T cbudents will be able to
t the students witl D!
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' atethe centreofa givencircle. P
z Ilsar::facirclepassing through three givennon collinearp -
tethecircle: o
® Cmglcby finding the centre, = :
o without finding the centre,
When a part of its circumference is given.
@ Circumscribeacircleabouta given triangle.
® Inscribeacircleinagiven trian gle.
® Escribeacircletoagiven triangle.
® Circumscﬁhcansquilatmlhiangleabou :
@ Inscribean equilateral triangleina gt\rlencm:lc.
@ Circumscribe asquareaboutagiven circle.
® Inscribeasquareina given circle. _ _ )
® Circumscribearegularhexagonabouta givencircle. ot |
Inscribea regular hexagon ina given circle.. d . - :
: Draw a tangm_m a given arc, without using the centre, throygha given point PwhenPis

tagivencircle.

© 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
O on the circumference, o outside the circle.

® Draw two tangents toa circle meeting each other at a given angle.
® Draw direct common tangent or external tangent,

® Transverse common tangent or internal tangent to two equal circles. -
® Draw y

O direct common tangent or external tangent,

O ftransverse common tange i AR i
® Diiw ikogeit sy gent or internal tangent to two unequal EIT_E]GS

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

© both the arms of a given angle,

© two converging lines and passe i i
s through a J
G three converging lines B

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 &
praclical geometry of circles is at its best in masajids.

Practical geometry is a very important branch of mathematics. In this branch we
mechanical methods of constructing various geometrical figures. It is the branch wh:
highly essential in all draftsmanship necessary in the work of engineers, architect, surv:
and others. The huge buildings, bridges and dams around us are all indebted to pra
geometry. '

_ Historical Bhong Masjid Rahim Yar Khan Pakistan

m Practical Geometry

BRI 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.

(if).  Join A with B and C.

(ii7). Draw the perpendicular bisector of AB and AC.

(V). These bisectors intersect at O.

). Ois the required center of the given circle.

NOT FOR

AR = 9B
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through thret &
Cina platie which are

';j Draw a cirele pnssingé
Given: Any three pOI-.I.'lI;SA.. Ban

non—collinear. . -
Required: To draw a circle passing through these po

Steps of Construction:
(i). JoinA toBand Cres

(i). Draw the perpendicular

pecti-.rely.
pisectors £, and £,

of AB and AC. _ |
{' iii). Point of intersection of these perpendicular
| bisectorsis O. . - op | I
i' / (i), Taking radius — mOA=mOB=mOC , draw a circle. ::
! This is the required circle. \;,i\ |
/ m (a) Complete the circle, by finding the centre when a part'ol its circumferegg
is given

Given: A part .ﬁ of the circumference of a cfr-::]e.
Required: To complete the circle by finding its centre.
Steps of Construction: 5
(). Choose any point C in the given arc AB at
. reasonable distance both from A and B
with C as such we get 4C and BC.
{#). Find the mid - points of AC and BC and
draw the ir perpendicular bisectors £, and £,.

(iii). The point of intersection of £,and £, is the
centre of the required circle. Denote this

point by O.
{iv). With O as centre draw a circle with radius equal to mOA or mOB or mOC-
‘This gives the required circle. .
" " opce !
(b) Complete the circle without finding the center when a part of its circum ferenc

given
Given: A part AC of the circumference of a circle.

Required: To complete the circle with i
out findin
Steps of Construction: g the centre.

o Unit 13 Practical g“""ﬁti‘g _—
= i
sV non—collinear points h Unit 13 Practical geometry circle

{ii). JoinAtoB,BtoCandAtoC.

(ii). With C as a centre and radius equal to mAB
draw an arc. Again taking B as centre and radms

radius equal to mAC » draw another ar ¢, which
cuts the first arc at point D,

(iv). Join B and C to D. With D as centre and radius.
equal to mBC, draw an arc and with C as centre
and radius equal to mﬁﬁ, draw another arc which
cuts the first arc at point E. -

(v). Join Cand D to E. With E as centre and radius equal to mCD, draw an arc and w
D as centre and radius equal to mCE, draw another arc which cuts the first arc a

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

(vii). By free —~hand drawing of arcs joining the above sequence of points,

This gives the required circle,

i £ Circles Attached to Polygons
EEEEE Circumseribe a civele about a given triangle :

Given: AdBC
Required; T!:; circumscribe a circle about the '%
given AABC. 1
Steps of Construction: . ==
(i). Draw A4BC.

(H). Draw perpendicular bisectors ¢, and
.fi of two sides AB and BC, which
Intersect each other at Q.

(ifi). Draw a circle with centre O and radius
equal to mOA or mOB or mOC..

(i¥). This s the required circumscribed circle about the given triangle.
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2 . jangle
= Inscribe 3 circle in 2 given triang
o e - e
Given: AABC ¢ in the given triangle i.e. to construct 5

R srch v : "
Required: To ct;:::ub‘m:ﬁq;sidesofthe given triangle. : ! %,
tou
ion:
Steps of Construcll®y
(i). Draw pisectors £, and £,
i). fand £, intersect at O W

Unit 13 P"‘;":ﬂtnl geﬁn:"“' 4

of any two angles say ZA4 and £B of the giye,

. : A
hich is the centre of the required circle, 4B

(iif). 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.
Ix8+1=9
12x8+2= 98

123x8+3= 987

1234 x 8 + 4 = 9876

12345 x 8 + 5= 98765
123456 x 8 + 6 = 987654
1234567 x 8 + 7= 9876543
12345678 § + § = 98765432

w%---ff"

123456789 x 8§ + 9 = 987654321

Unit 13 Practical geametry circle

Escribe a circle to a given triangle
Given: AABC
Required: To draw an escribed circle
opposite to vertex A of
the AABC.
Steps of Construction:
{i). Produce AB and AC to form two
exterior angles ZCBD and ZBCE.
(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.

[EFEEE 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:

(i), Take any point A on the circumference of the circle
and join O to A. OA is radial segment.

(ii). Construct an angle £ AOT of measure120°.

(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  *—7p A C\Q
E . P
the circle into three equal arcs which are /

AHT, FUand ﬁ W

(v). Draw perpendiculars to OA, OT and ﬁ at A, T and U respectively. These
—_— —
~  perpendicular lines are PQ, RS and VIV .

(vi). These lines intersect each other at B, C and D forming a triangle BC.D' ]
The ABCD is the required equilateral triangle circumscribed about the given circle.




%

Given: A circ :

Required: To inscribe an equila

Steps of Construction:
(i). Draw any diameter
(ii). With centre pandra

(iii). Join A to B and C.
A ABCis the required

1. Construct a triangle with sides 2 cm,

P

3!

51

8. Circumscri ; ;
scribe an equilateral triangle about a circle of radius 2", 3" and 1"

10. For the :
thlem n Q.9 draw an escribed circle to the triangle touching the sma

LS Pracical 9eomey,
Y cirgj,,

[nscribe an cquilateral triangle in a given circle
je with centre 0. _ ) 2
teral triangle 10 the circle.

B

4D of the given circle. e
dius m OD, draw two arcs

which cut the given circle at Band C.

equilateral triangle.

+ Exercise 13.1

pu—

2.5 ¢cm and 3 cm. Also draw its circumcircle,

Construct 8 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.
Construct a triangle ABC with sides mAB = Sem, mBC = 6em and mCA =8cm, Draw
perpendicular bisectors of its sides and then circumscribe a circle.
Draw a triangle ABC with mZ4 = 60° and mZB = 45° . Draw three angle bi
then inscribe a circle in it. ’
Anequilateral triangle is inscribed ina circle. Find the altitude of the triangle if theradivs
rofthe circle varies as under.
r=3 un.frs, r=4 units, r = 6units, r = 12 units . Can you deduce some result from tis’
?fnm?:z:;?l “:‘::gh':'is cirumscribed about a circle. Find the altitude of the triangl?
s dad;:e W:nzl.:cel;lvanes By 2 units, » = 5 units » =10 units.

t from this?

4 cm and 6 cm respectively. Draw its

sectors and

Draw a triangle with sides 2.5 cm, 3.5 cm and 4.5 cm long. Draw an escribed ¢l

oy :
¢ triangle touching the longest side of the triangle.

flest 0%

Unit 13 Practical geometry circle
[m ¢ircumscribe a square about a given circle AT
(iven: A circle centre at 0. :
Required: To circumscribe a square about the
given circle.
sieps of comstruction: .

(i). Draw any diameter AR of the circle,

Draw another diameter CD which is

(ii).
pcrpcndicular to AB .
(iiii). Draw perpendicular PO, RS,TU and
PI¥ at the extremities A, B, C, D of the
diameters AB and CD.
(iv). These lines cut each other at the points
E,F,GandH.
). EFGH is the required circumscribed square about the given circle

m Inscribe a square in a given circle
Given: A eircle 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 .
(ii). Draw AC, CB, BD and DA.
ACBD is the required inscribed square.
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B3 Circumscribe a regular hexagon about a given circle ; : -

: \ +  Exercise 132
M2 A circle with centre O,

ired: To circumseribe a regular hexagon about the given circle.
s of construction:

. Circumscribe a square abouta circle of radius Sem,

2. Inscribeasquare inacircle of radius 6 cm,

3, Draw a square of side 6 em. Circumscribe a circle aboug g
" circle in the same square. Measure the radii o P s i

4, Firstdraw acircle qf suitable radius,

sides of length 8 units.

Inscribe a square of side 10 cm ina circle, What wil| o

Inscribe a regularhexagon inacircle of radius 4 om.

Constructa circle of radius 4cm and draw a regular hexagon about the circle.

Duyr -eirole atuius & oy CirCumsm:ibe a regular hexagon about that circle and also
inscribe  regular hexagon in the same circle. Find the areas of these geometrical figures,
" Comment on the values of these areas,

—

- Take any point A on the square and then inscribe a

c?rcumference of the given so that the square circumscribed about that circle has

circle,

- With Aas centre and mOA as
radius, draw two arcs which cut o
the circumference of the circle at
BandF e

i). 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.

JIJKL is the required circumscribed hexagon.

e size of the radius?

9 Hghon

4 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 circle? Discuss in detail,

Tangent to the circle

IERHE (i) Draw a tangent m 2 given arc, without using the centre,
! point P when Pis the middle point of the arc

FAC] inscribe a regular hexagon in given circle
:m: A circle with centre O.

!I:-ruugh a given
uired: To inscribe a regular hexagon in the given

circle. Given: An arc such that P is the mid point of the arc.

Required: To draw a tangent at P.

sof cansiructinn:
. 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

i i i 1D,
rcle at B. Similarly draw successive arcs which cut the circumference of the circle a

andF - . | Steps of construction:
,, W @. Draw 75
— — | — | .
). Draw 4B, BC,CD, DE and EF. . | @) FromP, draw CD L 7B
CDEF is the required hexagon which s inscribed in the given circle ! )

(@i). AP, draw EF 1 'CD which is the required tangent at P.
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m

thl’{lugh 3

{0 a given arc, without using the centre,

t
(i) Draw a tanges he end of the arc

point pwhenPisat t

7P of a circle. ;
4 ent at the end point P-

Given: An i
Required: To draw a tang
Steps of Construction: .

{:j}l Take any point Q on the arc AP and draw

i —

the chords AP and PQ.

(ii). Join A and Q- J
(iii). Now construct LOPT = ZPAQ.

{iv). Ff'i.'? the required tangent at P. : . ?

(iii) Draw a tangent to a given arc, without using the centre, througha giye,
point Pwhen Pis outzidethearc
Given: AT is an arc and P is a point outside the arc.
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.

(iif). With D as centre and radius equal

to mDP, draw a semi - circle on AP

A
(iv). Draw BC L AP, which intersects the semi-circle at C.
(¥). - With P as centre and mPC as radius draw an arc to cut the given arc atE.
(vi). Draw PE which s the required tangent.
(i) Draw a tangent to a given circle from a point P when P lies on u
circumference .

Given: A circle with centre Qand Pis

point lying on the circumference
ofthe circle,

Required: To draw a tangent from the
- point P.
Steps of construction:

(0. Draw OP.
(ii). Draw OP 1 QP ar P,
(iii). PQ s the required tangent at p.

gi\'.ga X,

e ot
i )

Unit 13 Practical geametry circle

(i) Draw a tangent to a given circle from a point P when P lies outside the

circle

Given: Acircle with centre at O. P is a point lying outside the circle.

chu'iri:.'.l: To draw a tangent to the circle from the
given point P,

Steps of Construction:

(1), With P as centre and mOP as radius, draw
an arc.U'_‘A.

(if). With O as center and the diameter of the
given circle as radius, draw another arc
which intersects arc OA atE.

(iii). Draw OFE which intersects the circle at F.

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

QRIERN Draw two tangents to 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
circle such that the tangents are
inclined to each other at the angle 0.
Steps of Construction:
(). Draw any diameter AR .
(i). At O, construct ZBOD = /8.
(). AtDdraw DE LOD .
(). AtA draw AG L OA.
(¥). These two perpendiculars intersect each
other at H,
(“'i_}- DH and AH are the required tangents
- inclined to each other at angle the angle 8.

¥



e "

: Unit 13 i '

mo :
N tangent oy externa] tangent to fyyq ¢

Given: Two ircl ;
- equal circleg with
Requireg: To draw direct conu:.enm £ OumR

Qual (‘il.‘l:](ts

respectively, :
ou:tangcnt Or external tangent (o ghe given circles

Steps of Construction:
@i). JoinOtwop
(ii). Now draw two perpendiculars on OP at O and P which cut the circles at A and B
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. o
Required: To draw transverse common tangent or internal tangent to the two given circles.

N <
-EA__
4 \ & = P
A \{\(
4

.""_’-'-H- )

Unie 13 Practical geometry circle

-

uction:
Stt‘_l;s “g:;]nng I;:-;[ P, the centers of the given cireles,
::I.) Bisect OP atC.
(iif). Biseet CP atD. o ;
(iv). Draw a semi—circle on CP diameter whic
(v). Join Eﬂd P'__ &
(vi). Draw OF || EP. ) :
(vif). Join E and F and extend the line to both directions,
(vill). GH is the required tangent to both the circles.
Eﬁ (i) Draw direct common tangent or external tangent to twe un —equal circles
Given: Twounequal circles with centres at O and Prespectively.
Required: Todraw a direct common tangent or external tangent to the given circles,

h cuts the given circle at E.

Steps of construction:

(. Join centres of the circles O and P. OP cuts the circles at R and S respectively.
(ii). Bisect OP a1 Q. With Q as centre and mQT’ as radius, draw a semi circle.
(iii), Take 5 point T on OF in the bigger circle such that mRT= mSP=length of the radius
of the smaller circle, -
(V). With center O and mOT as radius, describe an arc cutting the semicircle at L.

). Draw o7t meet the bigger circle at M.

- Draw a BV || G . i M and N and produce it b side o get the conmon
langent or external tangent MN to'the two given circles.




(i) Draw transverse commeoen tangent or infernal tangent to two Uk
circles :

{jual

Given: Two unequal circles with centres O and P having radii 7, and f, where 1 > p,
Required: To draw a transverse common tangent or internal tangent to the given circles,

“Steps of Construction:
(D). Join the centres of the given circles and produce the line to both directions, Also
draw a line segment AB such that mAB = r+ »,.
(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 bﬁ 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 paraliel to OQ but passing
3 through P which is the centre of the smaller circle. This line cuts the smaller circle
. at8S. : .
(vi). Join Tand S and produce it in both directions. The line 7S so obtained is the required
transverse tangent or internal tangent to the given unequal circles.

Unit 13 Prﬂfti':al geumg‘ung drd —
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‘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: .
(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,
Y

+A

i

+B

W

(b) Draw a tangent to two unequal intersecting circles
Given: Two unegual 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

. . i he right

(). _[_Jiaw a line segment PQas a radius of the smaller circle such thyt PO
! OP . Also draw OR the radius of the bigger circle such
' (iii). Join R angd Q and produce it to mee

segment OS at T and draw a semicircle on 0§ which

(). Finally join S and £ and prodyce i SMi i
| produce itto M, SM s the required tangen,
BEENZ (i) Draw o circle which touches both the

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

and BC are ils arms,

* Required: To draw a circle which touches both the

LA

Unit 13 Procticql Seometry gip
: L4

1t Qis not along
that OR ig paralle] to Fg ]
duced at 8, Bisect the line
cuts the bigger circle atL,

arms AB and BC of the given angle.

Steps of construction:
(). Draw BD, the bisector of ZABC .
(ii). Take any point O on BD and draw a perpendicular OF on RC.

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

—_

e —— . e

. o

e e —

o T PR
r B - s

T =T
s

ging lines and passes through

Unit 13 Practical geometry circle - : o -'

(ii) Draw a circle which touches two conver
given point between them
Given: Two converging lines LA and KC meet at B and Z48C
is an angle formed by these converging lines. Let D be a
point lying between these converging lines.
Required: To draw a circle which touc@
the two converging lines L4
and KC and passes through
given point D.
Steps of construction:

(i), Draw the bisector BE of pe&=—]
the angle Z4BC.

(i)). Take apoint F on BE and draw FG 1 BC. With F as centre and mFG as radiu:
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.

v Exercise 13.3
———
I. Draw an arc of length 7 cm. Without using the center drawa tangent through a given poir
Pwhen Pis

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

(i) End point of the arc.

(11}, Outside the arc, e 2y S i
2. Draw a circle passing through a point D and touching a given line BC at pc:mt D..
3. Describe a circle of radius 4cm, passing through a given point C and touching a give

straight line UB . -
4. Radius of acircle is 2.5 cm. A point Q is ata distance of Scm from the centre. Draw tanger
to thecircle from the point Q. / .
5. Radii of two circles are 2 cm and 3cm and their centres are 8 cm apart. Draw dires

common tangents to the circles. r Dra»
6. Two congruent circles are of radius 4 gm each. Their centres are 10 cm apart.
transverse common tangents to these circles. f P
7. Radii of two circles are 2cm and 2.5 cm T‘J}“’ﬁ:;’- Distance betwes
cm. Draw transverse common tangents to the circles. .
. : i and touching tk
8. Draw ZABC of measure 60° . Construct a circle having radius 2.5 cm &

arms of the angle.
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( Review Exercise 13 L nit 13 Procical geometry _ B
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1. At the end of each question, four circles are given. Fill in the correct cipg, i
' al angle of a regular hex : Tily, .
(i (). The measure of the extern g £ agon 18 ; ‘the pcrp:ndlcular b:s;ztot[::hof th non-parallel chords of a circle intersect at a point
. ich is known as centre of the circle.
O ki O - O 'E" () none of these which1 .
{i 3 ¢ @ Acircle of any radius can be traced by rotating a compass about fixed point. £
4 (ii). Tangents drawn at the end points of the diameter of circle gre @® Acirclecanbedrawn through given three non-collinear points. T
BE ) parallel v nerpendicular @ If a triangle, the circumscribed circle, inscribed circle and escribed circle opposite to “
Gi 7 O intersecting O none of these each vertex can be constructed.
s . . . Whena partof circumference of acircle is given, the circle can be completed.
R tangents can be drawn from a point outside i @ y ) .
1 L g P e el If a circle is given, then the circumscribed and inscribed equilateral triangles can be )
01 02 o3 O 4 . constructed. o
(iv). Ifthe distance between the centers of two circles is equal to the sum of their ragj; @ Foragivencircle, meci.mumscribcdan 1r!scﬂ§cdsqmr=smn be drawn. :
then the circles will 1y #®) Fora givencircle, the circumscribed and inscribed regular hexagon can be constructed.
.I (O intersect O donot intersect Tangents can be drawn toa given circle, when a2 point is an its circumference and from a /
O touch each other externally O touch each other internally point outside the circle.

2. Practically find the centre of an arc ABC.

3. Escribea circle opposite to vertex A of a triangle ABC with sides |AB| = Sem, |BC|=4cm,
|CA|=3cm. Find its radius also.

4. Circumscribea circle about an equilateral triangle ABC with each side of length Scm. i -
5. Circumscribe a regular hexagon about a circle of radius 4cm. Direct or transverse common tangents of two equal circles or two unequal circles can be -
6. Construct a circle of radius 3 cm. Draw two tangents making an angle of 60° witheachother. | drawn. o .y |
7. Draw ‘two equal circles each of radius 3.5cm. If the distance .between their centres A circle passing through a given point between two converging lines and touching each
is Tem, then draw their transverse tangents. ofthem, can be traced.
4, DA o comon tangents o two intersecting circles of radii 2.5cm and 3.5em.
- Draw two common tangents to two touching circle of radii 3 cmand 4cm. : YA summary of several pages

con sometimes be as brief
o= one sentence.”
2 8

oo S ]

N,

We can draw tangents to a given arc as its mid point, its any end point, and a pointnoton L
the are.

Tangents to two unequal touching circles can be traced.
We can construct a circle touching the arms of a given angle. |

2o ® i

®
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L {15} () {10. %} (vi) {;,3,'5}
(viii) {1.4% Jis} (ix) {"'i‘ﬁ,u«ﬁ} (=) (2.0)
i g5 _ i) {0, -2) (xii) {~1, 2} (i) {-12471,2,- 4}
v. {-I, 21 05, (xiv) {‘52‘5} (xv) {~42+5) =l
%! vi, {3, = 7 { J_ }
+1, 122
i {5+Jﬁ : M Fxercise 1.3
’ » 5=4/14°
I 5 m} . {ﬂ‘ __,2} m' ] .
h {5' 5} . vi. {2, 5} @ {3} (ii) {s} (iii) {5} o )
| ™ {2} (i) {0} (vib) {4) (i) {6)

i B, B} {'o, :3.}
4

B

(ix) {0. -2} {x) {v—% —1}

Review Exercise 1

N Ryl i, 125 iii. cannot be simplified
2
3 L iv, a=2b=-1,¢c=-3 V. Fad = ¥i. I=—2:t;"2_2
{3 (3 ., _
: TheERES viii. 2 or-9 ix. x=3orx=5

G) {1, +2} ‘ (i) {2, £+3]




']

Exercise 2.1

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

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

(iii) Complex and unequal
() +6 Gi) £12 (i) %

5445 3 _
=t 73l el 1 =2
o538 o{33} wir)
(i) 'I'iteruotsa{ereai (rational) and unequal: 3, %

(ii) The roots are real [in‘s'tinnal) and unequal :3 +5, 3-5
(iiii) The roots are real (irrational) and unequal :\3 ,—3
(i}(a) k:-;-:— ) k::% (i) (a) k<1 (b) k > 1

(iii) (a) kSE }k}%

Exercise 2.2

i)-1, -, -0’ (i) 2, 2, 20" (i) -3, -3w, -30’
(i) 0 5 (ii) ~128w° _ 6(w~1)

Exercise 2.3

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

(i) Sum of the roots ;g ; Product of the roots = 3

w2

(iii) Sum of the roots = = Product of the roots =_§

o T k=6 R =15
m k=6 LT m=5 n=-3

Exercise 2.4

F2a) ot

P 00— (ii)
T @27 -3x+1=0 (i) ©*-x-12=0 (i) ¥-6x+7=0

(iv) x +ar-2a =0

ax’ —(b" -Zm:-]x-wc: =0

A

= 5 B e 9
E‘_ R 3 (i) 5 (i) 2
5 155426341520 6. 28 ~12x+17=0

Exercise 2.5 -

MR ) Q(x)=3+-7x+20, R=—61
i)  Q(x)=2x"-x49, R=0
(i) Q(x)=2¢"-4x +5x-5. R=3

e k=% p=-4.g=1
e 1,2 BEH 2+

[ Exercise 2.6

(i) (4. 2). (4.-2)  (i(2.12), (-4.0)

) (1. 0). (-1, 0)




T G (.6 (-3.6), (3.-6). (-3.-6) ‘ —

_ i (2 ) (s ) (&5 1) (-5 ) —_—
| i 529 i, (-2,2),(-1,3) | g

x=63
J.

First Partner = Rs. 8,000, Second Partner = Rs, 12,3[;0, 'I"h.ird Partnér = R, 19,200
14.5 ¢
; bR 3,45 -3,-4, -5, i
n 89 - or s E 9 m, 4m ﬂ"‘d (i) y=38l1 (i), .«=10-10 :
4,7 6and 8, —6 and -8 n S e g O ’ :
| G 0 =2 Q). x=1 i
5' 9¢em, 6cm “ 9em, 12 em n3°m»5¢m.4cm ;

Exercise 3.1

Exercise 2.7

T 15 cous SR S « ° /
I Review Exercise 2

| : x 4 6 7 15 ;

= - f these /

i F-20415=0 iii. none of the . Y 2 3 3.5 7.5 .

]

== 128 . Exercise 3.2

o 12 | r
(i) Sum of roots = 0, Product of roots = =1 . L () Continued Proportion
% 4

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

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

6x=17x+12=0

3

h The other root is 1, k =-6 :

— : (i) ﬁé,s.s (iii) .\E" ' e

D O (-14).(4-) | . e
(ii) (J_J_][—ff](f'f)(ff) | ' -

R o o




e
T —

(i) 18cm
119N/em®
8 days
i Gem.

f L. axb
{ o
1y, —=—

c d

Answerg
Exercise 3.3
L f=40s e
A _21
a= -E- K =g_
12 9° 128
e 3 st 3
Exercise 3.5
(ii). 3
U0 100N/em®
L 400N/m?
V = 2816 cm’
Review Exercise 3
mn=k ii. 3wl
=3 vii L
X
11 . fa+ mc+ ne
a=—— IX, ——
2 £h+ md+nf
Bl x=2 S 300 units
B 7
B 8.4.2 049

h Answers :.;
Exercise 4.1
' - 3 1
L S Bl L 1
w x 2x-1 2(x+5) 2(x+1) n G0 T 3=
) =t 5 1
".‘._,'.S«r —I-r - 6 g
P Th s TS 5(x+2) T3@Ex=1)
9 5 1 11
2] - E gy . _ 10 6
S 4(x-1) 4(x+2) 2(xs1y @ 3 .7c+2+|::m'+2]z
_—— | 1 5 : 2 1
T L ——+4 + 1= —=
NS 5 o) 3(x-3) B -t (x + 1)
R 3
L T T R T T
: ' $
: Exercise 4.2
e | X - 5 x=11
- ’h‘ '_I .".’ T e —— zr oA I T
TR B 4(x=1) 4{x‘+3}
B -3+ 3 y 3 3
241 2(x—1) 522 5(P+5)
MR 2 . 1 6x-3 -5 _5x-5_ 5x-10
Tle+4) 7 3,24 x+l =2 (;ugf
g 4  4x48

x=2 4x—5

4

5[;"‘2]15(x’+1]+(f+1)2

8.
(2 +4)°
2 1 1 S

_I_:

h(x2+1)2+x2+l *

x+1 x—1

1 -3x—3 ., 3

=




‘ ; L . 1
-(l] 2(x-1) 2(x+1)

(iv) ¥-3x+1

Review Exercise 4

(ii) Rational fraction  (iii) Improper fraction

(vii) { }

' o b e 1, 20 _16
} L =1 141 ii 2x+3+ e
1 1 2 1 2
i, ——4+— = iv =
i rox=l (x-1) =1 (x=1)
;{ v -I__|._I' vi i_ 1 _ 3,1'—'
Jf T =2 42 ' x=1 2(x+1) 2{_-;3+|:]
b
. X+3 x+2 1 3 1
' Vil. _1'!+[_(x!+-|:]! Vil 2—- —;:- -_ ___‘C + 1 + ?
il
. EJ ix. X & 3
,.“l X +2x+4 x=2
'
| - x 1
:|' 3 5 + x+1
Jl (:.c + ]]
j Exercise 5.1
” (1 {0,1,2,3) (i){1) (iii) {1,2,3,4) (iv) (1.3
(v) {0, 1,3,4) {vi) {1,2,3]
J ) (1), {4,6,8) (i) {0,1,2,3), ( | (Gii) (2,4,6,... ). { )
ffm (i) {1,3,5.7,... 19) (ii) {2,4,6, ... 20}
f (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}
1l (i) { ) (0 11,2,3, ... 20}
I IR (.23, .15 i)
[ ] | (iii) { ) T v, 2.3, ... 15)
| ) (1,3, ... 15) (vi){1,2,3, ... 15}
' (viii) {2, 4,6, ... 14}

Exercise 5.3

(ii)
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Answers

Exercise 5.4

@ Ri={(L4),249)
Rz2={(2,5), (3, 4)}
Ra=((1,4),(2,5),(3,5))
Ry={(. 1)) -
Ra={(5, 1), (5. 2))
Ri=((4, 1), (4, 2), (4, 3))
Ry=1((4,2),(4,3),(51),(52)
Ri=((L 1), (1, D]

Rz = {(1,3),(2,2))
Ri={(1, 1), (2,2), (3, 3)}
Re=1{(3,1),(3,2)}

Ri= ({4, 4}

Ry = [(4,4), (4, 5))

R={(2, 1), (3, 1), (4, 1),(4, 3))
Range = [0, §, 1.6}
Range={1,7,17, 31}

(iii)

(iv)

Exercise 5.5

R, is not function.
_ Ry is onto function.
Rz is into function.

(i) into function

(i) ot a function, because both conditions of being a function are not
satisfied.

(iii)  not a function

(iv)  into fonction

(i) There exists onélrone correspondence between set A and set B.

(ii)

There is not one-one comespondence because PeB
remains unpaired .

There does not exist one-one correspondence between set A and set B.
It is one-one function. '

It is into function.

There does not exist one-one correspondence between set A and set B.

! Answers -

=

[l
P

H

(i} 101, 50 (2. 6), (3. 7). (4, 8))
Gy [(1.6).(2.5),(3.8).(4.T))
(i) 1(1.6).(2.5) (3, 7). (4,8))
(iv) {(5, 1), (6,2), (7, 3),(8,4))
(v) [(5,4)(6,3),(7,2),(8, 1))
(vi) ((1,5), (2, 6), (3, 5), (4, 6)}

BE ) itisa function. .
Range={1,2,3,5) = A, notonto |

(ii) Ttisa function.
Range = {1,2, 3,4}« A, not onto

(iii) Ttis a function.

" Range={1,2,4,5}= A, not ontg
Review Exercise 5

() Anonto function fromAtoB (ii) 2x3  (iii) {0,4,8,12) and {5,1&14‘13}'

(iv) 13 (v) Rangef=B (vi) {0,8,10,14}

(i) {1, 2, 3,.... 100)

(i) (iii) {2, 4, 6, .. 100}
(iv) {1,3.5, ... 99} :

(i) Function (i) Bijective function

(iii) Bijective function (iv) Not a function
(iy Function, Range= {1, 2, 3,5} ,notonto
(ii) Function, Range = {1,2, 3,4} , notonio
(iii) Funetion, Range = {1, 2,3, 5} , not onto
(iv) Not a Function -

B {(=5.1),(6,2),(4,3), 34
(i) {(=5,2),(-6,1), (4, 4),(-3,3)]
(i) {(=5,4), (=6,3), (4, 2), (=3, )}
{iv) [(=5,2), (=6, 2), (-4, 1), (-3, 3)}

Note: Several answers are possible.

Exercise 6.1

Class-Limits Tally Marks Frequency
35—45 11 2 |
46 — 55 11 4 {
56 — 65 L 6 i
66 —75 L1 9
76— 85 L1 g




s inhee

1—3

7—9

10—I12.

13—15

16—18

co| || w| Bl w|eaf—=]

19—21

2224

195 345

M L] M5 £G5S e

Class-Limirs

20 —24 M1 3
25 — 129 L1l 6
30 — 34 2l 5
35 —39 BT 8
8

=

-
L




&7 Answers -

[ | . i
. Answers - g

Exercise 0.2 . e —
Class-Limits Tally Marks Frequency -I
W — . »
55— 64 I 2 I .
65 — 74 Il 3 | |
75 —84 U | 6 3 l— e f
85 —94 1 4 .
i 95— 104 Il 3 | -
}’ 105 —114 0 .
£l 15— 124 ! 1
B
i 125 — 134 0 .
' b 135 — 144 0
jil 145— 154 I ! |
- Upper class Frequency Cumulatiy
|l 1!‘ ﬁ'\gc n years ) Boundary :-_-_-_g-,;.-:.c)
B 1
B 203 24.5 ; =
| 25—6 29.5 s
I h 309 345 16 3+16=19
10 19+10=29
| : 12 39.5
i 35— -
| 0—15 445 22 29+22=51
l _ _ 20 51+20=T1
l ¢ s 15 71+15=86
54.5
F il 5 14 86+14=100
I I 55—24 59.
| 3. 100
| ﬂ— -
: E 70 - L | — - '
', F0 3 s} 1 §58 698 s By W
| | z s N b T S . S - S
HI 2. Wy J/J?P—Pee ...HI
: o8Bl ]{ B .20 Gi)6  @iL5s (.10 0TS
M e
o — WO | -

Maﬁiumﬁcﬁ b3



[EEETS  S.D: Maths =9.96, Physics = 3.15, in Physics studens are

E ) more consistent.
ﬂ Variance =2.88,5.D =17

40 Review Exercise 6
3 35 2 (f] Class interval (i)  Ogive (i) Frequency
‘é 30 iv) 1 M L2A55415 ) Gocmbis s el
7 125 (vii) 66 (viii) 51 X 7 |
g . :
! "é 20 x) 0 . (xi) Rs. 600/ (xii) None of these '-‘
| ! £ 15 (xiii) Range {xiv) Arithmetic Mean (V) 04 ) i
i i -E- 10 (xvi) Variance (xvii) Mode
' : ==
{ ' 90005 10000.5 110005 §Y |
i 0 0005 6000.5 7000 5 8000‘? - - |
| ) Upper class boundaries Classes i i
| Exercise 0.3 15— 16 12
\

it 17-18 12
m= 1920 3
s ﬁ@ 53.5 marks - -

1247(for assumed mean of 1244)

Total 27

(i) 65.5 inches @ 7500 0 ABCDE X
671 Mﬁde =71, GM = 6444 ol

Mean = 66, Median = s
Mean = 154.3 Median = 156.5, Mode =

X
_ 119.44
122,49, AM = 119. 2% .
Median = 121,125, Mode = 119.62, G-M e 24 / 2
| i n-l | .
i BN Viedion = 12.5th item Q=425th item 207
4l Q=1275thitem  Mode =26.166 8 1
i A ; ' 14 z
I : :
( : Exercise 6.4 Iﬁ :
| g g
6 |-
'[ B Rence-12 4 .
) 2
i T o 2 )80l G LTI r
I o !. ] T 1 f—-.x
: Range=65, Variance=1038 and S.D =322 :

@ |AM:  SectionA=7, SectionB=7

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

\

¥ _ ()-+ve, Tl quadrant
L {iii) +ve, Ill-quadrant

Exercise 7.1

39.8152° (iii) 84. 3194°
0" (iii) 12°59" 44

(iii) 30°

(i) 8.2597° (i)
@az1s  @ST
@uae (@300
® 7 R adians: (i) - ""”dla"s
(iv) 1_05‘?6 radians

(iv) 32°37'30"
(iv) -135°

(iii) -_—?63 radians

Exercise 7.2

(i) 1.047 em {ii) 3.1415 cm (iii) 12.57 cm

(i) 2.5 radians (ii) 5 radians (i) 2.09 radians
(382em (i) 0.1632¢6m (iii) 6366 cm
96 m’ :
@26sem (i 6.5625 cm’”
8cm
J0mm
n
2
4Tcm
fmem’ ]
Exercise 7.3
H o o H o y ] _!'_3_1.5 o ll_E
(i) 415°,-305 (i) 315°, —405 (iii) 5 6
.5 -lx
™)
(i) 3" quadrant . (ii) 1* quadrant (iii) 3" quadrant
(iv) 3" quadrant  (v) 2" quadrant
Exercise 7.4
(ii)+ve, IT-quadrant

(iv) —ve, [l-quadrant

(v) —ve, llI-quadrant (vi) +ve, [l-quadrant

(iv) 18.1058°

sin(~180%) =0, ms(—lguﬂ)-
sec(~180°) =~1, cot(~1809 = undefined

(i)~ sin(-270%)=1, os(~270°) =0, tan (~270°) = unde
cosec(~270°) =1, se¢(~270°) = undefined cot( 2::?
] = i =ﬂ

(iii) sin720°=0, cos720°=1, tan720° = =0, cosec720°
sec720° =1, cot720° = undefined .

(iv) sin(14?0°}=1.cos{14m°}=‘f tan (1470°) = 5 cosec(1470°) =2
sec(1470°) = T' cot(1470°) =3

— I V3
7 O=—, —e—
81 cos > sinf = tan@=-4/3, cmwe:c:ﬂ--i cc19-~—1—

cosech . o -3 4 3 e 2
ecB==, cosf=-— =
7 0: = IanG—-n?’—.sul:Bz?,mtB:-i—
®1 @ ) —
- -ﬁ (iii) 1+J.£ (ivi2 (V)0
, (i.} 1" quadrant (ii) 3™ quadrant (iii) 2 quadrant
) (iv) 4" quadrant  (v) 4" quadrant (vi) 2 quadrant
m_- (i) 25.56 (ii) 26.16 (i) 7.79
B 53592,
_ Exercise 7.6
40°
— W o6
] ’) » j
“ 26.56 N 6om
m 260 feet o EECNEEE
h 210
-1

==1, tan(180°) =, cosec(~180°) = undefined




va r % e

Review Exercise 7 e
sl s
cos® o cect® — . Review Exe =
) .mgle. of depression (ii) —-l‘n—a' (ii) (“'3_ 5 _ i rcise 3
(i) Greek (i) Perga (i) M i
(vi) 2.6496 (viii) 0. ; . ii) Mathematici
} w 1" Quadrml o) 4 h A lfi"“’j’_‘ﬁ - o
: " mBC =89, mAD = = 5
| @ 22 (a2 - T ™ mBD=—sem
2 5. 21624012 mBE =~/41cm ,
i 7. 454916 "8y i
& = T, £, q
|l" 4. (1) 3" adian (ii) 27 radian 12??5 pprox) ".JI o
2 ; _275 1l
! = 5 (i) 550°, arm° (i) 110°% -610° : Ty 14. 47(dpprax.] '| 1| !
|
' N3 o= 41794 :
i i 6 () sin390°=7 magu" 5 tan390 T 3 h=—1g = 8.92(approx) A
'} /
i = @ =—= cot390° = \E 3
| l : cosec390° =12, 50:5390 :F; Exercise 9.1 1 , 1‘
= ﬁ-l} sin l_z4ﬂ0)- {- ms{,_. 4&0'] =— 1511["240°) = -'J_ ﬁj -“Uﬁ cm I'E 60 cm . 121 _— * b ..
~ 2 .
| 1 V41 em .
| - cosec(-240°) = (‘?AW)"'Z ‘:01( -240°) =T ER 2oem EH 2
. 5 '
=P - 2 __1 xercise 9.2
' I 3. maﬁ? sinﬂ=-—-,ta.n9=—- 3, cosecB—:E,COtB B lemor7 cm 8.39cm : e
:1 ] . & 1¥) H (a) QT>PR ;
1 ' o {appmximately). 1, 1 = (apprommalc y' (b) PR is farther from C than Q_T
£ 3 Exercise 8.1
I- . U " l4cm 2. 1.5cm 3. 61 Review Exercise 9
! -' 4.  £Band /D are obtuse. m
El ' : () congruent (i) CDi :
. CD is closer to O 24 centd i d
1 Exercise 8 2 . _ . ertoQ (i) 24 centimeters (V) 15units |
F ] . 1. S-ﬁ cm, -.mcm, J’_ fcm q 14.4 units (v} 6em (i) 8
- ', 'y - ] __(” AC=12m, AB=24m (ji) Radius = 10 cm, Diameter =20cm
’ m )8em () 4gunis (M H2Zm
| 17em

' . 2
E . mfﬁ Gcm mﬁ-ﬁﬁcm mﬁ=4\ﬁ§ cm
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i Answers
Exercise 10.1
' Exerci
reise 14
_ Bem n N7em S — p——
[I) = |2, )!'—9[:' (ﬁ) e ]]
; ” : =9
BN o > o 56 @iy 10 i) x=12, y=614 () x=yq j-;ge
_(v) x=16, y=53]° Lo g
. 3 MR g
- r=— L
Bl 0:-0)-u (if) x=58,y=15 F ’
TJ -'-J- i & » 1
(i) x=34,y =148 (iv) x=35,y=55 eview Exercise 11 - !
A oo (&) 3 cin il O V2 ARl
(III)BNE e (iv) 3(\!‘5—1}6111 m ZADB = 65°, éBDC_: 25%, mBC = 500 4 & ]
Exercise 12 |
Exercise 10.2 Bl -3y -us |

m 10 units

11 em n 12cm
o €=62, x=10  (ii) a=45b=30

12 em n 16cm

27 em ek & Revigy Exercise 12 1
. Bt
m i) 160° (i) g0 (i) 110° () 400 () 375" 373 |
Review Exercise 10 (vi) 50° o 25° (i) 125° : 3 |
lﬂ
— (i) 2 o i) x=38%y=25-
(i) OTLPQ (i) equal h AERr=60 bl : 1
il (x=80° (i) x=125° (ii) x=50° - :
(iv) x=45° (v) y=12° (vi) x=70 : i _ I

@) 26° (i) 122°
(a)i=8, j=67.4
{h} k =12.6,1=50.0

nea AL ou
Review Exercise 12

4 f these
(1) none of these @ s

(iv) touch each atl'.cr internally

- % =




-

= et . Gl_ass:ug : :I* .tharg - G 5
5 ‘ ' 2 - Relation between the roots and the coeffic .
e : S : = ients of a qu .
==/ ] = o Qg s : If o, are the roots of the quadratic equatio B e
“ [ GLOSSARY..J \ e
34 : % _ Sty it e f&a'ﬁ Sum of the roots =22
i - - a
. . , i and product of the roots = <
X - L a
" Quadratic equation I Formation of quadratic equation
An equation that can be written in the form + The quadratic equation whose roots are ¢ f isgiven b
' ax’ +bx+c=0 ; ) X = (sum of the roots) x + product of the roots = J
where a, b, and c are real numbers with a =0, is a quadratic equation. ' Simultaneous cquations o i
Standard form . - I More than one equation which are sani ¥y
; ; : lisfied by the ]
'T A quadratic equation written in the form ax* +bx+¢ =0 is in standard form. vanablei ﬂ\ioiv;:d are _filied simultaneous equations or a!;‘ms:;ne values of ¢
[' i Zero-factor property of real numbers ﬂf_, j‘m_ bm ' -
| If a and b are real numbers, with ‘ab =0, then either a=0.0r b=0 - Ratio -
'~ Square root property <) Arelation between two titie :
) ua ind i 3 .
The solution set of x* =k is Proportion quantities of the same kind is called ratio.
-
| { B . JE] Aproportion is a statement, which is expressed as equivalence of tworatios
i Ouadratic formula Iftwo rati e 3,
. : atiosa:bandc:d T
| The solutions of the quadratic equation ax’+bx+c=0, ‘ _— aroequal, thensyecanwriteg-b=c:4
: ; Direct variation

where a =0, are

|

1

i

i J

il -bxyb?- dac

[&1 ¥ =
h l 2a .
' - Radical.equation L . I
1 An equation in which the variable appears im one or more radicands. |
B! The discriminant ~ .
' l s The expression b*--4ac that appears under the radical sign in the quadratic
‘formula is called the discriminant. ] B
Cube roots of unity
] 2 ; S1+i3 5 J-58
I! = 1@, @ are the cube roots of unity, where ©= and w =—-—2'—'-
II ' Properties of the cube roots of unity
: Fa*‘ 1. The sum of the cube roots of unity is zero, Le. 1+ ®+a” =0
i E ity 2. The product of the cube roots of unity is 1, ie Ixoxd =@ =1.
3. Each complex cube root of unity is reciprocal of the other, ie. ®=_7

Ra-iif.ﬁ

::atwu t_qa.mr:itititf:s are related in such a way that when one chm;lgt

_Inanyratio so does the otheris ca i iati

o led direct variation.

é:::: quantitics are related in sucha way that when one quantity mcmases, the othe

creases 1s called inverse variati |

Joint Variation e

Join iation i i i

Vaﬁ;t;-':;@tmn is the same as direct variation with two or more quantites, i.&Joit

other -1 & variation where a quantity varies directly as the product of two of mor

cﬂnsm?ltintltlcs. If x is jointly proportional to y and z, we can write xkyz=for som
- We can also write this relationship as ; '.

L=k

¥z &

al fraction

If P(x) and Q(x) are two_polynomials and ©(x) is non zero polymomials.

th ion A%
an the-fraction o6 E-’F; is called rationgl fraction.




numerator
Improper rational fraction

I % . G1 x

: S
A rational fraction , o( x);tg. is a proper rational fraction, if the degre Of.
P(x) is less than the degree of denominator Q(x).

A rational fraction P(x)
A ratio c

i o(x)
degree of numerator P(x) is equal
Partial fractions

Splitting up @ single
single factor in denominator,

, O(x)#0 is an improper rationallfrac[inn‘ if the

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

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

of well-defined distinct objects. Sets are represented by

A set is a “collection
.. 7 and elements of sets are represented by small

capital English alphabets, A, B, C .
English alphabets, a, b, 2

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\xeAor xe B} )

Intersection of two sets -
T A and B are two sets, then the intersection of set A and sct B consists of al
{hose elements which are common to both A and B, and it is denoted by AnB,
‘S}'mboli:ai!.y,

' AnB={x|xe A A.xe B}
Disjoint sts ' .
Two sets A and B are disjoint if AnB=9.
Complement of a set o ;
bsetof U, then U \ A is called complement of

If U is universal set and A is a su
set A, and is denoted by A’or A°.
Difference of two sets

If A and B are two sets, then
A which are not in B, and it is denoted by

_ A\B={x|xe A Axe B}

_ Commutative property of union
For any two sets A and B
3 AuB=BUA
Commutative property of intersection
For any twosets Aand B
AnB=BnA

their difference consists of all those elements of

AVB or A — B symbolically

O S/ALIE
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Associative property of union
For any three sets A, B and C
: AU(BUC)=(AUB)uC
Associative property of intersection
For any three sets _
AN(BNC)=(AnB)nC

Distributive property of union over intersect
nte
For any three sets A, B and C o

AV(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

. (i) -(AuB)=A'nB (ii) {Anﬁ)'=A’uB' |
Venn diagrams ‘ - 1
Concept of sets i.e, union, intersectio iR
. . _ A ! n, compli
explained easily with the help of Venn diagrams, ﬂﬁ:imm:;?&b:

represented by a circle and universal set i
- Ordered pairs is represented by a rectangle.

(@, b) is called an ordered pai
f pair of two elements a and b of a st i
sets, where a is the first element and b is the second element. . i
(a, b)#(b, a)
| Cartesian product
! 2 If A and B are two non- empty scts then A x B is called Cartesian product,
; beli:-ng is tm of all ordered pairs such that the first element of each ordered pair
| = s to set A and second element of each ordered pair belongs o set B ° ==
symbolically. h s e
AxB= {(.1 y)lxe A and ye B}
Yo If A=B, then AxB#BxA
-Binary relation
Any subset of A x B is called a bin
tmpty sets,
D »
omain ant_l range of binary relation
IfRis a binary relation from set A
R = {{.t. y)lxe Anye 3]-
of all ordered pairs in R and is denoted by “Dom s

ary relation, where A and B are two not- e

toset Boie ; : —Li
\hen domain of R is set of first elements |
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rdered pairs in R, and is denoted '

fm ™

f second elements of all o

E The range of R is s¢t 0
by “Range R”.
. Jlistogranm
Function 5 G ' sraphical i o
o “Ii A and B are tWo non-empty” sets, then a binary relation f is said o be a L A grapnied representation of data in the form of rectangles j
function from A to B, if ' Frequency gles is called Histogram.
(i Dom f=A - = Anumber showing the repetitionofa valueina givenset
@) There should be no repetition it the first elements of all ordered pairs Frequen<y Polygons of data.
: contained in f. Aciirve on the graph showing the frequency of values ' ’
~ symbolically . Median ' >
£: A » B ) Avalue lyingin the middle of arranged data is called median
: i Mode !
Domain, co-domain and range of a function _ ‘ _ R ) _ o
 Letf : A — Bbed function, then set A is called domain of f, set B is A;a:!uengzgeated‘maxumum times in a given set of data s called mode. It sh
called co-domain of £ and thie set of second clements of all ordered pairs contained in l a data and hence is usually used to find public opinion. It shows the trend of
£ is-called range of f. The range is subset of co-domain ;{;lliFﬂ' .
T 7 | e difference betwegnm i . .
vy nga P i aximum value and minimum value in given setof data,
Let f be a function from A to B, then f is into function, if T e
Range f #B An angle is a union of two rays which have ;
One - oae or 1-1 function . the ray is called “initial side” and other ray is called ':e:;lina] siﬂp?'m precee e of
; Let f be a function from A to B, then f is one-one function, if for each x€ A Sexazesimal system (degrees, minutes, seconds) i
' there exist unique Y& B,ie. thereisno repetition in the second element of all orde  Itisthe system S-S e, <
. : q._ o 260 e AR G ment u_f an angle in which one cu_mplete rotation is
pﬂ.ﬂ'ﬁ Cﬂmﬂlﬂﬁd mn f. parts called minut X egrees, written as 360°. One dEgTBﬁ is divided into 60
= g e : g es, written as 60'and one minute is again divided i >
: funct ective function) i ; = is again divided into 60
M ¥ - ﬂgfngg-;gu;c‘t’ig'ﬁ i’?gn[zliltn B, then  is injective (into and one - one) function if ‘gilli‘i::::i‘fﬁélw?ltei as ?l} : = e
g : ' . ar system (radians
: @) Range f£B : It ;
(i)  There is no repetition in the second elements of all ordered pairs measuretu}sa:;fn:hiirr:gimm{-)or mgjmmm'“ of an angle. In is sysem 4u¥ &
i i s an. One radian i i
‘ 4 conainedinf- ' an arc whose length is equal to radius oflslhaenc?:lcziz suﬁmnded B .
-Onto fasction (surjective function) ) - : Length of an arc is measured by the formula £= 8 where { is length of an
Let f be a function from A to B, then f is onto function if arc, © is central angle of a circle measured in radians and  is radius of circ le
i Range f= B 5 Aren sector of circle J i
l o 1 One-one and onto function {bij.ectiv'c function) o ; Area of sector of a circle is given by A= lr’a_ Where r is radius of circle, ©
l‘ 2 Fet f be function from A to B, theri f is one-one and onto (bijective) function 1 il ot 2
PP = | e of sector i ians.
_ f, if it is bdth one-one and onto. \ Crbnitnitinch measured in radians
I:- e .-xrarﬁipgnfrgnﬁﬂ non-empty sets then one-one correspondence petween A and di EE::E;cz E\::Ii:}gllhcfsama ini}ial and :errnli]?:I :‘ie:] ::. ;ﬁle;d ww:;;'_lsm
(i and B igha rule for which each element of set A is paired with on¢ and only 01° I Anglein s p E-D- e .
2 elementiof B and each element of B is paired with one and only one element Of & | - l“";‘;llarti position d . ¢ g0 higle Bes & origin and
and non of the members of any set remains unpaired. It is also known a8 one-10 0% o | initial sid {-plane (co-ordinate plane). if the veriex €1 % © 24 to be in .
me number of eleme ! posit side lies on positive X-axis. then such an angle 15 ¢
ion, :

. functiofin one-one correspondence both sets A and B have s&
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‘rants and quadrantal angles . . ?l"I '
i 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 07, 90°,180°,90,360°.
L Trigonometric ratios of unit circle 3 ¢ ¥ !

These are sinf =y, cosB=x, tanf==
: %

and cos =l, 3ecB=l, cotf=2
¥ x ¥
Trigonametric identities are
(i) cos’ B+sin*B8=1
(i) 1+tan*@=sec’®
(iii) . 1+cot’@=cos’®
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 2
- 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.

Acuie angle :
An angle is acute if and only if it has a measure greater than 0° and less than 90°.

Acnte triangle ]
A triangle is acute if and only if it has three acute angles. |

Adjacent nngles
Two coplanar angles are adjacent
no points in the interior of one angle are'in
Altitude of a triangle
An altitude of a triangle is the perpendicular segment joining a vertex of the .

i triangle to the line that contains the opposite side.

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

Angle
An angle is the union of two non-collinear rays with the same end point.

Arcof a circle
Any portion of the circum

Bisector of an angle
A ray that divides an angle in

ference of a circle is called an arc of the circle.
to two equal adjacent angles is the bisector of the angle:

Central angle o k
A central angle of a given circle is an angle whose vertex'is at the centre of

L the circle.
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Chord

Circle

A chord is a segment whose ¢nd POints are on the cirg], ' =
e circle. - %

A circle is the
Circular region

A circular region is the union of a ¢

ac

Circumference of a circle b

The perimeter of a circle is called its ¢

. ed i

Collinear points \  erkunidersiice.

Points are collinear if and only if there j
Complementary angles

Two angles are complementary if and on}
Concentric circles ‘

Two or more circles (in the same pl

- i a]le 1 i

it gl plane) are concentric if they share the same
Concurrent lines

Two or more lines are concurrent if a i isasi i
on all of them. s :f_:h.:re I-S i s
Congruent angles - 11

Angles of the same degree measure. o
Congruent arcs . ;

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

tif and

A . gruen only if lht:y have the same
Congruent circles | |

Circles with congruent radii are called congruent circles. |
Cm:g_rucm figures ; .
b Geometric: figures are congruent if and only if they have the same size and _
Congruent segments ; :;
Two or more line segments are congruent if and only if they have the same ; ‘

set of all coplanar poi i
nts i iver
HHATPOINLS equidistant from a given point, %
and its interior
s a line that contains all of them,

y if the sum of their measures is 90°.

length,
Congruent triangles £ty o '
it Given i CﬂntSpDndcnﬂe ABC « DEF between the '\"{'-l'ﬁm aof two l!'l'ﬂlstes.
:hthﬁ corresponding sides are congruent, and the corresponding angles are CORprNS
i l;hc comespondence ABC« DEF is called a congruence between tioyte
angles, :

b

Coplaner points

~ points are coplaner if and only if there is plane that contains all of thern.
““':7'1".11[;",'.'5.I X
A statement that can easily be proved by applying a theorem.
~— e
NOT FOR S=
e
B - e, SRt L e, S



Diameter . .
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 imersect in exactly one
point and if their interiors do not intersect.

Half — plane
i : Given a line and the plane containing it, the two sets separated by the line are
l_. called half - planes. - )

i ; Internally tangent :
- b Two or more circles are internally tangent if they intersectin exactly one point

]". : " and if the interior of one contains the interior of the other.

'l £ - Linear pair.
f ; Two angles form a linear pair if and only if they are adjacent angles and the
i ] = noncommon sides are opposile rays.

'. i Major and Minoer arcs

l The larger of the two arcs is called the major arc and the smaller one is called

e the minor are. :

i l _ Measure of an arc .

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

| : The degree measure of a major arc is 360° minus the degree measure of the

corresponding minor arc. .
I e The dégree measure of a semi-circle is 180°. The degree measure of a circle is
taken to be 360°. '
l ' Median of a triangie :
1 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.
154 Midpoint ) -
I | ' : A point B is called the midpoint of AC if and only if (i) B is between A and C
.I|I and (ii) mAB =mBC. |
. Obtuse angle ; . ;

l I An angles is obtuse if and only if it has a measure greater than 90° but less
J _ than 180°.

f Obtuse triangle

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

.
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“Glossory

Qpposite rays . g
AB and AC are called opposite rays if and only if A is between B and C.-

parallel lines '

Two lines are parallel if they do not intersect.
perpendicular hisector

In a given plane, the perpendicular bisector of a segment is the line that is
perpendicular 1o the segment at its midpoint. {

Radius of a circle
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.
Ray

Ray Aﬂ[ﬁ} is the figure that contains A and every point on the same side 1

of A as B.

Right angte -
An angle of measure 90°.

Secant ) o
A secant is-a line that intersects a circle in exactly twd points.

Sector . S .
If AB is an arc of a circle with centre 0 and radivs T, then the union of all

segments OP , where P is any point of AB, is a seclor.

Segment of a circle s
A segment of a circle is the region bounded by a chord and an arc

circle, -

Supplementary angles !
Two angles are supplementary if and
180°,

Tangent 1 is called a tangent, and the :
A line that intersects a circle at exactly one point l::fagcutaﬂ)- :
point of intersection is called the point of tangency (or et -
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f Angle in standnrd position
I} - Apollonius theorem

I I:' | Arc ,

“ [ ' Area of a circular sector
n“fl ' Arithmetic mean

i B Asanclauve pmperty

-Basic Statistics
Bijective function

* Binary relation
Biquadratic

Cartesian product
.. Central angle

I P Central tendency

iy Chord

‘ Circle

1 ‘Circum-angle

¥ |1 Circular system

!ll . Circumference

j l | Circumscribe
Circumscribed circle
Circumseribed hexagon
Class boundaries
Class limits

Class width

Co-domain

Co-efficients

: Mati{e;daii_cs' X

106
206
=133
202
202
241
165
240
257
249
258
123
123
123
111
5,31

Indey -
Common tangent 264
Commutative property 38
Complement of a set 86
Completing square 5
Complex cube roots 2%
Componendo 38,59
Componendo-dividendo 58
Coneentric circles 212
Convergent lines 267
Congruent circles 227
continued proportion 57
Correspondence 113
Corresponding chords 207
Coterminal angles 172
Cube roots of unity 28
Cumulative frequency 130
Cumulative frequency polygon 130
Cychc quadrilateral 249 -
: ]
Data 121 =
De Morgan’s Laws P
Degree 166
Denominator 72
Diameter 202
Disjoint set 86
Difference of sets 86
Direct method 134
Direct proportion 67
Direct variation 33
Discriminant 23
Dispersion 153
Distributive property 89
Dividendo - 58
Domain 108,111
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Index

L || 'verse proportion

Equidistant 203 | Inverse variation

Equilateral triangle 256 Invertendo

Exponential equations 13 |lmational

Externally 219

Extraneous roots 16 Joint variati

Extremes 52 K_mm::nnn

[__ = ‘ i o Sfrf:fil‘ Linear equation

Factorization k] m s

Formation of quadratic equation 36 Y O

Fourth proportional 57 Major segment 2
Frequency distribution 122 | Mean proponicn ; 5411
Frequency polygon 127 |Mean 52,133 I.;IS 1/
Funetion 109 | Median 133,139
| | i 123
General angl T s

angle 172 I Major arc 26

Geomeltric mean 143 | Minor segment 241
Grouped data 133 | Mode 139,150
|Hlt"! 87 5 h‘

alf circle 226
Harmonic mean _ 145,146 ::mﬁ{:ﬂ:rﬁi:m 2235’%.!5

; H‘exagqn 247 | Non-repeated 3 73 t
Histograms - 125 | Numerator 12
|]— _ [

- Imagmary . 23 =k -
lmproper fraction 72 gﬁ:ﬁn?g::cﬁm : 119’-; ¥ : &
Injective function L2 | Onto function H3
Inscribed angle 249 | Ordered pairs 106
Inscribed polygon 249 g
Internal tangent 264 71
Intercepted arc 226,249 | Partial fractions 57
Internally 221 | Perfectsquan 251
Intersecting circles 265 | Perpendicular bisectors 253
Intersection of sets 86 [Polygon 7
Into function 111 | Polynomial a
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Product of the roots a2 Standard deviation 5
Projection 194,196 | Standard form 55
! Proper fraclion 72 Standard position ' 17
| Properties of cube roots of unity 29 Sum of the roots E
| proportions 52 Supplementary 245
E Pythagorean theorem 184,205 | Surjective function . 113
i —_— Symmetric functions
15T o iy L3 i -+ 3
A“q m e = s .| s:'fn'lhe'“c di\"lSiDn 3;
Ang Quadrantal angle 174 | System of equations 45
ANE  Quadrants 173,176 [ ;
Ang Quadratic equation 2 TR
AN Quadratic formula 6 Tally marks !
AP Quadrilateral 245 |Tangent 22 ____ _ A
i Quartic equation 42 | Zhird proportionsl 1, S Algebra, Student Edition-Glencoe by Carol Malloy. Ph.D., Jack Price, ba
" Quartiles 151 | Touching circles 2% o B Pre- 5002) |
AT Quotient 41 | Transverse 264 Ed.D. Published by McGraw-Hill e i
A ——— — 1| Trigonometric identities 184 "7 Algebra and Trigonometry, 3rd Ed. by Judith A. Beecher, |
— || Trigonometric ratios 172 T . ishedby Addison Wesley; (2007)
o CLRE B y arvin L. Bittinger Published by
E . P : __-i T e —— hults. Holt Rinehart & Winston Published by Houghton
E Radical equation 16 — e S T | . - Holt Geometry by Schults.
| . ¢ ) 2004) :
' Radius 202 | Unequal circles 265 Mifflin Harcourt( Ma. Amber Kuang
" Range 108,111 | Ungrouped data 133 T Geometry 1,001 Practice Problems For Dummies by Allen! fe.
Ratio 57 Union of sets __86 ) (2015)
- Rational fraction 72 T . - by EdwinM.Hemmerling
i 3 : metry by
Real life problems 46,68 —— - ‘1] — Fundamentals of college geometry & ins. Carol E. Malloy, John A Carter,
Reciprocal equations 11 Variable : 2 L Geometry by CindyJ. Boyd, Jerry urnm 007)
Reducible to quadratic form 9 Variance 15525 : Alfinio Flores Published by Mcgraw Hill (2 1985) .
Remainder 40,41 | Variations e , _Uniited States NAVY ( :
R : Venn diagrams 05 LZ0 Basicmathandalgebra ¢ orablent solvag) by Richard Rusezyk
—— — Weighted mean 147 {450 Introduction to algebra (the art of P
| = .
— ? Published by AoPS !nmmcmml(wcﬂ vid Lewis published by Penge®
i s 212 & . Eureka-Math-Fun-from-Many-Angles by Da -
Sector of a circle 168 ¢ 5 Lanaravans
! llk Semi-circle 226 — Trade ] i Innovative-Techniques by T. Sany
i I': Sets = 8§ LAY, Maths-for-Fun-Creative-and- -
] { Sexagesimal 164 Raju publiched by Hodder and Stough
1 | smul_mneuus equations 43 E}&_ Teach vourself algebra by Abbott P
Solution 2 4
i Solution set 2 (1988)
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