression .
If an object is below the level of observer’s sight then the angle between
" the horizontal line and observer’s line of sight is called angle of depression.

Acute angle ;
An angle is acute if and only if it has a measure greater than 0° and less than 90°

Acnte triangle :
g - A triangle is acute if and only if it has three acute angles.

Adjacent angles
Two coplanar angles are adj
no points in the interior of one angle are in the interio
Altitude of a triangle
An altitude of a triangle is the perpendicular segment
i triangle to the line that contains the opposite side.

acent if and only if they have a common arm but
r of the other.

joining a vertex of the

rxll.glt :
An angle is the union of two non-
Arc of a drcle
Any porti
Bisector of an angle
A ray that divides an angle into two equal

collinear rays with the same end point.

on of the circumference of a circle is called an arc of the circle.
adjacent angles is the bisector of the angle:
Central angle

A A centra
".-_' “." th-c Ciﬂ:le.

s i T i i, T R r g

| angie of a given circle is an angle whose vertex is at the centre of

-

S
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e

~ Collinear points

" then the correspondence ABC« DEF is called a congruence between the two e

Chord
A chord is a segment whose end Points are on the cirg]
' € circle,

Circle
A circle is the set of all coplanar points :
Circular region '
A circular region is the unio i
_ nof a ci its inters
Circumference of a circle e elor
The perimeter of a circ_]e is called its circumference

s a line that contains all of them i

equidistant from a given point

Points are collinear if and [:.n]Sl if there i
Complementary angles

Two angles are compleme
Concentric circles q

Two or more circles (in the sa

I me plane) are ie i

kit plane) are concentric if they share the same
Concurrent lines

Two or more lines are concurrent i 4

nt if and onl is a si int that Ti

on all of them. 3 1f.ﬂ1-m I-s O
Congruent angles

Angles of the same degree measure.
Congruent arcs - ;

Two arcs of a circle are said to be i i same

congruent if and o

degree measures. . i SRR

ntary if and only if the sum of their measures is 90°

Congruent circles I ;.
Circles with congruent radii are called congruent circles. |
Congruent figures 7 ' 1
hic Geometric: figures are congruent if and only if they have the same size and _ .
Congruent segments ' 2 g |
o Two or more line segments are congruent if and only if they have the same : ‘
Congruent triangles 5 o b :
Given a correspondence ABC « DEF between the vertices of two triangles, .. l]

if the corresponding sides are congruent, and the comesponding angles are congruent -

triangles,

Coplaner points.
h points are coplaner if and only if there is @ plane
Corollary .

A statement that can easily be proved by apP

NMOT &

P i

e

that contains all of therm.

lying a theorem.

1 =
E\E@LQAL—.E 3

o
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Half — plane

Diameter a5 : .
A chord passing through the centre of a circle or in the same circle, two
collinear radii form a diameter.
Externally tangent

Two or more-circles are externally tangent if they intersect in exactly one
point and if their interiors do not intersect.

N

Given a line and the plane containing it, the two sets separated by the line are

 called half — planes. .

Internally tangent 3
Two or more circles are internally tangent if they intersect in exactly one point

' and if the interior of one contains the interior of the other.

Linear pair-

The larger of the two arcs is called the major arc and the smaller one is called
the minor arc. - : g
Measure of an arc : i

The degree measure of a minor arc is the measure of the corresponding centre
angle. :

The-degree measure of a major arc is 360° minus the degree measure of the
corresponding minor arc. : :

The dégree measure of a semi-circle is 130°. The degree measure of a circle is
taken to be 360°. o
Median of a triangle ; : ‘

A segment is a median of a triangle if and only if its end points are a vertex of
the triangle and the midpoint of the opposite side. ;

Midpoint _ s
* A point B is called the midpoint of AC if and only if (i) B is between A and C
and (i) mAB =mBC. ' J

‘Obtuse angle : ' ; :
An angles is obtuse if and only if it has a measure greater than 90° but less

than 18_0‘.

Obtuse triangle o
. A triangle is obtuse if and only if it has one obtuse angle.

Mathematics X

{-].p'pt}&‘-'lil.‘ rays p
AB and AC are called opposite rays if and only if A is between B e -

‘parallel lines :
Two lines are parallel if they do not intersect.

perpendicular bisector .
In a given plane, the perpendicular bisector of a segment is the line that is
perpendicular to-the segment at its midpoint.

Radius of a el .
A radius of a circle is :

(i) Any segment with one endpoint at the centre and the other end :

point on the circle and
(ii) The distance from the centre to the circle.

I : g Ray .

f ) Two angles form a linear pair if and only if they are adjacent angles and the ? —1 . : : ;

18 noncommon sides are opposite rays. Ray AB| AB | is the figure that contains A and every point on the same side
Major and Minor arcs of Aas B

Right angie e
An angle of measure 90°.

Secant ) 2=
A secant is-a line that intersects a circle In exactly twd points.

Sector : , - :
If AB is an arc of a circle with centre O and radius r, then the union of all

segments OP , where P is any point of AB,isasector. -
Segment of a circle

A segment of a circle is the region bounded by 2
circle.

Supplementary angles - S i
- Two angles are supplementary i and only if the SUT Of
180°. |

Tangent int i
A line that intersects a circle at exactly one point 18

point of intersection is called the point of tangency o

point of contact).

chord and an arc of the -

meirmeamesisl

sl
e AR5 ¢
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i iy o1 & Index
- _ N Sl
Common tangent 264 [ Equidistant . Inverse variation
Commutative property 88 I Equilateral triangle 256 lnve}-[gndo
Complement of a set 36 i Exponential equations 13 |lmational
Completing square 5 [ Externally 219
Complex cube mms . 28 i Extraneous roots T [P
i : vanation
! Angle in standsrd position 173 Compoens, 588 | Extre_me.s %2 |Kemethod
i Apollonius theorem 198 Componc‘ndu'-ldmdenda 58 | I_ ¥ : S **ﬂ Linear equation
{1 p § % . Concentric circles o —— | Line
! l; |, Arc : : 1226 | conversent fines , . -2 Factorization 3 -
ll ||| Area of a circular sector 170 i v 267 Formation of quadratic equation - 36 Serr o
f li i i 133 (Gomgrosas,aidles 227 Fourth proportional . ;
'f : - Arithmetic mean ; continued proportion 57 g cfl: Skt 57 | Major segment 21
.'I- ! Assoclatwe pmperty 88 Correspondence 113 quﬁmzy :‘;l "gol:n ey 122 ﬁean proportion . 57 - £
l] T i 0 || Corresponding chords : 207 g Funt::ﬁonyp 2 ig; M;?in 52,133,135
“ | Basi e o | Coterminal angles 172 — . o 133,139
{1] | -Basic Statistics 12 _ I T | Midpoint e
| Bijective function 113 Cube roo.ts of unity 28 ' S————— Minor arc 226 '
|‘ II iy relallon . 107 | Cumulative frequency 130 General angle : 172 | Majorare o
[ Cumulative frequency polygon - 130 Geometric mean 143 .
! | | quuadranc 4 Minor segment 241
iyt Cyclic quadrilateral 49ty Grouped data " 133 | Mode Y 139u%
N — ;
H ; Fiin . % b | : o
A I ;
: Cartesian product 106 =74 Half circle . - = - i
| D 121 ' 226 3
f, . Central angle 206 i 2 o2 - Harmonic miean 145146 Nam:eui" the roots 2325
il i | De Morgan’ s Laws | : , Non-collinear points 250
i H po ;
! Central tendency 133 166 | . Hexagon . . 247
! Degree | % <" g - . Non-repeated B
Chord 202 ! stograms 125 il
irle : 502 | Denominator . 72 | E Numerator 1258
! 'lCircum -angle 241 Diameter - : 2;:52 £ I_ ks R 'eﬁ e = J
IR 3 Disjoint set - - Imaginary e PR s s :
B Circular system 165 : : o 23 | Obtuse angle . 194
| " Grensisieane : 240 D!ffc.rence uf sets ]8;'1 I ]m_LPm_PEr fraction ) 72 | One-One function - 02 10 y
] ] & Clmumscnbe s 257 D?rect method‘ " pa ! IHJBCEWE function 112 | Onto function H3~ T
11 Circumscribed circle Gy |DimSstpiopmtion.  F . TV, : Inscribed angle 249 | Ordered pairs 106
| ’I | Circumscribed hexagon gsg || Direotvaniation % & Inscribed polygon - 249 g
I Class boundaries 123 | Discriminant i ! Internal tangent 264
Lo Cl::i Ii?:iné 123 |Dispersion 153, * Intercepted arc 926249 | Partial fractions 5:";
‘ Class width . 123 Distributive property 89_ ' Internally 2] Perfect S_I;llal‘\’: . 2;[ .
| Clo-dntisin - 111 | Dividendo <567 : Intersecting circles 265 | Perpendicularbisectos - = - oL
- C'o' ficients 53] |Pomain - 108,111 - Intersection of sets ; 86 |Polygon RpGE
-efficients . . : : Into function ' 111 | Polynomial
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Product of the roots 32
Projection 194,196
Proper fraction 72
Praperties of cube roots of unity 29
proportions 52
Pythagorean theorem 184,205

T e
Quadrantal angle 174
Quadrants 173,176
Quadratic equation 2
Quadratic formula 6
Quadrilateral 245
Quartic equation - 42

“ Quartiles 151

Quotient

41

Radian

166

Radical equation 16
Radius 202
Range 108,111 1
Ratio 57
Rational fraction 72
Real life problems 46,68
Reciprocal equations 11
Reducible to quadratic form 9
Remainder 40,41
Roots 2
Secant 212
Sector of a circle 168
Semi-circle 226
Sets 85
Sexagesimal 164
simultaneous equations 43
Solution 2

Solution set

7| Weighted mean

= |I'lde>|;
Standard deviation 155
Standard form s
Standard position 173
Sum of the roots 3
Supplementary 245
Surjective function 113
Symmetric functions 35
Synthetic division 39
System of equations 45
Tally marks . 121
Tangent 212
Third proportional " 57
Touching circles 265
Transverse 264
1| Trigonometric identities 184
Trigonometric ratios 172
[__ 5 2 :i
Unequal circles 265
Ungrouped data 133
Union of sets 86
Variable 52
Variance 155
Variations 52
Venn diagrams 95
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