


SIMILAR TRIANGLES

* INTRODUCTION
In earlier classes, you have learnt about congruence of two geometric figures, and also some basic theorems and
results on the congruence of triangle. Two geometric figures having same shape and size are congruent to each
other but two geometric figures having same shape are called similar. Two congruent geometric figures are a&ys
similar but the converse may or may not be true.
All regular polygons of same number of sides such as equilateral triangle, squares, etc, are similar. All cﬂ%%are
similar.

In some cases, we can easily notice that two geometric figures are not similar. For example, a tria
rectangle can never be similar. In case, we are given two triangles, they may appear to be simil gﬂP uaIIy they
may not be similar. So, we need some criteria to determine the similarity of two geometrlc figures, In particular,

we shall discuss similar triangles.

* HISTORICAL FACTS
EUCLID was a very great Greek mathematician born about 2400 years ago. He
is called the father of geometry
because he was the first to establish a school of mathematics in Alexandria. (
wrote a book on geometry called “The Elements” which has 13 volumes and h
been used as a text book for over 2000 years. This book wa ther
systematized by the great mathematician of Greece tike Thales, PQa ras,
Pluto and Avristotle.

Abraham Lincoln, as a young lawyer was of the view that this ok was a
splendid sharpener of human mind and improver his pwex of logic and
language % :
A king once asked Euclid, “Isn’t there an easie y to understand -
geometry”
Euclid replied : “There is no royal-road way to
think for himself when studying.”
THALES (640-546 B.C.) a Greek mathe
formulated the theoretical study of geo 0 make astronomy a more exact
science. He is said to have introdu etry in Greece. He is believed to
have found the heights of the pyramids in Egypt, using shadows and the
principle of similar triangles. T enof similar triangles has made possible the
measurements of heights al istences. He proved the well-known and very
useful theorem credited ame : Thales Theorem.

* CONGRUENT FIG

Two geometrical flgu
shape and same

: Father of Geometry

(about 300 B.C. Greece)
?&netry. Every one has to

as the first who initiated and

€ said to be congruent, provided they must have same
ngruent figures are alike in every respect.

EX. L Two squares of the same length.
2. Two circle of the same radii.
3‘.% Two rectangles of the same dimensions.
? Two wings of a fan.
Two equilateral triangles of same length.
* AR FIGURES

o figures are said to be similar, if they have the same shape. Similar figures may differ in size. Thus, two
@ ongruent figures are always similar, but two similar figures need not be congruent.

EX. L Any two line segments are similar.

2. Any two equilateral triangles are similar
3. Any two squares are similar.
4. Any two circles are similar.

/\




We use the symbol ‘~’ to indicate similarity of figures.

* SIMILAR TRIANGLES
A ABC and A DEF are said to be similar, if their
corresponding angles are equal and the corresponding sides

are A

proportional. N

i.e, when /A= /D, /B=/E, LC=/F 7 N /\
AB BC AC VA N (A NCEE Y ) S

and = = . ‘ y
DE EF DF ’)

And, we write AABC ~ ADEF. q,;b

The sign ‘~’ is read as ‘is similar to’. 6

THEOREM-1 (Thales Theorem or Basic Proportionality Theorem ) : If a line is A \

drawn parallel to one side of a triangle intersecting the other two sides, then the
other two sides are divided in the same ratio. ¢
Given : A AABC in which line ¢ parallel to BC (DE || BC) intersecting AB at D and

AC atE. 4 e
AD AE Q
To prove :
DB EC
Construction : Join D to C and E to B. Through E drawn EF perpendicb@o AB
i.e., EF L AB and through D draw DG 1 AC. I
Proof : -
STATEMENT REASON O_,')
1 i
1. | Area of (A ADE) :E(AD x EF) Area of A se x altitude

Area of (A BDE) =% (BDXEF) @
L ADxEF ’
» | Area(AADE) """  AD Q
Area(ABDE) 1, . DB Q)
2 :

1

=~ AExDG
3. | Area(AADE) _ 2 0 Similarly
Area(ABDE) 1 EC
4. | Area (ABDE) = A?ea ( A's BDE and CDE are on the same base BC and between the
Area(AADE) %V same parallel lines DE and BC.
5.
6 Area(ABDE) By 3. & 4.
| AD _AE Byl &5.
DB EC

Hence proved

THEORE verse of Basic Proportionality Theorem) : If a line divided any two sides
of a trla rtlonally, the line is parallel to the third Side.

lee

TEO%?ove DE||BC YA ,,_\__,,..;‘:-;.p

Proof :

BC and DE is a line meeting AB and AC at D and E respectively such that




Hence, proved

Ex.1 In the adjoining figure. DE|| BC.
If AD=3.4cm, AB =8.5cmand AC = 13.5 cm, find AE

(i)
(i)

Sol. (i)

AD 3

If — =— and AC =9.6 cm, find AE. )
DB 5 Q

AD AE

Since DE || BC, we have —=——

AB  AC &
34 _ AE _ 34x135 .,
85 135 8.5 «2& ’

Hence, AE = 5.4 cm.

(i)

Let AE =

=

Ex.2  In the adjoi

Show that DE |
Sol. Vg

Thus,

AD

Since DE || BC, we have — =

AE _

AC 5[’
X cm. Then EC AE) (9.6 —x) cm.

396X
96X5 ( )

5x = 288 3X = 8x=28.8 =x =3.6.
AE =36 c.

g figure, AD =5.6 cm, AB =8.4 cm, AE =3.8cmand AC =5.7 cm.

AD =5.6cm, DB = (AB - AD) =(8.4—-5.6) cm = 2.8 cm.

AE=38cm, EC=(AC-AE)=(5.7-3.8)cm=19cm.

AD 56 2  AE38 2
DB 28 1 EC19 1
AD AE

DB EC

DE divides AB and AC proportionally.

Hence DE || BC

>

STATEMENT REASON
1. ] If possible, let DE be not parallel to BC. Then,
draw DF |TBC
2. E = E By Basic Proportionality Theorem.
DB FC
AD AE
| === Gi
3 DB~ EC iven (\
_AF _AE >
4. | -+ FC  EC From 2 and 3. fb
AF AE Adding 1 on both sides. n’)
S | (o)
FC EC (\
_ AF+FC _AE+EC By adding. /\
FC EC (\Q
_ AC_AC AF +FC = AC and AE + EC = AC. ,
FC EC o
= FC = EC = E and F coincide. Q
But, DF || BC. Hence DE || BC. ‘é
Y




Ex.3

Sol.

Ex.4

Sol.

Ex.5

PS PT

In fig, % = R and ZPST = ZPRQ. Prove that PQR is an isosceles triangle.

[NCERT]

. PS PT
Itis giventhat — =—

SQ TR
So, ST||QR [Theorem]
Therefore, ZPST = ~ZPOR
Also, it is given that
ZPST = ZPRQ 2

So, ZPRQ= ZPQR [Form 1 and 2]
Therefore PQ=PR [Sides opposite the equal angles]

i.e., PQR is an isosceles triangle.

[Corresponding angles] — (1) 3 AT

QX

Prove that any line parallel to parallel sides of a trapezium divides the non-parallel S|de{}>&ortlonally (i.e., Inthe

same ratio).
OR

ABCD is a trapezium with DE || AB. E and F are points on AD and BC respen@@uch that EF || AB. Show that

AE BF
ED FC
[NCERT]
We are given trapezium ABCD.
CD ||BA
EF|| AB and CD both
We join AC.
It Mets EF at O.
In AACD, OE||CD
AO AE

= —=— ...()
OC ED
(Basic Proportionality )
In ACAB, OF || AB Q)
=

&

CO CF

- T.
OA FB @" ]
A0 _ NS

= .
oC %
From (i) and (||) Yy
ED FC C})

Hence, p %Aﬁ

Prove t%tﬁ internal bisector of an angle of a triangle divides the

op 18e in the ratio of the sides containing the angle.
al Angle Bisector Theorem)

AAABC in which AD is the internal bisector of £ A.

@VP rove : AB

" AC
Constructlon Draw CE " DA, meeting BA produced at E.
Proof :

&"

N ~
L — AL

f"‘

’; \
\
\

Ak ‘B

o %
S

A




STATEMENT REASON
1. | L1=/2 AD is the bisector of £ A
2.| £L2=/3 Alt. /s are equal, as CE || DA and AC is the transversal
3.| L1=/4 Corres. /s are equal, as CE || DA and BE is the transversal
4.| £L3=/4 From 1, 2 and 3.
5. | AE=AC Sides opposite to equal angles are equal
6. | In ABCE, DA||CE (\
BD BA ByB.P.T. \
= =
DC AE ,.Q)
- BD = AB Using 5 ﬂ')
DC AC

Hence, proved.
Remark : The external bisector of an angle divides the opposite side externally in the raflg e S|des containing

the angle. i.e., ifina AABC, AD is the bisector of the exterior of angle £ A and inter produced in
BD AB
CD AC C
* AXIOMS OF SIMILARITY OF TRIANGLES ‘%

1. AA (Angle-Angle) Axiom of Similarity : .
If two triangles have two pairs of corresponding angles equal, then th@%es
are similar. In the given figure,

A ABC and A DEF are such that QQ

ZA=/Dand £/B= ZE.
AABC ~ ADEF
2. SAS (Side-Angle-Side) Axiom of Similarity :
If two triangles have a pair of corresponding an3§S andthe O

sides including them proportional, then the tri re similar.
In the given fig, A ABC and A DEF are su

/A= /Da dﬁ;& ;--—-‘v
DE DF /
: AABC ~ ADEF

e b —

3. SSS (Side- Side- Side) AXI mllarlty Bémrre e (O ~ —
If two triangles have thre % corresponding sides proportional, then the trlangles are similar.

Ifin AABC and A DEF

AB _AC _ AABC ~ ADEF. D
DE DF é})
Ex.6. In figure, fid : '
Sol. In AAB ALMN, i
~ 4.4 ~ 2 5 Y A ¥ . Y
LM 11 5

Q BC_4.2,,0h 362 AN
Q} MN 10 5° NL 9 5
AB_BC CA raLw -

U

LM MN NL

AABC ~ ALMN (SSS Similarity)

ZL=ZA=180°- ZB- ZC
= 180" - 50° - 70° = 60° = dem

ZL =60

Uy




(NCERT)

Ex.7 Inthe figure, AB 1L BC, DE 1 AC, and GF | BC, Prove that A ADE ~ A GCF.
Sol. Z1+/4=./1+ /2 (eachside =290
= L4 =/2
= LA=/G ..(D)
Also ZE=/F ...(i1) (each equal to 90°)
From (i) and (ii), we get AA similarity for triangle ADE and GCF.
= A ADE ~ AGCF
Ex.8 Infig, IQD; QR and £1=./2. Prove that APQS ~ ATQR.
Sol. L1= /2 (Given)
= PR =PQ ...(1)
(Sides opposite to equal angles in A QRP)
Also ﬂ = % (Given) ...(0)
PR QS |
From (i) and (ii), we have
QT _QR_QP_0s .o o
PR QS QT " QR
Now, in triangles PQR and TQR, we have \Q-
/PQS=/TQR (each = /1) Q
and m = E (from (3)) )
iy N
= APQS~ ATQR (SAS Similarity)
Ex.9 Infig, CD and GH are respectively, the medians of A A d AFEG, If AABC ~ AFEG, prove that
(i) AADC ~ AFHG
iy S48 Nag
FE *2\
Sol. AABC AFEG (given)
= ZA=LF, ...(1) (" thec ndlng angles of the similar triangles are equal)
Also, ég AB &ndmg sides are proportional)

|s m|d point of AB}

N AC 2AB
" 2FH % H ismid — pointof FE

FG
:> _

= ?’/..(ii)
Now, in trianglgs ADC and FHG, we have - e T
ZA= 44% c_Fe (By (i) and (ii))

AD FH
ADC~ AFHG (SAS similarity)
AADC ~ AFHG
CD AD
Corresponding sides proportional
x@ Py ( ponding prop )
CD _ 2xAD @ B E
GH - 2xFH GH FE

Ex,10 ABC is aright triangle, right angled at B. If BD is the length of perpendicular
drawn from B to AC. Prove that :

(i) AADB ~ AABC and hence AB’ =
A ABC and hence BC* = CDxAC

ADxAC (i) ABDC ~




(iii)  AADB~ ABDC and hence BD? = ADxDC (iv) ! =+ L == ! 5
AB BC BD
Sol.  Given : ABC is right angled triangle at B and BD L AC
To prove :
(i) AADB ~ AABC and hence AB* = ADx AC
(ii) ABDC ~ AABC and hence BC?> = CDxAC
(i)  AADB~ ABDC and hence BD*= ADxDC (\
i 4t -1 AN
ABZ  BCZ BD? L)
Proof : (i) In two triangles ADB and ABC, we have : ﬂ)
ZBAD = ZBAC (Common) ﬂ)
ZADB = ZABC (Each is right angle) (\6)
ZABD = ZACB (Third angle) (\
ZADB= ZABC (AAA Similarity)
Triangle ADB and ABC are similar and so their corresponding sides must be ppﬁ\ on.
E:%:E:E:E: AB x AB = AC x AD = AB? = ADx AC . This proves (a).
AB DC AC AB AC Q
(i) Again consider two triangles BDC and ABC, we have i }
/ZBCD= ZACB (Common)
ZBDC= ZABC (Each is right angle) .
ZDBC= ZBAC (Third angle
.. Triangle are similar and their corresponding sides must be%portional.
ie, /BAD= /BAC BD _DC_BC "
AB BC AC

(iii) In two triangle ADB and BDC, we have :
DC BC 2 . "
= —=——=BCxBC=DCxA =CDx AC This proves (ii)

BC AC
ZBDA= ZBDC =90’ Y’f
/£3=/2=90°/1 1+ £2=90° L1+ £3=90°
L1=/£4=90°~£2 S L1+ £2=90° £2+ £4=90"
AADB ~ ABDC (AAA criteri imilarity)
= Their corresponding side e proportional.

AD _DB_AB N7, AD_DB _ oh.BD-=ADxAC
BD DC “ BD DC
.. BD is the mean t

(iv) From (i), we ha
(i), we

(i), E
. 1 %’ 1 1 1 171 1
Consider 5= + + +
@ BC2 ADxAC CDxAC AC|AD DC

% 1 . 1 1 [DC+AD}_ 1 {AD+DC}_ 1[ AC }
AB®> BC? AC|AD DC| AC|ADxDC | AC|ADxDC

Q7 i
ADxDC BD?
N

+
Q) AB®> BC? BD?
Thus we have proved the following :
If a perpendicular is drawn from the vertex containing the right angle of a right triangle to the hypotenuse
then:
@ Thu triangle on each side of the perpendicular are similar to each other and also similar to the
original triangle.

i.e., AADB~ ABDC, AADB ~ AABC, ABDC ~ AABC

(from (iii))




(b) The square of the perpendicular is equal to the product of the length of two parts into which the
hypotenuse is divided by the perpendicular i.e., BD2 = ADx0DC.

* RESULTS ON AREA OF SIMILAR TRIANGLES
Theorem-3 : The areas of two similar triangles are proportional to the squares on their corresponding
sides.
Given: AABC ~ ADEF
Areaof AABC AB? BC? AC?
To prove : = 5 = == - ‘ (\
Areaof ADEF DE EF DF \
Construction : Draw AL L BC and DM L EF. gl_H N L3 Ng
Proof: — 5
STATEMENT REASON 2 N7
1 A -
L | Areannpc ¥ BCXAL .
AreaADEF ;X EF x DM Area of A= > X Base x Height (\Q
AreaAABC BC AL 7
= = X Q
AreaADEF EF DM %
2. INnAALB and ADME, we have
() ZALB= ZDME Each equal to 90° \Q°
(i) £ABL = £ DEM AABC~ ADEF ¥, /B= /E
..AALB ~ ADME AA=axiom -
AL _AB ] "
DM DE Correspogting sides of similar A's are proportional.
3. | A ABC~ ADEF )
AB _BC AC Givgn.
DE EF DF A Sponding sides of similar A s are proportional.
AL BC N}
4| DM EF % rom 2 and 3.
Substituting i = E inl, weget: Q)
c DM EF Q)
AreaAABC BC?® %,’
AreaADEF  EF2 @
Combining 3 and 5, we get : %
AreaAABC _ AB* B AC®
° | AreaADEF ~ DEZ DF?
Corollary-1: Thear Mo similar triangles are proportional to the squares on their corresponding altitude.
Given : A ABOw/ADEF, AL 1L BC and DM L EF. D
ﬁéo 2 /N
To prove : - f AABC = AL 5 /i \
aof ADEF DM /1% /i \\
Proof : $ VAR N /i \

Y

/i / ! \
/ — N\ / b
Pl N o | N
x - o . |




STATEMENT REASON
1
—xBCx AL
1. AreaAABC = 12 Areaof A= %x Base x Height
AreaADEF EX EE x DM
- AreaAABC BC AL
AreaADEF EF DM )
5 In AALB and ADME, we have g%
"| () £ZALB = ZDME (i) ZABL= /DEM | Each equal to 90° 6 .
— AALB ~ ADME AABC~ ADEF = /B= /E (\
- AL ﬁ AA=axiom Q(\
DM~ DE Corresponding sides of similar As are(p\)portional
A ABC ~ ADEF ’ '
3 AB = BC = AC Given. Q
' DE EF DF
% _ AL Corresponding sides ok%mi.la A's are proportional.
EF DM Q
4. SubstitutingE - AL in1,we get: From 2 and 3, ’
EF DM Hence proved:
AreaAABC AL’ Q
5.| AreaADEF DM ? @

Corollary-2 : The areas of two similar triangles p
corresponding medians.

Given :

Proof :

medians. To prove :

D4

Wal to the squares on their

AABC ~ ADEF and AP, PQ a@'

Areaof AABC _ AP?
Areaof ADEF DQ°

| STATEMENT o .

[ REASON

<
>
S
Q
®



1. | AABC~ ADEF Given

2
AreadAABC _ AB Area of two similar A's are proportional to the squares on

= =——>.....L
AreaADEF ~ DE’ their corresponding sides.
A ABC ~ ADEF
| AB_BC_28P BP
DE EF 2EQ EQ Corresponding sides of similar A's are proportional (\
AB _ BP
DE - EQ and ZA= 2D q)
3.
— AAPB~ ADQE From Il and the fact the A ABC ~ A DEF ﬂ)
BP AP I By SAS-similarity axiom (\63
AB AP Q
==
DE  DQ From 11 and 111, (\

AB? AP?

:>DE2=D—Q2 ........ v EQ

AreaAABC _ AP’

= = °
AreaADEF  DQ? From I and IV. Q\Q

4.

Hence, proved ’
Corollary-3 : The areas of two similar triangles proportional to the ¥glares on their corresponding angle bisector

segments.

Given AABC ~ ADEF and AX, DY are their @

Areaof AABC  AX?®

To prove : = - AN
Areaof ADEF DY Yy [ AN LN
Proof :
STATEMENT <) Y [ REASON
AreaAABC  ABZ » . .
1. = 5 Area of two similar A s are proportional to the squares on
AreaADEF  DE @ their corresponding sides.
2. | AABC~ ADEF % L Given
=/A=/ D %Q)
~i/a-t 4 D % 1 1
2 = /BAX == /ZAand ZEDY== «D
= /BAX = 4 E 2 2
3. | INAABX ang, A , we have IC:;ri(\)/;nz
Lo - 4R ARG - aer
TAA ﬁsﬁ DEY By AA similarity axiom
AX  AB* AX?
= - 7 = 7
\ E DY DE DY
Q, reaAABC _ AX?
AreaADEF  DY? From 1 and 3.
Ex.11 Itis given that AABC ~ APQR, area (A ABC) = 36 cm? and area (A PQR) = 25 cm®. If QR = 6 cm, find length
of BC.
Sol.  We know that the areas of similar triangles are proportional to the A R

squares of their corresponding sides.




Areaof (AABC) BC?
Areaof (APQR) QR?
Let BC = x cm. Then.
36 x* 36 x° , 36x36 6x6) 36
— e —=—&X = & X= =—
25 62 25 36 25 5 5
Hence BC =7.2 cn

Ex.12 P and Q are points on the sides AB and AC respectively of A ABC such that PQ|| BC and divides A AB n
parts, equal in area. Find PB : AB. A

Sol.  Area (AAPQ) = Area (trap. PBCQ) [Given] A
= Area (AAPQ) = [Area (A ABC) — Area (A APQ)

= 2 Area(AAPQ) = Area (AABC) PL 5 \Q
Areaof (AAPQ) _ 1 0

Areaof (AABC) 2

Now, in AAPQ and A ABC, we have

=72

Z/PAQ= /BAC [Common £ A] Q)
ZAPQ = ZABC [PQ || BC, corresponding £ s are equal]
AAPQ ~ AABC.

We known that the areas of similar A s are proportional to the squares@%’.corresponding sides.
Areaof (AAPQ)  AP? _ AP? 1

= == Usin
Areaof (AABC) AB? ~ AB? 2 [ 15%'”
— APl e AB=42.AP Q

AB 2
—  AB= 2 (AB—PB) = /2 PB = (V2=1)AB
RS
S
: PB:AB=(/2-1): 42 Q)

Ex.13 Two isosceles triangles have equal ve@l angles and there areas are in the ratio 16 : 25. Find the ratio of their
corresponding heights.

Sol.  LetAABC and A DEF be the '%ﬂangles in which AB =AC, DE=DF, Z/A= /D and

Areaof (AABC) _ 16 L1 BCand DM L EF

Areaof (ADEF) 2%

Now, ﬁ =1Jland
A

[~ AB = AC and DE = DF]

= 5 . VasN
M%BC and A DEF, we have "‘\\g /o
?zﬁand ZA=/D R——C g
DF - M

AABC ~ ADEF [By SAS similarity axiom]
@t the ratio of the areas of two similar A s is the same as the ratio of the square of their corresponding heights.

@\Areaof (AABC) AL 16 [ AL AL 4

= — == = — ==
Areaof (ADEF) DM? 25 (DM? DM 5
AL : DM =4:5, i.e., the ratio of their corresponding heights =4 : 5,
Ex.14 If the areas of two similar triangles are equal, prove that they are congruent
Sol.  Let AABC ~ ADEF and area (A ABC) = area (A DEF).

ﬁlnce the ratio of the areas of two similar As is equal to the ratio of the squares on their corresponding sides, we
ave




Areaof (AABC) AB* AC? BC? A D

Areaof (ADEF) DE2? DF? EF? /\ /\
\

2 2 2
ng = A|E2 = EICZ:Z =1 [-.-Area (A ABC) = Area (A DEF)] / f
= AL = DE[2 AC?=DF* and BC* = EF® / \ C / \ﬁ
=  AB=DE,AC=DFand BC = EF B F
R AABC= ADEF [By SSS congruence]
Ex.15 In fig, the line segment XY is parallel to side AC of A ABC and it divides the triangle into two parts of Li&&y N
. . AX
areas. Find the ratio — . [!}%&5
Sol,  We are given that XY || AC. 6
= Z1l=/3and L2= /4 [Corresponding angles]
= ABXY~ ABAC [AA similarity]
2 a
ar (ABXY) = (BY)Z [By theorem] ...(i)
ar(ABAC) (BA) L5
Also, we are given that 3
ar (ABXY) = 1 xar(ABAC) = ar(ABXY) = 1 (ﬁ: T\\ N\
2 ar(ABAC) 2 /’ oA 4
BXY 1 BX 1 N B (@ @Y
From (i) and (ii), we have | — | =— :> — = Q Z(1i1) !
BA BA 2
O’
Now, AX _AB-BX =1- BX =1- BX =1- [By (iii)]
AB  AB AB BA
V2ol 2-42 K
V2 2
AX 2-42 Y"
Hence, ==
AB 2
Theorem-4 [Pythagoras Theorem] : In a right riangle, the square on the hypotenuse is equal to the sum of
B

the squares on the other two sides.
Given :

To prove :
Construction : From B, Draw BD J_‘@ !

Proof

AAABC inwhich ZB = 90@
AC?=BA? + BC?.

| REASON

Y

STATEMENT ?V

&

>



1. | InA ADB and A ABC, we have :

ZBAD= ZCAB=/A Common
ZADB = /ABC Each = 90°
.. AADB~ AABC By AA axiom of similarity
AD AB
AB AC Corr. sides of similar A s are proportional

— AB2 = AD x AC ..(i) (\
o | In ACDBand ACBA, we have : ACDB = ACBA Each = 90° \
| £BCD= ZACB

. ACDB ~ ACBA Common G;;D

By AA axiom of similarity

_ Doc_sc
BC AC Corr. sides of similar A s are proportkﬂ\gk
= BC? =DC x AC ..(ii)
Adding (i) and (ii), we get (\
3| AB?+BC?=ADxAC +DC x AC ’

= (AD + DC) x AC = AC? ~~AD+DC=AC Q

Hence, AB® + BC” = AC’
Theorem-5 [Converse of pythagoras Theorem] : In a triangle if the square Qtpqe.sides is equal to the sum of the
squares of the squares of the other two sides, then the triangle is right angled.

Given : AAABC in which AB? + BC? = AC? : D
To prove : ZB =90 L o
Construction : Draw a A DEF in which N
CE =AB,EF=BCand £E =90° _:
1 \ - ?” N
Proof : A B B F
STATEMENT £ SREASON
1. | InADEF, we have : /= 90° «{y’
- DE?+EE? = DE?2 %, By Pythagoras Theorem
2 2 _ 2 - DE=AB and EF =BC
=> AB’ +BC’ = DF Q) - AB? 4 BC' = AC® (Given)
= AC* =DF
2 | INAABC and A DEF, we haveQ)% " By construction
By construction

AB = DE %
BC =DF % Proved above
.. A ABC = ADEF Yw By SSS congruence
= /B=/E c.p.ct
— /E= 90° C/)\) -+ LE=90°

A

Hence, /B = 90‘5?

Ex.16 If@ |§ an equilateral triangle of side a, prove that its altitude = ? a.

Sol. BC is an equilateral triangle.
e are given that AB = BC = CA = a. AD is the altitude, i.e., AD 1 BC.
@ Now, in right angled triangles triangles ABD and ACD, we have
AB =AC [Given]

and AD=AD [Common side]

—  AABD= AACD [By RHS congruence] /N




Ex.17

Sol.

Ex.18

Sol.

Ex.19
Sol.

OA’ + OC? = OE? + OF? + AE? + CF? Et
@ gain, in right triangles OFB and OED, we have : [

Ex.20

—  BD=CD :>BD=DC=%BC=%

From right triangle ABD,

2
AB2 = AD? + BD? — a2 AD? +(%J

= i q)
— AD= ﬁ a. ﬂv;b
2 (,)
Ina A ABC, obtuse angled at B, if AD is perpendicular to CB produced, prove that : (\
AC? = AB* + BC® + 2BCxBD (<\

In AADB, £ D =90
AD? + DB’ = AB? ...()  [By Pythagoras Theorem]

In AADC, ~ D =90°.

AC? = AD? + DC? [By Pythagoras Theorem] 7\ A

= AD? + (DB + BC)? 0% 2 —

= AD?+ DB?+ BC? + 2DBxBC

= AB? + BC2 + 2BCx BD [Using ()] @Q,

Hence, AC?> = AB? + BC? + 2BC x BD.

In the given figure, £ B =90° D and E are an@; on AB and BC
respectively. Prove that :

AE’ + CD* = AC*+ DE. Q)%’

In AABE, /B =90’

. AE? = AB? + BE? .. (i) % “ % =
In ADBC, /B =90 ‘ '
CD? = BD? + BC? %
Adding (i) and (ii), we ¢&Ls

AE*+ CD’ = BC? + (BE® + BD?

= AC? + QE? [By Pythagoras Theorem]
Hence, AE® + C’+ DE~

ApointOipt erior of a rectangle ABCD is joined with each of the vertices A, B, C and D.
Prove tha:%ez + OC2= OB?+ OD?
@)

Thl’oug)%’,h raw EOF || AB. Then, ABFE is a rectangle. D C

In right ¥1angles OEA and OFC, we have : N
A? = OE® + AE? i
OC? = OF? + OF’ L

OB’ = OF? + BF?
OD’ = OE? + DE? Y
OB’ + OD? = OF? + OE? + BF + DE? A
=OE*+OF*+ AE?+CF* ...(i) [."BF=AE & DE =CF]
From (i) and (ii), we get
OA’ + OC? = OB? + OD".
In the given figure, A ABC is right-angled at C.
LetBC=a, CA=Db, AB=cand CD = p, where CD L AB.




. o1 1 1
Prove that : (i) cp = ab (ii) F = = + b7
. 1 1
Sol. (i) Area of AABC =§ BCxCD E cp.

Also, area of A ABC =£ BCxAC l ab.

2 2
" % cp= % ab.—cp=ab (3)\(\
ab ﬂ.;b

(i)cp=ab =>p=—
c

= = [- c?=a?+b’] P

Ex.21 Prove that in any triangle, the sum of the square of any two sides is e ice the square of half of the third
side together with twice the square of the median which bisects the thirg side. (Appollonius Theorem)

Sol. Given : AAABC in which AD is a median.

0’
2 2 2 1 ’ 2 2 2 2
To prove : AB + AC” = 2AD +2(EBCJ or AB°+ AC @’S + BD") A
Construction : Draw AE L BC. Q’ fﬁ“
Proof: -. AD id median f-ﬂ”;,
-.BD=DC yAAR
Now,  AB*+AC? =(AE®+ BE? + (AE’ = 2AE® + BE? + CE? AN R B
= 2[AD? — DE?] + B®/ VA B AN
= 2AD? - 2DE DE)? + (DC — DE)? VA B T
= 2AD’ - 2DEZ + DE)* + (DC - DE)? VAR A N \
2 ) ™ 'S
= 2(AD2%BR§= =2AD? + 2 G BC) o L b L

* SYNOPSIS

Hence, Proved. %Q)

» SIMILAR TRIANG . Two triangles are said to be similar if
(M Their @gnding angles are equal and (ii) Their corresponding sides are proportional.

» All co ﬁriangles are similar but the similar triangles need not be congruent.
» T, ng;ons of the same numbers of sides are similar, if
their corresponding angels are equal and
@ 1i) their corresponding sides are in the same ratio.
» BASIC PROPORTIONALITY THEOREM. In a triangle, a line drawn parallel to one side, to intersect the other
sides in distinct points, divides the two sides in the third side.
» CONVERSE OF BASIC PROPORTIONALITY THEOREM. If a line divides any two sides of a triangle in

the same ratio, the line must be parallel to the third side.



» AAA-SIMILARITY. If in two triangles, corresponding angles are equal, i.e., the two corresponding angles are

equal, then the triangles are similar.

» SSS-SIMILARITY. If the corresponding sides of two triangles are proportional, then they are similar.

» SSS-SIMILARITY. If in triangles one pair of corresponding sides proportional and the included angles are equal
then the two triangles are similar. (\

» The ratio of the areas of similar triangles is equal to the ratio of the squares of their to the sum of the squ%%

» PYTHAGORAS THEOREM. In a right triangle, if the square of one side is equal to the sum of the %r s of
the other two sides. f\-)

» CONVERSE OF PYTHAGORAS THEOREM. In a triangle, if the square of one side is e;q\(al\o the sum of the
squares of the other two sides then the angle opposite to the first side is a right angle. (\Q

=y

EXERCISE - 1 (FOR s@%'ol_/BOARD EXAMS)

OBJECTIVE TYPE JONS

CHOOSE THE CORRECT ONE &

1. Triangle ABC is such that AB=3cm,BC=2cmpa A = 2.5 cm. Triangle DEF is similar to AABC. If EP 4
cm, then the perimeter of ADEF is:
(A)7.5¢cm (B) 15cm ) 22.5¢cm (D) 30 cm

2. In AABC, AB=3cm, AC =4 cm and AQI} e bisector of £ A. Then,BD:DCis:
(A)9:16 (B)16:9 (©)3:4 (D)4:3

3. In a equilateral triangle ABC, if AD , then :

(A) 2AB? = 3AD? (B) 4A
4, ABC is atriangles and DE i

3D’ (C) 3AB? = 4AD? (D) 3AB? = 2AD?

and AD = 2.1 cm, then AEG
(A)1.4cm é 78cm (C)12cm (D) 1.05¢cm
5. The line segments joiRt e mid points of the sides of a triangle from four triangles each of which is :
(A) similar to theQrigjmal triangle (B) congruent to the original triangle.
(C) an equilate@a%gle (D) an isosceles triangle.
6. In AABC éd EF, Z/A=50°,/B=70°,2C =60°, /D =60°, Z/E =70°, Z/F =50°, then A ABC is similar
to :

(A) (B) AEDF (C) ADFE (D) AFED
7. = are the mid points of the sides BC, CA and AB respectively of A ABC. Then A DEF is congruent to
ngle

ABC (B) AEF (C) BFD, CDE (D) AFE, BFD, CDE
8@ f in the triangles ABC and DEF, angle A is equal to angle E, both are equal to 40°, AB : ED = AC : EF and angle
F is 65°, then angel B is :-
(A) 35° (B) 65° (C) 75° (D) 85°
9. Inaright angled A ABC, right angled at A, if AD L BC such that AD = p, if BC=a, CA=band AB =c, then :
1 1 1 N
(A)p*=b"+c’ (B) =T+ AN

p> b* ¢ SN




2L (D)= b &
a b

o . . . . AX
10. In the adjoining figure, XY is parallel to AC. If XY divides the triangle into equal parts, then the value of vy =

1 1 /;':E\\'
A) - B) =
\/E +1 J2-1 / \\ \ \
(D) o \ s GD
11. The ratio of the corresponding sides of two similar triangles is 1 : 3. The ratio of thelr correspondagkplghts is:
(A)1:3 (B)3:1 (C)1: 9 (D)9:1 %
12. The areas of two similar triangles are 49 cm® and 64 cm? respectively. The ratio of their cor ing sides is :

(A)49:64 B)7:8 (C)64:49 (D) None of t 59
13. The areas of two similar triangles are 12 cm? and 48 cm?®. If the height of the similar on 1 cm, then the
corresponding height of the bigger one is :

(A)4.41cm (B) 8.4cm (C)4.2cm (D)0 m
” en _ §2€5

In the adjoining figure, ABC and DBC are two triangles on the same base B
area(AABC)

AL 1 BC and DM L BC. Then, is equal to ; . VAN
area(ADBC) Q\Q /N \\\
AO AO? /i Nom N
) oD ®) OoD? &' " N N 4
AO oD’ Q,
©) AD (D) 20 i,
15. In the adjoining figure, AD : DC = 2: 3, then £ ARC ual to : -
(A) 30° (B) 40° C (D) 110° /

16. In AABC, D and E are points on AB and AC tively such that DE || BC. If g B
AE=2cm,EC=3cmand BC=10cm, t Is equal to ; &/ TI300\
(A)5cm (B) 4 cm (C)15¢cm (D) i o

20 o=
—cm
3
17. In the given figure, £ ABC 7@%d.’BM is a median, AB =8 cmand BC =6 cm.
Then, length BM is equal to :
(A) 3cm @. (C)5¢cm (D) 7cm

18. If D, E, F are respecti mid points of the sides BC, CA and AB of AABC AT

and the area of 8%24 sq. cm, then the area of ADFE is :- AN\
A{) (B) 12 cm? (C) 8 cm? (D) 6 cm? A

(A) 24 cm ECW /
19. In a right angl angle, if the square of the hypotenuse is twice the product of the
other twa%, then one of the angles of the triangle is :- o
(A) 15 (B) 30° (C) 45° (D) 60°
20. r the following statements :
@ If three sides of a triangles are equal to three sides of another triangle, then the triangles are congruent.
If three angles of a triangles are respectively equal to three angles of another triangle, then the two

@ triangles are congruent.
Of these statements,

(A) 1is correct and 2 is false (B) both 1 and 2 are false
(C) both 1 and 2 are correct (D) 1is false and 2 is correct

(OBJECTIVE) ANSWER KEY EXERCISE



Que. [ 1 2 3 4 5 6 7 8 9 10
Ans. | B C C A A D D C B B
Que. [11 12 13 14 15 16 17 18 19 20
Ans. | A B C A B B C D C A
EXERCISE -2 (FOR SCHOOL/BOARD EXAMS)

6.

10.
11.

OBJECTIVE TYPE QUESTIONS

VERY SHORT ANSWER TYPE QUESTIONS A ﬂ;)
In the given figure, XY || BC. / ﬂ‘)

Given that AX =3 ¢cm, XB = 1.5 cm and BC = 6 cm. f \‘\ (\(\6

Calculate Xy Y
AY j’f \\ \Q

i) — i) XY R C

(1 e (i) B )

D and E are points on the sides AB and AC respectively of A ABC. For eacho llowing cases, state whether
DE||BC:

Q) AD=57cm,BD=9.5cm, AE=3.6cm,and EC =6cm \Q.
(i) AB=56cm, AD=1.4cm, AC=9.6cm, and EC =2.4 cm. Q
(iii) AB =11.7cm,BD =5.2cm, AE =4.4cm, and AC =9.9cm.
(iv) AB =10.8cm, BD=4.5cm, AC =4.8cm, and AE = ")

In AABC, AD is the bisector of £ A. If BC=10cm, BD;_‘&Q and AC =6 cm, find AB.

_i\/

b
AB and CD are two vertical pole%ias/g m and 11 m respectively. If the distance between their feet is 12 m, find
0’

the distance between their to%

| 1
AA C?‘GL%APQR are similar triangles such that are (A ABC) = 49 cm? and area (A PQR) = 25 cm®. If AB = 5.6
C d’the length of PQ.
C and A PQR are similar triangles such that are (A ABC) = 28 cm® and area (A PQR) = 63 cm®. If PR =8.4
, find the length of AC.

a

\'A ABC ~ ADEF. If BC =4 cm, EF =5 cm and area (A ABC) = 32 cm?, determine the area of A DEF.

e

The areas of two similar triangles are 48 cm” and 75 cm? respectively. If the altitude of the first triangle be 3.6 cm,
find the corresponding altitude of the other.

A rectangular field is 40 m long and 30 m broad. Find the length of its diagonal.

A man goes 15 m due west and then 8 m due north. How far is he from the starting point?

A ladder 17 m long reaches the window of a building 15 m above the ground. Find the distance of the foot of the
ladder from the building.



SHORT ANSWER TYPE QUESTIONS / \

1. In the given fig, DE | BC. D/ \E
Q) If AD =3.6 cm, AB =9 cm and AE = 2.4 cm, find EC. /
.. AD 3 B N \C

A (i) If — =— and AC =5.6 cm, find AE.
DB 5

(iii) If AD =xcm, DB = (x—2) cm, AE = (x + 2) cm and EC = (x — 1) cm, find the value of x. (\
2. In the given figure, BA||DC. Show that AOAB ~ AODC. If AB =4 ¢cm, CD =3 cm, OC =5.7 cm anq‘%b; 3.6

cm, find OA and OB.

‘o

.

‘v\‘

S, ————
-, ARy A
S ri

" A

"a,; N

3. In the given figure, £ ABC = 90° and BD LAC. IfAB=5.7 c‘m BD = 3.8 cmand C[f\g cm, find BC.

R

4. In the given figure, AABC ~ APQR and AM PN are aItltude %e.'as AX and PY are medians. Prove that
AM _ AX
PN PY
5. In the given figure, BC||DE area(AKB_(Xz 25 cm?, area (trap BCED) 24 cm? and DE = 1 4 cm. Calculate the
length of BC.

6. In A ABC, Zﬁ}“?lfBC:a,AC:bandAB:c, find :
a

(i) c when a= ndb=6cm.
(i) a whe%zs cmand b =7cm.
(iii) b 13cmanda=5cm.

7. The $id a right triangle containing the right angle are (5x) cm and (3x — 1) cm. If the area of trlangle be 60
C Iculate the length of the sides of the triangle. K

8. @d he altitude of an equilateral triangle of side 5v/3 cm. "*v

9. A\, the adjoining figure (not drawn to scale), PS —4 cm, SR =2 cm, PT = 3 cm and j“-*-“__‘:

QT =5cm.
(i) Show that APQR ~ APST. (ii) Calculate ST, if QR =5.8 cm.

10. In the given figure, AB || PQ and AC || PR. Prove that BC || QR. e

11. In the given figure, AB and DE are perpendicular to BC. If AB=9cm,DE =3
cm and AC = 24 cm, calculate AD. A




12.

13.

14.

15.

16.
17.

18.
19.

In the given figure, DE || BC. If DE = 4 cm, BC = 6 cm and area (A ADE) = 20 cm’, find the area of A ABC.

A ladder 15 m long reaches a window which is 9 m above the ground on one side of the st {\t(<\ep|ng its foot at
the same point, the ladder is turned is turned to the other side of the street to reach a wv\ 2'm high. Find the

width of the street.

In the given flgure ABCD isa quadrllateral in WhICh BC = 3 cm, AD’3<;3 cm, DC =12cmand £LABD
= ~/BCD = 90°. Calculate the length of AB. )

L) m ) 2

In a rhombus PQRS, side P m and diagonal PR = 16 cm. Calculate the area of the rhombus.
From the given figure, fin ea of trapezium ABCD. o

el

O}*

Ina rhom‘%BCD prove that AC? + BD? = 4AB”. : -
long rests against a vertical wall. If the foot of the Iadder is 5 m from the foot of the wall, find the

Ala déz@
di e Yof the other end of the ladder from the ground.

1

Lo SWER TYPE QUESTIONS
1. 2 the given figure, it is given that .~ ABD = / CDB = / PQB = 90°. If AB = x units, CD =y units and PQ = z

, 1 1
units, prove that —+—=— A
X y z < ~1



2. In the adjoining figures, ABCD is a parallelogram, P is a point on side BC and DP when produced meets AB
produced at L. Prove that : (i) DP : PL =DC : BL (ii) DL : DP = AL : DC.

3. In the given figure, ABCD is a parallelogram, E is a pomt on BC and the diagonal BD intersects %!;gbmove

that DF x FE = FB x FA.

’\6\

4, In the adjoining figure, ABCD is a parallelogram in which AB =16 cm BC = 1 nd L is a point on AC such
that CL : LA =2: 3. If BL produced meets CD at M and AD produced at N, prQve that :
(i) ACLB~ AALN (ii) ACLM~ AALB C R

iy

D °
/ e
e !
\ . I
\ {
¥ 4
i 4

~~~~~

5. In the given figure, medians AD and BE of A ABC meet at G and DF || BE. Prove that
(i) EF = FC (i) AG:GD=2 : 1.

(i) AGEF ~ AGBC and th G=2GE. (ii) ABxAF = AE x AC.

S

7. In the givegéﬁ@ DE || BC and BD — DC. .

6. In the given figure, the mediag fid CF of AABC meet at G. Prove that :

(i) Prov DE bisects ~ ADC.
(i) If M 5cm, AE=3.9cmand DC = 7.5 cm, find CE. A
(iii) Kin(tFe ratio AD : DB. e
|nt inside a A ABC. The bisectors of £ AOB. £BOC and £ COA meet 94*_5 the sides
Q BC and in points D, E and F respectively. Prove that AD-BE-CF = /
’\, B.ECFA B N
2 ) ;‘fr ni'; \‘\
i——}‘,?“:‘i\_‘ s". /"\/’\{A‘\
/ :?:?:;‘?}-w..,. b
ST TN
E ) f’\\
9. In the figure, DE || BC. n/ r
g [ DL .__b__.wi,:f\.\
/ N

o
¥
y



() Prove that A ADE and A ABC are similar.

(i) Given that AD = % BD. Calculate DE, if BC = 4.5 cm.

10. In the adjoining figure, ABCD is a trapezium in which AB || DC and AB =2 DC. Determine the ratio of areas of
AAOB and ACOD .

™ W
R

T - L
e jf' \ «
P E
f . #
] N, B
F " R
H . 5
f AT
W, . ...

11. In the adjoining figure, LM is parallel to BC. AB =6 cm, AL =2 cm and AC =9 cm. Calcyfa (\
Q) the length of CM. ﬁ (\

Area(AALM) 1/, ‘

Area(trapLBCM) / % Q
"7‘: ’;v—-w-v-w—-m' :"-...__S'.n i’AA‘

12. In the given figure, DE ||BC. and DE : BC =3 : 5. Calculate the ratio O&Was of A ADE and the trapezium

(i) the value of

BCED.

bd
13. In AABC, D and E are mid-points of AB and A& ré?&'ctively. Find the ratio of the areas of A ADE and A ABC.

A4 LU=
¥

« / \ A
g)% \ A
3 e
14. Ina APQR, L and M ar @) ints on the base QR, such that £/ LPQ = Z QRP and
ZRPM = /RQP.P ox%a (i) APQL —ARPM (i) QL.RM = PL.PM  (iii)
PQ’°=QL.QR
15. In the adjoinin res; the medians BD and CE of a A ABC meet at G.
Prove that:
(i) AEG GB
(i) BG -%D from (i) above.
16. In he\adyoining figure, PQRS is a rarallelog’am with PQ = 15 cm and RQ =10 cm. L is

on RPsuch that RL : LP =2 : 3. QL produced meets RS at M and PS produced at
@Find the length of PN and RM.
APQR, LM ﬁJQR and PM : MR = 3 : 4. Calculate:

@\' . PL LM - NTETTT R
Q) —— and then —:
QR |

PQ /A
i Area(AALM ) AR |

Area(AMNR) _A——AM
G Area(ALQM)

Area(ALQN)




18.  In AABC, B =90%and D is the mid point of BC.
Prove that :
(i) AC? = AD? + 3CD?
(i)  BC?*=4(AD?- AB?

19. In AABC, if AB = AC and D is a point on BC. Prove that BC? — AD*= BD x CD.

SIMILAR TRIANGLE ANSWER KEY EXERCISE (X)-CBSE
VELY SHORT ANSWER TYPE QUESTIONS
1 (i) 5 (i) 4 cm 2. (i) Yes, (ii) No, (iii) No, (iv) Yes 3.9cm 4. 13 m5.PQ=4cm 6. AC=5.6 cm

7.50cm? 8.4.5cm 9.50m 10. 17 m 11. 8m

SHORT ANSWER TYPE QUESTIONS

1. (i) 3,6 ¢cm, (ii) 2.1 cm, (iii) x =4 2.OA=4.8cm, 0B =7.6 cm 3. 8.1 cm 5. 10 cm 6. (i) 10 cm, (ii) 24 cm,
(iii)12cm 7. 15cm,8 cm, 17cm 8. 7.5cm 9. 2.9 cm 11. 16 cm 12. 45 cm? 13. 21m 14. 4 ¢cm 15. 17 cm
16.240 cm® 17. 14 cm® 19. 12 m

LONG ANSWER TYPE QUESTIONS

7. (ii) 6.5 cm, (i) 3: 8 9. DE = 1.5 cm 10. 4 : 1 11. (i) 6 cm, (ii) % 12.9:1613.1: 4

.~ PL LM 3
16.PN=15cm, RM=10cm 17. (i) —=——=— (ii)3: 7 (iii))10:7
PQ QR 7
EXERCISE=3 \g’.,’ (FOR SCHOOL/BOARD EXAMS)

PERVIO YARS BOARD QUESTIONS

VERY SHORT ANSWER T, %JESHONS

1. AABC and ADEF are gt ’BC =3 cm, EF = 4 cm and area of A ABC = 54 cm?. Determine the area of

A DEF. Delhi-1996
2. In AABC, CE 1 AB, 1 AC and & BD intersect at P, considering triangles BEP and CPD. Prove that

BP x PD =EP C, Delhi-1996C
3. A right triangl4 has Pypotenuse of length g cm and one side of length p cm. if (g — p) = 2, express the length of

third side okthe“ight triangle in terms of g. Al-1996C
4 In the gi ure, ABC is a triangle in which AB = AC. D and E are points on the sides AB and AC respectively,

such th = AE. Show that the points B, C, E and D are concyclic. Al-1996C
5. In ABC, AB = AC and D is a point on side AC, such that BC2 = AC x CD. Prove that BD = BC. Al-1997
6. is right angled at B. On side AC, a point D is taken such that AD = DC and AB = BD. Find the measure of

CAB Delhi-1998

7. A\, a AABC, P and Q are points on the sides AB and AC respectively such that PQ is parallel to BC. Prove that

median AD, drawn from A to BC, bisects PQ. Al-1998
8. Two poles of height 7 m and 12 m stand on a plane ground. If the distance between their feet is 12 m, find the

distance between their tips. Al-1998C
9. Ina AABC, D and E are points on AB & AC respectively such that DE is parallel to BC and AD: DB =2: 3.

Determine Area (A ADE) : Area (A ABC). Foreign-1999
10. In the given figure, Z/ A= /B and D & E are points on AC and BC respectively such that AD = BE, show that

DE || AB. Delhi-1999

11. Infigure, L1=/2and £3= /4. Show that PT. QR = PR. ST. Foreign-2000



N

12.  Infigure, LM||NQ and LN||PQ. If MP = 3 MN, find the ratio of the areas of ALMN and A QNP. q)
(\(,;breign-zooo
' /’
13. ABC is an isosceles triangle right angled at B. Two equilateral triangles BDC ah:d AEC are constructed with side
1 ¢ .
BC and AC. Prove that area of ABCD = > area of A ACE. Delhi-2001
14. The areas of two similar triangles are 81 cm?® and 49 cm? respectis| f the altitude of the first triangle 6.3 cm,
find the corresponding altitude of the other. Al-2001
15. L and M are the mid-points of AB and BC respectively of ,right-angled at B. prove that 4LC* = AB® +
4BC?. Al-2001;Foreign-2001
16. The areas of two similar triangles are 121 cm? and 64@9 pectively. If the median of the first triangle is 12.1
cm. find the corresponding median of the other. Al-2001
17. In an equilateral triangle ABC, AD is the altitugleAdr from A on side BC. Prove that 3AB? = 4AD%
Delhi-2002
18. Q) Prove that the equilateral triangle #ed on the two sides of a right angled triangle are together equal to
the equilateral triangle on the se in terms of their areas. Al-2002
(i) P is apoint in the interior o , X, Y and Z are point on lines PA.PB and PC respectively such that
XY || AB and XZ || BC. Prave thit YZ|| BC. Al-2002 : Delhi-2003 [NCERT]
(iii) D and E are points on €8 AB and AC respectively of A ABC such that DE is parallel to BC and
AD:DB=4:5. E intersect each other at F. Find the ratio of the areas of A DEF and A BCE
Al-2000 : Al-2003
(iv) P. Q are respectively points on sides AB and AC of triangle ABC. If AP=2cm.PB=4cm. AQ=3cm
and QC =6 c%’ﬁrove that BC = 3PQ. Foreign-2003
. . CA CB .
19. D is a point on{the ske BC of A ABC such that £~ ADC = £ BAC. Prove that D = A’ Delhi-2002:[NCERT]
. ‘% o . . AO BO
20. ABCD?a» pezium in which AB || DC. The diagonals AC and BD intersect at O. Prove that oc = oYe)
$ Al-2004:[NCERT]
BD AD L . . .
21. ,\ AABC, AD 1L BC and D = e Prove that ABC is a right triangle, right angled at A. Foreign-2004
2@ In a right angled triangle ABC, £ A = 90° and AD L BC. Prove that AD* = BDx CD. Delhi-2004C, 2006
23.7 Infig.,, AB||DE and BD || EF. Prove that DC2 = CF x AC. Al-2004C : Delhi-
2007




24. If one diagonal of a trapezium divides the other diagonal in the ratio of 1 : 2. prove that one of the parallel sides is
double the other. Foreign,2005
25. In AABC, AD L BC, prove that AB® + CD? = AC? + DB Delhi-2005C, Al-2006 [Nn\ \T]
26. Prove that the sum of the squares of the sides of a rhombus is equal to sum of the squares of its diagonal§:
Al-200 ERT]
27.  Infigure, S and T trisect the side QR of a right triangle PQR. Prove that 8PT? = 3PR* + 5PS”. c;b
| %\ ". ) h \ ,
an o
If BL and CM are medians of a triangle ABC right-angled at A, thenQ at 4(BL? + CM?) = 5BC>.
Al-2006 C; Foreign-2009
28. In the fig, P and Q are points on the sides AB and AC respectiy A ABC such that AP = 3.5 cm,
PB=7cm, AQ=3cmand QC=6cm. If PQ = 4.5 cm find BC> Delhi-2008
AL R
s
QLANp -
Jif\
/ \\
C B
29. Infig. £ M =2 N = 46° Express x in ternsaf-a, b and ¢ where a, b and c are lengths of LM, MN and NK
respectively. Delhi-2009
30. In figure, AAB VZ’ght triangle, right-angled at Aand AC L BD. Prove that AB2 = BC. BD. Al-2009
( ) D R\
% N
Yy | N
Q N SN
S@I a AABC, DE|BC.IfDE = 38¢ o ® and area of A ABC =81 cm?, find the area of
A ADE. Foregin-2009
SHORT ANSWER TYPE QUESTIONS
1. P and Q are points on the sides CA and CB respectively of a A ABC right-angled at C. prove that

AQ? + BP? = AB® + PQ% Delhi-1996, 2007



N

10.

11.

12.

13.

ABC is a right triangle, right angled at B. AD and CE are the two medians drawn from A and C respectively. If

AC=5cmand AD = # cm, find the length of CE. Al -1997
In AABC, if AD is the median, show that AB® + AC? = 2 [AD* + BD?]. Delhi-1997, 98
In the given figure, M is the mid-point of the side CD of parallelogram ABCD. BM. When joined meets AC is L

and AD produced in E. Prove that EL = 2BL. Al-1998; Delhi-1999, Al-2009

Vel O

ABC is a right triangle, right-angled at C. if p is the length of the perpendicular from Cfo\@ and a, b, ¢ have the
usual meaning, then prove that (i) pc = ab (ii) iz = 1.1 7
a

2 bZ
In an equilateral triangle PQR, the side QR is trisected at S. Prove that 9PS? %9 Al-1998, 98C [NCERT]
If the diagonals of a quadrilateral divide each other proportionally, prove that it ¥ trapezium. Foreign-1999
In an isosceles triangle ABC with AB = AC, BD is a perpendicular frqg the side AC. Prove that BD* — CD? =
2CD. AD. Foreign-1999

arAABC  AO
arADBC DO

Al-1999C; Delhi-2005
%C and AB respectively. Prove that ABx AE =

Delhi-1998, 98 C

ABC and DBC are two triangles on the same base BC. If AD%%::BC at O. Prove that

In AABC, Z Aisacute. BD and CE are perpendiculars

ACxAD. Al-2003

Points P and Q are on sides AB and AC of a triangl in such a way that PQ is parallel to side BC. Prove that

the median AD drawn from vertex A to side B(%ﬁ ts the segment PQ. Foreign -2003
oter proportionally, prove that it is a trapezium.

If the diagonals of a quadrilateral divide ea%'
OR

Two As ABC and DBC are on the s %@ BC and on the same side of BC in which £/ A= /D =90°. If CA

and BD meet each other at E, show tha .ED. Delhi-2008

D and E are points on the sides (%ngj CB respectively of A ABC right-angled at C. prove that AE* + BD?
= AB? + DE’. Q)
% OR
AC

In fig. DB L BC, DE nd AC L BC. Prove that E =, Al-2008
x) DE BC

14. 95 a point on the side AD produced of a ||*" ABCD and BE intersects CD at F. Show that A ABC ~ A CFB.

Foreign-2008

15.t In fig, AABC isright angled at C and DE L AB. Prove that A ABC ~ A ADE and hence find the lengths of AE

and DE. P



16.

17.

In fig, DEFG is a square and £ BAC = 90°. Show that DE* = BDxEC Delhi-2009

In fig, AD L BC and BD = % CD. Prove that 2CA? = 2AB? + BC2, q;) Al-2009

A5

\

» "

In fig, two triangles ABC and DBC lie on the same side of base BC. P is a poi 0@C such that PQ || BA and
PR || BD. Prove that QR || AD. % Foreign-2009

LONG ANSWER TYPE QUESTIONS
In a right triangle ABC, right-angled at C, P and Q Ints on the sides CA and CB respectively which divide
these sides in the ratio 1 : 2. Prove that Al-1996C
(i) 9AQ? = 9AC? + 4BC? (ii) 0BP? = MAC? (i) 9(AQ? + BP?) = 13AB2.

The ratio of the areas of similar triangles | to the ratio of the square on the corresponding sides, prove.
Using the above theorem, prove that th the equilateral triangle described on the side of a square is half the
area of the equilateral triangle descri@w Its diagonal. Delhi-1997C; 2005C; Foreign-2003
Perpendiculars OD, OE and OF z%ira n to sides BC, CA and AB respectively from a point O in the interior of a

A ABC. Prove that : 9

(i) AF?+ BD? + CE? 3 OB? + OC?— OD?- OE? - OF%

(i)  AF?+BD?+ CEA= + CD? + BF?. Delhi-1997C, [NCERT]
In a right-angled triangl€; e square of the hypotenuse is equal to the sum of the squares on the other two sides.
Prove. Using the abo:%ﬂeorem, determine the length of AD in terms of b and C. Al-1997 C

$?§

5. b If a line is drawn parallel to one side of a triangle, other two sides are divided in the same ratio, Prove. Using this

result to prove the following : In the given figure, if ABCD is a trapezium in which AB||DC|| EF, then
AE BF

== Foreign-1998
ED FC



10.

>

State and prove Pythagoras. Use the theorem and calculate are (A PMR) from the given figure.
Delhi-1998C, 2006

In a right-angled triangle, the square- of hypotenuse is equal to the sum of the squares oft S|des. Given that

/B of AABC is an acute angle and AD L BC. Prove that AC? = AB* + BC®— 2BC. Béx Delhi-1999
In a right triangle, prove that the square on the hypotenuse is equal to the sum of the squares on the other two

DB =12mand AB =11 m. Delhi-2000
Prove that the ratio of the areas of two similar triangles is equal to the squares 0f their corresponding sides. Using

the above, do the following Q\Q.

-

sides. Using above, solve the following : In quadrilateral ABCD, find the Iengtg 0 A ifCDLDB, CD=6m,

In fig, AABC and APQR are isosceles tria%\&nywhich A= /P If w = i . AD

find—— . Al-2000
area(APQR) 16 PS

In a right-angled triangle, prove that t e on the hypotenuse is equal to the sum of the squares on the other
two sides. Using the above result, fin length of the second diagonal of a rhombus whose side is 5 cm and one

of the diagonals is 6 cm. Al-2001
In a triangle, if the square on@e is equal to the sum of the squares on the other two sides prove that the angle
opposite the first side is a %
Using the above theore rove that following : In triangle ABC, AD L BC and BD = 3CD. Prove that 2AB? =
2AC? + BC% Al-2003
In a right trianglegpro hat the square on hypotenuse is equal to sum of the squares on the other two sides.Using
the above resu %»é that following : PQR is a right triangle right angled at Q. If S bisects QR, show that PR? = 4

PS? 3 PQ Delhi-2004C
If aline ix%wn parallel to one side of a trial prove that the other two sides are divided in the same ratio. Using
It, prove from fig. that AD = BE if /A= /B and DE || AB. __ Al-2004C

ITKO?;

Prove that the ratio of areas of two similar triangles is equal to the ratio of squares of their corresponding sides.
Apply the above theorem on the following : ABC is a triangle and PQ is a straight line meeting AB in P and AC in
Q. IfAP=1cm,PB=3cm, AQ =1.5cm, QC = 4.5 cm, prove that area of A APQ is one-sixteenth of the area of
AABC. Delhi-2005



15.

16.

17.

18.

19.

20.

21.

@ 2 CD. If area of A AOB = 84 cm’,

If a line is drawn parallel to one side of a triangle, prove that the other two sides are divided in the same ratio. Use
the above to prove the following : In the given figure DE || AC and DC || AP.

Prove that E: BC . Al-2005
EC CP

X

In a triangle if the square on one side is equal to the sum of squares on the DA . |
other two sides, prove that the angle opposite to the first side is aright angle. = g
Using the above theorem to prove the following :

In a quadrilateral ABCD, £ B =90°. If AD? = AB2? + BC? + CD?, prove that / ACD = 90°. (\ﬂ Al-2205
If a line is drawn parallel to one side of a triangle, to intersect the other two sides in distin ts prove that the
other two sides are divided in the same ratio. Using the above, prove the following : In ffx DE AC and BD =
CE. Prove that ABC is an isosceles triangle. DeIh| 2007, 2009

Prove that the ratio of the areas of two S|m|Iar trlangles is eqﬁtﬁ ratlo of the squares of their corresponding
sides. Using the above for the following : If the areas of t ar triangles are equal, prove that they are

congruent. Al-2007
Prove that the ratio of the areas of two similar trianglesd al to the ratio of the squares of their corresponding
sides. Using the above result, prove the following
BX +2-1

Ina AABC, XY is parallel to BC and it divi &:mto two parts of equal area. Prove that AB = T

i Delhi-2008
Prove that the ratio of the areas of tw r trlangles is equal to the ratio of the squares of their corresponding
sides. Using the above, do the follow'
The diagonals of a trapezium A 1th AB " DC, intersect each other at the point O. If AB =2 CD, find the
ratio of the area of A AOB tq a of A COD. Al -2008

other two sides are divi e same ratio. Using the above, prove the following : In the fig, AB| DE and BC
|| EF. Prove that AC || DF: Foreign-2008

)@h&t the ratio of the areas of two similar triangles is equal to the ratio of the squares of their corresponding
Using the above, do the foIIowmg In a trapezium ABCD, AC and BD are intersecting at O, AB || DC and
find the area of ACOD. Delhi-2009

If a line is drawn parallel tEE e of a triangle, to intersect the other two sides in distinct points, rrove that the

VERY SHORT ANSWER TYPE QUESTIONS
2. 96¢cm’ 3.2./(q—1) 6.60° 8. 13m 9.4.25 12. 9:4 14. 49cm 16. 8.8cm 18. (jii) 16:81

28.135¢cm 10, (ba—CJ 31. 36 o’

+C

SHORT ANSWER TYPE QUESTIONS



15 36

2. 2465 cm 15 AE= = DE= =
13 13
LONG ANSWER TYPE QUESTIONS
4, _be 6.24cm? 8.13cm 9.3:4 10.8cm 21. 4:1 23. 21cm?
\V b2 + C2 «
EXERCISE -1 (FOR OLYMPL§B§)
CHOOSE THE CORRECT ONE C;b
1. In a triangle ABC, if AB, BC and AC are the three sides of the triangle, then which of the @Qne ts is necessarily
true?
(A)AB+BC<AC (B)AB+BC>AC (C)AB+BC=AC (D)AB*+ BAACZ
2. The sides of a triangle are 12 cm, 8 cm and 6 cm respectively, the triangle is : /’
(A) acute (B) obtuse (C) right (D) n@e determined
3. In an equilateral triangle, the incentre, circumcentre, orthocenter and centroid%
(A) concylic (B) coincident (C) collinear (D) none of these
4. In the adjoining figure D is the midpoint of a A ABC. DM and DN areAMm’pendiculars on AB and AC

respectively and DM = DN, then the AABC is: :

(A) right angled
(B) isosceles
(C) equilateral

(D) scalene nd o N\
5. Triangle ABC is such that AB=9cm,BC =6 '=7.5 cm, Triangle DEF is similar to AABC, If EF =12 cm
then DE is :
(A)6cm (B) 16 cm %’(C) 18 cm (D) 15cm
6. In AABC,AB=5cm,AC=7cm. If he angle bisector of < A. Then BD : CD is :
(A)25:49 (B) 49 : 25 ©6:1 (D)5:7
7. InaA ABC, D is the mid-point (%C,Sand E is mid-point of AD, BF passes through E. What is the ratio of AF : FC

&
023 Nag
: X |
8. Ina AABC, AR.>AC and AD L BC, then :

(A) AB (B) AB > AD (C) AB = AD (D) AB < AD
9. The di e between altitude and base of a right angled triangle is 17 cm and its hypotenuse is 25 cm. What is
thes %he base and altitude of the triangle is ?
m (B)31cm (C)36cm (D) can’t be determined
10. B, BC and AC be the three sides of a triangle ABC, which one of the following is true ?
AB-BC=AC (B)(AB-BC)>AC (C)(AB—BA)<AC (D)AB?-CB*=AC?
1@ In the adjoining figure D, E and F are the mid-points of the sides BC, AC and AB respectively. A DEF is
congruent to triangle :
(A) ABC
(B) AEF
(C) CDE, BFD
(D) AFE , BFD and CDE



12.

13.

14.

15.

16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

D

26.

27.

In the adjoining figure 2~ BAC = 60° and BC =a, AC =b and AB = ¢, then :
(A) a° = b? + ¢

(B)a?=b’+c’—hc

(C)a®=b’+c”+bc

(D) a® = b + 2bc

If the medians of a triangle are equal, then the triangle is:

(A) right angled (B) isosceles (C) equilateral (D) scalene — N
The incentre of a triangle is determined by the: ' & N "
(A) Medians (B) angle bisectors G)

(C) perpendicular bisectors (D) altitudes ﬂ.;)

The point of intersection of the angle bisectors of a triangle is : (\6)

(A) orthocenter (B) centroid (C) incentre (D) circumcentre /\

A triangle PQR is formed by joining the mid-points of the sides of a triangle ABC, ‘O’ %i cumcentre of
A ABC, then for APQR, the point ‘O’ is : P\

(A) incentre (B) circumcentre (C) orthocenter (D) centr id”
If AD, BE, CF are the altitudes of A ABC whose orthocenter is H, then C is @cenwr of :

(A) AABH (B) ABDH (C) AABD (D) ABEA

In an equilateral A ABC, if a, b and ¢ denote the lengths of perpendic )m A, B and C respectively on the
opposite sides, then:

(A)a>b>c (B)a>b<c (C)a=h=c %,’) (D)a=c #b

Any two of the four triangles formed by joining the midpoim§ ofyhe sides of a given triangle are:

(A) congruent (B) eq area but not congruentAB > AD

(C) unequal in area and not congruent (D) these

The internal bisectors of /B and £ C of AAB tO.If ~A=80"then L BOCis:

(A) 50° (B) 160° 00° (D) 130°

The point in the plane of a triangle which j al perpendicular distance from the sides of the triangle is :
(A) centroid (B) incentre (C) circumcentre (D) orthocenter

Incentre of a triangle lies in the interioxop:

(A) an isosceles triangle only o (B) aright angled triangle only

(C) any equilateral triangle o (D) any triangle

In a triangle PQR, PQ = d PR =6 cm, the side QR is :

(A) equal to 14 cm less than 14 cm (C) greater than 14 cm (D) none of these

IfABCisa right@?ﬁangle at B and M, N are the mid-points of AB and BC, than 4 (AN? + CM?) is equal to-

(A) 4AC° (B) 6 AC? (C)5 AC? (D) % AC?

W . . i BD .
ABCis t angle triangle at A and AD is perpendicular to the hypotence. Then D isequal to:

AB )’ AB )’ AB AB
/\ﬁmj () [EJ © ac © 4

Let ABC be an equilateral triangle. Let BE L CA meeting CA at E, then (AB? + BC? + CA?) is equal to :

(A) 2BE? (B) 3 BE? (C) 4 BE? (D) 6 BE?

If D, E and F are respectively the mid-points of sides of BC, CAand AB of aAABC. IFEF=3cm, FD =4 cm,
and AB = 10 cm, then DE, BC and CA respectively will be equal to :



(A) 6, 8 and 20 cm (B)4,6and 8 cm (C)5,6and 8 cm (D) % 9and 12 cm

28. In the right angle triangle £ C = 90°. AE and BD are two medians of a triangle ABC meeting at F. The ratio of the
area of A ABF and the quadrilateral FDCE is :

A)1l:1 B)1:2 ©2:1 (D)2:3
29. The bisector of the exterior £ A of A ABC intersects the side BC produced to D. Here CF is parallel to AD.(\
AB BD \
(A) —=—— M
AC  CD g f&;)
AB CD

®) =B (\(,;')
AB _BC BN\ A
© = =T & ,\Q

(D) None of these
30. The diagonal BD of a quadrilateral ABCD bisects £ B and £ D, then : -~
AB AD e
(A === )
CD BC SV
AB AD o
(B) or=—r
BC CD
(C) AB=ADxBC A ™
(D) None of these =Ll
31. Two right triangles ABC and DBC are drawn on the Wotenuse BC on the same side of BC. If AC and DB

intersects at P, then

AP BP N ‘. A
(A) = = —— «2\' . LS AR
PC DP Q, [ P

(B) AP x DP = PC x BP Q)

(C) AP x PCx = BP x DP Q)
(D) AP xBPx=PC xPD o ¢ AR ...
32. In figure, ABC is a right tri , JTght angled at B. AD and CE are the two medians drawn from A and C

respectively. If AC=5 %nd AD = ¥ cm, find the length of CE:
(A) 245 cm C}) \
(B)2.5cm '-
(C)5 cm‘% B\

(D), m 5—C
33. | BC, AB =10 cm, BC =12 cm and AC = 14 cm. Find the length of median AD. If G is the centroid, find

\, gth of GA :
Q) (A) gﬁ,gﬁ (B) 5v7 447 () 1—2,2\/7 (D) 4\/7,2\/7

7
34. The three sides of a triangles are given. Which one of the following is not a right triangle ?
(A) 20, 21, 29 (B) 16, 63, 65

(C) 56, 90, 106 (D) 36, 35, 74



35. In the figure AD is the external bisector of / EAC, intersects BC produced to D. If AB =12 cm, AC = 8 cm and

BC =4 cm, find CD. . ,{

(A) 10 cm ‘ ,;Z}:

(B) 6 cm 4,1”;’ \

(C)8cm _.,f / i

(D)9 cm B4 o ~D (\
36. In AABC, AB2 + AC2 = 2500 cm2 and median AD = 25 cm, find BC. '\,

(A) 25 cm (B) 40 cm (C) 50 cm (D) 48 cm ’b
37. In the given figure, AB = BC and £/ BAC = 150. AB =10 cm. Find the area of A ABC. (\)G)

(A) 50 cm? R 6

(B) 40 cm? N\ /\(\

(C) 25 cm? R NG Q

(D) 32 cm? L\ ™~ (\

DY 5 —=C P
38. In the given figure, if — =— and if AE = 10 cm. Find AB;». %Q
A

(A) 16 cm / \

(B) 12cm F 5 Y

(C) 15cm W”’Z%‘—\«

(D) 18 cm N\,

gA75 657\

39. In the figure AD =12 cm. AB =20 cm and AE = 10 cmf»@i EC.

(A) 14 cm ,\

(B) 10 cm ?

(C) 8.cm Q» ;L/;§

(D) 15 cm %, 7y
40. In the given fig, BC=AC =AD, £ I@ 81°. Find the value of x. E

(A) 45° A Ta1e

(B) 54° Q)% 0 //fﬁ )

(C) 63° C‘? 4N

0 e / A

(D) 36 - f . >&
41. What is the rat@@?adlus to the circumradius of a right angled triangle?

(A)1:2 (B)1:4/2 (C)2:5 (D) Can’t be determined
Ans. N B B B C D B B B C D B C B C
Que. | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
A@m A C A D B D C C A Cc C A A B
Que. | 31 32 33 34 35 36 37 38 39 40 41
Ans. | C A D D C C C C A B D




CO-ORDINATE GEOMETRY

* INTRODUCTION

In the previous class, you have learnt to locate the position of a point in a coordinate
plane of two dimensions, in terms of two coordinates. You have learnt that a linear
equation in two variables, of the form ax + ¢ = 0 (either a #0 or b= 0) can be
represented graphically as a straight line in the coordinate plane of x and y coordinates.
In chapter 4, you have learnt that graph of a equation ax® + bx + ¢ = 0, a #0 is an
upward parabola if a > 0 and a downward parabola if a < 0.

In this chapter, you will learn to find the distance between two given points in terms of
their coordinates and also, the coordinates of the point which divides the line segment
joining the two given points internally in the given ratio.

* HISTORICAL FACTS
Rene Descartes (1596 - 1650), The 17" century French-Mathematician, was a thinker
and a philosopher. He is called the father of Co-ordinate Geometry because he unlfled
Algebra and Geometry which were earlier two distinct branches of Mathemati
Descartes explained that two numbers called co-ordinates are used to locate the p03| ion

of a point in a plane. }

Geometry is also called Algebraic Geometry. Cartesian plane and Cartegj duct of
sets have been named after the great Mathematician.

*  RECALL .

He was the first Mathematician who unified Algebra and Geometry&lytlcal

Cartesian Co-ordinate system:
Let X’OX and Y’OY be two perpendicular straight lines intersecting'§ach other at the X'«
point O. Then :

') Y

1. X’0X is called the x-axis or the axis of x. 0 v

2. Y’OY is called the y-axis or the axis of y.
3. The x-co-ordinate along OX is positive and alon > negative, y-CO- AY
ordinate along OY (upward) is

A

positive and along OY’ (downward) is n ﬁb Ordinate L
4, Both X’OX and Y’OY taken together iI&urder are called the of P “

rectangular axes because the angle be them is a right angle.
5. O is called the origin i.e., it is poj witersection of the axes of co- X4
ordinates.

Origin
Co-ordinates of a point : % L
6. Abscissa of a point in is its perpendicular distance with L
Y

proper sign from y-axis. vY

7. Ordinate of a poinJy plane is its perpendicular distance with proper

sign from y-axis.
8. The y-co-or ma%%y point on x-axis is zero.
9. The x-co- any point on x-axis is zero.

10. Any poift in)the xy-plane, whose y-co-ordinate is zero, lies on x-axis.

11 ny ROI the xy-plane, whose x-co-ordinate is zero, lies on x-axis.
h%m has coordinates (0, 0).
mates of all points on a horizontal line which is parallel to x-axis

are equal | e stant =
The absmssa of all points on a vertical line which is a line parallel to y-axis

are eq@ -constant =
ur Quadrants of a Coordinate plane :

glg\’r he rectangular axes X’OX and Y’OY divide the plane into four quadrants as

Any point in the | quadrant has (+ ve abscissa, + ve ordinate).
16. Any point in the Il quadrant has (- ve abscissa, + ve ordinate).
17. Any point in the 11l quadrant has (- ve abscissa, - ve ordinate).
18. Any point in the IV quadrant has (+ ve abscissa, - ve ordinate).



DISTANCE FORMULA

The distance between two points (X , y1) and (X, y») in a rectangular coordinate system is equal to

\/(Xz _Xl)2 +(Y, - yl)2

Proof : X,0X and Y’OY are the rectangular coordinate axes. P(xy, Y1) and Q (X2, y») are the given points. We draw
PA and QB perpendiculars on the x-axis : PC and QD perpendicular on the y-axis,

>

Now, CP (produced) meets BQ in R and PR 1 BQ. .
We find PR = AB = OB — OA = (X, — X1) "o
and QR=BQ-BR=BQ-AP=CD-0C = (y, —yl)Q,

In right APRQ, using Pythagoras theorem, we have

PQ? = PR? +QR" = (x, %" + (¥, ~¥,)' = PQ= & X ) +(y, 1)’
We have taken the positive square roof value because di between two points is a non-negative quantity.
Distance of a Point from Origin:

N

The distance of a point (x, y) form origin is /x> +y? .

Proof : Let us take a point P (x,y) in the @‘[ﬁane of axes X’OX and Y’OY as shown in the fig. Here, the point P
(x, y) is in the first quadrant but it can be taken anywhere in all the four quadrants.
We have to find the distance OP, i.%e-distance of the point P from the origin O.

Form the point P, draw PM d PL L QY. Then we have

OM =x

MP=0L=y

OP2 =0OM2 + MO2 = x

Therefore, OP = 4

AL

Test For Geometrical Figures :

@ For an isosclels : Prove that two sides are equal.

(b) For an equilateral triangle : Prove that three sides are equal.

(c) For aritht-angled triangle : Prove that the sum of the squares of two sides is equal to the
square of the third side.

(d) For a square : Prove that all sides are equal and diagonals are equal.

(e) For a rhombus : Prove that all sides are equal and diagonals are not equal.

0] For a rectangle : Prove that the opposites sides are equal and diagonals are also
equal.

(9) For a parallelogram : Prove that the opposite sides are equal in length and diagonals
are not equal




Ex.1

Sol.

Ex.2
Sol.

Ex.3

Sol.

%

Find the distance between the following pairs of points:

(@)
(a)

(b)

(©)

(2,3), (4,1) () (-5,7), (-1,3)  (c) (a,b), (-1, - b) [NCERT]
The given points are : A (2,3), B (4,1). 4 o

‘&:{,\?j
Required distance = AB =BA= \/(xz —x)+(Y,—V,)’ \
AB =./(4-2)% +(1-3)% =1/(2)? +(-2)> =/4+4 =~/8 =2/2 units N4,
Distance between P(- 5, 7) and Q(-1, 3) is given by \% 2
PQ=0QP :\/(XZ—X1)2‘|‘(y2_y1)2 . - -

= J(=1+5)% +(3-7)? =16+ 6 = /32
Required distance = PQ = QP = 42 units
“P(-5,7)

Distance LM between L (a,b) and M (-a, -b) is given by Q
LM = \/(Xz_X1)2+(y2_Y1)2 /{l

= J(Ca—a)* + (-b—b)? = /(-2a)* + (-2b)? i&gz": 42 L(ab) M(-a,-b)

J4(@ +b* =2ya? +b? units %
Find the points on x-axis which are at a distance of 5 units from the pdint A(-1, 4).
Let the point on x-axis be :P(x, 0). o)

Distance = PA = 5 units = PA? =2
=  (X+1)*+(0-4)*=25 =
= X2 +2x+17=25 = \Q
~ —21,/(2)2 +48) 2if26©&216
2

-2+6 —2- 6 4 8
2 2 2 :\b’ '
Required point on x-axis are (2 d(-4,0)
Verification: PA= (2@% (0-4)? =/9+16=+/25=5

PA-\}%?:l)2+(O 4)? =J9+16 =+/25=5

What point on y—g:f/*)quldlstant from the points (3, 1) and (1, 5)

Since the re%’ ed point P(say) is on the y-axis, its abscissa (x-co-ordinate) will be zero. Let the ordinate (y-co-

ordinatez e point be y.
re¥co-ordinates of the point P are : (0, y) | _ Z

Let A and B denote the points (3, 1) and (1, 5) respectively. L /
PA =PB ...(given) '

i |
’P(O ) —54—BK5)

Squaring we get :

=

PAZ = pRg? 3

(0-3)° +(y-1*=(0-1)* +(y-5)°



Ex.4
Sol

Ex.5
Sol.

Ex.6

Sol.

x = J(3+1)% +(0-2)2 =/4+4 =+8=22
Q’ DA= \/(-1+3)? +(—2-0)% =\4+4 =+8=22

=  9+y*1-2y=1+y*+25-10y

= y>—2y+10—y® —10y +26= -2y +10y =26-10=8y=16=>y =2

The required point on y-axis equidistant from A(3, 1) and B(1, 5) is P(0, 2).

If Q(2, 1) and R(-3, 2) and P(x, y) lies on the right bisector of QR then show that 5x —y +
Let P(x, y) be a point on the right bisector of QR :

Q(2, 1) and R(-3, 2) are equidistant from P(x, y), then we must have :

PQ=PR 1P xy)
~  PQ?=PR?
= (X=2)2+(y-1% = (x+3)2 +(y—2)? |
= (R —dx+4) +(y2-2y+1) =(x2+6x+9) +(y2-dx+4) W hH
= —4x—-2y +5=6x—-4y+13
= 10x-2y-8=0
= 2(5x—-y+4) =0
=

5Xx—y+4=0 l?'

The vertices of a triangle are (-2, 0), (2, 3) and (1, -3). Is the triangl eral : isosceles or scalene ?
We denote the given point (-2, 0), (2, 3) and (1, -3) by A, B and C réspectively then :
A(-2,0),B(2,3),C(1,-3)

>
AB =./(2+2)? +(3-0)? =/(4)* +(3)? =5 '&Q

BA=./(1-2)% +(-3-3)° =/(-1)° +(—6)2,2Q%
BC =/(-2-1)? +(0+3)’ :,/(—3)24%?QE =3V2

Thus we have AB = BC = CA % o » T ]

=  ABCis ascalene trian % N
Name the quadrilateral forme@ , by the following points, and give reasons for your an18‘wer.

A 4

A(=1-2),B(L0) @WD(—& 0)

Determine d':ﬁan 1 AB, BC, CD, DA, AC and BD.

a-12 1,
AB= \/F@’iﬁz +(0+2)% =J/4+4=8=22 | =i ‘f»-;«-
B (-1-1)*+(2-0)* =J4+4 —.J/8=22 ,,.,,w{\ =1 NEA

AB=BC=CD=DA

The sides of the quadrilateral are equal ............ (1)



Ex.7
Sol.

AC= \/(-1+1)% +(2+2)* =/0+16 =4
Diagonal AC = Diagonal BD......... 2)

BD = \/(-3+1)% +(0—0)? =/16+0 =4

From (1) and (2) we conclude that ABCD is a square.

COLLINEARITY OF THREE POINTS (\
Let A, B and C three given points. Point A, B and C will be collinear, If the sum of lengths of am@v

line- @)
segments is equal to the length of the third line-segment. f‘))
In the adjoining fig. there are three point A, B and C. 63
Three point A, B and C are collinear if and only if A(\

or (i) AB+AC=BC PRSI S

or (i) AC+BC=AB

Determine whether the points (1, 5) (2, 3) and (-2, -11) are COJ@Q ) [NCERT]
The given points are : A(1, 5), B(2, 3) and C(-2, -11).
Let us calculate the distance : AB, BC and CA by usinggt@m;e formula.

AB = |/(2-1)7 +(3-5)2 =/()2 +(-2)* =1+4 =45

BC = /(-2-2)" +(-11-3)" =/(-4)° +(-14)° ='@gﬁ=@=2\/§
CA= \J(=2-1)% +(-11-5)% = /(-3)? + (-1OF9+296 = /265

From the above we see that : AB + BC # @

Hence the above stated points A(1, 5) B( nd C(-2, -11) are not collinear.
SECTION FORMULA c\
. )

Coordinates of the point, dividing the line-segment joining the points (Xy, y1) and (X», ¥») internally in the ratio

mX, +MyX, My, +MmM,y,
m, +m, m, +m,

m; : m, are given by [

the perpendiculags ALT BM and PQ on the x-axis from the points A, B and P respectively. L, M and Q are the
points on theg— here three perpendiculars meet the x-axis.

Proof. Let P (x,awypoint dividing the line-segment joining A(X1, 1) internally in the ratio m; : m,. We draw

PQ and PD L BM. Here AC|| x-axis and PD || x-axis.

C| pD (*+ AC and PD both || x-axis)

@ Z/PAC = /BPD
Q) hus, in A ACP and A PDB, we have

/PAC = /BPD
and Z/ACP= /PDB=90°

Then by AA similarity criterion,
AACP ~ APDB




AC_PC_AP _m
PD BD PB m,

m m

AC_ M () and pe_m )

PD m, BD m,
AC=LQ=0Q-0L=(X-Xy)
PD=QM=0M-0Q = (X3 - X) (\
Putting in (1), we get \

X—X m

( 1) =1 = m,X—m,X, =mXx, —m,X G;D

(X, =x) m, c;)
= MX+MX =MmX, —MyX = (M, +my)X =mX, —mx, (\
N o = MaXp +MyX, (\

m, +m, Q

Now, PC=PQ-CQ=PQ-AL=(y-y)

BD =BM—-DM =BM -PQ = (y,-Y) ’
Putting in (2), we get O

=% _m N y:m1YZ+mZY1 ‘%

Yo=Yy m, m, +m, R ; .

Therefore, the coordinates of the point P are (mlxz H@, 1Y, + M, ylj

m,;m, m,+m,
Remark : To remember the section formula, the diagr iven below is helpful:

TARE S

Point Dividing a Line Seg4ment in the Ratio ki

mX, +m,x, m m . . . . . .
IfP[ Xo Mo X MY, + MY, %des e line-segment, joining A(xy, y1) and B(x,, Y,) internally in the ratio

m+m, = m +m, o
my : M, we can express it as bel
ml ml
o Xz 7 yz + Y1
P| —2—,—2 dividing the numerator and the denominator by m,)
m, 1 m,

m, mq
. m . . .
Putting —= ;_\g— , the ratio becomes k : 1 and the coordinates of P are expressed in the form
m2

p [ K% ARYKY,Y,
"k+1
Qre ore, the coordinates of the point P, which divides the line-segment joining A (X, y1) and B(X», y») internally

the ratio k : 1, are given by

(kx2 +x1 ky, + ylj

k+1 k+1

B(Xz, Y2)
Collinearity of three points : K:1
Three given points A(Xy, Y1), B(X2, ¥2), C(X3, Y3) are said to be
collinear if one of them must divide the line segment joining the C(Xs, Y3)
other two points in the same ratio.
Remark : Three points are called non-collinear if one of them A(Xy, Yq)

divides the line segment joining the other two points in different ratios



Mid-point Formula :

X, + X
Coordinates of the mid-point of the line-segment joining (xy, y1) and (x,, y») are | - X N1t Y J

2 2
The mid-point M (x,y) of the line-segment joining A (Xy, Y1) and B(X», y-) divides the line-segment AB in the ratio

. . . ) . X, + X +
1: 1. Putting m; — m, = 1in the section formula, we get the coordinates of the mid-point as ( 1 5 2 Y1 5 Y2 )

5>

COMPETITION WINDOW

SECTION FORMULA FOR EXTERNAL DIVISION
The co-ordinates of line point which divides the line segment joining the point (x;, y;) and (X, y) externally in the

mx, —nx, my, — nylj

ratiom : n are ,
m-n m-n

e.g., In the following case, C divides AB externally in ratio AC : BC
A B C

Let A=(1,0),B =(4,0)and 5 : 2 be the ratio in which C divides AB externally. Then co-ordinates of C are :

5><4—2><1’5><O—2><O ~[6.0]
5-2 5-2

Ex.8
Sol.

Sol

Q) P is the mid-point of AQ, then co-ordinates of P are : ( >

. . . o .. Yy’ . .
Find the co-ordinates of the point which divides the join of and (4,-3) intheratio2:3, [NCERT]
Let P(x, y) divides the line segment AB joining A(-1, 7) (4, -3) in the ratio 2 : 3. Ten by using section formula
line the co-ordinates of P are given by :

"%.._,__m,.d

2% 4x3x (1) 2x(-3) 8-3 6+21 5 15
( 243 %%’J ) P(&s 5) P9

Hence the required goint'pf division WhICh d|V|des the line segment joining A(-1, 7) and (4, -3) in the ratio 2 : 3 is

P(1, 3).
(2 2) ,_%Q (2, 8)
Q R B

It$ hat AB is divided into four equal parts : AP =PQ = QR =RB

mid-point of AB, then co-ordinates of Q are : ( 22+ 2 2_;8) = (%1— =(0,5)

2
-2+0 2+5]_(—2 7
2

2 1
Also, R is the mid-point of QB, then co-ordinates of R are : (T—j = (E;J = (—1,—3j
Hence, required co-ordinates of the points are :

7 13
P(_lz),Q(O, 5)’ R(lv ?)




Ex.10 If the point C(-1, 2) divides the lines segment AB in the ratio 3 : 4, where the co-ordinates of A are (2, 5), find the

coordinates of B.
Sol.  Let C (-1, 2) divides the line joining A (2, 5) and B (x, y) in the ratio 3 : 4. Then.

C(3X7+8,3y+20j:0(—1, 2)
N 3x+8=_l & 3y+20=2
7 7
= X+8=—7 & 3y+20=14 n)\

= X=-5 & y=-2

The coordinates of B are : B (-5, -2) f'b
Ex.11 Find the ratio in which the line segment joining the points (1, -7) and (6, 4) is divided by x-axis 6
Sol.  Let C (x, 0) divides AB in the ratio k : 1.

By section formula, the coordinates of C are given by : (\
of Bk+1 k-7 I (\Q
k+1 k+1 k+1

7

= 4k -7=0=k=—
4 Q

i,e., the x-axis divides AB in the ratio 7 : 4.

Ex.12 Find the value of m for which coordinates (3,5), (m,6) and (% — tinear.

Sol.  LetP (m, 6) divides the line segment AB joining A (3,5) B(&},m the ratiok : 1.

. &Q

“Plm,6) ™~ 15

—k +3x1 —k+5x1
Applying section formula, we get the co@z{es of P: , 2 = k+6 ,15k +10
k+1 k+1 2(k+1) 2(k +1)

Butp(mﬁ)zp( k+6 15k _ _ kA6 15K+10

m= =
2(k+1) 2(k+) 2(k +1)
15k +10 CQO

=6 = 15k +10=12(k +1)
2(k +1)
= 151021 =  15k-12k=12-10
= = k=—

3

in the equation m = we get :

(k+)

ST
) 2

(2+3j 3 10 10

E
10><2
10
Required value of mis2 = m=2

Ex.13 The two opposite vertices of a square are (-1, 2) and (3, 2). Find the co-ordinates of the other two vertices.
Sol.  Let ABCD be a square and two opposite vertices of it are A(-1, 2) and C(3, 2) ABCD is a square.




= AB =BC
=  AB’=BC’
= X+’ +(y-2)°=(x-3)*+(y-2)*
=  X*+2x+1=x*-6x+9
= 2X +6x=9-1=8 ‘ /|
= 8x=8=x=1 3 /]
ABCD isright Aat B, then é % (\
AC? = AB?+ BC? (Pythagoras theorem) SOUARE ¥ \
= B+D*+(2-2 =(xH)? +(y-2)*+(x=3)* =(y-2)? i ﬁ)
=  16=2(y-2)*+(@1+1)*+(@1-3)? |7 # ;)
= 16=2(y-2)2+4+4=>2(y-2)*=16-8=8 ;
= (y-2?%=4 = y-2=12= y=4and0 /. 19y | E—1
i.e., whenx=1theny=4and0 =0 Q) ‘
Co-ordinates of the opposite vertices are : B(1, 0) or D(1, 4) (\
AREA OF A TRIANGLE ,
In your pervious classes, you have learnt to find the area of , « O\ Alx. u.)
a triangle in terms of its base and corresponding altitude as Y ? ﬁ;{j‘ 4
below: 4 N
1 / ™~
Area of triangle = 3 x base x altitude. o Z ™~ Clxa)
In case, we know the lengths of the three sides of a triangle, (X5,V -
then the area of the triangle can be obtained by using the 4
Heron’s formula. |
In this section, we will find the area of a triangle when §
coordinates of its three vertices are given. The len ‘
the three sides can be obtained by using distance ula
but we will not prefer the use of Heron’s formul L ‘ ;
Some times, the lengths of the sides ar gbt ined as 1 SN i I N A
irrational numbers and the application ’s formula O p Q R K
becomes tedious. Let us develop some r way to find ‘ ‘
the area of a triangle when the coorginates of its vertices are
given. 9
Let A(Xy, V1), B(X2, o) and C(xg; the given three points. Through A draw AQ 1 OX, through B draw

BP 1 OX and through C dr OX.
Form the fig. AQ =y, BP% d CR =3, OP = X5, OQ = x; and OR = X3

= PQ=x1-x2;Q?' -X; and PR = X3 - X,
. 1 . . .
Area of trapeziu %} um of parallel side) x distance between parallel lines

ar. (A ABC) z arNrap.ABCD) + ar. (Trap.AQRC) —ar. (Trap. BPRC)
= % (BP-I{%X PQ + % (AQ + CR) xQR - % (PB + CR) xPR

+ yl)(xl - Xz) +%(y2 + Y3)(X3 - Xl) _%(yz + ys)(xs - Xz)

A@x_ E| Xl(yz TYi=Yi- ya)"’ Xz(yz Y=Y~ y1)+ XB(yl Y=Y~ y3)|
1
= E| X (Yo = Ya) + X (Ys = Y1) + X5 (Y, — y2)|

1
Area of AABC = §| Xl(yz - ys) + Xz(ya - yl) + XS(yl - y2)|




Condition of collinearity of three points :
The given points A(X1,y1), B(X2,Y2) and C(xs,ys) will be collinear if the area of the triangle formed by them must be
zero because triangle can not be formed.

= areaof AABC=0

1
= §| Xl(yz_y3)+X2(y3_y1)+X3(y1_y2)|:O (\

N
= X (Yo = ¥3) + X (Ya — Y1) + %5 (Y. — ¥,) =0 ﬂ;‘)

is the required condition for three points to be collinear. CP
Ex.14 The co-ordinates of the A ABC are A(4, 1), D(3, 2) and C(0, K). Given that the area of AA;\(\ unit®. Find the

value of k.
Sol.  Area of AABC formed by the given-points A(4, 1), B(-3, 2) and C(0, k) is (\Q

= l|4(2 —K) + (-3)(k —1) + 0(1 - 2)|

2 QO

1 1
= E|18—4|<—3|<+3| =5 1-7K) ‘%
But area of AABC =12 unit’ ........ (given) .

%| :%(11—7k)|:24 =  |@1-7k)=24 Q/

+(11-7k) =24 11—7k=2‘@¥'(111—7k)=24

=

~7k =24-11=13 = éé&

or —(11-7k) =24 = \é‘@k 24
=  Tk=24+11=35 :>

Sol. JoinAandC

The given points are A(-4, 2)
Area of AABC

—|(—4)( 5+2)-3(s 2%+3( —2+5)|

—|20—8 GCJ%) = ——105 5. units 2 —9)
2 \"\, ,"* O, —<4)

Ex.15 Find the area of the quadrilateral whose verfic estaken in order are (-4, -2), (-3, -5), (3, -2), and (2, 3). [NCERT]
% C(-4,-2) and D(2, 3)

Areaof A \ ]
\ o |
= —|( %5 3)+3(-2+2)+3(-2+5)| . Wl

+15 = 2 —175 5. units

?Srea of quadrilateral ABCD = ar. (A ABC) + ar. (AACD) = (10.5 + 17.5) sg. units = 28 sq. units
Ex.16 Find the value of p for which the points (-1, 3), (2, p), (5, -1) are collinear.

Sol.  The given points A (1, 3), B(2, p), C(5, -1) are collinear.

= Area of A ABC formed by these points should be zero.
= The area of AABC =0



1
= §|X1(y2_y3)+X2(Y3_y1)+X3(Y1_y2)| =0
= -1(p+D)+2(-1-3)+5(3-p)=0
= - p-1-8+15-5p=0
= -6p+15-9=0=6p=-b6b=p=1
Hence the value of pis 1. A
COMPETITION WINDOW

AREA OF A QUADRILATERAL
If (X, Y1),(X,,Y,),(X;,Y5) and (x,,y,)are vertices of a quadrilateral, its area
%I (4Y2 =X Y1)+ (X0 Vs = X3Y2) + (Xg¥s = Xg¥3) + (X, Y1 = %, Y,)|
AREA OF A POLYEON
If (%, Y1), (%0, ¥5), (X5, Va) -nen. (x,,Y,) are vertices of a polygon of n sides, its area

1
§| (lez - X2y1) + (Xzys - Xsyz) + (X3y4 - X4y3) tot (Xnyl - len)|

Remark : (i) If the area of a quadrilateral joining the four points is zero, the four points are collinear.
(i) If two opposite vertex of a square are A(Xy, Y1) and C(Xy, y») then it’s area is

1
E[(Xz - X1)2 + (yz - Y1)2]
TRY OUT THE FOLLOWING
(i Find the area of the quadrilateral formed by joining the four points (1, 1), (3, 4), (5, -2) & (4, -7).

(i) Find the area of the pentagon whose vertices are A(1, 1), B(7, 21), C(7, -3) D(4, -7) and E(0, -3).
(iii) If the Co-ordinates of two opposite vertex of a square are (a, b) and (b, a), find the area of the square.

ANSWERS
(i) % 5. nuits (ii) 1377 5. nuits (i) (a—Db)? sq. nuits
* SYNOPSIS Z
» Distance Formula : JThe distance between two points (X, Y,) and (X2, ¥») in a rectangular coordinate system is

equal to \L%xl)z +(y,—Y,)? . The distance of a point (x, y) from origin is /x> +y’

Test Ror\Geometrical Figures :

‘ For an isosceles triangle : Prove that at least two sides are equal
’@) For an equilateral triangle : Prove that three sides are equal
0 For a right-angled triangle : Prove that the sum of the squares of two sides is equal to the
@ square of the third side.
(d) For a square : Prove that all sides are equal and diagonals are equal.
(e) For a rhombus : Prove that all sides are equal and diagonals are not equal.
0] For a rectangle : Prove that the opposite sides are equal and diagonals are also
equal.
(o) For a parallelogram : Prove that the opposite sides are equal in length and diagonals

are not equal.




»

»

»

Collinearity of three points : Let A, B and C there given points. Point A, B and C will be collinear if the sum, of
lengths of any two line-segment is equal to the length of the third line-segment.

In the adjoining fig. there are three point A, B and C.

Three points A, B and C are collinear if and only if

(i) AB+BC=AC or (i) AB+ AC=BC or (i) AC+BC=AB

Section Formula : Coordinates of the point, dividing the line-segment joining the points (X, y1) and (X,, Y»)

mX, +m, X, my,+m,y,
ml + mz m1 + m2

internally in the ratio : m; m; are given by (

/
Mid-point Formula : Coordinates of the mid-point of the Iine-segment;’éug(xl, y1) and (X, Y.) are

(X1+X2 y1+y2j O
1 Lo
Area of triangle : |Area of AABC = E‘xl(y2 —Y3)+ X (Y3 — Y1)+ Vs (Y, — y2)|

>
Condition of collinearity of three points : The@%ﬁ points A(Xy, Y1), B(Xz, y2) and C(xs, y3) will be collinear if
the area of the triangle formed by them m::é t@; ro because triangle can not be formed.

= area of AABC =0
Q,&v"’
1 )
= E‘Xl(yz —Y3) @ = Y)+Ys(Y: — y2)| =0=x(y, - ys) + Xz(ys —y)+ X3(y1 -Y,)=0

K

is the requir%co tion for three points to be collinear.

&Y*

2 2

%

N



EXERCISE -1 (FOR SCHOOL/BOARD EXAMS)

OBJECTIVE TYPE QUESTIONS

CHOOSE THE CORRECT OPTION IN EACH OF THE FOLLOWING

1. The distance between the points (a, b) and (-a, - b) is : \
(A) a® +b? (B) va’ +h? (C)0 (D) 2va® +b? q;)
2. The distance between points (a+ b, b+c)and (a—b,c-b)is: 6;3
(A) 2+/a’ +b? (B) 2v/a? +¢? (C) 2/2b (D) va? —c? (\(\
3. The distance between points A(1, 3) and B(x, 7) is 5. The value of x > 0 is : (\Q
(A) 4 (B) 2 ©1 (D) 3. ,
4, The distance between the points (a cos 20° + b sin 20%,0) and (a sin 20° - b co @is :
(A) (a+b) (B) (a—b) (C) va? —b? (D)Wa’ +b?

5. Mid-point of the line-segment joining the points (-5, 4) and (9, - 8) \Q
(A) (-7, 6) (B)(2.-2) (C)(7,-6) (D) (-2, 2).

0

d(-5,7)intheratio2: 1is:
(D) (1, -3).

6. The co-ordinates of the points which divides the join of (—
(A) (4,-4) (B) (-3, 1) € (-4

¥stant from the points (5, 4) and (-2, 3) are :

0,2) (D) (0, 3).

7. The co-ordinates of the points on x-axis which ig equj
(A) 2,0) (B) (3,0) ,zé(

8. The co-ordinates of the points on y-axis @@s equidistant from the points (3, 1) and (1, 5) are :

(A) (0, 4) (B) (0,2) (C) (4,0) (D) (2,0).
0)
9. The coordinates of the centre of 4 girgke are (— 6, 1.5). If the ends of a diameter are (— 3, y) and (X, - 2) then:
(A)x=-9,y=5 (B)x% =-9 (C)x=9,y=5 (D) None of these
10. The points (- 2, 2), (8, - %’(—4, - 3) are the vertices of a:
(A) equilateral A ) isosceles A (C) right A (D) None of these

11. The points (1 7)@2) (-1,1) (-4, 4) are the vertices of a:
(A) paralle m (B) rhombus (C) rectangle (D) square.

12. The li e?Qfﬁent joining (2, - 3) and (5, 6) is divided by x-axis in the ratio:
(@ (B)3:1 (C)1:2 (D)1:3.

13. @ line segment joining the points (3, 5) and (- 4, 2) is divided by y-axis in the ratio:
QD\Q)S:S (B)3:5 (C4:3 (D) 3: 4.
14. If (3, 2), (4, k) and (5, 3) are collinear then k is equal to :
2 2 ) 3
A) — B) — C) — D) —
(A) 3 (B) c © > (D) c

15. If the points (p, 0), (0, g) and (1, 1) are collinear then l+1 isequal to :
P q



(A)-1 (B) 1 (€)2 (D)0

16. Two vertices of a triangle are (-2, -3) and (4, -1) and centroid is at the origin. The coordinates of the third vertex of
the triangle are :
(A) (-2,3) (B)(-3,-2) (C) (-2,4) (D) (4,-2)
17. A (5, 1), B(1, 5) and C(-3, —1) are the vertices of A ABC. The length of its median AD is : \(\
(A) /34 (B) +/35 (©) 37 (D) 6 ’%;D
18. Three consecutive vertices of a parallelogram are (1, —2), (3, 6) and (5, 10). The coordinates oﬁ\g@urth vertex
are :
(A) (-3, 2) (B) 2-3) €32 (D) (-2, —3)(\Q
19. The vertices of a parallelogram are (3, -2), (4, 0), (6,— 3) and (5,— 5). The diagonals ifitersect at the point M. The
coordinates of the point M are : s Q
95 75 7 3
A | —,— B)| —,— C)| =~ None of these
()[zzj ()(22] ()(22] Q\Q@)
20. If two vertices of a parallelogram are (3, 2) and (-1, 0) and the&;gbnals intersect at (2, -5), then the other two
vertex are :
(A) (1,-10),(5,-12) (B)(1,-12),(5,-10) (C) (8@% (D) (1,-10), (2,-12)
A
y
OB A » R Vi
Que. |1 2 8 4 5 6 7 8 9 10
Ans. | D C LMo |C B C A B A C
Que. | 11 12 13 14 15 16 17 18 19 20
Ans. |[D A=Y D C C C C C A B
~
EXERCISE —‘10 (FOR SCHOOL/BOARD EXAMS)
Y,; SUBJECTIVE TYPE QUESTIONS

1@’X

2.

ANSWER TYPE QUESTIONS

d the distance between the points A and B in the following :

(i) A(a+b,b—a),B(a—b,a+b) (i) A(L-D), B(—%,%)
Find the distance between the points A and B in the following :

(i) A(8-2),B(3-6) (ii) A(a+b,a—b),B(a—b—a—b)



15.
16.
17.
18.
19.
20.
21.

22.
23.

CooNO aARrwWNE

/\rf A (2,-1), B(3, 4), C(-2, 3) and D (-3, -2) be four points in a co- /

11.

A point P lies on the x-axis and has abscissa 5 and a point Q lies on y-axis and has ordinate — 12. Find the distance

PQ.
Find a relation between x and y such that the point (x, y) is equidistant from (7, 1) and (3, 5).

Using distance formula, show that the points A, B and C are collinear.

(i) A(-1-1),B(2,3),C(8,11) (i) A(-4,-2),B(-1,1),C(1, 3) (\
Find a point on the x-axis which is equidistant from the points (5, 4) and (-2, 3). \
Find a point on the x-axis which is equidistant from the points (-3, 4) and (2, 3). ﬁ)
Find the value of k, if the point (2, 3) is equidistant from the points A(k, 1) and B(7, k). ’b

Find the value of k for which the distance between the point A(3k, 4) and B(2, k) is 5v2 units. 0)
Find the co-ordinates of the point which divides the line segment joining the points (1, -3) anW?Q in the ratio 1 :
3 internally.

Find the mid-point of AB where A and B are the points (-5, 11) and (7, 3) respectively. %

The mid-point of a line segment is (5, 8). If one end points is (3, 5), find the second er%o .

The vertices of a triangle are A(3, 4), (7, 2) and C(-2, -5). Find the length of the med(i?n through the vertex A.

The co-ordinates of A and B are (1, 2) and (2, 3) respectively. Find the co-ordinates 6f R on line segment AB so

AR 4 E
that —=—.
RB 3

Find the co-ordinates of the centre of a circle, the co-ordinates of the gints of a diameter being (-3, 8) and (5,
6)

Find the co-ordinates of the point where the diagonals of the parallé&ram formed by joining the points (-2, -1),
(1, 0), (4, 3) and (1, 2) meet. )

Find the ratio in which the line segment joining the points @and (-4, 2) is divided by y-axis.

In what ratio in does the point (%_73] divide the Iine‘@m t joining the points (3, 5) and (-7, 9) ?

By using section formula, show that the points (4 2, 5) and (5, 8) are collinear.

Find the distance of the point (1, 2) from the mj int of the line segment joining the points (6, 8) and (2, 4).
Show that the mid-point of the line segmeryjgsang the points (5, 7) and (3, 9) is also the mid-point of the line
segment joining the points (8, 6) and (0, 1

Find the area of the triangle whose %C%S are (3, 2) (-2, -3) and (2, 3).

For what value of m, the poin @ (m, 6) and (%1—25j are collinear ?
@ON

LONG ANSWER TYPE

Prove that the points (1, 4), (3, 6) and (9, -2) are the vertices of an isosceles triangle.

Find the co-ordin e point equidistant from three given points A(5, 1), B(-3, -7) and C(7, -1).
Show that the p@ , 10), (-2, 5) and (3, - 4) are the vertices of an isosceles right triangle.

Prove that the&\poIfts (0, 1), (1, 4), (4, 3) and (3, 0) are the vertices of a square.

Prove that ints (-4,- 1), (-2,- 4), (4, 0) and (2, 3) are the vertices of a rectangle.

of an equilateral triangle are (0, 0) and (3, \/§) , find the third vertex of the triangle.

and C (1, -1) are the two opposite angular points of a square ABCD. Find the co-ordinates two vertices
co-ordinates of the point equidistant from the point A(-2, -3), B(-1, 0) and C(7, -6).
w that (3, 3) is the centre of the circle passing through the points (4,

A I

(0, 4), (6, 2) and (4, 0). What radius of the circle. y : C|(4,6)

ordinates plane, show that ABCD is a rhombus but not a square. Find the »
area of the rhombus. 5 A /
In figure, find the co-ordinates of the centre of the circle which is drawn 1 33
through the points A, B and O. 0

3:(6,2) 4




12. The line segment joining the points (3, -1) and (1, 2) is trisected at the points P and Q. If the co-ordinates of P and
Q are (p, -2) and (g , qj respectively, find the values of P and Q.
. . . (23 . .
13. What will be the value of y if the point (? y] , divides the line T — o
segment joining the points (5, 7) and (4, 5) in the ratio 2 : 3 internally.
14. Find the co-ordinates of the points which divide the line segment joining ‘
the points (-4, 0) and (0, 6) in 4 equal parts.
15. If the points (10, 5) (8, 4) and (6, 6) are the mid-points of the sides of a
triangle, find its vertices.
16. Find the area of the quadrilateral ABCD formed by the points A (-2, —
2),B(5,1),C(2, 4)and (-1, 5)..
17. Find the point on the x-axis which is equidistant from the points (-2,5) |, . . | VA >
and (2, — 3). Hence, find the area of the triangle formed by these points.  |X'-3 -2 -] 3 4 X
18. A (4, 3), B (6, 5) and C (5, — 2) are the vertices of A ABC. ‘ : Ermieanm
(1 Find the co-ordinates of the centroid G of A ABC. Find the area
of A ABC and compare it with area of A ABC. Q
(i) If D is the mid-point of BC, find the co-ordinates of D. Find the cd@@tes of a point P on AD such that
AP : PD =2: 3. Find the area of A ABC and compare it with area of A ABC.
19. ABCDE is a polygon whose vertices are A(-1, 0), B(4, 0), C(4, 4), {rand E(-6, 2). Find the area of the
polygon.
20. Name the quadrilateral formed by joining the points (1, 2), (5, 45, (;r ) and (-1, 6) in order. Find also the area of
the region formed by joining the mid-points of the sides of thj drilateral.
Al
CO-ORDINATE GEOMETRY ANSWER KEY EXERCISE-2 (X)-

SHORT ANSWER TYPE QUESTION :

1. (i) 2/a% +b? units, (ii) ¥ units 2. (i) v/41 units, (i) 2v/a? +b? units 3. 13 units
4. x-y=2 6.(20) 7.(0,6) 8 k=13 9. k=-lork=3 10. (0,0) 11. (1,7) 12. (7,11)

13. 1222 units, 14. (%,?j 15. (1,7) 16. (1,1) 17. 3:4 18. 1:3 20. 5units 22. 5sg. unit
23. m=2

LONG ANSWER TYPE QUESTIONS :

1.(2,—-4) 2. (0,2+/3) or (3—3) 3. (%%}(—%gj 4.(3,-3) 5.+/10 units 6. 24 sq. units
15 25 7 31 3 9
7. [ﬂ’ﬂ} 8 p=10=0 9 = 10 (—3,5),(—2, 3),(—15) 11. (8,7), (12, 3), (4, 5) 16. 26 5q.

units
17. (-2, 0), 10 sq. units
18. (i) G (5,2);ar (AGBC) =2sq. units; ar (AGBC) :ar (AABC)=1:3
(i) D(%,gj; P(?,%) ;ar (APBC) = % sg. units ; ar (APBC) :ar (AABC)=3:5

19. 44 sg. units 20. Square ; 10 sg. units.




EXERCISE -3 (FOR SCHOOL/BOARD EXAMYS)

PREVIOUS YEARS BOARD (CBSE) QUESTIONS

1. Show that the point A(5, 6), B(1, 5), C(2, 1) and D(6, 2) are the vertices of a square. [Delhi-2004]
2. Determine the ratio in which the point P(m, 6) divide the join of A(-4, 3) and B(2, 8). Also find the value of ?\
OR N
. . . . 5 1 . P?
A(3, 2) and B(-2, 1) are two vertices of a triangle ABC, whose centroid G has coordlnates(g,——j indthe
coordinates of the third vertex C of the triangle. Delhi-2004]
3. Show that the points A(2, -2), B(14, 10), C(11, 13) and D(-1, 1) are the vertices of a rectan@i [Al-2004]
4, Prove that the coordinates of the centroid of a A ABC, with vertices. A(X1, Y1), B(X2, V) %C X3, Y3) are given by
Xl + X2 + X3 ' yl + y2 +3 [A|_2004]
3 2 /
5. Determine the ratio in which the point (-6, a) divide the join of A(-3,-1) an B@ 9). Also find the value of a.
/é [Al-2004]
6. Find the point on the x-axis which is equidistant from the points (-2, 5) and (2y-3) [Al-2004]
7. Prove that the points A(0, 1), B(1, 4), C(4, 3) and (3, 0) are the vertic esquare. [Foreign-2004]
8. Determine the ratio in which the point (a, —2) divide the join of A(*&¢/3)>and B(2, —4). Also find the value of a.
[Foreign-2004]
9. Determine the ratio in which the point P(k, 2) divide the join@g{%, 5) and B(5, 1). Also find the value of k.
[Foreign-2004]

10. Determine the ratio in which the point P(b, 1) divide the j f A(7,-2) and B(-5, 6). Also find the value of b.
[Foreign-2004]
11. The coordinates of the mid-point of the line joinj oint (3p, 4) and (-2, 2q) are (5, p). Find the coordinates of
p and q. [Delhi-2004C]
12. Two vertices of a triangle are (1, 2) and (3 5)@&1e controid of the triangle is at the origin, find the coordinates of

the third vertex. @
OR
.)

If “a’ is the length of one of the ; an equilateral triangle ABC, base BC lies on x-axis and vertex B is at the
origin, find the coordinates of% rtices of the triangle ABC. [Delhi-2004C]
13. Find the ratio in which the Q@essegment joining the points (6, 4) and (1, —7) is divided by x-axis.  [Al-2004C]

Nag o

The coordinates §f two vertices A and B of a tnangle An are (1, 4) and (5, 3) respectively. If the coordinates of the
centroid of BC are (3, 3), find the coordinates of the third vertex C. [Al-2004C]

14. Find tge of m for which the points with coordinates (3, 5), (m, 6) and (%%) are collinear. [Al-2004C]

15. Fi value of x such that PQ = QR where the coordinates of P,Q and R are (6,—1);(1,3) and (x,8)respectively.
’\ OR
: Find a point on x-axis which is equidistant from the points (7, 6) and (-3, 4). [Delhi-2004]

16. The line-segment joining the points (3, —4) and (1, 2) is trisected at the points P and Q. If the coordinates of P and Q
5 . . .
are (p, 2) and (E qj respectively, find the values of p and q. [Delhi-2005]

17. Prove that the points (0, 0), (5, 5) are vertices of a right isosceles triangle.



If the point P(X, y) is equidistant from the point A(5, 1) and B(-1, 5), prove that 3x = 2y. [Al-2005]
18. The line joining the points (2, 1) and (5, —8) is trisected at the points p and Q. If point P lies on the line 2x —y + k =
0, find the value of k. [Al-2005]
19. Show that the points (0, -1); (2, 1); (0, 3) and (-2, 1) are the vertices of a square.
OR \/\
Find the value of K such that the point (0, 2) is equidistant from the points (3, K) and (K, 5). [For%— 005]
20. The base BC of an equilateral A ABC lies on y-axis. The coordinates of point C are (0, —3). If the of 1l 45 the mid-
point of the base BC, find the coordinates of the points A and B. [Forei @ |
21. Find the coordinates of the point equidistant from the points A(1, 2), B(3, — 4) and C(5, 6)7\
OR ,\Q
Prove that the points A(—4, -1), B(-2, —4), C(4, 0) and (2, 3) are the vertices of a rectangle. [Delhi-2005C]
22. Find the coordinates of the points which divide the line-segment joining tha@g@(—& 0) and (0, 6) in three equal
parts. [Delhi-2005C]
. . . . 2 . .
23. Two vertices of A ABC are given by A(2, 3) and B(-2, 1) and its CQ sG (1§j . Find the coordinates of the
third vertex C of the A ABC. ’ [Al-2005]
24, Show that the points A(4, 2), B(5, 4), C(3, 8) and D(-1, 6) ar@Vertices of a square.
O
Find the co-ordinates of the point equidistant from t iven points A(5, 1), B(-3, -7) and C(7,-1)
[Delhi-2006]
25. Find the value of p for which the points 2, p) and (5, —1) are collinear. [Delhi-2006]
26. If the points (10, 5), (8,4) and (6,6) are the . Points of the sides of a triangle, find its vertices. [Foreign-2006]
217. In what ratio is the line segment joifi tge points (-2, —3) and (3, 7) divided by the y-axis? Also, find the
coordinates of the point of divis%
:, ) OR
IfA(5 -1),B(-3,-2)a (-1, 8) are the vertices of triangle ABC, find the length of median through A and the
coordinates of the gégqtroit. [Delhi-2006C]
28. If (-2,-1); (a, 0% (4,)0) and C (1, 2) are the vertices of a parallelogram, find the values of aand b.  [Al-2006C]
29. Show that thepoItts (7, 10), (-2, 5) and (3, —4) are the vertices of an isosceles right triangle. [Delhi-2007]
30. In what ra s the lines x —y — 2 = 0 divides the line segment joining (3, —1) and (8, 9) ? [Delhi-2007]
31. Three ¢ ive vertices of a parallelogram are (-2, 1); (1, 0) and (4, 3). Find the coordinates of the fourth vertex.
[Al-2007]
32. If int C(-1, 2) divides the line segment AB in the ratio 3 : 4 where the coordinates of A are (2, 5), find the
rdinates of B. [Al-2007]
33. : what value of p, are the points (2, 1), (p, —1) and (-1, 3) collinear? [Delhi-2008]
KQ) etermine the ratio in which the line 3x + 4y — 9 = 0 divides joining the points (1, 3) and (2, 7). [Delhi-2008]
35. If the distances of P(x, y) from the points A(3, 6) and B(-3, 4) are equal, prove that 3x + y = 5. [Delhi-2008]
36. For what value of p, the points (-5, 1), (1, p) and (4, —2) are collinear? [Delhi-2008]
37. For what value of k, are the points (1, 1), (3, k) and (-1, 4) are collinear? [Delhi-2008]
OR

OR

Find the area of the A ABC with vertices A(-5, 7), B(-4, -5) and C(4, 5) [Al-2008]



38. If the point P(x, y) is equidistant from the points A(3, 6) and B(-3, 4) prove that 3x +y —5 = 0. [Al-2008]
39. The point R divides the line segment AB, where A(—4, 0) and B(0, 6) such that AR = % AB. Find the co-ordinates

of R. [Al-2008]
40. The co-ordinates of A and B are (1, 2) and (2, 3) respectively. If P lies on AB find co-ordinates of P such that
AP 3

B [Al-zopa{
41. If A(4, —8), B(3, 6) and C(5, — 4) are the vertices of a A ABC, D is the mid point of BC and P is a point \
joining such that % = 2, find the co-ordinates of P. %—2008]
42. Find the value of k if the points (k, 3), (6, — 2) and (- 3, 4) are collinear. &@reign—ZOOS]
43. If P divides the join of A(-2, -2) and B(2, —4) such that % = ; , find the co-ordinates 06\ [Foreign-2008]

44, The mid points of the sides of a triangle are (3, 4), (4, 6) and (5, 7) . Find the co-ordinﬂe\o the vertices the

triangle. /, [Foreign-2008]
45, Show that A(-3, 2), B(-5, -5), C(2, -3) and D(4, 4) are the vertices of a rhombu [Foreign-2008]
46. Find the ratio in which the line 3x + y — 9 = 0 divides the line-segment joinj oints (1, 3) and (2, 7).
[Foreign-2008]
-8 2 °
47. Find the distance between the points | —,2 |and | =,2 |. Delhi-2009
P ( 5 ] (5 j Q:Q [ ]

48. Find the point on y-axis which is equidistant from the points@ﬂ)”and (-3, 2).
O@Q

The line segment joining the points A(2, 1) and B{é&) is trisected at the points P and Q such that P is nearer to A.

If P also lies on the line given by 2x —y +k =é:§ d the value of k. [Delhi-2009]

49.  IfP (x,y) is any point on the line joining@omts A(a, 0) and B(0, b), then show that  + % 1. [Delhi-2009]
a

50. Find the point on x-axis which is eq%stqnt from the points (2, —5) and (- 2, 9) [Delhi-2009]

KT

The line segment joiningtheypoints P(3, 3), Q(6, — 6) is trisected at the points A and B such that A is nearer to P. If
A also lies on the Ii% y 2x +y + k =0, find the value of k.

51. If the points A P@) and B(x, 5) are on the circle with the centre O (2, 3), find the value of x. [Al-2009]
which the point (2, y) divides the line segment joining the points A(-2, 2) and B(3, 7). Also find

52 Find the ratio¥
the value : [Al-2009]

53. f the quadrilateral ABCD whose vertices are A(—4, -2), B(-3, -5), C(3, —2) and D(2,3). [Al-2009]
54. ea of the triangle formed by joining the mid-points of the sides of the triangle whose vertices are
, (2,1) and (0, 3). [Al-2009]
e mid-point of the line segment joining the points P(6, b — 2) and Q(2, — 3), find the value of b.

x [Foreign-2009]
Er@ Show that the points (-2, 5), (3, —4) and (7, 10) are the vertices of a right angled isosceles triangle.

OR

The centre of a circle is (2a —1,7)and it passes through the point (-3, — 1). If the diameter of the circle is 20 units,
then find the value(s) of « . [Foreign-2009]



57. If C is a point lying on the line segment AB joining A(1, 1) and B(2, — 3) such that 3AC = CB, then find the co-

ordinates of C. [Foreign-2009]
58. Find a relation between x and y if the points (x, y), (1, 2) and (7, 0) are collinear. [Foreign-2009]
59. If the points (-2, 1), (a, b) and (4, — 1) are collinear and a — b = 1, then find the values of a and b. [Foreign-2009]
60. Find the value of K, if the points A(7, — 2), B(5, 1) and C(3, 2K) are collinear. [Al-2010]
61. Find the value of K, if the points A(8, 1), B(3, — 4) and C(2, K) are collinear. [Al- 2010]

62. Point P divides the line segment joining the points A(-1, 3) and B(9, 8) such that % :? If P lies on the x

X -y +2 =0, find the value of K.
63. If the points (p, g), (m, n) and (p — m, g — n) are collinear, show that pn = gm. 0) 010]

CO-ORDINATE GEOMETRY ANSWER KEY EXERCISE-2 (X)-

rpcc

SHORT ANSWER TYPE

2.3:2,-2/50r(4,-4) 5.3:25 6.(20) 827 93 1l.p=4q=2
12. (-4,-7)orA(al2, +/3a/2),B(0,0),C(a,0) 13.4:7 or(3,2) 14. 2 15 5or—3or(3,0)

o p:%’qzo 18. k=-8 10. k=1 20. (+3y30)and (0,3) 2L (11,2) 22. (_?8'2}(_?4’4j
23. (3,2) 24.(2,4) 25.p=1 26.(4,5),(8,7),(12.3) 27.2:3,(0,1)or ﬁ(égj

28.a=1,b=3 30.2:3 31.(1,2) 32 (5-2) 33 p=5 34.6:25 36.-1

37.—20r53sq. units ~ 39. REARDTNECE 41. (4,-2) 1. k=2 43 [22220
2 77 2 77

44.(4,5),(2,3),(6,9) 46.3:4 47.2 48.(0,—-2)or-8 50.(-7,0)or-8 51.2 52.4:1,6
53. 28 sq. units  54.1sq.units 55.—-8 56. —4o0r2 57. (%Oj 58.x+3y=7 59.a=1,b=0

60.2 61.-5 62. 2
3
VTE PROPERTIES OF TRIANGLES

COMPETITION WINDOW,

Le g 1), B(X2, ¥2), C(X3, Y3) be the vertices of any A ABC, then
1.

. It is the point of intersection of the cedians. It divides the median in the ratio of 2 : 1.
@ordmates of controid : G
’\ 3 3

{X1+X2+X3 YitY, 3:| A
§
@ r‘/'/!\ E
r\k)\h

2. Incentre : It is the point of intersection of internal bisectors of the angle. Also it is the centre of the circle touching
all the sides of a triangle.



ax, +bx, +cx; ay, +by, +cy,
a+b+c ' a+b+c

Co-ordinates of incentre[

The radius of incircle.

r=—
S

Where Ais the area of

Triangle and

S:
2

Remark : An angle bisector of a triangle divides the opposite side in the ratio of remaining 5|des$;>

E.g. AD divides BC in the ratio @ = ﬁ
DC AC

centre of the circle passing through the vertices of a triangle.

atb+c , "3\

} Where a, b, c are the lengths of the sides of triangle.

A

3. Circumcentre : It is the point of intersection of perpendicular bisectors of the sides o(be. It is also the

If O is the circumcentre of a triangle ABC, then OA = OB = OC = circumradius.
A

QS

4. Orthocentre : It is the point of intersection of altitudes of a tria@q

S

Remark : :
(1) In an equilateral triangle, the cen%d, incentre, orthocenter and circumcentre coincide.
(i) In an isosceles triangle, the re,id, incentre, orthocenter and circumcentre are collinear.
(iii) In aright angled trianglg%;ﬂ' cumcentre is the mid point of hypotenuse and the orthocenter is the
i i i ed.
t

which they lie is ¢ uler line. Also G divides HO in the ratio 2 : 1.

point where right ang
(iv) Euler line : The ci re O, the centroid G and the orthocenter H of a triangle are collinear, the line on

®
N |~

OCH

%

& TRY OUT THE FOLLOWING
r

1. tices of a triangle are (— 1, 6) are (5, 2). If its centroid is (0, — 3), find the third vertex.
\, j ( Jand (-1, 6) are mid-points of the sides of a triangle, then find
@ (1) CentrOId of the triangle (ii) In centre of the triangle
3. If a triangle has it’s orthocenter at (1, 1) and circumcentre at (g%) then, find the centroid.
ANSWERS

1. (-4,-15)  2.(i) (2/3,4) (ii) (L, 2) 3. (413, 5/6)



COMPETITION WINDOW
CONDITIONS FOR A TRIANGLE TO BE ACUTE, OBTUSE OR RIGHT ANGLED

For an acute angled triangle, a® +b? >c?,b?+c? >a” and a® +b? > c?.

For an obtuse angled triangle, ~a° +b? > c? (if ZCis obtuse)
a’+c? >b? (if ZB is obtuse) \(\
b?+c?>a? (if £ Ais obtuse) ﬁ)

For a right angled triangle, a’+b*=c? (if £C=90° ﬁ;b
b*+c?=a’ (if £A =907 (\6
a’+c’=b’ (if £B=90° (\

Where a, b and ¢ have their usual meanings. Q

COMPETITION WINDOW /(\

CONCURRENCY OF LINES EO
0

Three lines a,x +b,y+c, =0, a,x+b,y+c, =0and a,x+b,y+c, = aid to be concurrent (lines passing
through the same point) if a, (b,c, —b,c,)+a,(b,c, —b,c,)+a,(b NQ,,cl) =0
TRY OUT THE FOItO ING
1. Prove that the lines3x +y—14=0,x -2y =0 and 3x — 8 0 are concurrent.

2. Show that the linesx —y—-6=0,4x-3y—-20=0and 6 + 8 = 0 are concurrent. Also find their common
point of intersection. >(§

3. Find the value of A, if the lines 3x —4y — 13 = 33 =0and 2x — 3y + A =0 are concurrent.

SWER

,\ (FOR SCHOOL/BOARD EXAMS)

2. 2, -4) 3. A=-1
EXERCISE -1

CHoOOSE THE CORRE

1. The circumcentre of the %e formed by the lines xy + 2x +2y +4=0and x+y+2=01s:

(A (-1.-2) (-1,-1) € (2-2) (D) (0,0)
2. The vertices of M (a,b-c), (b, c—a)and (c, a—b), then it’s centroid lies on :

(A) y-axis (B) x-axis (C)x=0 (D) None of these
3. The points,@, (3, 8) and (x, 20) are collinear if x =

(A) 4 (B)5 (O (D)7
4. For tXnTgvle whose sides are along the linesx =0,y =0 and §+ % =1, the incentre is :

(3 4) (B) (2,2) (€) (2.3) (D) (3. 2)

5. x r the triangle whose sides are along the linesy =15, 3x — 4y =0, 5x + 12y = 0, the incentre is :
@ (A) (1, 8) (B) (-1, 8) © (8,1) (D) None of these
6 The points D(2, 1), E(-1, —2) and F(3, 3) are the mid points of sides BC, CA and AB respectively of a A ABC. The

vertices A, B and C are :

(A) (01 0)! (61 6)| (_ 2! _4) (B) (0! 1)1 (6! 6)1 (21 4)
(©)(1,0),3,3),(-2,-4) (D) None of these
7. The number of integral values of m, for which x-coordinate of the point of intersection of the lines 3x + 4y =9 and

y =mx + 1 is also an integer, is :



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(A) 2 (B)0 (C)4 (D)1

The radius of the circle inscribed in the triangle formed by linesx =0,y =0, 4x + 3y —24=0s:

(A) 12 (B) 2 (C) 22 (D) 6

Ina AABC, if A is the point (1, 2) and equations of the median through B and C are respectively x + y=5and x =
4,thenBis:

(A) (1. 4) (B) (7,-2) (C) (4 1) (D) (=2,7)

The straight line 3x +y =9 divides the segment joining the points (1, 3) and (2, 7) in the ratio : (\
(A)4:3 (B)3:4 (©)4:5 (D)5:6

Two opposite vertices of a rectangle are (1, 3) and (5, 1). If the equation of a diagonal this rectangle is + c,
then the value of cis : ﬁb

(A) -4 (B) 1 (C)-9 (D) None of these Ql

The radius of the circle passing through the point (6, 2) two of whose diametersare x +y =6 2y =4is:
(A) 10 (B) 2+/5 (C)6 (D) 4

The straight linesx +y =0,3x+y—-4=0, x + 3y — 4 = 0 form a triangle which is : Q

(A) Isosceles (B) Equilateral (C) Right angled (D) None of these

The lines segment joining the points (1, 2) and (-2, 1) is divided by the line 3x + 4y #7 in the ratio :

(A)3:4 B)4:3 (©)9:4 (D) ?
If a, b, c are in A. P. then the straight line ax + by + ¢ = 0 will always pass a fixed point whose co-ordinates
are :

(A) (1, -2) (B)(-1,2) (€ (1.2 ) (-1, -

The lines 8x + 4y =1, 8x+4y=5,4x+8y=3,4x+8y=7from&

(A) Rhombus (B) Rectangle (C) Square (D) None of these
The incentre of the triangle formed by the lines y = 15, 12y = d3x+4y=0is:

(A) (8,1) (B) (-1,8) ©) (1,8 (D) None of these
The area of triangle formed by the linesy =x, y = 2x a X+4is:

(A) 4 (B)7 ©) D)8

The triangle formed by the linesx +y =1, 2x + =0and4x -y +4=0Iliesinthe:

(A) First quadrant (B) Second quadrant hird quadrant (D) Fourth quadrant
A line is drawn through the points (3, 4) a Qﬁthe line is extended to a point whose ordinate is — 1, then the
abscissa of that point is ;

(A)O B)-2 ©1 (D) 2

The area of the triangle whose 5|d a+png the linesx =0,y=0and 4x + 5y =20 is :

1 1
(A) 20 (C) — (D) —
Ifa, b, c are all distend, th quatlons (b—c)x+ (c a)y+a-b=0and (b3—c Yx+(E-a’)y+a*-b*=0

represent the same I|ne

(A)a+b+c¢0 (B)a+bc=0
(C)a+b=0o0r %ﬁ (D) None of these
The area of the @I ateral with vertices at (4, 3), (2, - 1), (-1,2),(-3,-2)is:

(A) 18 (B) 36 (C) 54 (D) None of these
If a, ,B real roots of the equation x* — 3px? — 1 = 0, then the centroid of the triangle with vertices
and — is at the point :
(p Q) (B (p/3, 0/3) C)(p+a,p-a) (D) (3p, 30) _
25. xﬁ co-ordinates of A, B C are (6 3), (=3, 5), (4, - 2) respectively and P is any point (X, y). the ratio of the areas
f AABCand AABC is:
A) 2= ;/ 2 @®) Y= 2‘ (©) HTM (D) None of these

26.

The area of a triangle is 5 square unlts. Two of its vertices are (2, 1) and (3, — 2). The third vertex lieony = x + 3,
the third vertex is :

w (1 13)0{ 3 3) ® 1,__13}”( 3 3)
22 22 2 2 22




©) [1,5 or@éj (D) None of these
2'2 2'2

27.  The point of intersection of the lines X +% =1land §+ y =1, lies on the line :
a a
(A)x-y=0 (B) x+y=2;ab © x—yZ;alb (D) Both (A) and (B) (\
a+b a+b
28. The point A divides the join of the points (-5, 1) and (3, 5) in the ratio k : 1 and co-ordinates of points B are
(1, 5) and (7, — 2) respectively. If the area of A ABC be 2 units, then k equals :
31 31 f‘))

29. Q, R and S are the points on the line joining the points P(a, x) and T(b, y) such that PQ = Q?\{E\S = ST, then

(Sa;3b,5x;3yj is the mid point of the segment : Q
APQ (B)OR (C)RS (D) ST
30. The triangle with vertices A(2, 7), B(4, y) and C(-2, 6) is right angled at A if :
Ay=-1 (B)y=0 Cy=1 (D @ofthese
31. The co-ordinates with of the point which divides the line segment joining (— 37— 4) and (- 8, 7) externally in the
ratio7:5are: Q ¢
(A) (4_1@ (B) __41,__69 (C) (—_41,@j (D) None of these
2 2 2 2 2 )
32. The distance of the centroid from the orign of the friangle f by the points (1, 1), (0, —7) and (— 4, 0) is :
(A) V2 (B) V4 ©) V3 (D) V5
33. If A(4, —3), B(3,—2) and C(2, 8) are vertices of a tri , then the distance of it’s centroid from the y-axis is :
1 1
(A) — (B)1 (D) -
2 2
34. If (5, —4) and (- 3, 2) are two opposite v @f a square, then it’s area is :
(A) 50 (B) 75 (C) 25 (D) 100
35. A(6, 3), B(-3, 5), C(4, — 2) and (X, %re)four points. If the areas of ADBC and A ABC are in the ratio 1 : 2, then
x is equal to:
11 8
(A) N (Ba% ©) 11 (D) None of these
36. An equilateral triangle circumcentre is (-2, 5), one side is on y-axis, then length of side of the triangle is :
(A) 6 Y ) 24/3 (C) 43 (D) 4
37. A3, 4), and B(S‘— 2) are two given points. If PA = PB and area of APAB = 10. then P is :
38. The distancapetween foot of perpendiculars drawn from a point (- 3, 4) on both axes is :

39. Point s the line segment joining A(-5, 1) and B(3, 5) internally in the ratio 4: 1. IfQ=(1,5), R=(7,-2)
an APQR =2, then A equals:

@23 (B) % (C) %1 (D) None of these
4@ he area of an equilateral triangle whose two vertices are (1, 0) and (3, 0) and third vertex lying in the first quadrant
is:
(A) ? (B) ? © J3 (D) None of these

41. ABC is an isosceles triangle. If the co-ordinates of the base are B(1, 3) and C(-2, 7), the co-ordinates of vertex A is



(A) (%5) (B) (1, 6) ©) (%6) (D) None of these

42.  The area of the quadrilateral formed by the points (a2 + 2ab, b?), (a% + b?, 2ab), (a?, b® + 2ab) and
(a2 + b2 — 2ab, 4ab) is :
(A) Zero (B) (a+h)? (C)a*+b? (D) (a—b)?
OB A » R 4

Que. |1 2 3 4 5 8 9 10 11 12 13 14 15

6 7
Ans. | B B D C C A A B B B A B A 2K DA
2 2

Qué. 16 17 18 19 20 2 23 24 25 26 27 28 29 30
Ans. | A C A B B B B A A B A D Ce A

Qué. 31 32 33 34 35 36 37 38 39 40 41 42 (\')'
Ans. | C D C A A C B A C C C A A\

Q\

EXERCISE -1 (FOR SCHOOL/@&RD EXAMYS)
CHoOSE THE COREECT ONE Q
1. The linesax +2y +1=0, bx + 3y +1=0and cx + 4y + 1 = 0 are congygrent, then :
(A)a,b,careinAP. (B)ab,careinG.p. (C)a,b,carein ) None of these
2. If the lines x + 2ay + a =0, x + 3by + b = 0 and x 4cy + ¢ = 0 are corgurrent, then a, b, c are in (abc = 0) :
(A) A.P. (B) G.P. (C)H.P. o (D) None of these
3. If (0, B) lies on or inside the triangle formed by the lines 3x@s 2=0,3y—-2x-5=0and 4y + x — 14 =0 then :
5 7 5 7 7 5
A —<p<— B) -<f<— C) — D) None of these
()Zﬂ3 ()3,32 ()(&572 (D)
4, If a, X4, X, are in G.P. with common ratio rl and 5 are in G.P. with common ratio s where s —r = 2, then the
area of the triangle with vertices (a, b), (X1, Y1) 2 Y2) IS
(A) ‘ ab(r? —1)‘ (B) ab (r* - 5?) C)ab (s°—1) (D) abrs
5. If the circumcentre of a triangle lies gt the o¥igin and the centroid is the middle point of the line joining the points

(@ +1,a>+ ") and (2a, — 2a), then tKg-e-0rdinates of the orthocenter are :

[ @1’ ‘§)
4 ' 4 C)

(C) (3(a+1)% 3 /\)35 (D) None of these

6. If every poj%the line (a; — a,) X + (b, — by) y = ¢ is equidistant from the points (a;, b;) and (a, , b,) then 2¢ =
“Yal+b? (B) &’ +b’+a’+bl (C)al-bl—a’—bZ (D) None of these

®) E(au)z,%(a—l)ﬂ

(A) a/ %
7. A@gle has two opposite vertices at the points (1, 2) and (5, 5). If the other vertices lie on the line x = 3, the
rdinates of the vertex nearer the axis of x are :

/\r 31 (B) 3, 2) (€) G, 4) (D) (3, 6)
fth

e area of the triangle formed by the pair of lines 8x* — 6y” + y* = 0 and the line 2x + 3y = a is 7, then a is equal
(A) 14 (B) 14+/2 (C) 28 (D) None of these
1 11
9. If the centroid of the triangle formed by the pair of lines 2y* + 5xy —3x*=0and x +y = k is (EEJ , then the

value of kiis :
(A)-1 (B)0 ©1 (D) None of these




10. If X4, Xp, X3 are the abscissa of the points A;, A,, A; respectively where the lines y = my, X, y = myX, y = mgX meet
the line 2x — y + 3 = 0 such that my, my, ms, are in A.P., then Xy, X,, Xz are in :
(A) AP (B) G.P. (C) H.P. (D) None of these

11. The area of the triangle with vertices (1 8} (1 %) and (\/E%j is :

) 3 \
(A)2 B) 3 (©)1 (0) 5 ”’a\
12. An equilateral triangle whose orthocenter is (3, — 2), one side is on x-axis then vertex of triangle Whiclﬂan on
X-axis is : ﬁ)
(A) (3,-6) (B)(1.-2) ©0.-2 (D) (3,-3) 69
13. If O is the origin and the co-ordinates of A and B are (xy, Y1) and (xz, y-) respectively then 9\(\) cos ZAOB is
equal to :

(A) X1y1 + XaY» (B) XXz + Y1y2 (C) Xay2 + XoY1 (D) xaxz — yxﬂ\Q

14. If the vertices of a triangle have integral co-ordinates, then the triangle is :
(A) Isosceles (B) Never equilateral  (C) Equilateral of these

15. The circumcentre of the triangle formed by the points (a cos « , asin ), (a z%ﬂ sin ), (@acos y,sin y)is
(A) (0,0) (B) K j(cos %sﬁﬂrcos;/)( J(sma+smﬂ+smy)}
©) @0 (D) None se

16. The x co-ordinates of the incentre of the triangle Where@mld point of the sides are (0, 1), (1, 1) and (1, 0) is

(A) 2++/2 (B) 1++/2 &Qb, 2 (D) 1+~/2

17. OPQR is a square and M and N are the mj (%'& of the sides PQ and QR respectively, then ratio of area of square
and the triangle OMN is :

A)4:1 B)2:1 % (©)8:3 (D)4:3
18. The point with co-ordinates ( b 2b) and (c, c) are collinear :
(A) For no value of a, b, c (B) For all value ofa, b, c

(C)Ifa, —,bare ”]Y (D) Ifa,— ,barein H.P.
19. If co- ordlnates o@w enter and centroid of a triangle are (4, — 1) and (2, 1), then co-ordinates of a point which is
e

equidistant f vertices of the triangle is :
(A) (2, 2% (B) (3,2) (©) (2,3 (D) None of these
20. Ift = mx meets the lines x + 2y — 1 = 0 and 2x —y + 3 = 0 at the number of points having integral to :

(B)2 ©)-1 (D)1

21 riangle is formed by the point O(0, 0), A(0, 21) and B(21, 0). The number of points having integral co-ordinates
@ (both x and y) and strictly inside the triangle is :

(A) 190 (B) 305 (C) 181 (D) 206
22. The straight lines5x + 4y =0, x + 2y —10=0and 2x +y+5=0are :
(A) Concurrent (B) The sides of an equilateral triangle
(C) The sides of a right angled triangle (D) None of these
23. A(a, b), B(xy, y1) and C(x», y,) are the vertices of a triangle. If a, x;, X, are in G.P. with common ratio r and b, y;, y»

are in G.P. with common ratio s, then area of AABC is:



(Aab(r—1)(s-1)(s—-r) (B)%ab(r+1)(s+1)(s—r)

(C)%(rl)(sl)(sr) (D)ab(r+1)(s+1)(s—1)

24. If a, b, c are in G.P., then the line a® + by + ac = 0, will always pass through the fixed point. \(\
(A) (0,1) (B) (1,0 © (0, -1) (D) (1,-1) n)

25. The lies /x+my+n=0, mx +ny+ /=0 are concurrent if : ﬁ)

(A) ¢/ +mn=0 (B) /+m-n=0 6;’)
(C)/ —m+n=0 (D) /2+m’+n*# /m+mn+n/ (\

26. The sides of a triangle are 3x + 4y, 4x + 3y and 5x + 5y units where x > 0, y > 0. The trj (\
(A) Right angled (B) Acute angled (C) Obtuse angled (D) Isosceleﬁ

217. The linesx + 2y —3 =0, 2x + y—3 =0 and the line ¢ are concurrent. If the Iineépgsses through the origin, then

its equation is :

(A)x-y=0 (B)x+y=0 (C)x+2y=0 \Q@ X+y=0
28. Angles of the triangle formed by the lines x> —y?* =0, x = 7 are :
(A) 45°, 90°, 45° (B) 30°, 60°, 90° (C) 60°, 60°, 6({ o (D) None of these
29. If the orthocenter and centroid of a triangle are (- 3, 5) and then it’s circumcentre is :
(A) (6,2) (B)3B.-1) ©) (D) (-31)
30. A triangle with vertices (4, 0), (-1, -1), (3, 5) iss ‘b’ [AIEEE-2002]
(A) Isosceles and right angled &sosceles but not right angled

(C) right angled but not isosceles (D) Neither right angled nor isosceles
31. The centroid of a triangle is (2, 3) a@vg of it’s vertices are (5, 6) and (— 3, 4). The third vertex of the triangle is :
[AIEEE-2002]

32. If a vertex of a triangle and the mid-points of two sides through this vertex are (— 1, 2) and (3, 2), then the
[AIEEE-2005]

) (2. 1) (B%,Pj? © .2 (D) (L. -2)
centroid of the triégvv
@) [—115 é (B) (‘—11) © [1, gj () [1,3j

@@rg numbers a, b, ¢ are in H.P. then the straight the X + Y + l =0 always passes through a fixed point.

33. If
a b c
@t point is : [AIEEE-2005]
(A) (1.-2) (B) 1,-1/2) © 12 D) (-1,-2)
34. The line parallel to x-axis passing through the intersection of the lines ax + 2by + 3b = 0 and bx —2ay —3a =0
where (a, b) = (0,0)is: [AIEEE-2005]
(A) Above x-axis at a distance 3/2 from it (B) Above x-axis at a distance 2/3 from it

(C) Below x-axis at a distance 3/2 from it (D) Below x-axis at a distance 2/3 from it



35. Let A(h, k), B(1, 1) and C(2, 1) be the vertex of a right angled triangle with AC it’s hypotenuse. If the area of the
triangle is 1, then the set of value which ‘k’ can take is given by : [AIEEE-2007]
(A) {1, 3} (B) {0, 2} © {13} D) {-3-2}
36. The orthocenter of the right triangle with vertices [ (\/52 1)} (; ;] and (2,—%) IS : L T-19%§
3 V3-3 1 5 3-2 11 ﬁ)\
A= —— B) | 2,—— C)|—-)— D)|—-,—
(){ } ()[ 2} (){4 ; } (){22} 0)
37. The orthocenter of the triangle formed by the linesxy =0andx+y=11is: (\(\6 [11 T-1995]
) (1 3) OIS ©) 0.0 ©) (— —) Q
2'2 3'3 ’ 4’4 (\
38. If the vertices P,Q,R of a triangle PQR are rational points, which of the foIIow'n@)intS of the triangle PQR is (are)
not always rational points(s) ? ‘é [11 T-1998]
(A) Centroid (B) Incentre (C) Circumcentre D) None of these
39. If P(1, 2), Q(4, 6), R(5, 7) and S(a, b) are the vertex of a parallelogra®§ PQRS, then : [11 T-1998]
(A)a=2,b=4 (B)a=3,b=4 (C)a=2, b&ﬂ (D)a=3,b=5
40. The incentre of the triangle with vertex (1, V3 3),(0,0)a 0)is: [11 T-2000, AIEEE-2002]
V3 1
A D 1! =
(A) [ (B) 3 \/— & 3’ 2 (D) NE
41. Let O(0, 0), P(3, 4), Q(6, 0) be the vertice he triangle OPQ. The point R inside the triangle OPQ is such that the
triangles OPR, POR, OQR are of fea. The co-ordinates of R are : [11 T-2007]
4 4 4 2
A A '3 B % C 3’ A D AV A
()[3j (g;é ()(3] ”[33}
OB /\ »
Que. |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. | A 4 ?V B A D C A C C C B A B B A
Que. | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Ans. g N | C D D C A |A C C A C A |A |A |A
Que. |31 32 33 34 35 36 37 38 39 40 41




PROBABILITY

* INTRODUCTION

In our day-to-day conveersation, we generally use the phrases like :

(1 Probably, Satya will visit my house today
(i) Most probably, Megha is preparing for CAT. /\
(iii) Khusboo is quite sure to be on the top. \,

(iv) Chances are high that Regi will head the organization,
The words’ probably’, ‘most probably’, ‘quite sure’, ‘chances’ etc involve an element of uncertalnty
Probability — Probability is the mathematical measurement of uncertainty.
Probability Theory — it is that branch of mathematics in which the degree of uncertainty (or cmicna/ of occurrence
of event) is measured numerically.

* SOME BASIC CONCEPTS/TERMS (\
/

1. Experiment : An action or operation which can produce some well defined regulf™ known as experiment.

2. Deterministic experiment : If we perform an experiment and repeat it unda%n ical conditions, we get almost the
same result every time, such an experiment is called a deterministic experiment

3. Random experiment : An experiment is said to be a random experimegtNf i satisfies the following two conditions :
0] It has more than one possible outcomes.
(i) It is not possible to predict the outcome (result) in advance.

Ex. (i) Tossing a pair of fair coins. (ii) Rolling an unbiased die. '{,')

4, Outcomes : The possible results of a random experiment ar d outcomes.

5. Trial : When an experiment is repeated under similar co s and it does not give the same result each time but

may result in any one of the several possible outcomes esult is called a trial.
Ex. If a coin is tossed 100 times, then one toss of the coi alled a trial.
6. Event : The collection of all or some outcomes ndom experiment is called an event.

Ex. Suppose we toss a pair of coins simultaneousl let E be the event of getting exactly one head. Then, the event E
contains HT and TH. %
Ex. Suppose we roll a die and let E be the evenlf getting an even number. Then the event E contains 2, 4 and 6.
7. Elementary or Simple Event : An ome of a trial is called an elementary event.
NOTE : An elementary event h ne element.
Ex. Let a pair of coins is tossed si ously. Then, possible outcomes of this experiment are.
HH : G on first H on second (= E;) [H = Head, T = Tail and E = event]
HT : ttipg H on first T on second (= Ey)
TH : etting T on first H on second (= E,)
and TT : etting T on first T on second (= Ey)
Here, E4, E,, E; @;[4 are the element events associated with the random experiment of tossing of two coins.
8. Compound T Or composite event or mixed event : An event associated to a random experiment and obtained
by combini 0 or more simple events associated to the same random experiment, is called a compound event .

&Y’ or

ﬂ)mpound event is an aggregate of some simple (elementary) event and is decomposable into simple events.
Ex \( e throw a die, then the event E of getting an odd number is a compound event because the event E contains three
@ elements 1, 3 and 5, which is a compound of three simple events E;, E,, and E; containing 1, 3 and 5 respectively.

Equally likely events : The out comes of an experiment are said to be equally likely events if the chances of their
happenings are neither less nor greater then other.

In other words, a given number o events are said to be equally likely if none of them is experiment to occur in
preference to the others.



Ex.

Ex.

Sol.

»

Ex.

R

In tossing a coin, getting head (H) and tail (T) are equally likely events.

EXPERIMENTAL (OR EMPIRICAL) PROBABILITY
The experiment or empirical probability P(E) of an event is defined as
Numberof trialsinwhich theeventhappened

P(E) = -
Totalnumberof trials /\
. m
ie,P(E)=— 03\/
n
NOTE : 0] These probabilities are based on results of an actual experiment. G)
(i) These probabilities are only ‘estimates’, i.e., we may get different probaby iﬁ}S)for the same

event in various experiments.

THEORETICAL (OR CLASSICAL) PROBABILITY Q(\

The theoretical or classical probability of an event E, written as P(E), is defined as
Numberof outcomes favourablgo E

P(E) = . . Q
Numberof all possibleoutcomesof theexperiment
Where the outcomes of the experiment are equally likely.

/

A die is thrown once (i) What is the probability of getting a number%a\t r than 4? (ii) What is the probability of
getting a number less than or equal to 4?

S0
The possible outcomes are 1, 2, 3, 4, 5 and 6. 0
Let E = the event of getting a number greater than 4
and F = The event of getting a number less than or e u&
0] The outcomes favorable to E are 5 and 6\Q

the number of outcomes favorable to E &

The therefore, P(E) = P(number g an 4) = % = %

NOTE : Events E and F are not ele%nta‘gy events because event E has 2 outcomes and the event F has 4 outcomes,

ANIMPORTANT REMA
In the experiment or empirj F@roach to probability, the probability of events are based on the results of actual
experiment and adequatg re ings of the happening of the events, while in theoretical approach to probability, we

try to find (predict) the p ilities of the events without actually performing the experiment.

SOME SPECIRQL EVENTS

IMPOS IB§ EVENT (OR NULL EVENT) : An event is said to be an impossible event when none of the
outcoriesdsXavorable to the event.
T ility of an impossible event =0 .

t is the probability, of getting
e possible outcomes are 1, 2, 3, 4, 5, 6.

Let E = the event of getting a number 8 in a single throw of a die.
Clearly, the number of outcomes favorable to E is 0 and the total number of possible outcomes is 6.

Therefore, P(E) = %: 0.

Here, E is an impossible event.



»

SURE (OR CERTAIN) EVENT : An event is said to be a sure (or certain) event when all possible outcomes are
favorable to the event.
The probability of a sure event is 1.

Ex. What is the probability of getting a number less than 7 in a single of a die?
Sol.  The possible outcomes are : 1, 2, 3, 4, 5, 6.
Let F = the event of getting a number 7 in a single throw of a dice. Clearly, the number of outcomes favorable to F
are 1,2, 3,4,5, 6. i.e., the number of outcomes favorable to F is 6.
6
Therefore, P(E) = 5 =1. 03\1
Here, F is an impossible event. fgb
» COMPLEMENT OF AN EVENT : Corresponding to every event E associated with random @&R%r)nent, there is
an event ‘not E’, which occurs only when E does not occur.
The event E , representing ‘not E’, is called the complement of the event E. Q
E and E , are also called complementary events. (\
In general, P(E)+P(E)=1 /
ie., P(E)=1-P(E) or P(not E) = 1 - P(E) i Q
» AN IMPORTANTR RESULT : The probability of an event always lies betw&en 0 and 1.
ie,0<PE) <1 '\%
PROOF Let m be the number of favorable outcomes of an event E%n e the total number of outcomes.
Then,0< m<n [m cannot be negative integer amfm annot be greater than n]
O’
m _n m
= 0<<'=50<t<1=a<P(E)<1 A
n n n
Thus, the probability of an event always lies between 0 Q
NOTES : (Ho<P(E)<1
(ii) Let Ey, Ey, Eg,..., E, be the n elemen ents associated with a random experiment having exactly
n outcomes. Then,
P(E,) + P(Ey) + P(Es3) +.. =1
Ex. A bag contains 3 red balls, 4 white balls an&3'green balls. A ball is drawn at random.

%

RS

Let R = the event of getting ar IL]
W = the event of getting e%)a 1,
and G = the event of gettingra n ball,
Here, total number of ballséﬁo es)=3+4+5=12,

Then, P(R) =% [Number of favorable outcomes = 3]

P(W) = A\) [Number of favorable outcomes = 4]
And, %:Gé > [Number of favorable outcomes = 5]

12
oy S.t.5.12,
12 12 12 12

P(R) + P(W) + P(G) = 1.
DESIGNATION OF PLAYING CARDS

Pack
Oof
Cards

|

Red Cards (26) Black Cards (26)

| i | 1




(1 A beck (pack) of cards contains 52 cards, out of which there are 26 red cards and 26 black cards.
(i) There are four suits each containing 13 cards.
(iii) The cards in each suit are ace (A). king, queen, jack, 10,9, 8, 7, 6, 5, 4, 3 and 2.

(iv) Kings, queens and jacks are called face cards (4 + 4 + 4 = 12). /\
(V) Kings, queens jacks and are called honour cards (4 + 4 + 4 + 4= 16). ;
JUST FOR YOU GD

numberof outcomes favourabldo E G)
1. P(E) = , Where outcom

- - ft (e\ﬁp iment are
numberof all possibleoutcomesof theexperiment

es o
equally likely. (\Q

Probability of an impossible event = 0.
Probability of a sure event = 1. P

P(E) + P(E) = 1, where E and E are complementary events.

S~ W

0<PE)<L1 Q
The sum of the probabilities of all the elementary events of an experifsgnt is 1.

Ex.l Complete the following statements : Qt@
() Probability of an event E + probability of the event ‘not E®= .........
(i) The Probability of an event that is certain to happen4§. .sy..... Such an event is called...........
(ili)  The Probability of an event is greater than or equal tp......... and less than or equal to...........

. P(E) = e
) ® Totalnumberof trials ‘b"'&
Sol. ()1 (ii) 1, sure or certain event @@) 1

Ex.2  Which of the following experiments ha@ually likely outcomes ? Explain.
0] A driver attempts to startsa car. The car starts or does not start.
(i) A player attempts to sh Sketball. She/he shoots or misses the shot.
(iii)  Acoinis tossed. It tu e a head or a tail.
(iv) A monitor is nomi the class teacher of a class. It is a boy or a girl.
Sol.  (iii))  because when a co tossed either a head or a tail turns.
Ex.3  Mach the following.

(iv) number of trials in which event happened.

(M) P(E)= ()0
(i) Probabi@) an impossible event (b) 0.5
(iii) Probability of an event cannot be more than () 1-P(E)

(iv) Acards is drawn form a pack of 52 cards, then the

?ﬁability of getting a red card is equal to (d)1
Sol. (i@(i (@), (iii) (d), (iv) (b)
Ex.4 ) = 0.05, what is the probability of ‘not E’?
Sol. @have P(E) =0.05
@ . P(notE)=1-P(E)=1-0.05=0.95

Therefore, P(not E) = 0.95.
Ex.5 Find the probability of getting a head when a coin is tossed once.
Sol.  When a coin is tossed, then all possible outcomes are Hand T

Total number of possible outcomes = 2

Let E be the event of getting a head

*. number of favorable outcome =1



Ex.6

Sol.

(i)

(i)

(iii)

(iv)

v)

(vi)

Ex.7

. - Numberof favourableoutcomes 1
Hence, required probability = P(E) = - ==
Totalnumberof possibleoutcomes 2

Two unbiased coins are tossed simultaneously. Find the probability of getting

(i) one head (i) one tail (iii) two heads
(iv) at least one head (i) at most one tail (iii) no head.
If two unbiased coins are tossed simultaneously, then all possible outcomes are : /\

HH, HT, TH, TT. \,
Total number of possible outcomes = 4. 0;)

Let A; = the event of getting one head.

Then, favorable outcomes are HT, TH. 6;5

Number of favorable outcomes = 2.

. . . 2 1 (\
Hence, required probability = P (getting one head) = P(A;) = — = —
q p y = P (getting ) = P(A1) 12 (\Q
Let A, = the event of getting one tail.
Then, favorable outcomes are TH, HT. 4

Number of favorable outcome = 2. s Q
Hence, required probability = P (getting one tail) = P(A,) = % =%

Let A; = the event of getting two tail. Q\Q
Then, favorable outcomes is HH
Number of favorable outcome =1 &"

4

Hence, required probability = P (getting two heads) = Fﬁ
Let A4 = the event of getting at least one head. (b,,

Then, favorable outcomes are HT, TH, HH \Q
Number of favorable outcome = 3 @&

Hence, required probability = P (getting &t one head) = P(Ay) = %

Let As = the event of getting atm%;%h%ad.
i) i) T

Then, favorable outcomes are H.
Number of favorable outco&;z—

Hence, required probabi%
Let Ag = the eve Ming no head.
Then, favorable Qutcomes are TT

Number of faverable outcome =1

(getting atmost one head) = P(As) = %

. - ) 1
Hence, r d probability = P (getting one head) = P(A¢) = 1
T nbiased coins are tossed together. Find the probability of getting
ne head (ii) two heads (iii) all heads (iv) at least two heads

S@ﬂ three unbiased coins are tossed together, then all possible outcomes are :

(i)

HHH, HHT, THH, HTT, THT, TTH, TTT
Total number of possible outcomes = 8

Let A; = the event of getting one head.
Then, favorable outcomes are HHT, THT, THH.
Number of favorable outcomes = 3.



(i)
(iii)
(iv)

Ex.8

Sol.

()
(i)
(i)

Ex.9

Sol.

%

(i)

Hence, required probability = P (getting one head) = P(A;) = g

Let A, = the event of getting two head.
Then, favorable outcomes are HHT, HTH, THH.
Number of favorable outcomes = 3.

Hence, required probability = P (getting two heads) = P(A,) = g /\

Let A; = event of getting all heads. G;)\,

Then, favorable outcomes are HHH

Number of favorable outcomes = 1 6;5
Hence, required probability = P (getting all head) = P(A3) = % (<\

Let A4 = event of getting at least two heads.
Then, favorable outcomes are HHT, HTH, THH, HHH (\
Number of favorable outcomes = 4

Hence, required probability = P (getting at least two heads) = P(A,) = g = l :EQ

A die is thrown once. Find the probability of getting

(i) a prime number  (ii) a number lying between 2 and 6  (iii number.
If a die is thrown, then all possible outcomes are 1, 2, 3, 4, 5, 6. Q

Total number of possible outcomes = 6.

Let A; = event of getting a prime number. &,"

Then, the favorable outcomes are 2, 3, 5.

Number of favorable outcomes = 3. '$
Hence, required probability = P (getting a prime P(A) =
Let A, = event of getting a number lying betw%‘r&z and 6.

Then, the favorable outcomes are 3, 4, 5.
Number of favorable outcomes = 3.

')
Hence, required probability = P (@a number lying between 2 and 6) = P(A,) =

Let A; = event of getting a @meer.
Then, the favorable outcon%re 1, 3,5.

Number of favorable ou%ﬁres =3.

CDIOJ

olw
|

Hence, required grobability = P (getting an odd number) = P(A;) =

o|lw

Adieis th twice. What is the probability that
(|) 5 WI| no me up either time? (ii) 5 will come up at least once?
a wn twice, then all the possible outcomes are :
), (1,3), (1,4), (1,5), (1, 6),
, (2 2),(2.3),(2,4),(2,5), (2, 6),
) (3,2),(33),(3,4), (3,5), (3, 6),
1), (4,2), (43), (4,4), (4,5), (4, 6),
(5,1),(5,2), (53), (5,4), (5, 5), (5, 6),
(6, 1), (6, 2), (6,3), (6, 4), (6, 5), (6, 6).
Total number of getting 5 not either time
Let A; = event of getting 5 not either time.
Then, the favorable outcomes are: (1, 1), (1, 2),(1,3),(1,4),(1,6),
(2,1),(2,2),(2.3), (2,4), (2, 6),
(3:1),(3,2),(33),(3,4), (3,6),



(4,1), (4,2),(4,3), (4,4), (4,6),
(6, 1), (6, 2), (6,3), (6, 4), (6, 6).
Number of favorable outcomes = 25

Hence, required probability = P (5 will not come up either time) = P(A;) = %

(i) Let A, = event of getting 5 at least once.
Then, the favorable outcomes are: /\
(1,5), (2,5), (3,5, (4,5), (5, 1), (5, 2), (5, 3), (5,4, (5,5), (5, 6), (6, 5). \,
Number of favorable outcomes = 11 G;)

11

Hence, required probability = P (5 will not come up at least once) = P(A,) = % 6;\)

Ex.10 A pair of dice is thrown simultaneously. Find the probability of getting
0] a doublet (\
(i) sum of the numbers on two dice is always 7 Q
(iii)  aneven number on the first die and a multiple of 3 on the other. (\

Sol.  If a pair of dice is thrown simultaneously, then all the possible outcomes are : s
(11), (1,2), (1,3), (1,4), (1,5), (1,6),(2,1), (2,2), (2,3), (24), (2,5), (2,6),(3,1), (3,2073.3). (3:4), (3,5), (3.6),
(4,2), (4,2), (4,3), (4,4), (45), (4,6),(5,1), (5,2), (5,3), (5,4), (5,5), (5,6),(6,1 ~(6,3), (6,4), (6,5), (6,6).
Total number of possible outcome = 36

0] Let A; = event of getting a doublet. .
Then, the favorable outcomes are (1, 1), (2, 2), (3,3), (4, 4), (5, 5), ( \Q
Number of favorable outcomes = 6

Hence, required probability = P (getting a doublet) = P(A,) =

(i) Let A, = event of getting a sum of numbers on two dice j ays 7
Then, the favorable outcomes are (1, 6), (2, 5), (3, 4), (
Number of favorable outcomes = 6

3

Hence, required probability = P (getting a sum g\ numbers on two dice is always 7) = P(A,) = % =

|

(iii) Let A; = event of getting an even umber first die and a multiple of 3 on the other.
Then, the favorable outcomes are (2, 3), (2, 8), (4, 3), (4, 6), (6, 3), (6, 6).
Number of favorable outcomes = 6
Hence, required probability P e i

=P(Aq) = % 6
Ex.11 Two dice, one blue ano??ey, are thrown at the same time. Write down all the possible outcomes. What is

the probability that the su wo numbers appearing on the top of the dice is
(a) 8 &) (iii) less than or equal to 12?

')
an even umber on the first die and a multiple of 3 on the other)

(NCERT)
Sol.  If two dice, and one grey, are thrown at the same time, then all possible outcomes are :

(1 4), (1,5), (1,6),(2,1), (2,.2), (2,3), (2,4), (2,5), (2,6),(3,1), (3,2), (3,3), (3,4), (3,5), (3.6),
3), (4,4), (4,5), (4,6),(5,2), (5,2), (5,3), (5,4), (5,5), (5,6),(6,1), (6,2), (6,3), (6,4), (6,5), (6,6).

er of possible outcome = 36

= event of getting a sum two numbers appearing on the top o the dice is 8.
@n the favorable outcomes are (2, 6), (2, 5), (4, 4), (5, 3), (6, 2).

\, ber of favorable outcomes = 5.

Hence required probability = P(A;) = %

(i) Let A, = event of getting a sum two numbers appearing on the top o the dice is 13.
Then, the favorable outcomes = 0.

. - 0
Hence, required probability = P(A,) = % =0
(i) Let A; = event of getting a sum two numbers appearing on the top o the dice is less than or equal to 12.



Ex.12

Sol.
()

(i)

(iif)

(iv)

Then, the favorable outcomes = all the possible outcomes = 36.

Hence, required probability = P(Az) = % =1.
A cards is drawn at random from a well shuffled deck of 52 cards. Find the probability that the card drawn is

(i)aredcard (ii)anon-ace (iii)akingorajack (iv) neither a king nor a queen.
If a card is drawn at random from a well shuffled deck of 52 cards, then total number of possible outcomes :&{\

Let A; = event of getting a red card.
Then, the favorable outcomes = 26. 0;)

26 1
Hence, required probability = P (getting a red card) = P(A}) = — =—
q P y = P (getting ) =P(A1) 5 2 c?)
Let A, = event of getting a non-ace /\
Then, the favorable outcomes = 48. [-.- there are 4 aces in a pack of playing cards] (\
Hence, required probability = P (getting a non-ace) = P(A,) = g = % (\

Let Az = event of getting a king or a jack.
There are 4 king cards and 4 jack cards.

/
Hence, required probability = P(A3) = P (getting a king or a jack) = P (getti[]g a}g@) + P (getting a jack)
4 4 8 2 .

52 52 52 13 Q':Q
Let A4 = event of getting neither a king nor a queen.

There are 4 king cards and 4 queen cards. o
Hence, required probability = P(A,) = P (getting neither a ki a queen)
=1 — P (getting a king or a queen)

= 1 — P (getting a king) + P (getting a queen)] ,&

(4 4y, 8 _44_11 2
_1_(52+52j_1 52 52 13 @

ALITER: Let A, : event of getting neither%@ queen.

Ex.13

Sol.

(i)

(iii)

.. no, of favorable outcomes.
i.e., neither king nor queen cards = %8": 44

Hence, P(A4)=ﬁ:1—1 @
52 13 ch

All the three face cards o s are removed from a well-shuffled pack of 52 cards. A card is then drawn at
random from the remajgingpack. Find the probability of getting
(i) a black face car (ii) a queen (iii) a black card

If all the three fa@ ds of spades are removed from a well-shuffled pack of 52 cards, then there are 49 cards left in
the pack.
Let A, = f getting a black face card.

There Sr?ﬁlaok face cards left. (face cards of club)

H “¥equired probability = P(A;) = P (getting a black face card) = 4%

(i) @Az = event of getting a queen.
ere are three queens left.

%

Hence, required probability = P(A,) = P (getting a queen) = 419

Let A; = event of getting a black card.
There are 23 black cards left.

2
Hence, required probability = P(As) = P (getting a black card) = 4—3



Ex.14 Five cards, the-ten, jack, queen, king and ace of diamonds, are well-shuffled with their faces downwards. One
card is then picked up at random.
0] What is the probability that the card is the queen?
(i) If the queen is drawn and put aside, what is the probability that the second card picked up is

(a) an ace ? (b) aqueen ?
Sol.  There are five cards as the ten, jack, queen, king and ace of diamond. /\
0] Let A = event of getting a queen

Hence, required probability = P(A) = P (getting a queen) = %

There is only one queen out of the five cards. ﬂD\’

(i) When a queen is drawn and put aside four cards, the ten, jack, king and ace are left. Therefore./\c)

@) required probability = P (getting an ace) = % (\Q

(b) required probability = P (getting a queen) = % =0. 7

Ex.15 A box contains 5 red. 4 green and 7 white balls. A ball is drawn at randaeiem the box. Find the probability

that the ball drawn is

(i) white (ii) neither red nor white \Q-
Sol.  Total number of ballsinthe box =5+4 +7=16. Q

Let A = event of getting a red ball

A, = event of getting a white ball. &,.’
0] There are 7 white balls in the box. 0
7

Hence, required probability = P(A,) = P (getting a white Y 16
(i) There are 7 white and 5 red balls in the box.

Hence, required probability = P (getting neither white ball)

= 1 — P (getting either red or white ball)

=1 - P (getting a red) + P (getting a white bgl

5 7 12 4 1
:1_ —_t— =l ==
16 16 16 16 4%.,
ALITER P(getting neither red He ball) = P (getting a green ball) = %:%

Ex.16 A bag contains 5 red ball
ball, determine the nu

Sol. There are 5 red balls in apag.
Let number of bl &qﬁl;)be X.
Let A= eve@ etting a red ball
and A =§en T getting a blue ball.
P(A) = epting a red ball) = i
X+5

(getting a blue ball) =

ome blue balls. If the probability of drawing a blue ball is double that of red
f blue balls in the bag.

X+5
2x5 X
2P =P = =——=10=x=x=10
Qj\' (A) () X+5 Xx+5
Hence, required number of blue balls = 10.

Ex.17 A box contains 5 red marbles, 8 white marbles and 4 green marbles one marble is taken out of the box at
random. What is the probability that the marble taken out will be
(i) red (i) white (iii) not green?
Sol.  Total number of marbles inthe box =5+ 8+ 4 =17.
Let A, = event of getting a red marble
A, = event of getting a white marble



and A; = event of getting a green marble.
(i) There are 5 red marbles in the box.

Hence, required probability = P(A;) = P (getting a red marble) = —

(i) There are 8 white marbles in the box.

(iti)  There are 4 green marbles in the box. G;)\,

Hence, required probability = P(A;) = P (getting a white marble) = %

. P(As3) = P (getting a green marble) = %

Hence, required probability = P (not getting a green marble) /\6
=1 - P (getting a green marble) =1 - P(A3) = 1—i = E

17 17 Q
Ex.18 A box contains 19 balls bearing numbers 1, 2, 3....... , 19 respectively. A ball is dr{\ random from the
box. Find the probability that the number on the baII is—
0] a prime number (i) even number

(iti)  divisible by 3or 5 (iv) neither divisible by 5 nor by 10. :; Q
Sol. Total number of balls in the box = 19

*. number of all possible outcomes = 19 Q\Q
(1) Let A; = event of getting a prime number.
Then, the favorable outcomes are 2, 3, 5, 7, 11, 13, 17, 19. ,{,.,
Number of favorable outcomes = 8.

Hence, required probability = P (getting a prime numbi&'@q) =

(i) Let A, = event of getting an even number.
Then, the favorable outcomes are 2, 4, 6, 8, 10, 1 16 18.
Number of favorable outcomes = 9.

9

Hence, required probability = P (getting a@n number) = P(A,) = 19

(iii) Let A; = event of getting a number %He by 3 or 5.
Then, the favorable outcomes ar 9,10, 12, 15, 18.
Number of favorable outcome,

Hence, required probablllt %ettmg a number divisible by 3 or 5) = P(A3) =
(iv) Let A, = event of gettin ?ﬁﬂmber divisible by 5 or 10.
Then, the favora@é)mes are 5, 10, 15. Number of favorable outcomes = 3.
" P (getti umber divisible by 5 or 10) = P(Ay) = %

Hence, ragmred probability = P (getting a number neither divisible by 5 nor by 10)
. . - 1
é$(gettmg a number neither divisible by 5 nor by 10) :1—% = £
Ex.1 ’enteen cards numbered 1, 2, 3, 4,...... , 16, 17 are put in a box and mixed thoroughly. One person drawn a
d from the box. Find the probablllty that the number on the card is
(|) odd (ii) a prime (iii) divisible by 3 (iv) divisible by 2 and 3 both
Sol.  There are seventeen cards in the box.

". number of all possible outcomes = 17.
(i) Let A; = event of getting an odd number.
Then, the favorable outcomes are 1, 3,5, 7, 9, 11, 13, 15, 17.
Number of favorable outcomes = 9.



Hence, required probability = P (getting an odd number) = P(A,) = %

(i) Let A, = event of getting a prime number.
Then, the favorable outcomes are 2, 3, 5, 7, 11, 13, 17.
Number of favorable outcomes = 7.

Hence, required probability = P (getting a prime number) = P(A,) = % /\

(iii) Let A; = event of getting a number divisible by 3. \,
Then, the favorable outcomes are 3, 6, 9, 12, 15. G;)

Number of favorable outcomes = 5.

Hence, required probability = P(A3) = > /\655

17’

(iv) Let A4 = event of getting a number divisible by 2 and 3 both. (\
Then, the favorable outcomes are 6, 12. Q
Number of favorable outcomes = 2. (\

. - 2
Hence, required probability = P(A;) = — /

17"
Ex.20 Find the probability that a number selected at random from the numb 95 not a prime number when
each of the given numbers is equally likely to be selected.
Sol.  The total given numbers = 25

Then, the favorable outcomes (prime numbers) are 2, 3,5, 7, 11, M9, 23.
Number of favorable outcomes = 9.
Let A = event of getting a non-prime number. &,o,

.. .humber of non-prime number =25-9=16

E

25°

Ex.21 A box contains 90 discs which are numbered f@to 90. If one disc is drawn at random from the box, find

the probability that it bears
(i) a two digit number (i) a perf@t@ére number (iii) a number divisible by 5.

.". required probability = P (getting a hon-prime numbe Q{A) =

Sol.  The total of discs = 90. Number of possi comes = 90.

(i) Let A; = event of getting a two digit pumber.
There are 9 single-digit numbers %mo-digit numbers.
Then, the number of favorable s =81.

. - . - 81 9
Hence, required probability= 1) = P (getting a two-digit number) = % = 0
(i) Let A, = event of gettin%’perfect square number.
Then, the number of\favgrable outcomes are 1, 4, 9, 16, 25, 36, 49, 64, 81.
Number of favorgble ddtcomes = 9.
. - . 1
Hence, re robability = P(A,) = P (getting a perfect square number) = % = E .

(i) LetA =?snt of getting a number divisible by 5.
T@e umber of favorable outcomes are 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90.
r of favorable outcomes = 18.
&ce, required probability = P(A3) = P (getting a number divisible by 5) = % :% :

Eg? 12 defective pens are accidentally mixed with 132 good ones. It is not possible to just look at a pen and tell
whether or not is defective. One pen is taken out at random from this from this lot. Determine the probability
that the pen taken out is a good one.

Sol.  There are 12 defective pens and 132 good pens.

.. Total number of possible outcomes = 12 + 132 = 144.
Let A = event of getting a good pen
Then, the number of favorable outcomes = 132



Ex.23

Sol.

(i)

Ex.24
Sol.

(i)

Ex.25

Sol.

(i)

2
\) 324>

Ex.36
Sol.

132_11

144 12

A lot consists of 144 ball pens of which 20 are defective and the others are good. Nuri will buy a pen if it is
good, but will not buy if it is defective. The shopkeeper draws one pen at random and gives it t her. What is
the probability that (i) she will buy it (ii) she will not buy it?

Hence, required probability = P(A) = P (getting a good pen) =

There are 144 ball pens.
.". total number of possible outcomes = 144. \,
Let A; = event of buying a good pen. ﬂ)
There are 20 ball pens which are defective out of 144 ball pens. G)
.. .number of good ball pens = 144 — 20 = 124 6;5
. - . 124 31
Hence, required probability = P(A,) = P (buying a good pen) = 122 = 36 (<\
Let A, = event of not buying a good pen i.e., buying a defective pen. Q
Then, the number of favorable outcomes = 20.

Hence, required probability = P(A,) = P (not buying a good pen) = 20 _ 5 7

144~ 3_6€' Q)
Savita and Hamida are friend. What is the probability that both will have

(i) different birthdays (ii) the same birthday (ignoring lea k). (NCERT)
There are 365 days in a year. @8

.". the total number of possible outcomes = 365.
Let A; = event that Hamida’s birthday is different from Savita’s Qrﬂgday Then, the number of favorable outcomes
for her birthday = 365 — 1 = 364.

. - 364
Hence, required probability = P(A;) = P (Hamida’s birt different from Savita’s birthday) = —

365
Let A, = the event the Savita and Hamida have the @ irthday
Hence, required probability = P(A,) = P (Savita amida have the same birthday)

= 1 — P (both have different birthday) = 3¢ .
365

A jar contains 24 marbles, som %&n and others are blue. If a marble is drawn at random from the jar,

There are 24 marbles in gja
.". the total number of p%me outcomes = 24.

Let number of gr les be x.
Let A; = event o@i g a green marble.

the probability that is gree % YFind the number of blue marbles in the jar.
rla.

.. require bility = P(A,) = P (getting a green marble) = %
B@gien that the probability of green marble is %
_2x24 16

So, number of green marbles = 16.
Hence, number of blue marble in jar =24 — 16 = 8.

What is the probability that an ordinary year has 53 Sundays?
There are 365 day i.e., 52 weeks and 1 day in an ordinary year.
This 1 day can be anyone of the 7 days of the week.



.. P (this day is sunday) = %
Also, 52 weeks have 52 Sundays.
Hence, required probability = P (an ordinary year has 53 sundays) = % .

Ex.27 A missing hellcopter is reported to have crashed somewhere in the rectangular region in figure. What is
probability that it crashed inside the lake shown in the figure? (NCERT)\

3
%

ek
Q«

4

Sol.  The helicopter is equally likely to crash anywhere in the regio@y ’

Area of entire rectangular region, where the helicopter co, '%h = (4.5 x 9) km? = 40.5 km®.
Area of the lake = (2.5 x 3) km? = 7.5 km?. .&

Let A =the event that the helicopter crashed insi@hke.
Then, number of favorable outcomes = 7.5 km? '&
75 75 5

Hence, required probability = P(A) = P ter crashed in the lake) = ——=—=—.
quireap y=P(A) =P (hHpdp ) =405~ 405~ 27

0)

Ex.28 A piggy bank contains hund coins, fifty Re. 1 coins, twenty Rs. 2 coins and ten Rs. 5 coins. If it is likely
that one of the coins will when the bank is turned upside down, what is the probability that the coin
(i) will be a 50p coin (ii) will not be a Rs. 5 coin?

Sol.  Number of 50p coing =1

Number of Rs. 1 ou'%zso

Number of Rg, 2 Beins = 20

Number o%coins =10

.. total Ter of coins = 180.

&t number of possible outcomes = 180.
0] 1 = event of getting 50p coin.

@n, the number of favorable outcomes = 100.
. - . . 100 5

Hence, required probability = P(A;) = P (getting a 50p coin) = 180 = e

(i) Let A, = event of getting not a Rs. 5 coin.

Hence, required probability = P(A,) = P (not getting Rs. 5 coin)
=1—P (getting a Rs. 5 coin)



Ex.29

Sol.

Ex.30

Sol.

(i)

10 170 17

180 180 18

In a musical chair game, the person playing the music has been advised to stop playing the music at any time
within two minutes after she/he starts playing. What is the probability that the music will stop within the first
half minute after starting?

The possible outcomes are all the numbers between 0 and 2. \,
This is the portion of the number line from 0 to 2. G;)

>
T

[=Y

T 1
2
Let A = the event that the music is stopped within the first half-minute.

25

. . 1
Then, the favorable outcomes are points on the number line from 0 to — 7
2 é O
. . . ) 1 1
The distance from 0 to 2 is 2, while the distance from 0 to E is E

. . . 1
Since all the outcomes are equally likely, therefore, the total distance 32 and favorable to A = >

S’
Hence, required probability = P(A) = P (the music is st ithin the first half minute) = %
%25 are girls and 15 are days. The class teacher has to
rites the name of each student on a separate card, the cards
nd stir them thoroughly. She, then draws one card from the

written on the card is the name of :

NN =

There are 40 students in class X of a school of
select one student as a class representative.
being identical. Then she puts cards in
bag. What is the probability that t@a

o (NCERT)

(i) a girl (ii)abc@
There are 40 students out 0 5 are girls and 15 are days.
.. .humber of all possiblﬁ outgdmes = 40.

Let A; = event tm me written on the card is the name of a gils.

Then, the numbe avorable outcomes = 25.
25 3

Hence, regul robability = P(A)) = — = —.
% p y =P(A) 20 3

§ event that the name written on the card is the name of a bot.

gn, the number of favorable outcomes = 15.

15 3
Hence, required probability = P(A,)) =—=—.
q p y =P(Ay) 20 8

EXERCISE -1 (FOR SCHOOL/BOARD EXAMS)



10.

11.

122
13.

14.

OBJECTIVE TYPE QUESTIONS

CHOOSE THE CORRECT OPTION IN EACH OF THE FOLLOWING

If A be the event such that P(A) = é , then P(not A) is equal to

3 4 1
(d) : (b) c (©) c

An unbiased die is thrown (Q. NO. 2 to 6)
The probability of getting a prime number is

1 1 1
a) — b) — c) —
(a) 5 (b) 3 (©) >
The probability of getting a multiple of 3is

1 1 3
a) — b) — c) —
(a) 5 (b) 3 () 5
The probability of getting a number greater than 1is

1 2 4
a) — b) — c) —
(a) 5 (b) 5 (©) 6
The probability of getting a number between 1 and 6 is

1 2 4
a) — b) — c) —
(a) 5 (b) 5 (©) 3

The probability of getting an odd number is
s 9
© =<

1 2
a) — b) —
(@) 5 (b) 5 %
Two unbiased coins are tossed simultaneously% . 710 10)
The probability of getting one head is é

1 3
a) — b) —
(a) > (b) 2
The probability of getting two headt\ o

1 1
a) — b) —
(@) > (b)

s

The probability of getting r% i

1
@ M@% © =

4
The probability @ g at least one head is
1
@ —

ility of getting a jack card is

2 3
(b) 13 () 13

e probability of getting a face card is

1 2 3
@ 13 (b) 13 () 13

The probability of getting a ‘10’ of black suit is

1 1 2
(@ 26 (b) 13 () 26

The probability of getting a red and a king card is

>

1
(© 1

() —

1 3

b) — c) —

> (b) 2 () 2

One car@¥sydrawn from a pack of 52 cards (Q. No. 11 to 14)
13

N
(d) None of these
)

o (O
O
(d?ééo

oK

(d) None of these

(d) None of these
(d) None of these
(d) None of these

(d) None of these
4

d) —

(d) 13

4
(d) 13

(d) None of these



@) % (b) % (c) % (d) None of these

15. A bag contains 4 red balls and 3 green balls. A ball is drawn at random. The probability a green ball is
1 2 3 4
a) — b) = c) = d) =
(a) 7 (b) - (c) 2 (d) -
16.  P(E) + P(E ) isequal to /\
The probability of getting a jack card is \
1
@ao (b) > (1 (d) None of these 0;)
Which one of the following cannot be the probability of an event (Q. No. 17 to 18) G)
1 11 -2 6)
7. (@)= b) =~ ¢ 2 d) 1 \
(a) 3 (b) 36 (c) 3 (d) (\
18. @ % (b) O (©) ;—3 (d) g Q
Choose the correct alternative for each of the following and justify your answer (Q. No. 19 to 22)
19. Probability of an impossible event is equal to O
(@)1 (b) 0 (c) % (d@e of these
20. If P(E,) :%, P(E,) :%, P(E;)= % where E;, E,, E; and E, are @a}y events of a random experiment, then
P(E,) is equal to
1 2 1 &"
@ ®) 5 © A (d) None of these
21. Cards each marked with one of the numbers 4, 5, 6,...., laced in box and mixed thoroughly. One card is
drawn at random from the box. Then, the probability ing an even prime number is
@0 (b) 1 @? (d) None of these
22, A bag contains 5 red and 4 black balls. A pajl zﬂrawn at random from the bag. Then, the probability of getting a
black ball is
1 4 1 1
a) — b) — ) c) — d) —
OF OF (Oc‘) © OF
OB /\ » » /
Que. |1 |2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 15
Ans. |A [£ \B D |D A |B A |C A |[C |A |D C
Que. |16 |17 |18 |19 |20 |21 |22
Ans. C D B C A B
EXERCI$$’>1 (FOR SCHOOL/BOARD EXAMS)

1. 2@ Two dice are thrown at the same time. Complete the following table

SUBJCTIVE TYPE QUESTIONS

Event : 2 3 4 5 6 7 8 9 10 | 11NuyrhBer in first throw
Sum on 2 dice = — T T
Probability 1 5 EF14(2 313|6
% % } 11243(31414|7
O 12 | 445 §
(b) A die is numbered in such a way that its faces show the numbers 1, 2,3, & AEIL zH el 8
4,5, 6. It is thrown two times and the total score in two throws is noted. é 2 5
Z: 617(81819]9112




11.

Complete the following table which gives a few values of the total score on the two throws.
(© Justify the statement : “Tossing a coin a fair of deciding which team should get the batting first at the
beginning of a cricket game”

Which of the following experiment have not equally likely outcomes? Explain.

0] A trial is made to answer a true-false question. The answer is right or wrong.
(i) A baby is born. It is boy or a girl.
(iii) Kushagra appears in an interview. He is selected or not selected. /\

(iv)  Adieis thrown. It turns to be an even or an odd number. \,
Match the following : G;)

A black die and a white die are thrown at the same time.

0] The probability of getting a total of 9. @) % Q;b
D e . N
ii The probability of getting a total of 10. b) —

(i) P y of getting (b) 36 Q
N LA

(ili)  The probability of getting a total of more then 9. () —

12 /

(iv) The probability of getting the sum of the two numbers is 8. (d)%o

(@) The probability that it will rain tomorrow is 0.85. What is the probabillty that it will not rain tomorrow?
b If The probability of winning a game is 0.6, what is the probal f losing it?

Find the probability of getting a tail when a coin is tossed once. %

(@) Two unbiased coins are tossed simultaneously. Find the probalility of getting

(i) exactly one head (ii) exactly one tail (iii) twetails
(iv) at least one tail (v) atmost one tail (vi)

(b) Harpreet tosses two different coins simultaneously
Three unbiased coins are tossed together. Find the prob

tis the probability that she gets at least one head?
f getting

(@) (i) one tail (ii) two tails  (iii) all tails(b ) at least two tails
(b) (i) at most two tails (i) at@ﬁsv wo heads.

(@) A die is thrown once. Find the prﬁality of getting

0] a multiple of 2 "

(i) a number lying betwee
(iii)  an odd number. %
(b) A child has a die x faces show the letters as given below

v
|[A[B[C D [E [A]
Y

The die is thr Wrgﬂée. What is the probability of getting (i) A  (ii) D?

Adieis
() 3

twice. What is the probability that
ill not come up either time?
will come up at least once?

pair of dice is thrown simultaneously. Find the probability of getting
0] a multiple of 3 on both dice
(i) sum of the numbers on two dice is always less than 7.
(iii) ~ an odd number on the first die and a prime number on the other.

Two dice, one blue and green are thrown at the same time. What is the probability that sum of the two umbers
appearing on the top of the dice is



M9 (i) greater than 10 (iii) less than or equal to 11

12. One card is drawn from a well-shuffled deck of 52 cards. Find the probability of getting

@) (i) aking of red colour (ii) a face card (iii) a red face card (iv) a jack of hearts
(b) (i) a spade (ii) the queen of diamonds (iii) neither a red card nor a queen.
(c) (i) a non-face card (ii) a black king or a red queen /\

13. (@) From a pack of 52 playing cards jacks, queens, kings and aces of red colour are removed. From a \,
remaining, a card is drawn at random. Find the probability that the card drawn is q;)
0] ablack queen (ii)aredcard (iii)aten (iv) a picture card [jacks, queens and kings ar }mi;xr cards]
(b) All cards of ace, jack and queen are removed from a deck of playing cards. One card is révbw random
from the remaining cards. Find the probability that the card drawn is
0] a face card

(i) not a face card (\Q

14. Five cards — the ten, jack, queen, king and ace of diamonds are well-shuffled with heff face downwards. One card is
then picked up at random.
0] What is the probability that the card is jack?
(i) If the king is drawn and put aside, what is the probability that egond card picked up is
(a) a queen (b) aten? 8(
15. (a) A bag contains 7 red, 5 white and 3 black balls. A ball is draw¥rat random from the bag. Find the
probability that the drawn ball is S0
(b) (i) A bag contains 5 white balls, 7 red balls, 4 black an ue balls. One ball is drawn at random from the
bag. What is the probability that the ball drawn j
(1) white or blue (2) red or black (b@not white  (4) neither white nor black

(i) A bag contains 6 red balls, 8 white ba ,\%en balls and 3 black balls. One ball is drawn at random from
the bag. Find the probability tha drawn is
(1) white (2) red or black (3) not green  (4) neither white nor black

(iii))  Abag contains a red balls %‘balls, a yellow balls, all the balls being of the same size. Kritika takes out a
ball from the bag with ng into it. What is the probability that the she takes out the
(2) yellow ball red ball (3) blue ball?

(iv) A box contains 7 r IIs, 8 green balls, 5 white balls. A ball is drawn at random from the box. Find the
probability that ?’Uall drawn is
(1) white ) neither red nor white

(c) Poonam 'Quys a fish from a shop for her aquarium. The shopkeeper takes out one fish at random from a tank
co ing 5 male fish 8 female fish. What is the probability that the fish taken out is a male fish?

16. Ab ogains 12 balls out of which x are black. If one ball is drawn at random from the box, what is the probability
tha&d\Will be a black ball?

NQ more black balls are put in the box, the probability of drawing a black ball is now doubled of what it was before,

@ find x.

17. (@) A box contain 3 blue, 2 white and 4 red marbles. If a marble is drawn at random from the box. What is
the probability of that it will be
(i) white (ii) blue (i) red?

(b) A bag contain 5 red, 8 green and 7 white balls. One ball is drawn at random from the bag, find the



18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

probability of getting
(i) a white ball or a green ball  (ii) neither a green ball nor a red ball

(@) A box contains 20 balls bearing numbers 1, 2, 3,....., 20 respectively. A ball is drawn at random from the
box what is the probability that the number on the ball is

(b) Find the probability that a number selected at random from the numbers 1, 2, 3,4, 5,....., 34,35 is a /\
(i) prime number (i) multiple of 7 (iii) multiple of 3 or 5 \,

(c) Cards bearing numbers 3 to 19 are put in a box and mixed thoroughly. A card is drawn from the kﬂbat
random. Find the probability that the number on the card drawn is

(i) even (ii) a prime (iii) divisible by 2 and 3 both. 6;\)
Fifteen cards numbered 1, 2, 3, 4,.....,14, 15 are put in a box and mixed thoroughly. A man card at random
from the box. Find the probability that the number on the card is (\

(i) an odd number (ii) a multiple of 4 (iii) divisible by 5 (iv) divisible’by 2 and 3 both.

(v) less than or equal to 10

(@) There are 30 cards numbered from 1 to 30. One card is drawn at raﬁ&%ﬁnd the probability that the
number of the selected card is not divisible by 3.

(b) A game of chance consists of spinning an arrow which com 'B%f pointing at one of the numbers 1, 2, 3,
4,5, 6,7, 8, and these are equally likely outcomes. What isgprobability that it will point at
()8  (ir) an odd number (iif) a number greater thgn 8 (iv) a number less than 9.

A box contains 50 discs which are numbered from 1 to 50. | isc is drawn at random from the box, find the

probability that it bears 'Q

(i) a two digit number less than (ii) a prime nm@ (iii) a number divisible by 3

0] A lot of 20 bulbs contains 4 defective o bulb is drawn at random from the lot. What is the
probability that this bulb is defective?

(i) Suppose the bulb drawn in (i) isn gd:tive and is not replaced. Now one bulb is drawn at random from
the rest. What is the probability tﬁis bulb is not defective?

A carton consists of 100 shirts o@% are good, 8 have minor defects and 4 have major defects. Jimmy, a

trader, will only accept the shirt are good, but Sujata, another trader, will only reject the shirts which have

major defects. One shirt is drd@ andom from the carton. What is the probability that

(i) it is acceptable to Jimm (i) it is acceptable to Sujata.

It is given that in a grou Students, the probability of 2 students not having the same birthday is 0.992. What

is the probability thgf;s students have the same birthday?

The probability ing a green marble at random from a jar that contains only green, white and yellow

1 - . . 1 . .
marbles is e probability of selecting a white marble at random from the same jar is 3 If this jar contains 10

Whaksathe probability that a leap year has 53 Sundays?

yellovi m?bres, what is the total number of marbles in the jar.
pose you drop a die at random on the rectangular region shown in figure. What is the probability that it will

\( inside the circle with diameter 1 m?

2m

3m



28.

29.

30.

9.

A purse contains 10 five hundred rupee note, 20 hundred rupee notes, 30 fifty rupee note and 40 ten rupee note. If it
is likely that one of the notes will fall out when the purse turns upside. What is the probability that the note

(i) will be a fifty rupee note (ii) will not be a five hundred rupee note.

In a musical chair game, the person playing the music has been advised to stop playing the music at any time within
three minutes after she starts playing. What is the probability that the music will stop within the first half minu?\

after starting?

There are 44 students in class X of a school of whom 32 are boys and 12 are girls. The class teacher has t \ted
one student as a class representative. He writes the name of each student on a separate card, the cards

identical. Then he puts cards in a bag and stir them thoroughly. He then drawn one card from the t is the
probability that the name written on the card is the name of

(i) a girl? (i) a boy? Q(\/\

Subjective type Question (\
Sum on 2 dice | 2 3 4 5 6 7 8 9 108 | 11 |12
@ [Probabilty 111213 e 565 afSl2|L
36 | 36 | 36 | 36 | 36 | 36 | 36 | 36 736 | 36 | 36

1
A £ X X
E -
) ) A E = Q
Yy 1. 1) A A 53 s (@)
i < 4 } " i) %
( ) Lob D "i' s J s {J
i "
- | 1 I i y 4 £ (S}
4 Ly = ) ) O 7
A ) | J [ \J s -
[
1 i

. s ~ ~ - ‘£

6]

[PPSR B ——— R

(iii), because selection depen ber of factors (constralnts) 3. (|) (d), (u) (0), (|||) @), (iv)- (b)
cr?)— (H) Py (I") - (IV)— (V) (VI) - (b)

. , . . ) ._ Z S ey i 1 l
(a) (i) 5, (i) 5@3, (iv) E' (b) (i) 3 (i) 3 8. (a) (1)2, (")2’ (|||)2,(b) (|)3, (1)6
25 1 I o1 1 .1 .25
(|)—, (||% 10. (|)§, (||)E, (|||)Z, 11. (|)§, (")E' (|||)%,

(@) 0.15, (b) 0.4 5. =

13. (a& (|)— (iii)lil, (iv)%; (b) (i)%, (ii)%, 14. (i)%, (ii)%, (b)%,

15@@0) (ii)g, (iii)%;

L7 11 13 1ol 1 1
(b) (1) (1)5,(2)5,(3)5,(4)— (i) (1)— (2)— (3) ()E’(“I) D30 3.6 3

. 1 2 5
(iv) (1) 7 ) g,(C) 13



X 21 4 3 T
1013 02 .09 .11 .1 .16 .8 .7 . 3
8. (@) > (if) 20" (iii) s (iv) 10 (b) (i) 3 (i) - (iii) 3 (©) () 17,(II) 17,(III) 7
8 1 1 2 02 R U E
19. () 1 (i) o (iii) o (iv) 5 (v) 3 20. (a) 3 (b) (i) 5’ (i) > (iii) 2 (iv) 1 /\

2 ... 3 ,..8 1 .. 15 . . .
21. (')E’(")E’("')E 22, (I)E’(“)E 23.(i) 0.88 (ii)0.96  24. (i) 0.008 25. 24 26%0)

T 3 ... 9 1 3 ... 8 f))

EXERCISE -1 (FOR SCHOOL/B@&D EXAMYS)

PREVIOUS YEARS BOARD (CBSE) QUES"I&ONS

1. Mark Question :

1. From a well shuffled pack of cards, a card is drawn at random. Find t bility of getting a black queen.
< ; [Delhi- 2008]
2. A bag contains 4 red and 6 black balls. A ball is taken out of the bag abrandom. From the probability of getting a
black ball. &, o [Al-2008]
3. A die is thrown once. Find the probability of getting a num ss than 3. [Foreign-2008]
4, Cards bearing numbers 3 to 20 are placed in a bag anébe d thoroughly. A card is taken out from the bag at
random. What is the probability that the number ard taken out is an even number? [Delhi-2008 C]

5. Two friends were born in the year 2000. What@'{bhe probability that they have the same birthday? [Al-2008 C]

OR
Two coins are tossed simultaneo@a’the probability of getting exactly one head. [Al-2008]
2 Mark Question : %
1. A die is thrown once. Find%J Obability of getting [Delhi-2008]

(i) A prime number,
(i) A number di isMy 2.
2. Cards, carLﬁﬂh numbers 5 to 50, are placed in a box and mixed thoroughly. A card is drawn from the box at
i e probability that the number on the taken card is :

random.?
(i)&i e number less than 10.
A number which is a perfect square

3@ A pair of dice is thrown once. Find the probability of getting the same number on each dice. [Foreign-2008]

4. A bag contains 5 red, 4 blue and 3 green balls. A ball is taken out of the bag at random. Find the probability that the
selected ball is (i) of red colour (ii) not of green colour.

OR

A card is drawn at random from a well-shuffled deck of playing cards. Find the probability of drawing a



10.

11.

12.

13

14.

(i) face card (i) card which is neither a king nor a red card. [Delhi-2008 C]

Two dice are thrown simultaneously. Find the probability that the sum of the two numbers appearing on the top is
less than or equal to 10.

OR

The king, queen and jack of diamonds are removed from a pack of 52 cards and than the pack is well shuffled
card is drawn from the remaining cards. Find the probability of getting a card of (i) diamonds (ii) a jack.

[Al- 2(0%9»5]
3 Marks Question :

A bag contains 5 black, 7 red and 3 white balls. A ball is drawn from the bag at random. Find t(\s ablllty that the
i

ball drawn is (i) red (ii) black or white (iii) not black. -2004]
A bag contains 7 black, 8 red and 3 white balls. A ball is drawn from the bag at rando the probability that the
ball drawn is (i) red (ii) black or white (iii) not black. Delhi-2004]
A bag contains 6 black, 7 red and 2 white balls. A ball is drawn from the bag at randofh. Find the probability that the
ball drawn is (i) red (ii) black or white (iii) not black. Q [Delhi-2004]
A bag contains 4 red, 5 black and 6 white balls. A ball is drawn from the ba‘g%ndom. Find the probability that the

ball drawn is (i) white (ii) red (iii) not black (iv) red or white. o [Al-2004]
A bag contains 4 red, 5 black and 6 white balls. A ball is drawn fron@e%g at random. Find the probability that the
ball drawn is (i) white (ii) red (iii) not black (iv) red or white. [Al-2004]
A bag contains 3 red, 5 black and 7 white balls. A ball is draw f;gn‘nthe bag at random. Find the probability that the

ball drawn is (i) white (ii) red (iii) not black (iv) red or whi [Al-2004]
A bag contains 6 red, 5 black and 4 white balls. A ball @ from the bag at random. Find the probability that the
e

ball drawn is (i) white (ii) red (iii) not black (iv) red ite. [Al-2004]

15 cards, numbered 1, 2, 3,...., 15 are putin a bo@nixed thoroughly. A card is drawn at random from the box.
Find the probability that the card drawn bears @y 8n°even number (ii) a number divisible by 2 or 3.[Al-2004]

A card is drawn at random from a pack of@ ing cards. Find the probability that the card drawn is neither an ace
nor a king. [Foreign-2004]
Out of 400 bulbs in a box, 15 bulb éective. One bulb is taken out at random from the box. Find the probability
that the drawn bulb is not defegtj

OR
Find the probabllé‘)%sgéitmg 53 Fridays in a leap year. [Al-2004 C]

A bag con% red, 6 white and 4 black balls. A ball is drawn from the bag at random. Find the probability that the
ball drawgis¢)red or white (ii) not black (iii) neither white nor black [Al-2005]
Ab %s 5 white balls, 7 red balls, 4 black balls, and 2 blue balls. Out ball is drawn at random from the bag.
the probability that the ball drawn is :
hite or blue (ii) red or black (iii) not white (iv) neither white nor black [Delhi-2006]
card is drawn at random from a well shuffled deck of playing cards. Find the probability that the card drawn is :
(i) aking or a jack (ii) anon ace (iii) ared card (iv) neither a king nor a queen [Delhi-2006]
A card is drawn at random from a well shuffled deck of playing cards. Find the probability that the card drawn is :
(i) a card of spade or an ace (ii) ared king (iii) neither a king nor a queen (iv) either a king or queen
[Delhi-2006]



15.

16.

17.

18.

19.
20.
21.

22,

23.

A box contains 19 balls bearing numbers 1, 2, 3, ....., 19. A ball is drawn at random from the box. What is the
probability that the number of the ball is (i) a prime number (ii) divisible by 3 or 5 (iii) neither divisible by 5 nor by
10 (iv) an even number. [Delhi-2006 C]

Find the probability that a number selected at random from the numbers, ...., 35 is a (i) prime number

(ii) multiple of 7 (iii) multiple of 3 or 5. [Delhi-2006 C]
From a pack of 52 playing cards, jacks, queens, kings and aces of red colour are removed. From the remaining ggrds,
a card is drawn at random. Find the probability that the card drawn is : (i) a black queen (ii) a red card \
(iii) a black jack (iv) a picture card (jacks, queens and kings are picture cards.) [Al-20

Cards marked with numbers 3, 4, 5, ..., 50 are placed in a box and mixed thoroughly. One cards is dt \Qr? andom
from the box. Find the probablllty that number on the drawn card is (i) divisible by 7 (ii) a numbe s a perfect

red ball, find the number of blue balls in the bag. Delhi-2007]
A box contains 5 red balls, 4 green balls and 7 white balls. A ball is drawn at random fr oX. Find the
probability that the ball drawn is : (i) white (ii) neither red nor white. [Al-2006]

All the three face cards of spades are removed from a deck of 52 cards. A card is then dra n at random from the
remaining pack. Find the probability of getting a card of (i) a black face card (ii) a quéen (iii) a black card.

square. [Delhi-2007]
A bag contains 5 red balls and some blue balls. If the probability of drawing a blue from thepf)‘ ice that of a

[Al-2009]
The king, queen and jack of clubs are removed from a deck of 52 playing ca%n the remaining cards are shuffled.
A card is drawn from the remaining cards. Find the probability of getting a carg of (i) heart (ii) queen (iii) clubs.

. [Delhi-2009]

(i) 5 will not come up on either of them?
(ii) 5 will come up on at least one? N
(iii) 5 will come up at both dice? & [Al-2009]

Two dice are thrown simultaneously. What is the probability that Q\Q

A box has cards numbered 14 to 99. Cards are mlxed Iy and a card is drawn from the bag at random. Find
the probability that the number on the card, drawp fr box is:

(i) an odd number

(i) a perfect square number

(iii) a number divisible by 7. , [Foreign-2009]

SURFACE AREAS AND VOLUMES ANSWER KEY EXERCISE-2 (X)-CBSE

2 Marks :

L1 1 1 5 1 11
1'(')5(")5 2'(')2_3(")4_6 3. ry 4()— ()— OR()—()— 5. EO ()— (")—
3 Marks :

7 ...8 ... 2 1 .2 .8 7 .8 .3 2 .04 2 2
1. (|)E(||)E(n|)§ 2. (I)§(”)§(IH)E 3. (I)E(“)E("I)g 4, (|)g(||)E(|n)§(|v)§

2,4 2 2 N1 2 2 4 2 2 2 N2
5. (|) — (||) — (|||) — (|v) — 6. (|) — (||) c (i) 3 (iv) 3 7. (i) 15 (i) T (iii) 3 (iv) 3 8. (i) 15 (i) 3
11 77 2 0,011 .13 1 2,12 1 11
9. 3 10. %OR ? 11. (|) — (i) —(|||) — 12.(i) 18 (i) E(III) 18 (iv) 5 13. (i) E(“) E(m) E(IV) 3

. . . .8..8...16. 9 L1101 16 L1
14. (i) E(") 2—6(|||) E(IV) E 15. (i) E(") E (iii) E(IV) E 16. (i) ﬁ(“) 7 (iii) % 17. (i) Z(“)




— (|||) —(|v) — 18 Q) —(||) — 19 15 20. (i) —(||) — 21. (i) —(||) —(|||) é 22. (i) —(||) — (|||)

23 . . . ..
79 23. (i) % (||) % (iii) % OR (i) E(”) ﬁ (iii) %
EXERCISE -1 (FOR SCHOOL/BOARD EXN?/E)
OBJECTIVE TYPE QUESTIONS /\6
CHOOSE THE CORRECT OPTION IN EACH OF THE FOLLOWING (\
1. Find the probability of getting a head in a throw of a coin.
1 /
(A) 7 (B)1 ©)2 (D) O@f these
Directions (for Q. No. 2-5) : Two fair coins are tossed simultaneoygly, Find the probability of
2. Getting only one head QU%
1 3 2 3
A) - B) — (C) = (D) —
2 4 S0 4
3. Getting two heads '@
1 3 1 3
(A) 7 (B) 1 © (D) 3
4, Getting at least two heads
7 1 1 4
OF ® 5 e > )
5. Getting at least two heads b
3
(A) 7 (B) @ (C) - (D)1
Directions (for Q. No. 6-12 % fair coins are tossed simultaneously. Find the probability of
6. Getting one head E%
5 3
(A)O x) ) — © 3 (D) 3
7. Getting one tail
1 5 3
(A1 (B) 1 © 3 (D) 3
8. Getti z&’a{st one heads
(B) 1 (©) 3 (D) &
8 4 4
9. tlng two heads
3 5 2
A B) - — D) —
Q? ( ) (B) 3 © 3 (D) c
Gettmg two heads
7 1 1
(A) g (B) 3 (©) > (D) 7

11. Getting at least one head and one tail



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2 1 3 4
A) — B) — C) — D) —
(A) 3 (B) > (©) 10 (D) 3
Getting more heads than the number of tails
7 5 1
A) 2 B) — C) - D) —
(A) (B) 3 (©) 3 (D) 5
Getting a number less than 7 but greater than 0 /\

(A)0 ® 3 ©1 © 1 q)\

Getting a multiple of 3.

1 1 5 63
A) — B) — C) — D) None of these
(A) 5 (B) 3 © 5 (D) /\
Getting a prime number
1 3 5 5 /\Q
(A) — (B) - © - (D) &
2 5 7 8 7,
Getting an even number Q
1 4 5
(A) > (B) s © 7 (D)§
Directions (for Q. No. 17 and 18) : A coin is tossed successively Wes. Find the probability of
Getting exactly one head or two heads.
1 3 1 &,q 3
A) — B) — C) - D) —
(A) 2 (B) 2 © > Q, (D) 3
Getting no heads. '&'Q
(A)O B|B)1 (D)

Directions (for Q. No. 19-27) : Two dice are@'ﬁfed simultaneously. Find the probability of
Gettlng atotal of 9

8 9
<A) 3 (B) So @ ©) ;5
Gettmg a sum greater than 9 @

1 8
(A) o © ry (D) 3
Gettlng atotal of 9 dx)

2 1 1
® o O e o ©3 oL
Getting kd(;%iet

5 1
(B)0 © 3 (D) 5

|ng a doublet of even number

Q;\(" ® ©:3 © 3

24,

25.

Getting a multiple of two on one die and a multiple of three on the other.

15 25 11 5
(A) (B) 36 (C) P (D) 5

Gettmg the sum of numbers on the two faces divisible by 3 or 4.n even number



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

4 1 5 7
W3 ®) © 5 (0)

Getting the sum as a prime number
3 5 1 3
A) — B) — C) — D) —
(A) c ( )12 ©) > (D) 2 /\
Getting atleast one 5. \
3 1 5 11 Oy
A) - B) - ©) = D) = 0)
5 5 36 36 ™

Directions (for Q. No. 28-35) : One card is drawn from a pack of 52 cards, each of the 5a¢ta cgbeing equally
likely to drawn. Find the probability that

The card drawn is black /\

(A) % (B) % (C) % (D) can{The determined
The card drawn is a queen

1 1 1
(A) T (B) 3 (®) 1 Q ) 2

The card drawn is black and a queen ,{,,’

A) = ® = ol & o
¥ 2 Q

The card drawn is either black or a queen

15 13 ‘b“ 5
® 5 ® é@% ©) o

The card drawn is either king or a queen

5 1 2 12
A) — B) — C) — D) —
A 2% ® 1 %" © 15 )13
The card drawn is either a heaypt a¥iAg or a queen
17 19 9
A) — B C) — D) —
(A) =2 ( © =2 (D) 26
The card drawn is % spade nor a king
9 1 4
A) 0 C) B) — C) — D) —
(A) ( )13 © > ( )13
The card drawn is neither a ace nor a king
1 2 11
A B) — C) — D) —
(A) (B) > ( )13 (D) 26

36. @‘n a well shuffled pack of 52 cards, three cards are drawn at random. Find the probability of drawing an ace, a

Ex g and a jack.

37.

16 16 16
A) —— B) — C) —— D) None of these
( )5525 ®) 625 ( )3125 ©)

Four cards are drawn at random from a pack of 52 cards. Find the probability of getting all the four cards of same
number.
1 7

17
A L B) 1 oy D) None of th
) 625 ®) So828 ©) 25850 (D) None of these



38. From a well shuffled pack of 52 cards, four cards are accidently dropped. Find the probability that one card is
missing from each suit.
17 2197 197

A) ——= (B) —— (C) — (D) None of these
20825 20825 1665
39. Four cards are drawn at random from a pack of 52 cards. Find the probability of getting all the four cards different
number. /\
141 117 264 \,
— B) — — D) None of these
) 4165 (B) 833 © 4165 ©) 0;)

Directions (for Q. No. 40-13) : Four dice are thrown simultaneously. Find the probability t &;b
40. All of them show the same face.

15 15 1
(A) m ®) I © 3¢ ©) 5 (\Q

41, All of them show the different face.

3 5 15 1
A) — B) — C) — D
® ® © ( )%EQ
42. Two of them show the same face and remaining two show the different faces.
4 5 11 '\% 7
A) — B) — C) — —
(™ 5 ®) § © 15 Q, )5

43. At least two of them show the same face. '{,q
47 0

A) - (B) — ©) - Q (D)
44, What is the probability that the number selected fron@mbers 1,2,3,....., 20, is a prime number when each of
the glven numbers is equally I|ker to be selecte

3
(A) (B) = @( ) = ©) ¢
45, Tlckets numbered from 1 to 18 are together and then a ticket is drawn at random. Find the probability that
the tlcket has a number which is @ of 2 or 3.
5
(A) 5 (B) (C) = (D) =
46. In a lottery of 100 ticke ered 1to 100, two tlckets are drawn S|multaneously Find the probability that both
the tickets drawn haye p a numbers.
47. In the previous agy}flnd the probability that none of the tickets drawn has a prime number.
29
A) — B) — C) — D) —
()66 ()33 ()66 ()50
48. Find the bility that a leap year selected at random will contain 53 Sundays.
3 4 2
B) — C) - D) —
(B) 2 © 2 (D) -

\T ections (for Q. No. 49-53) : A bag contains 8 red and 4 green balls. Find the probability that
he ball drawn is red when one ball is selected at random.

2 1 1 5
A) — B) — C) — D) —
(A) 3 (B) 3 ©) 5 (D) 5
50. All the 4 balls drawn are red when 4 balls drawn at random.

(A) 17 B) % ©) é (D) None of these



51. All the 4 balls drawn are green when 4 balls drawn at random.

7 5
— B) — C) — D) None of these
()495 ()99 ()12 (D)
52. Two balls are red and one ball is green when three balls are drawn at random.
56 112
A) — — — D) None of these
()99 ()495 ()495 (D) /\
53. Three balls are drawn and none of them is red. \
68 7
(A) (B) % ( ) m (D) None of these %
54. The odds in favor of an event are 2:7. find the probability of occurrence of this event. G)
2 5 7 /\: D)
A) — B) — C) — D) None of these
(A) 9 (B) o © o (D)

55. The odds against of an event are 5:7. find the probability of occurrence of this event. Q

3 7 2
A) — B) — C) - D) None of
(A) 3 (B) T © 2 (D) ).
56. If there are two children in a family, find the probability that there is atleast o @in the family.
1 1
(A) 2 (B) > © % (D) None of these
57. From a group of 3 men and 2 women, two persons are selected at r wtnd the probability that at least one
woman is selected.
1 7
A) — B) — C 9 D) None of these
OF ® 15 ©= P o
58. A box contains 5 defective and 15 non-defective bulbs T, Ibs are chosen at random. Find the probability that
both the bulbs are non- defective
® ® %’ (D) None of these
59. In the preV|0us question, find the probabilj @ﬁ t Ieast 3 bulbs are defective when 4 bulbs are selected at random.
— B) — C) — D) None of these
(A) 9 69 ( ) ( ) (D)
OB /\ »
Que. |1 2 8 4 5 6 7 8 9 10 11 12 13 14 15
Ans. | A A B | Bk Y| C D D A B C D D C B A
Que. | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Ans. | A B c\ B C C D B C C B D A B C
Que. | 31 g2 g8 34 35 36 37 38 39 40 41 42 43 44 45
Ans. | C o B A A B B C A B B C C C
Que. | 46 47 48 49 50 51 52 53 54 55 56 57 58 59
Ans. |A ANL” |D A B A B C A B C B C A

qu




QUADRATIC EQUATIONS

INTRODUCTION

When a polynomial f(x) is equated to zero, we get an equation which is known as a polynomial equation. If st a
. . . . . 3 .
linear polynomial than f(x) = 0 is called a linear equation. For example, 3x —2 = 0, 4t + c =0 etc. are line

equations. If f(x) is quadratic polynomial i.e., f(x) = ax* + bc + ¢, a # 0, then f(x) = 0 i.e., ax, + bx + #0is
called a quadratic equation. Such equations arise in many real life situations. In this chapter we mlga about
quadratic and various ways of finding their zeros or roots. In the end of the chapter, we will al \g\? S some
applications of quadratic equations in daily life situations.

HISTORICAL FACTS (\Q

On clay tables dated between 1800 BC and 1600 BC, the ancient Babylonians left th€ earliest evidence of the
discovery of quadratic equations, and also gave early methods for solving th O
Indian mathematician Baudhayana who wrote a Sulba Sutra in ancient Indi%a 8" century BC first used
quadratic equations of the form : ax® = ¢ and ax® + bx = ¢ and also gave methdds for solving them.

Babylonian mathematicians from circa 400 BC and Chinese mathe 1308 from circa 200 BC used the method of
completing the square to solve quadratic equations with positive ré0tg, bt did not have a general formula.

Euclid, a Greek mathematician, produced a more abstract geometrical’method around 300 BC.

The first mathematician to have found negative solutions wit Jéneral algebraic formula was Brahmagupta
(India, 7" century). He gave the first explicit (although stil ompletely general) solutions of the quadratic
equations ax® + bx = c as follows :
“To the absolute number multiplied by four times th ficient of the] square, add the square of the [coefficient
of the] middle term; the square root of the same [coefficient of the] middle term, being divided by twice
the [coefficient of the] square is the value.”

This is equivalent to : X=

solutions.

Bhaskara 11 (1114-1185), an athematician-astronomer, solved quadratic equations with more than one
unknown and is considere |g|nator of the equation.

Shridhara (India, 9" ce as one of the first mathematicians to give a general rule for solving a quadratic

equation.
AV

QUADRATIC EQUATIONS

Muhammad ibn Musa al- Kwarlzzll sfa, 9" century) developed a set of formulae that worked for positive

Ex. 2 +1=0,4x-3x*=0and1-x*=0
Gg@ rm of quadratic equations : ax’ + bx + ¢ = 0, where a,b,c, are real numbers and a# 0.
ver, it is general form of a quadratic equation in standard form.
%es of Quadratic Equations : A quadratic equation can be of the following types :

\(' b=0,c #0i.e.,ofthetypeax’*+c=0 (Pure quadratic equation)
(i) b =#0c=0i.e.,of thetype ax’ + bx =0
(iii)  b=0,c=0i.e., of the type ax2 =0
(iv) b #0,c #0i.e., of the type ax’ + bx + ¢ = 0 (Mixed or complete quadratic equation)
Roots of quadratic equation : X = « is said to be root of the quadratlc equationax2 +bx+c=0,a #0iffx =
satisfies the quadratic equation i.e. in other words the value of ac > + ba + ¢ is zero.
Solving a quadratic equation : The determination of all the roots of a quadratic equation is called solving the
quadratic equation.

A polyn%y quations of degree two is called a quadratic equation.
f



Ex.1  Check whether the following are quadratic equations :
(i) (x+1)*=(x-23) (i (x-2)(x+1)=(x-1) (x+3) (i) (x=3) (2x+ 1) =x (x + 5)
i Here, the given equation is (x + 1) = 2(x — 3)
= X*+2X+1=2X—6= X" +2Xx—2Xx+1+6=0
= x> +7=0=x*+0.x+7 =0, which is of the form ax* +bx+c=0
Hence, (x + 1)? = 2(x — 3) is a quadratic equation.
(i) Here, the given equation is (X —2)(x + 3) = (x — 1) (x + 3)
=S X2+ X—2X—2=X>4+3Xx—X-3= x> = x> =x—-2x-2+3=0=-3+1=0, (\

which is not of the form ax® +bx+c=0 0)\’

Sol.

Hence, (x —2) (x + 1) = (x — 1) is not a quadratic equation.
(iii) Here, the given equation is (X — 3) (2x + 1) X (x + 5) 0)
=  2X°+X-6Xx-3=x"+5x=2x* —x* -5x-5x-3=0= x*-10x-3=0, ‘)
which is of the form ax® +bx+c=0 (\

Hence, (x — 3) (2x + 1) = x(x + 5) is a quadratic equation.
Ex.2 Ineach of the following, determine whether the given values are the solution of the giy@.lation or not :

.2 5 1 22 2 a _b

i) ———+2=0;x=5x== ii) a“x” —3abx+2b° =0;x=—,x=—

® x> X 2 (i) b a 7
Sol. (i) Putting x =5 and X:%inthegivenequation. %

2 5 2 5 .
———+42and ————<+2
67 5 (1}2 (lj Q:Q
2 2
')
2 2 5 &
= —-1+2and ———+2
25 171 Q
4 2 '&
= i+1and 8—10+2:>z and 0 \Q(bi
25 25 S
i.e., x =5 does not satisfy but x%)atisfies the given equation.
Hence,x=5isnotaso@px=%isasolutionofX—22§+2=0.

(i)  Putting x:%and %inthe given equation.
2 2
az(ij —%@}szand az(gj —3ab[9j+2b2
b Q b a a
a2
b

=N 7@)2 —3a%and 0
? a ) b . . ) )
&l. ., X = b does not satisfy but X = — satisfies the given equation.
a
b - - a - - 2 2 2
\( Hence, X =— is a solution but X = E is not a solution of a“x“ — 3abx + 2b° = 0.
a

. . 3 .
Ex@ Find the values of p and g for which X = 2 and x = — 2 are the roots of the equation px* + gqx — 6 = 0.

. 3 )
Sol.  Since X = 2 and x = — 2 are the roots of the equation px* + gx — 6 = 0.

p(Ejz + q(Ej —6=0and p(-2)°+q(-2)—6=0
4 4



Ex.4
Sol.

Ex.5
Sol.

9 3
= x—+Qx——6=0and4p-29-6=0
p 16 q 4 p-29

= Wannd@ZqG:O

= 9p+129-96=0and4p-29-6=0

=  3p+4q-32=0 ()

and2p-q-3=0 ...(ii) (\

Multiplying (2) by 4, we get 8p —49—-12=0 ...(111)
Adding (1) and (3), we getp = 4 (};)\,

Putting the value of p in equation (2), we get

23x4-q-3=0=q=5
ek

Hence,p=4,q=5.

METHODS OF SOLVING QUADRATIC EQUATIONS Q(\

Solution by factorization method (\

Algorithm :

Step-I : Factorize the constant term of the given quadratic eq

Step-I1 : Express the coefficient of middle term as the sum ence of the factors obtained in
step-I. Clearly, the product of these two factors willag equal to the product of the
coefficient of x* and constant term.

Step-111 : Split the middle term in two parts obtained W—II

Step-1V : Factorize the guadratic equation obtained ?%,ep—lll by grouping method.

Solve the following quadratic equation by factorization meth&DZaX +a’-h?’=0

Factors of the constant term a’— b”are(a — b)&(a + b) also cient of the middle term = —2a = —[(a—b)+(a + b)]
x?—2ax +a°—b*=0 Q

x*—{@-b)+(@+b)}x+(@+b)(@a-b)=

x*—(a-b)yx—(a+b)x+(@-b)(a+b

X[x—(a-h)]-(a+h)[x—(a-h)]=

[x—(@-b)][x-(a+b)]=0

Xx—(a—-b)=0orx—(a+bh) =OQ)

X=a—-b,x=a+b

Solve the quadratic equation QAGX — 12 by factorization method.
5x° = — 16X — 12 %

5x°+16x +12=0

5x?+ 10X + 6x + 12 =0

5x(x+2)+6(x w

(X + 2) (5x + 6) Q

X+2=0=

Judidy

5X + 6 =

g@w factorlzatlon method

orlthm

@ Stop-I :  Obtain the quadratic equation. Let the quadratic equation be ax’ + bx + ¢ =0, a # 0.

Stop-1l Make the coefficient of x* unite by dividing throughout by it, if it is not unity that is obtain

b ¢
X*+=x+—=0
a a



Stop-111  :  Shift the coefficient term Eon R.H.S. to get x? +E __L

a a a
b 2
Stop-1V :  Add square of half of the coefficient of x. i.e., (2—j on both sides to obtain.
a
2 2
RORGECE Q
a a a a
_ . - b) b?-dac G)
Stop-V :  Write L.H.S. as the perfect square and simplify R.H.S.toget | Xx+— | = 5 0)
2a 4a fb
. b b® — 4ac 6)
Stop-VI :  Take square root of both sidesto get X+ — == 5
2a 4a A\
2
Stop-VII :  Obtain the values of x by shifting the constant term £on R.H.S. i.e.,(>\: —L =% b AZ'aC
2a P 2a 4a
Ex6 Solve : 9x?— 15x +6 =0 %O
Sol.  Here, 9%’ ~15x+6=0 .
, 15 6 - \Q
= X —3x+§=0 [Dividing ughout by 9]
')
= X —2x+2-0 &
373 Q
, 5. 2 Y .
= X*—=X-—=0 hifting the constant term on RHS]
3" 3 O

, (5 5 (5Y \Q . N .
= X =2 E X+ E == [Adding square of half of coefficient x on both sides]
5

( 5)2 2 %: E 5)2 25-24 ( 5}2 1
= X—==| =—=3 X——| = = X—=| ==
6 36@ 6 36 6) 36
= +¢% [Taking square root of both sides]

5 1 5 1 4 2

= x——:E— = X=—+—=1lor, X=———-=—=—
S 6 6 6 6 6 3
@1or,x:§

e
Ex.7 Solve thW tion x* — (\/é +D)x+ J3=0 by the method of completing the square.

Sol. Ve,
x> —(V3+D)x++/3=0

@\5 x> —(\B+1)x=—+/3

N Xz_z{\/ngleJ{\/gHJz:_\/§+(\/§+1J2
2 2 2

{X_\/§+1]2 _ — 43+ (3 +1)?
2 4




Ex.8

Sol.

( J§+1J2 _(\/5—1)2 3+l A3-1
= X — = = X— =+

2 2 2 2
L3+l 3-1 NV
2 2
Hence, the roots are +/3 and 1. (\
Solution by Quadratic Formula “Sreedharacharya’s Rule” (gb\

. . . —-b
Consider quadratic equation ax® +bx+c=0,a=0then x =

The roots of x are (\(\63
_ —b++/b®-4ac —b-+/b? —4ac Q
X = and
2a 2a (\

— —b- /7
= x:bJr—\/B or,x:b—\/ﬁ,whereDzbz—4ac
2a 2a O
Thus, if D =b*—4ac>0, then the quadratic equation ax2 + bx + &z 0 has real roots  and S given by
- —b=A+/D .
o= b+—\/5 and ﬂ — b—\/_ Q
2a 2a
, )
Discriminant : If ax“ +bx+c=0,a=0(a,b,ceR) isa tic equation, then the expression b? — 4ac is

known as its discriminant and is generally denoted by D .
Solve the quadratic equation x> — 6x + 4 = 0 by ysi adratic formula (Sreedharacharya’s Rule).

On comparing the given equation x* — 6x + 4€"$Mth the standard quadratic equation ax® + bx + ¢ = 0, we
geta=1,b=-6,c=4 Q)
Hence the required roots are

X(6)i\/(6)2@"6+«/736166+\/2_06+«/_4><5
B 2(1)(‘? - 2 o2 2

:2(3J_rJ§) _
2
;\) COMPETITION WINDOW

SOLUTIONS OF EQUATIONS REDUCIBLE TO QUADRATIC FORM
Equationsgrieh are not quadratic at a glance but can be reduced to quadratic equations by suitable transformations
Some ofyte demmon types are :
Tgpe X+ bx*+c=0 _ _ o ,
T e reduced toa quadratic equation by substituting x“=yi.e.,ay"+by+c=0

e 8 “Splve 2x" —5x" +3 =0
ingx“=y,weget2y"—5y+3=0

@xﬂ 2y-3)(y-1) =0 :>y=gor1

= (2y—3)(y—1):0:>y:gor1

Type-11 : aip(x)}* + b.p(x) + ¢ = 0 where p(x) is an expression in ‘x’
Putpp(xl) = ,pép(i) 2202 to get the quadratﬁ: equation a)e +by+c=0.
e.g._Sovg%g( +3x2—g(2+3x)76=0,xeR

Putting X"+ 3x =y, we gety2-y—-6=0

Solving, we gety =3 or — 2



= x?+3x=3 or x> +3x=-2

X—3i\/2_1
2

or x=—2or-1
b . .
Type-111 : ap (X) + —— =, where p(x) is an expression in X.
X
Putp(x) =yto obtairﬁ)the quadratic equation ay® — cy + b = 0. (\

X Xx+1 34
e.g. Solve —+——=—

N
Xx+1 x 15 ey G;b

Putting ——=y,weget, y=—=—
X+1 y

S ,\655

= 15y? —34y +15=0=y == or -
y y y=3%% (\
X :§ or—X :§:>X:_—50r— Q
Xx+1 3 Xx+1 5 2

Type-1V : (i) a[x2 +%}+b[x+l}+c =0 (ii) a[x2 +i2} + b{x—l}tc =6 ‘
X X X X §

2
If the coefficient of b in the given equation contains X + l , then replace x > by (x +LJ —2and put
X X

1—y In case the coefficient of b is x—l then replace x? Jg ( ——j +2and put x—1=y.
X &c’x X X
, 1 1 A

e.g. Solve 9 X" +— |-9 x+— |-52=0 Q

X X '&

Putting x+1= y,weget:9(y’—2)—9y—52= 0

X

10 7 1 1 7
y=—ory:—§ = X+—x= rx+—:——

3 X 3
—7++/13

1
= X=—=or3orx=

3 6 %
Type-V : (x+a) (x +b) (X +d)+k 0,suchthata+b=c+d.
Rewrite the equation in th

{(X+a)(><+b)} {(X+ +d)}+k=0
Put X’ + X (a+b) = ¢ +d) =y to obtain a quadratic equation in y i.e. (y + ab) (y + cd) = k.
e.g. Solve (x + 1§ (x ) (x+3)(x+4)=120

1+ 2 ¥ 3, we write the equation in the following form :
(X (x+4)}. {(x+2)(x+3)}=120
= §5x+4)(x2+5x+6)=120
P\,@x +5x =y, weget(y+4)(y+6)=120
y=-160r6
/\,@ x*+5x=—160r X’ +5x =6
= X =—60r 1 (x*+ 5x + 16 has no real solution)
Type-VI : Vax+b =(cx+d)
Square both sides to obtain (ax + b) = (cx + d)?

orc*+ (2cd—a)x+d>~b=0
Reject those values of x, which do not satisfy both ax+b>0and cx+d >0

e.g. Solve : vV2x+9+x=13



(2x+9)=(13-x)*>  (on squaring both sides)
x*—28x +160=0

= x=200r8

x = 20 does not satisfy 2x+9>0. So, x = 8 is the only root.

Type-VII : vVax® +bx+c =dx+e

Square both sides to obtain the quadratic equation x* (a— d?) + x (b — 2de) + (c — e?) = 0. solve it and reject thﬁe\
value of x which do not satisfy ax2 + bx + ¢>0 and dx + e >0.

e.g.Solve: V3x* +X+5=x-3 G;)
=  3x*+x+5=(x—3)*> (On squaring both sides) 6’)
= 2X2 +TX-4=0 = X=— or -4 (\

2 S

No value of x satisfy 3x* +x+5>0 and x—3>0 (\

Type-VIII : Jax+b++/cx+d =e ,
Square both sides and simplify in such a manner that the expression involvin% r?al sing on one side and all other

=
=

terms are on the other side. square both sides of the equation thus obtaine plify it to obtain a quadratic in
X. Reject these values which do not satisfy ax + b>0and cx + d>0.

e.g. Solve : vV4—X++/Xx+9=5 Q\Q
= VA—x=5-Xx+9
: _ 0
—  x+15=5 4/x+9 (on squaring both sides) 0
= (x+15)% =25 +/x+9 (on squaring both side&Q
= x=0or-5 %
Clearly, x =0 and x = — 5 satisfy 4 — x>0 and sti .
Hence, the roots are 0 and — 5 _ S
NATURE OF THE ROOTS OF THE\QUADRATIC EQUATION

Let the quadratic equation be ax2 %=0. ...(0)
Wherea #banda, b,c € R.

—b+
The roots of the given equ%%e givenby x = %_

i.e., of ¢ and [ argtw %ots of the quadratic equation (i). Them.

~-b-+/D
2a
ing cases are possible.

Now, th%glr
c@: When D > 0.
‘\; Roots are real and unequal (distinct).

~b+/D
——an
2a

a= and g =

The roots are given by « =

dﬁ:—b;fi

2

Remark : Consider a quadratic equation ax2 + bx+ ¢ = 0. where a,b,ce Q, a # b and D >0 them :

0] If D is a perfect square, then roots are rational and unequal.




(i) If D is not a perfect square, then roots are irrational and unequal. If one root is of the form
p +\/a (where p is rational and \/a is a surd) then the other root will be p —\/a .

Case-Il : When D = 0.
2a \(,\
Case-ll1 : When D < 0. G;b

No real roots exist. Both the roots are imaginary.

-b
Roots are real and equal and each root « =—=

A
Remark : If D <0, the roots are of the forma +ib (a,pe R&l = v/—1). If one root is a + ib, then other root
will be a—ib.

eb. x?—3x+12=0hasD=-39<0

. It’s roots are, & :ﬂ and ﬁ:ﬂ
2a 2a

3++—39 3—-+4/-39
or o :T and ,B:T
or a=§+i\/@ and ﬂ:g_@

2 2 2 2

>
COMPETITION WINDOW

o/
GEOMETRICAL REPRESQITATION OF QUADRATIC EXPRESSION
Consider the quadratic expressit@x& +bx+c,a=0&ab,c eRthen:

0] The graph between x,y i s a parabola. If a > 0, then the shape of the parabola is concave upwards &
if a < 0 then the sha parabola is concave downwards.

(i) The graph of y = a% + ¢ can be divided into 6 categories which are as follows :
(Let the roots ofige sduation ax*+bx+c=0be aand )

$ Fig(i) Fig(i) Fig(iii)

Roots are real Roots are Roots are

x; and distinct coincident complex conjugates
@ ax? +bx+c¢>0Vx e (—0,a) U (B,0)| ax’ +bx+c>0vxeR—(a) | ax’ +bx+c>0vxeR
ax’ +bx+c<0vx e (a, f)

Fig(iv) - Fig(v) Fia(vi)




ax’ +bx+c<0vxe(a, ) ax’+bx+c>0vxeR—(a) ax’ +bX+C>OVXE (\
ax® +bx+c¢ > 0Vx e (—0,a) U (B, ) 0)
Remark : (i)  The quadratic expression ax* + bx + ¢ >0 V x eR =>a> 0, D < 0 (fig (iii)) ();)
(i) The quadratic expression ax’+ bx+¢>0 V x €eR =>a >0, D < 0 (fig (vi))

Ex.9  Find the nature of the roots of the foIIowmg equations. If the real roots exist, find them. (\
(i)2x*°—6x+3=0 (i) 2x*—=3x+5=0
Sol. (i) The given equation 2x? —6x + 3=0 (\
Comparing it with ax® + bx + ¢ = 0, we get

a=2,b=-6andc=3. O
Discriminant, D = b*— 4ac = (-6)°—4.2.3=36-24=12>0 %
D >0, roots are real and unequal.

. ~b+JD 64412 6 ° 3443
Now, by quadratic formula, X = = = =

2a 2% 2 2
3+\/§ 3—\/5
2 2

(i) Here, the given equation is 2x* —3x +5=0; '&'Q

Hence the roots are X =

Comparing it with ax? + bx + ¢ = 0, we get
a=2,b=-3andc=5

Discriminant, D =b?>-4ac=9 — 4xzé\y99_4o=_31

N D <0, the equation has no real r%
Ex.10 Flnd the value of k for each of the followindquadratic equations, so that they have real and equal roots :
(i) 9x* + 18kx + 16 =0 %m)(k+1)x2—2(k—1)x+1=0
Sol. (i) The given equation 9x2%z)< +16=0
Comparing it with + ¢ =0, we get
a=9,b=8kandc=
Discriminant, D

— 4ac = (8K)* — 4x 9% 16 =64k* — 576

The given equation(k + 1)x* = 2(k—1) x +1=0
Comparing it with ax® + bx + ¢ = 0, we get
\, a=(k+1),b-2(k-1)andc=1
@ Discriminant, D=b*—4ac=4 (k—1)* -4 (k + 1)x1
= 4K -2k +1)—4k—4
= 4K —8k+4—4k—4=4K —12k
Since roots are real and equal, so
D=0 =4k’ - 12k=0 =4k (k- 3)=0
= eitherk=00rk—-3=0 =k=00rk=3



Hence, k=0, 3.

Ex.11 Find the set of value of k for which the equations kx® + 2x + 1 has distinct real roots.
Sol.  The given equation is kx* +2x +1=0

D=(4-4 xkx1)= 4c-4k

For distinct and real roots, we must have, D > 0.

Now, D=(4-4k)>0=4>4k < 4k <4 < k<1,
. Required set={k eR: k< 1} (\
Ex.12 Find the of k for which the equations 5x* — kx + 4 = 0 has real roots. fb\/
Sol.  The given equation is 5x*— kx + 4 =0 GD
: D=k -

4 x5x4=k>-80 (b
For real roots, we must have, D > 0. (\‘)

Now, D>0<k?-80>0<k2>80<>k>~/800r k<—+/80 <=k >4/5or k < 4

(A)
()

(i)
(iii)
(iv)

v)

COMPETITION WINDOW

ROOTS UNDER PARTICUALR CASES

Let the quadratic equation ax® + bx + ¢ = 0 has real roots and
If b =0 < roots are of equal magnitude but of opposite sign.

. . b
If c =0 < oneroots is zero and the other is ——
a

If a =c <= roots are of opposite sign.
Ifa>0c<0
} <> roots are of opposite sign.
a<0c>0
Ifa>0,b>0,c<0
} < both roots are negative (o + f <0& af > 0)
a<0,b<0,c<0
Ifa>0,b<0,c>0
} <> both roots are positive (o + f <0&af >0)
a<0,b>0,c<0

. . C
If a+ b+ c=0< One of the roots is 1 and the other roots is —.
a

Ifa=1b, c e Zand the roots are rational numbers, then these roots must be integers.

Ifa, b, c € Qand D is a perfect square <> roots are rational.

(A) Ifa, b, c € Qand D is positive but not a perfect square <> roots are irrational.

(B) If ax* + bx + ¢ = 0 is satisfied by more then two values, it is an identity and a=b = ¢ = 0 and vice versa
(C) The quadratic equation whose roots are reciprocal of the roots of ax’> + bx +c=0iscx*+bx+a=0
(i e. the coefficients are writer in reverse order).

@’y

Then o

& PRODUCT OF THE ROOTS
a and f be the roots of the quadratic equation ax’ + bx + ¢ =0, a=0.

_—b++v+b*-4ac and ﬂ_—b—\/+b2—4ac
2a 2a

The sum of roots a + 3 = _b_ _M
a Ceoff.of x




Ex.13

Sol.

c costantterm
and product of roots = a.f =—=— — -
a coefficient of x

FORMATION OF QUADRATIC EQUATION

Consider the quadratic equation ax’* + bx +¢c =0, a=0.
Let o and S be the roots of the quadratic equation (\

a+,8:—9and ap=S \,
a a G)
Hence the quadratic equation whose roots are @ and f is given by GD

x> —(a+ B)x+af =0 6;’)
i.e. x> — (sum of the roots) x + product of the roots = 0 (\(\
Form the quadratic equation in each of the following cases when the roots are : Q

(i) 2++/52—+/5 (i) aand i (\

() Here roots are & =2++/5 and f= 2-+/5 Q
: Sum of roots :a+ﬂ(2+\/§)+(2—\/§) %
a+p=4
and product of the roots = .3 = (2+\/§).(2—\/§) =4 A{y},’
apf= §

Reqmred equation is
x* — (sum of the roots) x + product of the roots = &’)

or X’ —(a+ )X +af =0 Q
or x> —(4)x+(-1)=0 '&

x> —4x-1=0

(i) Here roots are a and 1 &

a

oz+,B:a+l and a.ﬂ:axl@
a a

',
Here the required equati{yij::} - (a + ij Xx+1=0
N 2

Ex.
Sol.

COMPETITION WINDOW

CONDITION FOR TWO QUADRATIC EQUATION TO HAVE A COMMON ROOT
Suppose that the quadratic equation ax’ + bx + ¢ =0 and a’x* + b’x + ¢’ = 0 (where a, a’ # 0 and ab’ — a’b# 0) have

a common root. Let this common root be & Than aa’ba+c=0 and a'a’b'a+c'=0
Solving the above equations, we get,

> a1

bc—b'c a'c—ac ab-ab

» _bc-b'c a'c—ac'

and o =
~ab-a'b ab-a'b

(a'c—ac’)® _bc-b'c
(ab—a'b)> ab-a'b
= (a'c—ac')? = (bc'—b'c) (ab'-a'b)
This is the required cgndltlon for two quadratic equations to have a common root. To obtain the common root,
make coefficient of x* in both the equation same and subtract one equation from the other to obtain a linear

equation in x. Solve it for x to obtain the gommon root.
For which value of k will the equatlons x*—kx-21=0 and x? — 3kx + 35 = 0 have one common root.

Let the common root be & than, a? —ka—21=0 and a® —3ka —-35=0.

=

Eliminating o , we get :




Ex.14
Sol.

Ex.15
Sol.

Ex.16
Sol.

2 o 1

[04
35k —63k —21-35k —3k+k
azi{%k:—_Yk and K=§:7k2=28><4:>k:i4
56 4 4k

CONDITION FOR TWO QUADRATIC EQUATION TO HAVE THE SAME ROOT

Solving by Cramer rule, we have :

A

Two quadratic equations ax” + bx + ¢ = 0 and a’x” + b’x + ¢’ = 0 have the same roots if and only if \
a_ b _c fb
a b G)
APPLICATIONS OF QUADRATIC EQUATIONS (\60)
Algorithm : (\
The method of problem solving consists of the following three steps :- Q
Stop-1 : Translating the word problem in to symbolic language (mathematicalgt\ééement) which means
identifying relationships existing in the problem & then forming the guadratic equation.
Stop-11 : Solving the guadratic equation thus formed
Stop-111: Interpreting the solution of the equation which means translats @e result of mathematical
statement into verbal language.
Type-1 : Problems Based On Numbers.
The difference of two numbers is 3 and their product is 504. Find th Brs.
Let the required numbers be x and (x — 3). Then, w
X (x —3) =504

=  x*-3x-504=0 =>x*—24x +21x—-504 =0 '&”
= X (X 24) + 21 (x—24) = 0 = (X — 24) (X + 21) = QALY
=  x-24=00rx+21=0 =>x=24orx=-21 '§

If x =— 21, then the numbers are — 21 and — 24. ,&

Again, if x = 24, then the numbers are 24 and 21. ‘b’

Hence, the numbers are — 21, — 24 or 24, 21 \%
The sum of the square of two consecutive odd @ ive integers is 290. find the integers.

Let the two consecutive odd positive inte and (x + 2). Then.
X2+ (x +2)%=290 ‘@
143=

= X+ x2+4x=290 =x* + 2% — 0

= x*+13x—11x—-143=0 %13)- 11 (x+13)=0
= (x+13)(x-11)=0 3orx=11

If x = — 21, then the numbers 1 and — 24.

But — 13, is not an odd pos{ iAteger.

Hence, the required integers-ave 11 and 13.

Type-I11 : Problear%!ased On Ages :

Seven years ago Vahyn’s’age was five times the square of Swati’s age. Three years hence, Swati’s age will be two
fifth of Varun’s .@' d their present ages.
of

Let the present aQes/0f Varun and Swati be x years and y years respectively.
Seven yea

Varun’sgge S(x — 7) years and Swati’s age = (y — 7) years.
%’7)=5(y—7)2:>x—7=5(y2—14y+49)

X’= 5y? — 70y + 245 + 7 = x = 5y’ — 70y + 252 ..()
years hence,
n’s age = (x + 3) years and Swati’s age = (y + 3) years.

@\' (y+3)=§(x+3):>5y+15=2x+6:>x=5y2+9 ...(ii)

From (i) and (ii) we get 5y* —70y + 252 = Sy +9

= 1O¥2—140y+504=5y+9 =10y* — 145y + 495 =0 =>2y* - 29y + 99 =0
= 2y°—18y—11ly+99=0 =2y (y-9)-11(y-9)=0




Ex.17

Sol.

Ex.18
Sol.

Ex.19

Sol.

%

= (y9)(2y11)=0:>y=9ory:1?1

11 . . 11
y = — is not possible [ —< 7}
2 2
So, y=9.
5x2+9 =27 [From (ii)] \
Hence, the Varun’s present age is 27 years and Swati’s present age is 9 years.. f}D\
Type-I11 : Problems Based On Geometrical Concepts : GD

of the altitude by 1 cm. Find the length of each side of the triangle.

Let AABC be a right triangle, right angled at B.

Let AB = x. Then Q
AC=(2x+1andBC=(2x+1)-2=2x-1 (\
= AABC, AC? = AB? + BC? [By Pythagoras theorem]

= (2X+1)P=x+(2x-1) = P +ax+ 1=+ 40— 4x + 1 5 O

The length of the hypotenuse of a right triangle exceeds the length of the base by 2 cm and ex ;\% ce the length

= x> =8x = x=8cm,
BC=2x-1=2x8+1=15cm

AC=2x+1=2x8+1=17cm Q:Q

Hence, the sides of the given triangle are 8cm, 15 cmand 17 cm.

Type-1V : Problems Based On Perimeter/Age :

Is it possible to design a rectangular park of perimeter 80 area 400 m?? If so, find its length and breadth.
Let the length and breadth of the rectangular park be ¢ spectively. Then,

(+b=40 = /=(40-Db) \Q

And area of the park = 400 m? ‘g

.. /b =400 @

=  (40-b) b =400 =40b - b2 = 40

=  b?-40b+400=0 =b*— «#00=0

= b(b- 20) 20 (b —20) b 20) (b—20)=0
= (b-20)’=0 :>b =20m
{=40-b=40-

Hence, length and brea e park are 20 m and 20 m respectively.
Thus, it is p035|ble a rectangular park of perimeter 80 m and area 400 m?
Type-V : Q s Based On Time and Distance :

A train trave at a uniform speed. If the speed had been 5 km/h more, it would have taken 1 hour less tor
the same 'Eo ey. Find the speed of the train.

Letthe s of the train be x km/h. Then,
Ti en to cover the distance of 360 km = @ hours.
X

@\e speed of the train increased by 5 km/h. Them,

Time taken to cover the same distance = (iOSj h
X+

According to the question, ﬁ —ﬂ =1
X  X+5

360(x +5) —360x
X(x+5)

=0=360x+1800-360x = X* +5x



Ex.20

Sol.

Ex.21

Sol.

%

= x? +5x—1800=0= x* +45x—40x-1800=0

= X(X+45)—-40(x+45)=0= (x+45)(x—40)=0

= Xx=-450r x=40

But the speed can not be negative.

Hence, the speed of the train is 40 km/h.

Type-VI : Problems Based On Time and Work : (\9
aller

. .43 .
Two water taps together can fill a tank in 95 hours. The tap of larger diameter takes 10 hours less than the@qf

one to fill the tank respectively. Find the time in which each tap can separately fill the tank. Gl;)
Let the tap of larger diameter takes x hours to fill the tank. Then, the tap of smaller diameter take @j ) hours to
fill the tank. ?«)

The portion of tank filled by the larger tap in one hour = l , the portion of tank fillsﬂ{)x—ue smaller tap in
X

N\

one hour =

X+10 /
And the portion of tank filled by both the smaller and the larger tap in one h% gl_s = %
gf

1,1 .8 Q:Q

X x+10 75

X+10+x 8 2x+10 8 )

X(x+10) 75 x“+10x 75 Q

15x + 750 = 8x° + 80x =>8x* — 70x — 750 = 0

4x* —35x — 375 =0 =>4x>— 60X + 25x — 3
4x (x—15) + 25 (x—15) =0 :(x—lS‘&; 25)=0

= x=150r x= T 2 Q)

But the speed can not be negative.

Hence, the larger tap takes 15 ho the smaller tap takes 25 hours.
Type-VI : Miscellaneou ms :

300 apples are distributed ;:; among a certain number of students. Had there been 10 more students, each
would have received on less. Find the number of students.

Juy J

Let the number gfst ts be x. Then,

The number 6€apples received by each student = —O
X

if there i ore students, i.e., (x + 10) students. Then,
T ber of apples received by each student = 300
Xx+10

‘\;cording to the question, 300_ 300 =1
X

X+10
300x +3000—-300x _1=3000= %’ +10x
X(x+10)

x* +10x —3000=0=> x* + 60x —50x —3000=0
X(X+60)-50(x+60)=0= (x+60)(x-50)=0
X =-600r x=50

b Uy



But the number of students can not be negative.
Hence, the number of students is 50.

SYNOPSIS

Quadratic Equation : A quadratic equation in one variable x is of the form ax? + bx + ¢ = 0, a = Owhere a, b and
c are real numbers. (\

Roots of the quadratic equation : A real number « is said to be a root of the quadratic equation or a ij) e
guadratic polynomial if and only if « satisfies the equation i.e., which make LHS = RHS. 0;5

Sreedharacharya formula : ax’ + bx + ¢ =0, a=0, b*— 4ac >0. (\6
. —bxvb?-4ac  -b+b?-4ac ﬂ_—b—\/b2—4ac Q(\
2a 2a ’ 2a
/
Nature of roots : A quadratic equation ax’> + bx + c =0, a=0has: Q
(i) No real roots if D < 0. (i) Two distinct real roots if D > 0. (iii)Sf wo equal real roots if D = 0.

Relation between roots of equation : ax* +bx+c=0, a=0 ‘Q\Q

0

-b c 0

Sum of roots = & + = —, Product of roots = aff = — Q
a @

Formation of quadratic equation when roots \@ven cax® +bx+c=0[x*—(a+ B)x+af]
)
N

EXERCISE -1 é., (FOR SCHOOL/BOARD EXAMS)
A

OBJECTIVE TYPE QUESTIONS
>~

CHosse THE CORRECT ONE

Y
1. Which of t lowing quadratic expression can be expressed as a product of real linear factors?
3 (B) 3x* —v/2x — /3 (C) V2x2 —/5x +3 (D) None of these

(A) X
2. T@\ idates attempt to solve a quadratic equation of the form x* + px + ¢ = 0. One starts with a wrong value of
@d inds the roots to be 2 and 6. The other starts with a wrong value of q and finds the roots to be 2 and — 9. Find
x correct roots of the equation :

Qs B)-3,-4 ©3,-4 ©)-3.4
3. Solve for x : 15x* — 7x—36 =0
5 4 9 4 5 3
A) —,—— B) —,—— C) ——— D) None of these
( )9 3 ( )5 3 ( )9 2 (D)

4, Solve fory : 7y% —6y—13yJ7 =0



10.

11.

12.

13.

14.

15.

16.

17.

I

19.

(A) V7,247 (B) 3,% ©) %—ﬁ (D) None of these

Solve for x : 6x% + 40x = 31

@32 OFs ©0° © 3> A
8 5 8 2 3 32
Determine k such that the quadratic equation x* + 7 (3 + 2K) — 2x (1 + 3k) = 0 has equal roots : (b\/
(A) 2,7 (B)7,5 (®) 2,—Q (D) None of thesﬂ;b
9
Discriminant of the roots of the equation — 3x* + 2x —8 = 0 iis
(A)-92 (B)—29 (C) 39 (D) 49 (\
The nature of the roots of the equation x> —5x + 7= 0 is Q
(A) No real roots (B) 1 real root (C) Can’t be determined(D)/None of these
The roots of ax* + abx = b? a=0are: Q
(A) Equal (B) Non-real (C) Unequal (D) None of these
The equation x> — px +q =0 p, q € R has no real roots if : .
(A) p? > 4q (B) p*< 4q (C)p°= 4%\? (D) None of these
Determine the value of k for which the quadratic equation 4x? — 3kx =0 has equal roots :

2 4 "
) iH (®) iH (§§bt (D) £6
Find the value of k such that the sum of the square of ofs of the quadratic equation x> — 8x + k = 0 is 40 :

(A) 12 ®)2 «9@ ©)5 8
Find the value of p for which the quadratic eq@% X2+ p (4x + p—1)+ 2 = 0 has equal roots :
A -1.2 (B)3,5 ©1-2 © 52

3 3

The length of a hypotenuse of a t%ar?gle exceeds the length of its base by 2 cm and exceeds twice the length of
the altitude by 1 cm. Find t %t of each side of the triangle (in cm) :
(A) 6,810 8%24, 25 (C) 8,15, 17 (D) 7, 40, 41
A two digit numberds shhat the product of it’s digits is 12. When 9 is added to the number, the digits
interchange thei p&find the number :
(A) 62 ‘% (B) 34 (C) 26 (D) 43
A plane Jgft 29 minutes late due to bad weather and in order to reach it’s destination, 1600 km away in time, it had
to $§Is speed by 400 km/h from it’s usual speed. Find the usual speed of the plane :

0 km/h (B) 750 km/h (C) 800 km/h (D) None of these

Q sum of the squares of two consecutive positive odd numbers is 290. Find the sum of the numbers :

A shopkeeper buys a number of books for Rs. 80. If he had bought 4 more for the same amount, each book would
have cost Re. 1 less. How many books did he buy?

(A)8 (B) 36 (C)24 (D) 28

The squares have sides x cm and (x + 4) cm. The sum of their areas is 656 cm?. find the sides of the square.
(A)8cm,12cm (B) 12 cm, 15 cm (C)6cm,10cm (D) 16 cm, 20 cm



20. The real values of a for which the quadratic equation 2x* — (a® + 8a — 1) x + a” — 4a = 0 possesses roots of opposite
signs are given by :
(A)a>6 (B)a>9 (C)0<a<4 (D)a<0
OBJECTIVE ANSPER KEY EXERCISE -1 (\
Que.12345678910111213141503
Ans. |[B | B B C D C A A C B B A |A C B‘n
Que. |16 |17 |18 |19 |20 r
Ans. |C |B B D C D
(\ A
EXERCISE -2 (FOR SCHOOL/B6ARD EXAMS)
SUBJECTIVE TYPE QUEST.ION_S
N
VERY SHORT ANSWER TYPE QUESTIONS Q:Q
1. State which of the following equations are quadratic equation . &')
(i) 3x+1—8=0 (i) 18x* —6x =0 (iii) x* JQ: 7-6%° (iv) x> =25 (V) 6x°+3x*-7=0
X
(Vi) X+ = =3 (vii) 5X? + 6x = 7 @Sx _2x-3= omﬁﬁi:Z
X 8 8
1 : Q).
x) \/§+T =4 (xi) (x+1)(x+% (xii) (2X +1)(3x +2) = 6(X —1)(X — 2)
X
(xiii) 16x* —3=(2x+5)(5x —3) % xiv) (x—2)*+1=2x-3 (xv) X(X+1)+8=(x+2)(x-2)
(xvi) x(2x—=3) =x* +1 i) (x+2)°=x*-4 (xviii) x2+%=3
X
2. Represent each of the fqllo situations in the form of a quadratic equation :

0] The sum of the es of two consecutive positive integers is 545. We need to find the integers.
(i) The hypo a right triangle is 25 cm. The difference between the length of the other two sides of the
triangle {s 5 ¢M. We need to find the lengths of these sides.
(iii)  One ¥year &go, the father was 8 times as old as his son. Now his age is square of the son’s age. We need to
fi ¥ present ages.
(|v) nd Raj together have 45 marbles. Both of them lost 5 marbles each, and the product of the number of
rbles they now have is 124. We would like to find out the number of toys produced on that day.

was found to be 55 minus the number of toys product in a day. On a particular day, the total cost of
production was Rs. 750. We would like to find out the number of toys produced on that day.
n each of the foIIowmg determine whether the given values are the solutions of the given equation or not :
(a) 0] X*—Tx+12=0;x=3,x=4
(i) X2 —\2x—4=0: x=—/2,x=-22
1 -1

(iii) 1Ox—1=3; X#0,X==,X=—
X 2 2

f A cottage industry product a certain number of toys in a day. The cost of production of each toy (in rupees)



a b a+b

v + =2; (x=a,b) ; x=(a+b),x="——
) STy T2 Fab) i x=@rb)x==3
()] x> — (V2 +/3)x+/6 =0; x=/2,x=4/3
(i) §+9=a—+b;(x¢0),x=a,x=b
a X a
4, In each of the following find the value of k for which the given value is a solution of the given equation : (\
(i) (x+3)(2x—3k)=0: x=6 (i) 3V7X2 —4x+k =0: x:? G;b

5. Find the value of p and q for which x = % and x = — 3 are the roots of the equation px* + 7x Jr(\@

SHORT ANSWER TYPE QUESTIONS
Find the solutions of the following quadratic equations by factorization method a'w@ck the solutions

1-24
1. 5732212 0 ,
2
2 3@+1} _27 ‘;\Q
3. 16(x —4)° =9 (x + 3)°
4. x°—300=0 .
5. x’+(a_b)x=ab "o
6. (3x+a)(?:;<_+b)=\/a_b
7. x> —(A+v2)x++/2=0 o
8.  3JTx2+4x—+7=0 &
9. \/_}/ +11y+6\/_ 0 Q
10.  abx’ —(a®+b)x+ab=0 :&
x 1
1. xX*-=-—=0
12 12 Q)&
12. x2+(a+1Jx+1=0 Q)
a
a a+b
13. X +(—+—jx+1 0 Q)%
a+b
a+b+x a b X
15 2x 1 3 B
' x 3" 2x+3 \;3(’2x+3)
16. - ﬂ‘é
— X
17. %‘ 2 i
X 4
18, ’é_lz_“
1 x 15
+3 3x-7
% X+2 2x-3
2. 2 2 5 25

21 2x 1 x+3 3
X+3 2x 1



22.

23.

24.

25.
26.

27.
28.

29.
30.

31.
32.

33.
34.
35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

4x—3_10 2x+1 _3
2X+1 4x -3

5 X+2 9 2X—-3 _3
2X—3 X+2
X +2x+1_@
2x+1 X 21

and6the ZOOtS of each of the following quadratic equations by the method of completing the squarﬂ?}r 29)
X+4=
2x°~5x+3=0

VBx? +9x+4+/5 =0 60;)

(5z + 2a) (3z + 4b) = 8ab
272x2 +/15x++/2 =0

Find the solutions of 3x? —2+/6x+2=0 by the method of completing the squares w VQ
(i) x is a rational number (if) x is a real number

Find the solutions of 15x + 3 =17x, when (i) x is a rational number (ii) X is a real numb

Find the solutions of 5x* — 6x — 2 = 17x when (i) x is a rational number (ii) x is a reaf number.

Elgd t3he rosotsoof each of the following quadratic equations by using thg@@atlc formula (33 - 50) :
X+ 3x +

NG 2—16x+64=0
X°—-5x+2=0

2%x2 242X +1=0 Q{

3x?2/5x ~5=0
3a’x’ + 8abx + 4b” = 0, a# 0 &"

x+1:3,x¢0 Q
X @

X;Z:izix;éo

‘5 " N

y——+1:0,y¢0 Q
y

X=3 x+3_¢6 .. 33

X+3 X-3 7 Q)%
X+2 X-2 5
+ X # 2,
X—2 é
X —1—4x¢0?y
X 1 X
) 4
X 2

[ZX -1 3x¢1,E
-3 2

X
X2 4x—2x +3=0
Vag +11(y +4y)+28=0

(x +3x+2) —8(x +3x)-4=0

49, ? j+2 0, x=-1
5 :

Find the nature of the roots of the foIIowmg equations. If the real roots exist, find them :
(a) (i))6x*+x—-2=0 (i) 2X2 +54/3X + 6 = 0 (jii) 2x>— 6x + 3 = 0 (iv) 32 + 8abx + 4b> = 0, a# 0
(b) Find the discriminant of roots of equation 3x? — 2x + 3 = 0and hence find the nature of its roots. Find

them, if they are real.
(c) What is the nature of roots of the quadratic equation 4x* — 12x —9 = 0?



52.

53.
54.
55.

56.
57.

58.

Find the value of k for each of the following quadratic equations, so that they have two real and equal roots :

@) (i) 2x* +kx+3 0 (i) kx* —2/5x+4=0 (i) 4x* = 2(k + 1)x + (k +4) =0
(iv) (K=3)x*+4(k—-3)x+4=0

(b) (i) x* —2(k+1)x+k2-0 (i) (K+ 42+ (x+ 1)x+1=0 (iii) kx? —24/5x+4=0

iv) 2kx? — 40x +25=0
E i) (k—12)x° + f(k 12)x+2=0 (||)x—kx+4 0 (iii) 2x° -(k-2)x+1=0
etermine the value(s) of p for which the quadratic equation 2x* + px + 8 = 0 has (i) real roots.

Show that the equation x?+px—1=0has (i) real and distinct roots for all real values of p

@) If — 2 is a root of the quadratic equation x* + px + 2 = 0 and the quadratic equatlon 2x% + px + k
equal roots, find the value of k.

(b) If — 2 is a root of the céuadratlc equation x* + px + 2 = 0 and the quation 2x* + px + q =0 h oots,
find the value of p an

. a ¢
If the equation (a® + b?)x? — 2(ac + bd)x + (c® + d?) = 0 are equal, prove that — =—or ad =

Prove that both the roots of the equation (x + a)(x + b) + (x +b)(x +¢) + (x +¢) (X + a) 7 ?;\ always real and can
not be equal unlessa="b =c. )
(@) If the root of the equatign x + 2cx + ab = 0 are real and unequal, prove that the 8guation
-2@+bh)x+a" +b°+ Qhasnorealroots
Ebg Prove that the equation x ( b%) + 2x(ac + bd) + (c? + d°) = 0 has no real r’ots if ad # bc.
c If p,g,r and s are real number such that pr = 2(q + s) than show that a @)ne of the equation x> + px + q =

0 and x° + rx + s = 0 has real roots.

SBJECTIVE ANSPER KEY EXERCISE -2 (x)-CBSE

VERY SHORT ANSWER TYPE QUESTIONS

1. Equatlons in questions No. (1), (ii), (iv), (vii), (ix), (X|||),2(X|v) (xvi) and (xvii) are quadratic equations.

2. (i) X ,FX=272=0, where X Is the smaller integer. (ii) x° + 5x — 300 = 0, where X is the length of one side.
Il x —8x + 7 =0, where x (in years) is the present age of son.

iv x —45x + 324 = 0, where x Is the number of marbles with Ravi.

V) X* —55x + 750 = 0, ‘where X (in km/h) is the speed of the train.

3. (a) (i) Both are solution (ii) X =—/2 isasolution but X = —2\/5 is not a solution.

1. . -1 . . .
(iii) x =— is asolution but X =— is not a solution. (iv) Both are solution

(b) (i) Both are solution (ii) Both are solution

4. (i)Y k=4, (ii) k=-+7 5. p=3,q=-6
SHORT ANSWER TYPE QUESTIONS

2 2 (a+D) f f 2
1. £-2 2.4,-8 3.1,25 4.10J3-1 5.b,-a 6. 0,— 7. g — ¥ R W
373 0:/3,-104/3 . V2 7 3
10. 39 11. 1—1 12. al 13, —a—(a+b) 14.-a —b 15.—1 16.12, -2 17. 0,Z 18. —5 3
b'a 3" 4 a a+b’ a 2 2'2
19.5,—1 20. 6ﬂ 21. —10—1 22. —fl 23. Eé 24, 3,—1 25. 3++/5 26. 1,g 27. —\/E,_—4
13 5 3’8 5'8 11 2 J5
28. O,—w 29. No solution 30. (i) No solution (ii) \/Z 31. (i) No solution (ii) 17+ 109,17_ 109
15 3 30 30
+ i —
32. (i) No solution (ii) 3419 33. No solution 34.8 35. 1,g 36. 1 37. E—\/g 38. —2b—2b
5 3 V2 3 a ' 3a
39. 3+*/_ 8- */_40 3417 3-17 41. ———42 42 436 _644. 1+*/§,1_*/§45. 3+*/§,3_*/§
2 2 2 4 2 2 3 3
-3+ -3+
46. %% 47.-1,3, 1++/21-/2 48.-2,-1, 3—2m, 3;*6 49.-2,150. 1,0,—3—4
V3 3+f 3- f b 11
51. (a)(n)——()——zf( i)

, b) —,— (c) Roots are real and unequal
3 (b) 3'3 (© q




52. (a) (i) k =26 (ii) k=% (iii) =— 3,5 (iv) k=4 ; (b) (i) k=%1 (ii) k = 5, — 3 (i) k:% (iv) k=8

(©) (i) k = 14 (ii) k = + 4 (iii)k =2++/253. (i) p= + 8 (i) p< —8orp > 8, peR 55. k:%,(b)p=3, q:%
EXERCISE -3 (FOR SCHOOL/BOARD EXAMS)

A\
N
n;)

APPLICATIONS TO WORD PROBLEMS

1. Find the numbers whose sum is 40 and product 375. 0)
2. The difference between two integers is 4. Their product is 221. Find the numbers. (\6
3. The sum of a natural number and its reciprocal is @ Find the natural numbers. (\
8 (\Q
4, Divide 27 into two parts such that the sum of their reciprocals is i .

20 ’

The sum of two numbers is 12 and the sum of their squares is 74. Find the na @umbers.

Find two consecutive natural numbers, the sum of whose squares is 145. %

Find two consecutive positive even integers, whose product is 224. .

The sum of the squares of three consecutive odd numbers is 2531. A@% numbers.

Find two consecutive multiples of 3 whose product is 270.

10. A number consists of two digits whose product is 18. If 27 is drto the number, the digits interchange their
places. Find the number

11. A two-digit number contains the smaller of the two digit e unit place. The product of the digits is 40 and the
difference between the digits is 3. Find the number.

12. The sum of numerator and denominator of a certgi tion is 10. If 1 is subtracted from both the numerator and

© NG

denominator, the fraction is decreased by i@ﬁrd the fraction.

13. Two years ago, a man’s age was thre tir&e square of his son’s age. In three years time, his age will be four
times his son’s age. Find their pre €s.

14, A tank is filled by three pipes orm flow. The first two pipes operating simultaneously fill the tank in the
same time during which the ys’Tilled by the third pipe alone. The second pipe fills the tank 5 hours faster than
the first pipe and 4 hours S%r than the third pipe. Find the time taken by the first pipe alone to fill the tank.

15. A booster pump can be %& or filling as well as for emptying a tank. The capacity of the tank is 2400 m°. The
emptying capacit %hg ank is 10 m® per minute higher than its filling capacity and the pump needs 8 minutes
lesser to empty the tank than it needs to fill it. What is the filling capacity of the pump?

16. Albert goes is friend’s house which is 15 km away from his house. He covers half of the distance at a speed of
x km/hr and\(he remaining at (x + 2) km/hr. If he takes 2 hrs 30 min. to cover the whole distance, find x.

17. (i) Adtr vers a distance of 780 km at x km/hr. Had the speed been (x — 5) km/hr, the time taken to cover

&s me distance would have been increased by 1 hour. Write down an equation in x and solve it to evaluate x.
fi train covers a distance of 600 km at x km/hr. Had the speed been (x + 20) km/hr, the time taken to cover

\? the same distance would have been reduced by 5 hour. Write down an equation in x and solve it to evaluate x.
y increasing the speed of a car by 10 km/hr, the time of journey for a distance of 72 km is reduced by 36 minutes.
Find the original speed of the car.

19. The distance by road between two towns A and B, is 216 km, and by rail it is 208 km. A car travels at a speed of x

km/hr and the train travels at a speed which is 16 km/hr faster than the car.

0] Write down the time taken by the car to reach town B from A, in terms of x.

(i) Write down the time taken by the train to reach town B from A, in terms of x.

(iii) If the train takes 2 hours less than the car to reach town B, obtain an equation in x and solve it .



20.

21.

22.
23.

24,
25.

26.

217.

28.

29.
30.

%

33.

34.

(iv) Hence, find the speed of the train .
Car A travels x km for every litre of petrol, while car B travels (x + 5) km for every litre of petrol.

0] Write down the number of litres used by car A and B in covering a distance of 400 km.
(i) If car A used 4 litres of petrol more than car B in covering 400 km, write an equation in x and solve it to

The speed of a boat in still water is x km/hr and the speed of the stream is 3 km/hr. (\
0] Write the speed of the boat upstream, in terms of x. (b\/
(i) Write the speed of the boat downstream, in terms of x. GD

(iii) If the boat goes 15 km upstream and 22 km downstream in 5 hours, write an equationi&% present the

determine the number of litres of petrol used by car B for the journey.

statement. (\
(iv)  Solve the equation to evaluate x. Q
The hypotenuse of right triangle is 20 m. If the difference between the lengths of othe(s&es be 4 m. find the other

sides. 4

The length of the sides of a right triangle are (2x — 1) m, and (4x + 1) m, Wﬁ&o. Find :
(i) The value of x. (i) The area of the triangle.
Two squares have sides x cm and (x + 5) cm. The sum of their are "@f’sq. cm.
0] Express this as an algebraic equation in X. QQ
(i) Solve this equation to find the sides of the squares . &”
The length of a rectangle is 8 metres more than its breadt its area is 425 m?.
0] Taking x metres as the breadth of the rectan I& an equation in x that represents the above statement.
(i) Solve the above equation and find the df ns of the rectangle.
The ratio between the length and the breadth ectangular field is 3 : 2. If only the length is increased by 5
metres, the new area of the field will be g. metres. What is the breadth of the rectangular field?
The perimeter of a rectangular plot ng is 114 metres and its area is 810 square metres.
0] Take the length of plo Qy tres. Use the perimeter 114 m to write the value of the breadth in terms of x.
(i) Use the values of | readth and area to write an equation in x.
%md the length and breadth of the plot.
10 m wide and 20 m long, we wish to pave a walk around the borders of uniform width

(iii)  Solve the equati

Write a rectangulargar
so as to leave anfarea 8f 96 m? for flowers. Haw wide should the walk be ?

The area of Light-angle triangle is 96 m?. If the base is three times its altitude, find the base.

The len he parallel sides of trapezium are (x + 8) cm and (2x +3) cm, and the distance between them is

I its area is 590 cm?, find the value of x.

it is on tour and he has Rs. 360 for his expenses. If he exceeds his tour by 4 days, he must cut down his daily

(x
31. Qa buys an article for Rs. x and sells it for Rs. 56 at a gain of x%. Find the value of x.
32, ’\, h

expenses by Rs. 3. For how many days Rohit is on tour?

Rs. 6400 were divided equally among x persons. Had this money been divided equally among (x + 14) persons,
each would have got Rs. 28 less. Find the value of x.

Some students planned a picnic. The budget for the food was Rs. 480. As eight of them failed to join the party, the
cost of the food for each member increased Rs. 10. Find how many students went for the picnic.



35. A shopkeeper buys x books for Rs. 720.
0] Write the cost of 1 book in terms of x.
(i) If the cost of per book were Rs. 5 less, the number of books that could be bought for Rs. 720 would be 2
more. Write down the equation in x for the above situation and solve it to find x.
36. A piece of cloth costs Rs. 35. If the length of the piece would have been 4 m longer and each metre costs Rs. 1 less,
the cost would have remained unchanged. How long is the piece? (\
37. A fruit seller-bought x apples for Rs. 1200. \,
() Write the cost price of each apple in terms of x. ﬂé‘)
(i) If 10 of the apple were rotten and he sold each of the rest at Rs. 3 more than the cost prlc 991 write
the selling price of (x — 10) apples.
(iii) If he made a profit of Rs. 60 in this transaction, from an equation in x and solve i valuate X.
38. Vibha and Sanya distribute Rs. 100 each in charity. Vibha distributes money to 5 mor ge than Sanya and
Sanya gives each Re 1 more than Vibha. How many people are recipients of the charlty’?
S5
>
N
SBJECTIVE ANSWER EXERCISE -3 (x)-CBSE

Applications To Word Problems

1. 15,25 2. 13,170r13,-17 3.8 4. 15,12 5. 5,7 6.8,9 7.14,16 8.27,29,31 9. 15,18
10. 36 11. 85 12.% 13. 29 years, 5years 14.15hours 15.50 m* min 16.x =4
17. (i) x* = 5x — 3900 = 0, x = 65 (ii) X* + 20x — 2400 = 0, x = 40 18. 30 km/hr

19. (i) ﬁ hrs (ii) 208 hrs (iii) x* + 12x — 1728 = 0, x = 36 (iv) 52 km/hr
(x+16)

20. (i) (@j litres and [ﬂzj litres (ii) iOS __400 =4,x =20. Car B consumed 16 litres.
X X+

21. (i) (x — 3) km/hr (ii) x + 3 km/hr (iii) 15 + =5 (iv)x=8 22.16m, 12,

(x+3) (x+3)
23. (i) x =3 (ii) 30 m* 24. (i) x* + 5x— 336 = 0 (ii) 16 cm, 21 cm 25. (i) X? + 8x— 425 =0 (ii) 17 m, 25 m
26.40 m 27. (i) Breadth = (57 — x) m (ii) xX* = 57x + 810 = 0 (iii) /=30m,b=27m 28.2m 29.24m

. 720) ..
30.x=16 31.x=40 32.20days 33.x=50 34.16 35.(i)Rs. (—J (i) X+ 2x - 228 =0x =16 36.10m
X

37. (i) Rs. (@j (ii) Rs. (x — 10) (@ + 3} (iii) X’ — 30x — 4000 = 0, x = 80 38. 45
X X

EXERCISE - 4 (FOR SCHOOL/BOARD EXAMS)




PREVIOUS YEARS BOARD QUESTIONS
SHORT ANSWER TYPE QUESTIONS

1. Find the values of k so that (x — 1) is a factor of k?? — 2kx 3. [CBSE-Delhi-2003]
2. Solve using the quadratic formula : xX*—4x +1=0 [ICSE-2003]
3. Solve for x : 4x* — 2(a® + b?) x + a’h?*= 0 [CBSE-Delhi-200
4. Solve for x : 4x* —4a’x + (a*—b%) = 0 [CBSE-Delhi-2
5. Solve for x : 9x?— 9 (a + b) x = [2a% + 5ab + 2b%] = 0 [CBSE-Delhi@§4
6. Using quadratic formula, solve the following quadratic equation for x : p>x* + (p° —g?) x —¢*=0 1-2004]
7. Using quadratic formula, solve the following quadratic equation for x : x*— 2x + (a2—b?) =0 -Al-2004]
8. Using quadratic formula, solve the following quadratic equation for x : x* — 4x + 42— b* = 0 BSE-AI-2004]
9. Solve for x : 9x* — 6a’x + (a*—b%) = 0 [?&i Foreign-2004]
10.  Solve for x : 9x* — Gax + (a°—b?) =0 %B E-Foreign-2004]
11.  Solve for x : 16x*—8a’x + (a*—b*) =0 (\ BSE-Foreign-2004]
12.  Solve for x : 36x* — 12ax + (a>—b?) =0 ,  [CBSE-Delhi-2004C]
13. Solve the equation 3x* — x — 7 = 0 and give your answer correct to two decimal @es. [ICSE-2004]
14. Solve for x : 4+/3x2 +5x—24/3=0 ‘é [CBSE-Foreign-2005]
OR

Solve for x : x*—2 (a* + b?) x + (a>—b?)*=0 ¢ [CBSE-Delhi-2006C]
15. Solve x* — 5x — 10 = 0 and give your answer correct to two decima@ces [ICSE-2005]
16. Using quadratic formula, solve for x : 9x*—3 (a+ b) x +ab =0 o

OR

The sum of the square of two consecutive natural number, 1. Find the numbers. [CBSE-Dehli-2005C]
17.  Using quadratic formula, solve the following for x : 9 +b’) x+a’b*=0

The sum of the square of three consecutive posi'& tegers is 50. Find the integers. [CBSE-AI-2005C]

. . . 4
18. Rewrite the following as a quadratic eq @x and then solve for x: ——3= > X # O,—E
X 2X+3 2
% o [CBSE-AI-2006C]
1 . .
19. Solve 2X——=7 and give yo %ﬁer correct to 2 decimal places. [ICSE-2006]
X
20. Solve xX*—~3x—9=0and éﬂ answer correct to 2 decimal places. [ICSE-2007]
21. Find the roots of thg foll§wing equation : L —L = E; X#-—4,7 [CSBE-Delhi-2008]
x+4 x-7 30

22. Isx=-2a solu@ the equation x* — 2x + 8 = 0? [CSBE-AI-2008]
23. Is x = — 3 a_sodtion of the equation 2x* + 5x + 3 = 0? [CSBE-AI-2008]
24, Is x = — & a 3aution of the equation 2x* + 5x — 12 = 0? [CSBE-AI-2008]
25.  Show4ghat'X>= — 3 is a solution of x* + 6x + 9 = 0. [CSBE-Foreign-2008]
26. S at x =— 3 is a solution of 2x* + 6x — 3 = 0. [CSBE-Foreign-2008]
217. ?W hat x = — 2 is a solution of 3x? + 13x + 14 = 0. [CSBE-Foreign-2008]
28 d the discriminant of the equation 3+v/3x? +10x++/3=0. [CSBE-AI-2009]
29. : The sum of two numbers is 8. Determine the numbers if the sum of their reciprocals is % . [CSBE-AI-2009]
30. Write the nature of roots of quadratic equation 4x° + 4:/3x+3=0. [CSBE-Foreign-2009]

LONG ANSWER TYPE QUESTIONS



1. An aeroplane traveled a distance of 400 km at an average speed of x km/hr. On the return journey, the speed was
increased by 40 km/hr. Write down an expression for the time taken for (i) the onward journey, (ii) the return
journey. If the return journey took 30 minutes less than the onward journey, write an equation in x and find the
value of x. [ICSE-2002]

2. In an auditorium, seats were arranged in rows and columns. The number of rows was equal to number of seats in
each row. When the number of rows was doubled and the number of seats in each row was reduced by 10, the total
number of seats increased by 300. Find (i) the number of rows in the original arrangement, (ii) the number of g&ats

in the auditorium after rearrangement. [ICSE-ZD{,]

3. Solve forx: 2 2x-1 -3 X+3 =5; given that X # -3, X;«t1 [CSBE- 1,2004]
X+3 2x-1 2

4, Solve for x : 2 X_lj—7 X+3j =5;giventhat x# -3, x=1 [(S\I(BétDelhi—ZOM]
X+3 x-1

5. Solve forx: 2 2x+3 =10 2x+1 =3; given that x # 3, X¢—3 [CSBE-Delhi-2004]
2X+1 2x—-3

6. Solve forx: 2 4x=3 -9 2x-3 = 3; given that X;t— x;t— O
2X+1 X+2

300 apples are distributed equally among a certain number of stude@?d there been 10 more students, each

would have received one apple less. Find the number of student i [CSBE-AI-2004]
7. Solve forx: 2 X+2 -9 2x-3 =3; given that X Q’
2x—-3 X+2 Qz

An aeroplane takes one hour less for a journey o&@km if its speed is increased by 100 km/hour from its usual
speed. Find the its usual speed. & [CSBE-Foreign-2004]

8. A two digit number is four times the sum glts and is also equal to twice the product of its digits. Find the
number [CSBE-Delhi-2004C]
9. A two digit number is seven times t m of its digits and is also equal to 12 less than three times the product of

its digits. Find the number [CSBE-Delhi-2004C]
10. A two digit number is 5times ’e@pﬂ of its digits and is also equal to 5 more than twice the product of its digits.
Find the number [CSBE-Delhi-2004C]

11. The sum of two numbe is 15, and the sum of their reciprocals land % is % Find the number
a
x) [CSBE-Delhi-2005]
gﬂber is 16. The sum of their reciprocals is % . Find the number [CSBE-Delhi-2005]

12. The sum of téo

. - 1 .
13. T@WO number is 18. The sum of their reciprocals is e Find the number [CSBE-Delhi-2005]

14, digit number is such that the product of its digits is 15. If 18 is added to the number, the digits interchange
r places. Find the number [CSBE-AI-2005]
t

1@ wo digit number is such that the product of its digits is 20. If 9 is added to the number, the digits interchange

their places. Find the number [CSBE-AI-2005]

16. A two digit number is such that the product of its digits is 14. If 45 is added to the number, the digits interchange
their places. Find the number [CSBE-AI-2005]

17. The sum of the square of two natural number is 34. If the first number is one less than twice the second number,

find the number [CBSE-Foreign-2005]



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

30.

A passenger train takes 2 hours less for a journey of 300 km if its speed is increased by 5 km/hour from its usual

speed. Find the usual speed of the train. [CSBE-Delhi-2005C, 2006]
Solve for xX1+ 222 L3 (x£1-2) [CSBE-AI-2005C]
X—=1 XxX+2
OR

Aeroplane left 30 minutes later than its scheduled time and in order to reach destination 1500 km away in tiw
has to increase its speed by 250 km/h from its usual speed. Determine its usual speed.

N
Solveforx:;+1+1:a¢0,b¢0,x¢0 0;)

at+tb+x a x
>
[?@é[;elhi-zoos]
oR ,\Q

OR
Solve for x : abx® + (b*—ac) x —bc = 0
Solve for x : a%h?x® + b*>-a’x-1=0

Solve for x : X2+ X=3 _3L (L9 ) 7 [CSBE-AI-2005]

Xx-2 x-4 3
By increasing the speed of a car by 10 km/hr, the time of journey for a dis&%)QZ km is reduced by 36 minutes.
Find the original speed of the car. [ICSE-2005]
Solve for x : 12abx? — (9a® — 8b%) x — 6ab = 0 g

OR \Q

A two digit number is such that the product of its digits is 35. eu)18 is added to number, the digits interchange
their places. Find the number. 0 [CBSE-Dehli-2006]

Using quadratic formula, solve the equation : a?b®x? — %Qa“) X —12a%h* =0
@)

The sum of two natural numbers is 8. Determine,thedumbers if the sum of their reciprocals is 5

Q?z) [CBSE-AI-2006]
Solve for x: (a+b)’x*+ 8 (&>~ b%) x + 16 %€ —b)* =0

) OR
Two number differ by 3 and th uct is 504. Find the number. [CBSE-Foreign-2006]
A fast train takes 3 hours | a slow train for a journey of 600 km. If the speed of the slow train is 10 km/hr
less than that of the fast tra%%nd the speeds of the two trains. [CBSE-Foreign-2006]
Seven years ago Varun’ was five times the square of Swati’s age. Three years hence Swati’s age will be two-
fifth of Varun’s age.\{imd their present ages. [CBSE-Delhi-2006C]
A 2-digit numbe@uch that product of its digits is 18. When 63 is subtracted from the number, the digits

interchang {r places. Find the number.

OR
A trai cgers a distance of 90 km at a uniform speed. Had the speed been 15 km/hour more, it would have taken
3 tes less for the journey. Find the original speed of the train [CBSE-AI-2006C]

opkeeper buys x books for Rs. 720. (i) Write the cost of 1 book in terms of x, (ii) If the cost per book were Rs.
ess, the number of books that could be bought for Rs. 720 would be 2 more.
Write down the equation in x for the above situation and solve it to find x. [ICSE-2006]

The difference of two numbers is 5 and the difference of their reciprocals is 0 Find the numbers.

OR
By increasing the list price of a book by Rs. 10 a person can buy 10 less books for Rs. 1200. Find the original list
price of the book. [CBSE-Delhi-2007]



31. The numerator of a fraction is one less than its denominator. If three is added to each of the numerator and
. . 3 . .
denominator, the fraction is increased by 28" Find the fraction.

OR
The difference of squares of two natural numbers is 45. The square of the smaller umber is four times the larger
number. Find the numbers. [CBSE-AI-2007]
32. Some students planned a picnic. The budget for the food was Rs. 480. As eight of them failed to joiRthe
party, the cost of the food for each member increased by Rs. 10. Find how many students went for the piciw

[ICSE-20Q8]
33. In a class test, the sum of the marks obtained by P in mathematics and science is 28. Had he got %ﬁ)r marks in
mathematics and 4 marks less in science, the product of marks obtained in the two subjects ve been 180.
Find the marks obtained in the two subjects separately. }\

OR
The sum of the areas of two squares is 640 m”. If the difference in their perimeters be 64 ¥, find the sides of the
two squares. 7 [CBSE-Delhi-2008]
34. A motor boat whose speed is 18 km/h in still water takes 1 hour more to go 2 pstream than to return
downstream to the same spot. Find the speed of the stream.
OR .

. . A3 .
Two water taps together can fill a tank in 9§ hours. The tap of Iarg&mmeter takes 10 hours less than the smaller

separately fill the tank. [CBSE-AI-2008]
om a point 27 m away from the bottom of the pillar,
nake the peacock pounces on it. If their speeds are

one to fill the tank separately. Find the time in which each ta|
35. A peacock is sitting on the top of a pillar, which is 9 m hi
a snake is coming to it’s hole at the base of pillar. Seei
equal, at what distance from the hole is the snake ca@ .

Nl
. . . . 4
Two difference of two numbers is 4. If tb@ence of their reciprocals is z , find the two numbers.

° [CBSE-Foreing-2008]
36. The sum of the squares of two Ive odd numbers is 394. Find the numbers. [CBSE-Delhi-2009]
37.  Solve the following equation x? —9(a + b)x + (2a% + 5ab + 2b%) = 0.
OR
If (- 5) is aroot of the c equation 2x* + px — 15 = 0 and the quadratic equation p(x* + x) + k = 0 has equal
roots, then find the yalu p and k. [CBSE-AI-2009]

38. A trader bought
articles at Rs. 2 igor
of articles he’bqught.

r of articles for Rs. 900. Five articles were found damaged. He sold each of the remaining
han what he paid for it. He got a profit of Rs. 80 on the whole transaction. Find the humber

OR
Two ea%ﬁgo a man’s age was three times the square of his son’s age. Three years hence his age will be four
ti is $on’s age. Find their present ages. [CBSE-Foreing-2009]
39. is twice as old as her sister. Four years hence. The product of their ages (in yeras) will be 160. Find their
resent ages. [CBSE-AI-2010]
L~ y
SBJECTIVE ANSPER KEY EXERCISE -4 (x)-CBSE
U SHORT ANSWER TYPE QUESTION

2 2 2 2 2
_(@"+b ).(a -b?) . X:(2a+b).(a+2b) 6 q_z,1

a’ b?
1.(-1,3) 2. [24432-43] 3. x=22 4 «x .
(13) 2 [2+732-3] 272 2 2 3 3 0




2 12 2 e _ 2, 12 2 he
7.a+ba_b 8 2a+h2a b9 & 0) (& -b) ,, (@+b)(@a-b) (@ +b) (@ -b)
3 3 3 3 4 4
12, 8D @=D) 45y 20 137 14 ﬁ,_—zor (a-+b)? (a—b)? 15.6.53, - 1.53 16. > 2 or 14, 15
6 6 43 33
2 2
17, %.%or 3,4,518. x=—2,1 19.3.64—0.14 20. 4.85,— 1.85 21. 2, 1 22. No 23. No (\

24. Yes 28.64 29. 3and 5 \
")

° LONG ANSWER TYPE QUESTION

1. (i) (@) hrs. (ii) [ﬂj hrs; x = 160 km/hr 2. (i) 30 (ii) 1200 3.x=-101/5 4. X :@1
X X+40

6. X:—%,%or 50 7. ng,%or 300 km/hr 8.36 9.84 10.45 11.5,10 12. 4,12@12 14.35 15.45

Zc —
16.27 17.5and3 18.25km/hr 19.x=-5, 2 or 750 km/hr 20. x =—a, — (@(z%—b
a

2 2
21. x=i2,—izor x=§,5 22. 30 km/hr 23. x=—2b,3—aor 57 24. x:3—?,% or3and5
b a 3a 4b \Q° b a
25. X = i;mor 21,24 or —21,—24 26. 40 km/hr, 50 km/hr 2% 9 years, 27 years 28. 92 or 45 km/hr
a+
”

. 720) ..
29. (i) Rs. (—j (i) x2 +2x-288=0,x=16 30.10 anQ Rs.30 31.3/4or9and6 32.16
X

33. Marks in maths : 12(9), Marks in science : 16(1920 km/hr or 25 hrs and 15 hrs
37

2a+b a+2b

35.12mor(7and 3) or (-3 and - 7) 36. 13 an 3 orp=7and kz%

3
38. 75 or son’s age = 5 years and man’s @ years. 29. 6 years and 12 years
EXERCISE -5 R Y/ (FOR OLYMPIADS)
ol
CHOOSE THE CORRECT ONE
1. The roots of the equation (K5 -b)y(x-c)+(x-b)(x—-c)+(x—-c) (x—a)=0are:
(A) Real t real (C) Imaginary (D) Rational
2. The integral values of k for which the equation (k — 2) x* + 8x + k + 4 = 0 has both the roots real, distinct and
negative is : C/})
(A)O (B)2 ©3 (D) -4
'% . XP=bx m-1 L .
3. If the ro%g he equation =—— are equal and of oppositve sign, then the value of m will be :
ac-c m+l1
b b-a a+b b+a
B) — C) — D) —
a+b ( )a+b ( )a—b ( )b—a
4® a, B are the roots of the equation x> + 2x + 4 = 0, then %% isequal to:
[94
1 1 1
A) —— B) — C) 32 D) —
(A) > (B) 2 © (D) 32

5. If X=\/6+1/6+,/6+...t000 , then :

(A) x is an irrational number (B)2<x<3



6. If o, are the roots of the equation x* + 7x + 12 = 0, then the equation whose roots are (o + f)*and (a — B)%is :

(A)X*+50x+49=0 (B)x*-50x+49=0 (C)x*-50x-49=0 (D)x*+12x+7=0
7. The values of k (k > 0) for which the equation x* + kx + 64 = and x* — 8x + k = 0 both will have real roots is :

(A) 8 (B) 16 (C)-64 (D) None of these
8. If o, f are the roots of the equation X%+ bx — ¢ = 0, then the equation whose roots are b and c is : (\

(A) X* +ax—B=0 (B) X* —[(a+ B)+aflx—a(a+ ) =0 \,

(C) X* +(aff+a+ B)x+af(a+L)=0 (D) X*+(af+a+L)x—af(a+p)=0 G;b
9.  Solvefory:9y*—29y?+20=0 6;5

(A) £ 2,J_rE (B) J_r3,ii © il,i& (D) None of thes (\

3 J5 3 9(\

10.  Solve for x : x*—26x*-27=0 (\Q

(A)7113 (B) 113 (C) 1173 (D)flyf?’/
11. Solve : V/2X+9+x=3:

(A) 4, 16 (B) 8, 20 (C) 2,8 (Qég@ of these
12. Solve : V2x+9 —/x—4=3

(A) 4,16 (B) z8, 20 (©) 2,8 Q\QD) None of these
13.  Solve forx: 2[X2+i2}—9[x+1}+14:0:

X X &"
1 1 1

(A) > 1,2 (B) 2, 4, § ©) - (D) None of these

14.  Solvex: 6[x2+i2}—25(x+1j+12:0: %
X X Q)&
11 11 Q) 11

A ————,2,3 B)—, —,2,3 c)—-,—,-2,-3 D) None of these

(A) 32 (B) 3’ 2 © 3’ 2 (D)
15.  Solve forx: \VXx* +X—6 — X+ —7x+10, xeR:

(A) 2,6, — % (B%% (C)-2,-6 (D) None of these
16.  Solve for x :3*"* +37%

(A)-3,-2 B)-2,0 (©)2,3 (D) None of these
17. Solve for x : @X+2)(X+3)(X+4):24(X€R)Z

(A)0,-5 (B) 0,5 (C)0,-2 (D)0, 2
18.  Thesym the real roots of the equation |x—2|2 +|x—2|2 —2=0is:

Wé (B) 3 (C) 4 (D) None of these
19. e {1, 2, 3, 4}, then the number of quadratic equation of the form ax2 + bx + 1 = 0, having real roots is :

6 B) 7 ()8 (D) None of these
2& The number of real solutions of X — 21 =2- 21 is:
X°—4 X°—4
(A)O B)1 (C)2 (D) Infinite
2 2 2
21, If (2++/3) 4 (2—4/3) 1 = , then x is equal to :
2-3

(C)x=3 (D) None of these

(A)0 (B) 1 (C) 2 (D) Both (A) and (C)



22. The quadratic equation 3x? + 2(a® + 1) x + a> — 3a + 2 = 0 possesses roots of opposite sign then a lies in :

(A) (=o,0) (B) (=x,1) © 1,2 (D) (4,9)
23. The equation VXx+1-vx—1=+4x—1has:
(A) No solution (B) One solution (C) Two solution (D) More than two solution
24.  The number of real solutions of the equation 2|x|2 —5|x|+ 2 =0is:
(A)O (B) 4 (©)2 (D) None of these (\
25.  The number of real roots of the equation (x — 1) + (x — 2)*+ (x — 3)*=0: @)\/
(A0 (B)2 €3 (D) 6 GD
26. The number of real solutions of the equation ¥t s c;)
(A0 (B)4 ©)2 (D) Infinitely many
27.  If the equation (3x)? + (27 x 3"~ 15) x + 4 = 0 has equal roots, then k = Q
1 1
A) -2 B) —— C) — D)0
A ® - © 3 oo ¢\
/
28. Ifx:\/2+,/2+,/2+...+oo ,then xis : O
(A) 1 (B) 2 (C)3 (@ne of these
29. Equation ax? + 2x + 1 has one double root if :

(A)a=0 B)a=-1 C)a=1 SNX0) a =2
30. Solve for x : (x +2) (x —5) (x —6) (x + 1) =144 : Q

(A)-1,-2,-3 B)7,-3,2 (©)2,-3,5 ,&.’ (D) None of these
31. If f(x) = 22)(—+5 , then find f(f(- 1))
X"+ X+5 Q
149 155 147
A — B) — ( D) —
155 147 49 155
32. What does the following graph represent? @& y
(A) Quadratic polynomial has just one r - T .
(B) Quadratic polynomial has equalone ;S)ots. '\.\ '_ /
(C) Quadratic polynomial has nadroot: \ /
;ﬁ\ < px

L.

(D) Quadratic polynomial hg% roots and constant term is non-zero. ¢——=——

\
33. Consider a polynomial a bx + ¢ such that zero is one of it’s roots then :

(A) c=0,x= :@%es the polynomial equation
(B) c# ﬁ satisfies the polynomial equation
eZV a

= — satisfies the polynomial equation
a

N ) Polynomial has equal roots.

3@ For a parabola opening upwards and above x-axis, quadratic will have :
(A) Equal rootsanda =0 (B) Unequal roots and a# 0
(C) No roots,a>0 (D) No roots,a<0

35. The equation vX+10 — =5has:

6
VX+10



(A) An extraneous root between — 5 and — 1.
(B) An extraneous root between — 10 and — 6.
(C) Two extraneous roots.

(D) A real root between 20 and 25.

nd

36. Consider a quadratic polynomial f(x) = ax’ — x + ¢ such that ac > 1 and it’s graph lies below x-axis then :
(A)a<0,¢c>0 (B)a<0,c<0 (C)a>0,c>0 (D)a>0,c<0 (\
37. If «, S are the roots of a quadratic equation x* — 3x + 5 = 0, then the equation whose roots are (c* —30@?)@
(B2 3B +T)is: O
(A)X*+4x+1=0 (B)x*—4x+4=0 (C)x*-4x-1=0 (D)x*+2x+3=0
. = A », » »
Que. |1 2 8 4 5 6 7 8 9 10 |11 [12 |13 [14 |15
Ans. [A [Cc |A |[B |c [B [B [c |c [A |B [B |A |A [B
Que. |16 |17 [18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30
Ans. |B |A |C |B |A |D |C |A |B |A |C(B |B |C |B
Que. |31 |32 [33 |34 |3 |36 |37
Ans. |[C |D |A |C B B B
EXERCISE -6 ‘Q:Q(‘FOR IIT-JEE/AIEEE)
CHOOSE THE CORRECT ONE &')
Based on Graph of Quadratic Expression
1. If the expression [mx 1+ 1} iS non negative for wve real x, then the minimum value of m must be :
™= ®)0 © =
Q) 4 2
2. The expressmn ax?+bx+1 WI|| be pos@or allx € Rif:
(A) b* > 4a° (B) b < 4a° (C) 4b*> a* (D) 4b® < 4a°
3. If x be real, then 3x2 + 14x + 11 > oF
(A) x< 3 (B) < (C)x>-2 (D) Never
4, For what value of a the cu X2 + ax + 25 touches the x-axis :
(A)O B) & (C) £10 (D) None of these
5. The mteger k for which equallty X2 — 2(4k — 1 x + 15k2 — 2k — 7 > 0 is valid for any x is :
D) 6
6. The value fo the |on x —2bx + ¢ will be posmye for all real x if :
(A)b*—4c>0 (B)b*-4c<0, (D)b*<c
7. If the roots fa\the adratlc - equation ax?+bx+c= 0 are |mag|nary then for all values of a, b, cand x R the
ressiol abx +acis:
(Ag Positi (B) Non-negative (C) Negative (D) May be positive, zero or negative
B nMaximum & Minimum Value of the Expression :
X+2 e . .
range of y=—————,if xisreal, is:
2X°+3x+6
1 1 1 1 1
A ——< — B—S <— C)——=<y<— D) None of these
Q)() y<3  @5ys; ©-psyss O
Ifx e Rand k = (X X+1) , then :
(xX*+x+1)°

(A) x<0 (B)% <k<3 (C©) k=5 (D) None of these



. . X .
10. For all real values of x, the maximum value of the expression ————— is:

X®—5x+9
(A)1 (B) 45 (C) 90 (D) None of these
x> —3x+4
11. If x be real then the maximum and minimum value of the expression ———  are
X* +3x+4
1 1
(A) 2,1 (B)7,= (C) 5,= (D) None of these (\
7 5 \
12. If x is real, the maximum value of w is: [AIEEE-2006] ﬂ)
3% +9x+7 0)
17 1
(A) (B) 7 (C) 41 (D) None of these 0)
Based on the Concept of Common Roots :
13.  The value of k, so that the equation 2x* + kx —5 = 0 and x* — 3x — 4 = 0 have one root(ﬁ\%lmon is :
27
(A)-2,-3 (B)-3, —7 (C)-5,-6 (D) None of these
14. If the expression x* — 11x + a and x* — 14x + 2a must have a common facto Q:t 0, then the common factor is :
(A) (x-3) (B) (x-6) (C) (x-8) (D)\None of these

15. The value of m for which one of the roots of x> — 3x + 2m = 0 is doub?eegone of the roots of X~ x+m=0is :
(A)O0,2 (B)0,-2 ©)2,-2 ‘%‘ (D) None of these

16. If the equation x* + bx + ¢ = 0 and x* + cx + b = 0, (b c) have acommon root then :
(A)b+c=0 B)b+c=1 (C)b+c+é (D) None of these

17.  If both the roots of the equation k(6x? + 3) + rx + 2x*— 1 :%nd
6k (2x* + 1) + px + 4x* — 2 = 0 are common, then 2r — alto:

(A)1 B)-1 (C (D)0
18. If every pair from among the equation x? + px 4 0, x* +gx + rp = 0 and x* rx + pq = 0 has a common root, then
the sum of three common roots is :

(A)2(p+q+r) (B)p+q+r C)-(p+a+n (D) par
19. If x*—ax — 21 = 0 and x* — 3ax + 3 a > 0 have a common root, then a is equal to :

(A1 (B)2 %{ €4 (D)5
20. The values of a for which the ic equation (1 — 2a)x* — 6ax — 1 = 0 and ax’* — x + 1 = 0 have at least one root
in common are :

12 %Y 1 2 12
A) == 0,= c) = D) 0,=,=
( )2 9 y 2 ( )9 )0 '2'9
21.  If the quadratic dguajifn 2x* + ax + b=0and 2x* + bx +a=0 (a # 0) and ax’ —x + 1 = 0 have a common root, the

value of a + bNs :
(A)-3 B)-2 ©) -1 (D)0

22. If the;q 15N x2 + bx + ca = 0 and x? + cx + ab = 0 have a common root and b # ¢, then their other roots will

sal e equation :
x“—(b+c)x+bc=0 (B)xX*—ax+bc=0
@xz +ax+bc=0 (D) None of these
2@ If both the roots of the equation x* + mx + 1 =0 and (b— c)x* + (c — &) x + (a— b) = 0 are common then :
(Aym=-2 B)ym=-1 (C)m=0 (D)m=1
24. The quadratic equation x* — 6x + a = 0 and x* — ¢x + ab = 0 have one common root. The other roots of first and
second equation are integers in the ratio 4 : 3. Then common root is : [AIEEE-2008]

(A)1 (B)4 (€3 (D) 2



Miscellaneous :

25. Solve x> —5x+4=0":

(A)l<x<4 (B)-4<x<1 (C)x<landx>4 (D) None of these

26.  Solve—x*+6x-8=0:
(A)-2<x<4 (B)-4<x<-2 (C)2<x<4 (D) None of these

217. Forall x € R, X? + 2ax + 10 — 3a > 0 then the interval in which ‘a’ lies is : [IIT Screening-
(A) (=0,-5) (B) (-5,2) (C) (5, ) (D) (2,9)

28. The solution set contained in R of the inequation : 3*+ 3"* —4 < 0 is : [EAMC;];};%
A) Q3 (B) (0, 1) ©) (1,2 (D) (0, 2)

29.  The number of real solution of the equation x* —3X|+2=0 is: ?\ 003]
(A)3 (B)2 (C) 4 D)1

30.  Product of real roots the equation t*x* +|x|+9=0: %IEEE -2002]

(A) Is always positive  (B) Is always negative (C) Does not exist (D) None df these
31. For the equation 3x2 + px + 3 =0, p > 0. If one of the roots is square of the o?;& ~then p =

1 2 .
(A) = 3 (B)1 (C)3 Q) = [II'T Screening-2000]
\Q 3
32. The roots of the equation ‘x —X— 6‘ X+2 are: ,7
(A)-2,1,4 (B)0, 2,4 (C)014Q$ (D)-2,2,4
33.  If a,f aretheroots of x* + x + 1 = 0, the equation wh tsare (', B’ is: [T 1994]
(A)x*-x-1=0 (B)xX*-x+1=0 (C x-1=0 (D)x*+x+1=0
34. The equation of the smallest degree with real ents having 1 + 1 as one of the roots is :

(A)x*+x+1=0 (B)X*—2x+2= C)x +2x+2=0 (D)x*+2x-2=0
[Kerala Engineering -2002]

35. If a, b, c, d are positive reals Su%%ﬂb +c+d=2and M= (a+Db)(c+d),then:

(A)O<M <1 B)1 (C)2<M<3 (D)3<M<4
% [T Screening-2000]

36. Let a, b, ¢ be real numb that 4a + 2b + ¢ = 0 and ab > 0; then the quadratic equation ax® + bx + ¢ = 0 has :

(A) Real roots %, (B) Non-real roots [HT 1990]

(C) Purely imagi aNts (D) Only one real roots
37. If P(x) = ax*4Abx F ¢ and Q(x) = — ax® + dx + ¢, where ac # 0, then the biquadratic P(x) Q(x) = 0 has :

(A) All 6& roots real (B) No real roots [11T 1989]

(C) A e%?ﬁqaginary roots (D) Two equal roots
38. %atlon X—i—l—i1 has : [11T 1989]

X— X—
@x(A) Two roots (B) Infinitely many roots(C) Only one roots (D) No root
39”7 Number of values of x satisfying the equation (15+4+14)" +(15—4+14)' =30, where t = x* —2|x| :
(A)O (B)2 (C) 4 (D) 6
40. The of values of x which satisfy the expression : (5+ 2\/6) 3 (5- ZJE) X3 210
(A) £2,+4/3 (B) ++/2,+4 (C) £2,+~/2 (D) +4/2,++/3



41. If  and S are the roots of the equation ax® + bx + ¢, where (a,b,c) > 0, then « and S are:

(A) Rational numbers (B) Real and negative  (C) Negative real parts (D) None of these
42. The number of quadratic equation which remain unchanged by squaring their roots, is :

(A0 (B) 2 © 4 (D) Infinitely many
43.  Ifthe equation (4> +54 +6)x* + (4> =31+ 2)x + (4> —4) = 0 has more than two roots, then the value of /1&
(A) 2 (B)3 ©1 (D) -2 \
44, Find all the integral values of a for which the quadratic equation (x —a) (x — 10) + 1 = 0 has integral r OD
(A) 12,8 (B) 4,6 ©) 2,0 (D) None of these 9‘5
45, If one root of the quadratic equation px? + gx + r =0 (p # 0) is a surd \/_ where p{\%are all

rationals then the other root is :

Ja Ja(a-n)
(A) NrE B) a+ = —

46. Graph of y = ax? + bx + ¢ is given adjacently. What conclusions can be draws from the graph :
(i)a>0 (i) b<0 (iii) c <0 Q:Q(iv) b*—dac | T ]

E
>0 i J
-(A) (i) and (iv) (B) (ii) and (iii) (©) (i), (in) & (D) (i), (i), \ % /f
!

© a+,/ab(a—b) ) Ya=ra-b J_— a—b

v:‘

(iii) & (iv) %
47. The adjacently figure shows the graph of y = ax® + b en which of the A
following is correct : &

(a>0 (ii)b>0 Q)Q) (i) ¢ > 0 (iv) b? < 4ac AY

Qﬁb ) /—N\ »X
(A) (i) and (iv) (B) (i) (C) (iii) & (iv) (D) None of /’u
these %%

Que. |1 2 3 10 |11 |12 [13 [14 |15
Ans. & YiB B |C B |D A A B A |B C |B |C B
Que. |16 |17 |18 [19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

e

I
ul
o
~
oo
©

Que. |31 [32 |33 |34 35 |36 37 |38 |39 40 |41 |42 |43 |44 45
Ans. | C D D B A A C D C C C C A A C
Que. | 46 | 47
Ans. | D B

4L,




AREAS RELATED TO CIRCLES

(A)

INTRODUCTION

In earlier classes, we have studied methods of finding perimeters and area of simple plane figures such as
rectangles, squares, parallelograms, triangle and circles. In our daily life, we come across many ob'ects
which are related to circular shape in some form or the other. For example, cycle wheels, whee

drain cover, bangles, flower beds, circular paths etc. That is why the problem of finding peri and
areas related to circular figures is of great practical importance. In this chapter, we shall disc m& blems
on finding the area of some combinations of plane figures involving circles or parts of cuc?? et us first

recall the concepts related to their perimeter and area of a circle. (\
HISTORICAL FACTS Q(\

Mensuration is that branch of mathematics which studies the method of measu(rénents. Measurement is a
very important human activity. We measure the length of a cloth for stitching. The area of a wall for
painting, the perimeter of a plot for fencing. We do many other me @1ents of similar nature in our
daily life. All these measurements, we shall study in this chapter calle nsuration.

7 (pi) occupies the most significant place in measurement of Ge area as well as volume of various
solid and plane figures. The value of 7 is not exactly kno@ e story of the accuracy by which the
value of 7 was estimated is an interesting one. s T

0 !
Mathematically 7 = Cir_umfereme of a _circle Q
Diameter of the mrcl&Q‘b'
_ (10+4) x 8+ 62000 _ 62832 _ S
20,000 20,000 Bo
According to S. Ramanujan, the ue frz
355
&
According to Archimed atie value of 7 is given below :
rerce of a circle _ 310 BQ

: ?ameter of the circle 71 70

Ptol ,
120

. _(16Y’
e Egyptians, 7 = r =3.160

@e: 7 (pi) is an irrational number. It cannot be expressed as the ratio of whole numbers. However, the

S)\;

10 22 : 7 is often used as approximation for it.

RECALL
Circle: Circle is the locus of a point which moves in such a manner that its distance from a fixed point O
remains constant (the same). The fixed point is called the centre O and the constant distance OA is called
its radius.



(B)

(®)

(D)

(E)

(F)

(G)

&S

(H)

Chord : A line segment joining two pomts ona C|rcle is called a chord of the circle. If fig. AB and CD are
two chords of the circle. 3

Diameter : A chord passing through the centre bf the circle is called the diameter. In fig, AQ&?&i COD
are diameter of the circle i.e., the diameter is the largest chord of the circle. q>
Length of diameter = Twice the radius =2 x r = AOB = COD (\6

Circumference : The perimeter of the circle or the length of boundary 7 of the circle is called its
circumference i.e. the distance covered by traveling once around e is called the perimeter or
circumference. The circumference of a circle is given by 2 zr. It is"well-known fact that the ratio of the
circumference of a circle to its diameter bears a constant ratio. . CUMFE]

Circumference of acircle A@Q'
Diameter of the circle
= Circumference = 7 x diameter= 7 X2r=27xr % is the radius of the circle.

Arc. Any part of a circle is called an arc of the cirglgN\Ywo points A and B on a circle divides |t into two
arcs. In general one arc is greater than other. Th ler arc is called minor arc and greater arc is called
major arc. P

In the given fig, AB is an arc of a circle W;t’@tre O, denoted by AB. The remaining part of the circle
shown by the dotted lines is represented b

Qﬁb ’

Central Angle : Angle %%ded by an arc at the centre of a circle is called its central angle. In fig. the
centre of the circle is

Central angle made by /\at the centre O = L AOB - 4 -

If 6°<180° th(§/ C’AB Is called the minor arc and the arc AB is called major arc.
Semi-circle™ lameter divides a circle into two congruent arcs. Each of these two //"’”m\\
arc is callechg semicircle. In the given fig. of circle with centre O, and [ \

%!’e BOA

& micircles. Is the half of the circle. ~ APB BQA 5\%‘/ O \y"j

Major arc : An arc whose length is more than the length of the semi-circle is called a major arc:



)

()

(K)

=

v

Length of arc ACB = (Zﬂ
x 360
2 ( :.;&.\
@ (b)  Area of sector OACBO = [ﬂ?,:;oeJ $. units . G

Minor arc : An arc whose length is less than the length of semi-circle is called a minor arc.

,//
( e
@)

\JKM

Segment : A segment of a circle is the reglon bounded by an arc and its chord, including thp'ﬁ?c‘)ind the

chord. : q)

The shaded segment containing the minor arc is called a minor segment vhile the unshaded segment

containing the major arc is called the major segment.
Sector of a circle : A sector of a circle is a region enclosed by ana d its two bounding radii. In the

fig OACBO is a sector of the C|rcle Wlth centre O.

If arc AB is a minor arc then OACBO is a call e ‘minor segment of the circle. The remaining part
OADBO of the circle is called the major sec e circle.

FORMULA ,{,

For a circle of radius = r units, we h @

@) Circumference of the circle = ) units = (7 d) units, [

Where d is the diameter. i
(b)  Area of the circle = ( cs;q>units

For a semi-circle of radn.% its, we have o N
@) Area of the sem =

(b) Perimetq22 sem| C|rcle = (7 r+ 2r) units.
0

( 7 r?) sg. units

Area of a Circu
If R and r bethe
Area of th
Results
Suppose

er and Inner radii of a ring, then
= 7 (R? - r?) sq. units
tors and Segments : ~ ~
arc ACB makes an angle @ at the centre O of a circle of radius =r unlts Then

re .
units

1 271l . 1 . :
= —Xrx sg. units = | = x radius x arc length |sq. units
2 360 2

| 2rrod
(c)  Perimeter of sector OACBO = length of arc ACB + OA + OB = ( ;TGO

+ 2rj units.



2
r 1 . )
(d) Area of segment ACBA = (Area of sector OACBO) — (Area of AOAB) = [” —=r?sin GJ Sg. units.

360 2
(e) Perimeter of segment ACBA = arc ACB + chord AB) units.
(f Area of Major segment BDAB = (Area of circle) — (Area of segment ACBA).
V. Rotations Made By a Wheel:
(@) Distance moved by a wheel in 1 revolution = Circumference of the wheel (\

Distance moved by it in unit time

Circufererce of the wheel \
q;')

(b) Number of rotations made by a wheel in unit time =

VI. Facts About Clocks:
(@) Angle described by minute hand in 60 minutes = 360°

(c) Angle described by hour hand in 12 hours = 360°.
Angle described by hour hand in 1 hour = 30°. /\
VII. Inan equilateral triangle of side a units, we have:

(b) Angle described by minute hand in 5 minutes = (%) X 5) =30° (\(\c}

. . 3 .
@) Height of the triangle, h = % a units.

(b) Area of the triangle = (@ a’ ] sg. units.
1
3

(c) Radius of incircle, r = %h = ( :
. . . 2
(d) Radius of circumcircle, R = §

a a
Thus,r= — and R= —
243 J3 Q
Ex.1 Calculate the circumference and area@ircle of radius 5.6 cm.

Sol. We have: % N

Circum ference of the cir r= [2 x%x5.6} cm = 35.2 cm.

Area of the circle = 7 g %X5.6 x5.6j cm? = 98.56 cm?.

Ex.2 The circumfere xj,é circle is 123.2 cm. Calculate :
(i) the radius oi@circle incm,
(ii) the ar the circle, correct to nearest cm?.
Sol. (i) t the radius of the circle be r cm.
%35, its circumference = (2 zr) cm.

Radius of the circle = 19.6 cm.

Q$2;zr:123.2 = 2X %xrzlzs.z = r=(123.2x ﬁ):lgﬁcm.

t (i)  Areaof thecircle= zr= (? x 19.6 x 19.6) cm’= 1207.36 cm?.

Area of the circle, correct to nearest cm? =m 1207 cm?.
Ex.3 The area of a circle is 301.84 cm?. Calculate:
(1) the radius of the circle in cm.
(i) the circumference of the circle, correct to nearest cm



Sol.

Ex.4

Sol.

Ex.5

Sol.

Sol.

(1) Let the radius of the circle be r cm.
Then, its area = 7 r* cm? = 301.84

= ?xr—30184

= = (301.84 X %) =96.04 = r= v96.04 =9.8cm.

- Radius of the circle = 9.8 cm. \,
(ii)  Circumference of the circle=27r = (2 x%x 9.8) cm=61.6 cm. G;;‘)
: Circumference of the circle, correct to nearest cm = 62 cm. c}
The perimeter of a semi-circular protractor is 32.4 cm. Calculate : (\(\
(1) the radius of the protractor in cm, Q
(i)  the area of the protractor in cm?. /\
(1) Let the radius of the protractor be r cm.

Then, its perimeter = (7 r + 2r) cm.

r+2r=324 = (x +2)r=32.4 }Q

= 2+2 r= 324:>§r_324:>r_ 32.4xl cm = 63
7 7 36

Radius of the protractor = 6.3 cm. Q
(i) Area of the protractor = %ﬂfz (; x%x 6.3 x@&nz = 62.37 cm?.
Area of the protractor = 62.37 cm?.
The area enclosed by the circumferences of tw (&entric circles is 346.5 cm?. If the circumference of
the inner circle is 88 cm, calculate the radiusxéb’outer circle.
Let the radius of inner circle be r cm.
The, its cwcumference =(2xr)cm.
“27rr =288 2x—xr—88 8 x— =14 cm. TN
T = ; , //”\,\ N
*. Radius of the i |nner circle i 4 cm. £ 7 N\ \\
Let the radius of the outer e Rcm. ) )
Than, area of the ring = 7 r%) cm? y.. |
2 2 -
= 7 (R2- r)c??v7x[R (14)2] cm? v

(22 FC/616jcm

2 —616=3465= %RZ =9625

Q 2= (962.5X£j =306.25=R =+/306.25=17.5 cm.
n

ce, the radius of the outer circle is 17.5 cm.
Two circles touch externally. The sum of their areas is 130 7 sg. cm and distance between their centres is
14 cm. Determine the radii of the circles.
Let the radii of the given circles be R cm and r cm respectively. As the circles touch externally, distance
between their centres = (R +r) cm.
: R+r=14 ...(1)
Sum of their areas = (z R* + zr%) cm? = 7z (R? + r?) cm?,




r(R*+r)=1307x
= R*+r*=130 ....(i1)
We have the identity, (R + r)? + (R — )= 2(R* + r%)
(14 +(R-r)*=2x130  [From (i) and (ii)]

(R—r)?=64

R-r=8 ....(iii)
On solving (i) and (iii), we get R =11 and r = 3. (\
Hence, the radii of the given circles are 11 cm and 3 cm. \

Ex.7 Two circles touch internally. The sum of their areas is 116 # sg. cm and the distance betweemﬁsl centres
Is 6 cm. Find the radii of the given circles.
Sol.  Let the radii of the given circles be R cm and r cm respectively. As the circles touch 4 @D’w ly, distance

between their centres = (R —r) cm.
. R-r=6 () P f\(\
Sum of their areas = (7 R? + zr%) cm? = z (R? + r?) cm? :
L r(RP+r) =116 7 = R®+rP=116 .. .(iii) /
We have the identity, (R +r)? + (R — )’ = 2(R? + %) \ A
= (R+r?+6°=2x116 [Using (i) and (ii)] )
= (R+r)?=19
=  R+r=.19 =14 .....(ii) \Q’
On solving (i) and (iii), we get R =10 and r = 4. Q

Hence, the radii of the given circles are 10 cm and 4 cm.

Ex.8 The wheel of a cart is making 5 revolutions per secon,@ﬂ?le diameter of the wheel is 84 cm, find its
speed in km/hr. Give your answer, correct to nearest kQ

Sol.  Radius of the wheel =42 cm.

Circumference of the wheel =2 7z r = X 42j cm = 264 cm.

Distance moved by the wheel evolutions = (264 x 5) cm = 1320 cm.
Distance moved by the wheel second = 1320 cm.
Distance moved by th ih 1 hour = (1320 x 60 x 60) cm.

7
Distance moved by the Wheel%@r&lution =264 cm.
in

320 x 60 X eoj
km

%% 100 x 1000

Speed of i cgrt = 1320 x 60 x 60 km/hr = 47.52 km/hr.
Q 100 x 1000

Hence, the spee the cart, correct to nearest km/hr is 48 km/hr.

Ex.9 The dia f the driving wheel of a bus is 140 cm. How many revolutions must the wheel make in
order to a speed of 66 km/hr?
Sol. ' to be covered in 1 min. = (%) m =1100 m.

Radius of the wheel = (%} cm=70cm=0.70 m.

>

Circumference of the wheel =2 zr = (2 x%xO.?OJm =4.4m.

Number of revolutions per minute = [%)j = 250.



Ex.10

Sol.

Ex.11

Sol.

Ex.12

%

Hence, the wheel must make 250 revolutions per minute.

A bucket is raised from a well by means of a rope which is wound round a wheel of diameter 77 cm.
Given that the bucket ascends in 1 min. 28 seconds with a uniform speed of 1.1 m / sec, calculate the
number of complete revolutions the wheel makes in raising the bucket.

Time taken by bucket to ascend = 1 min. 28 sec. = 88 sec. Speed = 1.1 m/sec.

Length of the rope = Distance covered by bucket to ascend
= (1.1m x 88) m = (1.1 x 88 x 100) cm = 9680 cm. \ \(\
Radius of the wheel = ” cm. \ ->
2 N l
. 22 77
Circumference of the wheel =27z r = 2x - x7 cm =242 cm. 7o
s
Number of revolutions = — Length of the rope = (9680j = 40. ‘ ,/
Circumference of the wheel \ 242 /7 \ [
Hence, the wheel makes 40 revolutions to raise the bucket. \\ J
The figure shows a running track surrounding a grass enclosure PQRS ~“The enclosure consists of a
rectangle PQST with a semi-circular region at each end. Given, PQ =2 and PT=70m.
B D
P
7 T S bd
F f\ e\ii Grass R} IC
p 2
A B

. Y,y
(i) Calculate the area of the grassed enclosu 2.
(i)  Given that the track is of constant wi , calculate the outer perimeter ABCDEF to the track.

(i) Diameter of each semi-circular regi grassed enclosure = PT =70 m,
Radius of each one of them = :

Area of grassed enclosure

= (Area of rect. PQST) + 7z r’= (200x70) +%x35x35} m? = 17850 m.
(i) Diameter of each mi-circle of the track =AE=(PT+7 +7) m =84 m.
: Radius of each o them =42 m.

Outer perlmet CDEF = (AB + DE + semi-circle BCD + semi-circle EFA)
= (2PQ Oa{}r) ference of semi-circle with radius 42 m)
= (2x20 X 7 X42)m= 2x200+2x§x42}m:664m.
In an egwilateral triangle of side 24 cm, a circle is inscribed, touching its sides. Find the area of the

re@\ portion of the triangle. Take V3 =173and 7 =3.14.
BC be the given equilateral triangle in which a circle is inscribed.

@e of the triangle, a = 24 cm.

Height of the triangle, h = [gxa] cm = (% X 24Jcm =12y/3cm.

Radius of the incircle, r = %h = (% x12\/§jcm = 4\/§cm.

/ i ‘
L Required Area = Area of the shaded region / ( ) \
= (Area of AABC) — (Area of incircle) BL N C




= (?x 24x24—7zx4\/§x4\/§]cm2

= (144+/3-3.14 x 48)) cm? = (144 x 1.73 — 3.14 X 48) cm?
= [48 x (3 x 1.73 — 3.14)] cm? = (48 x 2.05) cm? = 98.4 cm?
Ex.13 In the given figure, a circle circumscribes a rectangle with sides 12 cm and 9 cm. Calculate :
M the circumference of the circle to nearest cm, (\
(i)  the area of the shaded region, correct to 2 places of decimal, in cm?. q)\
Take 7 =3.14. GD
Sol.  Let ABCD be the rectangle with AB =12 cm and BC =9 cm.

AC = JAB? + BC? =,/(12)% +9? =+/225=15¢cm.
Let O be the mid-point of AC. )
Then, O is the centre and OA, the radius of the circum-circle. A " J P

Radius, OA = %AC = (%xlSj cm=7.5cm.

i’

T

(i) Circumference of the circle=2zr=(2x3.14x7.5) C 1 cm.
Hence, the circumference of the circle, correct to nearestem is 47 cm.
(i)  Area of shaded region = (Area of the circle) — (Ane@f-the rectangle)

{(3 14x §XE) (212x9) [cm
2 2 o

5 cm’ = 68.63 cm’.

the centre. Calculate :

e area of the major segment of the circle.

dius 14 cm such that £~ AOB = 90°.

= (176.625 — 108) cm? =
Ex.14 A chord of a circle of radius 14 cm makes a right an
(i) the area of the minor segment of the circle, i
Sol.  Let AB be the chord of a circle with centre
Thus, r=14 cmand 6 =90°. Q,i%

2
(1) Area of sector OACB = = o @ 14x—} cm? = 154 cm?.
360 360

Area of AOAB = 1 —.(%xl4xl4xsin90°j cm? = 98 cm?.

Area of minor s ACBA = (Area of sector OACB) — (Area of AOAB) = (154 — 98) cm’ =

56 cm”.
(i) Area of mgjor ent BDAB
= the circle) — (Area of minor segment ACBA)

— x14 xl4} - 56} cm? = (616 — 56) cm? = 560 cm?.

Ex.15 Th and of a clock is 10.5 cm long. Find the area swept by it in 15 minutes.
Sol. A@e cribed by minute hand in 60 minutes = 360°.

@gle described by minute hand in 15 minutes = (% xlsj =90°.
Thus, required area is the area of a sector of a circle with central angle, & = 90°. and radius, r = 10.5 cm.

2
Required area = | (2 x10.5x10. 5xﬂJ cm? = 86.63 cm®.
360 7 360




EXERCISE -1 (FOR SCHOOL/BOARD EXAMS)

OBJECTIVE TYPE QUESTIONS

CHOOSE THE CORRECT ONE

1.

@205.04 cm? \ sk \
Q) (C) 205.33 e’ 150w

8.

If the radii of two circles are 7 cm and 24 cm, then the radius of circle having area equal to the su 6}\{he
areas of the two circles, is K

(A)31lcm (B) 25 cm q;‘)

(C)17 cm (D) 28 cm 02
The cost of fencing a circular field at the rate of Rs. 24 per metre is RS. 5280. Then th goy f ploughing

the field, at the rate of 50 paise/m?, is
(A) Rs. 2875 (B) Rs. 3850 Q(\
(C) Rs. 1925 (D) Rs. 1825

The inner circumference of a circular track is 220 m, and the track is 14 m Wid(e\The cost of leveling the

track, at 50 paise/m?, is ’
(A) Rs. 1848 (B) Rs. 1663.2 Q
(C)Rs. 1478.4 (D) None of these
The area of a sector, of a circle with radius 7 cm and angle of thg sectpr is 60°. is
(A) % cm? (B) %cm2 Q

')
(C) g cm? (D) % c NS
In a circle of radius 21 cm, an are subtends an an e centre. The area of the segment formed by the
corresponding chord of the arc is
(A) 40.63 cm® @%1.73 cm?
(C) 429.43 cm? % 40.27 cm?

entric circles of radii 42 cm and 14 cm and centre O as

AB and CD are respectively arcs of t@
shown in the adjoining figure. If éAOB 30°, then the area of the shaded region is

v A4
(A) &332 C'% (B) &320 cm 2

(C) 4 1%’ (D) None of these
| iven figure, the shaded area is T,
2

5.03 cm? /

(D) 205.35 cm <
In the given figure, the area of the segment APB is 5 e
J// \\
@ g AT
\ e ]
f‘\ﬁ“‘""“‘""‘“‘:‘;"’iz



®) 5 (r-2)r°

(©) 5 (-1’
(D) None of these

9. In the given figure, the area of shaded region is GD\’
(A) 462 cm? AT Oy
(B) 308 cm? g % Oy
(C) 616 cm? s v (\6
(D) 154 cm’ (\
10. In the given figure, ODCE is a square then the area of shaded region is Q
i%»«-\.\\\\ Q 7
N \,,A
7em \\\\ ;mn\,} Qo
U vl@y . A
(A) 52.5 cm? (B) 24.5 cm? (C) 49 ch (D) None of these
Que. 1 2 3 4 5 6 7 8 9 10
Ans, B C A Q)" D A C B D A
')
EXERCISE -2 /\QC;O (FOR SCHOOL/BOARD EXAMS)
%L‘?JBJECTIVE TYPE QUESTIONS
Remark : Take = &Inless mentioned otherwise.
1. Asheetis 1l c wand 2 cm wide. Circular pieces 0.5 cm in diameter are cut from it to prepare discs.
Calculate thé\puriber of discs that can be prepared.
2. Find the ference and area of a circle of radius 17.5 cm.
3. Find clmference and area of a circle of diameter 91 cm.
4, Fi e eircumference and area of a circle of radius 15 cm. (Take 7=3.14)
5. circumference of a circle is 123.2 cm. Taking n=§,calculate:
the radius of the circle in cm;
(i)  the area  of  the circle in cm?, correct to  the nearest  cm
(ili)  the effect on the area of the circle if the radius is doubled
6. Find '[hez length of a rope by which a cow must be tethered in order that it may be able to graze an area of
9856 m“.
7. The area of a circle is 394.24 cm®. Calculate : (i) the radius of the circle, (ii) the circumference of the
circle.
8. Find the perimeter and area of a semi-circular of a plate of radius 25 cm (Take 7 =3.14).




11.

12.
13.
14.
15.
16.
17.

The perimeter of a semi-circular metallic plate is 86.4 cm. Calculate the radius and area of the plate.

The circumference of a circle exceeds its diameter by 180 cm. Calculate

(i) the radius (ii) the circumference and  (iii) the area of the circle.

A copper wire when bent in the form of a square encloses an area of 272.25 cm?. If the same wire is bent
into the form of a circle, what will be the area enclosed by the wire?

A copper wire when bent in the form of a equilateral triangle has an area of 121 V3 cm?. If the same wire
IS bent into the form of a circle, find the area enclosed by the wire.

The circumference of a circle field is 528 m. \
The cost of leveling a circular field at Rs2 per sg. metre is Rs 33957. Calculate: ﬂ)
(i) the area of the field; (i) the radius of then field;  (iii) the circumference of the fiel

(iv) the cost of fencing it at Rs 2.75 per metre. "%

The cost of fencing a circular field at Rs 9.50 per metre is Rs 2926. Find the cost of pl t@} the field at
Rs 1.50 per sq. metre.

AC and BD are two perpendicular diameters of a circle ABCD. Given that the ar the shaded portion
is 308 cm?, calculate : (i) the length of AC; and (ii) the circumference of the ¢

The sum of the radii of two circles is 140 cm and the difference of their circu fe ence ,

is 88 cm. Find the radii of the two circles.

18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.

29. »\( he given figure, ABCD is a square of side 5 cm inscribed in a circle. Find:

31.

The sum of the radii of two circles is 84 cm and the difference of thejr @as is 5544
cm?. Calculate the radii of the two circles .

Two circles touch externally. The sum of their areas is 117z cm the distance

between their centres is 15 cm. Find the radii of the two circles.

Two circles touch internally. The sum of their areas is and tance between 7 T

then centres is 4 cm. Find the radii of the circles. e D\
Find the area of a ring whose outer and inner radii 4{eq19 cm and 16 cm < f\"’”*“,i"\"’j“f
respectively. QT
A path of width 8 m runs around a circular park radius is 38 m. Find the T

area of the path.
The areas of two concentric circles are 962.5 ¢ 1386 cm? respectively. Find the )\
width of the ring. \?, E L. oA
The area enclosed between two concentri les is 770 cm? If the radius of the | \°°"%
outer circle is 21 cm, calculate the radj he inner circle. S
In the given figure, the area enclose ween two concentric circles is 808.5 cm?. e
The circumference of the outer Q%e,)ls 242 cm. Calculate : (i) the radius of the inner ~ ——.

circle, (ii) the Wldth of the r|

[ {
&) & | i

\ /) \ /

Find the area oC}rge circumscribing an equnateral triangle of side 15 cm. [Take 7 ">_,§»'~f~—~ RE(

1
) > B R

3.14].

Find the %»f a circle inscribed in an equilateral triangle of side 18 cm. [Take 7

3.14]. \ "=

The_ sRapg of the top of a table in a restaurant is that of a segment of a circle with centre T

@) BOD =90°. BO = OD = 60 cm. Find: (i) the area of the top of the table; (ii) the .
imeter of the table. [Take 7= = 3.14]. s R

i) the radius of the circle, (ii) the area of the shaded region. [Take 7 =3.14] o B
In the given figure, ABCD is a rectangle inscribed in a circle. If two adjacent sides of AY—7F
the rectangle be 8 cm and 6 cm, calculate : (i) the radius of the circle; and (ii) the area of :
the shaded region. [Take # = 3.14].

In the given figure, ABCD is a piece of cardboard in the shape of a trapezium in
which AB || DC, ZABC = 90°. From this piece, quarter circle BEFC is removed.
Given DC=BC =4.2cm and AE =2 cm.
Calculate the area of the remaining piece of the cardboard. ’,f_



32.

33.

34.

35.

36.

37.

38.

Find the perimeter and area of the shaded region in the given figure. (Take 7 = 3.142).
In the given figure, PQRS is a diameter of circle of radius 6 cm. The lengths PQ, QR and RS are egual.
Semi-circles are drawn on PQ and QS as diameters. If PS = 12 cm, find the perimeter and the area é\the
shaded region. [Take 7 = 3.14]. T
gion. | " ) P N ﬂ)\
/ / F N\
/N ko)

N A
Find the perimeter and area of the shaded region shown in the figure. The four p@s are circle quadrants
and at the centre, there is a circle. [Take ~ = 3.14].

lem _»’! lem I Q 7

) QS
In the given figure, find the area of the unshaded portiorl;Qithin portion within the rectangle. [Take 7 =
3.14].
A

3cm =

/ \\»\ //
In the given figure, ABCP is a quadr @rcle of radius 14 cm. With AC as diameter, a semi-circle is
drawn. Find the area of the shaded re _

S NN o
S N
% B=aem C

In the given, OAC i%uadrant of a circle. The radius OA = 3.5 cm, OD = 2 cm. Calculate the area of
the shaded portien. B

D

O3 5¢m i

he given figure, ABCD is a square of side 14 cm and A, B, C, D are centres of D &
'\r ular arcs, each of radius 7 cm. Find the area of the shaded region. }\\

n the given figure, two circles with centres A and B touch each other at the point T. n/ =

If AT = 14 cm and AB = 3.5 cm, find the area of the shaded region. \\\//

A




40.

41.

42.

43.
44,

45.
46.

In the adjoining figure, the inside perimeter of a running track with semi-circular ends and straight parallel
sides is 312 m. The lengths of the straight portion of the track is 90 m. If the track has a uniform width of
2 m throughout, find its area. T

——

In the given figure, ABCD is a square of side 7 cm and A, B, C, D are centres of equal circles whio@ch

,,,,, w\\//‘ \ (b%
SR Rl o4 /
< (\“;)
() 4\

In the given figure, AB is the diameter of a circle with centre O and OA = ” Find the area of the
shaded region. G \\\ P

o N O
/) /"
\\\;/' \ &)
X | A/
| £
N J(_/ °

The diameter of a wheel is 1.26 m. How far will it travel in SO&evolutionS?

The wheel of the engine of a train 4g m in circumfer ‘nakes 7 revolutions in 3 seconds. Find the

speed of the train in km per hour.
A toothed wheel of diameter 50 cm is attache
revolutions will the smaller wheel make when t
A wheel makes 1000 revolutions in coverin

gsmaller wheel of diameter 30 cm. How many
ger one makes 30 revolutions?
ystance of 88 km. Find the radius of the wheel.

ANSWER KEY]

1.88 2.110cm, 962.5 cm? \2g6 cm, 6506.5 cm® 4. 94.2 cm, 706.5 cm?

5. (i) 19.6 cm (ii)mm 1207 cm? (ii), ated becomes four times. 6. 56 m 7. (i) 1.2 cm (ii) 70.4cm

8.128.5 cm, 981.25 cm? %9

12.346.5cm* 13. (i) 84 C)\?a 76 m? (iii) Rs 33264 14. (i) 16978.5 m? (ii) 73.5 m (iii) 462 m (iv) Rs
1270.50 15.Rs 11 6. (i) 28 cm (ii) 88 cm 17.77 cm, 63cm 18.52.5¢cm; 31.5¢cm

19.9cm, 6 cm cm, 7¢cm 21.330cm?  22.2112m*  23.35m’ 24. 14 cm
25.35cm, 3.5¢cm 235.5 cm? 27.84.78 cm? 28. (i) 8478 cm? (ii) 402.60 cm

29. (i) ?/E em((ii) %25 cm? 30. (i) 5. cm (ii) 30.5 cm? 31.7.28cm®>  32.59.4 cm, 61.1 cm?
33.37.68 %%1.68 cm? 34.20.56 cm, 9.72 cm® 35.19.35¢cm*  36.98 cm® 37.6.125 cm?

.cm, 443.52 cm? 10. (i) 42 cm (ii) 264 cm (iii) 5544 cm® 11. 346.5 cm?

38. 42. 39. 269.5 cm? 40. 636.57 m? 41.1645cm? 42.66.5cm?  43.1980 m
44. 36(k 45, 50 46. 14 m
) 4

EX‘QSSE -3 (FOR SCHOOL/BOARD EXAMYS)

@ PREVIOUS YEARS BOARD (CBSE) QUESTIONS

VERY SHORT ANSWER TYPE QUESTIONS

1.

In the fig. O is the centre of a circle. The area of sector OAPB is % of the area of the circle. Find x.

= -~
./ N
{ O \:
| /’Li}\ /
T
/\«\( . > D
- I




[Delhi-2008]
2. Infig., if ZATO =40 find ~ AOB. R [A1-2008]

0

3. Find the perimeter of the given figure, where AED is a semi circle and ABCD is a rectangle. f% -2008]

20cm

ok~

o (®
m
If the diameter of a semicircular protractor is 14 cm, then find it’s perimeter. ¢ [Al-2009]
The length of the minute hand of a wall clock is 7 cm. How much area @t sweep in 20 minutes?
[Foreign-2009]
SHORT ANSWER TYPE QUESTIONS \Q
1. In fig. AOBPA is quadrant of a circle of radius 14 cm. A semici¥cle with AB as diameter is draw. Find the

area of the shaded region. &')

A Q

&
O B

2. Four circles are described about the f %ers of a square of a square so that each touches two of the
others as shown in fig. Find the area%]e shaded region. Each side of the square is 14 cm. (Take 7 =
[Delhi-2007]

2217) % o
3. In the fig., find the perimete%f) aded region where ADC, AEB and BFC are
and BC respectively.

semicircles on diameters A%\

e Bl
N o

@d the area of the shaded region in the fig., where ABCD is a square of side 14 cm. [Delhi-2008]

b




In fig., ABC is a right-angled triangle, right-angled at A. Semicircles are drawn on AB, AC and BC as
diameters. Find the area of the shaded region. [Al-2008]
ALl M\\
£ '.ﬁ:}}j: )
(/A S0 N\ (\
\[/3 zg\w
/ N
B C L
In the fig., ABC is a quadrant of a circle of radius 14 cm and a semi-circle is drawn with Iﬂ,‘;;diameter.
Find the area of the shaded region. (\650 eign-2008]
Am \ A
AN K“’a ‘x (\Q
N\
! \
aw.m_w\ { ) o
In fig., PQ =24 cm, PR =7 cm and O is the centre of the circle. ,Find,the area of shaded region. (Take 7 =
3.14) “& [Delhi-2009]
m{%
In figure, the shape of the top of a table in a restaur, that of a sector of a / /] *\\
circle with centre O and ~BOD =90°. If BO = OD cm, find. / \
(1) the area of the top of the table (||) rimeter of the table top. 5 Of ]5
(Take 7 = 3.14) \: / /
f&\ A~ :
Q? [ Nt R P
i [\ i »
\ iwﬁ ,:
% 0 ‘\\\\n 5 jj
@ OR
In fig., ABCD is a squar ide 14 cm and APD and BPC are semicircles. Find the area of shaded region.
/\ mw‘,.im_m_w:w-mj n
(Take ‘39: S [Foreign-2009]

TN
Ve N\

\,Q 4 | N

LONG ANSWER TYPE QUESTIONS

.
\

Y
\

nd CD are two perpendicular diameters of a circle with centre O. If OA = m7 cm. find the
he shaded region. (Take 7 = 22/7)

[A1-2010]




1. In fig., ABC is a right triangle right angled at A. Find the area of shaded region if AB =6 cm, BC =10 cm
and O is the centre of the incircle of AABC. (Take 7 =3.14) [Delhi-2009]

2. The area of an equilateral triangle is 493 cm?. Taking each angular point as centre, circles are drawn
with radius equal to half the length of the side of the triangle. Find the area of triangle not included in the

circles. (Take +/3 = 1.73)

___________ A
ANSWER KEY
. VERY SHORT ANSWER TYPE QUESTIONS q,;)
0 0 154
1. 100 2.100 3.(7Tx +54) cm 4.36 cm 5. e cm? $;>
. SHORT ANSWER TYPE QUESTIONS (X
1.98cm?>  2.42cm®  3.13.2cmor42cm? 4.65sq. units 5. 98 cm? (\ 1.3 cm?
) LONG ANSWER TYPE QUESTIONS
1. 11.44 cm? 2.7.77 cm?
EXERCISE -4 \:{ SR OLYMPIADS)
CHOOSE THE CORR% it_)NE
1. In the adjoining figure PQRS is a rectangle 8 cm X 6©n inscribed in the circle. The area of the shaded
portion WI|| be : P \
(A) 48 cm? s
(B) 42.50 cm? ,2 {

(C) 32.50 cm2

(D) 30.5 cm? Q)e 3 ~
2. In the adjoining figure AB = CD = 2BP =2 CQ In the middle, a circle with radius 1 cm is drawn.
In the rest figure all are the se % Iﬁr arcs. What is the perlmeter of the whole figure?

(A4 = e U W L - Y
®sz AD [ . T
(C)10 = APL_BALON Q) D
(D) None of these -
3. If BC passes thr ntre of the circle, then the area of the shaded region in the given figure is :
a2
A A 3_ > e
(A 5

Two C|rcles of unit radii, are so drawn that the centre of each lies on the circumference of the other. The
area of the region common to both the circles, is :

A (47 —33) - (47 —64/3)

12 12




10.

11.

© (4r - 3\/3_) D) (4r - 6\/3—)

The area of the largest possible square inscribed in a circle of unit radius (in square unit) is :
(A) 3 (B) 4 (C) 24/3r (D) 2
The area of the largest triangle that can be inscribed in a semicircle of radius r is:

(B) (g]zcmz (\

(C) rv/2 cm? (D) 3+/3r cm? \,
q;')

(A) r* cm?

If a regular hexagon is inscribed in a circle of radius r, then its perimeter is :

(A) 6/3r (B) 6r (C) 3r (D) 12r 6;3

If a regular circumscribes a circle of radius r, then its perimeter is :

(A) 4/3r (B) 6+/3r (C) 6r (D) 12+/3r

In the adjoining figure there are three semicircles |n which BC = 6 cm and 96\/_ cm. What is the
area of the shaded region (in cm): D P

(A) 127 )

(B)97 / / \

C)27x (m

(D) 287 A B G

ABCD is a square of side a cm. AB, BC, CD and AD all areﬁsc?fords of circles with equal radii each. It
the chords subtends an angle of 120° at their respective res, find the total area of the given figure,
where arcs are part of the circles: A\

(A)

(B)

ra? a? )|
a’+4 -
( 9 BﬁJ_

a2+4(

2

9

a’ J
43

ol

é D

(

Ee
o

s

L

&

QX
(C) [9a%- 47 + 3v3a? ]
(D) None of these "

In the adjoining figure PQ square and MS = RN and A, P, Q and B lie on the same line. Find the
ratio of the area of two c'h'a@o the area of the square. Given that AP = Ms.

A) Z

3 > |

®) c}’ Y |
3 éfl [’“ / > ij \ R \\§
{ & = < 5 )
%  F )
k\"‘\-«.‘,—r”/ \\\ Rk ’/

©

ection for questions number (12 to 14) : In the adjoining figure ABCD is a square. A circle

BCD is passing through all the four vertices of the square. There are two more circles on the sides
AD and BC touching each other inside the square AD and BC are the respective diameters of the
two smaller circles. Area of the square is 16 cm?.




12.

13.

14.

15.

16.

17.

18.

What is the area of region 1?

(A) 2.4 cm? (B) [2 - %) cm?
(C) 8 cm? (D) (47 -2) cm?
What is the area of region 2? (\
(A)3(z-2)cm?>  (B) (- 3)cm? (C) @7 -3)cm? (D) 4 (z-2) cm? \
What is the area of region 3? GD
(A) (4—47)cm? (B) 4 (4 -7) cm? (C) 47z -2)cm? (D) 37 +2) cm?
A circular paper is folded along its diameter, then again it is folded to form a quadrantﬁ) It is cut as
shown in the figure, after it the paper was reopened in the original circular shape ratio of the
original paper to that of the remaining paper? (The shaded portion is cut off from t rant The radius
of quadrant OAB is 5 cm and radius of each sem|C|rcIe islcm): (\

I ) I

(A)25:16 (B)25:9 (©)20:9 (D) None of these

Directions for questions number 16-18 : A square is\hscribed in a circle then another circle is
inscribed in the square. Another square is then ins¢fyoed in the circle. Finally a circle is inscribed in
the innermost square. Thus there are 3 circles a2Q%»squares as shown in the fig. The radius of the
outer-most circle is R.

What is the radius of the 'Es§gst circle?

R

A) —

™
What is the su S of aII the squares shown in the figure?

(A) 3R? rg/ J2R? (C) — 3 g2 (D) None of these

J2
What is tio of sum of circumferences of all the circles to the sum of perimeters of all the squares?
(A 3)R (B) 3 ++/2):R (C) 3J37R (D) None of these
ions for questions number 19-21 : A regular hexagon is inscribed in a circle of radius R.
other circle is inscribed in the hexagon. Now another hexagon is inscribed in the second (smaller)

(C) V2R (D) None of these

Q)\CI rcle. P i N
4 W 7 N

19.

W\
€ )
l\\ \\ /¥ v‘.'

/ 7/
\ /
\\\\\%‘::;—". . %

P g

What is the sum of perimeters of both the hexagons?



20.

(A) (2 ++/3)R (B) 3(2+ V3)R (C)3(3+ +2)R
What is the ratio of area of inner circle to the outer circle?
(A)3:4 (B)9:16 (C)3:8

(D) None of these

(D) None of these



21.

22.

23.

24.

25.

26.

%

Q-

If there are some more circles and hexagons inscribed in the similar way as given above, then the ratio of
each side of outermost hexagon (largest one) to that of the fourth (smaller one) hexagon is (fourth hexagon
means the hexagon which is inside the third hexagon from the outerside.):

(A)9: 32 (B)16: 9 (C)8: 343 (D) None of these

In the adjoining diagram ABCD is a square with side ‘a’ cm. In the diagram the area of the larger circle
with centre ‘O’ is equal to the sum of the areas of all the rest four circles with equal radii, whose centres
are P, Q, R, and S. What is the ratio between the side of square and radius of a smaller circle?
‘ (&

Voo oA )
) \
A I\ / \
AN Axh.Z B

(A) (242 +3) (B) (2 + 3v/2) (C) (4 +34/2) (D) Can’t be d@ined.
There are two concentric circles whose areas are in the ratio of 9 : 16 and t erence between their
diameters is 4 cm. What is the area of the outer circle?
(A) 32 cm? (B) 64 7 cm? (C) 36 cm? (D) 48 cm?
ABCD is a square, 4 equal circles are just touching each other whose ¢ t@ are the vertices A, B, C, D of
the square. What is the ratio of shaded to the unshaded area within sq%
OF
5 e O’
® TA T R
11 /\

11
In the adjoining figure ACB is a quadra&& radius ‘a’. A semicircle is drawn outside the quadrant
taking AB as a diameter. Find the are ed region :
(A) 1 (r—2a%) e
4 ( ——
N\ ¢

N

~. A

® (- %Q?
©% S |

(D) Can’t be dete

There are two eS intersecting each other. Another smaller circle with centre O, is lying between the
common region Of two larger circles. Centre of the circle (i.e., A, O and B) are lying on a straight line. AB
=16 cm d%e radii of the larger circles are 10 cm each. What is the area of the smaller circle?

(A) 4 z;
cm? [ |

e

D) = cm?
(D) ) Y



27.  ABCD is a square, inside which 4 circles with radius 1 cm, each are touching each other. What is the area

of the shaded reglon’) o

(A) (27 - 3) cm? i

(B) (4 -7) cm?

(C) (16 - 47) cm?

(D) None of these
28.  Three circles of equal radii touch each other as shown in figure. The radius of each circle is 1 ¢ Mat is

the area of shaded region? r&)

(A) (2\/52—72'J cm? % } (\655

3\/5 - 2 / \\,{f 4 N «
(B) 3 cm i& | ) (\Q
7/ \
N A N SH
N_ .
€) — Q
(D) None of these '\:
QO S
ANSWER KEY

Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans.  |[D |Cc [D |c |D |A |B JAVY|c [B |B [Cc |D [B |A
Que. 16 |17 |18 |19 |20 |21 |22 24 |25 |26 |27 |28
Anss. |A |A |[D [B [A [c [8YIB |B [Cc |A |[B |A

N




ARITHMETIC PROGRESSIONS

%

INTRODUCTION
Consider the following arrangement of numbers :

(i)1,3,5,7,........ (i) 3,6, 12,24, ........ (i) 1, 4,9, 16, ........
In each of the above arrangements, we observe some patterns. In (i) we find that the succeedmg
are obtained by adding a fixed number [i.e. 2], in (ii) by multiplying with a fixed number [i.e. 2 ||)

we find that they are squares of natural numbers.

In this chapter, we shall discuss one of these patterns in which succeeding terms are obt addlng
a fixed number to the preceding terms. We shall also see how to find their n™ terms %e sum of n
consecutive terms, and use this knowledge in solving some daily life problems. /\

HISTORICAL FACTS
Gauss was a very talented and gifted mathematician of 19" century who develop d the formula :

1+42+3+4+....+(n-1)+n= (2 Y for the sum of first n natur I@nbersattheageoflo He did

this in the following way :
S=1+2+3.....+(n—2)+(n—1)+n \Qo
S=n+(M-D+(N-2)+...+3+2+1 g
28 = (n+l)+(n+l)+(n+l)+ +(n+1)+(n{lg (n+1)
=(m+1)(1+1+1+...uptontimes)

28=(n+1)n:8:n(n2+1) Q
Even when he was a little child of three he d read and make mathematical calculation himself.
Gauss proved the fundamental theorem ebra when he was 20 years old. His contribution to

mathematics has been immense bec u IS formulae were used in applied field of Astronomy,
Differential Geometry and EIectrmt@ all over the world by scientists.

SEQUENCE @
In our daily life, we come the arrangement of numbers or objects in an order such as arrangement
of students in a row as r roll numbers, arrangement of books in the library, etc.
An arrangement of n S depends on the given rule :
)
(‘%‘rﬁen Rule Arrangement of numbers

Write 3 and th®radd 4 successively 3.7,11, 15, 19,....

Write 3M'Hﬁen multiply 4 successively 3,12,48,192,.....

Write Tand then subtract 3 successively 4,1,-2,-5,.....

wahernately 5and -5 5,-5,5,-5,...

@s, a sequence is an ordered arrangement of numbers according to a given rule.

erms of a Sequence : The individual numbers that form a sequence are the terms of a sequence.
For example : 2, 4, 6, 8, 10,...... forming a sequence are called the first, second third, fourth and
fifth,.... terms of the sequence.
The terms of a sequence in successive order is denoted by ‘T’ or ‘a’y The nth term “T’n is called the
general terms of the sequence.
SERIES



Ex.1
Sol.

Ex.2

Sol.

Ex3.

Sol.

&©

The sum of terms of a sequence is called the series of the corresponding sequence. T; + T, + T3 +....1
an infinite series, whereas T; + To + T3+ .... + Tnq + T, is a finite series of n terms.
Sp=T1+To+Ta+ ... +Th o+ Tho1+ T,
Sp1=T1+To+Tz+ . ... +Th 2+ Th 1
Sh—Sn1=Th

OR | Tn Sn Sn 1 | «
Write the first five terms of the sequence, whose nth term is a, = {1 + (-1)"}n. '\,
an = {1+ (-1)"}n O
Substitutingn =1, 2, 3, 4 and 5, we get 0)
a={l+(-1)}1=0;,={1+(-1)}2=4 c;D

as={1+(-1)°}3=0;a,={1+(-1)}4=8;

as = {1+ (-1)°}5=0 A\
i Q

Thus, the required terms are : 0, 4, 0, 8 and 0. /\
Find the 20th term of the sequence whose nth term is, a, = n(nn 32)
+
a,= N1=2) Putting n = 20, we obtain az = 20(20-2) ‘%
n+3 20+3

360
Thus, agg = — <Z
20 23

S

. - - - A _ . _ &" - a n+1 —
The Fibonacci sequence is defined by a; =1=a;; a, -a@, an-2 forn> 2. Find ,forn=1,2,3,4,5,

a

n

We havea; =a,=1and a, = an.q + an» &
Substituting n = 3, 4, 5 and 6, we get,

B-atay=1+1=2 &b

uy=agta=2+1=3

a5:a4+a3:3+2:5 @
and a6:a5+a4—5+3 8 %
Now, we have to find é%;— 1,2,3,4and 5

For, n:1,—2% %
a 1

n=2, £=2=2
=1
S 94 _3
A:S\ "a, 2
n=g 3.2
"a, 3
5 % _8
"a, 5

Hence, the required values are 1, 2,

l\)lw
wlo-l
fs¥)
S
o
Ul oo



COMPETITION WINDOW

SERIES OF NATURAL NUMBERS
1. The sum of first n natural numbersi.e. 1 +2+3 +...... + n is usually written as z n.

Zn:n(n+1)

2

2
2. The sum of squares of first n natural numbers i.e. 12 + 2% + 3% + ..... + n® is usually written as %;\(,\

2”2 _ n(n+1)(2n+1)
6
3. The sum of cubes of first n natural numbers i.e. 1% + 23 + 3* + ... + n®is usually Writmcag n®.

Y R AQ

* PROGRESSON

s O

It is not always possible to write each and every sequence of some ru

For example of prime numbers 2, 3, 5, 7, 11,... cannot be ex ed explicitly by stating a rule and we
do not have any expression for writing the general term of th@ence.

The sequence that follows a certain pattern is called a progresston. Thus, the sequence 2, 3, 5, 7, 11,... is
not a progression. In a progression, we can always Wfit@f’ﬂh term.

Consider the following collection of numbers : (il&‘%, 7... (i) %%%
at

From the above collection of numbers, we obs
Q) Each term is greater than the previo 2.
(i) In each term the numerator is 3 e denominator is obtained by adding 1 to the preceding

gl

e

denominator.
Thus, we observe that the collec% of’humbers given in (i) and (ii) follow a certain pattern and as such
')

are all progressions. ‘Q)

* ARITHMETIC PRO IONS

An arithmetic progr%?fon is that list of numbers in which the first term is given and each term,
other than the fi rm is obtained by adding a fixed number ‘d’ to the preceding term.

The fixed term\(d’) is known as the common difference of the arithmetic progression. It’s value can be
positive, ive or zero. The first term is denoted by ‘a’ or “a;* and the last term by '/'.

EX. Co% a sequence 6, 10, 14, 18,22, ...

H@ a1 =6, a = 10, a3 = 14, a, = 18, as = 22
pw-a=10-6=4

Q a—a=14-10=4

@x au—a3=18-14=4
Therefore, the sequence is an arithmetic progression in which the first term a = 6 and the common
difference d = 4,

Symbolical form : Let us denote the first term of an AP by a;, second term by a,,....nth term by a, and the

common difference by d. Then the AP becomes a, a,, as,....... an.
So,ay—a1=a3—a=..=a,—a,_1=d.



Ex.

Ex.

Ex.4

Sol.

General form : In general form, an arithmetic progression with first term ‘a’ and common difference
‘d’ can be represented as follows :
a,at+d,a+2d,a+3d,at+4d,....
Finite AP : An AP in which there are only a finite number of terms is called a finite AP. It may be
noted that each such AP has a last term.
€)) The heights (in cm) of some students of school standing in a queue in the morning assembly are
147, 148, 149,...., 157.
(b) The minimum temperatures (in degree Celsius) recorded for a week in the month of Ja Wi a
city arranged in ascending order are — 3.1, - 3.0, - 2.9,-2.8,-2.7,- 2.6, - 2.5
Infinite AP : An AP in which the number of terms is not finite is called infinite AP. It4 q@te worthy
that such APs do not have a last term. 63
@  1,2,3,4,.... /\
(b) 100, 70, 40, 10,.... (\
Least Information Required : To know about an AP, the minimum informaﬁ@e need to know is to
know both — the first term a and the common difference d.
For instance if the first term a is 6 and the common difference d is 3, then AP’is 6, 9, 12, 15,...

Similarly, when Q)
a=-7,d=-2,the APis—7,-11,-13,.... ‘%
a=1.0,d=0.1,the APis 1.0, 1.1, 1.2, 1.3,...

So if we know what a and d are we can list the AP.

In which of the following situations, does the list of numbe&nvolved make an arithmetic progression,
and why? &o,

Q) The taxi fare after each km when the fare is @6 for the first km and Rs 8 for each additional

km.

(i) The amount of air present in a cyllnderﬂ&@l vacuum pump removes " of the air remaining in

the cylinder at a time. @

(ili)  The cost of digging a well a @ry metre of digging, when it costs Rs.150 for the first metre
and rises by Rs. 50 for each subBsequent metre.

(iv)  The amount of money iQthe, account every year, when Rs. 10000 is deposited at compound
interest 8% per annu [NCERT]

Q) Taxi fare for 1 k Y5=9
Taxi fare for 2 k s.15+8=Rs.23=4a,
Taxi fare for =Rs.23+8=Rs.31=a3

Taxi fare fQr 4 kms = Rs. 31 + 8 = Rs. 39 = a4 and so on.
aw—a¥fRs¥Y3-15=Rs. 8
a3 —8p =RS.31-23=Rs. 8

7= Rs.39-31=Rs.8

wik +1 — ak IS the same every time.

& , this list of numbers form an arithmetic progression with the first term a = Rs 15 and the
common difference d = Rs. 8

Amount of air present in the cylinder after one time removal of air by the vacuum

@ Amount of air present in the cylinder = x units (say) = a;

X 3x .
pump=Xx — 1" units a,
Amount of air present in the cylinder after two time removal of air by the vacuum pump
3 1(%)_3x 3x _ 9x

3\
—— = =""units=| = | xunits=as
4 4 16 16 4



(iii)

(iv)

Ex5 Wri

%\

(i)

Amount of air present in the cylinder after three times removal of air by the vacuum

(5 =360 =3 =) ol3) xome-
pump=| — | Xx—=|—=| Xx=>[1-=||=| X =|—=|| = | Xx=| = | Xunits = a4 and so on.
4 4\ 4 4)\ 4 4 )\ 4 4

3X X .
—a = — -X=— Uunits
4 4

2

az—ay = (% x—§x=—3 X units /\

4) "4 186 AN
As a; — a3 # az — ay, this list of numbers does not form an AP. fb
Cost of digging the well after 1 metre of digging = Rs. 150 = a;
Cost of digging the well after 2 metres of digging = Rs. 150 + 50 = Rs 200 = a, g;)
Cost of digging the well after 3 metres of digging = Rs. 200 + 50 = Rs 250 =
Cost of digging the well after 4 metres of digging = Rs. 250 + 50 = Rs 300@
and so on.
a, —a; = Rs 200 — 150 = 50 /\
az —az = Rs 250 — 200 = 50 P
as —az = Rs 300 — 250 = 50
i.e., &1 — a Is the same every time. So this list of numbers r@an AP with the first term a =
Rs. 150 and the common difference d = Rs.50

8
Amount of money after 1 year = Rs. 10000 |1+ — ¢
yoterty T

2

Amount of money after 2 year = Rs. 10000 (1+ Ea

3
Amount of money after 3 year = Rs. 10(‘)%®+ %) = a3

4
Amount of money after 4 years = @;10000 [1+ %)j o

a,—a; = Rs. 10000 - Rs. 10000 (1+ i)
100

= Rs. 10000 1+ 1+——1 :> Rs. 10000 1+i 8
100 100
8 8 8
a—ay = 0 1+— - Rs. 10000 1+— = Rs. 10000 1+— 1+—-1| =
Q 100 100 100
00 1+i i
100 100

%ﬁrz —a; #az — ay, this list of numbers does not form an AP.
irst four terms of the AP, when the first term a and the common difference d are given as follows

4,d=5 (ila=-1.25,d=-0.25

a=4,d=5

First term, a=4

Second term =4+d=4+5=9

Third term =9+d=9+5=14

Fourth term =14+d=14+15=19

Hence, first four terms of the given AP are 4, 9, 14, 19.
=-125,d=-0.25



Firstterm=a= -1.25
Secondterm=-1.25+d=-1.25+ (- 0.25) =-1.50

Third term =-1.50 +d =- 1.50 + (-0.25) =- 1.75
Fourthterm=-1.75+d =-1.75 + (-0.25) =- 2.00

Hence, first four terms of the given AP are — 1.25, - 1.50, - 1.75, - 2.00

Ex.6 For the AP E E _l,_ﬁ . write the first term a and the common difference d. Also write /}ext

"

: 3
two terms after the given last term - 5

Sol.  Wehavea; = E,az=1,a3=—1,a4=—E and so on.
2 2 2 2

Thus, a= % /\Q

e G- <

() «z\*

a,_ a3~ 3y (.2 =-1,and so on. &"
el &Q

Now, we find the successor of - —

-(_zjm i 1)<¢§*

Hence, the next two t after the given term —%are—— ——

2 2
O) COMPETITION WINDOW

,§ GEOMETRIC PROGRESSION
1. Ase u?& f non-zero numbers ay, ay, as,....,an is said to be a geometric sequence or G.P.
Q8 _ 3 _

a &, &

Q) i.e. iff B _ = a constant for all n.
a

This constant is called the common ratio of the G.P. and is usually denoted by ‘r’. e.g., 3, 9, 27, 81,....
A general G.P. is a, ar, ar?,...
When the terms of a geometric sequence are added, we get a geometric series.

HARMONIC PROGRESSION



A sequence of non-zero numbers a, a,,....a, is said to be a harmonic sequence or H.P.
iff i,i,i,....iare in A.P.
a1 aZ a3 an
eg., (i)12,6,4,3.....(ii) 10, 30, - 30, - 10, - 6,.....
A general H.P. is 1, ! , ! + ...
a a+d a+2d /\

Where is the first term and d is the common difference of the A.P. q;\/

* GENERAL TERM OF AN ARITHEMETIC PROGRESSION g;)
The formula for writing general term or the nth term of an arithmetic progression is /\
an=a+(n-1)d Q(\
Where, a is the first term of arithmetic progression, /\
and d is the common difference of arithmetic progression. 7/
O

* r'» TERM OF FINITE ARITHMETIC PROGRESSION FROM%E END

Let there be an arithmetic progression with first term a and c@@n difference d. If there are n terms in
the arithmetic progression, then
r™ term from the end =a + (n—r)d &
Also, if 7is the last term of the arithmetic progressi Qen ™ term from the end is the r™ term of an
arithmetic progression whose first term is ¢ and n difference is —d.
rth term form the end = ¢ + %‘D - d)
Ex.7 Find the 30th term of the AP : 10, 7, 4.... & [NCERT]
Sol.  The given A.P.is 10,7, 4,..... 2)
Here,a:10,d:7—10:-3andn:g7
we have a, =a + (n—1)d %"
So, az =10 + (30 — 1) @
=  agp=10-87 :% s0=-77
The 30™ term given AP is — 77.
Ex.8 The 6™ term of rigmetic progression is — 10 and the 10" term is — 26. Determine the 15" term of the
AP.
Sol. Letfirstt nd the common difference of the AP be a and d respectively.

L =-10 (Given)
:&a+5(6—1)d:-10 [ a=a+(n-1)d]
a+5d=-10 ()
\/Q 10" term = - 26 (Given)
Q) = a+(10-1)d=-26
— a+9d=-26 ...(ii)
Solving (i) and (ii) we get
a=10,d=-4
Therefore, 15" term of the AP
= a+(15-1)d [-ay=a+(n-1)d]



Ex.9
Sol.

Ex.10
Sol.

%

@( *D-E :>n=¥+1:>n=—

But n should be a positive integer. So, 200 is not term of the given sequence.

= a+ 14d

= 10+14(-4)

= 10 -56=-46

Hence, the 15" term of AP is — 46.

Find the 6th term from the end of the AP 17, 14, 11,....
The given AP 17, 14, 11,...., - 40

Here, a=17,d=14-17=-3,/=-40

Let there be n terms in the given AP.

Then, nth term = - 40
a+(n-1)d=-40 [-
17+ (n-1) (-3)=-40
(n-1)(-3)=-40-17
(n-1)(-3)=-57

-57

-3

n-1=19

n=19+1

n=20

Hence, there are 20 terms in the given AP, Now, 6
a+(20-6)d [+ rth term from
a+14d \Q

17 + 14(-3) Q)&

= 17-42=-25

Hence, the 6th term from the en%tﬁ;e given AP is — 25.
1s 200 any term of the seque , 11, 15,...?

The given sequence is 3,4, 5,...

ap-—a=7-3=4 %

a3—a2:11—7:4

, - 40.

an=a+(n-1)d]

%O
N
& o

from the end
nd=a+ (n—r)d]

n-1=

o 4 Juud

AS a1 — ame fork =1, 2, 3, etc., the given sequence form an AP.
Here, a =

Let 200ke % nth term of the given sequence. Then,

=200
(n—

1)d = 200 = 3+ (n—1)4=200

201

COMPETITION WINDOW
GENERAL TERM OF A.G.P.

s

The nth terms of a G.P. is a, ar’,....ar



no

rth TERM FROM THE END OF FINITE G.P.

Let a be the first term and r be the common ratio of a finite G.P. consisting of n terms, then
[rth term from the end =ar""|
Also, if 7is the last term of the G.P. then

\
N
ng
GENERAL TERM OF A H.P.

To find the nth term of an H.P., find the nth term of the corresponding A.P. obtaineﬁg}he reciprocals
of the terms of the given H.P. Now the reciprocal of the nth term of an A.P., will nth term of the
H.P.

Try out the Following: /\Q

Find the 9" term and the general term of the progression 41,_71,1,—2....

Which term of the G.P. 5, 10, 20, 40, ...is 51207 ‘?

The fourth, seventh and the last term of a G.P. are 10, 80 and 2560 respectively
Find the first term and the number of terms in the G.P.

n-1
rth term from the end ZEF}
r

Find the 9th term of progression 1 + i+ L + i
7 14 21 28

If the pth term of a H.P. is gr and it’ s qth term is pr, ;Q 1nd it’s rth term.
Find the 6th term of the series 2 +1 +1—

A R KEY
1.64; (-1)"t2"3 2. 11" term ﬁsz terms 4. é 5.pq 6. %
SELECTION OF TERMS IN
Sometimes we require cert ber of terms in AP. The following ways of selecting terms are
generally very convenient. %
Number of terms Q;. Terms Common difference
3 ~e-d, a, a+d d
4 « Y la—3d,a—da+d a+3d 2d
, a—2d,a—-d,a,a+da+2d d
£ 6% a—5d,a—3d,a—d,a+3d,a+5d 2d

It sh u@oted that in case of an odd number of terms, the middle term is a and the common
i is d while in case of an even number of terms the middle terms are a — d, a + d and the

emark-1: If the sum of terms is not given, then select terms as a, a+d, a+ 2d,.... \
Remark-2 : If three numbers a, b, ¢ in order are in AP. Then
b —a = Common difference=c—Db

= b-a=c-Db

= 2b=a+c

Thus, a, b, c are in AP if and only if
Remark-3: Ifa, b, carein AP, then b is known as the arithmetic mean (AM) between a and c.
Remark—4 : If a, X, b are in AP Then,




Ex.11
Sol.

Ex.12
Sol.

Ex.13
Sol.

N

a+b

2X=a+h = x=

Thus, AM between a and b is a er b )

The sum of three numbers in AP is -3, and their product is 8. Find the numbers.
Let the numbers be (a—d), a, (a + d). Then,

Sum=-3 = (a-d)+a+(@a+d)=-3 =>3a=-3=>a=-1

Now, product = 8

= (a-d)(@ (a+d)=8

=  a@-d)=8 093
= ()@-d)=8 [ a=-1] (\/\

= d*=9=d=+3 Q

If d =3, the numbers are — 4, -1, 2. If d = - 3, the numbersare 2, - 1, - 4

Thus, the numbersare—4,-1,20r2,-1,-4

Ve
Find four numbers in AP, whose sum is 20 and the sum of whose s @ 120.
Let the numbers be (a—3d), (a—d), (a +d), (a + 3d). Then,

Sum =20 .

= (a—3d)+(a—d)+(a+d)+(a+3d)=20 = 4a:20%\9:5

Now sum of the squares = 120

- (a—3d)2+(a—d)2+(a+d)2+(a+3d)2:1200‘5"
= 4a’+20d°=120

=  a’+5d°=30 = 25+5d*°=30 &Q

= 25+5d°=30 = +

5d°=5=d=
If d = 1, then the numbers are 2, 4, 6, 8. If d\@then the numbers are 8, 6, 4, 2.
Thus, the numbers are 2, 4, 6, 8 or 8, 6, 4
If 2x, x + 10, 3x + 2 are in AP. Find e of x.
Since, 2x, X + 10, 3x + 2 are in AP.
2(x+10)=2x+(3x % )

= 2X+20=5x+2
= 3x=18 %
= X =6. %

COMPETITION WINDOW

SELECTION OF TERMS IN G.P.

Sometim@ required to select a finite number of terms in G.P. It is always convenient if we select the
ollowing manner :

tegrww

No. of Terms Terms Common Ratio

3 a R
—.,a,ar
r

4 a a 3 r°
—, —,anar
r’ r

5 a a 5 r
—,—, a,ar, ar
rr

If the product of the numbers is not given, then the numbers are taken as a, ar, ar?, ar>,...



el N

TRY OUT THE FOLLOWING
If the sum of three numbers in G.P. is 38 and their product is 1728, find them.
Find the three numbers in G.P. is whose sum is 13 and the sum of whose squares is 91.
Find four numbers in G.P. whose sum is 85 and product is 4096.
Three numbers are in G.P. whose sum is 70. If the extremes be each multiplied by 4 and the means by 5,
they will be in A.P. Find the numbers.
Find four numbers in G.P. in which the third term is greater than the first by 9 and the second t ﬁ\,
greater than the fourth by 18. 8)
The product of first three terms of a G.P. is 1000. If 6 is added to it’s second term and 7 aﬁ;a)o its
third term, the terms become in A.P. Find the G.P.

ANSWERS

1.8,12,18,0r 18, 12,8 2.1,3,90r9,3,1 3.1,4, 16, 64 or 64, 16, MS\Q
4. 10, 20, 40, 0or 40, 20,10 5.3,-6,12,-24 6.5, 10, 20,... or 20, 10

SUM TO N TERMS OF AN ARITHMETIC PROGRESSION
The sum Sy, of n terms of an arithmetic progression with first te%‘a.’ and common difference ’d’ is

S, =g[2a+(n—1)d] Q
OR S, =E[a+z] ‘&Q

Where ¢ = last term. »\:D'

Remark-1: Inthe formula S, = — [2a @;\ 1) d], there are four quantities viz. S,, a, n and d. If any

three of these are kno e fourth can be determined. Sometimes, two of these
quantities are giv,

"
fning two quantities are provided by some other relation.
Remark-2 : If the sum erms of a sequence is given, then n™ term a" of the sequence can be
determin sing the following formula :
i.e., the nth term an Y\P is the difference of the sum to first n terms and the sum to first (n — 1) terms
of it.

Ex.14

Sol.

>

Find the g@f the AP: % iz % ., 10 11 terms. [NCERT]

12 15 60

P
&,

We know that
= Sn= —[2a+(n—1)d]

1.1 1 12 1
Su=t2f Lleat-n L= su= 2242
- 2“15} ( )(eoﬂz> u 2[15 6}




Ex.15
Sol.

Ex.16
Sol.

11| 3 33
Spy= —|— Sy = —
= 11 2[ } 11 20

So, the sum of the first 11 terms of the given AP is % .

Find the sum : 34 +32+30+....+10

34+32+30+...+10

This is an AP

Here, a=34
d=32-34=-2
¢ =10

Let the number of terms of the AP be n.

We know that Q(\

an=a+(n-1)d /\
=  10=34+(N-1)(2) = (N—-1) (-2) =- 24 ,
2

4
= n-1=-—°"=12 =n=13
2 \©

Again, we know that Q\Q |

Sy = g(a+€) =5, =1—23(34+10)

"
=  S13=286 &

Hence, the required sum is 286.
Find the sum of all natural numbers between 1 200 which are divisible by 4.
All natural numbers between 100 and 200 re divisible by 4 are

104,108, 112, 116,....196

Here, a, =104 Q)

a, =108

S
as = 112 @
as = 116 %%
dz3 —ao —-108=4
‘% 116-112=4
&az —dj=dz—dp=adg—az= (: 4 each)

Q This sequence is an arlthmetlc progression whose common difference is 4.

Q) ere. a=104

/=196
Let the number of terms be n. Then
/=a+(n-1)d



Ex.17
Sol.

196 =104+ (n—-1)4
196 - 104 =(n—1)4
92=(n-1)4
(n-1)4=92
n—lz%

4
n-1=23
n=23+1=n=24
Again, we know that

O

n
Sn: E(a+€)

=  Sy= (%) (104 + 196)

Q
= (12) (300) = 3600 ‘%

Hence, the required sum is 3600. .
Find the number of terms of the AP 54, 51, 48,...so that thei&m is 513.
The given AP is 54, 51, 48,.... &q
Here,a=54,d=51-54=-3 0’
Let the sum of n terms of this AP be 513. &Q

s

We know that

n AN
Sn= 2 [2a+ (n- 1)d
v= 3 [2a+ (1= 1] o
—  513= 2[2 (54) + (n— 1)&03)1, — 513 = %[108 _3n+3]
—  513= 2[111 - 3@ — 1026 = n [111 -3n]
= 1026=111n ?ﬂ, — 3n2-111n + 1026 = 0
= n*-37n#42E0 [Dividing throughout by 3]
= n2—18C—) n+342=0
= n )—19(n-18)=0
= 8) (n—19)=0
= n-18=00rn-19-0

Z3

n=18, 19

@nce, the sum of 18 terms or 19 terms of the given AP is 513.

Note : Actually 19" term

= aig

a+(19-1)d [‘van=a+ (n-1)d]
a+ 18d

= 54+18(-3)

= 54 -54=0



Ex.18
Sol.

Ex.19

Sol.

S,
L/ VA ‘@l)p\

Find the AP whose sum to n terms is 2n® + n.

Here, S,=2n*+n  (Given)

Putn=1, 2, 3, 4,...., in succession, we get
S1=2(1)*+1=2+1=3
S,=2(2*+2=8+2=10

S;=2(3)°+3=18+3=21 (\
S)=2(42+4=32+4=36 N
and so on. ﬂ;)

=5 =3 (b

2,=S,-51=10-3=7 /\6

a3=S3-S5,=21-10=11 (\

a=S,—-S3=36-21=15 (\Q

and so on.

Hence, the required AP is 3, 7, 11, 15,...

200 logs are stacked in the following manner : 20 logs in the bottom? 9 in the next row, 18 in the
0gs

row next to it and so on (see figure). In how many rows are the 200 logs placed and how many logs are

/

in the top row?

[NCERT]

y
The number of logs in the bottom row, next@ow next to it and so on form the sequence

20,19, 18,17, .......
o

a-a,=19-20=-1 Q)
a—a,=18-19=-1

au—a3=17-18=-1 i
I.e., ax+1 — ax IS the same e e.
So, the above sequence AP.
Here,a =20

=-1

Sn= 206\)Yv

We know that
sn‘% [2a+ (n—1)d]

20:%[2(20)+(n—1)(-1)] - 20022[40—n+1]
200:% [41 - n] —  400=n[41-n]

n[41 —n] = 400 =  41n-n*=400
n°—41n+400=0 —  n?-25n-16n+400=0
n(n—25n)-16 (n-25)=0 = (n—-25)(n-16)=0
n-25=0o0rn-16=0 = n=25o0rn=16

n=25,16
ence, the number of rows is either 25 or 16.

I



Now, number of logs in row
Number of logs in 25th row

= azs

= a+(25-1)d [an=a+ (n—1)d]

= a+24d

= 20+24(-1) = 20-24=-4

Which is not possible. /\

Therefore, n = 16 and '\,
Number of log in top row 0;‘)

Number of logs in 16th row

b
Zli (16 -1)d [ca,=a+ (n-1)d] /\6
a+15d Q(\

~w

7.

20 + 15 (-1)
20-15=5 /\
Hence, the 200 logs are placed in 16 rows and there are 5 logs in the top r(%w
A
COMPETITION WINDOW ‘v
SUM OF n TERMS OF A. .

If S, is the sum of first n terms of the G.P. a, ar, ar’......

n b4
ie,Sy= a+ar+ar’+....+ar" then |S" :%3(:_—11) =1

1_
Also, | s" =2~ M orf -8 . r = 1, where /is tu@gterm i.e. the nth term .

1-r r-1
Forr=1,Sn=na

SUM O INFINITE G.P.
The sum of an infinite G.P. with firs and common ratio r, where -1 <r <1, is

a

S =~
% 9 o 1-r
If r > 1, then the sum of a@(te G.P. tends to infinity.

SUM OF n TERMS OF A H. P.
There is no specific ula to find the sum of n terms of H.P. To solve the questions of this

progression, first @f allyconvert it in A.P. then use the properties of A.P.
@ TRY OUT THE FOLLOWING
Find the sum o en terms of the G.P. 3,6, 12, ....

Find th to 7 terms of the sequence l+%+% , %+£5+% [%+%+%}
5 5°° 5 5° 5° 5 5° 5" 5

Fi sum of the series 2 + 6 +18 +... +4374.
many terms of the sequence 1, 4, 16, 64.... will make the sum 5461?

\Find the sum to infinite of the G.p. —>, > =2

4 '16° 64
The first term of a G.P. is 2 and the sum of infinity is 6. Find the common ratio
If each term of an infinite G.P. is twice the sum of the terms following it, then find the common ratio of
the G.P.

ANSWERS




1.381 2. = 1—% 3. 6560 4.-1 S. 2 6.
62 5 3

w|

* PROPERTIES OF ARITHMETICAL PROGRESSIONS
1. If a constant is added to or subtracted from each term of an A.P., then the resulting sequence is also an
A.P. with the same common difference.
2. If each term of a given A.P. is multiplied or divided by a non-zero constant K, then the rgsulting
sequence is also an A.P. with common difference Kd or d/K, where d is the common differ the
given A.P. ﬂ;
3. In a finite A.P., the sum of the terms equidistant from the beginning and end is always s ﬁt;a d is equal
to the sum of first and last term. a)
4. Three numbers a, b, ¢, are in A.P.iff2b=a + c. (\i\
5. A sequence is an A.P. iff it’s nth term is a linear expression in n i.e., ap = Ay + %e onstants. In such a
case, the coefficient of n is the common difference of the A.P. /\1
6. A sequence is an A.P. iff the sum of it’s first n terms is of the form An? + BQ, where A, B are constants.
independent of n. In such a case, the common difference is 2 A.
7. If the terms of an A.P. are chosen at regular intervals, then they formég’
COMPETITION WINDOW N °
ARITHMETIC MEA g
1. If there numbers a, b, c are in A.P. then b is called the ari mgtlc mean (A.M.) between a and c.
2. The arithmetic mean between two numbersaand b i
3. A, A, ..., A, are said to be n A.M.s between two@ ersaand b. iff a, A, Aa,....,An, barein A.p.
Let d be the common difference of the A.P. ‘b‘
Clearly, b=(n+ 2)th term of the A.P. ,QQ
— b=a+(n+1)d Q)
b-a Q)
= d=—-—
n+1 % o
Hence, A1:a+d:a+$}\2:a+2d:a+ 2b-a)
% n+1
A 24_ n(b-a)
4,

2 t
1.
2.

n+1
The sum of n ¥eM.’s between two numbers a and b is n times the single A.M. between then i.e.,

R
n
$ GEOMETRIC MEANS

e non-zero numbers a, b, ¢ are in G.P. then b is called the geometric mean (G.M.) between a and b.

1.
: \ge geometric mean between two positive numbers a and b is+/ab

HARMONIC MEAN
If three non-zero numbers a, b, c are in H.P., then is called the harmonic mean (H.M.) between a and b,
2ab

a+b
Remark : If A, G, H denote respectively, the A.M., the G.M. and the H.M. between two distinct
positive numbers, then

The harmonic mean between numbers a and b is




() A, G, HareinG.P. (iA>G>H

* SYNOPSIS
1. Sequence : A sequence is an ordered arrangement of numbers according to a given rule.
2. Terms : The numbers in a sequence are called its terms.
3. Series : The sum of terms of a sequence is called the series of the corresponding sequence.
4. Progression : A progression is a sequence whose terms obey a certain pattern. /\
5. Arithmetic Progression : Arithmetic progression is a sequence if the difference of a term a an ﬂ\,
predecessor is always constant.
6. Common Difference : The difference between two successive terms of an A.P. is called Qg@@on
difference. 63
7. General Term : General term or nth term or last term ofan A.P.isT,= /=a,=a (r\— ) d, where ‘a’
is the first term and ‘d’ the common difference. Q;\
8. Sumofntermsofan AP.: S, :2{2a+(n—1)d}:g{a+£} /\
Where ¢ =lastterm=a+(n-1)d 7
nth term, a, = S, — Sp-1 0
EXERCISE -1 (FOR SCHOOL/BOARD EXAMYS)
_:\r“y.
OBJECTIVE TYPE QUESQ}BNS
9
CHOOSE THE CORRECT ONE Qv
1. If the sum of first n terms of an AP be 3n? —n and i mmon difference is 6, then its first term is :
(A) 2 (B)3 (C (D) 4
2. If 7" and 13" terms of an A.P. be 34 and ,\?spectively, then it’s 18" term is :
(A) 87 (B) 88 Q) (C) 89 (D) 90
3. Thesum of all 2-digit odd nu Ggs?:
(A) 2475 (B) (C) 4905 (D) 5049
4. The fourth term of an%%s 4. Then the sum of the first 7 terms is :
(A) 4 28 (C) 16 (D) 40
5. Inan A.P. :@ =105, then s, : Sp-3 IS same as :
(A) (n+ 3%— 3) B)(n+3):n C)n:(n-3) (D) None of these
6. Im@. .83 =6, Sg = 3, then it’s common difference is equal to :
@ 3 B)-1 ©)1 (D) None of these
. \Il'he number of terms common to the two A.P. s
2+5+8+11+...+98and3+8+ 13+ 18+ ... + 198
(A) 33 (B) 40 <7 (D) None of these
8. (p + q)th and (p — q)th terms of an A.P. are respectively m and n, The P" term is :



10.

11.

12.

13.

14.

15.

16.

17.

18.

A) %(m +n) (B) Jmn (C)m+n (D) mn

The first, second and last terms of an A.P. are a, b and 2a. The number of terms in the A.P. is:

b b a a
(@ b_a (B) bra ©) b_a (D) ath /\

Let s1, S, S3 be the sums of n terms of three series in A.P., the first term of each being 1 and&g’@mmon

differences 1, 2, 3 respectively. If s; + s3 = 1s,, then the value of Ais: (b

(A1 (B) 2 (©)3 (D) None of these/\$>

Sum of first 5 terms of an A.P. is one fourth of the sum of next five terms. If&@ term = 2, then the
common difference of the A.P. is:

(A)6 (B)-6 ()3 (D) Nonerof these

If X, y, zare in A.P., then the value of (x +y —2) (y + z —x) is equal te; Q

(A) 8yz —3y* — 4z (B)8yz—3z°—4y* (C)8yz + 3y*—47° 7 — 3y* + 47

The number of numbers between 105 and 1000 which are di@@by 7is:
(A) 142 (B) 128 (C) 127 (D) None of these

9
If the numbers a, b, ¢, d, e form an A.P. then the valu@— 4b +6c—4d +eisequal to:

(A1 (B) 2 ©) (D) None of these
If s, denotes the sum of first n terms of an @Whose common difference is d, then s, — 2Sp.1 + Sp-2
(n>2)isequal to: Q)
(A)2d (B)-d Q) (©)d (D) None of these
"
The sum of all 2-digited nun@ich leave remainder 1 when divided by 3 is:
(A) 1616 (B @ (C) 1605 (D) None of these

The first term of an A\PYof consecutive integers is p® + 1. The sum of 2p + 1 terms of this series can be
expressed as :

(A) (p+1)° Q (B)(2p+1) (p+1)*> (C)(p+1)° (D) p3 + (p + 1)°

If the swsn terms of an AP is 2n? 5n, then its nth term is —

(A (B) 3n— 4 (C)4n+3 (D) 3n + 4

19. @we last term of an AP is 119 and the 8th term from the end is 91 then the common difference of the
P

20.

IS —
(A) 2 (B) 4 (©)3 (D)-3

If (an) ={2.5,2.51,2.52,....} and {bn} = {3.72, 3.73,3.74,...} be two AP’s then ajppo05 — b100005 =
(A)—1.22 (B) 1.22 (C) 1.2 (D) - 1.02
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EXERCISE -2 (FOR SCHOOL/BOARD EXAMS

SUBJECTIVE TYPE QUESTIONS

VERY SHORT ANSWER TYPE

Write the first five terms of each of the sequences, whose nth terms are: (\
(i) a, = M( i) a l+ )" (i) a, = n{”z +5} (iv) a, = (-1)™ 5™ rb\/
Find the |nd|cated terms in each of the following sequences whose nth terms are: (b
(a,=2"+n%;a® (i) a, Bl e a0 (ili) an = (-1)"n®; ag (iv) a, = (n — 1) {\6?(3 +1) ; a0
Write the first five terms of each of ?he following sequences and obtain the corr nding series.
(ai=1,a,=ap1t2,n >2 (i) a; = 4, ap+1 = 2na,

Write the first term a and the common difference d of the AP : -5, -1, 3, 7....
Write the first term a and the common difference d of the AP : -1.1, -3.1, - 5.’I, -7.1......

Write the arithmetic progression when first term a = - 1 and comm erence d = %
Write the arithmetic progression when first terma = - 1.5 and n dlfference d=-0.5.
Find the common difference and write the next four terms ofﬂg 1 =

Write the sequence with nth term, a, =3 + 4n.

Find out whether the sequence 3, 3, 3, 3, ... is an AP J{NL'Is, flnd out the common difference.
Find the common difference and write the next tw softhe AP:1.8,2.0,2.2,24...

Find out whether the sequence 12,32, 52 72, ... 1s . If it is, find out the common difference.
Find the common difference and write the o terms of the AP 0, % % %

Find the 18" term of the AP. /2, 3%

Which term of the AP : 84, 80, 76,... iH0?

Is 302 a term of the AP : 3, 8, 1 L)

How many terms are there 1 :7,13,19,....205 ?
Find the sum of the arithm gressmn -26 24 -22,....to 36 terms.
Show that the sequence %P by a, = 2n + 3is not an AP.

Find the 14th term of 9,51,-3..
Find the nth term of t equencem—l,m—3,m—5,...
Is— 150 a term P.o11,8,5,2....

SHORT WER TYPE QUESTIONS
Show tRat the sequence defined by a, = 5n — 7 is an AP. Find its common difference.
Pro t’%mo matter what the real numbers a and b are, the sequence with nth term a + nb is always an
at is the common difference?
Q irst term of an AP is 5, the common difference is 3 and the last term is 80, find the number of

AQ) f the nth term of the AP. 9, 7, 5... is same as the nth term of the AP. 15, 12, 9,...., find n.
5.

6
7.
8

Find the 12th term from the end of the arithmetic progression : 3, 5, 7, 9,.....201?

Find n if the given value of x is the nth term of the AP : 5%,1], 16%, 22,....;x=550.

Which term of the AP : 3, 10, 17,.... will be 84 more than its 13" term?
Find the 8th term from the end of the AP : 7, 10, 13,....184



9.

10.
11.
12.
13.

14.

15.
16.
17.
18.
19.
20.
21.

22.
23.

24,
25.
26.

217.

28.
29.
30.
31.
32.

33.

34.

35.
36.
37.
38.
39.

40.

41.
42.
43.
44,

45!
46.

47.

48 .

49.

Find the value of x for which (8x + 4), (6x — 2) and (2x + 7) are in AP.

If the sum of a certain number of terms starting from first of an AP 25, 22, 19,..., is 116. Find the last term.
How many terms of he sequence 18, 16, 14,.... Should be taken so that their sum is zero?

Find the sum of first n odd natural numbers.

Find the sum of all even integers between 101 and 999.

Find the sum : 7 + 10% +14+ ...+ 84.

Find the sum of the first 15 terms of the sequence having nth termas : a, = 3 +4n. '{\
The 6th and 17th terms of an AP. are 19 and 41 respectively, find the 40th term. ﬂ)

In a certain AP, the 24th term is twice the 10th term. Prove that the 72nd term is twice the 34th ter 0)

Find the second term and nth term of an AP whose 6th term is 12 and the 8th term is 22.

An AP consists of 60 terms. If the first and the last terms be 7 and 125 respectively, find 32n’d»\&r3.

Find azy—ay forthe AP:a,a+d,a+2d,a+3d,.... (\;

Two arithmetic progressions have the same common difference. The difference betwee@e 100th terms is 100,
what is the difference between their 1000th terms? /&

Find the term of the arithmetic progression 9, 12, 15, 18,.... Which is 39 more than its 36th term.

The sum of three terms of AP. Is 21 and the product of the first and the third terms%xceeds the second term by 6,

find three terms.
The sum of three numbers in AP. is 12 and the sum of their cubes is 288. %ﬁe numbers.
Show that (a — b)?, (a® + b?) and (a + b)? are in AP.

How many terms are there in the AP whose first and fifth terms \QM and 2 respectively and the sum of the
terms is 40? §

The first and the last terms of an AP are 17 and 350 respective’% 'I’f he common difference is 9, how many terms

are there and what is their sum?

Show that the sum of all odd integers between 1 and 100@ are divisible by 3 is 83667.

In an AP if the 5th and 12th terms are 30 and 65 respg@n\e . what is the sum of first 20 terms?
Find the sum of the first 25 terms of an AP whose s is given by a, =2 - 3n.

If x, x+ 10 and 3x + 2 are in A.P., find the valus#

If x+ 1, 3x and 4x + 2 are in A.P., find the fi ebm of A.P.

If ! : ! , ! areinA.P.,then@thatzbzza%cz.
b+c c+a a+b

a"+b" _ it i

Ifa, ——— and bare in a # b, then find the value of n.

a.n—l + bn—l
Find the nth term and 100" ¢@>f the sequence 7 +3-1-5....
Which term of the A.P.. 3, 3,18,....,1s 78?2
Which term of the A.P.?ﬂ'l& 15,... is - 812
Which term of th 2121, 117, 113,...., is it’s first negative term?
Which term of the sgquence 114, 109, 104,... is the first negative term?

How man are there in the A.P. —1,_—5,—2,_—1, ..... , E?
6 3 2 3

How ma o digit numbers are divisible by 3?

H@n three digit numbers are divisible by 5?

th and 21st terms of an A.P. are 14 and — 14 respectively, then which term of the A.P. is zero?

@‘n A.P., the fourth term exceeds four times the 12th term by one and the third term exceeds twice the tenth
r

m by five, find the A.P.
Determine the A.P. whose fourth term is 15 and the difference of 6th term from 10th term is 16.
The 4th term of an A.P. is zero, prove that its 25th term is triple its 11" term.

1 1

If the pth term of an A.P. is —, and gth term of an A.P. is —, then show that its (pq)th term is 1.
q q

The sum of three numbers in A.P. is 21 and their product is 231. Find the numbers.

The sum of three numbers in A.P. is 3 and their product is — 35. Find the numbers.



50. Divided 20 into four parts which are in A.P. such that the product of the first and fourth and the product of the
second and third is in the ratio 2 : 3.

51. If the sum of first n terms of an A.P. is given by s, = 5n” + 3n, find the nth term of the A.P.

52 The sum of the first 9 terms of an A.P. is 81 and the sum of it’s first 20 terms is 400. Find the first term, the
common difference and the sum up to 15" term

53. The sum of n terms of two arithmetic progressions are in the ratio (3n + 8) : (7n + 15).Find the ratio of their (i)
12th terms (i) 15th terms.
54.  Ifs,=n’pands,=m’, m = nisan A.P. prove that s, = p°. ,{\

55. The first, second and the last terms of an A.P. are m, n and 2m respectively. Show that it’s sum is

56. If the mth term of an A.P. is 20 and nth term is 10, then show that sum of it’s ﬁrst ;{-Dn) terms is
m+n 10
30+ .
2 m-n
57. If 51, S5, S3 are the sum of n terms of three arithmetic progressions, the first term@@h being unity and the

respective common difference being 1, 2, 3; prove that s; + s3 = 25,.
58. Two A.P.’s have the same common difference. If the first term of the two A.P’s ar¢3 and 8 respectively, find the

difference between their sum to first 30 terms. Q

59. If in an A.P., the sum of 12 terms is equal to 18 and the sum of 18 terms. »%a to 12, then prove that the sum of
30 terms is — 30.

60. Find the sum of all two digit natural numbers which are divisible b hQ'

61. Find the sum of all 3-digit natural numbers which are divisible byg

62. Find the sum of all 2-digit numbers which when divided by 5 leave rémainder 1.

63. Find the sum of all multiples of 9 lying between 300 and 7000' 9

S

/then show that :

—b)r+(b-c)p+(c-a)g=0

row, twenty one in the second row, nineteen in the third row
ow many rows are there of rose plants?

LONG ANSWER TYPE QUESTION

1. If pth, gth and rth terms of an AP are a, b, c respect
(Hal@-n+b(r—p)+c(p-0q)=0,

2. In a garden bed, there are 23 rose plants in t
and so on. There are five plants in the la

1 1 1
3. If the mth term of an AP is — and the nth term is — , show that the sum of mn terms is > (mn +1).
n ) m
4. If the sum of m terms of an ARME same as the sum of its n terms, show that the sum of its (m + n) terms is
zero.
5. The sum of the first p,q,r t an AP. are a,b,c respectively. Show that:

—(Q—r)+ (r g; p q)=0
6. A manufacturer 0 sets produced 600 units in the third year and 700 units in the seventh year. Assuming that

the product i s uniformly by a fixed number every year, find (i) the production in the first year
(i) the tot uct in 7 years and (i) the product in the 10th year.
7. i oyed to count Rs. 10710. He counts at the rate of Rs. 180 per minute for half an hour. After this he
s\at)the rate of Rs 3 less every minute thatn the preceding minute. Find the time taken by him to count the
e
8. an arranges to pay off a debt of Rs. 3600 by 40 annual installments which form an arithmetic series.

en 30 of the installments are paid, he dies leaving one-third of the debt unpaid, find the value of the first

installment.

9@ A ladder has rungs 25 cm apart. The rungs decrease uniformly in length from 45 cm at the bottom to 25 cm at the
top. If the top and bottom rungs are 2.5 metre apart, what is the length of the wood required for the rungs?

10. The digits of a positive integer, having three digits, are in A.P. and their sum is 15. The number obtained by

reversing the digits is 594 less than the original number. Find the number.



11. Two cars start together in the same direction from the same place. The first goes with uniform speed of 10 km/h.
. . . 1 .
The second goes at a speed of 8 km/h in the first hour and increases the speed by > km each succeeding hour.
After how many hours will the second car overtake the first car if both cars go non — stop?

12. A man repays a loan of Rs. 3250 by paying Rs. 20 in the first month and then increases the payment by Rs. 15
every month. How long will it take him to clear the loan?

13. 150 workers were engaged to finish a piece of work in a certain number of days. Four workers dropped the second
day, four more workers dropped the third day and so on. It takes 8 more days to finish the work now. Fi?(g\the
number of days in which the work was completed.

14. Along a road lie an odd number of stones place at intervals of 10 metres. These stones have to b embled
around the middle stone. A person can carry only one stone at a time. A man carried the job W|th the end
stones by carrying them in succession. In carrying all the stones he covered a distance of 3 km e number
of stones ?A

15. The interior angles of a polygon are in arithmetic progression. The smallest angle is d the common
difference is 5°. Find the number of sides of the polygon.

16. A man saved Rs. 16500 in ten years after the first he saved Rs. 100 more than he di i%e receding year. How
much did he save in the first year?

17. A man arranges to pay off a debt of Rs. 3600 by 40 annual installments which for n rithmetic series. When 30
of the installments are paid, he dies leaving one-third of the debt unpaid, find th ue of the first installment.

18. A piece of equipment cost a certain factory Rs. 600.000. If it depreciates i , 15% the first, 13.5% the next
year, 12% the third year and so on. What will be it’s value at the end of 1S, all percentages applying to the
original cost?

° VERY SHORT ANSWER TYPE QUESTIONS 0

-15-73 -11 3 -25 4 9 21 75
13) —,~,—,~and—= (i) 0,~,—,~and —. —,—,—,21land — (iv) 25, - 125, 625, - 3125 and 15625
2'6 6 2 6 2" 34 22 2 2
2. (i) 35 (ii) — (iii) 729 (iv) — 7866 3. (i)1,3,5,7,9 N+$+5+7+9 (ii) 4, 8,32, 192, 1536 : 4 + 8 32 + 192 + 1536
; &
4. a=-5d=4 5 a=-11,d=-2 6. =1, % —1 ....... 7.-15, -2,-2.5,-3,.
5 11 ') 26
8. Z;a4zz, 9.7,11,15,19,....10. Yes, d=0 11.d=02,a5=26,a,=238
5 26
12. No 13. d = 1% 1 a, = 7 a, = 14. 35\2 15. 22" term 16. No 17. 34
18. 324 20. 43 21.m-2n+1  22. No
° SHORT ANSW@\;?E QUESTIONS
15
1.5 :_: 4.7 5.179 6.100 7.25th 8.163 0. ) 10.4 11.19 12.n* 13.246950
20
14, 15. 525 16.87 18.a,=-8,a,=5n-18 19.69 20.10d 21.100 22.49th 23.1,7,13
~},60r6,4,2 26.10. 27.38,6973 29. 1150 30.-925 31.x=9 32.24 34.1
11 —4n, - 389 36. 16th 37. 15th, 8" 38. 32nd 39. 24th 40.27 41.30 42.180
l\g 7 3rd 44. 27,25, 23, 21 45.3,7,11,15,19,....  48.3,7,110r11,7,3 49.-51,70r7,1,-5

@ 0.2,4,6and 8 51.10n-2 52.a=1,d=2,5,5=225 53.(i)7:16 (ii)95:218 58. 150 60. 1188
61. 37674 62. 963 63. 21978
LONG ANSWER TYPE QUESTIONS
2. 10 rows 6. (i) 550 (ii) 4375 (iii) 775 7.89 minutes 8. Rs.51 9.3.5minters  10. 852

11. 9 hours 12.20 months  13. 25 days 14. 25 stones 15.9sides 16.Rs. 1200 17.Rs.51 18.10500




EXERCISE -3 (FOR SCHOOL/BOARDS EXAMS)

PERVIOUS YEARS BOARD (CBSE) QUESTIONS

1. The nth term (t,) of an Arithmetic progression is given by t, = 7n + 1. Find the sum of the first 30 terms
of Arithmetic progression. [Foreign — 2004{\
2. The 10th term of an Arithmetic progression (A.P.) is 57 and its 15th term is 87. Find the ﬁq,é etic
4]

Progression. [Forelgpi>
3. If the sum of first n terms of an A.P. is given by S, = 3n? + 2n, find the nth term of th 65

OR
If m times the mth terms of an A.P. is equal to n times its nth term, find its (m;\%ﬂ\erm.
[Delhi-2004C]
4. How many terms of the A.P.3,5,7,... must be taken so that the sum is 1202 / [Delhi-2004C]
5. If the sum of first n terms of an A.P. is given by S, =4n* — 3n, find t%perm of the A.P.
[Delhi-2004C]

6. If the sum of first of an A.P. is given by S, = 2n® + 5n, find \Qlérm of the A.P. [Delhi-2004C]
7. Find the sum of first 15 terms of an A.P. whose nth term i g
OR
If the sum to first n terms of an A.P. is given by %‘@ﬂn, find the nth term of the A.P.
[A1-2004C]
8. Find 10" term from end of an A.P. 4, 9, 14 & [Delhi-2005]

0. Find the number of terms of the A.P. %@ 48,....s0 that their sum is 513.

If the nth term of an A.P. is (2 ‘Dmd the sum of first n terms of the A.P. [Delhi-2005]
10. Find the sum of all two digi %@fposmve numbers. [Al-2005]
11.  The 8th term of an Arit Progressmn is zero. Prove that its 38th term is triple of it 18th term.
[Al-2005]
12. Find the sum o@@b digit positive numbers divisible by 3. [Foreign-2005]
13 If fifth term.of Me”/A.P. is zero, show that its 33rd term is four times its 12th term [Foreign-2005]
14, Which te the A.P.5,9, 13,...is 81? Also find the sum 5 +9 + 13 +... + 81 [Delhi-2005C]
15.  The r@'(first n terms of an A.P. is given by (n? + 3n). Find the 20th term of the progression.
$ [Delhi-2005C]
16. '@d the sum of the first 51 terms of the A.P. whose 2nd term is 2 and 4th term is 8. [Al-2005C]
1@ he sum of the first n terms of an A.P. is given by S, = 3n?> — n. Determine the A.P. and its 25" term.
OR
The sum of three numbers in A.P. is 27 and their product is 405. Find the numbers. [Al-2005C]
18. The 6" term of an Arithmetic progression (A.P.) is -10 and the 10th term is — 26 Determine the 15th
term of the A.P. [Delhi-2006]

19. Find the sum of all the natural numbers less than 100 which are divisible by 6. [Al-2006]



20.

21

22.

23.
24,
25.
26.

27.
28.

29.
30.

31.
32.

33.
34.

35.
36.
37.
38.
39.

40.

41.

e

44,
45.

46.

How many terms are there in A.P. whose first term and 6th term are — 12 and 8 respectively and sum of
all its terms is 120?

Using A.P., find the sum of all 3-digit natural numbers which are multiples of 7. [Delhi-2006C]
2

In an A.P. the sum of first n terms is 5%+ 37n Find its 20th term. [Al-2006C]

Find the sum of first 25 terms of an A.P. whose nth term is 1 —4n. [Delhi-%(g\q

Which term of the A.P. 3, 15, 27, 39, ...will be 132 more than its 54th term? [Del 7]

In an A.P., the sum of its first n terms is n” + 2n. Find its 18th term. | 7]

The first term, common difference and last term of an A.P. are 12, 6 and 252 respectiv nd the sum

of all terms of this A.P. Al-2007]

The nth term of an A.P. is 7 — 4n. Find its common difference. Q(\ [Delhi-2008]

The sum of n terms of an A.P. is 5n°— 3n. Find the A.P. Hence, find its 10th té?q. [Delhi-2008]

The nth term of an A.P. is 6n + 2. Find it’s common difference. 7/ [Delhi-2008]

Find the 10th term from the end of the A.P. 8, 10, 12,...., 126 O [Delhi-2008]

Write the next term of the A.P. /8,/18,4/32,.... s [A1-2008]

The sum of the 4th and 8th terms of an A.P. is 24 and the s \Qsﬁe 6th and 10th terms is 44. Find the
first three terms of the A.P. Q [Al-2008]

The first term of an A.P. is p and it’s common differenc fg»q')Find it’s 10th terms is. [Al-2008]

For what value of n are the terms of two A.P.’s 63, 6@...., and 3, 10, 17,.... equal?

O

If m times the mth tem of an A.P. is equal t Fﬁ’s nth term, find the (m + n)th term of the A.P.

& [Foreign-2008]
In an A.P. the first term is 8, nth ter@ and sum to first n terms is 123. Find n and d, the common
difference. [Foregin-2008]
In an A.P., the term is 22, nt 1% 5 — 11, and sum to first n terms is 66. Find n and d, the common
difference. AQ) [Foreign-2008]
In an A.P., the first tern@ nth term is — 11, and sum to first n terms is 66. Find n and d, the common
difference. ? [Foreign-2008]
For what value 2p — 1, 7 and 3p three consecutive terms of an A.P.? [Delhi-2009]
If Sp, the sum m terms of an A.P. is given by S, = 3n? — 4n, then find its nth term. [Delhi-2009]
The sum and 8th terms of an A.P. is 24 and sum of 6th and 10th terms is 44. Find A.P.

[Delhi-2009]
If@e um of first n terms an A.P. is given by S, = 5n? + 3n, then find its nth term. [Delhi-2009]
m of 5th 9th terms of an A.P., is 72 and the sum of 7th and 12th terms is 97. Find the A.P.

42.
\g)e [Delhi-2009]

If % , 4, 2 are three consecutive terms of an A.P., then find the value of a. [Al-2009]
Which term of the A.P. 3, 15, 27, 39,... will be 120 more than it’s 21str term? [Al-2009]
The sum of first six terms of an arithmetic progression is 42. The ratio of its 10th term to its 30th term is
1: 3. Calculate the first and the thirteenth term of the A.P. [Al-2009]

Which term of the A.P. 4, 12, 20, 28,.... will be 120 more than it’s 21st term? [Al-2009]



47, For what value of k, are the numbers x, 2x + k and 3x + 6 three consecutive terms of an A.P.?
[Foreign-2009]

48.  The 17th term of an A.P. exceeds its 10th term by 7. Find the common difference. [Foreign-2009]

49.  If 9th term of an A.P. is zero, prove that its 29th term is double of it’s 19th term. [Foreign-2009]

50. If 5th term of an A.P. is zero, prove that it’s 23rd term is three times it’s 11th term. [Foreign-2009]

51. If the 7th term of an A.P. is zero, prove that it’s 27th term is five times it’s 11th term. [Foreign-ZO(ﬁ}\

[
ANSWER KEY
1. 3285 2.3,9,15,21... 3.6n-10r0 4.10terms  5.8n- 63 4n + 3
7. —4650r10n—-2 8. 209 9.180r190RN (N +2) 10. 2,475 ﬁ\l 665 14. 860
15. 42 16. 3,774 17. 146 OR (3, 9,15) or (15, 9,3) 18. - 46 . 816 20. 12
21.70,336 22.99 23.—-1275  24.65th term 25.38  ,  26.5412 27. -4
28.2,12,22..;a;0=92 29.6 30. 108 31. 5v2 Cp2.-13,-8,-3
33.p+9q 34.n=130ramn=0 35.n=6,d= 36.n=15,d=-3
37.n=12,d=-3 38.p=3 39.6n-7 \040—13 -8,-3 41.10n-2
42.6,11,16,21,... 43.a= Z 44, 31st term =2,a13=26 46. 36th term
"
47.k=3  48.d=1 Q'S
A
>
EXERCISE - 4 n\\ (FOR OLYMPIADS)
CHOSSEXHE CORRECT ONE
1. For a series whose nth term is % “the sum of r terms is :
r(r+1 Qﬁ -1 r(r+1
O I R CE S OE s
2. If l l 1 are |n Y'ﬁén {1 1—l}[£+l—l}ls equal to :
a b c b ¢ a
4 1
(A) a—— 7t © ;—b—z (D) None of these
3. The suI % rst 24 terms oa} an A P. ai, ap, as,....; if it 1s known that a; + as + a1g +as + ayg + ax = 225,
is equa qu
B) 180 (C) 900 D) 1800 o
4. nt read common difference of an AP is — 2 instead of 2 and got the sum of first five terms as — 5.
actual sum of first five terms is :
25 (B)-25 (C)-35 (D) 35
5 he sum of n terms of two A.P’s are in the ratio of (7n + 1) : (4n + 27). The ratio of their 11th terms is —
(A)2:3 2(B)4 3 (C)5:4 (D)5:6
6. If 1°+2°+ 3°+....n° = 1015, then the value of n is :
(A) 13 (B) 14 (©) 15 (D) None of these
7. The sum of the series %+%+%+ ... upto 9 terms is:

(A) —% (B) —% (€)1 (D) ‘%




8. The sum of first n odd natural numbers is:

(A) n? (B) 2n (© 2n=h (p) D)

9. If the roots of the equation x® — 12x? + 39x — 28 = 0 are in A.P., then their common difference will be:
(A) + 1 (B) 2 - (©) 3 (D) 4

10. If A.M between two numbers is 5 and their G.M. is 4, then their H.M. is:
(A) ? (B) % © i (D) None of these

11.  If A is the single A.M. between two numbers a and b and S is the sum of n A.M.’s between ﬁ)ﬁ»then

S depends upon:

A)n,ab (B)n,a (C)n, b (D) n caa
12. If thezA M. between the roots of a quadratic equatlon is 8 and the G.M. is 5, then the(q\ on is:
+10x-25=0 Bx—8x+5 0
Cx—16x+25 0 Dx—16x 25=0 Q
13. If ¢ is the harmonic mean between a and b, then g + B is equal to:
Ve
(A) 2 (B) aaLbb (©) aa—bb (DXNOe of these
+
14. If a,b,c,d,e,farein A.P. thene-cisequal to:
(A) 2(c—a) (B) 2(f—d) (C) 2(d-c) \Q(.D d-c
3 3 3 3 3 3
15. 20th term of the series : 1—+1 2 +l t2+3 ‘Q
1  1+3 1+3+5 &
441 443 445 i) 439
(A) — (B) —- ©) — A (D) —
16. Ifthevalue of 13+ 2%+ 33 .+ n®=2025, then ueof 1 +2+3 + +nis:
(A) 675 (B) 81 D) 285
17. If the value of 1 +2 +3 + ... +nis 55, the ueof13+23+3 . +ndis:
(A) 165 (B) 385 3025 (D) 555
18.  The nth term of the series 1 + —— %
n-1 n+1
(A) — (B) % ©€) —
19. 1+1+22+2+32+3+ +n|sequalto
nn+1 n(n+1 nin+1)(n+2 n(n+)(n+2)(n+3
A "0+ () © "D+ o n(n+2)(n+3)
2 3 4
20.  The next term f&equenc 1 i i T
4'36'144°
1
A) — B) — — D) None of these
() % ® 00 © 1o ©
21. of first n natural numbers is one-fifth of the sum of their squares, then n equals:
(B)6 (C) 7 (D)8
22 nth term of the series 1 +3+ 6 +10+ 15+ ..
”(” 1) (B)n?—n+1 C)n(n+1) (D) None of these
23.”7  Thesum ofthe series 12+ 1+2°+2+3%+3+ ... +upton terms is :
2
A) w B) w ©) {@} (D) None of these

1

1
24.  The nth term of the sequence 1, +/2,3%,22,... is :



25.

26.

217.

28.

29.

30.

31.
32.

33.
34.

35.

36.

37.

@f ay, dy, as,....apare in A.P.and a;> 0 for all I, then :

39.

1 n

(A) n" (B) 1" © [ (D) None of these
n

The sum of n terms of the series (12 —2%) + (32— 4% + (5°— 6% + ,,, is :
(A) w B) w (C)—n@n +1) (D) None of these
If A1 and A; be the two A.M.s between two numbers p and g, then (2A;1 — Ay) (2A; — A) is equal tga
A)p+q B)p-q ©) pq (D) None of these 9\

1 a"+b" 1 _ . . \
If —,——————=,— arein AP, thennisequal to:

a2 b b 0>
(A)0 (B)-1 ©) % (D) None of these , -

If Sp =nP + %n(n — 1) Q where S, denotes the sum of the first n terms of anQ(P\., then the common
difference of the A.P. is

(A)P+Q (B) 2P +3Q ©)2Q D)Q »

If a,b,c are positive reals, then least value of (a + b+ ¢) & + % + %j ,%O

A1 (B) 6 ©)9 D) None of these

The sum of first four terms of an A.P. is 56 and sum of last f s is 112. If the first term is 11, then
the number of terms is :

(A) 10 (B) 12 ©)11 ,&,, (D) None of these

S, .
For an A.P., S,, = 3S,. The value of ? is equal to : Q

A) 4 B) 6 cgﬁ (D) 10
The ratio of the 7th to the (n — 1)th mean betwe 31, when n arithmetic means are inserted between then, is
5:9. The value of nis:

(A) 12 (B) 13 @ C) 14 (D) 15
The first, second and last terms of an A. b, and 2a respectively, the sum of the series is :
(A) 2 (B) —20 I 3ab (D) None of these
2(b+a) 2(b 2(a—Db)
Sum of first m terms of an A. be the first term of the A.P., then the sum of next n terms is :

ok '
A —a(m+n)m (o +n)n © —a(nm +1n)n D) —a(;n +1n)m

If A; and Az be the &) .S between two numbers a and b, then A, — A is equal to
(A)a+b B)b-a ©) bTa (D) None of these

The sum g S eqmdlstant from the beginning and end in an A.P. is equal to :

(A) Lastter (B) First term
(C) S m?ﬁhe first and the last term (D) None of these
2 f

the roots of the equation ax? + bx + ¢ = 0 is equal to the sum of the squares of their reciprocals then
ab® are in:

(B) G.P. (C)H.P. (D) None of these

1
+ Fot——— =
Ja_lwa_z Ja, +ya,  Ja, +a,

(D) None of these

n-1
L - C) — —
(A)\/a_1+\/a (B)\/a_n_\/a—l ()\/a—1+\/a_n

If a,b,c are in A.P. and also l,%,l are in A.P., then:
a c
(A)a=b=#=c (B)a=b=c (C)a=b=c (D)a#b=#c



40. If a,b,c are in H.P., then a-b equals :

) 2 B) % © 2 (D) None of these
a C
41. An, A.P. consists pf n (odd) terms and it’s middle term is m. Then the sum of the A.P. is :
1
(A) 2mn (B) Emn (C) mn (D) mn?
42. If A,G and H denote respectively the A.M., G.M. and H.M. between two positive numbers a and b, t G is
equal to 0)
2 1
(A)a-b (B) it:) (C) —(\/_ —4/b)’ (D) None of these G)
a («)
43. If the roots of the equation x® — 12x? + 39x — 28 = 0 are in A.P., then their common differe
(A) £1 (B) £2 (C) +3 (D) £4
A
ANSWER KEY
Que. |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. A A C D B B D A C A D Co | A C A

Que. |16 |17 18 19 20 |21 22 23 24 25 |26 27 28 29 30
Ans. |C |C C C B C A D A C C<B D C C
Que. |31 |32 33 34 35 |36 37 38 39 40 |41 42 43

Ans. B C B B C C A C C C2 C C
EXERCISE -5 N 7 (FOR T — JEE/AIEEE)
Ar\‘
CHOOSE THE CO@CT ONE
1. The sum of the n terms of the series g+% % S [Kerala Engineering-2003]
3"(2n+1) +1 3"(2n+1)-1 “% n3" - 31
 2EL @ T AL Q) ©)
2(3") 2(3") 2(3" ) 2
2. If the th1rd term of a G.P. is P then thefoduct of it’s first 5 terms is : [Kerala Engineering-2003]
(A) p’ (B) p’ '> ©)p* (D) p°
3. Ifa, a, .. anare n AM’ %A%én a and b, then ZZa [Kerala Engineering-2003]
i=1
(A) ab @n (a+b) ) a2 ”(a +b) (D) a%b
111 Q
4. 42 x4 x48 x . MAO 00 is a root of the equation : [Kerala Engineering-2003]
(AX—Aé (B)X*—4x+6=0 (C)xX*-5x+4=0 (D)x*-3x+2=0
5. If a,b,c A.P., then which one of the following is not true? [Kerala Engineering-2003]
(A) + K, ¢ +kare in AP. (B) ka, kb, kc are in A.P.
2arein A.P. (D)a+b,c+ab+careinA.P.
1 1 1 1 .
6. sum of the series: + + +..+————— isequalto [AMU-2002]
Vi+v2 V2443 B+44 Jn2 —1++/n?
23 (A 2+l B Il eIl
Jn \/ﬁ+ vn 2n
7. Sum of infinite number of terms of a G P. is 20 and sum of their squares is 100. The common ratio of
the G.P. is : [AIEEE-2002]

OF ® ©: ©) ¢



8. 1PB-22+3 -4+ . +9°= [AIEEE-2002]
(A) 425 (B) — 425 (C) 475 (D) — 475
9. Ify=x-x*+x*—x*+....t0 oo, then the value of x will be (-1 < x <1) :
1 1
(A)y+ = B) - ©y-= ©)
y ) 1+y y y ) )
10.  The two geometric means between 1 and 64 are: [Kerala Engineering-2002]
(A) 1and 64 (B) 8 and 16 (C)4and 16 (D) 3and 16
o ) . 4J2+1 .
11. The sum of infinite terms of the geometric progression i , ! 1,...|s : ﬂ;\’
J2-1'2-42,2 ﬂR
[Kerala En g-2002]
@WV2z+1f B (2+1f (C)5+2 (D) 342 ++5
12. If the nth term of the geometric progression, 5,—%,%,—% |s— then the v & (}\n
la Engineering-2002]
(A) 11 (B) 10 ©9 (D) 4 /
13. In a harmonic progression, pth term is g and gth term is p, then the ( t@rm is:
() 224 (8)0 ©
Pq
14.  Suppose a,b,c are A.P.and a%b’c?arein G.P. Ifa<b<c an&\%+ c _3 ; then the value of a is:
9 [I IT Screening-2002]
1
(A) (B) © - (D ) =
2f 2[ f
15. Let the positive numbers a,b,c,d be in A.P., the , abd, acd, bcd are: [I ITScreening-2001]
(A) Not in A.P./G.P./H.P. nA.P.
(©) InG.P. In H.P.
Q
16. If the sum of the first 2n terms of the .2, 5,8,... is equal to the sum of first n term of the A.P.57, 59,
61,... then nequals : [IIT Scereening-2001]
(A) 10 (B)12 % ©)11 (D) 13
17. 3+5+7+...uptonterpavs‘ 7, then the value of n is:
5+8+11+.. uptolO%:a’
(A) 35 (C) 37 (D) 40
18. Ifa, b, carein G n the equations ax? + 2bx + ¢ = 0 and dx® + 2ex + f = 0 have a common root if
% e e . [DCE-2000]
(A) G P. »% (B) A.P. (C) H.P. (D) None of these
19. Consid nfinite geometric series with first term a and common ratio r. If it’s sum is 4 and the second
tej@ then : [11T-Screening-2000]
3 3 3 1 1
,r:— B)a=2r=— C)a=—,r=— D)a=3r=-
4 7 ®) 8 ©) 2 2 ) 4
208 If 4th term of an H.P. is 5 and 5th term is 4, then it’s 20th term is:
(A) Zero (B) - ©)1 (D) E
21. H. M between two numbers is 4. The A.M. ‘A’ and the G.M. ‘G’ between them satisfy the relation 2A +

G?=27. The numbers are:
(A) 6,3 (B) 4,2 (©)6,9 (D) 3,5



22. The sum of an infinite G.P. is 3. The sum of the series formed by squaring its terms is also 3. The series

is:

(A) 1+l+l+i+... (B) E+§+§+i+
2 4 8 16 2 4 8 16
11 1 1 1 1 1

C)-+—F+—+—+... D)l-—+—+——+...

()392781 ()332 3

23. If first three terms of a sequence %,a,b,% are in G.P. and last three are in H.P., then values of gr\ b

are respectively : 0;)

1 1 1
A -=1 B)—, =
™ - @) 5 /\(,;’D
(C) Both (A) and (B) are true (D) % % A\
24.  The sum of few terms of a ratio series is 728, if common ratio is 3 and last temﬁ\ 86, then first term of
the series is :
(A) 1 (B)2 ©3 D)4 7
25. The 6th term of a G.P. is 32 and it’s 8th term is 128; the common ratio eG.P. is:
(A)-1 (B)2 €4 (Dy-4
26. Let a;, az, ...... , 410 be A.P., hl, hz,...,hlo be in H.P. If d; = h 0= h10:3, thena4h7: [”T]
27, In a G.P., the first term is a, second term is b and the last ter , then sum of the series is: [AMU]
28. If H is the harmonic mean between a and b, then g 2 @;b is equal to: [AMU]
1 1 3
(A) > (B) —5 © (D) None of these
29. Let A, Az be two AMs and G;, G; be twc&)a&between aand b, then % =
1 2
a+b 2ab Q) a+b a+b
A) — B) — C) — D) ——
()Zab ()a+cn) ()ab ()@
30.  a,b,care three unequal nu chthatab,carein AP.;b—a,c—b,aarein G.P.thena:b:c::
[Karnataka-CET]
A)1:2:4 &:3:5 ©)1:2:3 (D)1:3:5
31.  The first two terms of @n’infinite G.P. are together equal to 5 and every term is 3 times the sum of all the
terms that folloéjqﬁytﬁe common ratio of the G.P. is : [AMU]
1 1
(A) B (B) " €3 (D) 4
32. The ¢ g@ﬁerm of'a G.P. is 128 and common ratio is 2. The product of it’s first five terms is:
( (B) 4° C) 4 (D) 4'
. 1 2 1 2 .
33. sum of infinity of =+ —+ -+ +...is: [AMU]
N 7777
q ) 3 1 1 1
A) — B) = C) — D) —
()16 ()5 ()24 ()16
34, p,q,r are in A.P. and each is numerically less than 1. Let : [Karnataka-CET]
X=1+p+p*+... to oo
y=1l+q+0°+...... to oo

z=1+r+r+...... to oo, then x,y,z are in



(A) AP. (B) G.P. (C)H.P. (D) None of these

35.  If the numbers p,g,rare in A.P., thenm™, m™ m™ (m>0) arein :
(A) AP (B) G.P. (C)H.P. (D) None of these
36.  If the pth, gth and rth terms of a G.P. are ¢, m and n respectively, then /9" m™ nP9is :
(A)1 B)0 (©) par (D) £mn
1 1 1 1
37. + + + .t equals : AMU
1x2 2x3 3x4 n(n+1) a [ ] ﬂ;\(’\
n+1 n(n +1) n
A) — B C) — D
A B) © n+1 n+1 G;)
: 1 3 7 15 : 6)
38.  Sum of n terms of the series 5 + 2 + 3 + 6 +....1s equal to : (\
(A)2"—n—1 (B)1-2" (€)2"-1 D) n+2"4Q)
39. Ifa*=b’=c’andab,carein G.P.thenx, y,zarein: (\
(A) AP (B) G.P. (C)H.P. (D) Noneyof these
100 100
40. If a, be the nth term of a G.P. of positive numbers and Za2n = ‘%z = f,such that a= g, then
the common ratio of the G.P. is : \Q [1T]
a i a
A) — B) = C) |—= Q \/:
(A) ; (B) " ©) \g .
41.  Ifp,grarein A.P.and x,y,z are in G.P, then x®" y"® z”%i&sqlial to :
(A)p+q+r (B) xyz (©) 1 (D) px +qy +rz
42.  Ifab,carein A.P., then 10%*+10 10™*10 10 +10 arein :
(A) AP (B -only when x>0
(C) G.P. forall x P only when x <0
43. If the sum of roots of the quadratic equati& 2+ bx + ¢ =0 is equal to the sum of squares of their
reciprocals, then & Dang & parein: Q)
c a
(A) G.P. (B) H P. (C)AP. (D) None of these
44, Let «, S be the roots ofx Oand;/, 5 be the roots of x> —4x + q = 0. Ifa, B 7, & are in G.P.,
then integral values of p a respectively.
(A)-2,-32 (©)-6,3 (D) -6,—32
45, Ifa,b,c,dandxareal d(a +b2+c)x—2(ab+bc+cd)x+(b2+c +d%) < Othen:
(A) a,b,c,d are in% a b,c,d are in A.P. (C) a,b,c,d are in H.P. (D) None of these
)
(
ANSWER KEY
Que. |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. [B [ BsTB C C D B A D cC A |A D D D
Que. |16 |17 |18 19 [20 |21 |22 |23 [24 |25 [26 |27 28 29 30
Ans. | & SRA B D C A B C B B D B C C C
Que. |31 |32 33 34 35 36 37 38 39 40 41 42 43 44 45
Ang B [ C A C B |A |[C D C A [C C B A A




Important Notes




CIRCLES

|

INTRODUCTION

In class IX, we have studied that a circle is a collection of all points in a plane which are at a constant
distance from a fixed point. The fixed point is called the centre and the constant distance is known as the
radius. We have also studied various terms related to a circle like chord, segment, sector, are etc. Noﬁ\we
shall study properties of a line touching a circle at one point.

A
»
RECALL o)
A %

Circle

A circle is the locus of a point which moves in such a way that it

is always at the constant distance from a fixed point in the plane.

The fixed point ‘O’ is called the centre of the circle. The

constant distance ‘OA’ between the centre (O) and the moving

point (A) is called the Radius of the circle. 7\

Q
Circumference

The distance round the circle is called the circumference of thg\Q.

circle. Q
2xzr =circumference of the circle { .
= Perimeter of the circle. &')
= boundary of the circle 0

r is the radius of the circle. ‘&Q

Chord \9

The chord of a circle is a line segment joinifg &Ny two points on
the circumference. AB is the chord ircle with centre O.
In fig. AB is the chord of the circle.

')
Diameter
A line segment passing t% the centre of the circle and
having its end points o ircle is called diameter. If r is the

radius of the circle t e diameter of the circle is twice the

radius i.e., d = 2r e
AOB isa diam(@f)the circle whose centre is O
AOB = OA Zr+r+2r.

Arc of ®sjrcle
d»Q be any two points on the circle then the circle is
into two pieces each of which is an arc. Now we denote

arc from P to Q in counter clock-wise direction by PQ and x SE )
e are from Q to P in clock-wise direction by Qp . /

Sector of a circle

The part of a circle bounded by two radii and arc is called
. R I~

sector. In fig, the part of the plane region enclosed0 by AB and

its bounding radii OA and OB is a sector of the circle with

centre O.



Segment of a circle
Let PQ be a chord of a circle with centre O and radius r, then PQ divides the
region enclosed by the circle into two parts. Each part is called a segment of the \ 7o )
circle. The part containing the minor arc is called the minor segment and the part A Sector )/
containing the major arc is called the major segment. b it = /\

* INTERSECTION OF A CIRCLE AND A LINE gofnm LN
Consider a circle with centre O and radius r and a line PQ in a plane. We find that [ 57"
there are three different positions a line can take with respect to the circle as given |
below in fig. P\

)

va
@ The line PQ does not intersect the cim&
In fig. (a) the line PQ and the ci ave no common point. In this case PQ is called a non-
intersecting line with respect t rcle.
(b)  The line PQ intersect the circle ore than one point. In fig. (b), there are two common points A
and B between the line P dhthe circle and we call line PQ as a secant of the circle.
()  The line intersect the@ n a single point i.e. the line intersect the circle in only one points In
fig. (c) you can veri there is only one point ‘A’ which is common to the line PQ in the given
circle. In this cas ne is called a tangent to the circle.

‘,\ "\_\ Y, ¥ A v |
(5 ) & M {1\ i ~ & (c) O
\d) ? W 189)) O \CJ W

Secant h
A secant is a straight ljie that cuts the circumference of the circle at two distinct (different) points i.e., if a
circle and a ling'ha 0 common points then the line is said to be secant to the circle.

Tangent‘é
A tan e?&&a straight line that meets the circle at one and only one point. This point ‘A’ is called point of
or point of tangency in fig. (c).
a limiting case of a secant
he fig. the secant ¢ cuts the circle at A and B. If this secant / is turned around the point A, keeping A

xfxed then B moves on the circumference closer to A. In the limiting position, B coincides with A. The
Q) secant ¢ becomes the tangent at A. Tangent to a circle is a secant when the two end points of its
corresponding chord coincide.

Tan




In the fig. /7 is a secant which cuts the’ circle at A and B. If the secant is moved parallel to itself away
from the centre, then the points A and B come closer and closer to each other. In the limiting position,
they coincide into a single point at A, the secant / becomes the tangent at A. Thus a tangent line is the
limiting case of a secant when the two points of intersection of the secant and a circle coincide with the
point A. i.e., the common point of the tangent and the circle is called the point of contact and the ta&nt

Is said to touch the circle at the common point. \

Note: The line containing the radius through the point of contact is cal @rmal to the circle at the point.
NUMBER OF TANGENTS TO ACIRCLE FROM A P®INT

9
If a point A lies inside a circle, no line passing thr‘(ga@ can be

a tangent to the circle. i.e., No tangent can be dr from the

point A. (b‘

If A lies on the circle, then one and only one&%gent can be drawn N
to pass through ‘A’ ) - TR
i.e. Exactly one tangent can be drawn gh A.

In the fig., a secant ABC is dga om a point ‘A’ outside the circle, if the \

secant is turned around A i% ockwise direction, in the limiting position,

it becomes a tangent imilarly if the secant is turned in the anti-

clockwise direction, i'ﬁy miting position, it becomes a tangent at S. Thus
C

If A lies outside the circle thczréﬁy,two tangents can be drawn through ‘A

from a point A oytsid ircle only two tangents can be drawn. The points S
and T where thetind¢touch the circle are called the points of contact.

PROPEF@ES OF TANGENT TO A CIRCLE
Theore > The tangent at any point of a circle and the radius through the
poi rmyrpendicular to each other.
- A circle with centre O. AB is a tangent to the circle at a point P and
is the radius through P.
prove : OP 1L AB.
Construct : Take a point Q, other than P, on tangent AB. Join OQ.



%

Proof :

STATEMENT

REASON

Since Q is a point on tangent AB, other than the
point P, so Q will lie outside the circle
.. OQ will intersect the circle at some point R.

~.OR<0Q
= OP<0Q

Tangent at P intersects the circle at points P only.

Part is less than the whole.
OR = OP = radius.

3. | Thus, OP is shorter than any other line segment
joining O to any point of AB.

4. |OP L AB Of all line segments draﬁ\ m O to line AB, the

perpendicular is the shortgst
L4

Hence, proved.
Remark 1 : A pair of tangents drawn at two points of a circle ar
other at a point outside the circle.
Remark 2 : If two tangents drawn to a circle are parallel to
points of contact is a diameter of the circle.
Remark 3 : The distance between two parallel tangent
I.e., twice the radius.
Remark 4 : A pair of tangents drawn to a circle
each other.
Remark 5 : A pair of tangents drawn to a
diameter, intersect each other at a point ou
Corollary 1: A line drawn through
circle
Given: O is the centre and r b sadius of the circle. OP is a radius of the circle. Line 7 is drawn
through P so that OP L 7

ecircle at P.

To prove: Line 7 is tan%r%?
&>

S

ruction: Suppose that the line /¢ is not the tangent to the circle at P. Let us draw another straight
m which is tangent to the circle at P. Take two points A and B (other that P) on the line ¢/ and two
oints C and D on m.

eT:' t=1er parallel or they intersect each
eQ\&\h’er, then the line-segment joining their

“circle is equal to the diameter of the circle,

nd point of a diameter of a circle are parallel to

at the end points of a chord of the circle, other than a

point of a radius and perpendicular to it is a tangent to the

Proof:
STATEMENT REASON
1. |OPLY Given
= £ 0PB=90°
2. |OPLm By theorem




= ~ OPD=90°
= £ 0OPD = <OPB

Each = 90°

But a part cannot, be equal to whole. This gives contradiction. Hence, our supposition is wrong.

Therefore, the line 7 is tangent to the circle at P

Corollary 2: If O be the centre of a circle and tangents drawn to the circle at the points A and B of the
circle intersect each other at P, then £~ AOB + ~ APB = 180°. (\

Proof:

N
Rk
"
0(\

STATEMENT

1. |OPLPA&OBLPB
— /OPB = ~0BP =90°

= £ AOP +90°+90°+ £ APB = 360°
= Z/AOB+ ZAPB + 180° = 360°

= ZAOB+ ZAPB =360°-180°

— /AOB+ ZAPB =180°

2. ZAOB+ ~OBP+ ZOAP + ZAPB = 360°

A
REASON
/7

%%y theorem
N

§')

Hence, Proved

Theorem-2: If two tangents are drawn to a circle ;@8‘ exterior point, then

(1) the tangents are equal in length
(ii) the tangents subtend equal angles at the %@e
o N

ZAOP = ZBOP,

joining the point and the centre of the circle.

(iii) £ APO = ~ BPO.

(iii) the tangents are equally inclined toth¢lj
Given : PA and PB are two tangents to a circle with centre O, from an exterior point P.

To prove: (i) PA=PB c\

o AF \
o \

/ \
i
\ J

. Y /

- r 4
Q A
-

N STATEMENT

REASON

1 4 YKAOP and ABOP: OA = OB

Q\g OAP = / OBP = 90°

OP=0P

.. AAOP= ABOP

2. | Hence, we have

() PA=PB

(i) £LAOP =.BOP
(i) £APO = /BPO.

Radii of the same circle.
Radius through point of contact is perpendicular
to the tangent

Common.
c.p.ct

c.p.c.t
c.p.c.t




Corollary 3: If PA and PB are two tangents from a point to a circle with
centre O touching it at A and B prove that OP is perpendicular bisector of AB.

Proof:
STATEMENT REASON | A
1. | For AACP andABCP ‘
(i) PA=PB Lengths of two tangents from P are equ,aL;\
(i) PC=PC Common 0)
(iii) £ ACP =~ BPC PO bisector ~ APB GD
2. | AACP= ABCP SAS congruency 6)
3. |AC=BC c.p.c.t (\(\
— — 1 0 _ (0]
4 | £ACP=BCP = x180°=90 (\Q

Therefore, OP is perpendicular bisector of AB.
Hence proved. Q
* COMMON TANGENTS OF TWO CIRCLES %

Two circles in a plane, either intersect each other in two poim@yr-touch each other at a point or they
neither intersect nor touch each other. %
Common Tangent of two intersecting circles : Two circles irttersect each other in two points A and B.
Here, PP’ and QQ’ are the only two common tangentsad¢’ case where the two circles are of unequal
radii, we find the common tangents PP’ and QQ’ are rallel.

R4

Common tangents of tw/Q@ﬁnghich touch each other externally at a point:

Y A_,),;ﬂ“’;::,—’ | /
—/ Nl
/ Y
{ o /
\ (

% \ M\‘ ) /
\, / 1\ .
B n R
I e

ircles touch other externally at c.
e, PP’, QQ’ and AB are the three common tangents drawn to the circles.
Q) ommon tangents of two circles which touch each other internally at a point:

|
|
/ \

Qe (O'e ® \
\ }

\ /N
- |



Ex.1.

Sol.

Ex.2.

Sol.

Two circles touch other internally at C. Here, we have only one common tangent of the two circles.
Common tangents of two non-intersecting and non-touching circles:

Here, we observe that in figure (a), there is no common tangent but in figure (b) there are four common
tangents PP’ QQ’, AA and BB’.

A point A is 26 cm away from the centre | 1

of a circle and the length of tangent / A \\ yd

drawn from A to the circle is 24 cm. Find | Os ( +0')] (. ) >

the radius of the circle. ~—/ R VR <.~

Let O be the centre of the circle and let A . O T AN

be a point outside the circle such that OA e

=26 cm.

Let AT be the tangent to the circle. - »

Then, AT =24 cm. Join OT. :

Since the radius through the point of contact is perpendicular to A ey

the tangent we have £ OTA =90°. In right AOTA, we have ‘T O adRENE B O
OT? = OA? - AT? i

= [(26)? — (24)7] = (26 + 24) (26 — 24) = 100. Q:Q
= OT = 4100 =10 cm.
Hence, the radius of the circle is 10 cm. &q

In the given figure, AABC is right-angled at B, j
centre O has been inscribed in A ABC. Calculat
Let the inscribed circle touch the sides AB
theorem on right A ABC, we have

AC? = AB? + BC? = (15)? +(%@25+64) 289 ‘
= = /289 —17ch)% ;

Clearly, OPBQ s a squa% 12l / :;
[-. ZOPB =90, AP@F 90°, /OQB=90°and OP=0Q=xcm] | |\ |

w=s0=( o e

Since thet ts to a circle from an exterior point are equal in length, we have AR = AP and CR = CQ.
Now Yw AR = AP = (AB - BP) = (15 - x) cm
& CR=CQ=(BC-BQ)=(8-x)cm.
AC=AR+CR = 17=(15-x)+(8—-X) > 2x=6= x=3.

@m, the radius of the inscribed circle is 3 cm.

EX:
Sol.

If all the sides of a parallelogram touch a circle, show that the parallelogram is a rhombus.
Let ABCD be a parallelogram whose sides AB, BC, CD and DA touch a circle at the points P, Q, Rand S
respectively.
Since the lengths of tangents drawn from an external point to a circle are equal, we have
AP =AS, BP =BQ, CR =CQ and DR = DS. ,
: AB+CD=AP+BP+CR +DR



Ex.4

Sol.

Ex.5
Sol.

Ex.6

N

Sol.

= AS + BQ + CQ + DS
=(AS+DS) + (BQ + CQ)

=AD +BC
Now, AB + CD = AD + BC
= 2AB = 2BC [.. Opposite sides of a || gm are equal]
= AB =BC
AB=BC=CD=AD. (\

Hence, ABCD is a rhombus.
In the given figure, the in circle of A ABC touches the sides AB, BC and CA at the points P, Q,g)
respectively. Show that AP+ BQ+ CR=BP+CQ + AR = %(Perimeter of AABC c;)

, gl QO
Since the lengths of two tangents drawn from an external point to a cir& are equal, we have
AP AR, BQ =BPand CR=CQ .
. AP+BQ+CR=AR+BP +CQ (i) \Q
Perlmeter of AABC=AB+BC+CA=AP + BP + BQ + CQ AR + CR

=(AP+BQ+C P+CQ+AR
=2(AP + BQ + CR) [Using(i)]( QT &{(5 FEQTAR)

~AP+BQ+CR=BP+CQ+AR= % (Perimet@&ABC).

In two concentric circles, prove that a chord ger circle which is tangent to smaller circle is bisected at
the point of contact. %ﬁ
Let there be two concentric circles, ea@ centre O.

%
o
S

Let AB be a chord of Q@ér circle touchmg the smaller circle at P. Join OP.
Since OP is a ragitg of smaller circle and APB is a tangent to it at the point P, so OP L AB.
But the perpendicujar from the centre to a chord, bisects the chord.

AP =PB
Hence, A isected at the point P.

Twg _congentric circles are of radii 13 cm and 5 cm. Find the length of the chord of the outer circle which
the inner circle. TN

Let O be the centre of the concentric circles and let AB be a chord of the outer circle, touching the inner
circle at P. Join OA and OP.
Now, the radius through the point of contact is perpendicular to the tangent.

OP L AB.



Since, the perpendicular from the centre to a chord, bisects the chord, AP = PB. Now, in right AOPA, we
have OA =13 cm and OP =5 cm.
. OP? + AP? = OA? = AP?*= OA? — OP? = (13? - 5%) = (169 — 25) = 144,
= AP = /144 =12 cm.
= AB=2AP=(2x12)cm =24 cm.
Hence the length of chord AB =24 cm.
Ex.7 In the given figure, PT is a common tangent to the circles touching externally at P and AB is agfOther

common tangent touching the circles at A and B. Prove that:

(i) T is the mid-point of AB ///N\i\/%\
(ii) ~ APB =90° { ﬁ}“ )
(ili)  If X'and Y are centres of the two circles, \‘;/lr\ Ly
show that the circle on AB as diameter touches the line XY. \ |
Sol. (i) Since the two tangents to a circle from an external point are equal, we hﬁg
TA=TPand TB=TP. /
. TA=TB [Eachequal to TP] O
Hence, T bisects AB, i.e., T is the mid-point of AB. %
i) TA=TP = LTAP= LTPA \Q
TB=TP = £TBP= ZTPB Qv
. LTAP+ LZTBP= LZTPA+ LTPB = AAF%‘s"
= /TAP+ /TBP= ZAPB =2 /APB Q
= 2/ APB =180° [.. The sum e’/sofa Ais 180
= /APB=90°
(i)  Thus, P lies on the semi-circle witféﬁ as diameter.
Hence, the circle on AD as dié@r touches the line XY.
I
Ex.8 Two circles of radii 25 cm m touch each other externally. Find the length of the direct common

tangent.
Sol.  Let the two circles \,%Q\;%ntres A and B and radii 25 cm and 9 cm respectively touch each other
externally at a poi

Then, AB = AG+ CB = (25 + 9) cm = 34 cm. e P (9
. Radiu ugh point of contact is perpendicular to the tangent] / inl N/ \
Draw & é\ R/

e

a\ £ ,! ‘\, /
@ Qisa rectangle
@/\/ LP =BQ =9 cmand PQ = BL
\YAL = (AP - LP) = (25— 9) cm = 16 cm.
Q) From right fAALB, we have
AB?= AL?+ BL? =BL? = AB*— AL?=(34)? — (16)*= (34 + 16) (34 — 16) = 900
— BL = +/900=30 cm.
. PQ=BL=30cm.



Ex.9

Sol.

Ex.10

Sol.

*

%

Hence, the length of direct common tangent is 30 cm.
In the given figure, PQ = QR, ZRQP = 68°, PC and CQ are tangents to the

circle with centre O. Calculate the values of : (i) £ QOP (i)

ZQCP

(i)  In APQR, \
PQ=QR = ZPRQ + ZQPR [ £ s opp. to equal sides of a Aare equal] fb\

Also, QPR+ ZRQP + ~PRQ=180° [Sum of the ~/sofa A is 180° 0;)

=  68°+2/PRQ =180° (\c)

=  2./PRQ =(180° 68°) = 112° (\

—  /PRQ=56". (\Q

: ZQOP =2 /PRQ = (2 x 56°) =112°. [Angle at the centre is dglible the angle on the circle]
(i) Since the radius through the point of contact is perpendicular ngent, we have

~£0QC =90° and £ OPC =90°. .

Now, ~OQC + ~QOP + ~OPC + ~QCP = 360° Q\%um of the /s of a quad. Is 360°)

= 90°+112°+90°+ = ~QCP =360°. &-,

= ~/ QCP =(360° — 292°) = 68°. Q
>
With the vertices of A ABC as centres, thre@&s are described, each touching the other two externally.
If the sides of the triangle are 9 cm, 7 ﬁ}B cm, find the radii of the circles.
Let AB=9cm, BC=7cmand CA :g%

Let X, y, z, be the radii of circ %H'&entres A, B, C respectively. /” \
Then,x+y=9,y+z=7 a% X = 6. ///\\\\1 '
Adding, we get 2(x + 4%& 22 = x+y+z=11 ( a }_f\
X=X Y+ 28( t:)] = (11-7) cm = 4cm. \\\ /»//"’
Similarly, y = 6)cm=5cmandz=(11-9)cm=2cm.

Hence, thé‘%ﬁ of circles with centres A, B, C are 4 cm, 5¢cm and 2 cm respectively.

A
> ﬁ rcle and a line have no common point, then line is called a non-intersecting line with respect to the
x le.



> If a circle and a line have two common points or a line intersect a circle in two distinct points, then line is
called secant to the circle.
‘”/ ﬂm\\’\
/ \
[ 0 ] or
\ . TA P (\
> If a line and a circle have only one point common, or a line intersect the circle in only on W ; then it is
called tangent to the circle. (\
P A Q ’
> There is only one tangent at a point of the circle.
> The common point of the tangent and the circle is called the poiﬁg{/contact.
> The tangent at any point of a circle is perpendicular to the rad@ ough the point of contact.
> The line containing the radius through the point of conta(;Qt,tangent is called the normal to the circle at
the point.
> There is no tangent to the circle passing through a@ing inside the circle.
> There are exactly two tangents to a circle throu oint lying outside the circle.
> The length of the segment of the tangent fro’i&ixtemal point and the point of contact with the circle is
called the length of the tangent.
> The lengths of tangents drawn fr(?m a&emal point to a circle are equal.
37
EXERCISE -1 %% (FOR SCHOOL/BOARD EXAMS)
v~

’\)‘ OBJECTIVE TYPE QUESTIONS
CT ONE

CHOOSE THE C
1. A point Pa cm from the centre of a circle. The length of the tangent drawn from P to the circle is 8

cm. T ?dl s of the circle is equal to
( (B) 5cm (C)6cm (D) None of these.

n from P to the circle is x cm. The value of x =

2. Qo nt P is 25 cm from the centre of a circle. The radius of the circle is 7 cm and length of the tangent
W

(A) 20 cm (B) 24 cm (C)18cm (D) 12 cm.
3. In fig, O is the centre of the circle, CA is tangent at A and CB is tangent at B drawn to the circle. if <ACB
= 75° then <AOB = //f“\){;
(A) 75° / /
AN

o
(C) 95 = T



10.

11.

12.

13.
14
15.

16.

(D) 105°
In figure 10.75, PA and PB are the two tangents drawn to the circle. 0 is the centre of the circle. A and B
are the points of contact of the tangents PA and PB with the circle. If .~ OPA =35°, then ~/POB =

(A) 55° T8
(B) 65° (o \,\
(©)75° NN A\
(D) 85° A fé\
In fig, O is the centre of the circle. PQ is tangent to the circle and secant PAB passes throug m? ntre O.
If PQ =5 cmand PA = 1 cm, then the radius of the circle is c)

Q

) —

})/ \ (\(\
}hé-l—:':’lix ) "—l[ Q

@) /
e )
(A)8cm (B) 12cm (C) 10cm (D)
A tangent PQ at a point P of a circle of radius 5 cm meets a line t the centre O at a point Q such
that OQ = 12cm. Length PQ is

(A) 12 cm (B) 13 cm (C)8.5cm \QD) 119 cm

From a point Q, the length of the tangent to a circle is 2.{@1 and the distance of Q from the centre is
25cm. The radius of the circle is 0

(A) 7cm (B) 12 cm (C) 15 Q (D) 24.5cm

The length of the tangent from a point A at a c}@ . of radius 3 cm, is 4 cm. The distance of A from the
centre of the circle is \Q

(A)~/7 cm (B) 7cm Q)&C) 5cm (D) 25cm
If tangents PA and PB from a point P tOya circle with centre O are inclined to each other at an angle of 80°
then £ POA is equal to )

(A) 50° (B) 6 f’%) (C) 70° (D) 80°
If TP and TQ are two ta a circle with centre O so that .~ POQ = 110° then, ~/PTQ is equal to

(A) 60° (C) 80° (D) 90°
PQ is a tangent to a cixcle with centre O at the point P. If AOPQ is an isosceles triangle, then £ OQP is
equal to

(A) 30” (B) 45° (C) 60° (D) 90°
Two circle toych each other externally at C and AB is a common tangent to the circles. Then, ~ ACB =
(A) 60° (B) 45° (C) 30° (D) 90°

ABC4s ht angled triangle, right angled at B such that BC = 6 cm and AB =8 cm. A circle with centre
O)%%c ibed in AABC. The radius of the circle is
m

(B) 2cm (C)3cm (D) 4 cm

: xrhﬁ is a tangent drawn from a point P to a circle with centre O and QOP is a diameter of the circle such

at ZPOR =120° then £ OPQ is

(A) 60° (B) 45° (C) 30° (D) 90°
If four sides of a quadrilateral ABCD are tangential to a circle, then
(A)AC+ AD=BD +CD (B) AB+CD=BC+AD
(C)AB+CD=AC+BC (D) AC+ AD=BC +DB

The length of the tangent drawn from a point 8 cm away from the centre of a circle of radius 6 cm is
(A) V7 cm (B) 2+/7 cm (C) 10 cm (D) 5 cm



17.  AB and CD are two common tangents to circles which touch each other at C. If D lies on AB such that
CD =4 cm, then AB is equal to
(A)4cm (B) 6 cm (C)8cm (D) 12 cm )
18.  In the adjoining figure, if AD, AE and BC are tangents to the circle at D, E and C f@m’
F respectively. Then, 1/ N\
AL 0
(A) AD = AB + BC + CA (B) 2AD = AB + BC + CA
(C)3AD =AB +BC +CA (D) 4AD = AB + BC + CA rb/
. : A » D,
Que. 1 2 3 4 5 6 7 8 9 10
Ans. C B D A B D A AN B
Que. 11 12 13 14 15 16 17
Ans. B D B C B B ~ B
EXERCISE -2 (FOR\S,Q[-ISOL/BOARD EXAMS)

SUBJECTIVE TYPE QUESPIONS

SHORT ANSWER TYPE QUESTIONS &"
1. Find the length of the tangent drawn to a circle of ra@ cm, from a point which is at a distance of 10

2.

3.

cm from the centre of the circle.

A point P is 7 cm away from the centre of the ci nd the length of tangent drawn from P to the circle is
15 cm. Find the radius of the circle. ’\?

There are two concentric circles, each w ‘Ee re O and of radii 10 cm and 26 cm respectively. Find the
length of the chord AB of the outer c@gﬁlch touches the inner circle at P.

<>§° ‘

A and B are c@ of C|rcles of radii 9 cm and 2 cm such that AB = 17 cm and C is the centre of the
circle of ra d%q m which touches the above circles externally. If .~ ACB = 90°, write an equation in r

and solve 5, P i
QZ& XNF e )
A

‘f} 7’
I A

N rd

B R

&© A

5.

Two circles touch each other externally at a point C and P is a point on the common tangent at C. If PA
and PB are tangents to the two circles, prove that PA = PB.




6. Two circles touch each other internally. Prove that the tangents drawn to the two circles from any point on
the common tangent are equal in length.

7. Two circles of radii 18 cm and 8 cm touch externally. Find the length of a direct common tange t(o\{he
two circles. r\

8. Two circles of radii 8 cm and 3 cm have their centres 13 cm apart. Find the length of a digect ¢common
tangent to the two circles. 02

9. Two circles of radii 8 cm and 3 cm have a direct common tangent of length 10 crr}\‘vsd he distance

between their centres, up to two places of decimal.

10.  With the vertices of APQR as centres, three circles are described, each touching @her two externally.
If the sides of the triangle are 7 cm, 8 cm and 11 cm, find the radii of the three Qf\

LONG ANSWER TYPE QUESTIONS

1. AABC is right-angled triangle with AB = 12 cm and AC = 13 cm. ifCle with centre O has been
inscribed inside the triangle. Calculate the value of x, the radius of the @ ed circle.

£ \’r\._ 0

2. PQR is a right-angled triangle with PQ = 3 %yQR = 4 cm. A circle which touches all the sides of the
triangle is inscribed in the triangle. Calcul&&radius of the circle.

3. In the given figure, O is the centre ch one of two concentric circles of radii 4 cm and 6 cm
respectively. PA and PB are tangents%ter and inner circle respectively. If PA = 10 cm, find the length

of PB, up to two places of decim% o

A
-0

-

4. In the given fi@&ABC is circumscribed. The circle touches the sides AB, BC and CA at P, Q, R
respectivelys If =5cm, BP =7 cm, AC = 14 cm and BC = x cm, find the value of x.

A NN

[N/

v,
'Y/ D NN
DN A,
&E AP PN
/| NN\
Y \ NN\
N \ 0 // \‘\\\\
¥ N\
Eif Sy '/ \'\ks, .
HEe— s
X Ccm

. In the given figure, quadrilateral ABCD is circumscribed. The circle touches the sides AB, BC, CD and
DA at P, Q, R, S respectively. If AP =9 cm, BP =7 cm, CQ =5 cm and DR = 6 cm, find the perimeter of
quad. ABCD. D,6cmR




6. In the given figure, the circle touches the sides AB, BC, CD and DA of a quadrilateral ABCD at the points
P, Q, R,S respectively. If AB =11 cm, I%C =xcm, CR =4 cmand AS =6 cm, find the value of x.

L O

; o

= B
7. In the given figure, a circle touches th mf AABC at P and AB and AC produce(}'ggb and R
respectively. If AQ =15 cm, find the perimeter of A ABC.

_R_~ (\cgb

2 /

8. In the given figure, PA and PB are two tangents to the circle with centr CQf ~ APB =40° find £~ AQB
and £ AMB.

e, o
4

Q. In the given figure, PA and PB are two tangents to@\cﬁcle with centre O. If £ APB =50°, find:

(i) £ AOB (i) £ OAB (iii) ~ACB AR
A

Y
10. In the given figure PQ is@eter of a circle with centre O and PT is a tangent at. QT meets the circle at
TR

R. If ZPOR =72°, fir%v

11. he given figure, O is the centre of the circumcircle of A ABC. Tangents at A and B intersectat T.
~ ATB =80° and £ AOC = 130°, Calculate ~ CAB.

A
/1\ c W ]
@ P /,T‘i \ W

\_,/
12. In the given figure, PA and PB are tangents to a circle with centre O and A ABC has been inscribed in the



circle such that AB = AC. If ~BAC =72° calculate (a) ~ AOB (B0~ APB.

13.  Show that the tangent lines at the end po\v&s/ of a diameter of a circle are parallel.
B D

14.

15.

16. In the given figure, PQ is atr
5cmand 3cm respectlvel

17. AABC

@\,

Q'\/

i .
bisecte%&e
18. In@' i

@i the value of x.

iven figure quadrilateral ABCD is circumscribed and AD L AB. If the radius of incircle is 10 cm,

osceles triangle in which AB = AC, circumscribed about a circle. Prove that the base is
point of contact.

A

P, A R
B C
Q

I

o

%%ommon tangen

Q D

\
‘QX
i NN

f U/
S
N\
~—r’ //
P A R

/
—
o o

@
=)
et

t to two circles with centres A and B and of radil
ntersects AB at C such that CP = 12 cm, calculate AB.

A

Le




19. In the given figure, a circle is inscribed in quad. ABCD. If BC =38 cm, BQ =27 cm, DC =25 cm and
AD 1 DC, find the radius of the circle.

K N
CIRCLE ANSWER KEY EXERCISE - 2 (X) - CBSE
SHORT ANSWER TYPE QUESTIONS: \®M
1.6 cm 2.8cm 3.48cm  4.r’+11r-102=0,r=6 7.24cm 8(;@01
9.11.8cm 10.5cm, 2cm, 6 cm Q
LONG ANSER TYPE QUESTIONS: (\
1.2cm 2.1cm 3.10.95cm 4.16cm 5.54 cm 6.x=9 ,» 7.30cm
8. ZAQB=70° LAMB =110° 9. (i) 130° (ii)25° (iii) 65° 10. 4b 11. 65°
12. (a) 108°, (b) 72° 16. 20.8 cm 18.21 cm 1Bécm

EXERCISE -3

)

(FOR SEMOOL/BOARD EXAMS)

PREVIOUS YEARS BOARD

VERY SHORT ANSWER QUESTIONS

1. In the given figure, TAS is a tangent
value of x.
2. In the given figure, ABC is

circle with centre O ha
inscribed circle.

Yy
Q'\/
%

3@)x

4,
and £ AQB.

@given figure, PT is tangent to the circle at T. If PA =4 cm and AB =5 cm, find PT.

QUESTIONS &"

to the circle@&entre O, at the point A. If £ OBA = 32° find the
¥ [Delhi-1996C]

?/angled triangle right angled at A, with AB = 6cm and AC =8 cm. A
nscribed inside the triangle. Calculate the value of r, the radius of the

[AI-1998]

[Delhi-19980]

In the figure, O is the centre of the circle, PQ is taﬁgent to the circle at A. If ~PAB =58°, find £ ABQ



5. In figure, a circle touches the side BC of AABC at P and touches AB and AC produced at Q{’n\ R

respectively. If AQ =5 cm, find the perimeter of A ABC. 0)

6. A tangent PT is drawn parallel to a chord AB as shown in figure. Prove that APB is eles triangle.
: -b [Foreign — 2000]

7. In figure, XP and XQ are two tangents to a circle with centre O,from a’po"int'X outside the circle. ARB is
tangent to circle at R. Prove that XA + AR = XB + BR. Q, [Delhi-2003]

Ss'a

¥
_z_i!

8. Infig, if ZATO = 40° find ~ AOB. AR [Al-2008]

9. In fig., CP and CQ are tangent\@ a circle with centre O. ARB is another tangent touching the circle at R.
IfCP=11cmand BC = hen find the length of BR. [Delhi-2009]

Yy
Q'\/
%

10. In@ C is circumscribing a circle. Find the length of BC. [Al-2009]

N

11. In fig., CP and CQ are tangents from an external point C to a circle with centre O. AB is another tangent
which touches the circle at R. If CP = 11 cm and BR =4 cm, find the length of BC. [Al-2010]



SHORT ANSWER TYPE QUESTIONS
1. If AABC is isosceles with AB = AC, prove that the tangent at A to the circumcircle of A ABC is parallel
to BC. [Al1-1998C



8.
9.

Q?\’

10.

In figure, AB and CD are two parallel tangents to a circle with centre O. ST is tangent segment between
the two parallel tangents touching the circle at Q. Show that .~ SOT = 90°. [Al-2000]
A P B

— e ——0—P

N

| / |
| N < 1N
\ /
\ 3 \ /
N N\ P o |
S s P «
R 1 D)

A circle is inscribed in a AABC having S|des 8 cm, 10 cm and 12 cm as shown in figure. ?}D BE

and CF. 2001]
«F
AR (\

PAQ is a tangent to the circle with centre O at a point A as shown in fk&re'. If ~OBA = 35° find the

value of ~BAQ and £ ACB. : ‘;\

"
AB is diameter and AC is a chord of a C|rcle such th AC = 30° If then tangent at C intersects AB
produced in D, prove that BC = BD. [Delhi-2003]

ABC is an isosceles triangle in which AB = AC cribed about a circle. Show that BC is bisected at
the point of contact.

In the fig., a circle is inscribed in a qu @é’ral ABCD in which ~B =90° If AD =23 cm, AB=29cm
and DS =5 cm, find the radius (r) of rcle.

§)v

In fig., OP isequ Weter of the C|rcle Prove that ABP is an equilateral triangle. [Al-2008]

<C

P at a parallelogram circumscribing a circle is a rhombus. [Foreign-2008]
tangents PA and PB are drawn to a circle W|th centre O from and external point P. Prove that ~ APB
£ OAB.

"

In fig., a circle is inscribed in a triangle ABéQHéviﬁ'g/side BC=8cm, AC=10cm
and AB =12 cm. Find AD, BE and CF
[Foreign—2009] ; ;}/” :



11.

4.

In fig., there are two concentric circles with centre O and of radii 5 cm and 3 cm. From an external Point
P, tangents PA and PB are drawn to these circles. If AP = 12 cm, find the length of BP. [Al —2010]

[ /
I
{ ) ) -
1\ S J —
\ \ / / —
\ D) 4 L
N\ ) e

LONG ANSWER TYPE QUESTIONS 0;)
Prove that the lengths of tangents drawn from an external point to a circle are equal. 5‘59 e above,
prove the following : Qg

A quadrilateral ABCD is drawn to circumscribe a circle. Prove that AB + CD = AD .
@hi-ZOOS, Al-2009]

< —( Y

o %

n f |
I\ A ‘ >

Prove that the lengths of the tangents drawn from an external pQipt to a circle are equal. Using the above,

do the following: Qr
In the fig., TP and TQ are tangents from T to the circle with centre O and R is any point on the circle.
If AB is a tangent to the circle at R, prove that TA + AR §B'7+ BR. [Al1-2008]

5 BN \‘w.
. \\!\...\;. ~—
N \ &

N

Prove that the lengths of tangents dréwrom an external point to a circle are equal. Using the above do
the following :

ABC is an isosceles triangle i h AB = AC, circumscribe about a circle as shown in the fig. Prove
that the base is bisected b nt of contact. [Foreign-2008]

Prove that the tangen point of a circle is perpendicular to the radius through the point of contact.

Using the above, do the

fallo
In fig., O'is th %;e)of the two concentric circles. AB is a chord of the larger circle touching the small
circle at C. Rro at AC = BC.
‘élAl-2009]

;E y i 9) . ;’/’,. —\ W
\ R ?._ ,\\ B,
/ 3

s ] Lo ‘\,L
;ove that the length of the tangents drawn from an external point to a circleare = |

5@\,

equal. Using the above, do the following :
In fig, quadrilateral ABCD is circumscribing a circle. Find the perimeter of the quadrilateral ABCD.
[Foreign-2009]



ANSWER KEY]

VERY SHORT ANSWER TYPE QUESTIONS:

1. x=58° 2.r=2cm 3.PT=6cm 4.32° 26° 5.10 cm 8. 100°
9.4cm 10. 10cm 11.7cm ,\(\
SHORT ANSWER TYPE QUESTIONS: fy;b
3.7cm,5cm,3cm 4. 55° and 55° 6.11cm 10. AD=7cm, BE=5cmand CF = 3(0;5

11. 44/10 cm

LONG ANSWER TYPE QUESTIONS: Q(\

5.36 cm . (\

COMPETITION WlNDOW%O

SOME IMPORTANT THEOREMS:

A
S. No. Theorem Diagram

1. In a circle (or in congruent circles) equal chords a@ﬁéde by equal
arcs. {OP=0Q} ={O’R=0’S
{ /\Q} /\{ H ‘&
and PQ =RS Q>

PQ = RS N

2. Equal arcs ((}KChO/CQ subtend equ ? akgl&s at the centre i.e., if

PQ =AB(orPQ=AB

/POQ = /AOB
&

')

3. The perpendicular fr%ﬂ'(e centre of a circle to a chord bisects the
chord Yw

ie., if A@y}AB

A 2AD =2BD

4. The Iif'@'&ining the centre of a circle to the mid-point of a chord is

p%mcular to the chord.
‘g AD=DB.. OD L AB

5.®Perpendicular bisector of a chord passes through the centre. i.e., if
OD L ABand AD =DB
*. O is the centre of the circle.

6. Equal chords of a circle (or of congruent circles) are equidistant from
the centre.
AB =PQ




OD =0R

)N

ual to the interior opposite angle.
mZCDE =m ZABC

I;a@’é’of a cyclic quadrilateral is produced, then the exterior angle

7. Chords which are equidistant from the centre in a circle (or in
congruent, circles) are equal.
OD=0R
AB = PQ | A
8. The angle subtended by an arc (the degree measure of the arc) at the ‘ '\ A
centre of a circle is twice the angle subtended by the arc at any point \ )
on the remaining part of the circle. m £ AOB =2m £ ACB. ; =
A\
9. Angle in a semicircle is a right angle. C LN
Ja\
10. Angle in the same segment of a circle are equal » C >0
ie., Z/ACB= ZADB Q:Q LN
L o -
11. If line segment joining two points subtends equal aRdje"at two other
points lying on the same side of the line containj e segment, then
the four points lie on the same circle. (b‘
ZACB = ZADB
~. Points A, C, D, B are co cyclic %*Gn the circle -
12. The sum of pair of opposite angles cyclic quadrilateral is 180° K_ e
/DAB + %)’t 180° )
and / ABC %A = 180° S
(converse of this the S also true) N SB
13. Equal chords (or egmedarcs) of a circle (or congruent circles subtend
equal angle centre. ~
AB=CD (orAB =CD)
‘é ZAOB = ~COD
14. s

A tangent at any point of a circle is perpendicular to the radius
through the point of contact.
(converse of this theorem is also true)

16.

The lengths of two tangents drawn from an external point to a circle
are equal. i.e., AP = BP




17. If two chords AB and CD of a circle, intersect inside a circle (outside
the circle when produced at a point E) then AE x BE = CE x DE ;
N
18. If PB be a secant which intersects the circle at A and B and PT be a A
tangent at T then PA . PB = (PT)?
S
19. From an external point from which the tangents are drawn to the //\‘
circle with centre O, then <
(a) They subtend equal angles at the centre. ‘%
(b) They are equally inclined to the line segment .
joining the centre of that point. Q:Q
ZAOP = #BOP and £ APO = Z/BPO K 9
20. If P is an external point from which the tangent e circle with
centre O touch it at A and B then OP is the pe ular bisector of
AB. (b, i
OP L ABand AC=BC &
~ Q>
21. Alternate Segment Theorem : | the point of contact of a
tangent, a chord is drawn theg%\?e,gmgles which the chord makes with / o
the tangent line are equal ively to the angles formed in the 11X
corresponding altern &nt& In the adjoining diagram. . U
ZBAT = ZBCA % BAP = /BDA o
22, The point of cq@‘@of two tangents lies on the straight line joining
the two cen@
@ Wb%yo circles touch externally then the distance between
ieentres is equal to sum of their radii
A@? AB=AC+BC
When two circles touch internally then the distance between
@ their centres is equal to the difference between their radii
Q) ie. AB=AC-BC
EXERCISE -4 (FOR OLMPLADS]

CHOOSE THE CORRECT ONE




If the diagonals of cyclic quadrilateral are equal, then the quadrilateral is
(A) rhombus (B) square (C) rectangle (D) none of these

The quadrilateral formed by angle bisectors of a cyclic quadrilateral is a
(A) rectangle (B) square (C) parallelogram (D) cyclic quadrilateral

In the given figure, AB is the diameter of the circle. Flnd the value of ZACD: (\

ntes g >
(B) 60° 0 0;)

(C) 45° X 7 63

(D) 25° N\ (\(\

Find the value of ~ DCE: (\Q

(A) 100° ’
(B) 80° ' v\

(C) 90° P j\‘a‘i 4]‘\\:‘;! ) \;\~ /jt ) ‘%Q
D) 75° e

In the given figure, PQ is the tangent of the circle. Line segn% PR intersects the circle at Nand R. PQ =
15 cm, PR =25 cm, find PN: :

(A) 15cm

(B) 10 cm

(C)9cm

(D) 6 cm

In the given figure, there are two CI th the centres O and O’ touching each other internally at P.
Tangents TQ and TP are drawn arger circle and tangents TP and TR are drawn to the smaller
circle. Find TQ : TR %

(A)8:7

(B)7:8

(C)5:4

(D)1:1 E"
In the givendi @PAQ is the tangent. BC is the dlameter of the circle. m ~BAQ =60°, find m £ ABC:
(A) 25°

(B) 0?” [ ”

ABCD is a cyclic quadrilateral PQ is a tangent at B. If £ DBQ 65°, then £ BCD is :

/

(A) 35°
(B) 85° -
(C) 115° % T oih
(D) 90° \ \o /A



Q. In the given figure, AP =2 cm, BP =6 cm and CP = 3 cm. Find DP:
(A) 6cm
(B) 4 cm
(C)2cm

(D) 3cm (\

10.  Inthe given figure, AP = 3 cm, BA =5 cm and CP = 2 cm. Find CD : 0;\
(A) 12 cm ﬂ)

(B) 10 cm AL — C;b
(C)9cm P_| ‘ (\
(D) 6 cm S Q(\

11. In the figure, tangent PT =5 cm, PA =4 cm, find AB :

Vs
(A) %cm R B /;\ O
11 P o
B) —cm s - 2 1 .
® \Q
¥ WA
—Ccm . S
© >
(D) can’t be determined Q
12. Two circles of radii 13 cm and 5 cm touch inter each other. Find the distance between their centres :
(A) 18 cm (B) 12 cm cm (D) 8 cm
13. Three circles touch each other externa he distance between their centre is 5 cm. 6 cm and 7 cm. Find

the radii of the circles : % N
(A)2cm,3cm, 4 cm @ (B)3cm, 4cm, 1 cm

(C)1cm,2.5cm,3.5cm (D) 1cm, 2cm, 4 cm

14, If ABisachordofac P and Q are two points on the circle different from A and B, then:
(A) the angle subtépded by AB at P and Q are either equal or supplementary .
(B) the sum of the angles subtended by AB at P and Q is always equal two right angles.

(C) the anglés.subtended at and Q by AB are always equal.
%éff

(D) the the angles subtended at P and Q is equal to four right angles.
15. In the\gi¥en figure, CD is a direct common tangent to two circles intersecting each other at A and B, then:
4 C ZCBD=7?
E) 90° [ A
(C) 360° { /,r“ )\2 \\\
(D) 180° & /

16. In a circle of radius 5 cm, AB and AC are the two chords such that AB = vAC = 6 cm. Find the length of
the chord BC.
(A) 4.8cm (B) 10.8 cm (C)9.6cm (D) none of these



17.

18.
19.

20.

21.

22.

23.

24.

25.

%

27.

In a circle of radius 17 cm, two parallel chords are drawn on opposite sides of a diameter. The distance
between the chords is 23 cm. If the length of one chord is 16 cm, then the length of the other is :
(A) 23cm (B) 30 cm (C) 15m cm (D) none of these

If two circles are such that the centre of one lies on the circumference of the other, then the ratio pf\the

common chord of two circles to the radius of any of the circles is : '\

(A) V3:2 (B) V3:1 () V5:1 (D) none of these 0;)

Two circles touch each other internally. Their radii are 2 cm and 3 cm. The bigges of the other
circle which is outside the inner circle, is of length : (\

(A) 2/2cm (B 3V/2cm (C)2+/3cm (D) 4+/2cm Q

Through any given set of four points P, Q, R, S it is possible to draw: 4

(A) atmost one circle (B) exactly one circle (C) exactly two circles (D?@tly three circles
The distance between the centers of equal circles each of radius&@r IS 10 cm. The length of a transverse

tangent is:
9

(A)4cm (B) 6 cm (C)8cm
The number of common tangents that can be drawn toQWo given circles is at the most :
()1 (B)2 © 3> (D) 4

(D) 10 cm

ABC is a right angled triangle AB =3 cm, @5 cmand AC = 4 cm, then the inradius of the circle is :

(A) lcm C R
(B) 1.25 cm @ N

|
(C) 1.5¢cm V.

') 1
(D) none of these Q)% ‘[ |

A .
A circle has two parallel%%s of lengths 6 cm and 8 cm. If the chords are 1 cm apart and the centre is on
the same side of the ¢ , then a diameter of the circle is of length:
(A)5cm V (B) 6 cm (C)8cm (D) 10 cm
In the adjoininﬁgure AB is a diameter of the circle and ~BCD = 130°. What is the value of £ ABD?

l " :
/ \\
P \,

(A) 30° N

(B) 50°

(Co4Q° Af— &N
( e of these

26, Qhe given figure O is the centre of the circle ‘a‘nd‘ Z BAC = 25° then the value of ~ ADB is :

(A) 40° b
(B) 55° ‘
(C) 50° Xl |
(D) 65° I\ ZEAN

i/

%%
Y B
7 B

In the given circle O is the centre of the circle and AD, AE are the two tangents. BC is also a tangent,
then: D



28.

29.

30.

31.

32.

B%N

(A) AC + AB = BC

(B) 3AE = AB + BC + AC
(C) AB + BC + AC = 4AE
(D) 2AE = AB + BC + AC

value of AC + CP, if the radius of the circle is 1 metre’?

In a circle O is the centre and £ COD is right angle. AC = BD and CD is the tangent at P. What}\the

(A) 105 cm
(B) 141.4 cm |
(C) 138.6 cm 7 Lo\
(D) Can’t be determined O g

In a triangle ABC, O is the centre of incircle PQR 4 BAC 65°, Z BCA =75°,

%0

20° If the radius of the circle be ‘r’, then

(A) 80°

(B) 120°

(C) 140°

(D) Can’t be determined /A \T’

=“.LL,7,4\L

In the adjoining figure O is the centre of the C|rcle ZAOD =
find the sum of the areas of quadrilaterals AODP and OBQC

A3 p2 A

(A= /i 4 ’/,;
(B) 34/3r? ;:> mq )(,
(C) +/3r? \

(D) None of these U

There are two circles each with radius 5 cr&)&gent AB is 26 cm. The length of tangent CD is :

A) 15
@) 1o @

(C)24 cm

(D) Can’t be determined
In the adjoining figure O is %ﬁtre of the circle and AB is the
circle at D. «BDQ 48°. Find

diameter. Tangent PQ to
the value of ZDBA: 4

(A) 7 V
® %Q
© 4 0>

n’t be determined

(A) 30°
(B) 20°
(C) 60°
(D) None of these

the given diagram O is the centre of the circle and CD is a tangent, ~ CAB and ZACD are
supplementary to each other .~ OAC 30°. Find the value of LOCB



34.

35.

36.

37.

38.

39.

In the given diagram an incircle DEF is circumscribed by the right angled triangle in gy
which AF =6 cm and EC = 15 cm. Find the difference between CD and BD:

(B) 3cm =i '
(C)4cm

(D) Can’t be determined
In the adjoining figure ‘O’ is the centre of circle, ACAO 250 and 2 CBO = 35°. What is the y\ of
2 AOB? W "

éé)) ffo" 0;;)
(C) 120° 6)
(D) Data insufficient N “ (\(\

In the given figure ‘O’ is the centre of the circle SP and TP are the two tange %S and T respectively.
2 SPT is 50° the value of £ SQT is: #

(A) 125° i

(B) 65° . | ;0

(C) 115° s N

(D) None of these

In the given figure of circle, ‘O’ is the centre of the circle %AOB 130°. What is D
the value of ~ DMC? ?{S‘?xgh

(A) 650 Q " ; #’_w‘: “g E
B) 125° ‘& [/ 2N
éCg 85° (bi g{/;gwé\?: \ ;

(D) Can’t be determined @,& \\ pse

In the adjoining figure ‘O’ is the c@ of the circle of the circle and PQ, PR and ST are the three
tangents. £ QPR =50°, then the %%of LSOT |s

)75 &7

(C) 65° % |\ O \.'»:" " VI :‘:(:\.,E )
(D) Can’t be determi \ \Lﬂf P .

N

ABC is an isos ng\angle and AC, BC are the téngents at M and N respectively. DE is the diameter of
the circle. gA ~BEQ =100°. What is vaIue of ZPRD?

(A) 60° >
(B) 500 /‘f NP7\

1%\
( i’{ o N k\f i
't be determined AD O B

km AN

\

xin the adjoining figure the diameter of the larger C|rcle is 10 cm and the smaller circle touches internally

%

the lager circle at P and passes through O, the centre of the larger circle. Chord SP cuts the smaller circle
at R and OR is equal to 4 cm. What is the Iength of the chord SP?

(A)9cm
(B) 12 cm
(C)6cm




(D) 8v/2 cm

41. In the given figure ABCD is a cyclic quadrilateral DO = 8 cm and CO =4 cm. AC is
the angle bisector of ~BAD. The length of AD is equal to the length of AB. DB

intersects diagonal AC at O, then what is the length of the diagonal AC?’

(A) 20 cm
(B) 24 cm
(C) 16 cm
(D) None of these

OB A » »
Que. |1 2 |3 4 |5 |6 |7 8 9 |10 |11 |12 [13 |14 |15
Ans. |[C |D |c |B |c |[D [B |[c |B [B |[c |[p |A |A |D
Que. |16 |17 |18 |19 |20 |21 [22 |23 |24 |25 |26 |27 |28 |29 |30
Ans. |[C |B |B |[D |A [C |[B |A |D |C 47D B |C |C
Que. |31 |32 |33 |34 |35 [36 |37 |38 [39 |40 |41
Ans. |[C |B |A |A |C |C |[D |C |C ,-OQ'A
>




Important Notes




CONSTRUCTIONS

*

INTRODUCTION

In class IX, we have discussed a number of constructions with the help of ruler and compass e.g. bisecting
a line segment, bisecting an angle, perpendicular bisector of line segment, some more constructions of
triangles etc. with their justifications. In this chapter we will discuss more constructions by usiryg\the
knowledge of the earlier construction.

DIVISION OF A LINE SEGMENT f'\;

Let us divide the given line segment in the given ratio say 5 : 8. This can be done in the ({?‘9 ng two
ways:

(1) Use of Basic Proportionality Theorem.

(i)  Constructing a triangle similar to a given triangle. (}

Construction — 1: Draw a segment of length 7.6 cm and divide it in the r Q Measure the two
parts . & (NCERT)
Steps of Constructions:

Step 1 : Draw any ray AX making an angle of 30° with AB.

Step 2 : Locate 13 points : Aj, Az, Az, As, As, As, A7, Ag, Ay,

Alo, All; A12 and A13 So that:

A1z Agz
Step 3 : Join B with As.
Step 4 : Through the point As, draw a line AsC||A13B “that

AA]_ = A1A2 = A2A3 = A3A4 = A4A5 = ... = A11 A@

Z AAsC = corr. £ AA;3B intersecting AB oint C.
Then AC:CB=5:8.
Let us see how this method gives us the requi Ivision.
Since AsC is parallel to A3 B. \Q,
AA,  AC @} o
Therefore roportionality Theorem)
AA, CB
By construction, A
AAKE)
Therefore «A%%

This given that C divi%s’AB in the ratio 5 : 8.
By measureme w d, AC= 29cm,CB=4.7cm.
7.6x5 38

By Calculatiqn: AC=— =—=29
,% 13 13
Yv Bc= (6X8_608 7 _47em.
13 13

tive Solutions
1 : Draw a line segment AB = 7.6 cm and to be divided in the

Stép 2 : Draw any ray AX making an angle of 30° with AB. | )

Step 3 : Draw a ray BY parallel to AX by making £ ABY equal to »<—7 "

ZBAX.i.e. ZABY =corr. Z BAX.

Step 4 : Locate the points Az, Az, Az, A4, As, 0n AX and B;, B,, Bs,
B4, Bs, Bg, B7, and Bg on BY such . N
that : o



AA1 = A1A2 P = A4A5 = BBl = Ble ST = BsB7 = B7Bg.
Step 5 : Join AsBs. Let it intersect AB at a point C. then AC: CB=5:8.
Here A AAsC is similar to ABBgC

Then A = AC
BB, BC
Since by construction, A = > Therefore AC = > (\
BB, 8 CB 8 AN
By measurement : AC=29cm,BC=4.7cm. g)
Constructions — 2 : Construct a triangle with sides 5 cm, 6 cm and 7 cm and then nr% triangle
whose sides are % of the corresponding sides of the first triangle. (\( CERT)

Sol. First all we are to construct a triangle ABC with given sides, AB = 6 cm, Q: 7 cm, CA =5cm.
Given a triangle ABC, we are required to construct a triangle whose sides are ’;&the corresponding sides

of AABC. Q
Steps of Construction : ;%
of

Step 1 : Draw any ray BX making an angle of 30° with the base BC ABC on the opposite side of the

vertex A. Q\Q'

Step 2 : Locate seven points By, By, Bs, B4, Bs, Bg and B7 on

so that &') 2N
BB, =B.B, = Bng = B3B4 = B4Bs = BsBs = Be /"‘;,5?!”'*{' \

[Note that the number of points should be greater of dnin

m
the scale factor — .]
n

Step 3 : Join Bs (the fifth point) to C and d@ line through B~
parallel to BsC, intersecting the extended

line segment BC at C’. ?
Step 4 : Draw a line through C’4parallel to CA intersecting the
extended line segment BA at

Then, A’B’C is th iPed triangle. e
For justification of the ction.

AABC & C'
Therefore, AR = = E
A'C BC'

But _B8 _5 ]

BC' BB, 7 W

Th eor B:ACZBC ZZ //,/ \\\
AB AC BC 5 /nl
struction — 3 : Draw a triangle ABC with side BC = 6 cm, %
x =5 cm and ZABC = 60° Then construct a triangle L
'Q) whose sides are % of the corresponding sides of the triangle . g \ LY

ABC. (NCERT) wia) 7\ /,x\,\ ,\




%

Sol. Given a triangle ABC, we are required to construct another triangle whose sides are % of the

corresponding sides of the triangle ABC.

Step of Constructions :

Step 1 : Draw a line segment BC = 6 cm.

Step 2 : At B construct .~ CBY =60° and cut off AB =5 cm, join AB and AC. ABC is the required é\

Step 3 : Draw any ray BX making an acute angle say 30° with BC on the opposite side of the vertex A,
~ CBX = 30° downwards.

Step 4 : Locate four (the greater of 3 and 4 in —) points B;, B,, Bz and B, on BX, so that Bpa,;:Ble =

B2B3; = B3Ba. /E
Step 5 : Join B4C and draw a line through Bj (the 3rd point) parallel to B4C to mtera&\ at C’.
Step 6 : Draw a line through C’ parallel to the line CA to intersect BA at A’.

Then A’BC’ is the required triangle whose each side is %tlmes the correspon% sides of them A ABC,

%Q

Let us now see how this construction gives the required triangle.
For justification of the construction.

BC' §
cc 1 Q:Q
BC BC'+C'C _ BC C C 1 4
Therefore -_=
BC' BC' - BC' BC 3
= BC’ = % BC, Also C’A’ is parallel t Q
Therefore AA’'BC’ = AABC = ﬁ= AC :%

CONTRUCTION OF TANGENTS@CIRCLE

@ If a point lies inside a cir we can not draw any tangent to the circle i.e., No tangent is possible
in this case -
Yy L _&//
(b) If a poi@ on the circle, then there is only one tangent to the circle at this point. The tangent to a

circl;ﬁt any point is perpendicular to the radius passing through the point of contact.

(© Two tangents are drawn from an external point to circle, S A
they are equal in length. A :
Construction 4 : Draw a circle of radius 5 cm. From a point 8 P ‘
cm away from its centre, construct pair of tangents to the "kj ———te———3lo
circle measure their lengths. NS W
K



Sol.
Steps of Construction :

Step-1: Draw a circle with radius 5 cm whose centre is O.

Step-2 : Take a point P at a distance 8 cm from the centre O such that OP = 8cm.

Step-3: Bisect the line segment OP at the point C such that OC = CP =4 cm.

Step-4 : Taking C as centre and OC as arc, draw a dotted circle to intersect the given circle gt the
points T and T". }\

PT and PT’ are the required pair of tangents to the circle.

Step-5: Join PT and PT’ q‘;b\

By measurement we obtain PT = PT’ = 6.2 cm (Answer)

Verification: PT = PT’ = /8% —5% =+/64— 25 =+/39 = 6.2 cm (Answer) (\c;)

Construction 5. Construct a tangent to a circle of radius 4 cm from a point Orﬁ% oncentric circle

of radius 6 cm and measure its length. Also verify the measurement by actu @ lation.
;\ (NCERT)

Sol. 7
Steps of Construction: -
Stepl: Draw two concentric circles with centre O and

radii 4 cm and 6 cm such that OP =6 cm, 0Q =4

cm. \Q
Step 2 : Join OP and bisect it at M. i.e. M is the mid- poﬁ Y INN

of OPi.e. OM =PM =3 cm. [ S VN
Step 3 : Taking M as centre with OM as radius dr ‘ [ i ——

circle intersecting the smaller circle in %)mts ' T

namely T and S. &Q 9%
Step 4 : Join PT and PS. X
PT and PS are the required tangents from a to the smaller
circle, whose radius is 4 cm. By measurerrég&"l’ =4.5cm. -
Verification. OTP is right A atT

OP2 OT? + PT?
=2 +PT = @ e 16=20
PT=+20=./4 5=2x2.24=4.48cm
EXERCISE -1 Clx) (FOR SCHOOL/BOARD EXAMS)
)

‘% SUBJECTIVE TYPE QUESTIONS

Yw

a line segment of length 7.5 cm and divide it internally in the ratio 3 : 2. Measure the two parts.
ide a line segment 8.8 cm long internally in the ratio 4 : 7 and measure the two parts.
3®Draw a line segment of length 13.5 cm and divide it internally in the ratio 2 : 3 : 4. Measure each part.
4. Construct a triangle with sides AB =4 cm. BC =5 cm and AC = 6 cm and then another triangle whose

A

sides are % of the corresponding sides of the triangle ABC.



5. Construct a triangle ABC whose sides are 4 cm, 5 cm, 7 cm. Construct another triangle similar to AABC
and with sides %rd of the corresponding sides of triangle ABC.

6. Draw a right triangle in which the sides (other than hypotenuse) are of length 5 cm and 12 cm. Then
construct another triangle whose sides are % times the corresponding sides of the given triangle. (\

7. Construct an isosceles triangle whose base is 6 cm and altitude 3 cm and then another triangle \M'I;Se ides
are % times the corresponding sides of the isosceles triangle.

8. Draw a triangle ABC with sides BC =8 cm, /B =30°, £ A =45° Then construct?\m\&ae whose sides

are %times the corresponding sides of A ABC. Q
Q. Construct a AABC, whose perimeter is 10.5 cm and base angles are 60° ane 45°. Construct another A
whose sides are %of the corresponding sides of the A ABC. Q

10.  Draw two tangents to a circle of radius 4 cm from a point P distance 7 cm from its centre. Also
measure the length of the two tangents. Are they equal? Give%s s for your answer.

11.  Construct a circle with radius equal to 3 cm. Draw two t ggns to it inclined at an angle of 60° at their
point of intersection. Measure their lengths and verify th@e ults by calculation.

12. Draw two tangents to a circle of radius 4 cm incline n angle of 45° to each other.

13.  Construct a tangent to a circle of radius 3 cm a point on the concentric circle of radius 5 cm and
measure its length. Also verify the measure actual calculation.

14. Draw a circle of radius 2.5 cm. Take two *ts P and Q on one of its extended diameter each at a distance
of 7.5 cm from its centre. Draw tang the circle from these two points P and Q.

15. Draw a line segment AB of lengtp~10 £m. Taking A as centre, draw a circle of radius 5 cm and taking B as
centre, draw a circle of radiu onstruct tangents to each circle from the centre of the other circle.

EXERCISE -2 Y”% (FOR SCHOOL/BOARD EXAMS)

(>  SUBJECTIVE TYPE QUESTIONS
PREVIOUS YE%G BOARD (CBSE) QUESTIONS
1. Dra a&psegment AB =7 cm. Divide it internally in the ratio of (i) 3: 5, (ii) 5: 3. [2000 C]
% i

2. Fr nt P on the circle of radius 4 cm, draw a tangent to the circle with using the centre. Also write
ps of construction. [2000]

3. @w circle of radius 4.5 cm. Take a point P on it. Construct a tangent at the point P without using the
ntre of the circle. Write the steps of construction. [2001]
. Divide a line segment of length 5.6 cm internally in the ratio (i) 3:2 (ii) 2: 3. [2001]

5. Construct a AABC in which base AB = 6 cm, ~C = 60° and the median CD = 5 cm. Construct a
A AB’C’ similar to A ABC with base AB’ =8 cm. [2002]

6. Draw a circle of radius 3.5 cm. From a point P on the circle draw a tangent to the circle without using its
centre.. [2003]

7. Draw a circle of radius 5 cm. Take a point P on it, without using the centre of the circle, construct a

tangent at the point P. Write the steps of construction also. [2003]|



10.

11.

12.

13.

14.

15.
16.

17.

18.

Draw a circle of diameter 12 cm. From a point P, 10 cm away from its centre, construct a pair of tangent
to the circle. Measure the lengths of the tangent segments. [2004 C]
Draw a circle of radius 3.5 cm. Form a point P, outside the circle at a distance of 6 cm from the centre of
circle, draw two tangent to the circle. [2005]

Construct a AABC in which AB = 6.5 cm, 2B = 60° and BC = 5.5 cm. Also construct a triangle AB’C’

similar to A ABC, whose each side is % of the corresponding side of the A ABC. [Delhi-200}\

Draw a AABC with side BC = 6 cm, AB =5 cm and £ ABC = 60°. Construct a AAB’C’ siﬁs@r to

A ABC such that sides of AAB’C’ are % of the corresponding sides of A ABC. [Al£2Q0

Draw a right triangle in which the sides containing the right angle are 5 cm and 4 cm. C (s}ajct a similar

triangle whose sides are 2 times the sides of the above triangle. (\e[:boreign-ZOOS]

Construct a AABC in which BC = 6.5 cm, AB = 4.5 cmand £ ABC = 60°. Ccy@t a triangle similar to
, [Delhi-2008]

Draw a right triangle in which sides (other than hypotenuse) are of len h@ cm and 6 cm. Then construct

this triangle whose sides are % of the corresponding sides of triangle ABC.

another triangle whose sides are % times the corresponding sides of thefirst triangle. [Al-2009]

the circle. Measure the lengths of the tangents. [Foreign-2009]

Draw a circle of radius 3 cm. From a point P, 6 cm away fro Q Centre, construct a pair of tangents to
Construct a triangle ABC in which AB = 8 cm, BC = 1 cm and AC = 6 cm. Then construct another

triangle whose sides are % of the corresponding sides BC. [Al-2010]
Construct a triangle ABC in which BC =9 cm, £ B{)69° and AB = 6 cm. Then construct another triangle
whose sides are % of the corresponding sid ABC. [Al-2010]
Construct a triangle ABC in which BC = %*n 2B =60%and £ C = 45° Then construct another triangle
whose sides are % of the correspondinysfdes of A ABC. [Al-2010]

S
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REAL NUMBERS

* INTRODUCTION

“God gave us the natural number, all else is the work of man”. It was // —r——X, S

exclaimed by Leopold Kronecker (1823-1891). The reputed German / 7 ~

Mathematician. This statement reveals in a nut shell the significant role { </\ ( ) ) \) &
¢ \ 7 ) ;
of the universe of numbers played in the evolution of human though. \“-\ NN N S ]
e Vi Ty \u_J/I/ /53
N The set of natural number, N —///// /
w The set of whole numbers, TRE ,\//
Z The ser of Integers, (\(\
Q The set of rationales,
R The set of Real Numbers.

* HISTORICAL FACTS g:

Dedekind was the first modern mathematician to publish in 1872%
mathematically rigorous definition of irrational numbers. é ave
b

explanation of their place in the real Numbers System. He le to Richard Bedekind
demonstrate the completeness of the real number line. d in the (1831-1916)
“holes’ in the system of Rational numbers with J nal Numbers

This innovation the made Richard Dedekind an'@ ortal figure in the

history of Mathematics. Q)

%'bne of the most outstanding

e worked on history of Numbers

Srinivasa Ramanujan (1887-19

mathematician that India pro
and discovered wonderful ties of numbers. He stated intuitively
many complicated resul athematics. Once a great mathematician
Prof. Hardy comfmw to see Ramanujan. Prof. Hardy remarked that

the he has trave in a taxi with a rather dull number viz. 1729.

Ramanuja ed up and said, Oh! No. 1729 is very interesting Srinivasa Ramanujan
numb B?‘he smallest number which can be expressed as the sum of (1887-1920)
t s in two different ways.

Q viz 1729 =1%3+12%,
Q;\ 1729 = 93+ 10°,

= 1729 = 13+ 123=9%+10°

* RECALL



(i)

(i)

(iii)

In our day to life, we deal with different types of numbers which can be broadly classified as follows.
CLASSIFICATION OF NUMBERS

NUMBERS

|

REAL NUMBERS IMAGINARY NUMBERS

FRACTIONS INTEGERS (\
N o 1 Q
NEGATIVES WHOLE NUMBERS

—— 1
|
v

ZERO NATURAL NUMBERS

N

(Natural numbers (N) : N+ {1, 2,3,4...©0} )
Remark : Q) The set N is infinite i.e. it has unlimited members.
(i) N has the smallest element namely ‘1°.
(iii) N has no largest element. i.e., give me any natural number, we can find the bigger number
from the given number.
(iv) N does not contain ‘0’ as a member. i.e., ‘0’ is not a member of the set N.
& J
’\Y
Whole numbers (W)W ={0,1,2,4...c}
Remark : (1) The set of whole number is infinite (unlimited elements)
(i) This set has the smallest members as ‘0’. i.e. ‘0’ the smallest whole number. i.e., set W
contain ‘0’ as a member.
(iii) ~ The set of whole numbers has no largest member.
(iv) Emery natural number is a whole number.
(V) Non-zero smallest whole number is ‘1°.
& J
~
Integers(lor Z):lor =‘{ao...-3, -2,-1,0,+2,+3...+0}
Positive integers : 2 2,%8.7}, Negative integers : {.... -4, -3, -2, -1}
A
4 N\
Remark : (1) This set Z is infinite .
(i) It has neither the greatest nor the lest element.
(iii) Every natural number is an integer.
(iv) Every whole number is an integer.
(iv) The set of non-negative integer = {0, 1, 2, 3, 4,.....}
(V) The set of non-positive integer = {....... -4,-3,-2,-1,0}
\ J
(i Qa)tional numbers :- These are real numbers which can be expressed in the form ofB, where p and q are integers
q
and g = 0.
2 37 =17
Ex —,-3,0,10, 4.33, 7.123123123................

3’15’ 19



(v)

(vi)

Remark : Q) Every integer is a rational number.
(i) Every terminating decimal is a rational number .
(iii) Every recurring decimal is a rational number.
(iv)  Anon-terminating repeating decimal is called a recurring decimal.
(v) Between any two rational numbers there are an infinite number of rational numbers. This
property is known as the density rational numbers.

: : 1 :
(vi)  Ifaand b are two rational numbers then 5 (a +b) lies between a and b. (\

a<%(a+b)<b ﬂ;;\

n rational number between two different rational numbers a and b are :
(b a) 2(b —a) 3(b-a) 4(b-a)

ya+ ya+ e e a+
n+1’ n+1 n+1 n+1
(vii)  Every rational number can be represented either as a termi deC|maI or a non-
termination repeating (recurring) decimals. (\
(viii)  Types of rational numbers :-  (a) Terminating decimal numbersand

(b) Non-termination repeating’(recurring) decimal numbers
Irrational numbers :- A number is called irrational number , if it can not be ﬁ'tten in the form P , Where p & q are
q
integers and g+ 0. All Non-terminating & Non-repeating decimal n@‘e Irrational numbers .

Ex. 4/2,4/3, 3v2,2+/3,{2+/3, 7, e, etc

Real numbers :- The totality of rational numbers and irration Mers is called the set of real numbers i.e. rational
numbers and irrational numbers taken together are called rea ers .
Every real number is either a rational number or an irratio

NATURE OF THE DECIMAL EXPANSION OF RATIONAL NUMBERS

Theorem -1: Let X be a rational number W@'leal expansion terminates. Then we can express x in the form
B, where p and g are ccgaues, and the prime factorisation of q is of the form 2™ x 5", where m, n
are non-negative i t

Theorem-2: Let X= p be %ﬁal number, such that the prime factorisation of g is the 2™ x 5", where m, n are
non- negatl ers Then , x has a decimal expansion which terminates.

Theorem-3: Let X = e a rational number, such that the prime factorisation of q is not of the form 2™ x 5,
\@;}% n are non-negative integers. Then , x has a decimal expansion which is non-terminating

ing

e
‘%189 189 189

= () Yw 125 5  2°x5
& we observe that prime factorization of the denominators of these rational numbers are of the form

o 189 _— . .
Q 2™ x 5" where m, n are non-negative integers. Hence, E has terminating decimal expansion.

17 17
@ ) 6 2x3

we observe that the prime factorization of the denominator of these rational numbers are not of the

L 17 L .
form 2™x5", where m, n are non-negative integers. Hence o has non-terminating and repeating

decimal expansion



. 17 . .
So, the denominator 8 of ?IS of the form 2™x5", where m, n are non-negative integers. Hence

(iii) r__1r
8 2°x5°
ry has terminating decimal expansion.
. 64 64
(iv) =
455 5x7x13

\
N
q;)

Clearly, 455 is not of the form 2™ x 5" So, the decimal expansion of —— 65> -terminating

repeating.
*  PROOF OF IRRATIONALITY OF 4/2,,/3,4/5,
Ex.1 Prove that \/5 is not a rational number or there is no rational whose square is 2. (C
Sol.

Let us find the square root of 2 by long division method as shown below.

Q’\

E (outside Delhi) 2008).

1414215 Q
112.000000000000
r1]1
~ Al e [ ]
24| 100 \Q
1 96 )
281] 400 Y
1| 281
2824 | 11900
r4 | 11296
28282 60400
__*+2| 56564
282841 383600
+1 282841
2828423 10075900
8485269
28284265 159063100
C~ 141421325
¥’ 58284270 17641775
C; ) V2 =1.414215

Clearly, the decimal re ion of /2 is neither terminating nor repeating.
We shall prove this by th tp%éthod of contradiction .

If possible, let us

Then

z«

( j (squaring both sides)

B a’
’x “ b

Q) a® =2b”
= 2divides a’
= 2 divides a
Therefore let a = 2¢ for some integer c.
=  a’=4c%
=  20*=4c

wthat \/E is a rational number.

here a, b are integers having no common factor other than 1.



Ex.2

Sol.

Ex. 3
Sol.

Ex.4
Sol.

@’\

=  b?P=2c

= 2divides b?

= 2 divides b

Thus, 2 is a common factor of a and b.

But, it contradicts our assumption that a and b have no common factor other than 1.

So, our assumption that J2 isa rational, is wrong. (\
Hence, \/E is irrational. G;\
Prove that \/§ is irrational . GD

b

Let 3/3 be rational = , where pand g € Z and p, g have no common factor except 1 also q > 6;5

Dy A
2 /,\Q

Cubing both sides

3

5. <
Multiply both sides by g .
3

P 39°, Clearly L.H.S is rational since p, g have no common fatg

. . . )
. p°, q also have no common factor while R.H.S. is an mtege&

.. L.H.S. #R.H.S. which contradicts our assumption ti@ is Irrational .
Prove that 2+ +/3 is irrational . [Sample paper (CBSE) 2008]

Let 2++/3 be a rational number equals to r ,&
2+3=r Q Q)
J3=r-2

Here L.H.S. is an irrational numk%K R H.S.r—2isrational. ..S.H.S. # R.H.S

Hence it contradicts our assu at 2+ \/§ is rational .
S22+ \/§ is irrational.
Prove that \/E + \/§ is ional.

Let 2 ++/3 be@garfnumber say ‘x” = X = J2+4/3
24372 =5+2./6

x2—5
= <5+ 2.6 =6 =

&and 2 are rationales :>

is a rational number

X% =

-5, )
is a rational number .

Which is contradiction of the fact that \/E is a irrational number.

Hence our supposition is wrong = V2 +/3 is an irrational number .

EUCLID’S DIVISION LEMMA OR EUCLID’S DIVISION ALGORITHM
For any two positive integers a and b there exist unique integers g and r such that



Ex.5

Sol.

%

A=bqg+r,where0 <r<b.
Let us consider a =217, b = 5 and make the division of 217 by 5 as under :

Divined

\’

Divisor — 5) 217(43 < Quotient (\
20 \
17 0)
15 )
2 < Remainder (\Q;b

i.e.  |Dividends = Divisor x Quotient + Remainder (\
(a) = (b)) x (a) + (N (\Q
/

e.g. (i) Consider number 23 and 5, then :

23=5%x4+3 Q
Comparing witha=bq +r

weget,a=23,b=5qg=4,r=3and0 < r<b(as&¢’;<5)
(i) Consider positive integers 18 and 4

18=4x%x4+2

For18(=a)and 4 (=b)wehaveq=4,r=2 Yr<b

In the relationsa=bq +r, where0 <r<b ing but a statement of the long division of number a
by b in which q is the quotient obtained& the remainder.

Use Euclid’s division lemma to show that the é@'of any positive integer is either of the form 3m or 3m +1

for some integer m.
Let a and b are two positive integers such% greater than b, then :
a=hq +r; where q and r are also positive if§egersand 0 < r<b
Taking b = 3, we get : )

a=3q7 +r;where0 S@
= The value of positive i a will be

3q+0,3g+1or3

ie, 30,39+ lor3q ?’
Now we have to sh%th square of positive integers 3q, 3q + 1 and 3g + 2 can be expressed as 3m or 3m +1 for
some integer m.

Squaxe o®3d = (3q)°
= gq%qz) = 3m ; where m is some integer and m = 3¢°

Square 1=(3q+1)2
= oF = 6q+1
p (3g° + 29) +1 = 3m + 1 for some integer and m 3¢ + 2.

@are of 3q + 2 = (3q + 2)°
’\z 9q° = 12q + 4

= 9g°=12q +3+1
= 3(3¢° + 4q + 1) +1 = 3m +1 for some integer and m = 3¢° + 4q + 1.
: The square of any positive integer is either of the form 3m or 3m +1 for some integer m.

Ex.6  Show that one and only out of n; + 2 or n + 4 is divisible by 3, where is any positive integer.



Sol.  Consider any two positive integers a and b such that a is grater than b, then according to Euclid’s division
algorithm —
a=Dbqg +r; where gqandr positive integersand 0 < r<b
Leta=nand b =3, then
a=bg+r=n=3qr;where0 <r<3.
r=0=n=3q+0=3q (\
r=1=n=3q +1 \
andr=2=n=3gq+2 q;’)
if n=3q; nis divisible by 3

Ifn=3g+1;thenn+2=3q +1+2 (\cgb

= 3q +3 ; which is divisible by 3 (\
= n + 2 is divisible by 3 Q
Ifn=3q +2;thenn+4=3q+2+4 (\
=3q + 6; which is divisible by 3 /7

= n+4isdivisible by 3
Hence , if n is any positive integer, then one and only one out n, n V% + 4 is divisible by 3.
A A a

* APPLICATION OF EUCLID’S DIVISION LEMMA FOR FINDING H.C.F. OF POSITIVE INTEGERS
Algorithm :

Consider positive integers 418 and 33

9
Step. (a) Taking bitter number (418) as a and smaller numbe@s b.

Express the numbersarea=bq +r '&
418 =33 x 12 +22
Step. (b) Now taking the divisor 33 and remainfg@pply the Euclid’s division method to get.
33=22x1+11 [Expressi bg+r]
Step. (¢) Again with new divisor 22 and ne@nainder 11, apply the Euclid’s division algorithm to get
22=11x2+0 % o
Step. (d) Since, the remainder = tan not proceed further.
Step. (e) The last divisor is 1 say H.C.F. of 418 and 33 =11
Ex.7  Use Euclid’s algorithm 0% the HCF of 4052 and 12576.
Sol.  Usinga="bqg+r, where OX<’r <b.
Clearly, 12576 > @ [a= 12576, b = 4051]
= 12576 = x 3+ 420
= 405A=420 x 9 + 272

= A@Y 272 x1+148
72=148x 1+ 124
@ 148 =124 x 1 + 24
124=24x5+4
Q) = 24=4x6+0
The remainder at this stage is 0. So, the divisor at this stage, i.e., 4 is the HCF of 12576 and 4052.

Ex.8 Find the HCF of 1848, 3058 and 1331.
Sol. Two numbers 1848 and 3058 , where 3058 > 1848



3058

1848 x 1 + 1210

1848 = 1210 x 1 638 [Using Euclid’s division algorithm to the given number 1848 and 3058]

1210 = 638 x 1572

638 = 572 x1+66

527 = 66 x 8 +44 (\

66 = 44 x 1 +22 \

44 = x2+0 G)
Therefore HCF of 1848 and 3058 is 22. ﬂ)

b
HCF (1848 and 3058) = 22 (\6
Let us find the HCF of the numbers 1331 and 22. (\
1331=22x60 +11 (\Q
2211 2+10
HCF of 1331and 22 is 11

=  HCF (22,1331) =11 %

Hence the HCF of the given numbers 1848, 3058 and 1331 is 11. .
HCF (1848, 3058, 1331) = 11 Q\Q

Ex.9 Using Euclid’s division, find the HCF of 56, 96 and 404 [Sample paper (CBSE) - 2008]

Sol.  Using Euclid’s division algorithm, to 56 and 96. &
96 = 56 x1+40 Q
56 = 40x1+16 '&
40 =

16%x2+8 QQ
16 [8]x2+0 %8)
Now to find HCF of 8 and 404 Q)

We apply Euclid’s division algo%@lm and 8

404 8 x 50
8
Hence 4 is the HCF of t)‘?# numbers 56, 96 and 404.

/\
* THE FUNDAMENTAL THEOREM OF ARITHMETIC
Statemen ery composite number can be factorized as a product of prime numbers in a unique way, except for

e or er?v ich the prime numbers occur.
e.g. (|)$9 2x3x3%x5=2x3"%x5
432=2%x2x2x2x3x3x3 =2*x3°
Q) )  12600=2x2x2x3x3x5x5x7=2"x3x5"x7

In general, a composite number is expressed as the product of its prime factors written in ascending order of their
values.

COMPETITION WINDO

NUMBER OF FACTORS OF A NUMBER



To get number of factors (or divisors) of a number N, express N as

N=a’.b%c. d°....... (a, b, ¢, d are prime numbers and p, g, r, s are indices)

Then the number of total divisors or factorsof N=(p+1) (q+ 1) (r+1)(s+1)......
Eg.540=2°x3*x 5"

. total number of factors of 540 = (2 + 1) 3+ 1) (1 + 1) = 24 \
SUM OF FACTORS OF A NUMBER q;)
p+l a+l r+1 s+l
The sum of all factors of N = @ (b (e 1 1) 6;3
(a—1)(b-1)(c-1)()d-1 (\

Eg.270=2x3’x5 Q(\
" -p@E* -n(GEt -1 _ 3x80x24 _ 790
(2-D)(B-1()5s-1 1x2x4 4
PRODUCT OF FACTORS ‘%Q

The product of factors of composite number N = N "2, where n is the total num

Eg. 360 = 2°x 32x 5! \Q
No. of factorsof 360=(3+1) (2+1) (1 +1)=24 Q,
Thus, the product of factors = (360)**? = (360)* K9

NUMBER OF ODD FACTORS OF A NUMBER
To get the number of odd factors of a number N, expres@i
N = (P2 x P5 X PS X v, ) x (e%) ‘bu

(where p*, p%, p®......... are the odd prime factorg@% is the even prime factor)

.. Sum of factors of 270=

r of factors of N.

Then the total number of odd factors = (a Dc+1.......
Eg. 90 =2' x 3*x 5
. Total number of odd factors of 90 I1DA+1)=6
NUMBER OF EVEN FACTORS OF ANUMBER
Number of even factors of er = Total number of factors — Total number of odd factors.

NUMBER OF WAYS TO EXPRESS A NUMBER AS A PRODUCT OF TWO FACTORS
Let n be the numbaﬂt})‘tal factors of a composite number .

Case—1:If theéom site number is not a perfect square then number of ways of expressing the composite

n
ﬂ@er as a product of two factors = >

Casg \2 Z IT the composite number is a perfect square then

) . n+1
@ Number of ways of expressing the composite number as a product of two factors = >

Q) (b) Number of ways of expressing the composite number as a product of two distinct factors = @
* USING THE FUNDAMENTAL THEOREM OF ARITHMETIC TO FIND H.C.F. AND L.C.M.

For any two number a and b.
@) L.C.M. (Least common multiple) = Product of each prime factor with highest powers



Product of the numbers or (a x b)
H.C.F. (a, b)

L.C.M. (ab) =

(b) H.C.F. (Highest common factor) = Product of common prime factor with lowest power.

Product of the numbers or (a x b)

H.C.F. (a,b) =
L.C.M. (a, b)
Remark : The above relations hold only for two numbers.
COMPETITION WINDOW G)

p
For any three positive integers p, g, r —
HCF (P,q,r) x LCM (p,q, 1) = pXQgXxr

.q.r.HCF
LCM (p,q,1) = o — P4 0. ) HCF (p,q,1) =

HCF (p, q) . HCF (g, r) . HCF (p, 1)

g

However , the following results hold good for the three positive integers p, g and r :

p.g.r.LCM (p, q, 1)
LCM (p,q) . LCM (q,r).LCM (p, 1)

/

Ex.10 Find the L.C.M. and H.C.F. of 1296 and 2520 by applying the fundamentabtheorem of arithmetic method i.e.
using the prime factorisation method.

Sol.  1296=2x2x2x2x3x3x3x3x=2"x3*
2520=2%x2%x2x3x3x5x7=22x3x5x7

[ 19 ]
A J
LC.M.=2*x 3" x5 x 7?1’5360

HC.F.=2°x3x
Ex.11 Given that H.C.§. (306, 657) = 9. Find L.C.M. (306, 657)
Sol.  H.C.F. (306, %7) =9 means H.C.F. of 306 and 657 = 9

Required LXMW (306, 657) means required L.C.M. of 306 and 657.
For an l?y.p sitive integers ;
théé.m _ Product to the number

Their H.C.F.

g;\r’e L.C.M. (306, 657) = w _ 22,338
E

x.12 Given that L.C.M. (150, 100) = 300, find H.C.F. (150, 100)
Sol.  L.C.M. (150, 100) = 300
= L.C.M. of 150 and 100 = 300
Since, the product of number 150 and 100 = 150 x 100

Product of 150 and 100
L.C.M.(150. 100)

150 x 100
300



And , we know : H.C.F. (150, 100) = = =50

Ex.13 Explain why 7 x 13 +13 are composite numbers :
Sol. (i) Let7x11x13+13=(7x11+1)x13
=(77+1)x13=78x13 = 7x11x13+13=2x3%x13x 13
=2 x 3 x 13%is a composite number as powers of prime occur. (\
COMPETITION WINDO q\\/
4 - N\
HCF AND LCM OF FRACTIONS
HCF of Fractions : The greatest common fraction is called the CHF of the given fractions.
HCF of Numerator
HCf of fractions = -
LCM of Denominator
For example : The HCF of iii% = HCF of 4,4,2,36 = 2
391521 LCM of 391521 315
Called the LCM of the fractions.
LCM of fractions = LCM of Nume_rator
HCF of Denominator
4 4 2 LCM of 4,4,2,36
For example : The LCM of _1_’_’§= o :§:12
3 915 21 HCF of 391521 3
HCF AND LCM OF DECIMALS
HCF
Step-1 : First of all equate the number of places in all the numbers by using zeros, wherever required .
Step-2 : Then considering these number as integers find the HCF of these numbers.
Step-3 : Put the decimal point in the resultant value as many places before the right most digit as that of in the
every equated number.
Ex. Find the HCF of 0.0005, 0.005, 0.15, 0.175, 0.5 and 3.5
Sol.  0.0005=5 0.0050 =50 0.1500=15 0.1750=1750
0.5000=>5000 3.5000=>35000
Then the HCF of 5, 50, 1500, 1750, 5000, and 35000 is 5. So, the HCF of the given numbers is 0.0005.
LCM
Step-1: First of all equate the number of places in all the given numbers by putting the minimum possible
number of zeros at the end of the decimal numbers. wherever even required.
Step-2 : Now consider the equated numbers as integers and then find the LCM of these numbers.
Step-3 : Put the decimal point in the LCM of the number as many places as that of in the equated numbers.
Ex. Find LCM of 1.8, 0.54 and 7.2.
1.8 1.80| 180
p Sol. 0.54» 0.54» 54 ; Now the LCM of 180, 54 and 720 is 2160. Therefore the required LCM is 21.60.
Q‘/ 7.2 7.20| 720
) . J
* SYNOPSIS
1. Euclid Division Algorithm : Given any two positive integers aand b, b # 1. a > b and a is not divisible by b, there

exists two (unique) integers g and r such that

a=q+r,where r<b



2. Prime Factorization Theorem : Every composite number can be expressed as a product of prime factors, and the
decomposition is unique, apart from the order of factors.

(The fundamental Theorem of Arithmetic)

i.e. given any composite number X, we can find unique prime factors py, p,, ps......... pn such that (\

X =Py X P2 X P3 X...... X Pn G)\

3. HCF and LCM of two numbers : Let a, b be given numbers, Let each of these is expressed at Q%}Jauct of prime
factors.
(1) The product of the smaller powers of the common prime numbers is the HCF. (\

(i) The product of the prime numbers is either or both of these expression talé}\ h greater power is the
required LCM.

(iii) HCF (a,b)xLCM (a, b)=axh : Q

P

4, Rational Numbers —, q # 0 has a terminating decimal expansion if@pe factors of g are only 2’s and 5’s or both
q
'g'a
5. Let x = P be a rational number such the prime factorlzat q is of the form 2". 5™ where n, m are non-negative
q
integers, then x ahs a decimal expansion which termlqﬁ,

6. A rational number B,q # 0 has termmq%zﬁeatmg decimal expansion if the prime factors of q are other than 2
q

CQ
<5

such that the prime factorization of q is not of the form 2" . 5™, where n and m are

and 5 or both .

7. Let X = P be a rational n
q

non negative mtegerxthj X has a decimal expansion which is non-terminating repeating .

8. Irrational bers : \/E,\/g,\/E_S,B\/I_S,\/EvL\/I_S,;z,e are all irrational numbers. numbers which are expressed as

non-ternimatiMg and non-repeated decimals are called the irrational numbers.

9. @ umbers are a combination of the rational numbers and the irrational numbers .

%

1. Use Euclid’s division algorithm to find the HCF of :
(M 135 and 225 (i) 196 and 38220 (ili)) 867 and 255.

SOLVED NCERT EXERCISE
EXERCISE : 1.1



Sol. (i) 135 and 225, Start with the lager integer, that is, 225. Apply the division lemma to 225 and 135, to get.
225 = 135 x 90
Since the remainder 90 = 0, we apply the division lemma to 135 and 90 to get
138 = 90 x 1 +45
We consider the new divisor 90 and the new remainder 45, and apply the division lemma to get (\
90 = 45 x 2 +0 \
The remainder has now become zero, so our procedure stops. 0)
Since the divisor at this stage is 45, the HCF of 225 and 135 is 45. 0;)
[Rest Try Yourself ] 6)

2. Show that any positive odd integer is of the form 6q + 1, or 6g + 3, or 6q + 5, where q i Qve nteger.

Sol.  Let us start with taking a, where a is any positive odd integer. We apply the divisiorm\ thm, with a and b = 6.
Since 0 < r < 6, the possible remainders are 0, 1, 2, 3, 4, 5. That is , a can be 6q or 6q/+ 1, 0r6g+2, or 6q + 3, or 6q
+ 4 or 6g + 5 where q is the quotient, However, since a is odd, we do not co si@ the cases 6q, 6g + 2 and 6q + 4
(since all the three are divisible by 2). Therefore, any positive odd integer is form 6q + 1, or 6g + 3, 6g + 5.

3. An army contingent of 616 members is to march behind an army,bang of 32 members in a parade. The two
groups are to march in the same number of columns. What is t@&num number of columns in which they
can march ?

Sol.  Hint: Find HCF of 616 & 32 Q&”

4. Use Euclid’s division lemma to show that the squ%@'@ny positive integer is either of the form 3m or 3m + 1
for some integer m. \Q

Sol.  Let a be any odd positive integer. We ap division lemma with a and b = 3. Since 0< r < 3, the possible
remainders are 0, 1 and 2. That is, a can b%or 3q +1, or 6g + 2, where q is the quotient .

Now, (30)? = 607 C\? o

which can be written in the for , gihce 9 is divisible by 3.

Again , (3q+1)*= %q+1=3(3q2+2q)+1

Which can be written in %ﬂ 3m + 1 since 99% + 6q, i.e., 3(30° + 2q) is divisible by 3.

Lastly, 3 2)§y9q2 +129+4=(99°+12q+3) +1=3(3q° +4q + 1) +1

which can be wri eMe form 3m + 1, since 9q° + 12q + 3, i.e., 3(3q° + 4q + 1) is divisible by 3.

Therefore, J%guare of any positive integer is either of the form 3m or 3m + 1 for some integer m.
5. Us@ﬁ ’s division lemma to show that the cube of any positive integer is of the form 9m, + 1 or 9m + 8
Sol. urself

) EXERCISE : 1.2

1@ Express each number as product of its prime factors
(i) 140 (ii) 156 (iii) 3825 (iv) 5005 (v) 7429

Sol. (i) 140 (if) 156

[140]
o0
T e




S0,140=2x2x5x7=2"x5x7 S0,156=2x2x3x13=2°x3x 13
[Rest Try Yourself ]
2. Find the LCM and HCF of the following pairs of integers and verify that LCM x HCF = product of two (\
numbers. \
(i) 26 and 91 (ii) 510 and 92 (iii) 336 and 54 ﬂ;)

Sol.(i) 26 and 91

S0,26=2x1

7| 13
| —— =1

S0,91=7x13 %Q
Therefore, LCM (26,91)=2x 7 x 13 =182

HCF (26, 91) = 13 GQ\Q

Verification  LCM x HCF =182 x 13 = 2366 and 26 x 91 = 236

i.e. LCM x HCF product of two numbers. .

[Rest Try Yourself ]
3. Find the LCM and HCF of the following integers by appﬁ@(he prime factorization method.
5

(i) 12, 15 and 21 (ii) 17, 23 and 29 (iii) 8, 9
Sol.(i) 12, 15 and 21 '&

| 12 | ‘b“

= 01 <D
- — 92
So, 12=2x2x3=2"x3 AO%"

l.i’;J

37 5]

So, 15=3x5 _

P e 73
So, 21%7

Th rez—TCF (12,15, 21) =3; LCM = (12, 15, 21) = 2°x 3 x 5 x 7 = 420 [Rest Try Yourself ]

- /1

y

4. that HCF (306, 657) = 9. find LCM (306, 657)
306x 657 306x 657
So M (306, 657) = . = 22X _ 92338
HCF (306, 657) 9
5. Check whether 6” can end with the digit 0 for any natural number n.
Sol.  If the number 6", for any neural number n, end with digit 0, then it would be divisible by 5. That is the prime

factorization of 6", would contain the prime number 5. This is not possible because 6" = (2 x 3)" = x 3" ; so the only
prime in the factorization of 6" are 2 and 3 and the uniqueness of the Fundamental Theorem of Arithmetic guarantees



Sol.

Sol.

Sol.

S
So x us assume, to the contrary, 3 + 2\/5 is rational.

that there are no other primes in the factorization of 6", So, there is no nature number n for which 6", ends with the

digit zero.
Explainwhy 7 x 11 x 13+ 13and 7 x 6 x5 x 4 x 3 x 2 x 1 + 5 are composite humbers.
Q) 7x11x13+13 =(7Tx11+1)x13
=(77+1)x 13
=78x13=(2x3x13) x13
So, 78=2x3x13=2x3x1% (\

78 ] 0;\’
__‘_"[‘h)’ ‘ e %
[2 [ 39] 0)
/ —
3] [33] (\°>
Since, 7 x 11 x 13 + 13 can be expressed as a product of primes, therefore, it is a c@ite number.
(i) [Try Yourself]
There is a circular path around a sports field. Sonia takes 18 minutes to drive one youhd of the field, while Ravi
takes 12 minutes for the same. Suppose they both start at the same point and.at the same time, and go in the

same direction. After how many minutes will they meet again at the startin t?
[Hint : Take LCM of 18 and 12]

EXERCISE : 1.3 .
Prove \/E is irrational. \Q

Let us assume, to the contrary, that /5 is rational. '&')
So, we can find co prime integers a and b (# 0) such that 'QQ

- S

QO
= J5b=a @
Squaring on both sides, we get 2 Q)

5b? = a2
Therefore, 5 divides a°.
Therefore, 5, divides a 9
So, we can write a = 5c¢ for sar% rec.

Substituting for a, we get
5b? = 25¢° %

=  b?>=5c ?
This means that 5 di\h 2 and so 5 divides b.

Therefore , a and¥ have at least 5 as a common factor.
But this contra:_i;icts the fact that a and b have no common factor other than 1.
i

iGtion arose because of our incorrect assumption that V5 is rational.

This con?qv
Soj$o clude that \/E is irrational.
Ve

hat3+2 \/E is irrational.

. . L a
That is, we can find co prime integers aand b (b # 0) such that 3 + 2+/5 = b

Therefore, %— 3=2.5



Sol.

Sol.

2.

N

Sol.

a— 3b \/— i_E \/—

. ) a 3. . a
Since a and b are integers, we get 3 2 is rational , and so

5 is rational. (\

But this contradicts the fact that \/E is irrational. This contradiction has risen because of our incorrect assums that

3 +2+/5 is rational.
q)"’)

So, we conclude that 3 + 2\/§ is irrational.

Prove that the following are irrationals : (\(\6

(i) % (i) 74/5 (i) 6++/2 (\Q
[Try yourself]

EXERCISE: 1.4

Without actually performing the long division, state whether the follewing rational numbers will have a
terminating decimal expansion or a non terminating repeating (%}{ex ansion.

17
() ﬁ (i) ry (iii) ﬁ (iv) M’) (V) 3

.. 129 g
vil) ———  (viii) =— ix) —
(Vi) 2°5'7° ( ) 15 { ) 210

2352
. 13 13 '&Q
i — =
® 3125 5°
13
Hence ,g = 5°, which is of the form n =0, m = 5). So, the rational number
a 2@ ) 3125

decimal expansion. @
17 17

8 2°

has a terminating

(i)

17 I
Hence, q = 2°, WhIE % he form 2" 5™ (n = 3, m = 0). So, the rational number ? has a terminating

deC|maI expana%y
(iii)

455 @
(:S% =5%x7x13, which is not of the form 2n5m. so, the rational number 46;545 has a non-terminating
i

ng decimal expansion.

Rest Try Yourself]
jte down the decimal expansions of those rational numbers in Question 1 above which have terminating

cimal expansions.

13
3125

5
18 D32 0000416
5° 5 x2°  10°

(i)



Gy =i

8 2°
3 3
_ 1Z><53 _ 17><35 _ 21235: 5125
2° x5 10 10
[Rest Try Yourself ]
3. The following real numbers have decimal expansions as given below. In each case, decide wheth M are

rational, or not. If they are rational, and of the form

(i) 43.123456789

(if) 0.120 1200 12000 120000........
. 34.123456789

Sol. 43.123456789

(i)

Since, the decimal expansion terminates, so the given real number iy%-gand therefore of the form —

43.123456789

4312345678
1000000000

4312345678
10°
| 4312345678
(2x5)°
4312345678
T2
Hence, q = 2°5°

0.120 1200
Since, the dgci

(ii) 120000

number ig not Pational .

Try éurse f
\‘ 1

(iii)

b

what can you say about the prime factpl%'c}ﬂq ?

/

P
q

Q>
S°
@&Q
é}

%

=S
The prime factoriza{»o@%gi)s of the form 2" 5™, wheren=9, m=9

0
?expansion is neither terminating nor non-ter4mnating repeating, therefore, the given real

(FOR SCHOOL / BOARD EXAMS)

OBJECTIVE TYPE QUESTIONS
Choose The Correct One

1. V2 is—
(A) An integer
(C) An irrational number

(B) A rational number
(D) None of these



10.

11.

12.

15.

—— is—

NE)

(A) A rational number
(C) a whole number

73 is—
(A) An irrational
(C) A rational number

5-/3 is—
(A) An integer
(C) An irrational number

Circumference of the circle
72' =

Diameter of the circle

(A) A rational number

(C) A positive integer

HCF(p, q) x LCM (p, q) =

(M) p+q (8) 5
HCF(p,q,r).LCM (p,q,1) =

) X e L
r p

If 3/32 = 2" then x is equal to

(A)5 (8)3
0.737373... =

; 3
(A) (0.73) ®) To0

If p is a positive prime integer
(A) A rational number
(C) a positive integer

(B) An irrational number
(D) None of these

(B) A natural number

(D) None of these q;b\

(D) None of these

(B) A rational number (\c;b

(B) A whole number ’

(D) None of these :/_\ Q

©pxqg SO O
')

(C@ (D) None of these
‘Z;&
& o ©
Q

73
C) — D) None of these
N © 54 (D)

p is—
(B) An irrational number
(D) None of these

LCM of three numb@ . 44,132 is —
(A) 528 (B) 231 (C) 462 (D) 924

If a is a positixe iMeder and p be a prime number and p divides a?, then

(B) p divides a (C) p* divides a (D) None of these
(B) 16 (C) 32 (D) 64
;;ﬁ then the value of a + b is —
(A) 14 (B) - 14 (C) 83 (D) —/3

If x=016, then 3x is—



(A) 0.48 (B) 0.49 (C) 05 (D) 0.5

3 2x-3 5 x-3
16. Find the value of x then (—j = [—)
5 3
(A)x=2 B)x=-2 C)x=1 (D)yx=-1
17. 13 is equal to — \(\
(A) 3/4 (B) 2/3 (C)4/3 (D) 2/5 GD
18. The product of 46 and 324 is - q;)
(A) 124 (B) 134 (C) 144 (D) 154 6)
19.  Ifx=(7 + 4+/3), then the value of X’ +i2 is— (\
x Q
(A) 193 (B) 194 (C) 195 (D) 196
20. If 16x8"% =2™ then mis equal to — 7
(A)n+8 (B) 2n +10 (C)3n+2 ,@Sn +10
O
ANSWER KEY EXERCISE - 1
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. C B A C D C D @V C B D B B B A
Que. 16 17 18 19 20
Ans. A C C B D
>
EXERCISE -2 Q?@ (FOR SCHOOL/BOARD EXAMYS)
— )
SUBJECTIVE TYPE QUESTIONS
Very Short Answer Type Q\lﬁastions
1 Show that product of twi bers 60 and 84 is equal to the product of their HCF and LCM.
2. The product of tv@ﬁers is 396 x 576 and their LCM is 6336. Find their HCF.
3.

© N o o

iy, —  (iii

$ 11 i
4. ite down the decimal expansions of the following rational numbers :
(b i)

Without actually rming the long division, state whether the following rational numbers have a terminating
decimal e n or a non-terminating repeating decimal expansion :

L1 22 .3 7 L2 27 ... 13 . 23 42
i) = — (V)= (V) — Vi) — (vii) — (viii) — (iX) — (X) —
(i) - ()5()20 ()13 ()40 ( )125()7 ()100

133
2354

22:; (i) % (iii) %) (iv) 39—0 (V)
Show that 5309 and 3072 are prime to each other.
The HCF of two numbers is 119 and their LCM is 11781. If one of the numbers is 1071, find the other.
The LCM of two numbers is 2079 and their HCF is 27. If one of the numbers is 189, find the other.

Find the prime factorization of the following numbers:




9.

10.

11.

12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.

23
24

(i) 10000 (ii) 2160 (iii) 396 (iv) 4725 (v) 1188
Find the missing numbers in the following factorization :

Without actually performing the long division, state whether ttqefjidllowi ﬁlti”nal nurgbers will have a terminating
decimal expansion or a non-terminating repeating decimal expansic@n;d [:__] |

11 . 19 .. 32 . 15 29

i) — i) — i) — iv) —— V) ——

()125 ()128 ()405 ()3200 ()20 .

Write down the decimal expansions of the following rational numbeQ

.- 12 . 13 T 7
(i) s (ii) 15 (iii) 625 (iv) o 0@-,8—
Short Answer Type Questions Q
Use Euclid’s algorithm to find the HCF of 4052 and 1 5@
Find the HCF 84 and 105. using Euclid’s algorit
Find the HCF of 595 and 107, using Euclid’ a@ tthm.
Find the HCF of 861 and 1353, using Euc lgorithm.
Find the HCF of 616 and 1300, usin%c]gd’s algorithm.
Show that every positive eve% is of the form 2q, and that very positive odd integer is of the form 2q + 1,

where q is some integer .

Show that any positive %eber is of the form 4q + 1 or 4q + 3, where g is some inerter.

Show that one and gnly

Find the greatest (length which can be contained exactly in 10 m 5 dm 2cm 4mm and 12m 7dm 5¢cm 2mm.

Find the grg%measure which is exactly contained in 10 liters 857 millilitres and 15 litres 87 millilitres.
e

tofn,n+2orn+4isdivisible by 3, where n is any positive integer.

mber 4", where n is a natural number. Check whether there is any value of n € N for which 4" ends

Conside
$ it zero.

e LCM and HCF of 6 and 20 by the prime factorization method.

wit
Qd the HCF of 12576 and 4052 by using the prime factorization method.

2@ Find the HCF and LCM of 6, 72 and 120 using the prime factorization method.
26.

27.
28.

Find the prime factors of the following numbers:
(i) 1300 (ii) 13645 (iii) 3456

Find the LCM and HCF of 18, 24, 60, 150

Find the HCF and LCM of 60, 32, 45, 80, 36, 120



29. Split 4536 and 18511 into their prime factors and hence find their LCM and HCF.
30. Prove that \/g is irrational.

31. Prove that ﬁ is irrational.

32 Prove that — is irrational. (\

V3 \/
33. Prove that 3\/5 is irrational. ﬂ;)

34, Prove that 3— \/5 is irrational. cgb

35. Prove that 7 + \/E is irrational. (\
36. Prove that 5— \/g is irrational. (\Q
37. Prove that 3\/5 is irrational.
38. Use Euclid’s division lemma to find the HCF of Q

(i) 13281 and 15844 (ii) 1128 and 1464 (iii) 4059 a’%

(iv) 10524 and 12752 (v) 10025 and 14035 .
39. What is the greatest number by which 1037 and 1159 can both be di \d%actly ?

40. Find the greatest number which both 2458090 and 867090 will cg%tam an exact number of times.

41. Find the greatest weight which can be contained exactly in 3 g 8dag 1gand9kg 5dag4g.

42. Find the LCM of the following using prime factorization
0] 72,90, 120 ‘b‘

(i) 24,63 70 ,QQ
(iii) 455,117, 338 %

(iv) 225,240, 208 Q’

(V) 2184, 2730, 3360

S
43. Prove that /3 is irrational. @

44, Prove that 2\/5 is irrati na

45, Prove that — |S&V

Prove that 3 isirrational.

Prove;h%%ﬁ is irrational.
REAL NUMBERS ANSWER KEY EXERCISE — 2 (X) - CBSE

e Very Short Answer Type Questions
2. 36.
3. (i) Non-terminating repeating ; (ii) Non-terminating repeating ; (iii) Non-terminating repeating
(iv) Terminating ; (v) Terminating (vi) Non-terminating repeating (vii) Terminating ; (viii) Terminating




(ix) Non-terminating repeating ; (x) Terminating

4. (i) 1.205; (ii) 0.07421875 ; (iii) 0.015625 ; (iv) 0.0266 6. 1309 7.297

8. (i) 2* x 5*; (i) 2*x 3*x 5; (iii) 22 x 3*x 11 ; (iv) 3* x5°x 7; (v) 22 x 3*x 11

9. (a) 4800 ; (b) 2400 ; (c) 1200 ; (d) 600 ; (e) 300 ° (H150°¢ (@75 (h)25
10. (i) Terminating ; (ii) Terminating ; (iii) Non-terminating repeating ;(iv) Terminating ;(v)Non-terminating repeati
11. (i) 0.625; (i) 0.96 ; (iii) 0.0208 ;  (iv) 0.109375; (v) 0.875 &
Short Answer Type Questions

12. 4 13.21 14.119 15. 123 16.4  20.4mm 21. 141 mmllilitres 60 2
24. 4 25. 6, 360 26. (i) 2°x 5°x 13 ; (ii) 3x5x7x13 ; (iii) 2’ x 3° 27.1800,6  28.1, 14 &)

29. 149688, 567  38. (i) 233 ; (ii) 24 ; (i) 3: (iv) 4: (v) 2005.39.61  40.10 41.1hg 9d
42. (i) 360 ; (ii) 2520 ; (iiii) 106470 ; (iv) 46800 ; (v) 43680

EXERCISE -3 (FOR SCHOOL f E%ARD EXAMS

PREVIOUS YEARS BOARD (CBSE) QUESTIONS ’
Questions Carrying 1 Mark Q
1. If P is a rational number (g= 0), what is condition of g so that the decimal rgpresentation of P is terminating ?
q q
0 [Delhi-2008]
2. Write a rational number between /2 and +/3 . . [Al-2008]
3. Complete the missing entries in the following factor tree : | [3] Foreign - 2008]
4 i
4. The decimal expansion of the rational number %will terminate after how many places of decimals ?
- [Delhi - 2009]
5. Find the [HCF x LCM] for the numbers 1 190. [Al - 2009]
6. Find the [HCF x LCM] for the numbegs 105 &nd 120. [Al - 2009]
')
7. Write whether the rational numb wiII have a terminating decimal expansion or a non-terminating repeating
decimal expansion. % [Foreign - 2009]
8. The HCF and LCM of two %b rs are 9 and 360 respectively. If one number is 45, write the other number.
[Foreign - 2009]
Questions Carrying 3 Marks
9. Show that 5—-2 \ﬁlrratlonal number [Delhi - 2008]
10. Show that 2 an irrational number [Delhi - 2008]
11. Show that /2 is an irrational number [Delhi - 2008]
12. Prove4ha is an irrational number . [Delhi — 2009/A1-2008]
13. U@i ’s Division Lemma to show the square of any positive integer is either of the form 3m or 3m + 1 for some
j m. [Foreign — 2008 / Al-2008]
e that /2 is an irrational number. [Delhi — 2009/A1-2008]
J.Q) rove that +/5 is an irrational number. [Delhi — 2009/A1-2008]
Prove that 3++/2 is an irrational number. [Al-2008]
Prove that 5— 2+/3 is an irrational number. [A1-2008]
18. Prove that 3+5+/2 is an irrational number. [Al1-2009]
19. Show that the square of any positive odd integers is of the form 8m + 1, for some integer m. [Foreign-2009]
20. Prove that 7 +3+/2 is not a rational number. [ForeignAl-2009]



REAL NUMBERS ANSWER KEY EXERCISE -3 (X) — CBSE

1.q=2"x 5" where n and m are whole numbers.
2.\2=141.... ~N3=173...... 3,
. One rational no. between /2 and \/5 is 1.5.
4. After 4 decimal ; 2133 = 43 =0.0215
2°5° 2000
5. HCF x LCM = 100x 190 = 19000 6. HCF x LCM =105 x 120 = 12600
oL = 7. ;500= 2% x5%(2"™+5"). So, it has terminating expansion. 8. Other number = 9x 360 =72
1500 500’ 45
\ \
EXERCISE -4 %OR OLYMPIADS)
Choose The Correct One %Q
1. The greatest possible number with which when we divide 37 and 58, he respective remainder of 2 and 3, is -
(A) 2 (B)5 (©) 10 Q (D) None of these
2. The largest possible number with which when 60 and 98 are div4 leaves the remainder 3 in each case, is —
(A) 38 (B) 18 (C) 19 9 (D) None of these
3. The largest possible number with which when 38, 66 al e divided the remainders remain the same is —
(A) 14 B)7 (D) None of these
4. What is the least possible number which when gitided by 24, 32 or 42 in each case it leaves the remainder 5 ?
(A) 557 (B) 677 (C) 777 (D) None of these
5. In Q.N. 4, how many numbers are p g’between 666 and 8888 ?
(A) 10 (B) 11 (C) 12 (D) 13
6. What is the least number wh g\/dlwded by 8, 12 and 16 leaves 3 as the remainder in each case, but when
divided by 7 leaves no r ma
(A) 147 ) 145 (C) 197 (D) None of these
7. What is the Ieast@ € number which when divided by 18, 35 or 42 leaves 2, 19, 26 as the remainders respectively

?
(A) 514 i ' (B) 614 (C) 314 (D) None of these
A

8. Wh east possible number which when divided by 2, 3, 4, 5, 6 leaves the remainders 1, 2, 3, 4, 5 respectively ?
(B) 48 (C) 59 (D) None of these
.No. 8, what is the least possible 3 digit number which is divisible by 11 ?
x(A) 293 (B) 539 (C) 613 (D) None of these
10. How many numbers lie between 11 and 1111 which when divided by 9 leave a remainder of 6 and when divided by

21 leave a remainder of 12 ?
(A) 18 (B) 28 (C) 8 (D) None of these
11. If x divides y (writtenasx |y) and y | z, (X, ¥, Z € z) then —



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

28.

(A)x|z B)z|y (C)z|x (D) None of these
If x|y, wherex>0,y>0(X,y € z)then —

(A)x<y (B)x=y C)x<y D) x 2>y
Ifa|b, then gcd of aand b is —
(A)a B)b (C)ab (D) Can’t be determined (\

Ifgcdofbandcisgandd|b &d|c, then—

(A)d=g (B)g|d (©d|g (D) None of these G;D
Ifx,y e Rand|x]| + |y|=0,then- c;b

(A)x>0, y<O0 (B)yx<0,y>0 (C)x=0,y=0 (D) None of these
Ifa, b, c € Rand a®+ b? +¢* = ab + bc + ca, then — (XQ
(A)a=b=c (By)a=b=c=0 (C) a, b, c are distinct (D) None of thes
Ifx,y € Randx <y = x*>y” then —

(A) x>0 (B)y>0 (C) x<0 (D)‘@D

Ifx,y e Randx>y = |x|>]y]|, then —(A)(B)(C)(D)

(A)x>0 (B)y>0 (C)x<0 \@)-y<0

Ifx,y e Randx>y = |x|<|y|, then—

(A)x<0 (B)x>0 ©y>0 &,) (D)y<0

7 and e are —

(A) Natural numbers  (B) Integers (C) Rati Q.lmbers (D) Irrational numbers.
Ifa,be Randa<b, then — &

(A) 1 < 1 (B) 1 > 1 @fb‘ (D) Nothing can be said
a b a b

If X is a non-zero rational number and xy j?f{)nal , then y must by —

(A) arational number (B) an irrational nuriber (C) non-zero (D) an integer

The arithmetical fraction that exce@ Square by the greatest quantity is —

(A) % (B) L (©) % (D) None of these

such that /Xy is irrational , then \/;+\/§ is—

If x and y are rational nu

(A) Rational ) Irrational (C) Non-real (D) None of these
If x and y are pogtive real numbers, then —
(A)\/;+.v%,/x+y (B)\/;+\/§<,/x+y
© Jx W = X+Yy (D) None of these
V3)2 =a+by/6, wherea, b e Q, then -
a=5hb=6 (B)ya=5,b=2 (C)a=6,b=5 (D) None of these
X € R, then |x|=
(A) x (B) —x (C) max {x, -x} (D) min {x, -x}
15 .
is equal to —

V10 ++/20 + /40 - 125
(A) V5(5+/2) B) V5(2++/2) (C) V5(+/2 +1) (D) V5(3++/2)



29. \/2+\/§+\/2—\/§ is equal to —

V3 J2
A) V3 B) — C) — D) /6
(A) V3 ®) = © % (D) V6
30. The expression 2\/_2\/%—:/%_1 is equal to — \(\
(A) V2 +3+E 416 ®) V6 -4 +3 -2 ,.,;b

(C) V6 -4 -3+42

(D) None of these

e

31.  Ifx,y, z are real numbers such that v/x —1+./y —2 ++/z —3 = 0 then the values of X, y,@yespectively

A)1,23 (B)0,0,0 (\
©)2,3,1 (D) None of these Vs
32. Ifa,b,c € Randa>b = ac < bc, then — Q
(A)c=>0 (B) c<0 %
(C)c>0 (D)c<0 .
33. Ifa,b,c € Randac=bc = a=Dh, then— Q\Q
(A) c>0 ®c<0 X9
(C)c=0 (D)c;«tOQ0
34. Between any two distinct rational numbers — ,&
(A) There lie infinitely many rational numbers. \Q‘b‘
(B) There lies only one rational number. '&
(C) There lie only finitely many numbers.@e
(D) There lie only rational numbers.
35. The total number of divisors of l@cgpt 1 and itself is —
(A) 48 Co (B) 50
(C) 46 % (D) 56
36. The sum is the factors of ¥9600 is —
(A) 54777 Q (B) 33667
(C) 5428 (D) None of these
37. The pro ucﬁ%visors of 7056 is —
(A d?” (B) (84)"

38.
39. :

40.

5

(D) None of these

number of odd factors (or divisors) of 24 is —

A) 2 (B) 3

©)1 (D) None of these

The number of even factors (or divisors) of 24 is —

(A)6 (B) 4

(C)8 (D) None of these

In how many ways can 576 be expressed as a product of two distinct factors ?

(A) 10 (B) 11

(© 21 (D) None of these



OB - ~ R
Que. | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. C A B D A B C B A A C A C

Que. | 16 17 18 19 | 20 | 21 | 22 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Ans. | A D B A D D B B B A B C D DAl W
Que. | 31 | 32 | 33 [ 34 | 35 | 3 | 37 | 38 | 39 | 40

Ans. | A D D A C A C A A A

-y
COMPETITION WINDO (\67
COMPLEX NUMBERS (\

The idea of complex numbers was introduced, so that all algebraic equations could have&\&ns. Over the real
numbers, the square root on negative number is not defined.
Leonhard Euler for the first time introduced the symbol iota (i) in 1748, (i is the @t (etter of Latin word

‘imaginaries’] for v/—1 with the property i2 = -1.
i=v-1s0i%=-1.
Imaginary Numbers : Square root of a negative number is called i%%.number, e.g. \/—_1 \/—_2 J=9/4etc.
V=2 can be written as
2 2x-1- 7 N
Remark : 1. If a, b are positive real numbers, then X \/—_ = —\/5
2. For any two real number Jax \/B‘b‘ ab is not valid if a and b both are negative.
3. For any positive real number a@have J—a=+-1xa=+v-1x=+a=iJa

Eg 1. N—144 = J-1x144 V144 =12i

2. J-4x /-%:@},:3# =-3
3.4—25+3 2+/—9 =51 +6i + 61 =17i
Integral powers of i :V\‘e’%IZ\/—_l soif=-1 i*=-i, i"=1

Forany n € N, we have
s4n _
1= 1! : Q
-4n+2: 1

A2 _
'4n+3__i
E.g. ;’ ¥ =it =i
& w1 _1_ i _

|
_(;J
(5]
Il
_(A)
|
|

\ T T 1T [ 1P [ . 2T .. . o,
Q [iafdf T o] o[l et vt ooy«

Complex Numbers : If a, b are two real numbers, then a number of the form a + ib is called a complex number.
e.g.7+2i, -1+i,3-2ietc
If z=a+ ib is a complex number, then ‘a’ is called the real part of z (Re (z)) and ‘b’ is called the imaginary part of

z(Im(2)).




Equality of complex numbers : Two complex humbers z; = a; + ib; and z, = a, + ib, are equal if a; = a, and b; = b,.
Algebra of complex combers : Let z; =a; + ib; and z, = a, + ib, then

(1 21+ 2;=(ay + iby) + (a2 + iby) = (ar+ay) + i (by + by)

(i) 21-2;=(a + iby) - (a2 + i) = (a1-az) + i (b1 - by)

(III) 21972y = (a1 + Ib]_) . (a2 + |b2) = (a1a2 - blbz) +i (a]_b2+ b]_az)

2, _ (3 +ib) _ (@2, +bb,) . (b3, -ab,) (\
z, (a,+ib)  aZ+h? a; +b}
Multiplicative Inverse of a complex number : Corresponding to every non-zero complex number z = ﬁgbthere

(iv)

exists a complex number z* = x + iy such that

z.7'=1 (z#0) (\(\6
2_1:%: 1 a-ib _ a-ib (\Q

a+ib (a+ib)(a—ib) a’+b?

Conjugate of a complex number : Let z = a + ib be a complex number. Then e@uugate of z is dented by Z and

isequaltoa—ib.

Thusz=a+ib = z =a—ib Q\Q.
Egifz=3+4i= z =34 .
Modulus of a complex number : The modulus of a comple’@ber z=a+ibis denoted by | z | and is defined as

H b ‘b»'&

| z | is also called the absolute value of z.

EXERCISE -5 Q)'g (FOR ITT-JEE/AIEEE)
Choose The Correct One %
1. The value of i** is - % ’
(A1 @ ©)i (D) —i
2. The value i¥
A1 (C) 2i (D) -2
3. The value of
(A1 (B) 0 (©) -1 (D) 2

4. (|77 + |70 + |87 + I414)
(Aﬂﬁ (B)-6 (€6 (D)8

592 | :590 , :588 | :586 , 584
nall RRREE ol RN ol RN o |

x value of the expression 7 g0, {578, {516 4 574 is -
Q) (A)-1 (B)1 (€)0 (D)i
: The standard form of (1 + i) (1 + 2i) is—
(A)3+1 (B)-3+i ©1-3i (D) 1—+3i

(L+i)(L+/3) .
(1-i) .

8. The standard form of



10.

11.

12.

13.

14.

15.

16.

17.

Q;\( A) 12

(A) —/3+i (B) V3 —i €) 1-iv/3 (D) 1+i/3
The standard form of i is—
(4-21)(1L+1)

1 3 1 3. 3 1. 3 1.
A B) = ——i C) S+ =i D) = -=i
( ) 2 ( )4 2 ( )4 2 ( )4 2
If (x+|y) (2-3i)=4+i,then real values of x and y are — \(\
(A) x=5, y=14 (B)x=§,y=% G;D
(C) x 153, y—% (D) None of these (\cgb
f (1+I)X__2l + (2_3!)_y+| =1, then real values of x and y are — (\

3+i 3ii (\Q
(A) x=3 y=-1 B) x=-1, y=3
(C)=1 y=-2 (D) x=-1, y=-3 4
The conjugate of 4 —5i is— Q
(A) 4 +5i (B) — 4-5i (C) -4 +5i (DyE=5i
1
Th jugate of is— .
e conjugate o 3.5 is Q\Q

1 . 1 34
A) —(3+5I B) 3 + 5i C) ——— D) ———
(A) 5, 3+50) (B) 3 +5i © 35 &" D) ;¢
The conjugate of w is— ,&/Q

3+1 ‘b‘

! ® 34 SEIE NP BT

5 5 5 5 Q&g 5 5 5 5
The multiplicative inverse of 1 —i |s —
(A)1+i (B) ‘@ © %+%| (D) None of these
The multiplicative inver§e o%+ \/—)
(A) —= -3 A\{B) (1_“/_) (@) %+§ (D) None of these

The valus Oéig +2x? — 7x + 72, when X = % is—
(B)-4 €2

value of x* + 4x% + 6x% + 4x + 9. when X——1+\/§ is—

(B) 10 (C) 14
c+i -
If a+ib=—-——, where cis real, then a’ + b? =
c—i’
(A) i (B) 1 (C)-1

(D) 0

(D)8

(D)0



20. If(x+iy)®*=a+ib,x,y,ab € R, then 5+%:

a
(A) 4 (B) 4(a” + b?) (C) 4(a° - b (D) (a*—b?)
A\
OBJECTIVE ANSWER KEY EXERCISE - 5
Que. | 1 2 3 4 5 6 7 8 9 10 [ 12 | 12 | 13 [ 14 | 15
Ans. | C C B A A B D A B C A A A AB/] C
Que. | 16 | 17 | 18 [ 19 | 20
Ans. | A A A B C




POLYNOMIALS

(i)

(i)

INTRODUCTION

In class IX, have studied the polynomials in one variable and their degrees. We have also learnt about the values the
zeros of a polynomial. In the this chapter, we wil discuss more about the zeros of a polynomial and the relationship
between the zeros and the coefficients of a polynomial with particular reference to quadratic polynomials. In addition,
statement and simple problems on division algorithm for polynomials with real coefficients will be discussed.

HISTORICAL FACTS

Determining the roots of polynomials, or ‘solving algebraic equations™, is among
the oldest problems in mathematics. However, elegant and practical notation we
use today only developed beginning in the 15th century. Before that, equations
were written out in words. For example, an algebra problem from the Chinese
Arithmetic in Nine Sections, begins “Three sheaf of good crop, two sheaf of
mediocre crop, and one sheaf of bad crop are sold for 29 dou”. We would write 3x
+2y+2z2=29.

The earliest known use of the equal sign is in Robert Recorder’s The Whetstone' of Witte, 1557. The signs + for
addition, - for subtraction, and the use of letter for and unknown appear in~Michael Stifel’s Arithmetical Integra,
1544, Rene Descartes, in La geometric, 1637, introduced the concept of the graph of polynomial equation. He
popularized the use of letters from the beginning of the alphabet todenete constants and letters from the end of the
alphabet to denote variables, as can be seen in the general formula fox.a polynomial, where the a’s denote constants
and x denotes a variable. Descartes introduced the use of superscripts.to denote exponents as well.

RECALL

Polynomials : An algebraic expression of the form p(X)=ayX" +a, X" +a, ;X" +.correreer vereen +a,x +ayx°

where a, #0 and a,,8,,8,,..c.cccc.ueu. a, are real pumbers and each power of x is a positive integer, is called a
polynomial.

Hence, a,,a,_,,a, ,,are coefficients of X7, X* Xouces e, x%and a x",a,_,X"",a, X" e, are terms of the

polynomial . Here the term a, X" is calléd the leading term and its coefficient a,, the leading coefficient, For
1 ) - .
example : p(u) = §u3 —3u? + 2u—4 Jis'a polynomial in variable u.

%uS,—B2 ,2u,—4 are knowas.terms of polynomial and %,—3,2,—4 are their respective coefficients.

6X 2 This is NOT a polynomial term | Because the variable has a negative exponent
1 This'is NOT a polynomial term | Because the variable is in the denominator
2

X

sgrt (x) | This is NOT a polynomial term | Because the variable is inside a radical

Ax? This IS a polynomial term Because it obeys all the rules

Jypes of Polynomials : Generally we divide the polynomials in three categories .
Types of Polynomials

v

Based o£ number Based on degree Based on n£mber
of distinct variables of terms

Polynomials classified by number of distinct variables



Number of distinct variables Name Example
1 Univariate X+9
2 Bivariate X+y+9
3 Trivariate X+y+z+9

Generally, a polynomial in more than one variable is called a multivariate polynomial. A second major way of
classifying polynomials is by their degree. Recall that the degree of a term is the sum of the exponents on, variables,
and that the degree of a polynomial is the largest degree of any one term.

Polynomials classified by degree

Degree Name Example
—00 Zero 0
0 (non-zero) constant 1
1 Linear X+1
2 quadratic XX +1
3 cubic X+ 2
4 quadratic (or biquadratic) x'+3
5 quintic X+ 4
6 sextic (or hexic) xX*+5
7 septic (or heptic) x +6
8 octic XX +7
9 nonic x’+8
10 decic x°+9

Usually, a polynomial of degree n, for n grater than™3,is called a polynomial of degree n, although the phrases quartic
polynomial and quintic polynomial are sometimes,used.

The polynomial 0, which may be considered to have no terms at all, is called the zero polynomial. Unlike other
constant polynomials, its degree is not-zero. Rather the degree of the zero polynomial is either left explicitly undefined
, or defined to be negative (either ~1or ~0)

Polynomials classified by number of non-zero terms

Number of non- Name Example
zero terms
0 zero polynomial 0
1 monomial X2
2 binomial xXF+1
3 trinomial XC+x+1

If a-polynomial has only one variable, then the terms are usually written either from highest degree to lowest degree
(“descending powers”) or from lowest degree to highest degree (“ascending powers” ).

(id) '+ Walue of a Polynomial : If p(x) is a polynomial in variable x and & is any real number, then the value obtained by
replacing x by & in p(x) is called value of p(x) atx = « and is denoted by p(x).

For example : Find the value of p(x) = x® — 6x* + 11x — 6at = — 2
= p(2)=(2°-6(-2*+11(-2)-6=-8-24—22-6 = p(-2) =— 60

(iv) Zero of a Polynomial : A real number « is zero of the polynomial p(x) if p(a ) = 0.
For example : consider p(x)=x*—6x*+11x—6



p(1)=(1)°-6(1)°+11(1)-6=1-6+11-6=0
pP2)=(2°-6(2°+11(2)-6=8-24+22-6=0

p(3)=(3)° - 6(3)°+11(3)-6=27-54+33-6=0
Thus, 1, 2 and 3 are called the zero of polynomial p(x).

* GEOMETRICAL MEANING OF THE ZEROS OF A POLYNOMIAL

Geometrically the zeros of a polynomials f(x) are the x-co-ordinates of the points where the graph y = f(x), intersects

x-axis. To understand it, we will see the geometrical representations of linear and quadratic polynomials

Geometrical Representation of the zero of a Linear Polynomial

Consider a linear polynomial, y = 2y — 5.

The following table lists the values of y corresponding to different values of x.

X

1

4

y

-3

32

On plotting the points A(1, -3 ) and B(4, 3) and joining them, a straight line is obtained.

From, graph we observer that the graph ofiy = 2X =5 intersects the x=axis

at (EO] whose x-coordinate is E Also; zero of 2x — 5 is E f ‘ J
2 2 2 ol T
Therefore, we conclude that.the linear polynomial as + b has one and 'z\ /ﬂ
only one zero, which is the“x-Coordinate of the point where the graph T r,;""
of y = ax + b intersects'the x-axis 3 j 5I7Y
Geometrical Representation of the zero of a quadratic L L] 7
Polynomial ; i\\_ abort?
Consider quadratic polynomial, y = x2 — 2x — 8, EEEEGENEEE SXN
The following table gives the values of y or f(x) for various values of I\ 7 Vil
I\ wor 4 ‘ :
X -4 -3 -2 -1 0 1 2 3 4 5 6
ySX°-2x-8 | 16 7 0 -5 -8 -9 -8 -5 0 7 16

On plotting the points (-4, 16), (-3, 7)(-2, 0), (-1, -5), (0, -8), (L, -9), (2, -8), (3, -5), (4, 0), (5, 7) and (6, 16)

on a graph paper and drawing a smooth free hand curve passing through these points, the curve thus

obtained represents the graph of the polynomial y =x2 — 2x — 8. This is called a parabola.




It is clear from the table that —2 and 4 are the zeros of the quadratic polynomial x2 — 2x — 8. Also, we observe that —2
and 4 are the x-coordinates of the points where the graph of y = x2 — 2x — 8 intersects the x-axis.

Consider the following cases —

Case-1 : Here, the graph cuts x—axis at two distinct points A and A’.

The X-coordinates of A and A’ are two zeroes of the quadratic polynomial ax2 + bx + c.

T

X +0X+(

|

\ /
\ A |
—t—p X G
\ »

,

/

-

—f—
{

(i) (i
Case-11 : Here, the graph cuts the x-axis at exactly one point, i.e., at two coincident points. So, the two points A and
A’ of Case (i) coincide here to become one point A.

X @t X

(iii) (iv)
The x-coordinate of A is the only zero for the-quadratic polynomial ax2 + bx + ¢ in this case.
Case-I11 : Here, the graph is either.complétely above the x-axis or completely below the x-axis, So, it does not cut the

x-axis at any point.

—_— X R =
O| Ol

4
/|
v

/

) (vi)

So,the quadratic polynomial ax2 + bx + ¢ has no zero in this case.
S0, you can see geometrically that a quadratic polynomial can have either two distinct zeroes or one zero, or no zero.

This also means that a polynomial of degree 2 has atmost two zeroes.

Remark : In general given a polynomial p(x) of degree n, the graph of y = p(x) intersects the x-axis at atmost n
points. Therefore, a polynomial p(x) of degree n has atmost n zeros.

* Relationship Between The Zeros And Coefficients Of A Polynomial

For a linear polynomial ax + b, (a# 0), we have,
(constant term)

(coefficient of x)




. . b
zero of a linear polynomial = ——=—
a

For a quadratic polynomial ax2 + b + ¢ (a# 0), with a and S as it’s zeros, we have

b (coefficient of x)

Sumofzeros =a+ f=——=- — >
a (coefficient of x°)

¢ (constant term)
Product of zeros = qff = — = — -
a (coefficient of x°)

If o and f are the zeros of a quadratic polynomial f(x). Then polynomial f(x) is given by

f(x) = K{* (a + B)x+a f}

or f(x) = K{x* — (sum of the zeros) x + product of the zeros}

-

g

RELATIONSHIP BETWEEN THE ZEROS AND COEFFICIENTS OF CUBIC POLYNOMIAL

where K is a constant .
COMPETITION WINDO )

For a cubic polynomial ax® + bx* + cx + d (a# 0), with  , # and A at its zeros, we have :
-b
Sum of three zeros =a + f+ A = —
a

. . c
Sum of the product of its zeros taken two at atime = o + A+ Ao = —
a

) —d
Product of its zeros = qfA=—
a

The cubic polynomial whose zeros are o, # and A is given by
fX)={x} —(a + S+ A)X* + (af + A+ Aa)X — affi}

-~

RELATIONSHIP BETWEEN THE ZEROS AND COEFFICIENTS OF A BI-QUADRATIC POLYNOMIAL

For a bi-quadratic polynomial ax*+ bx® + cx* + dx + e (a= 0), with «, 5,4 and & as its zeros, we have :

-b
Sum of four zeros =a + f+A+06 = —
a

. : c
Sum of the product of its zeros taken two atatime = aff +adl +ad + A+ O+ A0 = —
a

Sum of the product of its zeros taken three at a time = aff1 + af30 + PAO + Lo = —
a

Product of all the four zeros = 10 = €
a

The bi-quadratic polynomial whose zeros are «, 3, A and ¢ is given by
f(x) ={x* —(a@+ B+ A+ )X’ +(aff + ad +ad + A+ BS + AO)X* — (affA + a3 + PAS + Ada)X + affAS}

J

Ex. 1

Sol.

Find the zeros of the quadratic polynomial x?+ 7x + 12, and verify the relation between the zeros and its
coefficients
We have,
f(X) = x>+ 7x + 12 = x* +4x +3x + 12
= fX)=x(x+4)+3(x+4)



Ex.2
Sol.

= f(X) = (X + 4)(x + 3)
The zeros of f(x) are given by
f(x) = 0
= X*+7x+12=0
= (x+4)(x+3)=0
= Xx+4=0o0r,x+3=0
= X=-4o0r x=-3
Thus, the zeros of f(x) = x>+ 7x + 12 are @ = —4and S = -3
Now, sum of the zeros = a + = (-4) + (-3) = -7

and - Coefficientof x  _ 7 -7

Coefficient of x* 1

Coefficient of x
Coefficient of x?

Product of the zeros = aff = (—4) x (-3) =12

Sum of the zeros = -

and, Constant term _ E _12

Coefficient of x> 1

Constant term
Coefficient of x*

Product of the zeros =

Find the zeros of the quadratic polynomial f(x)-=abx’ + (b? + ac) x + be and verify the relationship between the
zeros and its coefficients.

f(x) = abx? + (b® + ac) x + bc = abx®+ b?xF acx+ bc.

=bx (ax + b) + ¢ (ax + b) = (ax + b) (bx + C)

. ) — —C
So, the value of f(x) is zero when ax +Bb'=0orbx+c=0,i.e. X=—o0r X= Y
a
-b -C
Therefore, — and e are-the zeros (or roots) of f(x).
a
—b -c) —-b*-ac —(b*+ac) Coefficient of x
Now, sum of zeros =| — [+| — | = = =— .
a b ab ab Coefficient of X

-C bc
Product of zeras = (—j[_J _ B¢ _ Constant term
a b ab  Coefficient of X2

SYMMETRIC FUNCTIONS OF THE ZEROS

Let~@, B be the zeros of a quadratic polynomial, then the expression of the form a + 8;(a’® + ) ; af3 are celled
thejfunctions of the zeros. By symmetric function we mean that the function remain invariant (unaltered) in values
when the roots are changed cyclically. In other words, an expression involving  and £ which remains unchanged

by interchanging « and # is called symmetric function of & and S .
Some useful relations involving & and S are :-

(i)  a®+p=(a+p)—2ap
(i) (a-B)?=(a+p)’—4ap
iy a? - B2 =(a+P)a-p)=(a+ B (a+p) -4ap




Ex.3

Sol.

Ex.4

Sol.

Ex.5
Sol.

(iv), a’+pB%°=(a+p)°*-3ab(a+p)

V) a’ - pB° =(a—-B)° +3af(a-p)

i) o =g =+ ) a+B)a-B)=[(a+B)?-2aB](a +ﬁ)\/(a+ﬂ)2 —4ap

EV“)) a'+ B =(a’ + p%) - 2(ap)’ =[(a+ B)* - 221 - 2(af)’

viii

a’+p° = (o’ + pP)a® + p°)—a’ B (a+ ) =[(a+ B)° —3ap(a+ Pll(a + B)? —2ap] - (af)’ (a+ B)

If @ and S are the zeros of the quadratic polynomial f(x) = ax® + bx + ¢ then calculate :

2 2
() o’ + pB° iy &+ 2=
f «
Since o and f are the zeros of the quadratic polynomial
f(x) = ax®+ bx + ¢
05+[3‘:—9 and aﬂzE
a a

Q) We have,
a’+ B =(a+p)? =2ap

—bY 2c b?-2ac
=a’+ 2:[—j -==
P a a a’

-2 )
(i) Wehave,a_2+ﬁ_2:a3+'83:(a+ﬂ)3_3aﬂ(a+ﬂ): a al a :a_2+/3_2:3abc—b3
f « af aof c p «a a’c
a
If aandfB are the zeros of the quadraticpolynomial p(s) = 3s° — 6s + 4, find the value of
Z+£+2 1+i +3ap
p a \a p
Since « and 8 are the zeros of the polynomial p(s) = 3s® - 6s + 4.
—(-6) 4
a+f=—-==2 .and aff =—
P 3 p 3
2 2
We have g+£+2 l+l +3a,3:a B +2 pta + 3af
B a \a\p af af
(2)? 2><4
2 _ox
=(a+,8) 2aﬂ+2(a+ﬁ)+3aﬂ: 3+2X2+3xﬁ=8
afp aff 4 4 3
3 3

If . and S are the roots (zeros) of the polynomial f(x) = x* - 3x + k such that a — 8 =1, find the value of k.
Since « and A are the roots (zeros) of the polynomial f(x) = x° - 3x + k.

a+ﬂ=¥=3 and af =k.

Wehave a-fB=1=(a—- )’ =1)° = a® -2af+ % =1

= (@’ +pB%)-2af=1={(a+p) -2af}-2apB =1
=  (a+p)-4af=1=(3)° —4xk=1



Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

= 9-4k=1=4k=8= k=2
Hence, the value of k is 2.

If a,p are the zeros of the polynomial f(x) = 2x* + 5x + k satisfying the relation a’ +ﬂ2 +af = %1 then

find the value of k for this to be possible .
Since « and /3 are the zeros of the polynomial f(x) = 2x*+ 5x + k

-5 k
+f=— and =—
a+pf 2 af 2

Now, a2+ﬁ2+aﬁ=%1

= (a2+ﬂz+2aﬂ)—aﬂ:%l

21
= (a+B) —af= "
25 k 21 5 k
= ———=— =—— =—
2 2 4 { a+pf 2andaﬂ 2}
= K =-1
2
= k=2
Find a quadratic polynomial each with the given numberswas the sum and product of its zeros prospectively.
1 1
i) =1 i) V2,2
(i) 2 (i) 3

We know that a quadratic polynomial which the’sum and product of its zeros are given i given by —
f(x) = k{x? - (Sum of the zeros) x + Produtt.ofithe zeros}, where k is a constant.
Q) Required quadratic polynomial f(s) is given by

f(x) = k(x2 —%x —1)

(i) Required quadratic‘poelynomial f(s) is given by

f(x)= k(xz —V2x+ %)

1
and
aa+b ag+b

If o, B are_the.zeros of the polynomial ax’ + bx + ¢, find a polynomial whose zeros are

since“a and’p3 are the zeros of the polynomial ax* + bc + c.

a+ﬂ:_—band a,B:E
a a

Since n are the zeros of the require polynomial

and
aa+b ag+b
1  af+b+aa+b

ac+b  af+b  (az+b)ag+b)

sum of the zeros =



ax[_b]+2b

a(a+ p)+2b B a b

a’af+ab(a + B)+b? a2 x (Cj+abx[_bJ+b2 " ac
a

Product of the zeros = - 2
aa+b aaﬁ+ab(a+,8)+b
_ 1 _i
a2><c+ab><(_bj+b2 ac
a a

. . b 1
Hence, the required polynomial = x? — (sum of zeros) x + product of zeros = x* — (—jx A
ac ac

* DIVISION ALGORITHM FOR POLYNOMIALS

If f(x) is a polynomial and g(x) is a non-zero polynomial, then there exist two-potynomials q(x) and r(x) such that f(x)
= g(x) xq(x) + r(x) , where r(x) = 0 or degree r(x) < degree g(x). In other words,

Dividend = Divisor x Quotient + Remainder

[ Remark : If r(x) =0, then polynomial g(x) is a factor of polynomial f(x). ]

Ex.9 divide the polynomial 2x” + 3x + 1 by the polynomial x+'2 and verify the division algorithm .
Sol.  We have 1

3
Clearly, quotient = 2x -1 and*remainder = 3
Also, (x+2)(2x-1)f352x*+4x—x—2+3=2x"+3x+1
i.e., 2x% + 3x + L= (X # 2)(2x - 1) + 3. Thus, Dividend = Divisor x Quotient + Remainder.
Ex.10 Check whether the pelynomial t* — 3 is a factor of the polynomial 2t* + 3t° — 2t = 9t — 12, by dividing the
second polynomlal by the first polynomial.
Sol.  We have

0
Since the remainder is zero, therefore, the polynomial t* —3isa —_—
factor of the polynomial 2t* + 3t*— 2> — 9t — 12 . oKX



Ex.11 Find all the zeros of 2x* — 3x* — 3x* + 6x — 2, if you know that two of its zeros are J2and /2.

Sol.

Ex.12

Sol.

=

Let p(x) 2x* - 3x® - 3x% + 6x - 2 be the given polynomial. Since two zeros are ~/2 and -+/2 s0, (x -+/2 ) and
(x+ V2 ) are both factors of the given polynomial p(x).
Also, (x -\/5) = (x2- 2) is a factor of the polynomial. Now , we divide the given polynomial by x? - 2.
By division algorithm, we have
2x* 3% —3x% + 6x — 2 = (X* — 2)(2x* — 3x + 1)
= X33+ X - 2= (X —2) (X +/2) (2X2 — 2x — x + 1)
= X33+ X - 2= (X —/2) (X +4/2) {2x(X - 1) — (x — 1)}
= X33+ X —2= (X —/2) (X +/2) (x—-1) (2x-1)

Whenp(x):O,x:ﬁ, —\/E,land%

Hence, all the zeros of the polynomial 2x* — 3x% — 3x% + 6x — 2 are /2 , —\/5, 1 and %

On dividing f(x) = x* - 3x* + x + 2 by a polynomial g(x), the quotient and remainder were x — 2 and —2x + 4,
respectively. Find g(x)
Here, Divided =x® - 3x*+ x + 2,
Quotient = x -2,
Remainder = — 2x + 4 and Divisor = g(x).
Since Dividend = Divisor x Quotient + Remainder
So, X-3C+x+2=g(X)x(x—2)+(-2x+4)
= g x(x-2)=x*-3x*+x+2+2x—-4
3 2 2
X* —3x°+3x-2 _ (x=2)(x* —x+1) Y v 41
X—2 X—2
Hence, g(x) = xX*— x + 1.

= 9x) =

SYNOPSIS

The highest power of the variable (x)-in a polynomial p(x) is called a degree of polynomial p(x).
A polynomial of degree one is called linear polynomial :

p(x) = ax + b, where a= 0|a =coefficient of x ;

b =-constant term

A polynomial of a degree two is called quadratic polynomial :
p(x) = ax? + bx +(c, whére a = 0| a = coefficient of x2

b = coefficient of x

¢ = constant term

A polynomial of degree three is called a cubic polynomial : p(x) =ax® + bx2 +cx +d,a=0 .

The zeros of a polynomial p(x) are precisely the x-coordinates of the point where the graph of y = p(x) intersects the
X=axXis.

The graph of the quadratic function y = ax® + bx + ¢, a# 0 is a parabola .

The parabola opens upwards if a > 0 and opens downwards ifa< 0.

A polynomial of degree n can have at most n zeros. So the quadratic polynomial can have at most two zeros and a
cubic polynomial can have at most three zeros.

If a, B are the zeros of a quadratic polynomial ax? + bx + ¢, a# 0 then



: b : C
Sum of its zeros = & + f# = —— and Product of its zeros = aff = —.
a a

10.  If a, B,y are the zeros of a cubic polynomial ax® + bx® + cx + d, a# 0 then

Sumofits zeros =+ B+ = _E - _ Coefficient of x?
a Coefficient of x°

. c
Sum of the products of zeros taken two at atime = aff + [y + ya = —
a

Product of its zeros = affy = 4 Con§ta}nt term -
a Coefficient of x
11. The division algorithm states that given any polynomial p(x) and any non-zero polynomial g(x) then we can find

guotient polynomial g(x) and remainder polynomial r(x) such that :
p(x) = g(x). q(x) + r(x) where deg. of r(x) < degree of g(x), deg of r(x) = 0.

SOLVED NCERT EXERCISE
EXERCISE: 2.1

1. The graph of y — p(x) are given in fig below, for some polynomials p(x). Find the number of zeros of p(x), in
each case.
(i) (i) (iii)
(iv) (v) (vi)
Sol. (i) Graphof y = p(x) does not intersect the x-axis. Hence, polynomial p(x) has no zero.

(i) Graph of y = p(x) intersects the x-axis at one and only one point.
Hence, polynomial p(x) has one end only one real zero.

[Rest Try Yourself]
EXERCISE : 2.2
1 Find the zeros of the following quadratic polynomials and verify the relationship between the zeros and the
coefficients.
(i) ¥*-2x-8 (i) 4s* —4s + 1 (iii) 6x* =3 = 7x (iv) 4u® + 8u
(v) t?—15 (vi) 3x*—x—4

Sol. (i) XP—2X—8=X—4x+2Xx—8=X (X—4) + 2(x — 4) = (x + 2)(x — 4)
Zeros are —2 and 4.

-Coefficient of x
Coefficient of x>

Constant term




2.

Sol.

(i)

- (=2)

Sum of the zeros = (-2) + (4) =2 = —

Product of the zeros = (-2)(4) = —(8) = % =

4s? —4s+1=(2s—1)°
The two zeros are 11
2 2

—(—4) _ -Coefficient of x
4 Coefficient of x?

Product of two zeros = (lJ(lj _ 1 _ _Constant term
2\2) 4 Coefficient of x*

[Rest Try Yourself]

Find a quadratic polynomial each with the given numbers as the sum and praduct of its zeros respectively.

L1 .. 1 . 11 .
Q) Z’_l (i) \/_g (iii) O,\/g (iv) 1,1 (V) 7 (iv) 4,1

(i)

(i)

Let the quadratic polynomial be ax? + bx + ¢

Then _9:1 and C_
a 4 a

: b -1 c -1

ie., —=—oand —=—
a 4 a 1

We selecta=LCM (4,1) =4

Then 92—_1 and E=—1 = b=—Tand c =—4.
4 4 4

Substituting a = 4, b = -1, c.= —4 in ax® + bx+ ¢, we get the required polynomial 4x* —x — 4

b_s R

a a 3

b —\/5 c 1

- — == —_ = =
a 1 a 3

Selecta =LCMA1, 3) = 3.

Then 9:— 2 and E:l:>b:—3\/§andc=1.
3 a 3
Substituting a=3, b= ~3J2 andc=1inax’+bx +c, we get the required polynomial 3x? —3J/2x+1
[Rest Try Yourself]
EXERCISE : 2.3

Divide the polynomial p(x) by the polynomial g(x) and find the quotient and remainder in each of the following

(i)

(i)
(iii)

p(X) =x*—=3x°+5x— 3,9(x) =x*-2
pP(X) =x'=3x° +4x+5,9(X) = x* + 1 —X
2

p(x) = X' = 5x + 6, g(x) = 2 —x°.



sol. (i)

Hence, Quotient g(x) = x — 3 and Remainder r(x) = 7x -9

[Rest Try Yourself]
2. Check whether the first polynomial is a factor of the second polynomial by dividing the second polynomial by
the first polynomial.
(i) t2-3,2t"+3t°-9t-12 (i) X +3x+1,3x* + 53— 7x* + 2x + 2
(i) x*=3x+1,xX°— 4 +x*+3x+1
Sol. (l) f t  : V Ot ) 7 ] (1) 2t
\1[ ’
Hence, t? — 3is a factor of 2t* + 3t° — 2t> — 9t — 12
[Rest Try Yourself]

3. Obtain all other zeros of 3x* + 6x° — 2x? — 10x 5, If two of its zeros are \/g and — \/g .

Sol.  Two of the zeros of 3x* + 6x° — 2x* ~40x — 5, are \/g and — \E .

5 5. .
= | X- 5 X+ § is.afactor of the polynomial .

) 5.
ie, X 3 is a factor.

i.e., (3x° — 5) is alfactor of the polynomial. Then we apply the division algorithm as below :

The other two zeros will be obtained from the quadratic polynomial g(x) = x* + 2x + 1
Now X% + 2x + 1 = (x + 1)
Its zeros are -1, —1.



Hence, all other zeros are -1 , —1.

4. On dividing x* — 3x% + x + 2 by a polynomial g(x), the quotient and remainder were x — 2 and -2x + 4,
respectively. Find g(x).
[Try Yourself]
5. Give examples of polynomial p(x), g(x) and r(x), which satisfy the division algorithm and
(i) deg p(x) = deg q(x) (ii) deg q(x) = deg r(x) (iii) deg r(x) = 0,
Sol. (i) pP(X)=2x°+2x+8,9(x) =2x°=2;q(X) =X+ x+4;r(x) =0
(i) p(x)=2x"+2x+8,g(Xx)=x"+x+9;q(X)=2;r(x)=-10
(i)  px)=x}+x+5;9x)=x*+1;9(X)= x;r(x)=5.
EXERCISE -1 (FOR SCHOOL / BOARD-EXAMYS)
Choose The Correct One
1. Quadratic polynomial having zeros 1 and -2 is -
(A) X2 —x+2 (B) x*—x—2
(C)x*+x -2 (D) None of these
2. If (x — 1) is a factor of k% — 4kx — 1 , then the value of k is —
(A)1 (B)-1
€2 (D) =2
3. For what value of a is the polynomial 2x* — ax® = 4x?+ 2%t 1 divisible by 1 — 2x ?
(A)a=25 (B)ya=24 (C)a=23 (D) a=22
4. If one of the factors of x* + x — 20 is (x + 5)xthen)other factor is -
(A) (x—4) (B) (x-5) (C) (x-6) (D) (x-7)
5. If a, B be the zeros of the quadratic pelynomial 2x* + 5x + 1, then value of o + B+ aff =
(A)-2 (B) =% ©1 (D) None of these
6. If o, B be the zeros of the quadratic polynomial 2 — 3x — X, then o + 8 =
(A) 2 (B) 3 ©1 (D) None of these
7. Quadratic pelynemial having sum of it’s zeros 5 and product of it’s zeros — 14 is-
(A) X* — 5x= 14 (B) x* — 10x — 14
(C) X2\ 5x + 14 (D) None of these
8. if x = 2 and x = 3 are zeros of the quadratic polynomial x* + ax + b, the values of a and b respectively are :
(A) 5, 6 (B)-5, -6 (C)-5,6 (D)5, 6
9. If 3 is a zero of the polynomial f(x) = x* — x* — 8x* + kx + 12, then the value of k is -

(A) -2 (B)2 ©)-3 (D) g



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20:

The sum and product of zeros of the quadratic polynomial are — 5 and 3 respectively the quadratic polynomial is equal

to -
(A) X2+ 2x + 3 (B) x*—5x +3 (C) x*+5x + 3 (D) x*+3x—5

On dividing x* — 3x* + x + 2 by polynomial g(x), the quotient and remainder were x —2 and 4 — 2x respectively then

g(x) :
(A)X*+x+1 (B)x*+x-1
(C)x*— x-1 (D)x*—x+1

If the polynomial 3x®—x3—3x + 5 is divided by another polynomial x — 1 —x2 , the remainder comeSout.to be 3,

then quotient polynomial is —
(A)2-x (B) 2x-1 (C)3x+4 (D) x-2

1 . -
If sum of zeros = \/5 product of its zeros = § . The quadratic polynomial is —

(A) 3x% —3/2x +1 (B) V2x? +3x+1
(C) 3x? — 24/3x+1 (D) V2x? + x+3

If —% is the zeros of the cubic polynomial f(x) = 3x® — 5x* — 11x — 3 thelothér zeros are :

(A)-3,-1 B)1,3 (©)3,-1 (D)-3,1

If o and S are the zeros of the polynomial f(x) = 6x’— 3 — 7x then’(ar +1)( S +1) is equal to —
5 5 2 3

(A) 2 (B) 3 (€) c (D) 5

Let p(x) = ax? + bx + ¢ be q quadratic polynomial™t'can have at most —

(A) One zero (B) Two zeros

(C) Three zeros (D) None of these

The graph of the quadratic polynomial* ax’+ bx + ¢, a # 0 is always-

(A) Straight line (B) Curve

(C) Parabola (D) None of these

1 . . . . .
If 2and — > as the sum'and product of its zeros respectively then the quadratic polynomial f(x) is —

(A) X*—2x — 4 (B) 4x* —2x + 1
(C) 2x* + 4x <1 (D) 2x* —4x —1

) 1 1.
If  andy3_are the zeros of the polynomial f(x) = 16x* + 4x — 5 then — + — is equal to —
a

2 5 3 4
A) 5 (B) > ©) c (D) 5

If a and S are the zeros of the polynomial f(x) = 15x* — 5x + 6 then (1+ lj(l-f‘ %) is equal to —
a

13 13 16 15
(A) 3 (B) > ©) 3 (D) )



Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. A C C D D A C B
Que. | 16 17 18 19 20
Ans. B C D D A
EXERCISE -2 (FOR SCHOOL / BOARD.EXAMS)
SUBJECTIVE TYPE QUESTIONS
Very Short Answer Type Questions
1. Look at the graph in fig given below. Each is the graph of y = p(x) , where p(x) is a polynomial. For each of the graph,
find the number of zeros of p(x).
0) (if) (iii)
(iv) (v) (vi)
2. Consider the eubicpolynomial f(x) = x* — 4x. Find from the fig, the number of zeros of the above stated polynomial




NGO

Let f(x) = x*
The graph of the polynomial is shown in fig.

(1) Find the number of zeros of polynomial f(x).
(i) Determine the co-ordinates of the points, at which the graph intersects the x-axis
EAGEES|
L d ]
¢ (
c ,'
4 |
2111 }
24| ||
3¢— :
1,1;? I / e
| Y
to—m+1

Short answer Type Questions

Find the zeros of the followingxguadratic polynomial and verify the relationship between the zeros and their
coefficients.

(i) 6x°—x—1 (i) 25x (x +1)+ 4 (iii) 4x° + 4x + 1 (iv) 48y° — 13y —1 (v) 63— 2x —x°

(vi) 2x* —5x  (vii) 49X%=81 (viii) 4x° — 4x -3

Find a quadratic polynomial each with the given numbers as the zeros of the polynomial .

(i) 3+/7,3= T (ii) 2+/3,~2/3 {Giii) —%,—% (iv) v/3,3v3 (v) 2+3v/2,2-3J2 (vi) %g

Find a quadratic'polynomial each with the given numbers as the sum and product of its zeros respectively .

1. -10 525, -2J5 5 1 6 9
i) 44/3,90(i1) 2v/3-13—+/3 (iii) 0,-= (iv) ——,7 (V) =, =2 (vi) —= —2 (vii) —~/3,= (Viii) — =, —
(i) ()\/_L\/_()4()\/§ V) iy (V) —5— =3 (i) ; i) — 2
(ix) v2,-12

If ' and S are the zeros of the polynomial f(x) 5x + 4x — 9 then evaluate the following :

(i) a-p (i) a® +p° (i) a®-p> (v)ya*+p° ) a®-p> qi)a'-p*

If one of the zeros of the quadratic polynomial 2x? + px + 4 is 2, find the other zero. Also find the value of p.

If one zero of the polynomial (a? + 9)x* + 13x + 6a is the reciprocal of the other, find the value of a .

If the product of zeros of the polynomial ax* — 6x — 6 is 4, find the value of a.

Find the zeros of the quadratic polynomial 5x* — 4 — 8x and verify the relationship between the zeros and the
coefficients of the polynomial .



10.

11.

12.
13.
14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

Determined if 3 is a zero of p(x) = vX° —4x+3 +/x2 =9 —/4x? —14x +6
If o and B be two zeros of the quadratic polynomial ax? + bx + ¢, then valuate :

: . Lo 11 . a’ B
)a?+p% (i) +p° (i) —=+— iv) —+ 52—

(i) pe (i) B ( )0[3 5 (iv) 7 a

Find the value of k :

(i) If o and S are the zeros of the polynomial x* — 5x + k where o — f =1

(i)  If aand B are the zeros of the polynomial x2 — 8x + k such that o> + 3> = 40.

(iiiy  If cand B are the zeros of the polynomial x*— 6x + k such that 3« + 23 = 20.

If 2 and 3 are zeros of polynomial 3x* — 2kx + 2m, find the values of k and m.

If one zeros of polynomial 3x? = 8x + 2x + 1 is seven times the other, then find the zeros and thé valug of k.
If  and B are the zeros of the polynomial 2x* — 4x + 5. Form the polynomial where zeros are :

1 1 B

L1 1 a
(1 ; and E (i) ? and F (iii) 1+; and 1+ —

If 2 and B are the zeros of the quadratic polynomial x* — 3x + 2, find a quadratic pelynomial whose zeros are :
(0 1 1 1 d p-1

o=
and (i) an
200+ f 2+« a+l p+1

. . N\,
If the sum of the squares of zeros of the polynomial 5x*+ 3x + k is = 3¢’ find the value of k .

If one zero of the quadratic polynomial 2x* — (3k + 1) x — 9 is negative of the other, find the value of k .
If o and B are the two zeros of the quadratic polynomial x22.2x + 5, find a quadratic polynomial whose zeros are

a+ fand 1 +l
a
a2 ,82 p4 4 p2
If o and B are the zeros of the quadratic polynomial’f(x) = x* — px + g, prove that F +t—=— +2

2

o q q
Apply the division algorithm to find the quotient g(x) and remainder r(x) on dividing p(x) by g(x) as given below :
(i) P(X) =3 +2x% + x+1; gx)p=x>+3x +2
(i)  p)=xt+x'—x*-1;900 = x*+x-1
(i) pxX)=2+3x* + 42 +3x+2;g(X) =X+ X2 +x +1
(iv)  p(x)=x3-3x%—x+3%gX) = x*-4x + 3
Find the quotient q(x) and remainder r(x) of the following when f(x) is divided by g(x). Verify the division algorithm.
(i) f(x) = X%+ 5x% + Tt 3 g(x) = x> + 2
(i) f)=x"+2+21:9gx)=x*+1
(iii)  f(X)=4x/=7x%4 18x—1;g(x) =2x +1
(iv)  f(x) =5x3=70x"+ 153x — 342 ; g(x) = x*— 10x + 6
Check whetherg(y) is a factor of f(y) by applying the division algorithm :
(i)  fy) =2y +3y°’ -2y~ 9y 12, g(y)=y* -3
(i) A fly)=3y'+5y°~7y*+2y+2, g(y) =y’ +3y+1
(i) waf(y) =y° - 4y’ +y* +3y+ 1, g(y) =y’ -3y +1
(a) If 1 is the zero of f(x) = kx* — 3kx — 1 then find the value (s) of k.
(b) If 1 and — 2 are the zeros of f(x) = x* +10x* + ax + b, then find the values of a and b.
(c) Find p and g such that 3 and — 1 are the zeros of f(x) = x*+ px® + gqx* + 12x - 9.
(d) If 3 is the zero of f(x) = x* — x® — 8 x*+ kx + 12, then find the value of k.
@ Find all the zeros of 3x® + 16x? + 23x + 6 if two its zeros are —3 and — 2.

. . . 1 1
(b) Determine all the zeros of 4x3+ 12x* — x — 3 if two of its zeros are — 5 and >

() Determine all the zeros of x° + 5x% — 2x — 10 if two of its zeros are /2 and —+/2



. : . .5
(d) Determine all the zeros of 4x® + 12x* — x — 3 if one of its zeros is >

. . . .95
(e) Determine all the zeros of 4x® + 5x* — 180x — 225 if one of its zeros is — rk

25. (a) Find all the zeros of 3x* — 10x + 5x° + 10x — 8 if three of its zerosare 1,2 and — 1 .
(b) Obtain all the zeros of 2x* + 5x* — 8x* — 17x — 6 if three of its zerosare —1, -3, 2.

(c) Determine all the zeros of x* —x3 — 8x? + 2x + 12 if two of its zeros are \/E and —\/E .
26. (a) Obtain all other zeros of the polynomial 2x® — 4x — x* + 2 if two of its zeros are \/E and — \/E

(b) Find all the zeros of 2x* — 9x® + 5x° * 3x — 1, if two of its zeros are 2++/3 and 2—+/3 .
(c) Find all the zeros of the polynomial x* + x® — 34x® — 4x + 120, if two of its zeros are 2 and — 2"\

(d) Find all the zeros of the polynomlal 2x* +7x3 - 19x% — 14x + 30 if two of its zeros are \/Eand \/E
27. (a) On dividing f(x) = 3x® + x* + 2x + 5 by a polynomial g(x) = x> + 2x + 1, the remainder, f(X),= 9x + 10. Find the

guotient polynomial q(x).

(b) On dividing f(x) be a polynomial x — 1 — x?, the quotient q(x) and remainder r(x) are (x - 2) and 3 respectively .
Find f(x).

(c) On dividing x* — 4x* + x* + 3x + 1 by polynomial g(x), the quotient and remaindér are (x> — 1) and 2 respectively.
Find g(x).

(d) On dividing f(x) 2x° + 3x* + 4x3 + 4x2 + 3x + 2 by a polynomial g(x), where g(x) = x>+ x* + x + 1, the quotient
obtained as 2x* + x + 1. Find the remainder r(x).

POLYNOMIALS ANSWER KEY EXERCISE - 2 (X) CBSE
° Very Short Answer Type Questions
1. (i) One zero, (ii) Two zero, (iii) One zero, (v) One zero, (vi) Four zeros

2. Three zeros 3. (i) One zero, (i) (0, 0)
° Short Answer Type Questions
1 -4 -1 -1 5 9 -9 3 -
1.G) ——,— -, — i) —,— —— V) 7,-9, (vi) 0,— (vii) —,—, (viii) —,—
()32()55 ()22 ()316 (V) ()2()77()22

2. (i) X2 — 6x + 2, (ii) X2 — 12, (jii) 21x% + 33x + 6, (iv) X? —4/3x+9, (v) X2 — 4x — 14, (vi) 6x>— 31x + 40
3. (i) X2 —4/3x+9, (i) X2 —(2V3-Dx+(3=+/3), (iii)ax®—1, (iv) 3x? +10v/3x+21 (v) 18x2— 15 + 50.
(vi) 3x2 + 26X =5, (i) 4X2 +44/3x+1 (viii) 25X+ 30x + 9, (ix) X2 —~/2x—12

4. (i) =, (ii )@ (iii) _2‘26, (iv) _12%4 (v) fgg (vi) _1529:’6 5.p=-6,0therzero=16.a=37. a=_T31
_ 3 _ 3 _ 3
8. 2 and ?2 9. ves 10. (i) 2 261C( i) 3abc b” i 3abc3 b” iv) 3ab<:2 D" 11 i) 6 i) 12 (iii) _16
C acC
15 17 5
12. k=?, m=9 13. 33 k—? 14. (i) —(5x —4x + 2) (ii) —(25x + 4x + 4) (iii) —(5x —8x+8)

15. (i) 20x* = 9x + 1 (ii) 3x* —x 16.2 17. —% 18.5x* —12x + 4

20. () g(x) =3, r=2x*—-8x -5, (i) qx)=x*+x*+x+1, r(x) =0, (iii)qx) = 2*+x +1, (X) =x + 1,
(iVvygx)=x+1, r(x)=0
21. (i) q(x) = x* = 2x3+ 5x + 4, r(x) =- (3x +5), (i) q(x) =X, r(x) = 2x* = x + 1,

(iii) q(x) = 2x* —=x* — 3x + 1?1 rx) = — %, (iv) q(x) = 5x — 20, r(x) = — 127x — 22

22. (i) g(y) is a factor of f(y), (ii) g(x) is a factor of f(x), (iii) g(t) is not a factor of f(t)
23. () k==x1,(b)a=7,b=-18,(c)p=-8,9g=12,(d) k=2

1 1 1 531 5
24. (a) _21 _31 _gl (b) 51_513’ (C) \/El_\/?,—S, (d) 515151 (e) _213\/51_36




25.(a) 1, 2, —1,i (b) —1,—3,2,—%, (©) v2,-v/2,3-2

26. (a)— (b)2+\/_1 ,(©)2,—-2,5and—6, (d) + \/_,g and - 5
27.(a)q(x) 3X — 5,(b)f(x)——x +3x2=3x+5,(c) g(x) =x®—3x+ 1, (d) r(x) = x + 1,

EXERCISE -3 (FOR SCHOOL / BOARD EXAMYS)

el N

© OoNoO

11.
12.
13.
14.

15.
16.

17.
18.
19.

20.

21.
22.

PREVIOUS YEARS BOARD (CBSE) QUESTIONS
Questions Carrying 1 Mark

Write the zeros of the polynomial x* + 2x + 1. [Delhi — 2008]
Write the zeros of the polynomial x? — 2x — 6. [Delhi — 2008]
Write a quadratic polynomial , the sum and product of whose zeros are 3 are — 2 respectively. [Delhi —2008]
Write the number of zeros of the polynomial y = f(x) whose graph is given in figure. 4! [Al-2008]
If (x + a) is a factor of 2x? + 2ax + 5x + 10, find a N [Foreign — 2008]
For what value of k, (- 4) is a zero of the polynomial x —X 2%+ 2)? [Delhi — 2009]
For what value of p, (-4) is a zero of the E)olynomlal X2 — 2%N(Tp + 3) ? [Delhi — 2009]
If 1 is a zero of the polynomial p(x) = ax” — 3 (a— 1) x #,ythen find the value of a. [Al-2009]
Write the polynomial , the product and sum of whose'zeros — % and —% respectively [Foreign —2009]
1 ) .
Write the polynomial , the product and sum _ofi\whose zeros are — gB and —g respectively [Foreign — 2009]

Questions Carrying 2 Marks
Find the zeros of the quadratic polynomial 6x* — 3 — 7x and verify the relationship between the zeros and the co-

efficient of the polynomial . [Delhi — 2008]
Find the zeros of the quadratie“polynomial 5x* — 4 — 8x and verify the relationship between the zeros and the
coefficients of the quadratic.pelynomial [Delhi —2008]
Find the quadratic polynemial sum of whose zeros is 8 and their product is 12. Hence, find the zeros of the
polynomial . [Al-2008]

If one zero of the palynomial (a®+ 9) X + 13X + 6a is reciprocal of the other. Find the value of ‘a [Al-2008]

If the product of zeros of the polynomlal ax - 6x 6 is 4, find the value of ‘a’ [Al-2008]

Find all the zetos 6fthe polynomial x* + x® — 34x? — 4x + 120, if two of it’s zeros are 2 and — 2. [Foreign — 2008]

Find all the zeros of the polynomial 2x* + 7x* — 19x* — 14x + 30, if two of it’s zeros are \/E and — \/_
[Foreign — 2008]
If the polynomial 6x* + 8x> + 17x? + 21x + 7 is divided by another polynomial 3x? + 4x + 1, the remainder comes out

ofbe(ax +b ), flnd a and b. [Delhi — 2009]
if'the polynomlal x*+ 2x%+ 8x% + 12x + 18 is divided by another polynomial x* + 5, the remainder comes out to be

px+ g. Find the values of p and g. [Delhi — 2009]
Find all the zeros of the polynomial x* + 3x>— 2x — 6, if two of it’s zeros are —~/2 and /2 [Al - 2009]
Find all the zeros of the polynomial 2x° + x> — 6x — 3 , if two of it’s zeros are —~/3 and /3. [Al — 2009]

If the polynomial 6x*+ 8x® — 5x* + ax + b is exactly divisible by polynomial 2x* — 5, then find the value of the a and b
[Foreign —2009]

1.x=-12.3,23.x-3x-2 4 3 5 2 6.9 7.3 8 a=19 2x*+3x-9 10.5x°+3x—13




11. {%1%} 12. [_722} 13. x*—8x +12:(6,2) 14. 3 15. _73 16.2,-2,-6and5 17. ﬁ,—ﬁ—Sandg

18.a=1,b=219.p=2,q=320. —+/2,+/2and -3 21. —+/3,+/3and —% 22. a=-20,b=-25

EXERCISE -4 (FOR OLYMPIADS)
Choose The Correct One
1. If a, B and y are the zeros of the polynomial 2x° — 6x> — 4x + 30. then the value of (a8 + By + yo)'is
(A) -2 (B) 2 (©)5 (D) -30
2. If o, B and y are the zeros of the polynomial f(x) = ax® + bx* + cx + d, then l + % + 1 =
o 7,
b c c c
(A) —— B) — © = (D) -—
a d d a
3. If o, fand y are the zeros of the polynomial f(x) = ax® — bx? + cx — d, then a*+%8% + y? =
b* —ac b® + 2ac b* - 2ac b* —2ac
(A) — (B) —=— ©) ——— (D) ——
a b a a
. 3 ) 1 1 1
4. If «, B and y are the zeros of the polynomial f(x) = x° + px“—pqrx + rythen —+ —+ — =
af Py ya
r r
(A) — ® 2 =Y (D) ——
p r r p
5. If the parabola f(x) = ax® + bx + ¢ passes through the points( -1, 12), (0, 5) and (2, -3) , the value of a + b + c is —
(A) -4 (B) -2 (C) Zero (D) 1
6. If a, b are the zeros of f(x) = x* + px + 1 and ¢, ddresthe zeros of f(x) = x* + gx + 1 the value of
E=(@-c)(b-c)(@a+h)(b+d)is-
(A) p* - o (B) g° — p* (C)g*+p? (D) None of these
7. If «, 3 are zeros of ax® + bx + ¢ then zeros of a’x* + abex + ¢® are -
(A) af,a+p B)a:p,af’ ©) ap,a’p* (D) a’, B’
8. Let o, B be the zeros of thepolynomial x*— px + r and %,Zﬂ be the zeros of x> — qx + r, Then the value of r is —
2 2 2 2
(A) §(p —q)(20—p) (B) §(q - p)(2p-0q) (C) §(q -2)(29-p) (D) 5(2 pP—0a)(2a—p)
9. When x*® + 1 is divided by x* + 1, the remainder is equal to —
(A)x+2 (B) 2x -1 ©2 (D)-1
10. If a (p+q)?+2bpg +c = 0 and also a(q + r)*+ 2bgr + ¢ = 0 then pr is equal to —
(A) p? A8 B q’+- © p*+r (D) g +2
C a b C
11. i-a, B'and c are not all equal and a and £ be the zeros of the polynomial ax? + bx + c, then value of (1+a +a?)
(4 B+ p)is:
(A) O (B) positive (C) negative (D) non-negative
12. Two complex number « and S are such that ¢ + £ =2 and a* + 8* = 272, then the polynomial whose zeros are
aand S is—
(A) X*—2x—-16=0 (B)x*—2x+12=0 (C)x*-2x—-8=0 (D) None of theses
13. If 2 and 3 are the zeros of f(x) = 2x*> + mx® — 13x + n, then the values of m and n are respectively —

(A) -5,-30 (B) -5, 30 (C) 5, 30 (D) 5, -30



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

If &, are the zeros of the polynomial 6x? + 6px + p? then the polynomial whose zeros are (a + £)* and

(a—p)tis—

(A) 3x* + 4p°x + p* (B) 3x* + 4p*x — p*

(C) 3x* — 4p*x + p4 (D) None of theses

If c, d are zeros of x?— 10ax — 11b and a, b are zeros of x?— 10cx — 11d, then value of a + b + ¢ + d is —

(A) 1210 (B) -1 (C) 2530 (D) -11

If the ratio of the roots of polynomial x* + bx + ¢ is the same as that of the ratio of the roots of x? + qx + r, then
(A) br? = qc? (B) cq’ = rb? (C) g°c? = br? (D) bg =rc

The value of p for which the sum of the squares of the roots of the polynomial X’ — (p — 2) x— p 1 assume the least
value is -

(A) -1 (B) 1 ©o (D) 2
. 2 a a+1 ).

If the roots of the polynomial ax” + bx + ¢ are of the form - 1 and —— then the value of (a + b + ¢) is-
a— a

(A) b? — 2ac (B) b* - 4ac (C) 2b® —ac (D) 4b* — 2ac

If o, fand y are the zeros of the polynomial x® + agx® + a;x + a,, then (1— &) (X— £?) (1-y) is

(A) (1-a)* + (80— a,)° (B) (1 +a1)* (a0 a)°

(C) (1 +ay)? + (ap + ay)? (D) None ofithese

If a, 3,y are the zeros of the polynomial x® —3x + 11, then the polynomial whose zeros are (a + £)(5 + 7) and

(r+B)is—

(A) X +3x + 11 (B)3¢—3x + 11

(C) x* +3x —11 (D) x®—3x—11

If a, 5,7 aresuchthat o+ B+y =2, a®+yi=26, a®+ B°+7>=8, then a* + f* + y* isequal to —

(A) 10 (B) 12 (C) 18 (D) None of these

If «, f are the roots of ax’ + bx + cand « +K, S + K are the roots of px* + gx +r, then k =

lla p a’ p 1lb ¢
A) - =-— B) |~ —— C) =| ——— D) (ab—
(A) z{b q} ()[b q} ()2{a » (D) (ab—pa)

If «,pare the roots of the polynomial x* — px + q, then the quadratic polynomial, the roots of which are
(a? =)’ - p2) and > +a?p°:

(A) px® - (5p + 7q) X~ (p°d" + 4p™q") = 0

(B) X* - (p°.=5p’q + 5pg”) x +(p°q” - 5p’q’ + 4p’g”) = 0

(C) x*~ (pq >5p° + p'q) - (p°a” — 5p’q”) = 0

(D) All of\the above

The“eandition that x* — ax® + bx — ¢ = 0 may have two of the roots equal to each other but of opposite signs is

(Kyab=c (B) %a =hc (C)a’b=c (D) None of these

If the roots of polynomial x* + bx + ac are «, 8 and roots of the polynomial x* + ax + bc are «, y then the values of
a, B,y respectively are —

(A) a,b,c (B) b,c,a (C)cab (D) None of these
If one zero of the polynomial ax? + bx + ¢ is positive and the other negative then (a, b, ¢ €R, a# 0)



(A) aand b are of opposite signs. (B) a and c are of opposite signs.

(C) b and c are of opposite signs. (D) a,b,c are all of the same sign.
aZ ﬂZ
217. If «, B are the zeros of the polynomial x*— px + q. then F + ? is equal to -
4 2 4 2 4 2
(A)p—2+2—Ari (B)p—2—2+Ari (C)p—2+2q—L1L (D) None of these
q q q
28.  If a, 3 are the zeros of the polynomial x? — px + 36 and > + S =9, thenp =
(A) £6 (B) 3 (C)x£8 (D) £9
29. If «, f are zeros of ax?+bx +c, ac # 0, then zeros of cx? + bx + a are —
1 1 11
(A) —a, -p B) a,— © f,— (D) —ss
B o a g
30. A real number is said to be algebraic if it satisfies a polynomial equation with integral coefficients. Which of the
following numbers is not algebraic :
2
A - (B) V2 (©)0 () 7
3
31. The bi-quadratic polynomial whose zeros are 1, 2, g,—l is:
(A) 3x* — 103 + 5x* +10x — 8 (B) 3x* +10x> — 5x* +10x — 8
(C) 3x* + 10x* +5x*—10x—8 (D) 3x4—10x> — 5x* + 10x — 8
32. The cubic polynomials whose zeros are 4, g and -2is:
(A) 2x° + 7x° + 10x — 24 (B) 2x° + 7x* — 10x — 24
(C) 23— 7x*— 10x + 24 (D) None of these
33. If the sum of zeros of the polynomial p(x) = kx2=5%* — 11x — 3 is 2, then kis equal to :
5 2 5
A k=—— B) k== C)k=10 D) k ==
(A) > (B) : © (D) >
34,  Iff(x) =4x*—6x°+5x—1and a, Bland ¥ are its zeros , then afy =
3 ) 3 1
A) — B)— C) —— D) —
(A) > (B) 1 © > (D) 2
35.  Consider f(x) = 8x" — 2x%+ 6x~ 5and «, 3,7.0 areit’s zeros then o+ B+y +8 =
1 1 3
A) — B) —— C) —— D) None of these
(A) 2 (B) 2 (© > (D)
36. If X —ax + b = 0'and'x* = px + q = 0 have a root in common and the second equation has equal roots, then —
(A)b+q="2ap (B)yb+q= % (Cb+qg=ap (D) None of these
OB A R R 4
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ans. A C D B C B B D C B D C B C A

Que. | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Ans. B B B B D C C B A C B A D D D

Que. | 31 32 33 34 35 36

Ans. A C D D D B




EXERCISE -5 (FOR IIT-JEE/AIEEE)

10.

11.

12.

13.

14.

15.

16.

Choose The Correct One
If the sum of the two zeros of x® + px® + qx + r is zero, then pq = [EAMCET - 2003]
(A) —r B)r (©)2r (D) -2r
Let a= 0 and p(x) be a polynomial of degree grater than 2. If p(x) leaves remainders a and — a whem divided
respectively by x + a and x — a , the remainder when p(x) is divided by x*— a’ is [EAMCET - 2003]
(A) 2x (B) — 2x (C)x (D) —x
If one root of the polynomial x* + px + q is square of the other root, then [I'F-Screening - 2003]
(A)pj—q(3p—1)+q22=0 (B)p‘;’—q(3p+1)+q22=0
C)p+a@Bp-1)-q°=0 (D) p"+q@Bp+1)-q°=0
If o,Bare the zeros of x> + px + 1 and y,0 be those of x* + gXx * 1, then the value of
(a=7)(B~7) (a+58)(B+0) = [DCE-2000]
(A p°—q° (B)q - p’ ©p° ©) ¢’
The quadratic polynomial whose zeros are twice the zeros of 2x*—5x + 2 =04s — [Kerala Engineering -2003]
(A) 8x* —10x + 2 (B) X’ —5x + 4 (C) 2x* —5x +,2 (D) x*—10x + 6
The coefficient of x in x* + px + q was taken as 17 in place of 13 and itis’zeros were found to be — 2 and — 15. The
zeros of the original polynomial are - [Kerala Engineering -2003]
(A)3,7 B)-3,7 (C)—34=7 (D)-3,-10
If @+ B =4and a® + > =44, then «, B are the zeros of-thepolynomial . [Kerala Engineering -2003]
(A) 2x°—7x + 6 (B) 3x* + 9x + 11 (C).9%* —27x + 20 (D)3x*—12x +5
If «, 3, y are the zeros of the polynomial x® + 4x + 1thén (a+ B) " +(B+ ) " +(y+a) ' =
(A)2 (B) 3 (© 4 (D)5 [EAMCET-2003]
If &, 3 are the zeros of the quadratic polynomial )4x* — 4x + 1, then a® + f° is —
(A) % (B) % (C) 16 (D) 32
The value of ‘a’, for which one réot of the quadratic polynomial (a® — 5a + 3) x* + (3a — 1) x + 2 is twice as large as
the other, is - [AIEEE -2003]

1 2 2 1
A) —— B) = C) —— D) —
(A) 3 (8) 3 © 3 (D) 3
Let o, 3 be the zeros,0fx* + (2 — 1) x— 4. The values of A for which a® + 3% is minimum is —
(A0 (B) 1 ©2 (D)3 [AMU-2002]
If 1 + 2i is a.zero of the polynomial x* + bx + ¢, b, ¢ € R, then (b, c) is given by —
(A) (2. —3) (B)(-3,1) (©) (-2,9) (D)B1)
If 2 +1,is 4 zero of the polynomial x* — 5x* + 9x — 5, the other zeros are —
(A)land 2 —i (B)-land 3 +i (C)0and 1 (D) None of these
The value of A for which one zero of 3x2 — (L + 4 1) x + A2+ 2 may be one-third of the other is —

33 17 31

A) 4 B) — C) — D) —
(A) (B) 3 © 2 (D) 3
If 1 —i is a zero of the polynomial x* + ax + b, then the values of a and b are respectively .
(A) 2,1 B)-2,2 [Tamil Nadu Engineering 2002]
©2,2 (D)2,-2

If the sum of the zeros of the polynomial x? + px + q is equal to the sum of their squares, then —
(A)PP—¢*=0 (B)p’+¢°=0 (C)p’+p=2q (D) None of these



17. Let «,f be the zeros of the polynomial (x — a) (x — b) — ¢ with c#0. then the zeros of the polynomial
(X—a)(x—-p)+care: [11T-1992, AIEEE - 2002]
(A)a,c (B) b, c ©)a,b (D)a+c,b+c

18. If p, q are zeros of x> + px + . then [AIEEE -22002]
A)p=1 (B)p=1lor0 Cp=-2 (D)p=-20r0

19.  If @ # fand a? =5a -3, % =5/ — 3, then the polynomial whose zeros are < and s is :

a
(A) 3x* - 25x + 3 (B) x*-5x +3 [AIEEE - 2002]
(C) x2+5x — 3 (D) 3x*—19x + 3
20. If o # S and the difference between the roots of the polynomials x* + ax + b and x* + bx* ‘a.i$ the same, then
[AIEEE - 2002]
(A)a+b+4=0 (B)a+b-4=0 (C)a-b+4=0 (Bya-b-4=0
21. If the zeros of the polynomial ax® + bx + ¢ be in the ratio m : n, then
(A) b> mn = (m® + n®) ac (B) (m + n)?ac = b*>mn
(C) b? (m?+ n? = mnac (D) None of these
COMPREHENSION BASED QUESTIONS
Maximum and Minimum value of a quadratic expression:
At X= ;— we get the maximum or minimum value of{the ‘quadratic expression, y = ax® + bx + ¢
a
. o . - 4ac—b?
Q) When a > 0, the expression ax® + bx + ¢ givesminimum value = a2
a
N . ) . . 4ac—b?
(i) When a <0, the expression ax”+ bx + ¢ gives maximum value = ~a
a
Based on above information, do the felfowing questions :
22. The minimum value of the expression 4x*+ 2x + 1 (xe R) is -
1 1 3

A) — B)Y = C) — D)1
(A) 2 (B) > © 2 (D)

23. If x be real , the maximumValue of 7 + 10x — 5x% is —

(A) 12 (B) 15 (C) 16 (D) 18

24. If pand q (+ 0) @are the zeros of the polynomial x* + px + g, then the least value of x* + px + q (X € R) is —

1 1 9 9
A) —= B) = C) —— D) —
(A) 2 (B) 2 (© 2 (D) 2

25. If x isteal the minimum value of x*— 8x + 17 is —

(A (B)O ©1 (D) 2

OB A R R

Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ans. B D A B B D D C A B B C A D B

Que. | 16 17 18 19 20 21 22 23 24 25

Ans. C C B D A B C A C C




PAIR OF LINEAR EQUATIONS IN TWO VARIABLES

*

(i)

(ii)
(iii)

(iv)

(v)

INTRODUCTION

In class IX, we have read about linear equations in two variables. A linear equation is a rational and integral equating
of the first degree. (\

For example, the equations : 3x + 2y = 7, 2x — \/§y = \/5 y—4x = V3 are linear equations in two vari @?Si cein
each case

Q) Neither x nor y is under a radical sign i.e., X and y rational. Q;b

(i) Neither x nor y in the denominator. (\

(i) The exponent f x and y in each term is one. (\

Ingeneral,ax +by+c=0:4a,b,c € R;a=#0andb=0is a linear equation in two varigt}ﬁs. A linear equation in two
variables has an infinite number of solutions. The graph of a linear equation in two varjables is always a straight line .
In this chapter, we shall study about systems of linear equations in two ar@es, solution of system of linear
equations in two variables and graphical and algebraic methods of solvi ystem of linear equations in two
variables. In the end of the chapter, we shall be discussing some applications of linear equations in two variables in

simple problems areas. Q\Q.

HISTORICAL FACTS o

Diophantus, the last genius of Alexandria and the best alge mathematician of the Greek-Roman Era, has made a
unique contribution in the development of Algebra ancﬁ of mathematics. He was born in the 3rd century and
lived for 84 years. Regarding his age it has been told | ODIKA of Greek collections.

“He spent one-sixth of his life in childhood, hi&%% grew after one twelfth more, after another one-seventh he
married, five years later his son was born, the ed to half the father’s age, and Diophantus died four years after
his son.”

e, o tBiatd= 9 = 756 = x = 84 Years.

6 12 7
He was known as the father of é@pﬁ Acrithimetica is his famous book.

RECALL %

Equation : Ans W of equality of two algebraic expressions which involve one or more unknown quantities is
known as an equ@.

Linear Eq : An equation in which the maximum power of variable is one is called a linear equation.

Linear Eguatjon in One Variable : An equation of the form ax + b = 0 where X is a variable, a, b are real number

and a# 0§ called a linear equation in one variable.
Li guation in Two Variables : An equation of the form ax + by + ¢ = 0, where a, b, ¢ are real number , a# 0,
0

Q/ and x, y are variables is called linear equation in two variables.

pair values of x & y which satisfies the equation ax + by + ¢ = 0 is called a root or solution it.

xEx. (x=1,y=1)isasolutionof 4x —y-3=0.

Remark : A linear equation in two variables have infinite number of solutions.
Graph of a Linear Equation in two Variables : Assume y — x = 2 be a linear equation in two variables. The
following table exhibits the abscissa and ordinates of points on the line represented by the equationy —x = 2

X 1 2 3
y 3 4 5




Plotting the points (1, 3), (2, 4) and (3, 5) one the graph paper and drawing the line joining them we obtain the graph
of line represented by the given equation as shown in fig.

* SIMULTANEOUS LINEAR EQUATIONS IN TWO RABBLES,_ .

A pair of linear equations in two variables is said to form a system of shnultaneous linear equations.
General Form :a;x +byyc; =0 )
and aX + bpy + ¢, = 0, where a;, a, by, by, ¢; a re eranumber; a’ +b’ #0and a2 +b> =0 and

X, Yy are variables.
Ex. Each of the following pairs of linear equations @a system of two simultaneous linear equations in two
variables.

(i) x—2y=3,2x +5y =5 (ii) 3x+5y+7=o,,%@2y +9=0
~ Q)

* SOLUTION OF THE SYSTEM OF E(’Q,UATIONS

Consider the system of simultane@aﬁequaﬂons caiX+byy+ci=0and ax + by +¢,=0
A pair of value of the varia I% d y satisfying each one of the equations in a given system of two simultaneous
linear equations in x and y d a solution of the system .

2X+y= 2y =12

The given equati s re 2x+y=7 .. @)
3x+2y=12 .. (i)
Putx = in LHS of equation (i), we get

LHS-ZQ%Z»3=7=RHS
Put4e<\2, ¥ = 3 in LHS of equation (ii), we get

3x2+2x3=12=RHS

Ex.x=2,y=3is a%o’lsu/tél of the system of simultaneous linear equations.

value x = 2, y = 3 satisfy both equations (i) and (ii).



[ A system of simultaneous linear equations can have ]

N

-
Qo sotion D

Algebraic
o - e SR 0
condition a, b, « \
2% + V= 2;
@—» 6x+ 3y =1
a, 1 b, 2 al_l'g_] ¢, 1 a, 1 b 1 & _,
2, 2' b, 1 a; 2'by. 2% 2 @ 32 3le, =
o oA, b, L A b, ¢ a3 b ¢
> Sep e ot i ol
Solution : (1, 2) Solution : (1, 2), (2, -1), Solution : does not exist
(3,-4) ....up to o
Consistent Inconsistent
A system of simultaneous linear equations is said to be A_ system of s?muit.aneo‘us
System consistent if it has atleast one solution. Pair of equations linear equations is said
having infinitely many solutions is also called dependent system to be inconsistent if it has
no solution.

1

Lines representing the Lines representing the Lines representing the
equations intersect each equations coincide equations are parallel.
other

Graphical )
Representatiorn

¥

Hence x = 2, y = 3 is a solution of the given system. Remark : An equation involving two variables cannot give
value of both the variables. For values of both the variables we required two equations. Similarly for three
variables we require three equations and so on, i.e. to find n variables we need n equates.

* HOMOGENEOUS SYSTEM OF EQUATIONS
A system of sitqultaneous equations is said to be homogenous, if all of the constant terms are zero.
General Fom @ a;x + by =0and a;x + by =0

Homoge equation of the form ax + by = 0 is a line passing through the origin.
Tt@e " the system is always consistent.
a b ) :
@ When —+ # b—l the system of equation has only one solution.
x’ a, b,

@ (i) When & E—l the system of equation has infinitely many solutions.

a2 2
. a b C, .. . . . .
Ex.1 On comparing the ratios—,—and —, find out whether the following points of linear equations are
a2 2 CZ
consistent of inconsistent.



Sol.

Ex.2

Sol.

Ex.3
Sol.

Q,\k

Ex.4

Sol.

(i) 3x+2y=5,2x-3y=7 (i) 2x-3y =8,4x-6y =9

() We have, 3x+2y=5 = 3x+2y-5=0and2x-3y=7 =2x-3y-7=0
al_g,ﬂziandﬁzﬁ
a, 2b, -3 c, 7
3 b

a‘2 b2

Therefore, the given pair of linear equations is consistent. G;D
(i) We have, 2x -3y =8 =2x-8=0and 4x -6y =9 = 4x-6y—-9=0

4 2 1b_-3 1, .6 88 (\";b
a, 4 2'b, -6 2 c, -9 9 (\

& b o A

a2 b2 CZ

Therefore, the given pair of linear equations is inconsistent .

For what value of k, the system of equations x +2y =5, 3x + ky + 15 = O%Q
(i) aunique solution

(ii) No solution ? Q\Q.

Wehave,x+2y=5 = x+2y-5=0and 3x + kt + 15=0.

(i) The required condition for unique solution is : &, &q
a,

l;«tg:>k;«t6 '&
3 k

Hence, for all real values of k except 6, t@en system of equations will have a unique solution.
. a b ¢
(i)  The required condition for no soh@ e

a, b, c,
1.2 -5 1 2 Q%—S
3k153 15
k

= =6 and Ei—:ﬂ( 6 and k # 6

Hence the given sy, Eequatlons will have no solution when k = 6.
Find the value of k fof which the system of equations 4x + 5y = 0, kx + 10y = 0 has infinitely many solution .

The given S 1s of the form a;x + by =0, a;x + b,y =0
a =4, a 1=5, b2 =10

Ifﬁb the system has infinitely many solutions.

—:>k 8

Find the value of a and b for which the given system of equations has an infinite number of solutions :
2x+3y=7;(@+b+1)x+(@a+2b+2)y=4(a+b)+1

Wehave 2x +3y =7 = 2x+3y-7=0

and (@+b+1)x+(@+2b+2)y=4(@+b)+1



Ex.5

Sol.

@he solution of the pair of linear equationsisx =-1,y = 2
i

%

—  (@+b+1)x+(a+2b+2)y—{4(@a+b)+1}=0

The required condition for an infinite number of solutions is & ﬂ _4a
a‘2 b2 C2
2 3 B -7
a+b+1l a+2b+2 —{4(a+b)+1} (\
2 3 3 7

= = and = \
a+b+l a+2b+2  a+2b+2 4(@+b)+1 L)

= 2a+4b+4=3a+3b+3 and12a+12b+3=7a+ 14b + 14 q;)

= a—b-1=0and5a—-2b=11 6)

= a-b=1 () (\

and 5a—-2b=11 ...(i1) (\

Multiplying (i) by 2 we get 2a —2b =2 .. .(iii) (\Q

Subtracting (iii) from (iij) we get 3a = = a= % =3 /7

Put a=3in(i),weget3—-b==Db=2 Q
Hence, the given system of equations will have infinite number of solutions whgna=3 and b = 2.

A
GRAPHICAL METHOD OF SOLVING A SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS
To solve a system of two linear equations graphically, ,&.)

(1) Draw graph of he first equation.

(i) On the same pair of axes, draw graph of the secon @ation.
(iii)(a) If the two lines intersect at a point, read the co t&s of the point of intersection of obtain the solution and

verify your answer.

(b) If the two lines are parallel, there is nowﬂ of intersection, write the system as inconsistent. Hence , no
solution

(c) If the two lines have the same grap@n write the system as consistent with infinite number of solutions

graphically.

Which of the following pairs o% auations are consistent / inconsistent ? If consistent, obtain the solution
(i) x+2y-3=0, 4x+3y=§l%i|) X+y=1,2y=2-6x (iii)2x-y=2,2y-4x=2

(i)x+2y—3=0:>y=Y3T 4x+3y => y= 2_34)(
AL

x | 1 2( |5 x| 2| -1]65

y | 1.0 T 3 y| 2] 2| -6
Pointsar 1), (3,0), (-3, 3) points are (2, -2), (-1, 2), (5, -6)
Fr graph, we see that the two lines intersect at a point (-1, 2)

¥, the given pair of equations is consistent.

£ 3

() xry=imy=ioax | y=2-exmy= X \
X 0 1 2 X | -1 1 -2 \ ‘ﬁ:j;—'ﬂ |
y 1 -2 -5 y 4 -2 7 il \&\ |
4{-‘? &,{;.




Points are (0, 1), (1, -2), (2,-5) Pointsare (-1, 4), (1, -2), (-2, 7)
The two equations have the same graph. Thus system is consistent with infinite number of solutions, i.e., the system is

dependent. r
(i) 2x-y=2=>y=2x-2 |2y 4x=2=>y= 4X2+2 7
— 717
— +—0. ﬁ /7

X 0 1 2 X 0 1 -1 — {/f;_,\,_‘_
X 5 Tp—;——bv‘,\
y -2 0 2 y 1 3 -1 } ,;Z/f ‘ ‘
A (/.
Points are (0, -2), (1, 0), (2, 2) | Points are (0, 1), (1, 3), (-1, -1) (\ i\' ‘“ *L‘
The graph of the system consists of two parallel lines. Thus, the system is inconsistent. It has no,st\ '
COMPETITION WINDOW

L 4

DISTANCE BETWEEN TWO PARALLEL LINESD

i i H + + =
Consider pair of parallel lines X bay + ¢ 0

aXx+by+c;=0 () Id Q’Q
X +hy+c,=0 ...(i1) <
The lines are parallel . BxX ¥ b&@”’_ 0

k(say):al—agk&bl—bgk'&'Q

Putting these values in (i), we get : a;kx + b2 c1 =0orax+hyy+ T( 0

or apx +hbyy+c3=0 (111) @g‘]

Clearly in equation (ii) and (| |C|ents of x and y are same but the constant term is different in both
the equations. The perpendl stance (d) between the two lines can be calculated by using the following
formula :

d:|C2_C3|

y Jal +b?
e.g, The dlstance@ en the parallel liens 3x — 4y 9 = 0 and 6x — 8y — 15 = 0 can be calculated as follows :

‘%t .(i), 6x — 8y — 15 =0 or 3x — 4y — %:0...(11)
15
S (2] s
U|red perpendicular distance, d =
J(3)? +(4)? r_§
* 2: ALGEBRAIC METHOD OF SOLVING A PAIR OF LINEAR EQUATIONS IN TWO VARIABLES

Some times, graphical number does not given an accurate answer. While reading the co-ordinate of a point on a graph
paper we are likely to make an error. So we require some precise method to obtain accurate result. The algebraic
methods are given below :

M Method of elimination by substitution.



(i) Method of elimination by equating the coefficients.
(iii) Method of cross multiplication.

* ALGEBRAIC SOLUTION BY SUBSTITUTION METHOD

To solve a pair linear equations in two variables x and y by substitution method, we follow the following steps : (\
Step—1: Write the given equations

aX + by + ¢, = 0 (i) G;)\

and  axX+by+c,=0 (D)

Step Il : Choose one of the two equations and express y in terms of x (or x in ternp{\o i.e. express, one
variable in terms of the other.

Step Il : Substitute this value of y obtained in step-Il, in the other equation to ge(\near equation in Xx.

Step-1V : Solve the linear equation obtained in step-11l and get the value of x. ¢

Step-V : Substitute this value of x in the relation obtained in step-1l and 'n®1e value of y.

Ex.6  Solve for xandy : 4x + 3y = 24, 3y — 2x = 6. \Q.
Sol. 4x+3y=24 ...(0) Q
3y—-2x=6 ...(ii) &')
From equation (i), we get 0

_ 24;4)( .. (iii) cb,&Q

Substituting in equation (ii), we get QQ

3(24;4Xj—2x:6 @@

= 24 -4x-2xXx=6

B %@‘5

= 6x=18

= x=3

Substituting x éwlme get
24-12

&

ve the following pair of linear equations by the substitution method.
x+\/_y 0and +/3x— \/_y 0

Sol. We have,

\/§x+\/§y=0 )
and «/§x—«/§y=0 ...(ii)



Ex.8
Sol.

—/2x

From (i), we get y = 7 ...(111)
Substituting y = - V2x in (i), we get /3x —/8 —Jx =0
V3 J3 (\
\/— 4x \
= X+—==0=3xX+4y=0=7x=0=>x=0
R ,.,;b

Substituting x = 0 in (iii), we get y = b L2.1Y =0 6;7
J3 (\
Hence, the solution isx =0and y = 0. Q(\

ALGEBRAIC SOLUTION BY ELIMINATION METHOD /
To solve a pair of linear equations x and y by elimination method, we follow t f@wing steps :
Step-1 : Write the given equation

aixx +by+c; =0 ...(0) \Q°
and X +hy+c,=0 ...(>11) Q
Step-11 : Multiply the given equations by suitable numbera@oﬁhat the coefficient of one of the variables are
numerically equal .
Stpe-111 : If the numerically equal coefficients are'@:g[ e in sign , then add the new equations otherwise
subtract
Step-1V : Solve the linear equations in one@ble obtained in step—I1l and get the value of one variable .
Step-V : Substitute this value of th le obtained in step-1V in any of the two equations and find the value

of the other varlable

Solve the following pair of |II%%BIIOHS by elimination method : 3x + 4y =10 and 2x — 2y = 2.
We have, 3x+4y =10 ...(1)
and 2X-2y=2 ...(11)

Y,
Multiplying (ii) b@qﬁ)get 4x — 4y = 4 ...(iii)
Adding (i) and (i e get X=14= x=2
Putting x :‘%quation (if),weget 2x2-2y=2=y=1
$ ution isx=2andy=1

Ex9 @/e ax+by=c,bx+ay=1+c
ax+hby=c ...(0)

bx+ay=1+c ...(ii)
Adding (i) and (ii), we get
(@a+b)x+(a+b)y=2c+1
2c+1
a+b

=  X+y=

...(iii)



Subtracting (i) and (i), we get
(@a-b)yx—(a -b)y=-1

= X—y=—-— ..(iv)
a-b
Adding (iii) and (iv), we get
2x+1 -1 2ac-2bc+a-b-a-b (\

2X =

bo a-b 2 _p? N
X_;a+c—2b:—2b ’ 0;7
- a2 —b? cgb
Q

Subtracting (iv) from (iii) we get (\
_2c+1 -1 _2ac—2bc+a-b+a+b

2
y a+b a-b a’? —b? Q
2ac—2bhc+ 2a %
= 2y =

a’—h?
ac—hc+a \Q
= T alop?
ac-bc-b ac—-bc+a &"
Hence, X = 22 b7 Y= 2 2

* ALGEBRAIC SOLUTIONS BY CROSS-MULTIPLICATION METHOD

Consider the system of linear equations 2
aXx+byy+c¢;=0 (1) @

32X+b2y+C2—O ..
To solve it by cross multiplication method e follow the following steps :
Step-1 : Write the coefficients as fo

; 2 y 1
b, a, b,
b2>< c, %W b, b2><b2

The arrows bekyveen the two numbers indicate that they are to be multiplied. The products with upward arrows are to
be subtra%v om the products with downward arrows.

T above formula, all the terms must be in left to the equal sign in he system of equations —

, by above mentioned rule, equation (i) reduces to
x X y ~ 1
@ blCZ - bZCl Ca, —Ca alb2 - azbl

— b,c, —b,C, and v = Cia, —C&
a1b2 - azbl a1b2 - azbl
Case-1: If ab, —a,b, # 0= xandy have some finite value, with unique solution for the system of equations.

—



Ex10
Sol.

Case-11: If ab, —a,b, =0= —=

aZ b2
Here two cases arise :
a b C
(@ If2Lt=2L="2=2(120)
a‘2 b2 C2

Then a; =apA,b;=b,4,c1=c 4
Put these values in equation a;x + by + ¢, =0 ...(Q)

= azﬂ,x*'bzﬂ, +Czﬂ,:0
=  A(ax+hby+c)=0but A 0 0)
= X +hy+c,=0 ...(>i1) 6)

So (i) and (ii) are dependent, so there are infinite number of solutions. (\

a b ¢ (\

b If +=—2#"1=ab,-ba,=0
( ) a2 b2 CZ 12 172 «Q

But X = b,c, —byc and y = Cia; —C8 /

a1b2 - azbl a'le - azbl Q
Finite value . s
= X = 0 = does not exist \Q'
and y= Finite value _ does not exist Q
0

So system of equations is inconsistent. &"

Solve by cross-multiplication method : x + 2y + 1 =0 -3y-12=0
We have, x+2y+1=0and 2x-3y—-12=0
By cross-multiplication method , we have \Q‘b‘
X y 1 @&
2 1 2><,2 Q)
_37 app 2 A3 Q)% ”
X /\CO y 1

KTNx2—(—12)x1  1x(-3)—2x2

Z 1 x _y_1

-3-4 -21 14 -7
dand y=—=-2
ionisx=3 andy = -2.

S@ cross-multiplicaiton method : (a—b) x + (a+b)y =2 (a>-b?), (a+b) x—(a—b)y = 4ab.

Sol. @ting the equations in the standard form, we get .
x (a-b)x+(@a+b)y—@-b)=0

(a+h)x—(a-b)y—4ab=0
Applying the cross-multiplication method, we get
X B y B 1
(a+b)-2(a*-b?%) - 2(a®* —b*)(a-h) - (a—b)(a+hb)

X




—(a-b) —4ab —4ab (a+b) (a+b)-(a-b)

Simplification of the expression under X :
—4ab (a+b)-2(a—b) (a®—b%
—2(a+b)[2ab + (a—hb)?]

—2(a+b) (2ab + a’+ b?— 2ah) \
q;’)

= ~2(a+b) @ +b?)

Simplification of the expression under y : 6;5

—2 (a*—b? (a+h) + 4ab (a—bh)

= —2(a—b)[(a+Dh) (a+b)—2ab] (\

= — 2 (a—b) (a° + b?+ 2ab — 2ab) Q

= —2(a-b) @*+b? (\

Simplification of the expression under 1 : Vs
~(@-by'~(a+by Q

= — (8% + b*— 2ab) — (a + b*+ 2ah) ‘%

= —2 (a* + b?)

X _ y _ 1 o*Q'
—2(a+b)(@®-b*) -2(a-b)@@*-b?) -2(a° +b)‘
X Y _}
a+b a-b 1

—
= x=(a+b)andy=(a-h) '&Q

* EQUATIONS OF THE FORM ax + by = cAND bx+ay d, WHERE a=b.
To solve the equations of the form. : Q)O

Hence,

ax +hy=c ...(0)
and bx+ay=d %" ...(i1)
where a # b, we follow the fo {hgpsteps :
Step-1:  Add (i) and (ii) %) fain (a+b)x+(b+a)y=c+d, ie, x+y= C“; . (i)
a-+

Step-11 : Subtrag‘yh;m (i) and obtain (a—b)x—(a—-b)y=c—d,ie, x-y= % ...(1v)
Step-11I: S%e and (iv) togetx and y.

Ex.12 Solve{o dy:47x+ 31y =63, 31x + 47y = 15.
Sol. g@

47x + 31y =63...(1) and 31x + 47y = 15...(ii)
',lng (i) and (i), we get : 78x + 78y = 78 =>x +y =1 ...(111)
/\s btracting (ii) from (i), we get : 16x — 16y =48 = x—-y=3 ...(iv)
Now adding (iif) and (iv), we get : 2x =4= x =2
Puttingx =2in (i), weget: 2+y=1=vy = -

Hence, the solutionisx+2andy =-1
* EQUATIONS REDUCIBLE TO LINER EQUATIONS IN TWO VARIABLES

Equations which contain the variables, only in the denominators, are called reciprocal equations. These equations can
be of the following types and can be solved by the under mentioned method :



Type-1 : 2+E:cand 2+E:c'Va,b,c,a',b',c'eR
u v u v

Put 1 =X and 1 =V and find the value of x and y by any method described earlier.
u y

Then u=2 and v=2 (\
X y

Type-l1 : au +bv=cuvand a’u+b’v=c’uv V ab,c,a’,b’,c’eR GD\'
Divide both equations by uv and equations can be converted in the form explained in |)G>
Type-1Il : a_, b & b vabkab keR

Ix+my cx+dy Ik+my cx+dy (\6
1 1 /\

Put

Ix+my:uand cx+dy:V (\Q

Then equationsare au + vc =kanda’u+b’v=k
. . 1 1
Find the values of u and v and put in Ix + my =—and cx + dy = _VO
u
Again solve for x and y, by any method explained earlier.

Ex.13 Solve for xandy : 3_a_2_b+5 0a d§+@—2=0(x¢0 y £

Xy Xy QQ’
Sol. Wehave,s—a—z—b+5:0and§+§—2:0

X Yy X Yy &"
1 1 . .
Let —=uand — =V. Then, the given equations can be as
X y
(iv)

3au—2bv=-5...(i)and au +3bv = (11)
Multiplying (i) by 3 and (ii) by 2, we get

9au — 6bv = - 17 ...(iii) and 2au + 6§V€§Y

Adding (iii) and (iv), we get 11au = - 11

Put Uu=— |n equation (ii), v%@f +3bv 2=>3bv=3=>v= b

But 1—uand —=V
X y

Therefore, —z%}{:—aand 1=%:>y:b [-u= 1,v:1]
y

a’ b
Hencethe;@n isx=-aandy=h.
—5 d—38 21 =0.

Ex.14 Solve E—
§ y X-— X+y X-Vy
Q 6 == o7 + 6 -5=0
x+y X—Yy X+y X-Yy
38 21

d—+—:9:>—+——9 0
x+y X—=Yy X+y X-Yy

Let

+y y
57p+6q 5=0and 38p +21q-9=0
By cross-multiplication method, we have

1
= pand —— = (. Then. the given equations can be written as
X —



q 1

Y
6~ #° 57 6
21><—9><38><:21
q

p B B 1
6x(—9)—-21x(-5) (-5)x38—-(-9)x57 57x21-38x6 (\
N P q _ 1 \
~54+105 —190+513 1197-228 L)
p q 1 51 1 323 1 Ny
= —=——=——=Sp=—=—and g=——== ﬂ)
51 323 969 969 18 969 3 6
But 1 = pand L:q.therefore (\(\
X+Yy X—y
! —i:>x+y—19 (1) (\Q
x+y 19
11 ’
and ——=—=X-Yy=3 ... (1
v y (ii) %O
adding (i) and (ii) , we get 2Xx=22 => x=11
Put x = 11 in (i),we get 11+y=19=y=8

Hence, the solution is x =11 and y = 8. Q\Q

7x—2y_5 8x+7y_15

Xy Xy &"

Ex.15 Solve for xandy :

X—-2y

Sol. =5,:>Z—E=5 Q ()
Xy y X @,
8 HTY 158,715 D (i)
Xy y X ,QQ
1 1 @
Putting — = u and = =V, we get Q)
y X
7u-2v=5 ...(iii)
8u 7v=15 9 (iv)
Multiplying (iii) by 7 and (iv) b adding we get
49u —14v =35
and 16U+ 14v =30 %1
65U = 65 = uzyb— =lory=1
‘\) y
Substitutinguz@ili)weget:7—2v=5 =>v=1 :>l =lorx=1
X
Hence, x = 1.
* APPLICATIONS OF LINEAR EQUATIONS IN TWO VARIABLES
‘ 7

I ection, we will study about some applications of simultaneous linear equations in solving variety of word
lens related to our day-to-day life situations. The following examples are self-explanatory and will give some
ght to the solution to such problems.

T& :Based on Articles And Their Costs / Quantities

Ex.16 7 audio cassettes and 3 video cassettes cost Rs. 1110, which 5 audio cassettes and 4 video cassettes cost Rs. 1350.
Find the cost of an audio cassette and a video cassette.

Sol. Let the cost of an audio cassette and a video cassette be Rs. x and Rs. y respectively .
The cost of 7 audio cassettes and 3 video cassettes = Rs. 1110



= 7x + 3y =1110 ...(1)
The cost of 5 audio cassettes and 4 video cassettes = Rs. 1350

= 5x + 4y = 1350 ...(ii)
Multiplying (i) by 4 and (ii) by 3, we get
28x + 12y = 4440 ...(iii)
15x + 12y = 4050 .(iv)
Subtracting (iv) from (iii), we get 13x =390 = x =30 (\
Putting x = 30 in (i), we get 7 x 30 + 3y = 1110 = 210 + 3y = 1110 \
= 3y =900 = y =300 G)
Hence, the cost of an audio cassette is Rs. 30 and that of a video cassette is Rs. 300. G;b
Type-11: Based on numbers Q\
Ex.17 The sum of the digits of a two-digit number is 12. The number obtained by interchanglﬁg\lt digits exceeds the
given number by 18. Find the number . Q
Sol.  Let the digit at ten’s place by x and that at unit’s place be y. Then, (\
Xx+y=12 ...(1)
And , the two digits number = 10x +y
Now, according to the equation, Q
(10y +x) = (10X +y) + 18 =0y — 9x = 18 = y—x =2 mé
Adding (i) and (ii), we get 2y =14= vy =7

Puty=7in(i),weget x+y=12 = x=5 \Q.

Hence, the enquired number is (10 x 5 + 7), i.e., 57.

Type-111: Based on Fractions &"
) . 1 .
Ex.18 If we add 1 to ht numerator and subtract 1 from the@mator, a fraction reduces to 1, It becomes E if we
only add 1 to the denominator. What is the fractiom&

Sol.  Let the required fraction be X . Then @
y
X 1=y 1:>x y ()
X=y

and X =looxoy g)zx y=1 ...(ii)
X+y 2 %

Subtracting (i) from (||)
Putx = 3|n(|),weget —-2:>y 5

Hence, the frac@%
Type-1V : Based 0%@8

Ex.19 T@rs ago, a father was five times as old as his son. Two years later, his age will be 8 more than three times
age of the son. Find the present ages of father and son.
S,%xtet the present ages of the father and the son be x years and y years respectively .
Two years ago, Father’s age = (X — 2) years and son’s age = (Y — 2) years
x-2)=5(y-2) > x-5y=-8 ...(1)
Two years later, father’s age = (x + 2) years and son’s age = (y + 2) years
x+2)=3(y+2)+8 > x+2=3y+6+8 = x-3y=12 ...(i1)



Subtracting (i) from (ii), we get 2y =20 = y =10
Puttingy =10 in (ii), we get x —3x 10 =12 = x =42
Hence , the present ages of father and son are 42 years and 1 years respectively.

Type-111: Based on Geometrical Applications (\
Ex.20 The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them. ng\
Sol.  Let the larger angle be x° and the smaller angle by y°. Then, 0)
x+y=180 ...(0) (\6
and XxX=y+18 =>x-y=18 ...(i1) (\
Adding (i) and (ii) , we get 2x = 198 = x = 99 (\Q

Putting x =99 in (i), we get 99 +y =18 = y =81

/
Hence the required angles are 99° and 81°. 5 Q
Type-111: Based on Time, Distance and Speed.

Formulae to be used :

_ L
1. (a) Speed = Distance 0

Time Q
(b) Distance = Speed x Time ‘b"&

(c) Time = Distance

Speed '&
2. Let speed of a boat in still water 2@%
/h. Then ,
—'Zu + v)km/h
= (u-v)km/h.

and speed of the current = v

(a) Speed of a boat dow!

(b) Speed of a boat

Ex.21 A man travels 370 km p Ey train and partly by car. If he covers 250 km by train and the rest by car it
takes him 4 hours. ButtSifie travels 130 km by train and rest by car, be takes 18 minutes, longer. Find the
speed of the train gqd thiat of the car.

Sol.  Let the speeds of and that of the car be x km/h and y km/h respectlvely
250 180 [ . Distance Speed ) ,
. Time = - ..(D)
Distance
And if h % 130 km by train and 240 km by car it takes 4 hours and 18 minutes.
X
i

~N

T%‘L
1
Let =Uuand — =V Then, the equations (i) and (ii), can be written as
X

250u + 120v = 4 ...(iii)
and  130u + 140v = f—g ..(iv)

240
+_

=4+ .. 18 minutes = ﬁ hours
60

J
? % (i)



Multiplying (iii) by 2, we get 500u + 240v = 8 ..(V)

Subtracting (iv) from (v), we get 370u = 8 — 43 = 370u = 37 =Uu= 1
10 10 100
Putting U = 1 in (iii), we get 250xi+120v =4= E+12Ov =4
100 100 2
— 12ved4-2oy-—o 1 /\
2 120x2 80 \
1 1
but Uu=—and v=—
X y. q)

Therefore,l:ﬁ:X:wOand 1:8—10:>y:80 6;3
X

Hence the speeds of the train and that o¥ the car are 100 km/h and 80 km/h respectively . (\

Type-VII : Miscellaneous Q

Ex.22 8 man and 12 boys can finish is a piece of work in 10 days while 6 man and 8 boys'cax finish it in 14 days. Find

the time taken by one men alone and that by one boy alone to finish the work .
Sol.  Let one man alone can finish the work in x days and one alone can finish the work in 4 days. Then. the work done by

one man in one day = l and the work done by one boy inon e day = l %
X y

8 12 1 3 1 .
According to the question, 10 —+ — |=1=> —+ —=—
. q (x yj X y 40 Q\Q ®
Also, 148, 8| 23,4_1 9 ...(ii)
Xy X y 28 0
Multiplying (i) by 4 and (ii) by 3, we get : §+E: L Ni¥-and g-i-g:i...(iV)
X Yy X y 28
Subtracting (iii) from (iv), we get 1 = s_1 = 2 = x =140
X 28 1 280
4 1 1 3

Putting x = 140 (ii), we get i+—: —_—=———
140 y 28%/y 28 140

4 5-3 4 2
= P — —_— = ]
y 140 'y 140 : - :
Hence, one man alone can fml% ork in 140 days and one by alone can finish the work in 280 days.
* SYNOPSIS

Q) Two linear equatio;%in)ze same two variables are called a pair of linear equations in two variables, or briefly, a
linear pair. The ngost g&neral form of a linear pair is :

X + +¢,=0
‘% +c,=0
W@%bl, b,, ¢4, C, are real numbers , such that a’ +b/ = a’ +bZ = 0.
(i) alfof linear equations in two variables can be represented, and solved , by the
Q&raphical method (b) Algebraic method

(i@ Graphical Method : The graph of the pair of linear equations in two variables is represented by a pair of lines.

@ If the pair intersects at a point, then that point is the unique common solution of the two equations. In this
case, the pair is consistent.
(b) If the pair coincide, then it has infinitely many solutions — each point on the line being a solution. In this case,

the pair is consistent (dependent).



(c) If two lines are parallel, then the pair has no solution, and is called inconsistent.

(iv) Algebraic Method : We have discussed the following methods for finding the solutions (s) of a pair of linear
equations
(a) Substitution method. (b) Elimination method. (c) Cross-multiplication method.
(V) If a;x + byy + ¢, = 0 and a,x + b,y + ¢, = 0, then the following situations can arise :
a, b (\
(@) =+ # b—l . In this case the pair of linear equations is consistent. G;\
2 2
a, b ¢ . .. . o : G;D
by —= b # — . In this case the pair of linear equations is inconsistent. 6
a, 2 G (\
(© & b =— : In this case the pair of linear equations is dependent and co s%(\
a, b, c2
(iv)  There are several situations which can be mathematically represented by two eguations that are not linear to
start with. But we alter them so that they are reduced to a linear pair. E Q
NN\ °
SOLVED NCERT EXERCISE
%
EXERCISE:3.1
1. After tells his daughter, “Seven years ago, I was se)@( es as old as you were then. Also, three sears from
now, | shall be three times as old as you w Ifbe (Isn’t this interesting ?) Represent this situation
algebraically and graphically . &
Sol.  Let the present age of Aftab’s daughter =

%

Q Ageof Aftab=y=7x—42 | 35 | 42
x 3X-y+6=0

and the present age of Aftab =y years (y >
According to the given conditions C)‘ o
Seven years ago, (y—9)= 7)

ie., y—7

ie., 7X 2=0 ..(0)
Three years later, =3x%x(x+3)

i.e., 3=3x+9

i.e., ( 3X-y+6=0 ...(ii)

Thus, the al aic relationsare 7x -y —-42=0,3x-y+6=0.
ent the problem graphically as below :

Now, we rep
$} 7X—y—42=0 e

Age of Aftab’s daughter=x | 11 | 12

.. (1) Age of Aftab’s daughter=x | 11 | 12
Age of Aftab=y =3x +6 39 | 42

From the graph, we find that x =12



and y =42
Thus, the present age of Aftab’s daughter = 12 years
and the present age of Aftab = 42 years

2. The coach of a cricket team buys 3 bats and 6 balls for Rs. 3900. Later, she buys another bat and 3 more balls
of the same kind for Rs. 1300. Represent this situation algebraically and geometrically .
Sol. [Try Yourself] (\
3. The cost of 2 kg of apples and 1 kg of grapes on a day found to be Rs. 160. After a month, the cosrys g of
apples and 2 g of grapes is Rs. 300. Represent the situation algebraically and geometrically . GD
Sol.  [Try Yourself]
EXERCISE : 3. 2 (\(’)
1. Form the pair of linear equations in the following problems, and find their solutions ¢ jcally.
Q) 10 students of class X took part in a Mathematics quiz. If the number ?\ is 4 more than the
number of boys , find the number of boys and girls who took part in the quiz.
(i) 5 pencils and 7 pens together cost Rs. 50, whereas 7 pencils and 5 pens #gether cost Rs. 46. Find the
cost of one pencil and that of one pen. Q
Sol. (i) Let the number of boys be x and the number of girls be y. %
According to the given conditions
x+y =10andy =X + 4 \Q' Y |«
We get the required pair of linear equations as q
x+y-10=0,x-y + 4=0 ’
Graphical Solution & !
X+y-10=0 (D) Q i
X 2|5
y=10-x| 8 |5 &b‘
X-y+4=0 @@..(ii)
X 2 |5
y =x+4 |8 |5 "
From the graph, we % =3, y =7 common solution of the two linear equations.
Hence, the number = 3 and the number of girls = 7.
(i) [Try Yourself]
. ) a b C, . . . .
2. On comparing eMs —1b—l and X, find out whether the lines representing the following pairs of
a2 2 CZ
linear equ%s intersect at point, are parallel or coincident .
Q) SX—w =0;7x+6y-9=0
(i) @X\+ 3y +12=0; 18x+6y +24 =0
ii =3y+10=0;2x-y+9=0
Sol. 5Xx-4y+8=0 ...(1)
x 7X+6y—-9=0 ...(11)
Q7 ash_ a2
a, 7b, 6 3
_  a._b
a2 b2

= Lines represented by (i) and (ii)



Sol.

Sol.

Sol.

Intersect at a point

[Rest Try Yourself]

a b

On comparing the ratios —,—% and & , find out whether the following pairs of linear equations are
a2 2 C2

consistent, or inconsistent.

(i) 3x+2y=5;2x-3y=7 (i) 2x—-3y=8;4x-6y=9 \(\

(iii)§x+§ y=7;9%-10y=14 (iv) 5x -3y =11; - 10x + 6y = - 22 0)

2" 3 GD

(V) %x+2y= 8;2x+3y=12 (\cgb
()  3x+2y-5=0 () (\

2x-3y—-7=0 ...(11)
a, 3.b 2 al b,
+L==;1=-= — # — = The equations have a unique s;lutlon
a, 2 b, 3 a2 b,
Hence, consistent. Q
[Rest Try Yourself]

Which of the following pairs of linear equations are consistent / incg@tent ? If consistent, obtain the solution
graphically :

(i) x+y=52x+2y=10 (i) x-y =8,3x-3y = 16

(iii)2x+y—-6=0,4x-2y-4=0 (iv)2x-2y-2=0,4 %5=0

(1) X+y=5 ...()
2x+2y =10 ...(i) Q Vg ‘
a_1_le_-5_1 '& ] Naw
a, 2' 2'c, -10 2 QQ TN

e &_H_G 4) L LN

L - - | "\\ | |
a, b, ¢ b 3 N\

[ (3:2) |

Hence, the pair of linear equation ensistent. e h“\
(i) and (ii) are same equation nce the graph | ;
Is coincident straight line. % i : B e e \N
X 1 3 -o o | | |
‘ | ﬁ ‘ ‘
\) Lyy | | | |
[Rest Try Yourslf]
Half the imeter of a rectangular garden, whose length is 4 m more that its width, is 36 m. Find the
dlme the garden
urself]

etrical representation of the pair so formed is:

gﬁ he linear equation 2x + 3y — 8 = 0, write another linear equation in two variables such that the
\a |

ntersecting (ii) Parallel (iii) Coincident lines
(|) 2x+3y-8=0 (Given equation)
3x+2y+4=0 (New equation)
a b
Here, = = L1
a‘2 b2

Hence, the graph of the two equations will be two intersecting lines. [Rest Try Yourself]



7. Draw the graphs of the equations x —y + 1 =0 and 3x + 2y — 12 = 0.

Determine the coordinates of the vertices of the triangle formed by these | ? {f
lines and the x-axis, and shade the triangular region. ;
Sol. x-y+1=0 ...(1) |
X 1 3 | | 4
y=x+1| 2 | 4 L
3x+2y-12=0 ...(ii) L/ |
X 0| 4 ' ;"' ;
_ 6 0 X' B/
_ 12-3x ‘/-T—Q;i?).}k L
2 Bl

The vertices of the triangle are .
A(2,3),B(-1,0)and C (4,0) Q(\ \

EXERCISE : 3.3 (\

1. Solve the following pair of linear equations by the substitution method. Q
() x+y=l4x-y =4 %

st
i)  s—t=3 +-=3 .
(i S+ @Q
(i)  3x-y=3,9x-3y=9
(iv)  0.2x+03y=13 04 +05y =23 &')

(v) \/_x+\/_y=0 J3x—+8y =0

B @Q

(vi) 3x 5y
2 3 3 2 6
Sol. (i) X+y=14 '&

X-y=4 @ (1)

From (il)y=x-4 @ ...(111)

Substituting y from (iii) in | Qet
X+x-4=14 @2X 18 =>x=9

Substltutlng X = , We get

(ii) &;Zy (D)
%S ..(ii)

=6
2
m&s s=t +3 ..(iii)
@stltutlng s from (iii) in (ii), we get
/\ t+3 t

%

+5=6  =2t+3)+3=36

= 5t +6=36 —=1=6
From (iii),s=6+3=9
Hence,s=9,t=6

[Rest Try Yourself]



Sol.

Hints

Sol.

Q;\lz 1 6
—+vy=§ =5_ =
5 y =Y 5:>y

Solve 2x + 3y = 11 and 2x — 4y = - 24 and hence find the value of ‘m’ for which y = mx =3
[Try Yourself]
Form the pair of linear equations for the following problems and find their solution by substitution method.

(1
(i)
(iii)

(iv)

(v)

(vi)
()
(i)
(iii)
(iv)
v)

(vi)

Solve the following pair of equations b
(i) x+y=5and2x-3y=4

(iii) 3x -5y -4 =0and 9x = 2y

The difference between two number is 26 and one number is three times the other. Find them.

The larger of two supplementary angles exceeds the smaller by 18 degrees. Find them.

The coach of a cricket team buys 7 bats and 6 balls for Rs. 3800. Later, she buys 3 bats and 5 bayg for
Rs. 1750. Find the cost of each bat and each ball.

The taxi charges in a city consist of a fixed charge together with the charge for the distan€8.covered.
For a distance of 10 km, the charge paid is Rs. 105 and for a journey of 15 km, the cha id is Rs.
155. what are the fixed charges and the charge per kilometer ? How much does a pers rﬁ@v to pay for
travelling a distance of 25 km ? &D

A fraction becomes 1% if 2 is added to both the numerator and the denomin@.\{f, 3 is added to both
/7

Five years hence, the age of Jacob will be three times that of his ér@ive years ago, Jacob’s age was

. . 5 . .
the numerator and the denominator is becomes E . Find the fraction.

seven times that of his son. What are their the present ages ?

Let the two numbers be x and y (x >y). Then, x —y = 26 and x = 3y.

Let the supplementary angles by x and y (x >y) Then, x +y z Wd x—y=18.

Try Yourself

Let fixed charge be Rs x and charge per km be Rs y. The%x.)+ 10y =105 and x + 15y = 155.

Let X be the fraction where x and y are positive int / Lz = 3 X—+3 = E
y y+2 11 y+3 6
Let x (in years) be the present age of Jacob’s % dy (in years) be the present age of Jacob. Then,
(x+5)=3(x+5)and (y—-5)=7(x-5)A
EXERCISE : 3.4

Ymination method and the substitution method.
(i) 3x+4y=10and 2x -2y =2

i) X+2Y - _1and x-Y =3
2" 3 3

¢

(i) Solution By EIimination%%j:
(D)

(i) Solution By Substitution Method:

X+y=5 X+y=5 ...(1)
2x-3y=4 ...(11) 2x-3y =4 ...(11)
Multiplying (i) by, i) by 1 and adding From (i),y =5-x ...(111)
we get 3(x +y X—3y)=3x5+1x%x4 Substituting y from (iii) in (ii),
= 3X + 3K+ 2x —3y =19 2Xx—3(5-X) = 2x-15+3x=4
= 9:>X:% = 5x:19:>x:%

1), substitution x :§, we get

[{e)
©

19 6
Hence ,Xx=—,y = —
5 5

[Rest Try Yourself]

Then from (iii), y = 5—% = y= 5

Hence,ng,y: 5
5 5

6



Hints

Sol.

Form the pair of linear equations in the following problems, and find their solutions (if they exist) by the
elimination method.

(i)

(ii)
(iii)
(iv)
(V)

(i)

(i)
(iii)

(iv)

(v)

If we add 1 to the numerator and subtract 1 from the denominator, a fraction reduces to 1. It becomes
1. . . .
2 if we only add 1 to the denominator. What is the fraction ?

Five years ago Nuri was thrice as old as Sonu. Ten years late, Nuri will be twice as old as Sonu. H old

are Nuri and Sonu ? '}
The sum of the digits of a tow-digit number is 9. Also, nine times this number is tW|ce t mber
obtained by reversing the order of the digits. Find the number.

Meena went to a bank to withdraw Rs. 2000. She asked the cashier to give her Rs. 50@%3)25 100 notes
only. Meena got 25 notes in all. Find how many notes of Rs. 50 and Rs. 100 she rec

A lending library has a fixed charge for the first three days and an additio ch rge for each day
thereafter. Saritha paid Rs. 27 for a book kept for seven days, while Susy @s 21 for the book she
kept for five days. Find the fixed charge and the charge for each extra day.

Let the fraction be E.Then x+l =1; x _1 7
y y—1 y+l 2 Q)
Try yourself
Let x be the digit at unit place and y be the digit at tens p%of the number. So, number = x + 10y.
Then x +y =9 and 9[x + 10y] = 2[y + 10x]. %
Let x and y be the number of Rs. 50 and Rs. 100 notes respectively
Then, x + y = 25 and 50x + 100y = 2000 O g
Try yourself O

EXERCISE : 3.5

Which of the following pairs of linear equations h@m'que solution, no solution, or infinitely many solutions.

In case there is a unique solution, find it by usi 0ss multiplication method.
(i()x-3y-3=0 (i)2x+y=0 (iii) 3x -5y = 20 (iv)x-3y-7=0
3X-9y-2=0 3x+@ 6x — 10y =40 3Xx-3y-15=0
(i) x-3y—-3=0,3x-9y-2=0
a _1b -3 1¢ 3689 b o
a, 3'b, -9 3'c, a, b, ¢,
Hence, no solution .
(i) 2x+y—5 ...(1) and Ry =8 ...(11)

A

QDL

=

il‘x
i

. 2 b 1
g a, b, 2
Here we J@v nlque solution. By cross multiplication, we have

*".,,,, 2 |
O

y B 1

X
/\9 {DE8)-ED {-5E)-(-8)F {Q@-BW}

X B y 1
(-8+10) (-15+16) (4-3)
x y 1 X 1 y 1

—===- = —=-and ==~
2 2 1 2 1 1 1

x=2and y=1 [Rest Try Yourself]




Sol.

Sol.

%

(i)

(i)

(i)

(i)

For which values of a and b does the following pair of linear equations have an infinite number of
solutions ?

2Xx+3y=7
(a-b)x+(@+b)y=3a+b-2
For which value of k will the following pair of linear equations have no solution ?

3x+y=1
@k—1) x+(k=1)y =2k +1. (\
2x+3y—7=0 () \
@@a-b)x+@+b)y—(3a+b-2) =0 ...(ii) q;)

For infinite number of solutions, we have

a-b_a+b 3a+h-2 (\g;b

2 3 7
For first and second, we have From second and third, we have Q(\
a-b a+b a+b 3a+b-2
2 3 3 7 /
or3a—3b=2a+2b or?a+7b=9a+3b—6©
ora=5b ..(0) or4db=2a-6 %

From (i) and (ii), eliminating a, .
2b=5b-3 =b=1 Q\Q

Substitutingb =1 in (i), wegeta=5

[Try Yourself]

8x+5y=9, 3x+2y=14

QO
[Try Yourself] @

>
Solve following pair of linear equations by the substﬂ&/@nd cross-multiplication methods :

<

Form the pair of linear equations in @ollowing problems and find their solutions (if they exist) by any
algebraic method .

(i)

(i)

')
A part of monthly hos&@%ges is fixed and the remaining depends on the number of days one has
taken food in the % hen a student A takes food for 20 days she has to pay Rs. 1000 as hostel
charges whereas a nt B, who takes food for 26 days, pays Rs. 1180 as hostel charges. Find the fixed
charges and thevs[ of food per day.

A fracti@bgmes %when 1 is subtracted from the numerator and it becomes %When 8 is added to

Ity%minator. Find the fraction.
(iii) w cored 40 marks in a test, getting 3 marks for each right answer and losing 1 mark for each wrong
answ

X

(v)

er. Had 4 marks been awarded for each correct answer and 2 marks been deducted for each
incorrect answer , then Yash would have scored 50 marks. How many questions were there in the test ?
Places A and B are 100 km apart on a highway. One car starts from A and another from B at the same
time. If the cars travel in the same direction at different speeds, they meet in 5 hours. If travel towards
each other, they meet in 1 hour. What are the speeds of the two cars ?
The area of a rectangle gets reduced by 9 square units if its length is reduced by 5 units and breadth is
increased by 3 units . If we increase the length by 3 units and the breadth by 2 units, the area increases
by 67 square units. Find the dimensions of the rectangles.



Sol. (i) Try Yourself
(i) Try Yourself
Hint  (iii) number of right answers = x. Number of wrong answers =y
Then, 3x -y =40and 4x -2y = 50
Hint  (iv) Speed of car i = x km/hr

Speed of car ii =y km/hr (\
First case :

4 *B c’ (\
100km Q

Two cars meet at C after 5 hrs. (\
AC -BC =AB P
= 5x — 5y =100 ...(D)

Second case: AQ

Two cars meet at C after one hour
x+y =100 " ‘ Breadth l
Hint  (v) In first case, area is ret | =y Units '
When length ='x - 5 units |
and breadth =y + 3 units Length = x units

= Xy—(X-5)x(y-3)=9 Q
In second case area increases by 67 sg. units Wﬂgth =x+3andbreadth=y + 2.
= (x+3)x(y+2) -xy=67 \Q ...(i1)

-~ )
4EXERCISE :3.6

1. Solve the foIIowing pairs of eq @@ reducing them to a pair of linear equations :

_ 1 y 3 , 4 9
(i) 5+§— 3x ) ﬁJFW_Z' Vx oy '
5 1 6 3
2 3y-14 23 i =2 B B
(iii) + y= 3?’3/ (V) (x_1)+(y—2) (x-1) (y-2)
v) 7XEZVC3 X;:y7y:15 (V) 6x+3y=6xy, 2x+4y=5xy

X
1 2 15 5
N _4 ~ _
Wg&’ M-y ) -y
1 3 11 -1
& (3x+ y) (3x—y) s 2(3x+y) 2(3x-y) 8

1 1 i+1 13
x3y " 3x 2y 6

Putting 1 =Uand 1 =V
X



We get lu+lv: 2, lu+1v:E
2 3 3 2 6
Multiplying by 6 on both sides, we get
= 3u+2v=12 ...(1)
2u+3v=13 (i) (\
Multiplying (i) by 3 and (ii) by 2, then subtracting later from first, we get q;\
3(3u+2v) — 2(2u +3v) =3 x 12— 2 x 13 0)
=  9uU-4u=36-26 —=u=2 cgb
Then substituting u =2 in (i), we get (\(\
6+2v =12 —v=3 Q
Now, u=2andv=3 (\
/

= E:2and£=3 :>x:1and y:1 sQ
X y 2 3

.. . 1 1 .
@)  [Hint:Put ==u&—==v],
w U P
(iii))  Try Yourself o)
>
Y2 =V toget: Q

S5u+v=2and6u—-3v=1]
@

TX—-2y _5, 8x+7y

Hint &
(V) [Hin Xy Q)
o XY g %‘éﬂ% 15
Xy Xy %

= __‘%%“ =15
. 1
Putting {;{nd —=v, we get

=5 8v+7u=15

[R@%:ourselﬂ

ZQQmulate the following problems as a pair of linear equations, and hence find their solutions :
() Ritu can row downstream 20 km in 2 hours, and upstream 4 km in 2 hours. Find her speed of rowing in

(iv) [Hint : Put —1 = U and

still water and the speed of the current.



(i) 2 woman and 5 men can together finish an embroidery work in 4 days, while 3 women and 6 men can

finish it in 3 days. Find the time taken by 1 woman alone to finish the work, and also that taken by 1

man alone.

(iii)  Roohi travels 300 km to her home partly by train and partly by bus. She takes 4 hours if she travels 60

km by train and the remaining by bus. If she travels 100 km by train and the remaining by hds

takes 10 minutes longer. Find the speed of the train and the bus separately .

A\she

Sol. (i) [Hint  Speed of Ritu in still water = x km/hr
Speed of current =y km/hr c;b
Then speed downstream = (X +y) km/hr (\(\
Speed upstream = (X —y) km/hr (\
20 =2and 4 =2
X+Y X—Yy Q
—  x+y=10 ... %
X—y=2 ...(1) .
Hint (i) Let 1 woman finish the work in x days and let 1 man finish &in y days.
Work of 1 woman in 1 day = — &"
N S
Work of 1 manin1day = — '&
Work of 2 woman and 5 men in on%& > _oX+ 2y
. Xy
The number of days requir complete work =
5x+2y
. X )
We are given that %%7 =4 ...(1)
Yi, 2y
Similarly nMnd case ... (11)]
( j x+3y
(iii) [T(@urselﬂ
EXE -1 (FOR SCHOOL / BOARD EXAMYS)
Q) OBJECTIVE TYPE QUESTIONS
Choose The Correct One
1. If A : Homogeneous system of linear equations is always consistent. R : x = 0, y = 0 ix always a solution of the

homogeneous system of equations with unknowns x and y, then which of the following statement is true ?

(A) Ais true and R is the correct explanation of A



10.

11.

12.

(B) Ais false and R is not a correct explanation of A

(C) Alis true and R is false

(D) A is false and R true

If the pair of linear equations X —y = 1, X + Ky = 5 has a unique solution x =2, y = 1, then value of k is —

(A) -2 (B)3 (©)-3 (D) 4 (\
The pair of linear equations 2x + ky —3 =0, 6x + % y + 7 =0 has a unigue solution if — G;X
2 2 0;)
(A k=73 (B) k= (\6)
k=2 0y 3\
5 5 Q

A

The pair of linear equations 2kx + 5y =7, 6x — 5y = 11 has a unique solution if —

(A) k=-3 (B) k=3 Q

(C) k#5 (D) k=-5 ‘%

The pair of equations 3x + 4y = k, 9x + 12y = 6 has infinitely many solatioQseif —

(A) k=2 (B)k=6

C) k=6 (D) k=8 ¢

The pair of linear equations 2x + 5y = k, kx + 15y = 18 has ipf{aitely many solution if —

(A k=3 (B)k=6 -9 (D) k=18
The pair of linear equations 3x + 5y = 3, 6x + ky = 8 t have any solution if —

(A)k=5 (B) k=10 NQ (C) k=10 D)k = 5

The pair of linear equations 3x + 7y =k, %@y 4k + 1 do not have any solution if
A k=7 (B) k=14 O k=21 (D) k=28

The pair of linear equations 7x —% 3x +7 y = 4 is consistent only when —

(A) k=9 (B)Ym C) k=#-9 D)k = 7
The pair of linear equati X +4y =5, 3x + 2y =5 is consistent only when —

(A)k =6 Yk=6 C) k=3 (D) k=3
The pair o tions 7x + ky = k, 14x + 2y = k + 1 has infinitely many solution if —
(A)kzllé B)k #1 (C) k=2 (D)k=4

Tb@o T linear equations 13x + ky = k, 39x + 6y = k + 4 has infinitely many solutions if -

k=1 B)k=2 C) k=4 (D)k=6
1% e pair of linear equations x + y = 3, 2x + 5y = 12 has a unique solution X = Xy, y — y; then value of x; is —

14.

15.

(A)1 (B)2 ©-1 (D) -2
The pair of linear equations 3x —5y + 1 =0, 2x —y + 3 = 0 has a unique solution X = X3, y = y; then y; =
(A)1 (B)-1 (C) -2 (D) -4

The pair of linear equations x + 2y =5, 7x + 3y = 13 has a unique solution —
(A)x=1y=2 B)x=2,y=1



(C)x=3,y=1 (D)x=1,y=3

16. The pair of linear equations x + 2y =5, 3x + 12y = 10 has —
(A) Unique solution
(B) No solution
(C) More than two solution (\
(D) Infinitely many solutions
17. If the sum of the ages of a father and his son in years is 65 and twice the difference of their ages iny Q}O then
the age of father is — %
(A) 45 years (B) 40 years (C) 50 years (D) 55 years (\6
18. A fraction becomes % when 1 is added to each of the numerator and denominator. H@ if we subtract 5 from
each then it becomes 1 . The fraction is — 4
2 %Q
13
(A) (B) (C) (D) 16
19. Three chairs and two tables cost Rs. 1850 Five chairs and three tale\%?s 1850. Then the total cost of one chair
and table is — o
(A) Rs. 800 (B) Rs. 850 © 0 (D) Rs.950
20. Six years hence a man’s age will be three times the age on and three years ago he was nine times as old as his
son. The present age of the man is — &
(A) 28 years (B) 30 years @ (C) 32 years (D) 34 years
.
@V
OBJECTIVE B ANSWER KEY EXERCISE - 1 ‘
Que. | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. | A B D AN A B B B C A A B A B A
Que. | 16 17 18 19 20
Ans. | A A (Q\.V)B B
\/
EXERCI§ (FOR SCHOOL / BOARD EXAMYS)

SUBJECTIVE TYPE QUESTIONS

@y Short Answer Type Questions

a b
1@ On comparing the ratios —,— and & find for whether the following pair of liner equations are consistent or

2 2 CZ

inconsistent .

4
()x-3y=4;3x+2y=1 (ii)§x+2y=8;2x+3y=12



(i) 4x +6y =7;12x + 18y = 21 (iv)x-2y=3;3x-6y=1

. a b C, .. . - : . . .
On comparing the ratio —,— and —* find out whether the lines representing is following pair of linear equations

aZ 2 C2

intersect at a point, are parallel or coincident :
@ (@) 2x-y=3;4x-y=5 (i) x+2y=8;5x-10y =10 (iii)3x+4y=—2;12x+16y{—\Q
(b) () 6x+3y=18;2x+y=6 (i) x-3y=3;3x-9y =2

(iii) ax —by = ¢; ; bx + ay = ¢, wherea= 0, b= 0 0)
For the linear equations given below, write anther linear equation in two variables, such t)’&t}% geometrical
representation of the pair so formed is - (\
(i) Intersecting (ii) Parallel lines (iii) Coincident lines Q(\

@2x-3y=+ (b)y=2x+3
Find the value of k for which the given system of equations has a unique solution.  ,

(@) (k—3)x+3y=k; kx +ky =12 (b)x—ky=2;3x+2y=-5§ Q)

Find the value of k for which the given system of equations has no solution .

@ kx+2y—-1=0;5x-3y+2=0 \Q-

(b) () x+2y=3;5x+ky+7=0 (ii)kx+3y=k—3&x+ky=k

(a) Find the value (s) of k for which the system of equations kx —&;{g and 6x — 2y = 3 has
(i) A unique solution (ii) No solution

(b)Find the value of k for which system kx + 2y =5 and =1 has

(i) A unique solution (ii) No solution (b,

Find the value of k for which the given system of.{ tions has an infinite number of solutions.
(8) 5x + 2y = 2k and 2(k + 1) x + ky = (3k Q)
(b) () x+(k+1)y=5and (k + 1)x+9ygé—1
(i) 10x + 5y — (k — 5) = 0 and N-k=0
(c) kx +3y =k —3and 12x + k=
Find the value of aand b f l% the given system of linear equation has an infinite number of solutions :
(@ 2x+3y=7and (a— (a+b)y=3a+b-2
(b) (a+b)x—2by“%;) b+land3x-y=14
) (2a—1)x&+’C—)5=0and AX+(b-1)y-2=0
Short AnS\Lver Type Questions

Based o' graphical solution of system of equations :

graphically each of the following pairs of equations (1-9) :
=4,2x-3y=3

1.
2®<+y=3,2x+5y—12=0

4 1
—X+—-y=15x+2y=13
9 3y y

2Xx+3y=4,x-y+3=0
X+y=7,5x+2y=20
X+4y=0,2x+8y=0



14.
15.
16.

17.
18.
19.
20.
21.
22.
23.

24.

25.

26.
217.
28.
29.
30.
31.
32.

3‘2?

36.
37.
38.

X+2y=3,2x+4y =15

3x+2y=3,6x+4y=15

2Xx+3y-5=0,6x+9y—-15=0

Check whether the pair of equations x + 3y = 6, and 2x — 3y = 12 is consistent. If so, solve graphically .
Show graphically that the pair of equations 2x — 3y + 7 = 0, 6x — 9y + 21 = 0 has infinitely many solutions.
Show graphically that the pair of equations 8x + 5y = 9, 16x + 10y = 27 has no solution.

Find whether the pair of equations 5x — 8y + 1 = 0, 3x — % y +§ =0 has no solution, unique solution Pﬁ;wpltely

many solutions.

Show graphically that the pair of equations 2x — 3y = 4, 3x — 2y = 1 has a unique solution. G)

Show graphically that the pair of equations 3x + 4y = 6, 6x + 8y = 12 represents coincident Iineﬂ%

Determine by drawing graphs whether the following pair of equations has a unique solution

2x — 3y =6, 4x — 6y = 9. If yes, find the solution also.

Determine graphically whether the pair of linear equations 3x -5y =-1,2x -y =-3 a unique solution or not. If
yes, find the solution also .

Solve graphically the pair of equations x + 3y = 6, and 3x — 5y = 18. Hence, fin tmalue of Kif 7x + 3y = K.
Solve graphically the pair of equations 2x —y = 1, X + 2y = 8. Also find the pé ere the lines meet the axis of y.
Solve graphically the following pair of linear equations :

2x +3y—12=0, 2x —y —4 = 0. Also find the coordinates of the poin e the lines meet the y-axis.

Solve the following pair of equations graphically : x +y =4, 3x — 2y§

Shade the region bounded by the lines representing the above equgtions and x-axis.

Solve the following pair of linear equations graphically : 2x + 'QB Bx — 2y =12.

From the graph, read the points where the lines meet the x-

Solve graphically the following pair of equations : X — y&+ y = 8. Shade the area bounded by these lines and the
y-axis.

On the same axes, draw the graph of each of the
2y —x=8,5y —x =14,y - 2x = 1. Hence, obtaj
Solve graphically the pair of linear equatiafisk
by theses lines and x-axis,

q
Based on substitution method QX:
t

Solve the following equatios% e substitution method : (26-41)
3x + 11y =13, 8x + 13y?,

X+2y=1.6,2x+ 1.

11x—8y = 27, Ix+5y%= - 7

0.04x + 0.02y= 5M5x — 0.4y = 30
5x+8y=‘%Lx=4y—7
12x - 16 , 8x + 6y =30

8x +¥0=0,7x-2y=0

ng equations :
e vertices of the triangle so formed.
-3y +4=0, 4x + 3y — 20 = 0. Find the area of the region bounded

X +10y) = 23, % -2y =3

\/_x+\/_y 0, V/3x— \/_y 0
@x=y) _,yq H_y_1
8 4 2
3X+15=4y, 3y +17 =2+ 3X
X+ 6y =2x-16,3x—-2y =24
x=3y—-19,y=3x—-23



39.

5x+2y=14,x+3y=8

3 2
40. X+y=27, —x+—-y=19
y 4 3 y
s 2oy 10, 3x—ge LT
42. Solve 2x —y =12 and x + 3y + 1 = 0 and hence find the value of m for whichy = mx + 3. (\
43. Solve 4x — 3y +17 = 0 and 5x + y + = 0 and hence find the value of n for whichy = nx — 1. G;\
Based on substitution method : q;b
Solve the following pairs of lines equations by elimination method : (44-52) (\6
44, (@ x+y=5and2x-3y=4 (\
(b) () 2x +3y=8and 4x + 6y =7 Q
(if) 11x +15y+23=0and 7x—2y—-20=0
(c) 78x + 91y = 39 and 65x + 117y = 42 4
5. @5+ - gand x-Y =3 o) X+ Y 211000 XY 72 O
2 3 3 3 4 6 3
P bx ay .
46. (@ ax—by=a"+b°andx+y=2a (b)——F+a+b=0 ar@@ay+2ab=0
a
47. ax+by—2a+3b=0andbx—-ay—-3a—-2b=0
48. (@) 2(ax—by) + (a+4b) =0and 2(bx + ay) + (b —4a) =0 &"
(b) (bx +ay) =0and (a+b) x + (a—b)y =a® +b? Q
49, @((@+c)x—(@a-c)y=2aband(a+hb)x—-(a-b)y=
(b) (@+2b)x+ (2a—b)y=2and (a—2b)x+(2a+b‘)&
50. (@) \/Ex—\/gyzoand \/§X+«/§y:O @
() ﬁx+\/ﬁy =0 and \/§x—\/§y:0 Q)
51. 0.5x + 0.7y =0.74 and 0.3x + 0.5y = 0.5 Q)
52. (a) 23x — 29y =98 and 29x — 23y = o
(b) (i) 217x + 131y =913 and 1 y = 827
(i) 23x + 37y =32 and 37 =88
(c) (i) 65x — 33y =97 and y=1
(ii))47x +3ly =63 a +47y =15
(iii) 99x + 101y ;ﬁ)& d 101x + 99y = 501
Based on cross-giultiptication method :
Solve each ofth owing pairs of equations by cross multiplication rule : (53-62)
53. Xx-2y=1 y=13
54, 5X + 3y 35X + 4y = 28
55. AX -3+ =0,2x-5y+11=0
56. 3 =27,5x -3y =16
57. +3y = 46, 3x + 5y = 74
58. xx y+4=0,x+y—-1=0
5@ X Yia-0 21220
2 3 2 3
60. ax+by+a=0,bx+ay+b=0
o XaYoo XYy
a b a b
62. x+y=a+b ax—by=a’—b’



63.

64.

65.

66.

67.

68.
69.
70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Based on equations reducible to linear equations :

Solve for xand y : (63-82)
1 1 1

X 2y:§

2 3
_+_ X
Xy
ﬂ+Z=29;§+
Xy y
1 1 2 1 1 1

3x 7y 3'2x 3y 6
i+g=4;§+£=24
5x Yy X 'y

2.3

11 9

2X 2y 2 4x 15y 6
X+Yy=2Xy;X—y =Xy

4x + 3y = 8xy ; 6x + by = 13xy
6X + 5y = 8xy ; 8x + 3y = 7xy

X=Y _g. X+Y _¢

7 23

Xy Xy
9 + 25xy =53x ; 27 —4xy =X

16 N 3 _kE. g 1 _
X+3 y-2 ' x+3 y-2

13 56 :21;i_ 23 2143
X+y X-Yy X+y X-Vy 7
24 13 26 N

- =2; =3
2X+Yy 3x+2y 3X+2y 2Xx+Yy @

29 81 s 19 4 15

Sl T S S
x-1 y+1 y+1 x-1 2
2 . y-2_, 3 2(¥%Qﬂ
x-1 4 2(x-1) 20

x-4 y+4 x+5 Yy %
X—3 y+7 X+2 ,

3x—2  5x-1 3X _by-5
3y+75y+1©v‘—9 S 2y+3
x+y+3}_%3_ —y—3:_2
X—y-3 X—y-3

X+ 12.;; y—x+1:35
xt{%l X—y+1

2y:1_2_ 3x—y+1_5
Q}x—y+l " X—y+3

SUBJECTIVE

Very Short Answer Type Questions

1. (i) consistent (ii) consistent (iii) consistent (iv) inconsistent

ANSWER KEY

EXERCISE -2 (X) -CBSE

2. (a) (i) intersect at point (ii) parallel (iii) coincident (b) (i) coincident (ii) parallel (iii) intersect at a point

3.(@) (i) 3x+5y—7=0 (ii)4x—-6y—-8=0 (iii) 6x -9y =18



(b) (i) 2x + 3y — 4 =0 (ii) 4x — 2y + 8 = 0 (iii) 8x — 4y + 12 = 0 (many such examples may be given)
4. (@) k=6 (b) k ;t_?z 5. (a) k=_T10 (b) (k=10 (i)k=-6 6.(a) (i) k=3 (ii)) k=3 (b)(i) k= 6(i)) k=6

7.@k=4(b) ()k=2(i)k=10(c)k=6 8.(3)a=5b=1(b)a=5b=1(c)a 147 bzlgl

Short Answer Type Questions (X
1.x=3,y=1 2.x=1y=2 3.x=3,y=-1 4. x=-1,y=2 5x=2,y=5 6.Infinitenumberofsolﬁ$n
7. No solution 8. No solution 9. Infinite number of solutions 10. Yes ; x =6,y =0 13. Infinitely maP{;sijt ons

16.No 17.Yes;x=-2, y=-1 18.x=6,y=0;K=42 19.x=2,y=3; (0, - 1), (0, 4)

20.x=3,y=2,(0,4),(0,-4) 21.x=1, y=3 ﬂ?
22.x =4,y =0; The two lines meet at the x-axis at a common point (4, 0). 23.x=3,y=2 24, c%) -4, 2), (1, 3)
25.12squnits. 26.x=-3,y=2 27.x=04,y=06 28.x=1,y=-2 29.x=100,y=5

30.x=3,y=-23L.x=3,y=1 32.x fg,y:% 33.x=4,y=134.x=y=0??\ 2,y=1
36.x=35y=30 37.x=7,y=-3/2 38.x=11,y=10 39.x=2,y=2 40.x=12,}=

41.x=3,y=4 42.x=5y=-2,-1 43.x=-2,y=3,-2

44.(a)x:§,y=g (b) (i) No solution (ii) x = 2y—-3(c)x— ,y ﬁ%(a)x 2,y=-3(b)x=6,y=36

46. (@) x=(a+b),y=(a-b)(b)x=-a,y=b 47.x=2,y=-3 48@%—” 2, (h)x=a,y=-b

5b —-2a a+10b

49. (@) x=h,y=-b (b)x= e 50. () x = 0 (b)x=0, 051.x=0.5, 0.7
@x=by=-b B)x= =~ =.y= == 50.@x3&yF0 0)x=0y= y=

52.(a)x=3,y=-1 (b)) (())x=3,y=2(i)x=3,y=-1(cNIyX=2,y=1(ii))x=2,y=-1(iii)x=3,y=2
53.x=4,y=-3 54.x=4,y=5 55, x=2,y=3 5 r 57.x=8,y=10 58.x=-1,y=2

59.x=-4,y=6 60.x=-1,y=0 61.x = 2a, %“GZX a,y=b 63.x=2,y= 364x-£y-1

VQ 2773

65.x=%,y=1 66. x—l,y 3 67@2@-— 68. x = 2—2 69x-%,y 270.x=1,y=2

71.x=—%,y=— 72.X = 3y§) ™X=5y=3 74.x=-3,y=4 75.x=3,y=2 76.x=3,y=1
X=

2 7
77.x=3,y=6 78.x=7, 3,y=2 80.x=3,y=2 81x-9,y=682.x=13,y=10

EXERCISE -3 (FOR SCHOOL / BOARD EXAMYS)

Q.1
Q. 2

Q%

2
APPLICATIONS TO WORD PROBLEMS

Based On i(ha's/And Their Costs :

se y.
and 53 pencils together cost Rs. 320, while 53 pens and 37 pencils together cost Rs 40. Find the cost of a en
that of a pencil.

tables and 3 chairs together cost Rs 2250 and 3 tables and 4 chairs cost Rs 1950. Find the cost of 2 chairs and 1
table.
A and B each have certain number of oranges. A says to A says to B. “if you give me 10 of your oranges, | will have
twice the number of oranges left with you. “B relies,” if you give me 10 of your oranges, If will have the same number
of oranges as left with you.” Find the number of oranges with A and B separately.

4 chaEer 3 tables cost Rs 2100 and 5 chairs and 2 tables cost Rs. 1750. Find the cost of a chair and a table



Q5

Q.6
Q.7
Q.8
Q.9

Q.10
Q.11.
Q.12.
Q.13
Q.14.
Q.15
Q.16
Q.17.
Q.18
Q.19

Q.20

Q.21

Q.22

3§5

Q.25

A and B each have a certain number of mangoes. A says to B, “ if you give 30 of your mangoes, | will have twice as
many as left with you.” B replies, “if you give me 10, I will have thrice as many as left with you.” How many
mangoes does each have ?

One says, “ give me a hundred , friend ! | shall then become twice as rich as you, *“ The other replies,” If you give me
ten, I shall be six times as rich as you.” Tell me what is the amount of their respective capital ?

Reena has pens and pencils which together are 40 in number. If she has 5 more pencils and 5 less pens, then ber
of pencils would become 4 times the number of pens. Find the original number of pens and pencils.

A man has only 20 paisa coins and 25 paisa coins in his purse. If he has 50 coins in all totaling Rs 11.25@5}5many
cons of each kind does he have :

A lending library has a fixed charge for the first three days and an additional charge for each daxtgé?a er. Saritha

paid Rs 27 for a book kept for seven days, while Susy paid Rs 21 for the book she kept for fiy ind the fixed
charge and the charge for each extra day. (\;\

Based on numbers : Q

Sum of two numbers is 35 and their difference is 13. Find the numbers . (\

The sum of two number is 8. If their sum is 4 times their difference. Find the number.

The sum of two numbers is 1000 and the difference between their squares is 25600Q. I‘—(ind the numbers .

In a two digit number, the unit’s digit is twice the ten’s digit . If 27 is added to mber. the digits interchange their
paces. Find the number.

In a two digit number, the ten’s digit is three times the unit’s digit . \/x@me number is decreased by 54, the digits
are reversed. Find the number.

The sum of the digits of a two digit number is 15. The number obtain®d by reversing the order of digits of the given
number exceeds the given number by 9. Find the given number '&')

The sum of the digits of a two digit number is 8 and the di e between the number and that formed by reversing
the digit is 18. Find the number.

The sum of a two digit number and the number forme%@terchanging its digits is 110. If 10 is subtracted from the
first number, the new number is 4 more than 5 ti um of its digits in the first number. Find the first number .
The sum of a two digit number and the number fs@ d by interchanging its digits is 132. If 12 is added to the number,
the new number becomes 5 times the sum r@digits. Find the number.

The sum of a two digit number and the n% obtained by reversing the order of its digits is 121, and the two digits
differ by 3. Find the number. % o

A two digit number is 3 more thq@ s the sum of digits. If 18 is added to the number, the digits are reversed. Find

the number. q
Based On Fractions :
. 4 v . .
A fraction becomes g,?'fls added to both numerator and denominator. If however, 5 is subtracted from both
. . 1 ) .
numerator and d inator, the fraction becomes E.What is the fraction ?

e . . - . . 18 .
A fractlo?s; ch that if the numerator is multiplied by 3 and the denominator is reduced by 3, we get TR But , if the

2
tor is increased by 8 and the denominator is doubled, we get E . Find the fraction ?

e denominator of a fraction is 4 more than twice the numerator. When both the numerator and denominator are
decreased by 6, then the denominator becomes 12 times the numerator . Determine the fraction.

The numerator of a fraction is 4 less than the denominator. If the numerator is decreased by 2 and denominator is
increased by 1, then the denominator is eight times the numerator. Find the fraction.

The sum of the numerator and denominator of a fraction is 4 more than twice the numerator . If the numerator and
denominator are increased by 3, they are in the ratio 2 : 3. Determine the fraction .



Q.26.

Q.27.
Q.28.
Q.29.
Q.30
Q.31
Q.32

Q.33
Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41
Q.42

The sum of the numerator and denominator of a fraction is 3 less than twice the denominator. If the numerator and
denominator by 1, the numerator becomes half the denominator. Determine the fraction.

Based On ages :

If twice the son’s age in years is added to the father’s age, the sum is 70. But if twice the father’s age is added to the
son’s age, the sum is 95. Find the ages of father and son .

A father is three times as old as his son. After twelve years, his age will be twice as that of his son then. F@eir
present ages. 02

I am three times as old as my son. Five years later, | shall be two and a half times as old as my son. HoW%d m |
how old is my son ?

Ten years ago, father was twelve times as old as his son and ten years hence, he will be twice as &@ Is son will be.
Find their present ages. (\«

Five years hence, father’s age will be three times the age of his son. Five years ago, fathe@s seven times as old as
his son. Find their present ages.

The present age of a father is three years more than three times the age of the son. Thrga years hence, father’s age will
be 10 years more than twice the age the son. Determine their present ages.

A and B are friends and their ages differ by 2 years. A’s father D is twice as ol and B is twice as old as his sister
C. The age of D and C differ by 40 years. Find the ages of A and B.

A'is elder to B by 2 years. A’s father F is twice as old as A and B is t\&i@as old his sister S. If the ages of the father

and

and sister differ by 40 years, find the age of A. gy

Father’s age is three times the sum of ages of his two children . After 3years his age will be twice the sum of ages of

two children. Find the age of father. 9

Based On Time, Distance And Speed : 0

Points A and B are 90 km. apart from each other on a hi @/ A car starts from A and another from B at the same
s and if they go in opposite directions, they meet in 9/7

time. If they go in the same direction, they meet in(%'
hours. Find their speeds.

Points A and B are 70 km. apart on a highway. A&arts from A and another from B simultaneously. If they ravel in
the same direction, they meet in 7 hours byt4 travel towards each other they meet in one hour. Find the speeds of
the two cars.

Points A and B are 80 km. apart fro%;u;p other on a highway. A car starts from A and another from B at the same
time. If they move in the same ign, they meet in 8 hours and if move in opposite directions, they meet in one

t
hour and twenty minutes. Fin eds of the two cars.
Rahul travels 600 km to hi artly by train and partly by car. He takes 8 hours if he travels 120 km by train and

rest by car. He takes 20 majnutes longer if he travels 200 km by train and the rest by car. Find the speed of the train and

the car.

A man travels 3% ly by train and partly by car. If he covers 250 km by train and the rest by car, it takes him 4
tra

hours. But , if h s 130 km by train and the rest by car, he takes 18 minutes longer. Find the speed of the train
and that of thécar.

A boat co 2 m upstream and 36 km downstream in 7 hours. Also, it covers 40 km upstream and 48 km
downstr i1 9 hours. Find the speed of he boat in still water and that of the stream.

A sg es 8 km downstream in 40 minutes and returns in 1 hour. Determine the speed of the sailor in still water
a peed of the current .

Q.43 @/boat goes 30 km upstream and 44 km downstream in 10 hours. In 13 hours. It can go 40 km upstream and 55 km

@R

Q.45
Q.46

nstream. Determine the speed of stream and that of the boat in still water.
boat goes 24 km upstream and 28 km downstream in 6 hrs. It goes 30 km upstream and 21 km downstream in 62
hrs. Find the speed of the boat in still water and also speed of the stream.
X takes 3 hours more than Y to walk 30 km, But, if X doubles his pace, he is ahead of Y by 1Y% hours. Find their
speed of walking.
While covering a distance of 30 km. Ajeet takes 2 hours more than Amit. If Ajeet doubles his speed, he would take 1
hour less than Amit. Find their speeds of walking .



Q.47

Q.48

Q.49
Q.50

Q.51
Q.52

Q.53

Q.54

Q.55

Q.56

Q.57
Q.58

Q.59
Q.60
Q.61
Q.62
Q.63

- . . 1 .
A man walks a certain distance with certain speed. If he walks 5 km an hour faster, he takes 1 hour less. But, if he

walks 1 km an hour slower, he takes 3 more hours. Find the distance covered by the man and his original rate of
walking.

A train covered a certain distances at a uniform speed. If the train would have been 6 km/h faster, it would have taken
4 hours less than the scheduled time. And, if the train were slower by 6 km/h, it would have taken 6 hours morgathan
the scheduled time. Find the length of the journey .

Based on geometrical applications : \
Ina AABC, ZC =34B = 2(£LA+ £B).Find the three angles. q)

Find the four angles of a cyclic quadrilateral ABCD in which ZA = (2x-1)°, /B = (y +5)°,4€§’§n?+15)0 and

ZD =(4x-T7)°. (\

Ina AABC,ZA=x°, /B =3x%and ~C =y°. If 3y — 5x = 30, prove that the triangles fight angled.

The area of a rectangle gets reduced by 9 square units if its length is reduced by 5 units breadth is increased by
3 units. If we increase the length by 3 units and breadth by 2 units, the area is increased Dy 67 square units. Find the
length and breadth of the rectangle . /

If, however the length is reduced by unit and the breadth increased by 2 uni area increases by 33 square units.
Find the area of the rectangle .

In a rectangle, if the length is increased by 3 meters and breadth is de d by 4 metres, the area of the rectangle is
reduced by 67 square metres. If length is reduced by 1 metre al réadth is increased by 4 metres, the area is
increased by 89 sg. metres. Find the dimensions of the rectangle .

Miscellaneous problems :

A man starts his job with a certain monthly salary and earn
after 4 years of service and Rs. 1800 after 10 years of s
increment ?

A railway half ticket costs half the full fare and the
reserved first class ticket from Mumbai to Ah
tickets cost Rs. 327. What is the basic first clas
Meena went to a bank to withdraw Rs. 20 asked the cashier to given her Rs. 50 and Rs. 100 notes only. Meena
got 25 notes in all. Find how many notes of §g. 50 and Rs. 100 she received.

Yash scored 40 marks in test, gettin%m@rks for each right answer and losing 1 mark for each wrong answer. Had 4
marks been awarded for each coést apswer and 2 marks been deducted for each incorrect answer, then Yash would
have scored 50 marks. How m stions were there in the test ?

The incomes of X and Y ar, % ratio of 8 : 7 and their expenditures are in the ratio 19 : 16. If each saves Rs. 1250,
find their incomes.

The ratio of incomes of t?’persons is 9: 7 and the ratio of their expenditures is 4 : 3. If each of them saves Rs. 200

If in a rectangle, the length is increased and breadth reduced each by 2 units,éh@ea is reduced by 28 square units.

0)
@ed increment every year. If his salary was Rs.1500
, What was his starting salary and what is the annual

ation charge is the same o half ticket as on full ticket. One
d costs Rs 216 and one full and one half reserved first class
are and what is the reservation charge ?

per month, find theif\ponthly incomes.
8 men and 12 bo inish a piece of work in 10 days while 6 men and 8 boys can finish it in 14 days. Find the time
taken by one man‘&dne and that by one boy alone to finish the work.

2 men and can do a piece of work in 4 days. The same work is done in 3 days by 4 men and 4 boys. How long
would it e man and one boy to do it ?

2 warflen §nd 5 men can together finish a piece of embroidery in 4 days, while 3 women and 6 men can finish it in 3
d d the time taken by 1 woman along to finish the embroidery, and that taken by 1 man alone.

ent is less in a row, there would be 3 rows more. Find the number of students in the class.

Q.64 ,ﬁents of a class are made to stand in rows. If one student is extra in a row, there would be 2 rows less. If one

Q% he students of a class are made to stand in rows. If 3 students are extra in raw, there would be 1 row less. If 3
st

SUBJECTIVE ANSWER KEY EXERCISE -3(X)-SBS

udents are less in a row, there would be 2 rows more. Find the number of students in the class.

1. Cost of a chair = Rs. 15, Cost of a table = Rs. 500 2. Cost of a pen = Rs. 6.50, Cost of a pencil = Rs. 1.50
3. Rs. 150 4. A : 70 oranges, B : 50 oranges 5. A : 34 mangoes, B : 62 mangoes




6. Rs. 40, Rs. 170 7. Number of pens = 13, Number of pencils = 27 8. 25 coins of each kind.

9.Rs. 15, Rs. 3 10. 24, 11 11.5,3 12.628,372 13.36 14.93 15.78 16.53
17. 64 18. 48 19.470r74 20.35 21. ! 22. 12 23. 7 24. 3 25. >
9 25 18 7 9
4
26. 7 27. Father’s age = 40 years, Son’s age = 15 years.  28. Father’s age = 36 years, Son’s age = 12 years (\
29. My present age is 45 years and my son’s present age is 15 fears. \,
30. Father’s age = 34 years. Son’s age = 12 years. 31. Father’s age = 40 years, Son’s age = 10 ye G)
32. Father’s age = 33 years, Son’s age = 10 years. (b )
1 1
33. A’sage = 27§years, B’s age = 29§ years or A’s age = 26 years, B’s age = 24 years. (\6
34. 26 years 35. Father’s age = 45 years 36. 40 km/h & 30 km/hr Q
37. 40 km/h & 30 km/hr 38. 35 km/h & 25 km/hr (§p
39. Speed of train = 6 km/h & Speed of car = 80 km/hr 40. Speed of train = 100 km/h & Speed of car = 80km/hr
41. Speed of boat = 10 km/h & Speed of steam = 2 km/hr 42. Speed of sailor = 10 kg/h’ & Speed of current =2km/hr
43. Speed of boat =8 km/h & Speed of stream = 3 km/hr 44. Speed of boat = 1 & Speed of stream = 4 km/hr
45. X’s speed = 30 km/hr, Y’s speed = 5 km/hr 46. Ajeet’s speed = 5 Km/h & Amit’s speed = 7.5 km/hr
47. Distance = 36 km, original speed = 4 km/hr 48.720 kmg
49. /A=20°, /B =40° 2C =120° 50. Z/Agz 65", /B =55, /C =115", /D =15°
52. Length = 17 units breadth = 9 units 53.2 '% units
54. Length = 28 m, Bredth = 19 m '%
55. Starting salary = Rs. 1300, Annual increment = Rs. 50 ,@F re = Rs. 21, Reservation charge = Rs. 6
57.10, 15 58. 20 59. X;sincome = s‘b@ 0, Y’s income = Rs. 5250 60. Rs. 1800, Rs. 1400
61. Man : 140 days, Boy : 280 days. 62. Man : 15 dayQ . 60 days. 63. Woman : 36 days, Man : 18 days
68. 60 65. 36 Q)
EXERCISE -4 Q) (FOR SCHOOL / BOARD EXAMS)
<

PREVIOUS YEARS BOARD (SBSE) EMERSIONS

Short Answer Type — | c"?
1. Find the value of k for Whi% ollowing system of linear equations has infinite number of solutions

x+(k+1)y=5;(k+1?,y=8k—l [Al-2003]
2. Find the value of k sp thakthe system of linear equations will have infinite number of solutions :

x+(k+2y=4, ) X + 25y =6k + 2 [foreign-2003]
3. Solve the followig system of linear equations :

2(ax — by) + $+ =0, 2(bx + ay) + (b —4a) = 0.
R
Two yea ; a father was five times as old as his son. Two years later , his age will be 8 more than three times the
age h%&. Find the present ages of father and son. [Delhi-2003]
4, S ollowing system of linear equations : 6(ax + by) =3a + 2b ; 6(bx —ay) =3b-2a.
OR
@ sum of the digits of a two digit number is 15. The number obtained by interchanging the digits exceeds the given
N mber by 9. Find the number [Al-2004]
SQ) Solve the following system of linear equations : 3(bx + ay) =a - +b, 3(ax —by) =- (6a + b).
OR
each of numerator and denominator it becomes 3/5. Find the fraction. [Foreign-2003]
4
6. solve forxand y: —+3y=14 E—4y:23
X X

If 1 is added to each of numerator and denominator of a fraction, it becomes 2/3. However, if 1 is subtracted form

OR



Solve for x and y : BX+Ey =a’+b?, x+y=2ab. [Delhi-2004C]
a

7. If (x —4) is a factor of x + ax + 2bx — 24 and a — b = 8, find the values of a and b. [Delhi-2004C]
8. If (x + 3) is a factor of x + ax —bx+6anda+b=7,find the values of aand b [Delhi-2004C]
9. If (x + 2) is a factor of x° + ax’ + 4bx + 12 and a + b = - 4, find the values of a and b. [Delhi-2004C]
10. Solve for xand y : z+§_13 §—f=—2,x,y¢0 (\
Xy Xy
OR
Solve forxandy:ax+by—-a+b=0bx—ay—-a-b =0 Aébomc
11. If (x—2) is a factor of x3+ax2+bx+18 and a—b =7, find a and b. -2004C]
12. Solve the following system of linear equations : ax +by=a—b,bx—-ay= a+bh. i-2004C]

13.  Solveforxandy: —+% 2, ax—by=a*-b?
a

OR
A two digit number is four times the sum of its digits and twice the product of the dlglts Fi d the number.

[A1-2005]
14.  Solveforxandy: 5—%:a—b, ax+by=a®+b°. ,%Q
a

OR
A number consisting of two digit, is equal to 7 times the sum of its digi en 27 is subtracted from the number ,
the digit interchange places. Find the number . [Foreign-2005]

')
15.  Solveforxandy: 2a + 3o +1=0; sa_b_ 4=0 & [Delhi -2005]
Xy X y Q
16. Solve for xand y : 3_a - 2—b =0; 2 3— -2=0 '& [Al-2005C]
y Xy

17.  Solveforxandy: Txs 31y = 63, 31x + 47 = 6&

OR
ax .
Solve for xand y : F——:a+b' X—b;:2ab [Delhi -2006]
a % )
18. Solve the system of equations

bx ay+a+b Oand b %%Z)ab 0

OR
The sum of ht digits of a dlglt number is 12. the number obtained by interchanging the two digits exceeds the
given number by&d he number [Al-2006]
2
19.  Solve the sys quations for X ; - % = ab(a+b)and b’x—a’y = 2a’b?
OR
A man s table and a chair together for Rs. 850 at a loss of 10% on the table and a gain of 10% on the chair. By
selling them together for Rs. 950, he would have made a gain of 10% on the table and loss of 10% on the chair. Find
th rice of each . [Foreign-2006]
20. e the following equations for x and y : mx —ny =m? + n®, X +y =2m
OR
bdul travelled 300 km by train and 200 km by taxi, it took him 5 hours 30 minutes. But if he travels 2650 km by
train and 240 km taxi he takes 6 minutes longer. Find the speed of the train and that of the taxi  [Delhi-2006C]
2 2 2 2
) . a“ b b ba
21. Solve the following equations for xandy: — —— =0 —=a+bx,y=0.
X Yy X y

OR



22.

23.

24,
25.
26.
217.
28.
29.

30.

31.

AQ)

6.

The sum of the numerator and the denominator of a fraction is 12. If the denominator is increased by 3, the fraction

becomes % Find the fraction. [Al-2006C]
6 8
Solve forxandy: x+—=6, 3Xx——=5
y y
OR
Solve for xand y : X+1+y_1:8; x-1 y+1 =9 07]
2 3 3 2

Solve for x and y : 8x — 9y = 6xy ; 10x + 6y = 19xy
OR

Solve for xand y : 4X + Y_ § X + 3y = 2 (\6 [Al-2007]
3 32 4 2 (\

Find the value of k so that the following system of equations has no solution :

3x-y=5;6x-2y-k=0 (\Q [Delhi-2008]

Find the value of k so that the following system of equations has infinite solutions :

3X-y-5=0;6x-2y+k=0 [Delhi-2008]

Find the value (s) of k for which the pair of linear equations kx + 3y =k —2 an ]6+ ky k has no solution
[Delhi-2008]

Find the number of solutions of the following pair of linear equations :

X+2y—-8=0;2x+4y=16 [Al1-2009]

Write whether the following pair of linear equations is consistent or nagN(N*

X+y=14;x-y=4 [Foreign-2009]

Without drawing the graph find out whether the lines representing the f8llowing pair of liner equations intersect at a

O)
point, are parallel or coincident : 9x — 10y = 21 ; gx - g y= ! & [Foreign-2009]

Without drawing the graph find out whether the lines re@m ing the following pair of linear equations intersect at a

. o 9 .
point , are parallel or coincident : 48x — 7y = 24%&—y— [Foreign-2009]

Without drawing the graph, find out wheth es representlng the following pair of linear equations intersect at a
et_

point, are parallel or coincident : 5x + 3y ; gx +3y=6 [Foreign-2009]
SHORT ANSWER TYPE —I%@
Solve the following syst inear equations graphically : 2x — 3y = 1, 3x — 4y = 1 Does the point (3, 2) lie on any
of the lies ? Write i% ion [Delhi-2003]
Solveforxandy@y\Syz 7, §+4y= 5

‘% OR

Fath ’s%!is three times the sum of ages of his two children . After 5 years his age will be twice the sum
&f W

of o children. Find the age of father . [Delhi-2003]
e the following system of liner equations graphically : 3x — 5y =19, 3y — 7x + 1 = 0 Does the point (4, 9) lie on
of the lines ? Write its equations [Al-2003]
olve the following system of linear equations graphically : 2x + y = 10, 4x —y = 8. Does the point (1, -4) lie on any
of the lines ? Write its equation. [Foreign-2003]
The sum of numerator and denominator of a fraction is 8. is added to both the numerator and denominator the fraction
becomes 3/4. Find the fraction. [Al-2003]

2 2
Solve the following system of equations : a_ b =0, ﬂ a’b
X

+—=a’+b”; x,y=0.
y X y



OR
5 years hence the age of a father shall be three times the age of his son while 5 years earlier the age of the father was 7

times the age of his son. Find their present ages. [Foreign-2003]
7. Solve the following system of linear equations graphically : 4x — 5y — 20 = 0, 3x + 5y — 15 = 0. Determine the vertices
of the triangle formed by the lines, representing the above equations, and the y-axis. [Delhi-2004]
8. Solve the following system of linear equations graphically : 5x — 6y + 30 = 0, 5x + 4y — 20 = 0. Also find the vepjces
of the triangle formed by the above two lines and x-axis. [Ag 4]
9. Solve the following system of linear equations graphically : 2x +y + 6 = 0, 3x — 2y — 12 = 0. Also find the ices of
the triangle formed by the lines representing the above equations and x-axis. Ifd?i -2004]
10. Solve the following system of linear equations graphically : 2x + 3y = 4, 3x —y = - 5. Shade the ng?w ounded by
the above lines and the x-axis. %[ elhi-2004C]

11. Solve the following system of linear equations graphically : 3x + y =1 =0, 2x — 3y + 8 = 0 Sifgde the region bounded
by the lines and the x-axis. Q [Al-2004C]
12. The monthly incomes of A and B are in the ratio of 9 : 7 and their monthly expendituresﬁf the ratio of 4 : 3 If each
saves Rs. 1600 per month, find the monthly incomes of each. 7 [Al-2004C]
13. Solve the following system of equations graphically : x + 2y = 5, 2x — 3y = - 4. Also find the points where the lines
meet the x-axis. [Delhi-2005]
14. Solve the following system of equations graphically : 2x —y = 4 ; 3y — x = 3. Njnd the points where the lines meet the
y-axis. . [Al-2005]
15. Solve the following system of equations graphically : 3x —y =3, x »@94. Shade the are of the region bounded by
the lines and x-axis. [Delhi-2005C]
16. Draw the graphs of the equations : 4x —y — 8 = 0 and 2x —%Gﬁ 0. Also determine the vertices of the triangle
formed by the lines and x-axis. [Delhi-2006]
17. Draw the graphs of the following equations : 3x — 4y + 6 3x +y—9=0. Also determine the co-ordinates of the
vertices of the triangle formed by these lines and the W [Al-2006]

18. Draw the graphs of the equations : 4x — 3y — 6 :@ + 3y — 9 = 0. Determine the co-ordinates of the vertices of the
triangle formed by the lines and the y-axis Q) [Foreign-2006]
19. Solve the following system of linear equa%as graphically : 3x —2y — 1 =0; 2x — 3y + 6 = 0. Shade the region

bounded by the lines and x-axis. o [Delhi-2006C]
20. Solve the following system of equatiors’graphically for x and y : 3x +2y = 12 ; 5x — 2y = 4. Find the co-ordinates of
the points where the lines mee%%xis. [Al-2006C]
21. Solve the following system tions graphically . 2x + 3y =8 ; x + 4y = 9. [Delhi-2007]
22. Solve the following syste@ ofelinear equations graphically. 2x +3y =12 ; 2y -1 =x [Al-2007]
23. Represent the following §ystem of linear equations graphically. From the graph, find the points where the lines
intersect y-axis. &): 0;2x-y-5=0. [Delhi-2008]
24.  Solve for x an b)x+(a+h)y=a’—2ab—b®;(@a+b) (x+y)=a’+b%
é OR
Solve forgang y : 37x + 43y = 123 ; 43x + 37y = 117. [Al-2008]
25. Repredent(the following pair of equations graphically and write and co-ordinates of points where the lines intersect y-
a& 3y=16;2x—3y=12. [Foreign-2008]
@ . _ 5 1 6 3 .
26. e the following pair of equations : + =2; - =1 [Delhi-2009]
x, Xx-1 y-2 Xx-1 y-2
273 Places A and B are 100 km apart on a highway. One car starts from A and another from B at the same time. If the cars
travel in the same direction at different speeds. They meet in 5 hours. If they travel towards each other, they meet in 1
hour. What are the speeds of the two cars ? [Delhi-2009]
. . ) 10 2 15 2 .
28. Solve the following pair of equations : + =4, - =-2 [Delhi-2009]

X+Yy X—Y  X+y X-y



29. Solve for xand y : % _by =a+b; ax—by=2ab. [Al -2009]
a

SUBJECTIVE ANSWER KEY EXERCISE-4 (X) CBSE

e Short Answer Type-I

1. k=2 2.k=3 3.x=-1/2,y =2 or 42yrs, 10yrs 4.x=1/2,y=1/30r78 5.x=-2,y=1/3o0r7/11
6.x=1/5y=-2orx=ab,y=ab 7.a=1,b=-7 8.a=0,b=7 9.a=-3,b=-1
10.x=1/2,y=130orx=1,y=-1 1l.a=-2,b=-9 12.x=1,y=-1 13.x=a,y=bor36
14.x=a%y=b’or63 15.x=a,y=-b  16.x=-a,y=b 17.x=2,y=-lorx=b,y=-a
18.x=-a,y=bor57 19.x=a’y =-b?or cast of table = Rs. 700, cost of chair = Rs 200

20. X =m+n,y=m —n or speed of train = 100 km/h. Speed of taxi = 80 km/h 21.x =a? y=b’or g

22.x:-%,y=1—130rx=7,y:13 23.x=3/2,y=2/30orx=1,y=-4 24.k=10 25.k=-1026. k= +6

27. Infinite number of solutions 28. Consistent 29. Coincident lines 30. Parallel  31. Unique solution.

Short Answer Type-I1

1.(-1,-1); Yes;3x—4y=1 2.x=1/3,y=-or45years 3.(-2,-5); Yes;3y—7x+1=0 4.(3,4);yes;4x—-y=8
5.3/5 6. (a, b)or40,10years 7.(0,-4),(5,0),(0,3) 8.(-6,0),(0,5),(4,0) 9.(-3,0),(0,-6),(4,0)

12. A’s = Rs. 14400, B’s =Rs. 11200 13. (5, 0), (-2, 0) 14. (0, -4), (0, 1) 16. (-3, 0), (2, 0), (3,4) 17.(-2,0), (2, 3), (3,0)
18.(0,3),(3,2),(0,-2) 19.x=3,y=4 20.x=2,y=3 2l.x=1,y=2 22.x=3,y=2 23.(0,5)and (0, -5)

;orle,yzz 25.(0,2)and (0,-4) 26.x=4,y=5 27.60km/h ;40 km/h
a-—+

28.x=3;y=2 29.x=h,y=-a

24.x=a+b,y=

EXERCISE -5 é*Q"’ (FOR OLYMPIADS)

Choose The Correct One

The number of solutions of the equatien 2x + y = 40, where both x and y are positive integersand X < yis:

(A7 (B) 13 %) (C) 14 (D) 18

A confused bank teller tran % e rupees and paise when he cashed a cherub for Mansi, giving her rupees instead
of paisa and paise instead es. After buying a toffee for 50 paise, Mansi noticed that she was left with exactly
three times as much as?a,amount on the cheque. Which of the following is a valid statement about the cheque

amount ?
(A) Over Rs. 4 byt Tesythan Rs. 5 (B) Over Rs. 13 but less than Rs. 14
(C)OverRs. Zb s than Rs. 8 (D) Over Rs. 18 but less than Rs. 19
iteé$25000 and invested part of it in a money market account, part in municipal bounds, and part in a

John in
mutu %After one year, he received a total of $ 1620 in simple interest from the three investments. The money
ma&ald 6% annually, the bonds paid 7% annually, and the mutual funds paid 8% annually. There was $ 6000
e vested in the bonds than the mutual funds. The amount John invested in each category are in the ratio :
@15 :8:2 (B)11:13:1 (©)2:2:1 (D) None of these
h

ich one of the following conditions must p,q and r satisfy so that the following system of linear simultaneous

4,
Q) equations has at least one solution , suchthatp+q+r= 0?

X+2y-3z=p;2x+6y—-11z =q;Xx -2y +7z = r
(A)5p—29-r=0 (B)5p+2q+r=0 (C)5p+2q-r=0 (D)5p—2g+r=0

If x and y are integers, then the equation 5x + 19y = 64 has :
(A) No solution for x <300 andy <0 (B) No solution for x > 250 and y > - 100
(C) A solution for 250 < x < 300 (D) A solution for—59 <y < -56

The number of solutions of the equation 2x +y = 40, where both x and y are positive integersand X < yis:



10.

11.

12.

13.

14.

15.

16.

17.

18.

(A7 (B) 13 (©) 14 (D) 18

Study the question and statements given below : Decide whether any information provided in the statement (s) is
redundant and / or can be dispensed with, to answer it.

If 7 is added to numerator and denominator each of fraction a/b. will the new fraction be less than the original one ?
(Assume both a and b to be positive )

Statement-1 :a=73,b=103

Statement-11 : The average of aand b is less than b. (\
Statement-111 : a— 5 is greater than b — 5. \
(A) 1l and either 1 or 111 (B) Only I or 111 (C) Any two of them (D) Any one of them
A cyclist drove 1 km, with the wind in his back , in 3 min and drove the same way back, against the win@ min. If
we assume that the cyclist always puts constant force on the pedals, how much time would it jak drive 1 km
without wind ? (\a)

1 3 . 3 . 7 .
(A) 2 3 min. (B) 3 - min. (C) 2 - min. (D) 312 min.

A person buys 18 local tickets for Rs. 110. Each first class ticket costs Rs. 10 and each @@ class ticket costs Rs. 3.

What will another lot of 18 tickets in which the number of first class and second class ti}:ke s are interchanged cost ?

(A) Rs. 112 (B) Rs. 118 (C)Rs. 121 (D) Rs. Jﬁ

Rajesh walks to and fro to a shopping mall. He spends 30 min. shopping. If he at a speed of 10 km/h, he returns

to home at 19:00h. It he walks at 15 km/h. he returns at 18:30 h. How fast must he walk in order to return home at

18:15h?

(A) 17 km/h (B) 17.5 km/h (C) 18 km/h *20 km/h

A single reservoir supplies the petrol to the whole city, while th(%ervoir is fed by a single pipeline filling the

reservoir with the stream of uniform volume. When the reservoirds full and if 40000 liters of petrol is used daily, the

supply fails in 90 days. If 32000 liters of petrol is used daily, t@pﬁly fails in 60 days. How much petrol can be used

daily without the supply ever failing ?

(A) 64000 litres (B) 56000 litres (C) 780 S (D) 60000 litres

Two horses start trotting towards each other, one fro B and another from B to A . They cross each other after

one hour and the first horse reaches B, 5/6 hours% he second hoarse reaches A. If the distance between A and B

is 50 km. What is the speed of the slower hours %

(A) 30 km/h (B) 15 km/h 25 km/h (D) 20 km/h

A man row downstream at 12 km/h and um at 8 km/h. What is the speed of man in still water ?

(A) 12 km/h (B) 10 km/h (C) 8 km/h (D) 9 km/h

A motor boat takes 12 hours to % Stream and it takes 24 hours to return the same distance. What is the time
is

taken by boat in still water ?

(A)15h (B) (©)8h (D)20 h

Equation xy? + xy* = 2xy,

(A) Linear adratic (C) Cubic (D) Not an equation

Sum of two integersds 885 If the greater is divided by the smaller, the quotient is 5 and the remainder is 10. the greater
integer is :

(A) 13 C) (B) 75 (C) 65 (D) 23

The lengt sides of a triangle are 3x+2y,4x+%y and 3(x+1)+ g(y — 1). If the triangle is equilateral , then its

estangle is:
) 90° (B) 60° (C) 120° (D) None of these

side j E )
( (B) 10 (C) 12 (D) 16
? largest angle of a triangle is twice the sum of the other two. The smaller angle is one fourth of the largest. The

Q¥

19.

2 i 3 . .
In town, — of men are married to 7 of the women . In the town total population is more than 1000. If all marriages

happen within the town. The smallest possible number of total population is (assume there are only adults in the town)

(A) 1012 (B) 1035 (C) 1058 (D) None of these



20. The solution of the equations : % = % = % 7X+8y+52=062 is:
(A) 4,3,2) (B)(2,3,4) ©) 64,2 (D) 4,2,3)
21. If %(x+ y)2z =21, 3x—%(y+z):65, x+%(x+ y —z) = 38, then its solution is :
(A) (24,9,5) (8) (2.9.5) (C) (4.9,5) (D) (5,24, 9) \
22. The solution of the equations : Y 110, o 132, S @ is: \
y—X zZ-y z+x 11 f'&;
(A) (12,11, 10) (B) (10, 11, 12) (©) (11, 10, 12) (D) (12, 10, 11) (gj
23. Four men earn as much in a day as 7 women. 1 women earns as much as 2 boys. If 6 men, 10 and 14 boys
work together for 8 days to earn Rs. 2200, then what will be the earning of 8 men and 6 wo Wv king together is
for 10 days ? ?\
(A) Rs. 2000 (B) Rs. 1800 (C) Rs. 2400 (D) None of th Q
24, The point of intersection of the straight lines 2x —y +3=0,3x-7y +10=0liesin: }\
(A) I quadrant (B) Il quadrant (C) Il quadrant (D) IV quadrant P
25. A right-angled triangle is formed by the straight line : 4x + 3y = 12 with both the@is. Then length of perpendicular
from the origin to the hypotenuse is :
(A) 3.5 units (B) 2.4 units (C) 4.2 units (D) None of these
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. B D A A C B C B | ADq| D B D B B A
Que. | 16 17 18 19 20 21 22 23 24 25
Ans. B C C A A A B B B
COMPETITION WINDOW
o

@xnequality

Ex.
Sol.

Y

LlNEA@rN EQUATIONS

Inequation : A statement involving varia ) and the sign of inequality viz, <,>,<or > is called an inequation or
an inequality.

An inequation may contain one or %é'?iables. Also, is may be linear or quadratic or cubic etc.
E.g.(i()3x—-2<0 (ii))2x+ (i) x2—-5x+4 <0

Linear Inequation In One e : Let a be a non-zero real number and x be a variable. Then inequations of the
formax+b<0,ax+b < +b>0andax +b >0 are known as linear equations in one variable x.
E.9.9x—-15>0,5x -4 X+2<0,2x-3<0

Solving Linear Ing@yatjadn In One Variable : In the process of solving an inequation, we use mathematical
simplifications which)are governed by the following rules :

Rule-1 : Sam&number may be added (or subtracted from) both sides of an inequation without changing the sign of

charfei e sign of inequality. However the sign of inequality is reversed when both sides of an inequation are
ied (or divided) by a negative number.
e-111 : Any tern of an inequation may be taken to the other side with it’s sign changed without affecting the sign of

inequalit
Rule—EI :%&\ sides of an inequation can be multiplied (or divided) by the same positive real number without

Solve : 5x—3 < 3x + 1, when (i) x is a real number (ii) x is an integer (iii) X is a natural number.
We have

5x-3<3x+1
= 5x — 3x <3x + 1 [Transposing 3x on LHS and — 3 on RHS]




= 2x<4:>%<g:x<2

(i) IfXx € R,thenx<2 =x € (-x, 2)
(i) Ifx e Z,thenx<2 =x=1,0,-1,-2,-3,4,...........
(iii) Ifx e N,thenx<2 =x =1

Ex.  Solve: 2x+4 >5 G;;\

Sol. We have,

- 2x+4_520 —3x+920 (\
x—-1 Xx—1
3x-9 /
= <0 Multiplying both sides by — 1
1 [Multiplying y-1] Q)
- X229 [Dividing both sides by 3] :_:
x-1 w.
= 1<x<3=xe(l, 3) Q

s "
- &
EXERCISE-6 %,;Q (FOR I T-JEE/AIEEE)
&

Choose The Correct One

1. Solve: 3x-7>x+1,xe R:
(A) (4,) (B) [4,)

(C) (=0, 4] o (D) (-, 4]

2 Solve : — 2 - 5 %
(A) (219, ») % (B) [2/9, =)
(C) (~o0, 2.9) (D) (—o0, 2.9)
2x-D) 28RN
3. Solve: = 67 XeR:
(A) (44, m% (B) [44, )
(C)[-4 (D) (44, )
4, S .5 +%2§,XERZ
2 4 4
x (_3’ OO) (B) (31 OO)
C) (-, 3) (D) [3, )
5. SO|VEZX—_1+4<X—_5—2,XERZ
3 5
(A) (50, ) (B) (-, —50)

(C) [50, «) (D) None of these



10.

11.

12.

13.

14.

15.

. 2x+3 , x-4

(B) (~0, —13/2)

(D) [13/2, )

(€) (=0, -8) (D) (=, 8)
(€) [-26, ) (D) (-0, ;\%\cgb
Q
(€) (=0, 1) (D) (=0, 1)/(\
<
(©) (=0, 7) e (D) (=0 7)

Q‘Q

(D) (5/6, x)

Solve : 3<2—"-2xeR:
4 3
(A) (13/2, »)
(C) (-13/2, »)
Solve : —2X <X _5xeR:
(A) (8, ) (B) [8, )
4+2X _ X
Solve : >—-3,xeR
3 2
Solve : 2X+3—2< 3(x-2) XxeR :
(A) (-1, ») (B) [, =)
Solve: x—2< 5X+8,X€ R
(A) [-7, ) (B) (7, )
Solve: ——<0,xeR :
4x+1
(A) (-1/4,5/6) (B) [-1/4,5/6]
Solve : > 0,xeR
3xX-7

(A) [3/2, 7/3]

(C) (=00, 3/2)U(7/3, )

Solve : i<1,XG R :
X—2

(A) (2, 9)

(C) (=0, =2)U (5, =)

Solve : XL_1£2,XG RY’
(A) (-1,3/2]
(©) (-1, 3/2) O)

Solve : 4 6,xeR

(A) (54 2%33/8)
/2, 33/8)

5x—-6
16. ve : <], xeR:
1\ X+6

17.

(A) (-6, -3) (B) (6, »)
Solve : 5x+8 <2,xeR:

4—x
(A [0,, 4) (B) [4, )

"

9
(C) (_Oov @
wl 713)
@ None of these

%

(B) [-o0, 2) U (5, )
(D) None of these

(B) (—0, —1) U (3/2, )
(D) (o, 1)U[3/2, o)

(B) (=0, —=5) (4, x)

(D) (-0, 5/2)wU(33/8, x)
(©) (-6, 3) (D) None of these
(©) (-, 4) (D) (=0, 0)U (4, )

A
ﬁ,)\



SO|VEZX—_1>2,X€RZ

18. 3
A (7,3 B) [7, 3] ©) (-7, -3 ) [-7, -3]
19. Solve : RN 4 xeR:
8x+3
(A) (17/25, 3/8) (B) (17/25, 3/8] (\
(C) (-17/25, —3/8) (D) [17/25, 3/8] q)\,
2x -3 GD
20. >0,xeR
3x—7 G)
(A) (=5, 9) (B) [-5, 9] (\6
(C) (=0, =5)uU (5, ) (D) None of these Q(\
OB R
Que. |1 2 3 4 5 6 7 8 9 10 |11 12 |13 |14 |15
Ans. | A C C D B B A C A A A |C B D D
Que. [16 [17 [18 [19 |20 N
Ans. | C D C C C .




TRIGONOMETRY

INTRODUCTION

Trigonometry is the branch of Mathematics which deals with the measurement of angles and sides of a
triangle.

The word Trigonometry is derived from three Greek roots : ‘trio’ meaning ‘thrice or Three’, gonia’ meaning an
angle and ‘metron’ meaning measure. In fact, Trigonometry is the study of relationship between the sides and
the angles of a triangle.
Trigonometry has its application in astronomy, geography, surveying, engineering and navigation etc. In the past,
astronomers used it to find out the distance of stars and plants from the earth. Even now, the advanced
technologies used in Engineering are based on trigonometric concepts.
In this chapter, we will define trigonometric ratios of angles in terms of ratios of su;igﬁ right triangle. We will
also define trigonometric ratios of angles of 0°, 30°, 45°, 60°, and 90°. We shall ablish some identities
involving these ratios. (\

Q

HISTORICAL FACTS f\

Q
Indian Mathematician has established keen interest in the study of Tsigonometry since ages. They are known for
their innovation in the use of size instead the use of choid. Th@%t outstanding astronomer has been Aryabhatta.

Aryabhatta was born in 476 A.D. in Kerala. He studie e university
of Nalanda. In mathematics, Aryabhatta’s contributi @ very valuable.
He was the first mathematician to prepare ta f sines. His book
‘Aryabhatta’ deals with Geometry, Mensuﬁn Progressions, Square
root, Cube root and Celestial sphere (sphebical Trigonometry). This
work, has won him recognition all ov world because of its logical
and unambiguous presentation of as mical observations.

Aryabhatta was the pioneer@ﬁ‘nd the correct value of the constant
rcumference

7T with respect to a C|rcl up to four decimals as
Diameter

3.1416. he foun prOX|mate value of mand indirectly suggested
that isan irr number. His observations and conclusions are very
useful and relevant today.

Greek Mathematician Ptolemy, Father of Trigonometry proved the
equation sinA + cos’A = 1 using geometry involving a relationship
between the chords of a circle. But ancient Indian used simple algebra to
calculate sin A and cos A and proved this relation. Brahmagupta was the
first to use algebra in trigonometry. Bhaskaracharya Il (1114 A.D.) was
very brilliant and most popular Mathematician. His work known as
Siddhantasiromani is divided into four parts, one of which is
Goladhyaya’s spherical trigonometry.

BASE, PERPENDICULAR AND HYPOTENUSE OF A RIGHT TRIANGEE 05 AL
In AABC, if £B =90 then:

0] For Z A, we have :




Base = AB, Perpendicular = BC and Hypotenuse = AC.
(i) For £ C, we have :
Base = BC, Perpendicular = AB and Hypotenuse = AC.

L . . 4C

So, in a right angled triangle, for a given angle, Z Nk

0] The side opposite to the right angle is called ] E:
hypotenuse. IS

(i) The side opposite to the right angle is called % |9
perpendicular. : |5

(iii)  The third side (i.e., the side forming the given 7 s w2 ,—mj%
angle with the hypotenuse), is called base. W =0 R e B
* TRIGONOMETRICAL RARIOS (T-RATIOS) I
OF AN ANGLE

In AABC, let /B =90°and let £ A be acute.

For £ A, we have : \(\

Base = AB, Perpendicular = BC and Hypotenuse = AC. '&)

The T-ratios for £ A are defined as : %n?)

0] Sine A = Perpendicdar(P) _ BC , Written as sin A. (\(\

Hypotenuse(H)  AC A

(i)  Cosine A= Base(B) _ AB ,written as cos A, < Q) ’ & =
Hypotenusg(H) AC ‘%
Perpendicdar(P) _ BC written as@A.

Base(B) AB < -
N Y
Hypoter.wse(H) _AC , Wiitlsh as cosec A. ! Base

Perpendicdar(P) BC >

Hypotenusg(H) AC
Base(B) AB
Base(B/’)QCP"_ AB
Perpendi@??(P) BC
Thus, there are six Trignometrigal katios based on the three sides of a right angled triangle.

(iii)  Tangent A=

(iv) Cosecant A =

(V) Secant A = tten as sec A.

(vi) Cotangent A =

, Written as cot A.

)

f Aid to Memory : The sine, cosine, and tangent ratios in a right triangle can be remembered by representing \

them as strings of letters, as in SOH-CAH-TOA.

Sine = Opposite =~ Hypotenuse

Cosine = Adjacent + Hypotenuse

Tangent = Opposite + Adjacent

The memorization of this mnemonic can be aided by expanding it into a phrase, such as “ Some Officers
\ Have Curly Auburn Hair Till Old Age”. /

%

RECIPROCAL RELATIONS
Clearly, we have :

1 1 1
iycosecld =—— ii) secfd =—— iii) cotd =——
® sing (i o0 (i) tané@

Thus, we have :

(i) sin@ cosecd =1 (i) cos@ secd =1 (iii) tan@ cotd =1




QUOTAENT RELATIONS
Consider a right angled triangle in which for an acute angle &, we have :

. Perpendicdar P Base B
sinfd = =— 10080 = ——M = —
Hypotenuse H Hypotenuse H
P
sin6 4 P H P
Now, ——=-—"1L=—x—=— = tané (by def.
cos¢ B H B B (by det.)
H
B
and, C?—sezﬂzgxizg = cos® (by def.)
sing P H P P
l_!
Thus, tané = sing and cotd = Cf)—sg \(\
cosé sin@ ﬁ;&)
POWER OF T-RATIOS ,\QD
We denote :

(i) (sin@)? by sin*@ ; (ii) (cos@)* by cos?8 ; (iii) (sin@) by sin®0 ; (‘\@(0059)3 by sin®é :
and so on. ,
e\

REMARK : (i) The symbol sin A is used as an abbreviation for ‘the sine of the angle A’. Sin A is not \
the product of ‘sin’ and A. ‘sin’ separated from A has no meaning. Similarly, cos A is
not the product of ‘cos’ and A. similar interpretations follow for other trigonometric
ratios also.

(i) We may write sin2 A, cos2 A, etc., in place of (sin A)2, (cos A)2, etc., respectively. But
cosec A = (sin A)-1+ sin-1 A (it is called sine inverse A). sin-1 A has a different
meaning, which will be discussed in higher classes. Similar conventions hold for the
other trigonometric ratios as well.

(iii)  Since the hypotenuse is the longest side in a right triangle, the value of sin A or cos A is
always less than 1 (or, in particular, equal to 1). /

Ex.1
Sol.

Ex.2

Sol.

~
Using the information given in fig. @ﬁe values of all trigonometric ratios of angle C.
Using the definition of t-ratios, v

SinC=£=£=4§;) cosC:£=£=§
AC 10 AC 10 5
AB 6 % BC 6 3 &
tanC= ——= %‘ ; cotC= —=—=— _‘r
BC§ 3 AB 8 4 P2
tanC = Q—0:§ and cosczﬁzﬂzE A
6 3 AB 8 4

Inaright AABC, if £Aisacute and tan A = % find the remaining trigonometric ratios of £ A.

Consider a A ABC in which /B =90°

For £ A, we have : C
Base = AB, Perpendicular = BC and Hypotenuse = AC.
Perpendicdar 3 }
tan A= =— oy .
Base 4 >/ 3x
BC 3 p
—_—=— A .
AB 4 Jay rj:.., L R
Let, BC = 3x units and AB = 4x units. o 4x

Then, AC = 4 AB? +BC?




= (4x)* +(3x)*
= /25x* = 5x units.

Ex.3 InaAABC,rightangled at B, if tan A = , find the value of

E
(i) sinA cosC + cosA sinC
(if) cosA cosC — sinA sinC. [NCERT]
Sol.  We know that
BC 1
tanA= —=—
AB 3
BC:AB=1:+3 /
Let BC =kand AB = v/3k
Then, AC = VAB? + BC? ...(Phythagoras theorem) Vay Mg
= J(/3K)? + (k)2 =/3k2 + K? ‘;‘ Bk
= o 4k2 =2k ‘%Q,
Now, sinA:E:Lzl .
AC 2k 2 Q‘Q
AB 3k /3 o
COSA= —=——=—
AC 2k 2 '@Q
_AB VK V3 AP
sinC= —=——=— N
AC 2k 2 Q¥
and cosC=E:£: Kb
C A 2
0] sinA cosC + cosA sinC¢ ,—+£.£:1+§=1
2 2 2 4 4
Y31 143 3 3

(i) cosA cosC —si @c:----.-:---:o
& 22 2 2 4 4
)V at 2 sinA CosA = 2ta—n;0\
l1+tan® A

Sol. We know that

Ex.4 IfsinA=

N |-

SinA = E:1
AC 2
Let BC =k and AC = 2k
AB = yAC? — AB?
= J(2K)? —k? =+/4k? —Kk® =+/3k? =+/3k
Now cosA-ﬁ—@zﬁ

T AC 2k 2



and cosAzﬁz—:—
AB
Now  2sinAcosA= 2.—. ...(1)

1 2
ang _2tan A 3 J3 3

...(ii)

!
X
|
I
b

Ex.5 In APQR, rightangled at Q, PR + QR =25 cm and PQ =5 cm. Find the value of sin ,N‘Z&»P and tanP.

"2 [NCERT]
cg‘)

Sol.  We are given

PR+ QR =25cm Q(<\
PR = (25— QR) cm A
By Pythagoras theorem, 0'
PR® = QR® + PQ? ‘%
or  (25-QR)*=QR*+5’ Q\Q
or 625 + QR?— 50 QR = QR* + 25 < -
of  500R =625 25=600 ,QQ*
QR =12 cm. (&Q
and PR = (25 — 12) cm = 13 ¢m Q){Q
Now  sinP = QR = 12 %
PR 13 % ”
PQ 5 S
CosP = —=— %
PR 13 \)y»
and  tanP = QR = 12 CJ
PQ

Ex6 If LZAand £Q are@t angles such that sin B = sinQ, then prove that /B = £ Q. [NCERT]
Sol.  Consider two rigk@ABC and APQR such that sin B = sinQ.

We have, % P

sinB = E and, sinQ =E
AB P

sinB =sinQ

AC PR
= —_— = (

AB PQ C R Q
—  AC_AB ) )

PR PQ
= AC =k PR and AB =k PQ ...(ii)

Using Pythagoras theorem in triangles ABC and PQR, we have



AB’? = AC? + BC? and PQ? = PR? + QR?

= BC = VvAB*—AC? and QR = ,/PQ?—PR?
BC JAB’-AC? _ BC k’PQ’-k’PR’
QR /PQ?-PR? QR . [PQ2-PR?

kyPQ? - PR?
N BC _ Q —k

QR /PQ?-PR?

From (i) and (ii), we have,

[Using (ii)]

TRIGONOMETRICAL RATIO OF STANDARD ANGLES

T-Ratios of 45° o)

Consider a A ABC in which ~# B =90and £ A = 45°
Then, clearly, £ C = 45°,
AB = BC = a (say).

AC = VAB2 +CB? =+a?+a? =+/2a2 =+/2a.

BC a 1
sin 45° = —
AC 2a 2
COS450= ﬁ:i:i: &"
AC J2a 2 ,@Q
o
tan4s’= B¢ 8 _q &
AC a

cosec 45° = == \/_ 3 = V2 :cot 45’ = 1 ==1
sin45 cos45 tan45

T-Ratios of 60° and 30°

Draw an equilateral A ABC ga)each side = 2a.
Then, ZA=/B=/ %

From A, draw AD L

Then, BD = DC =g\ BAD = 30 and £ ADB = 90". ¥ s
Also, AD = = J4a?-a? = 33’ =+/3a. 7 Ba \
T-Ratios of 60° A60° ["j \
In AADB we have : £ ADB =90"and .~ ABD = 60°. B a D & (C
Base = BC =g, Perp. = AD = /3a and Hyp. AB = 2a.
o_ AD _+3a_3
sin 60" = — =
AB 2a 2
cos 60° = Bb_a _1.
AB 2a 2°
tan 60° = 20 ‘/_a =3
BD




cosec60°:%=i;secﬁo°: : ~=2;cot60° = L o=i
sin60” /3 c0s60 tan60° /3

T-Ratios of 30°
In AADB we have : ~ ADB =90%and ~ ABD = 30°.

Base = AD =+/3a, Perp. =BD =a and Hyp. AB = 2a.

sin30°:E=i=l:
AB 2a 2

cos30°=£=@=£:
AB 2a 2

tan3el= 0 _ & _ 1

AD 3a 3 A
cosec 30° = -1 0=2;S€C300= : ozi;00t300= L oqﬁg%\
sin30 cos30° /3 tan 305 Ny

T-Ratios of 0° and 90°
T-Ratios of 0° (\Q
We shall see what happens to the trigonometric ratios of angle A, if<t’is made smaller and smaller in the right
triangle ABC (see figure), till it becomes zero. As £ A gets s«%@r and smaller, the length of the side BC
decreases. The point C gets closer to point B, and finally wh@. ~ A becomes very close to 0°, AC becomes
almost the same as AB. C

When Z A is very close to 0°, BC gets very close to 0 ar@o,the value of sin A A

BC . . . ,_
= AC is very close to O. Also when £ Ais very clg 0°, AC is nearly same

as AB and so the value of cos A%is very close to 1.

'
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This helps us to see how we can define the values of sin A cos A when A = 0°. We define :

sin 0° =0 and cos 0° = 1.
Using these, we have :



tan 0° = ==0,
cos0

cdet %0=% (not defined)
an

sec 0° = ! -=1
cos0

and cosec 0° = — 100 —% (not defined)

sin

T-Ratios of 90°

Now, we shall see what happens to the trigonometric ratios of £ A when it is made larger and larger in A ABC
till it becomes 90°. As £ A gets larger and larger, £ C gets smaller and smaller. Therefore, as in the case above,
the length of the side AB goes on decreasing. The point A gets closer to point B. Finally when £ A'is very close
90°, Z C becomes very close to 0° and the side AC almost coincides W|th side BC (see,{‘gure)

Q;b

When £ C is very close to 0°, ZAs very close 90°, side. AC is neaply the same as side BC, and so sin A is very
close to 1. Also when £ A is very close to. 900 4 C is very close 0°, taﬁd/:the side AB is nearly zero, so cos A very

close to 0. So, we define:
sin 90° = 1 and cos 90° = 0.
Using these, we have :

égy

sin90° % i
tan 90° = == not defined
co0s90° W ( )
c0s90°
cot 90° = 4%
é‘i@ ’
cosec 900\ v i_
in
D11 _
and sec 90" = T== (not defined)
cos90 0
table for T-Ratios of Standard Angles
Angle 6
0° 30° 45° 60° 90°
Ratio
. 1 1 J3
Sin 6 0 > \/E 7 1
J3 1 1
0 1 = —_— - 0
coS 5 2 5
1
tan 6 0 —_ 1 \/§ Not
J3 defined




1
cot ¢ Not defined \/§ 1 ﬁ 0
sec 6 1 2 ﬁ 2 Not
- defined
V3
. 2
cosec @ Not defined 2 ﬁ ﬁ 1

ﬁEMARK: (i) As @ increases from 0° to 90°, sin @ increases from 0 to 1.
(i) As @ increases from 0° to 90°, cos & decreases from 1 to 0.
(iii)  As@ increases from 0° to 90°, tan @ increases from 0 to 0.

0°<0<90° is one.

(iv) The maximum value of
secd

(V) As cos@ decreases from 1° to0, € increases from 0 to 90°.
(vi) sin@ and cos € can not be greater than one numerically.
(vii)  secd and cosec € can not be less than one numerically.

k (viii) tan@ and cot @ can have any value. /

XV

COMPETITION WINDOW

T-RATIOS OF SOME ANGLES LESS THAN 90°
ngle &

15° 18° 10 36°
Ratio 22—

2
J3-1 | -1
1
in @ —2—4/2
Sin 22 | 4 |FV2-V2| T

ws 6 | ¥3+1 | {10425 4 - J5+1

wng | 2=V3 | J25-1048 o1 | V525

5

Ex.7 In AABC, right angled at B, BC =5 cm, £ BAC = 30°, find the length of the sides AB and AC.
Sol.  We are given
/BAC=30°ie, LA=30°

and BC=5cm A
Now sinA= oO or Sin30° = — ,rfg
AC AC ya
5 1 1 /307
or =—== .[rsin30°= = s
AC 2 [ 2] /o
or AC =2 x5o0r10cm / i
To find AB, we have, / —t




Ex.8
Sol.

Ex.9

Sol.

Ex.10

Sol.

ﬁ =cos A
AC

or AB _ cos 30°

10
or AB _ ﬁ ...[*rcos 300 = —3]
AC 2 2

V3

AB= "= x 100r 543 cm

Hence, AB = 5\/§ cmand AC =10 cm.
In AABC, right angled at C, if AC=4cmand AB=8cm. Find ZAand /B.

We are given, AC=4cmand AB=8cm A
: AC 4 1 e
NowsinB= —=—=— - é (\
But we know that sin 30° = = i9
2 P —
s B=30°O 3e—— - \C
Now ZA=90"- /B L LA+ ZB=90
=90° - 390 =60° . ]'\Q
Hence, L/ A=60"and /B =30". s
’ . Q
0 0 0
Evaluate - sin30 o+tan 45 : cosec6? ‘% [NCERT]
sec30° +cos60° —cot45 Q\Q
1 2
. “4l-= "
sin30° + tan45° —cosec60° 2 V3 ,QQS
sec30° +cos60° —cot45° 2 1 '@
=+ =41 \Q(b'
Y32 T
’8)
3+ \@ 4

_ 3/3-4_3/3-4 (3/3-9)
3+243 3W3+4 3J3+4 (3J3-9)

243
%CJ‘ 27+16-24/3 43-243
27-16 11

Find the value of @ is&gw»of the following :
(i)25in29:£® (i) 2 cos 30 =1 (iii) v/3 tan26 —3=0
0] we have§
2sin26 = /3
J3

= sin26 = —
2

= sin26 sin60° =260 =60°= 0=230°
(i) we have,
2cos 360 =1

= cos3'9=l
2

= cos 36 cos 60° =30 =60°= 0=20°
(iii)  we have,
J3tan20 -3=0



()
(i)
(iii)

= \/§tan26=3
= tan29=i=\/§

J3

= tan 26 tan 60° =20 =60°= 6 =30°

x° 0 6| 12> |18 | 24> |30’ | 36° | 42 48’ 54 11’2345
Mean Differences

43° | 0.6820 0.6921 8

COMPETION WINDOW
USING TRIGONOMETRIC TABLES

A Trigonometric Table consists of three parts :
A column on the extreme left containing degrees from 0° to 89°.
Ten column headed by 0°, 6°, 12°, 18°, 24°, 30, 36°, 42°, 48, and 54°,
Five column of mean differences, headed by 1°, 2°, 3’, 4’, and 5°, The mean differe &5\3 added in case of sines,
tangents and secants. The mean difference is subtracted in case of cosines, cotan and cosecants.
The method of finding T-ratios of given angles using trigonometric tables, wi Irg?e?ar from the following

example : Q
Find the value of sin 43° 52. A\
We have, 43°52° = 438" + 4° ’
<®

Q‘Q
In the table natural sines, look at the numbers in the row, n"st 43° and in the column headed 48’ as shown
below. @
From Table of Natural Sines : \Q(b‘
Now, sin 43%8’ = 0.6921 q}

Mean difference for 4’ = 0.0008 be added]
ee the number in the same row under 4°]
sin 43° 52° = [0.6921 + 0 0. @&] 0.6929
THE ANGLE WHEN ITS T-RATIOS IS GIVEN
Find @, whensin @ = ?154
From the table, fi e angle whose sine is just smaller than 0.7114.
We have sind =0.7114
Sin45° 18"  =0.7108
Diff. =0.0006

Mean difference of 6 corresponds to 3’.
Required angle = (45° 18’ + 3°) = 45%21°

Find €, when cos 6 =0.5248
From the table, find the angle whose costing is just smaller than 0.5248
We have cos@ =0.5248

cos 58° 18’ = 0.5255
Diff. =0.0007



And 7 corresponds to 3°.
Required angle = 58° 18” + 3* = 58°21”

TRY OUT THE FOLLOWING
Using tables find the value of :

(i)sin83°12° (i) cos 70°17 (iii) tan 24°14” (iv) cosec (30.8)° (V) sec
Using tables find the value of @ if :

68°10° (vi) cot 39°15°

(i) sin@ =0.42’(ii) cos@ = 0.8092 (iif) tan @ = 2.91(iv) cosecd = 2.8893  (v) secd = 1.2304

(vi) cot @ = 0.1385
ANSWERS

(i) 0.993. (i) 03373 (iii)0.4536  (iv) 19530  (v)26892  (vi) B2

(i) 24°50° (i) 35°59’ (iii) 71°2’ (iv) 20° 15> (v) 35°38°
g@g&
\

T-RATIOS OF COMPLEMENTARY ANGLES

Complementary Angles (\Q
Two angles are said to be complementary, if their sum is 90°. Q
Thus, @°and (90° — @) are complementary angles. ‘%
T-ratios of Complementary Angles \Q

Consider A ABC in which #/B=90and L/ A= 6°. Q

- /C=(90°- 9). Na

Let AB=x.BC=yand AC=r. &Q

When we consider the T-ratios of (90° — ), the&{Q
Base = BC, Perp. = AB and Hyp AC =

sin(90°—0)——: %:)
r ‘%

cos (90° — 9)_ — X)}s neo.

tan (90°- @) = é:_ =cot 0.

cosec (9 = 5 ! =sec 0.
5|n(90 —-0) sm6

sec (900 0)= - = _1 = cosec 0.
cos(90 —-6) sing
cot (90°— @) = L _ 1L =tand.

tan(90° —9) cot@

(i) sin (90° - @) = cos @ (i) cos (90° — @) =sin @ (iii) tan (90° —
(iv) cosec (90°— @) =sec &  (v)sec (90°— @) =cosec &  (vi) cot (90°—

0)=cot 0
0)=tané

Aid to memory:
Add co if that is not there
Remove co if that is there
Thus we have,

sine of (90° — @) = cosine of @ =>sine (90°— &) = cosd




cosine of (90°— @) = sine of @ =>cos (90° - #) =sind

tangent of (90° — @) = cotangent of & =>tan (90°— &) = cotd
cotangent of (90° — @) = tangent of &= cot (90°— ) =tan &
secant of (90° — @) = cosecant of § =>sec (90° — ) = cosecd

cosecant of (90° — @) = secant of § = cosec (90°— @) = secd
In other words :

sin (angle) = cos (complement) ; cos (angle) = sin (complement)
tan (angle) = cot (complement) ; cot (angle) = tan (complement)
sec (angle) = cosec (complement) ; cosec (angle) = sec (complement)

where complement = 90° — angle

Ex.11 Without using tables, evaluate :
H 0 0 0
sin53 .. C0s49 " tan 66 \(\

D Cos37? W) Ginar? ) Cotose n;b
; 0 ; 0 A0 0 ﬂ)
sol. (i SNS3__sin@O” =377) _coss7__, [~ sin (90°, Y Pcos O]
cos37 cos37 cos37 Q
0 0 410 ; 0
(ijy 0523 _ cosO0 —41) _sindl _, [~ Cos490°— 0) sind]
sin37 sin4l sin4l Q
... tan66° tan(90° —24°) cot24°
iii = = =1 tan (90°— &) cot @
(i) cot24° cot24° cot24° &QW ( ) ]
R\
REMARK : (i) The above example suggests that out of the two t-ratios, we convent one is term of the

t-ratios of the complement.
(i) For uniformity, we usually convert the angle greater than 45° in terms of its complement
%
Ex.12 Without using tables, show that (cos 3E§§®5’5° —sin 35% sin 55°) = 0.

Sol. LHS =(cos 35° cos 55° —sin 35° @5% )
= [(cos 35° cos 55° — sin (&g& 55% sin (90° — 35°%)]
= (cos 35° cos 55° — ¢d5'§5” cos 35%) = 0 = RHS.
[~3inT90° - @) cos@ and cos (90° — @) sind ]
E;‘)) in terms of trigonometric ratios of angles between 0° and 45°.
= sin (90° — 5°) cosec (90° — 5°%) = (cos 5° + sec 5°).
—18%), where 2A is an acute angle, find the value of A.

Ex.13 Express (sin 58° +
Sol.  (sin 58° + cose
Ex.14 |If tan 2A = cot
Sol. We are given,
tan 2A = cot (A — 18°)

or cot (90° — 2A) = cot (A — 18°) ...[cot (90° — 2A) = tan 2A]

90° - 2A=A-18°

or A+2A=90"-18°

or 3A =108°

A=36°
sec29’ 0 0 0 0 o
Ex.15 Evaluate : —0+2cot8 cotl?7" cot45” cot73" cot82".
cosecbl
sec29° 0 0 o 0 0
Sol. ————+2cot8" cotl7” cot45" cot73" cot82".

cosec61’




Ex.16

Sol.

(i)

sec29’ 0 0 0 0 0 Qo0
= 5 s-+2cot8” cotl7” (1)cot(90" —177)cot(90" —-8")
cosec(90° —297)

0
= secigo +2cot8%cot17° tan17° tan 8°. [ cot (90°— @) =tan 4]
sec
= 1+2cot8°cotl7°. L - LO [ tanezij
cotl7” cot8 cotd

For a triangle ABC, show that sin ( B+C J = Co{gj , Where A, B and C are interior angles of A ABC.

oo 4] o i)l

T-IDENTITIES Q(\(\
We know that an equation is called an identity when it is true for all valuz(}f the variables involved. Similarly, an
equation involving trigonometric ratios of an angle is called a t@ometric identity, if it is true for all
values of the angle(s) the angle(s) involved. \Q
The three Fundamental Trigonometric Identities are — Q
(i) cos’ A+sin? A=1;0°< A <90° &q A
(i) 1+tan* A+cosec?’A=1;0°< A<90° 'Q
(iii)  1+cot® A+cosec®A=1;0°<A < 90° ‘b'a®

&

Q
Geometrical Proof : %
Consider a A ABC, right angled at B. T, have :
AB’ + BC?= AC? (%% y Pythagoras theorem

We know that Z/ A+ /B+ ~/C=180°
Thus we have, B + C =180° - A

or (B;C):QOO—Q or sin(BJrC

cos’ A+sinfA=1;0°< A @
Dividing each term of (i) , We get
AB? BC? 2

2 + 2
AC A% AC
o ABjQz BC)Z_ AC)Z
o AC AC AC
ie., (cos A+ (sinA)’=1
ie, Ccos’A+sin? A=1 ...(ii)

This is true for all A such that 0°< A < 90°
So, this is a trigopnometric identity.

1+tan’ A=sec’? A;0°< A<90°
Let us now divide (i) by AB% We get
AB? BC? AC?
;T 2 = 2
AB AB AB




(iif)

Ex.17
Sol.

Ex.18

AB) (BCY (ACY
or, — |+ =] =|—
AB AB AB
ie, 1+tan’A=sec’ A ...(iii)
This equation is true for A = 0°. Since tan A and sec A are not defined for A = 90°, so (iii) is true for all A such
that 0°< A < 90°
1+ cot®* A =cosec’ A:0° < A<90°
Again, let us divide (i) by BC?, we get

AB®> BC? AC?
—+ =
BC®> BC? BC?

ABY (BCY) (ACY
+ = o\
BC BC BC N
= 1+ cot’ A=cosec’A .. (i) ﬂ)
Since cosec A and cot A are not defined for A = 0° therefore (iv) is true for alkﬁ'(;@ch that : 0° < A < 90°
Using the above trigonometric identities, we can express each trlgonometrl in terms of the other
trigonometric ratios, i.e., if any one of the ratios is known, we can also d tegmine the value of other trigonometric

ratios. o ’
Fundamental Identities (Results) ‘%

sin?@+cos’@=1 | 1+tan’@=sec’ 8 | 1+cot? O = cqsso
sin?0=1-cos’@ | sec’d—tan” @ =1 | cosec’d —got’ 6 =1
cos’@=1-sin’@ | tan?@=sec’ -1 | cot? Hﬁ@secze—l

>

To prove Trignometrical Identities @&

The following methods are to be followed ;; %

Method-1 : Table the more comph%@s’ide of the identity (L.H.S. or R.H.S. as the case may be) and by
using suitable trigo ic and algebraic formula prove it equal to the other side.

Method-I11 :  When neither sid |dent|ty is in a simple form, simplify the L.H.S. and R.H.S. separately by
using suitabl lae (by expressing all the T-ratios occurring in the identity in terms of the
sine and cosine-and show that the results are equal).

Method-I11 : If the id to the proved is true, transposing so as to get similar terms on the same side, or
cros@ plication, and using suitable formulae, we get an identity which is true.

Express sin A, t@and tan A in terms of cot A. [NCERT]

We know that

. 1 1 1
SinA = = =
coseCA Jcosec?’A  ~1+cot? A
1
1 sinA .
SseCA = E = CosA ...(Dividing num. and denom., by sin A)
SinA
cosecA +1+cot® A 1
= = andtan A = ——
CotA COotA cotA

Prove +/sec? 6+ cosec?d = tan @ +cotd



Sol.

Ex.19

Sol.

LHS

= Jtan@+cotd =tan @ +cotd = RHS

Hence, proved.
1

Prove (cosecA—sinA)(seCA—C0SA)=———
tan A+cotA

LHS = (cosecA—sinA)(seCA—CcosA) = (i—sm

sin A

= Jsec? 0+cosec’d =./(L+tan’ 6) + (1+cot’ ) =/tan? O+ cot® &+ 2tan Hcotd

A) [i - cosAj
COSA

H) 2 2 HJ
_(1 §|n Al-cos” A :cc?s Asin” A [ sin® A+cos? A=1]
SinA COSA sinA CcosA
= sinAcosA= _s;nAcosé [--sin? A+cos® A=1]
sin® A+cos” A (\
sin ACosA q)\
= - zsinAcosA 5 [Dividing the numerator and dmga‘;?nator by sin A cos A.]
sin” A N cos” A (\
SinAcosA sinAcosA ,\Q
S ’
tan A+cotA

Hence, proved.
APPLICATIONS OF TRIGONOMETRY

Many times, we have to find the height and distances of m

problems, such as finding the height of a tower, height
measuring directly is trouble, some and some times |
involve solution of right triangles.

Thus Trigonometry is very useful in geograph
the position of a landmass in relation to the |
since ages. %q
Angle of Elevation Q)
The angle between the horizontal #

,%Q

ﬁbjects in real life. We use trigonometry to solve

ag mast, distance between two objects, where

ible. In those cases, we adopt indirect methods which

\%nomy and navigation. It helps us to prepare maps, determine
tudes and latitudes. Surveyors have made use of this knowledge

drawn through the observer eye and line joining the eye to any object

is called the angle of elevation,of \{he object, if the object is at a higher level than the eye i.e., If a horizontal line
OX is drawn through O, the e(%?)t’the observer, and P is an object in the vertical plane through OX, then if P is
scal

above OX, as in fig. £ X
Angle of Depression
The angle between

object, if the
is drawn through

depression of P as seen from O.

REMARK :

1. The angle of elevation as well as angle of depression are

measured with reference to horizontal line.

All objects such as towers, mountains etc. shall be considered as linear

for mathematical convenience,
throughout this section.

s at a higher level than the eye i.e., If a horizontal line OX
he eye of the observer, and P is an object in the vertical
plane through OX, then if P is above OX, as in flg 2 XOP is called the angle of

led the angle of elevation or the altitude of P as seen from O.

?Jrizontal line drawn through the observer eye and
line joining tt‘l@ any object is called the angle of depression of the




The height of the observer, is neglected, if it is not given in the problem.
Angle of depression of P as seen from O is equal to the angle of elevation of O, as seen from P.

i.e., ZAOP= ZOPX.
To find one side a right angled triangle when another side and an acute angle are given, the hypotenuse also

being regarded as a side.
Required
Givenside

The angle of elevation increases as the object moves towards the right of the line of sight.
The angle of depression increases as the object moves towards the right of the line of sight.

= a certain T-ratio of the given angle.

COMPETITION WINDOW

BEARING OF A POINT
The true bearing to a point is the angle measured in degrees in a clockwise direction from the north line. We will

refer to the true bearing simply as the bearing.

e.g. (i) the bearing of point P is 65°  (ii) the bearing of point Q is 300°
A bearing is used to represent the direction of one point relative to another point.
e.g., the bearing of A from B is 60°. The bearing of B from A is 240°.

A)

TRY OUT THE FOLLOWING
State the bearing of the point P in each of the following diagrams :
N N N

o e

ANSWERS

(a) 48° (b) 240° (c) 140° (d) 290°




Ex.20 An observer 1.5 m tall, is 28 5 m away from a tower 30 m high. Determine the angle of elevation of the top of the

tower from his eye. (NCERT)

Sol.  Let AB be the height of the tower, CD the height of the observer with his eye at the point D, AB=30m,CD =15
m.
Through D, draw DE || CA than / BDE = 6 where @ is the angle of elevation of the top of the tower from his eye.
AC = horizontal distance between the tower and the observer = 28.5 m B
BE = AB - AE = (30 - 1.5) m = 28.5 m BDE s right triangle at E, /1 ;
thenE:tanH:%:tanG:tanezl / |

= tanfd=1=tan45’ = 9 =45°.

Required angle of elevation of the tower = 6 = 45°. —~VCe—A Y
Ex.21 A vertical post casts a shadow 21 m long when the altitude of the sun is 30°. Find : =

(@) the height of the post. (\

(b) the length of the shadow when the altitude of the sun is 60°. q)\

(c) the altitude of the sun when the length of the shadow is 74/3 m. f\g)
Sol.  Let AB be the vertical post and its shadow is 21 m when the altitude of the sg@%}

(a) BC =21m, ZACB =30° AB = h metres

ABC is rt. A,ﬁztanso‘J zﬁzi
BC 21 3 *%9
h:E:7x\/§x\/§:7\/§ >
3B A

—  AB = h, Height of the pole =7+/3 &" =
(b) In this case, we have, Q

/ACB=60°BC=xmAB= 73 m ,{Q(b

ABCisrt. A, then: %‘ZJ

AB -

§=tan600=\/§ é{iy

X
=  x=BC, Length of% adow =7m. £y
(c) In this case :
AB=h=7 &
il
BC = @gth of the shadow =7+/3 m oy
when theAltitude of the sun is @ / :j]
p 13
ABCisrt. A, then AB _tano- s =tan@ & /*j it S K |
BC 73 s e

~ Iy
N3 m

tan @ =1 =tan 45° = 0 45°
Altitude of the sun = 6 = 45°
Ex.22 A 1.6 mtall girl stands at a distance of 3.2 m from the lamp-post and casts a shadow of 4.8 m on the ground. Find
the height of the lamp-post by using (i) trigonometric ratios (ii) property of similar triangles. (NCERT)
Sol.  Let PQ be the position of the lamp-post whose height is h metres. i.e., PQ = h metres. AB be the position of the
tall girl such that AB = 16. m. Let BC be the shadow of AB such that BC = - 4. 8m,£LACB=/PAE =6
(corr. £5)

-------

\
L. bm
T



(i) In right AABC, E:tan0:>£:tan9:>tan6?:
BC 4.8

1
3
AB=EQ=16m. Also AE=BQ=32m
PE=PQ-EQ=(h—-16)m

In right AABC, E:tan0:>w:tan0:1:>ﬂ:1
AE . 3 3.2 3 (\
3h-48=32=3h=48+32=8=3h=8 A\
The height of the Iamp-post=§ m= 2E m C?)
3 3 (\
(i) Intwo As ACB and PCQ, we have : cQ=C (EQ

Z ACB =/ ACB =6 (common) =48+ % m = 8 metres
Z ABC = ZPQC =90°= AACB ~ APAE ( 'r'nilar)

AC CB AB BC AB

= = - = .

PC CQ PQ CQ PQ Q‘Q
B_C:ﬁ:ﬁzﬁjgzljghzg &"

CQ PQ 8 h 8 h Q

3 2 >
Thus 3h=8=h=—-m=h=2—
s
2

Required height of the lamp- =h=2—

equired height of the lamp-pos %’Q 3 m

Ex.23 A captain of an airplane flying at an de of 1000 metres sights two ships as shown in the figure. If the angle of

depressions is 60° and 30°, find thasljstance between the ships.

S '
AN § e
¢ /I\/30°
60°\ / [ oY
7 N

N
N,

G ———eee ) G IR (| T e,

Sol.  Let A be the position of the captain of an airplane flying at the altitude of 1000 metres from the ground.
AB = the altitude of the airplane from the ground = 1000 m
P and Q be the position of two ships.

Let PB = x metres, and BQ =y metres.

Required : PQ = Distance between the ships = (x + y) metres.
ABPisrt. AatB ABQisrt. AatB
AB
— =tan60° AB _ tan60°

PB BQ




1000_ 1000 1000 1
Y~ — y=1000+3
X NCE y 3 Y

_10001.732) _ ooy

Required distance between the ships = (X + y) metres = (577.3 + 1732) m = 2309.3 m
Ex.24 Two poles of equal heights are standing opposite to each other on either side of a
road, which is 80 metres wide. From a point between them on the road, the angles
of elevation of their top are 30° and 60°. Find the position of the point and also the
height of the poles.
Sol.  Let AB and CD be two poles of equal height standing opposite to each of them on
either side of the road BD.
= AB = CD = h metres.
Let P be the observation point on the road BD. The angles of elevation of their top
are 30° and 60°.
Z APB =30°, ~CPD =60°
The width of the road = BD = 80 m, let PD = x metres

Then BP = (80 - x) metres (\693

Consider right A CDP, we have : 6\
CD . - N\
——tan60 :>——\/_:>h /3x (),
PD X 0
In right A ABP, we have : ‘%
P8 g 5 N Ly 80-x Ry
BP 80—-x /3 V3 < s
h=4/3x \\'
From (i) and (ii), we get : 80 X = (80— xﬁi%x =4x=80=x=20
h= \g
Height of each pole = AB =CD = \/_ %\/_ =20 (1.732) = 34.64 metres.
Position of point P is 20 m from the fi 60 m from the second pole.

i.e., position of the point P is 20 m fi ither of the poles.

* SYNOPSIS %};»

1. In a right triangle ABC, wj%w tangle B,
>
)%
SinA— Perpe%!z ar coSA = Hypote_nuse
H)@ nuse Perpendicdar
COSA = Base SeCA = Hypotenuse
Hypotenuse Base
tan A — Perpendicdar COLA = BaS(_e
Base Perpendicuar
1 1 1
2. coOS=——-:SeCA=——- tanA=——
sinA COosA cotA
3. The value of sinA or cosA never exceeds 1, whereas the value of secA or cosecA is always greater than or equal

to 1.



4. sin(90° — A) = cosA cot(90° — A) =tan A

cos(90° — A) =sin A sec(90° — A) = cosecA
tan (90° — A) = cot A cosec(90° — A) =secA

5. sin® A+cos® A=1:1+tan* A=sec’ :1+cot’ A=cosec’A

6. If one of the sides and any other part (either an acute angle or any side) of a right triangle is known, the remaining
sides and angles of the triangle can be easily determined.

7. In a right triangle, the side opposite to 30° is half the side of the hypotenuse.

8. In a right triangle, the side opposite to 60" is Ttlmes the side of the hypotenuse.

9. 0] The line of sight is the line drawn from the eye of an observer to the point H;ﬂ%(}bject viewed by the
observer. (\ﬁg)
(i) The angle of elevation of an object viewed is the angle formed by ine of sight with the horizontal
when it is above the horizontal level i.e., the case when we raise ;L} head to look at the object.
(iii)  The angle of depression of an object viewed is the angle f £ by the line of sight with the horizontal
when it is above the horizontal level i.e., the case whw-raise our head to look at the object.

Q"\')
EXERCISE-1 {SQ'%FOR SCHOOL/BOARD EXAMYS)

N
OBJECTI\%Q}'YPE QUESTIONS

CHOOSE THE CORRECT ONE
1. In AABC, ZB=90°. If AB = 14 cmgﬁd?@ =50 cm then tan A equals :

24 24 7 25
) = ® 2 S © =+ (D) 2>
25 7\) 24 24
2. Ifsin0:E then the valu oﬁHe .2cos¢9+3tar.19 is:
13 ‘% sin@d+tan@sin@
5 259 259

12
@ NCE © 102 ® s

2 .
3. If secd = @then the value of the psind+qcosd is:

q psind+qcosd
2 2 2 2, g2
oF- ® £ ) 29 @ £
q q P~ +q P —q
4. If angle A is acute and cosAz% thencot A is :
8 17 15 17
A) — B) — C) — D) —
( )15 (B) 3 (©) 3 ( )15
5. sec @ isequal to —
1 5 V1+cot® 6 e cotd D) \Jcosec’d -1

A ——— /= - - i
) E/‘;L:(?O%Sé@ (B) coté ) A1+ cot? @ cosecd

6. sin 3 0" equals :



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

(A) 1443 (B) J3 ©1 (D) None of these
The value of 2 tan? 60° — 4 cos? 45° — 3 sec® 30°% is :

(A)0 (B) 1 (€) 12 (D) 8
The value of % tan? 30° — 3 sin? 60° + 3 cosec? 45° is
(A) 1 (B) 8 (©)0 (D) 12
7sin’6 + 3 cos’@ = 4 then :
(A) tan¢9—i (B) tan«9—E © tan@—1 (D) tané?—i

J2 2 3 J3

) . . . cos’ 4 0 0
The solution of the trigonometric equation —————=3,0" <0 <90":
o 0 cot"6—-cos” 0 0
(A) 6 =0 (B) 6 =30 (C) @ =60 (D) 6 =90
If cotd +cos@ =pandcotd = q, then the value of p? — g% is : A
(A) 2y/pqg (B) 4,/pq (C) 2pg (D) 4 pq n)\
The value of sin? 15° + sin2 30° + sin? 45° + sin? 60° + sin® 75° is : ,Q)
3 5
(A)1 ®) - © (tg{\%
H 0 H 0
The value of szgo - S|n610 IS : ,(\
cos61” co0s29 Q
(A) Zero (B) 1 ) & % o) 2
20 QY 61

The values of x and y which make the following solutions true%are: cosx’ = sin 52° and cos y° = sin (y° + 10)
(A)x=52°y=30° (B)x=38%y=40° (C)x= 4@&5; =52° (D) x=40°y=50°
If ¢+ =90"and a =2/ then cos’ a +sin® Be

(A) 1 (B) Zero @(@ (D) 2

Q
A flagstaff 6 metres high throws shadow %/&mtres long on the ground. The angle of elevation is :
(A) 30° (B) 45° <{) 7 (C) 90° (D) 60°

An observer /3 mtall is 3 m away. the pole 2+/3m high. The angle of the top of elevation of the top from
the poleis : ?»

(A) 45° (B) 3&)‘)\) (C) 60° (D) 15°

An observer 1.5 m tall is 28, 5%0/away from. a chimney. The angle of elevation of the top of the chimney from her
eyes is 45°. The height of theschimney s

(A)30m 27 m (C)28.5m (D) None of these

The angle of eIevatiG&f he top of a tower from a distance 100 m from its foot is 30°. The height of the tower is :

(A) 1000~/3 uqb\ ®) % m (C) 543 m (D) % m

A Kkite is flying at a height of 60 m above the ground. The sting attached to the kite is temporarily the to a point on
the ground. The inclination of the string with the ground is 60°. The length of the staring is :

(A) 40+/3 m (B) 30 m (C) 20+/3 m (D) 60~/3 m

A tree is broken by the wind. Its top struck the ground at an angle 30° at a distance of 30 m from its foot. The
whole height of the tree is :

(A) 1043 m (B) 20+/3 m (C) 404/3 m (D) 30+/3 m

From a point on a bridge across a river, the angles of depression of the banks on opposite sides of the river are 30°
and 45° respectively. If the bridge is at a height of 3 m from the banks then the width of the river is :
A3(3-)m (B 3(V3+h)m (O (Y3+3m (D) (V3-3m

The angles of elevation of the top of a tower from two points at a distance of 4 m and 9 m from the base of the
tower and in the same straight line with it are complementary. The height of the tower is :

(A) V5 m (B) 13 m (C)6m (D) 2.25 m



24, A 1.5 m tall boy is standing at some distance from a 30 m tall building. The angles of elevation from his eyes to
the top of the building increases from 30 to 60° as he walks towards the building. The distance he walked towards

the building is :
(A) 1943 m (B) 57+/3 m (C) 38J3 m (D) 18+/3 m
25. As observed from the top of a 75 m high lighthouse from the sea-level, the angles of depression of two ships are

30° and 60°. if one strip is exactly behind the other on the same side of the light-house then the distance between
the two ships is :

(A) 25+/3 m (B) 75+/3 m (C) 50+/3 m (D) None of these
OB /\ » »
Que. (1 [2 3 4 5 6 |7 [8 ]9 [10
Ans. |[B_|C_ |C |A |B |C |A |C |DaMC
Que. [11 |12 [13 |14 |15 |16 |17 [18 |19 |20
Ans. |[B_|C |A |B |C |D |B |A A{\D’ A

2 122 |23 |24 |25 N\
2#5 D [B [C [A |C (\‘Q
EXERCISE - 2 (FOR@@HOOL/BOARD EXAMS)

SUBJECTIVE TYPE Q%ESTIONS

VERY SHORT ANSWER TYPE QUEST|0N§&$'\Q

1. In the adjoining fig, determine : Sina +sin 3 C

Rt

0 h
)

~y e /

@/‘3( z
1’2} ' X A

S

. 5sin@—3cos
2. If 5tan 0 =4, fi e value of M :

sin@ + cosé
3. If A =30° verity3in 2A =2 sin Acos A :

2 2
4, Given that tan @ = i what is the value of COSEC2 se02 4 ?
J5 cosec? +sec’ 0
5. What is the maximum value of ?
secd
. e - tan &
6. What is the value of @ if sin@ =cos@ = T A
™.
7. In the given fig ABC is right A at B such that AB =3 cm and AC =6 cm. ol N 6
Determine ~ ACB. 5 N\
'8 ~
2tan 30° ok Se




10.

11.
12.

13.

14.
15.

10.
11.

12.

13.

14.

15.
16.

cos@ N sin@
sin(90° - 6)  cos(90° —6)
Evaluate : sin25° cos65° + c0s25° sin 65°

Evaluate :

Iftan A = % and A + B = 90°, then what is the value of cot B?

If tan A = cot B, prove that A + B = 90°
2tan 80°

3cot10°
The height of a tower is 10 m. Calculate the height of its shadow when sun’s altitude is 45°.
What is the angle of elevation of the sum when the length of the shadow of a pole is /3 times of the height of the
pole ?
SHORT ANSWER TYPE QUESTIONS

Evaluate :

_ 3 5sin A+3secA—-3tan A (\
If cos A = —. evaluate N
5 4cotA+4cosecA+5cosA G;&)
Given cos§ = ——1 find cosecd +cotd C?)

[p24q? cosecé —coté (\(\
. 4 12 . .
Ifsma:g and cosﬂ:Efmd sinacosf +cosasin ’

,%0

1 1
If secd = Xx+—, prove that secd+tan@d=2xor —. .
ax P Q‘Q

if 1+cosé E,find 1+cot9. &-a
1-cos® 9 1-cotd @
sec/—tand _ 36 i cosecd —sect
secO+tand 49’ cosecd +secd, Q}

If 2sin @+ cos 6 =2, find sin & %%

iF 1ECOX _ 74 43 find the val @;s'”x
1-cosx CL{O 1-sinx

0] Ifsin(A+B)=1 and — B) 1, find A and B.

ot (3A—B) = /3, find A and B.
="sin 30°. (ii) cosec (x + 30°) = cot 45°.
each of the following :

(i) If tan (2A + B) =
Find x if : (i) cos (5x —
If A=60° B =30 yeqi

0] cos (A - S'A cos B + sin A sin B.
. AcotB-1
(i) oS (A%) _ cotAcotB 1
cotA+cotB
()  Assume thattan (A + B) =N ATIENB i tan 75° when A = 45, B = 30°
1-tan AtanB

(i)  Assume cos (A - B) = cos A cos B + sin A sin B, find cos 15° when A = 45°, B = 30°.

. . o 1 . 1 .
Assume that sin (A + B) = cos A cos B + cos A sin B, if sin A=——, sin B = —. Then find angle (A + B)

V10 5
Find the value of € in each of the following if :
(i) 200530 =1 (i) 23 tnd =6 (iijy L2 0 _ L
1+tan’@ 2

Prove that : (i) sin 60° cos 30° + cos 60° sin 30° = sin 90° (ii) cos 90° = 4 cos’cos 30° — 3 cos 30°
Evaluate the following :



17.

18.
19.

20.
21.

22.

23.

24,
25.
26.
27.

28.

29.
30.

31.

32.

33.
34.
35.
36.

(i) %cot2 30° +3sin?60° —2cosec?60° —%tan2 30°

0 2 0
(ii )Mmosec 60° —cos 45°+sin245°+w
1-tan?30° 1-cot”60

(iii) cos*30° cos® 45° + 4sec® 60° +%C052 90° — 2tan” 60°

(iv) 4(sin*30° +cos* 60°) —3(cos” 45° —sin?90°)

Find the value of x in each of the following :

27cos’ 45°
4sin?60°

(i) (x+1)(sin* 60° + cos® 30°) — x(tan® 60° — tan® 45°) + (x + 2) cos’ 45° =1.

(iii) (x—4)sin*60° + (x—5)tan®30° —xsin45° cos45° =0. \(\

(iv) tan x =sin45° cos 45° +sin30°.

(v) sin2x =sin60° cos 30° —co0s60°sin30°.

(vi) tan3x =sin45°cos 45° +sin30°. (\(\

(i) 2xtan?60° +3xsin?30° =

(\Q
If (sec x —1) (sec x + 1) = 3 then find the value of x.

3
Prove : tan>0 + cot’ 0 =sec@cosecd —2sindcosl ‘%Q

1+tan?6 1l+cot’d

N
Prove : (tan@+ cotd +sec)(tand +cotd —sech) = coseg%

Prove : (sec® A+tan? A)(cosec A+cot’ A)=1+2 Acosec’A.
Prove - 1+cot? 49 1+cot 6) &
1+tan® 6? 1+tan 6 %‘Z)

tan @ cot &

Prove : s+ 5 =@6’os€.
(@+tan“6)° (L+cot° O
Prove : (1-cos@+sind)(1+co IN@) = 2sin@(1+sinfd)
Prove : sinA(l+tan A)+co cotA) =secA+cosecA.
and) =1

Prove : secd(1+sind)(s
Prove : secd(l—sind) §P+tan 0)=1

Prove : cos’ O(1+ +sin*@(1+cot*d) =2
Prove : /\ to

cos H&sec@%m@cos&
Prove : (secd+cosecé)(sind +cosd) =secHdcosecld + 2

2(1+S|n 0)
cos* @

Prove : (tan@+secd)? +(tan @ +sech)® =

(s!n6?+c036?)2 —(s!né?—cosé?)2 — 26in0cosd
(sin@+cos)? + (sind —cosh)?

Prove : (1+sin@+co0s@)® =2(1+sind) (1+cosh)

Prove : sin® @ —cec®d =(sin’ §—cos’ 8) (L— 2sin* Hcos” 6)
Prove : sec® @ —tan® @ =1+3sec’ Htan’ O

Prove : sec*@—tan* @ =2sec’~1

Prove :




37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Prove :
Prove :
Prove :
Prove :
Prove :
Prove :

Prove :

Prove :
Prove :
Prove :
Prove :
Prove :
Prove

Prove :

'1-sind  (cQ3PY-1)2

. /sec&—l& and
" \'seco secd+1

Prove

Prove :

Prove :

Prove :

Prove

Prove

cos39—sin30_cos?’6?sin36?
cos@—sind cos@+sind
sinA+cosA+sinA—cosA_ 2
sinA—cosA sinA+cosA sin? A—cos® A

L, 1
1-sin@d 1+sind

1 +
secd—tan@ secHd+tand
cosé cosd

—+ —— =2secd
1+sin@ 1-sin@

1 11 1
cosecd+cotd sind sin@ cosecd-—cotl

1+cos¢9+ sin@ \(\

= 2cosecd
sin@ 1+cosé ﬂ)

=2singdcosd

=2sec’ @

=2secH

S
sinfcosf  sinfd—cosd _ 2 2se0 N\

= = 4
sin@—cos@ sin@+cosd sin®H—cos? 6 tanZH%Q
sinA-sinB N cosA—cosB 0

cosA+cosB sin@+sinB Q\Q

1+cot0+1—cot6' B 2 &

1-cotd 1+cotd sin’6—cos’é QQ’

\/cosec@—l \/cosec49+1 _2sech \ch,
cosecd+1 \ cosecd—1 Q}

sec/+1-tand N tan & +secd -1 X
secd+1+tand tan 9—sec@}‘@"
1-cosé

licosd cosec@\ﬁy
1+sin6?+ 3 cg@

secd

secd¥tan @

— +=secfd-tand
secOd+tanéd

1—s!n0 =1+ 2tan’ 6 —2tan Hsecd
1+sin@
Coseco +cotd _ 1+ 2cot? @ + 2cosecHcotd
cosecd —cotd
cosecd—cotd 1
cosecd+cotd cosecd+cotl

secd -1 secd+1
= = 2cosecd
secd+1 secd -1



57.

58.

59.

60.

61.
62.

63.
64.

65.

66.
67.

68.

10.

=2cosecd

\/cosece —cotd \/cosece +cotd
Prove : +
cosecd +cotd cosecd —cotd

tan A+secA-1 1+sinA [1+sSinA
Prove : =seCA+tan A= -

tan A—secA+1 cosA V1-sinA
Prove - 1+COSA_S!nA=secA—tanA=1_SmA /1—s!nA

1+cosA+sinA cosA V1+sinA

CosA—-1-sinA 1+cosA [1+cosA
Prove : - =C0SeCA—COtA=—
COSA-1+SInA sinA \1-cosA

What is the angle of elevation of a vertical flagstaff of height 1003 mfroma point 100 m from its foot.
A ladder makes an angle of 60° with the floor and its lower end is 20 m from the wall. Find the length of the
ladder.
The shadow of a building is 100 m long when the angle of elevation of the sun is 60°. quthe height of the
building.
A ladder 20 m long is placed against a vertical wall of height 10 metres. Find the di e between the foot of the
ladder and the wall and also the inclination of the ladder to the horizontal. %’\)

1

What is the angle of elevation of the sun when the length of the shadow of ti{e\pole is Etimes the height of the
pole ? (\

4
A flagstaff 6 metres high throws a shadow 2+/3 metres logn on th%@md. Find the angle of elevation of the sun.

Atree 10(2+\/I_:‘») metres high is broken by the wind at a height~l 0~/3 metres from its root in shch a way that top
struck the ground at certain angle and horizontal distance frolﬂh root of the tree to the point where the top meets
the ground is 10 m. Find the angle of elevation made by th?op of the tree with the ground.

A tree is broken at certain height and its upper part 92 long not completely separated meet the ground at an
angle of 45°. Find the height of the tree before it wa§b' n and also find the distance from the root of the tree to
the point where the top of the tree meets the grou®

LONG ANSWER TYPE QUESTIONS %

"
inclined at an angle of 30° to the ground. The foot of the ladder is 7.5
der.

The ladder resting against a vertical
m from the wall. Find the length of
A circus artist is climbing a 20 m ope, which is tightly stretched and tied from the top of vertical pole to the
ground. Find the height of the g&leif the angle made by the rope with the ground level is 30°.

The length of a string betwge ite and a point on the roof of a building 10 m high is 180 m. If the string makes

nd such that tané = % , how high is the kite from the ground?

an angle & with the level
The angle of depr@of a ship as seen from the top of 120 m high light house is 60°. How far is the ship from
the light house?

Aboy 1.7 mta 25 m away from a tower and observes the angle of elevation of the top of the tower to be 60°.
Find the height of the tower.

A man 1.8 m tall stands at a distance of 3.6 m from a lamp post and casts a shadow of 5.4 m on the ground. Find
the height of the tower.

A straight highway leads to the foot of a tower of height 50 m. from the top of the tower, the angles of depression
of two cars standing on the highway are 30° and 60°. What is the distance between the two cars and how far is
each car from the tower ?

Two points A and B are on opposite sides of a tower. The top of the tower makes an angle of 30° and 45° at A
and B respectively. If the height of the tower is 40 metres, find the distance AB.

Two men on either side of a tower 60 metres high observe the angle of elevation of the top of the tower to be 45°
and 60° respectively. Find the distance between the two men.

Two boats approach a light house in the middle of the sea from opposite directions. The angles of elevation of the
top of the light house from two boats are « and /. If the distance between the two boats is x metres, prove that

the height of the light house is
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X

cota +cotf
(i) Find hif ¢ =60°, =45 and x =250 m
(ii) Find h if & =60°, #=30° and x =400 m
A boy standing on a horizontal plane finds a bird flying a distance of 100 m from him at an elevation of 30°. A
girl standing on the roof of 20 metres high building, finds the angle of elevation of the same bird to be 45°. Both
the boy and the girl are on opposite sides of the bird. Find the distance of the bird from the girl.
Two pillars of equal height stand on either side of a roadway which is 180 metres wide. The angle of elevation of
the top of the pillars are 60° and 30° at a point on the roadway between the pillars. Find the height of the pillars
and the position of the point.
Two lamp posts are 60 metres apart, and the height of the one is double that of the other. From the middle of the
line joining their feet, an observer finds the angular elevation of their top to be complementary. Find the height of
each lamp.
Two lamp posts are of equal height. A boy measured-the elevation of the top of eacgmﬂs}\p-post from the mid-
point of the line-segment joining the feet of lamp-post as 30°. After walking 15 ards one of them, he
measured the elevation of its top at the point where he stands as 60°. Determi;ﬁ\%gi\eight of each lamp-post and
the distance between them. Q
When the sun’s altitude increases from 30° to 60°, the length of the shadow\of a tower decreases by 100 metres.
Find the height of the tower. o
The angle of elevation of the top of a tower from two points at dis@s a and b metres from the base and in the
same straight lien with it are o and S respectively. Prove t }@‘height of the tower is :

From the top of a church spire 96 m high, the angels of deggs,s on of two cars on a road, at the same level as the
. . . 1 1 .
base of the spire and on the same side of it are & and.@here tan 6 = 2 and tan ¢ = 2 Calculate the distance
QO

between tow cars. &
At a point on the level ground, the angle of tr@%vation of a vertical tower is found to be such that its tangent is

5 . . 3 .
o On waling 192 m towards the tov@c;qﬁe tangent of the angel is found to be i Find the height of the

S

tower.

AB is a straight road leading ‘&}re foot of a tower, A being at a distance of 120 m from C and B being 75 m
nearer. It the angle of elevatioh-of the tower at B be the double of the angle of elevation of the tower at A, find the
height of the tower.

An aeroplane is obs Z»tthe same time by two anti-aircraft batteries distant 6000 m apart to be at elevation of
30° and 45° resp ly. Assuming that the aeroplane is traveling directly towards the two batteries, find its
height and its ig#yontal distance from the nearer battery.

AT.V tower stands vertically on a bank of canal. From a point on the other bank directly opposite the tower the
angle of elevation of the top of the tower is 60°. From a point 20 m away from this point on the same bank, the
angle of elevation of the top of the tower is 30°. Find the height of the tower and the width of the canal.

A car is traveling on a straight road leading to a tower. From a point at a distance of 500 m from the tower as seen
by the driver is 30°. After driving towards the tower for 10 seconds, the angle of elevation of the top of the tower
as seen by the driver is found to be 60°. Find the speed of the car.

The height of a hill is 3300 metres. From a point P on the ground the angle of elevation of the top of the hill is
60°. A balloon is moving with constant speed vertically upwards from P. After 5 minutes of its movement, a
person sitting in it observes the angle of elevation of the top of the hill as 30°. What is the speed of the balloon ?
A man in a boat rowing away from a light-house 100 m high, takes 2 minutes to change the angle of elevation of
the top of the light-house from 60° to 45°. Find speed of the boat.
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From a point on the ground 40 m away from the foot of tower, the angle of elevation of the top of the tower is 30°.
The angle of elevation to the top of a water tank (on the top of the tower) is 45°. Find

(i) The height of the tower (if) The depth of the tank.

At a point on a level plane, a tower subtends an angle o and a man h metres high on its top an angle S . Prove that

htan «

the height of the tower is :
tan(a + p) —tan

A vertical tower stands on a horizontal plane and is surmounted by a flagstaff of height 12 metres. At a point on
the plane, the angle of elevation of the bottom of the flagstaff is 45° and of the top of the flagstaff is 60°.
Determine the height of the tower:

The angles of elevation of the top and the bottom of a flagstaff fixed on a wall are 45° and 30° to a man standing
on the other end of the road 20 metres wide. Find the height of the flagstaff and the height of the wall.

An aeroplane when flying at a height of 4000 m from the ground passes vertically abo other aeroplane at an
instant when the angles of the elevation of the two planes from the same point on tlﬂm@ound are 60° and 45°
respectively. Find the vertical distance between the aeroplane at that instant. C}
An aeroplane when 6000 metres high passes vertically above another aerc@e%t an instant when the angles of
the elevation at the same observing point are 60° and 45° respectively. Howsmany metres higher is the one than
the other ? Q ‘

Two aeroplane are observed to be in a vertical line. The angle fthp pper plane is « and a that of the lower is
[ . If the height of the former be H metres, find the height ofﬁ%e%ﬂter plane if & =60° B =45° H =3500 m.

The angle of elevation of a Jet fighter from a point A on round is 60°. After 10 seconds flight, the angle of
the of elevation changes to 30°. If the Jet is flying at a@e d of 432 km/hour, find the height at which the jet is
flying. ,{Q(b‘

The angle of elevation of a Jet fighter from a@gﬁ on the ground is 60°. After 15 seconds flight, the angle of the
of elevation changes to 30°. If the Jet is Jat height of 1500V/3 m, find the speed of the Jet.

From the top of tower 60 metres hig]bcf.he angle of depression of the top and bottom of a pole are observed to be
45° and 60° respectively. Find t ekrght of the pole and distance of tower from the pole.

From the top of a building res high, the angle of depression of the top and bottom of a vertical lamp-post
are observed to be 30° a respectively. Find :

(i) The horizontal d@n e between the building and the lamp-post and

(ii) The differen@@tween the height of the building and the lamp-post.

From the top o& iff 200 metres high, the angles of depression of the top and bottom of a tower are observed to
be 30° and 60°. Find the height of the tower and calculate the distance between them.

A man on the deck of a ship is 12 m above water level. He observes that the angle of elevation, of the top of a cliff
is 45° and the angle of depression of its base is 30°. Calculate the distance of the cliff from the ship and the height
of the cliff.

From a window (60 metres high above the ground) of a house in a street the angles of elevation and depression of
the top and the foot of another house on opposite side of street are 60° and 45° respectively. Show that the height

of the opposite house is 60 (\/§+1) metres.

A man on the deck of a ship, 16 m above water level, observes that the angle of elevation and depression
respectively of the top and bottom of a cliff are 60°and 30°. Calculate the distance of the cliff from the ship and
the height of the cliff.



40. The angle of elevation of a cloud from a point 100 m above a lake is 30° and the angle of depression of its
reflection in the lake is 60°. Find the height of the cloud.

41. If the angle of elevation of a cloud from a point h metres above a lake be £, and the angle of depression of its
reflection in the lake be « , prove that the height of the cloud is : h M
tana —tan g
42. If the angle of elevation of a cloud from a point h metres above a lake be « , and the angle of depression of its
reflection in the lake be /3, prove that the distance (x) of the cloud from the point of observation is :
2h seca

—— " Findxif @ =30°% f =45%and h =250 m.
tan f —tan

TRIGONOMETRY ANSWER KEY EXERCISE-2 (X)-CBSE
2 4 2
15234—51645073008\/_9210111—13—1410m1530°
J3 14 73 3 3

SHORT ANSWER TYPE QUESTION :

l 2 2
1. > , VP *4 *9 3.§ 5.g 6.—71 7. 1E 8.3 9. (i) A=B45° (i) A= 18° B = 24°
11 p’+92 —q 65 17 97
f 2

10. (i) 20° (i) 60° 12. (i) 2+~/3 (i) ———= 13.45° 14. (i) 20°(ii) 60° (iii) 30°

16. (i) ? (ii) ? (iii) ? (iv) 2 17. (i) E,(ii) 3, (iii) 8, (iv) 45°, (v) 15°, (vi) 15° 18.60° 61.60° 62.40m
63.1732m 64.17.32m, 6 =30° 65.60° 66.60° 67.60° 68. 9(+/2+1)m,9m

LONG ANSWER TYPE QUESTION :

1.866m 2.10m 3.154m 4.69.28m5. 45m 6.3 m 7.86.5m;57.67m, 28.83 m 8.109.28 m 9.94.64 m
10. (i) 158.5 m (ii) 173.2m 11.42.42m 12.135mfromoneend, h=77.94 m
13.21.21 m, 42.42 m 14. Distance = 45m, height =12.99 m 15. 86.6 m 17.288 m 18.180m 19.60 m

20. 3000 (\/§+1) m, 3000 (\/§—1) m, 21. Height = 17.32 m, width =10 m 22. 120 km/hr 23. 26.4 km/hr

24. 1.269 km/hr 25. (i) 23.1 m (ii) 16.91 m 27.16.392 m 28. 8.45m, 11.55m 29. 1690.66 m, 30. 2536 m
31. 2020.78 m 32. 1039.2m 33. 720 km/hr 34. h=25.36 m, x = 34.64 m 35. (i) 34.64 m, (ii) 20 m

. 1 . . .
36. Height = 1335 m, Distance = 115.46 m 37. Height = 32.784 m, Distance = 20.784 m
39. Height =48 m, Distance = 27.71 m 40. 200 m 42. 1366 m

EXERCISE — 3 (FOR SCHOOL/BOARD EXAMS)

PREVIOUS YEARS BOARD QUESTIONS

SHORT ANSWER TYPE 1
1. Without using tables, find the value of 14 sin 30° + 6 cos 60° = 5 tan 45°. [ICSE-2004]

A A
2. Provethat: 220 | COCA 5 otn?A [CBSE-AI-2004C]

cosecA-1 cosecA+1
secd.cosecd(90° — ) —tan Acot(90° — 6) +sin®55° +sin® 35°

tan10° tan 20° tan 60° tan 70° tan 80°

3. Evaluate :

[CBSE-AI-2004C]



4. Without using mathematical tables, find the value of x if cos x = cos 60° cos 30° + sin 60° sin 30°.
[ICSE-2005]
0 0
5. Without using trigonometric tables, evaluate : 21an 53; - cot800 [ICSE-2006]
cot37 tan10
. N . sing0® . _ 0
6. Without using trigonometric tables, evaluate : —100+SII‘159 sec31 [ICSE-2007]
cos
H 0 0
7. Without using tables, evaluate : S 2> C0S25 [ICSE-2008]
sec65” cosect5
8. Prove the _SInA__ (cosecA—cotA)
(1+cosA)
[ICSE-2008]
9. In the fig AD =4 cm, BD =3 cmand CB = 12 c¢m, find cot@
[CBSE-Delhi-2008]
10. Without using the trigonometric tables, evaluate the following :
H 0 0 0
115|n700 4 000353 %oseCBYO : [CBSE-Delhi-2008] ¢
7c0s20° 7 7tanl15 tan35  tan55" tan75 _
11. Without using the trigonometric tables, evaluate the following : (\Q
H 0
Ll;; +/3 [tan10° tan 30° tan 40° tan 50° tan 80°] [CBSE-DeIhi-ZO‘(@Q'
cos
12. If sin @ =cos @, find the value of 6. . [CBSE-AI-2008]
13.  Without using the trigonometric tables, evaluate the followinth%in2 25° +5sin?65°) ++/3(tan5° tan15° tan
30° tan 75° tan 85°) . Na [CBSE-AI-2008]
14.  Without using trigonometric tables, evaluate the follo : (cos? 25° +cos® 65°) + cosecdsec(90—6)
—cot@tan(90-6) . [CBSE-AI-2008]
&
15.  If 7sin® @+3cos’ @ =4 show that tan & =% . [CBSE-AI-2008]
16. If tan A= % , find the value of (si %)os A) sec A. [CBSE-Foreign-2008]
17. If sec 4A = cosec (A — 20°), whe{eFZI'A is an acute angle, find the value of A. [CBSE-Foreign-2008]
OR
Ina AABC, right angle% , if tan A=——, find the value of sin A cos B + cos A sin B.
Q v3
7 .
18.  IfcosA= > fi@m value of tan A + cot A. [CBSE-Foreign-2008]
19. If sin 8 = % find the value of [2 cot2 6 +2) [CBSE-Delhi-2009]
H] 3
20 simplify: IM0+C0S 0 i ncoso [CBSE-Delhi-2009]
sind +cosé
21. If sec’ @(1+sind) (1-sind) =k, then find the value of k. [CBSE-AI-2009]
22. If cotezg,then evaluate (2+2sin0)(A—sin0)
8 (1+cosf)(2—2cosd)
OR
Find the value of tan 60° geometrically. [CBSE-AI-2009]
23. If sec A= ? and A + B = 90°. find the value of cosec B. [CBSE-Foreign-2009]



7cos70° 3 cos55° cosec3s’

24, Without using trigonometric tables, evaluate : — IR 5 5 5 5 5
2sin20° 2 2tan5 tan25 tan45" tan85  tan65
[CBSE-Foreign-2009]
SHORT ANSWER TYPE Il
2 0 _ 2 0
1 Evaluate : o0 2% “COUS0 52 369 sec? 520 —sin? 45° [AI-2005]
cosec“57" —tan“ 33
2. Prove that following : (tan A—tan B)? + (1+ tan A tan B)® =sec® Asec’B. [Foreign-2005]
OR
H 0 0 0 a3 0
Evaluate : sec®10° —cot*80° + Sml_s COS75 +C_0315 sin75 [Foreign-2005]
cosdsin(90—0) +sin@cosQ0 - )
3. Prove that: sec0+tan0—1: co§9 . (\
tand—-secd+1 1-siné q)\
OR "&)
Without using trigonometric tables, evaluate the following : (\cgj
H 0
cot(0 0)..sm49(90 9) cot40 —(cos? 20° +cos* 70°) . Q(\ [Delhi-2005C]
sin@ tan45 (\
4, Without using trigonometric tables, evaluate the following : S ’
29 2 _
sec” §—cot (902 0)0 +(sin? 40° +sin?50°). % [Al-2005C]
cosec“67” —tan“ 23 N
5. Prove that: (1+ tan A)® + (1L—tan A)* = 2sec® A. &Q [ICSE-2005]
i I
6. Provethat MO0 1 ceco QQ’ [ICSE-20056]
1-cosé S
ol
7. Provethat SN0+ €00 sind—cosd % [ICSE-20056]
sind—cosé sinf+cosd an 0 1
¢§§)90 6)—cot* Zcos 60° tan?® 28° tan? 62°
Without using trigonometric table 5 5 5 5
%"Z(sm 25" +sin 65) 3(sec® 43° —cot? 47°)
8. Prove that : L - L [Al-2006]
cosecH—cv@ sing smH cosecéd +coté
OR
2 2 2 0 2 0 ain? 0
Without using tri@metrictables: cosecz(900 2) Ztan0¢9Jr 2tan 302 se((): 52 szln 38
% 4(cos” 48 +cos” 42) cosec” 70" —tan” 20
a2 a2 _ 2 0 ain? 0 2 0
9. Without using trigonometric tables : >IN f+§|n (92 00) +3COt 30 25|n0 o4 SSC 3;6 :
3(sec” 61 —cot®29”)  2(cosec 65" —tan” 25")
[Foreign-2006]
10. Without using trigonometric tables evaluate the following :
2 0 2 0
cos. 200 £eos 700 +2cosec?58” —2cot58° tan32° — 4tan13” tan 37° tan 45° tan 53° tan 77°
sec” 50" —cot” 40
OR
Prove that : \/ seco-1, \/ secO+l 5 coseco [Delhi-2006C]
secfd+1 \secd-1
11. Without using trigonometric tables evaluate the following :

sec39° 2 0 0 0 0 0 27240 | «in2EQ0
—tan17" —tan38" tan 60" tan52" tan 73" —3(sin“ 31" +sin“59") [Al-2006C]

)—" 4
® cosec51’ /3



12.

13.

14.

15.

16.

17.

18.

3c0s55° 4(cos70°.cosec20°)

i - Delhi-2007
(W) 7sin35°  7(tan5°.tan 25°.tan 45°.tan 65°.tan 85) [ )
0
(iii) tan7°.tan 23°.tan60°.tan 67°.tan83° + fOtgg +sin20°.sec70° -2 [Al-2007]
an

Prove that : SINA—1 _ 1=COSA [ICSE-2007]
sinA+1 1+cosA

cotA—cosA cosecA-1

Prove that : =
cotA+cosA cosecA+1
OR
Prove that : (1 + cot A —cosec A) (1 +tan A+sec A) =2 [CBSE (Delhi)-2008]
Prove that : (sin@+cosecé)?® +(cosd +sech)? =7 +tan’ & +cot’ &
OR
Prove that sin@ (1 +tan@) + cosé (1 +cotd) =secl + cosecd CBSE - Al-2008]
Prove that : (1+cotA+tan A)(sinA—cosA) =sin Atan A—cot AcostA. q)\ CBSE-foreign-2008]
OR

sin32° tan15° tan 60° tan 75°

003580}_6 %538" cosec52° }
\

Without using trigonometric tables evaluate the following : 2{

Find the value of sin 30° geometrically. ,

OR S
cos58°  si . co0s38° cosec52°

+ —
sin32° CCQQ ®  tan18° tan35° tan 60° tan 72° tan 55°
D [CBSE-Delhi-2009]

Evaluate : %cosec 58° — g cot58° tan32° — = tam@%n 37°tan45° tan53° tan 77°. [CBSE-AI-2009]

Without using trigonometric tables, evaluate :

sin@+2sin* 6 %‘Z}

2cos’ §+cos’ 0 c_‘).,
LONG ANSWER TYPE

Prove that : sec’ 6 — [CBSE-foreign-2009]

On a horizontal plane there is a vekgé tower with a pole on the top of the tower. At a point 9 metres away from
the foot of the tower the angl vation of the top and bottom of the flag pole are 60° and 30° respectively.
Find the height of the towe g pole mounted on it.

&?‘ OR

Froma buildin@etres high the angles of depression of the top and bottom of lamp-post are 30° and 60°
respectively. Firtg'the distance between lamp-post and building. Also find the difference of height between
building and lamp-post. [Delhi-2008]

From the top of a cliff 92 cm high, the angle of depression of a buoy is 20°. calculate to the nearest metre, the
distance of the bucy from the foot of the cliff. [ICSE-2005]

The shadow of a vertical tower AB on level ground is increased by 10 m, when the altitude of the sun changes
. . . 1
from 45° to 30°. Find the height of the tower and give your answer correct to 10 of a metre. [ICSE-2006]

The angle of depression of the top and the bottom of a building 50 metres high as observed from the top of a
tower are 30° and 60° respectively. Find the height of the tower and also the horizontal distance between the
building and the tower. [Delhi-2006]

OR



10.

11.

12.

13.

The angle of elevation of the top of a tower as observed from a point on the ground is '¢' and on moving ‘a’
atanatan g

metres towards the tower, the angle of elevation is ' ' Prove that the height of the tower is .
tan f—tan o

A man on the top of a vertical tower observes a car moving at a uniform speed coming directly tower it. If it takes
12 minutes for the angle of depression to change from 30° to 45° how soon after this, will the car reach the tower?

[Al-2006C]

A boy standing on a horizontal plane finds at a distance of 100 m from him at an elevation of 30°. A girl standing
on the roof of 20 metre high building, finds the angle of elevation of the same bird to be 45°. Both the boy and the
girl are on opposite sides of the bird. Find distance of bird from the girl. [Delhi-2007]

Statue 1.46 m tall, stands on the top of the pedestal . From a point on the ground, the angle of elevation of the top
of the statue is 60° and from the same point, the angle of elevation of the top of the pede@%l is 45°. Find the height

of the pedestal. (use NE) =1.73) n)\ CBSE-Delhi-2008]

A person standing on the bank of a river observes that the angle of elevation obg‘rgﬁPop of a tree standing on the
opposite bank is 60°. When he moves 40 m away from the bank, he finds t le of elevation to be 30°. Find the

height of the tree and the width of the river. (use \/§ =1.732) (\ [CBSE-Delhi-2008]
4

The angle of elevation of a jet fighter from a point A on the ground%goo. After a fight of 15 seconds, the angle of
elevation changes to 30°. If the jet is flying at a speed of 720 our, find the constant height at which the jet is

flying. (use \/5 =1.732) [CBSE-AI-2008]
N
The angle of elevation of an aeroplane from a poi@‘on the ground is 60°. After a flight of 30 seconds, the angel
of elevation changed to 30°. If the plane is flﬂafﬁt a constant height of 3600\/5 m, find the speed in km/hour of
the plane. . [CBSE-foreign-2008]
A straight highway leads to the foot f:@ wer. A man standing at the top of the tower observes a car at an angle
of depression of 30°, which is app %mg the foot of the tower with a uniform speed. Six seconds later the angle
of depression of the car is fou % 60°. Find the time taken by the car to reach the foot of the tower from this
point. &) [CBSE-Delhi-2009]

instant when the an elevation of the two planes from the same point on the ground are 30° and 60°
respectively. Find\ stance between the planes at that instant [CBSE-AI-2009]

A man is stand@on the deck of a ship which is 25m above water level. He observes the angle of elevation of the
top of a lighthouse as 60° and the angle of depression of the base of the light house as 45+0. Calculate the height
of the lighthouse. [CBSE-foreign-2009]

An aeroplane when fIy'; a height of 3125 m from the ground passes vertically below another plane at an

TRIGONOMETRY ANSWER KEY EXERCISE-2 (X)-CBSE
SHORT ANSWER TYPE QUESTION-I

2 12 17 625
153 —=4.30°5.16.27.19. — 10.111.2 12. 45° 13. 2 14.216. — 17.22%0r1 18. —

J3 5 12 168

19. 18 20. 1 21. 1 22. %or V3 23. ? 24.5




SHORT ANSWER TYPE QUESTION-I11

1.% 2.0r2 3.0rl 4. 27. or% 8. or [_—5} 9. —% 10. 1 11. (i) O (ii) _71 (iii) v/3-1 15.0r 1

12
16. 1 or 243-1
2 J3

LONG ANSWER TYPE QUESTION-II

17.-1

1. 15588 m,5.196 mor 3464 mand20m 2.253m 3.13.66 m 4. 75 mand 43.3 m 5. 16 minutes 23 seconds
6. 30\/5 7.2m 8.34.64mand 20 m 9.2598 m 10. 864 km/hr 11. 3 seconds 12.2083.33 m 13. 68.25 m

EXERCISE — 4 (FOR QLYMPIADS)

\

CHOOSE THE CORRECT ONE n?)%
1. If i+ﬂ =a’-Db? and axsing _bycosd _ 0 then (ax)?® + (by)*® 'é\gaJal to :

2

I G o e T

one of these

2. The sides of a right angled triangle form a geometric progression, find the cosines of the angles. (Ifa, b, careinG.P. = b’=ac):
A) —ﬁ_land1/£+l B) 1 !
2 2 2 .2
© E and \/E__1 (D) Non%'&ﬁhese
2 2
2sina 1-cosa+sina . Q
3. If y= - , then - is to:
1+cosa +sina 1+sin N
F
(A) 1+y B)l-y o (© 1 (D) None of these
4. cot 36° cot 72° is equal to : %(5 y
(A)% (B) 1 ?» (€)1 (D) None of these
5. The value of cos® 15° — cos? 3@%032 45° — cos? 60° + cos® 75° is

oF @ © © 3

6. If 0x=sin29@md y =cos’ @siné, then :
\ 2 2/3 2 2/3

A () + By =1 ®) Lx— + L]
y X

(C) x> +y? = x%* (D) Noné of these
7. If x=secd—tan@ and y =cosecd+cotd, then xy+1 is equal to :

(A)x+y (B)x-y (C) 2x+y (D) y—x
8. If 5sin@ =3, thenw isequal to :

secd—tané@
(A) % (B) 4 (©)2 (D) None of these
- 2 -
9. The value of the expression 1— sy + 1+-Cosy __smny isequal to :
1+cosy  sin 1-cosy )
(A) cosy (B)1 E/C) 0 (D) siny



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

If secd = X+4i,XE R, x # 0, then the value of sec@d+tané is:

X
(A) 2x (B) i (C) 2x ori (D) None of these
2x 2X
If tan@ = P , then the value of ps!n 0-qcoso is
q psing+qcosd
2 2 2 2
a2 -9 ® L9 ()0 (D) None of these
p-+q -
If m= tan @ +sind and n=tan &—sin@, then (m*—n?)* is equal to :
(A) mn (B) 4 mn (C) 16 mn (D) 4/ mn
If x=cos@+bsing andy =asind+cosé then a’ + b is equal to :
(A) X2 —y? (B) X* +y? (C) (x+y) (D) None of these
2 2
If cos¢9+%sin0+1: Oand 5sin¢9—%cos0—1: Othen X—2+Z—2 is equal to %\(\
a a
(A) 2 (B) 0 () -2 (D) 1 “)
ABC is a triangle, right angled at A. If the length of hypotenuse is 22 tim Iength of perpendicular from A
on the hypotenuse, the other angles of the triangle are :
(A) 22.5°, 67.5° (B) 30°, (C) 45, 45° ’@None of these
If sin A + cos A =m and sin®A + cos3A n, then :
(A)m +3m+2n=0 (B)m 3m+2n%©
(C)n—n+2m 0 (D)m—3m+n
If sin®@+3cosd—2=0, thencos® & +sec’ @ isequal to: Q
(A) 18 (B) 9 ©4 (D) %
If sina+cosa =a, then sin® & +¢os® « is equal
2 2

W@ - @1 é&)iif%;—Q— R
The quadratlc equation whose roots are 65& and cos 36° is :
(A) 4x% +2/6x+1=0 % (B) 4x? —2/5x—-1=0
(€) x> +2/6x+1=0 ?” (D) 4x% —24/5x+1=0
If cos@+secld =2, then the@g& of cos?@+sec’ @ is:

)4 (D) None of these

(A)1 éz
i V@) =, then the values of A and B lying between 0° and 90° are respectively:

If sin(A—B) =cos(
(A) 30° and 60° (B) 6o° and 30° (C) 45° 15° (D) None of these
If 0< X < Za 15'”2" +81%%2* =30, then x is equal to :

(A) % or % (B) Z orQ (© Z or % (D) None of these
If m*+m?+2mn'cosd = 1 n’+n?+2nn'cosé = 1 and mn+m'n+(mn'+m'n)coséd =0, then m* + n*is

equal to :

(A) sin® 6 (B) cosec’d (C) cos’ & (D) None of these
A A
If ﬂ = pand COSA_ g,thentan Ais equal to :
sinB cos

2 2 2
N (- N Y e
1-p 1-p qyVl-p

(A) £ P (D) None of these
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31.

32.

33.

34.

35.

36.

37.

38.

If T, =sin" &+cos" g, then T3_FT5 is equal to :
1
= ® B © Bt ) = Ts
T, T7 T, T,

The number of values of & which lie between 0 and % and satisfy the equation sin*@—2sin*9—1=0is:

(A1 (B)2 ©)3 (D) None of these
The greatest angle of a cyclic quadrilateral is 3 times least. The circular measure of the least angle is :

(A) 60° (B) % ©) % (D) None of these

A circle is inscribed in an equilateral triangle of sides a, the area of any square inscribed in the circle is :
(A) 6a°

(B) 33

2

a

(C) —

2
(D) -
If sin x + sin®x = 1, then the value of cos**x + 3cos® + cos®x + 2cos*x +zos X — 2 is equal to
(A0 (B)1 ©2 Q (D) sin®

The angles of elevation of the top of a TV tower from three points A; B and C in a straight line (in the horizontal
plane) through the foot of tower are o , 2 and 3a respectQﬁ’lf AB = a, the height of tower is :

(A) atana (B)asina (C) asin (D) asin 3«
The expression cosec’A cot’A — sec’A tan’A — (cot’A ,@' ) (sec?A cosec’A — 1) is equal to :
(A) O B)1 (C) (D) None of these

(1+tan o tan B)* + (tana — tan B)? is equal to \Q
(A) cos® acos’ (B) tan® atan’® g ? ) tan’a+tan® B (D) sec’ asec® S
S

From the top of a light house, 60 m highith.ifs base at the sea level, the angle of depression of a boat is 15°. The
distance of the boat from the foot of t house is :

(A) (\/\/—g Jﬂ 60m  (B) %& ©) (g +ﬂ 60m (D) None of these

The angles of elevation o p of a tower as observed from the bottom and top of a building of height 60 m are
60° and 45° respectlvel distance of the base of the tower from the base of the building is :

(A) 30 (+/3 - 1) )30(3++/3)m (C)30(3—+/3)m (D)30(v/3+1)m
sin® 0+cos ecos 0 isequal to:
(A) O (B)1 ©)-1 (D) None of these

Ifo<x< E then the largest angle of a triangle whose sides are 1, sin X, cos X is :

/4 T V2
A) — B) — C) ——x D) x
(A) > (B) 3 (©) > (D)
ABC is right angled at C, thentan A + tan B =

2 2 2
A = B) ©L x (D)a+b
bc ab ac
A rectangle with an area of 9 square metre is inscribed in a triangle ABC having AB =8 m, BC =6 m and

ZABC =90°. The dimensions of the rectangle (in metres) are

(A) 2,%0r6,g (B)1,90r3,3 (C) 2,45 (D) 4, 2.25
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50.

From the top of a light house, the angles of depression of two stations on opposite sides of it at distance ‘a’ apart
area and S . The height of the light house is :

a ®) a c acotacotp D atanatan g

cotacotp cota +cotp cota +cotp cota +cotp
The value of the expression tan 1° tan 2° tan 3°........tan 89° is equal to :
(A)O (B) Not defined ©1 (D)
If sind, +sind, +sin@, =3 then c0sH, +C0SH, +COSH, is equal to :
(A)3 (B)2 ©1 (D)0
If sinx + sin®x = 1, then cos®x + 2cos®x + cos’x is equal to :
(A0 (B)-1 €2 (D)1
Which of the following is not possible ?

: 5 1+t2 5

(A) sin@ = - (B) cosd = =y ,t=0(C) tand=100 (D) secd = E(\
cotd = 2sinfcosd(0 < # <90°) if 6’ equals : ﬂ)\
(A) 45° and 90° (B) 45° and 60° (C) 45° only (D) 9 %QR/
In a triangle ABC right angled at C, tan A and tan B satisfy the equation :
(A) abx*— (@® +b?) x—ab=0 (B) abx*—c*>x +ab=0
(C) c™*—abx +¢c’=0 (D)ax*~bx+a=0

The area of the circle and the area of a regular polygon of n sides and &fperimeter equal to that of the circle are in
the ratio of :

(A) tan(zj:z (B) cos(z}z (©) sin( )Q? (D) cot(zj .z
n)n n)n n)n

&
If tan¢9+sec6?=\/§,0<6?< , then 6’|sequalto.®'Q

V4 /4 y4
(A) 3 (B) 5 QEQ&& (D) None of these
A tower subtends an angle « at a point ‘ACin,the plane of it’s base and the angle of depression of the foot of the
tower at a height b just above A is B. e height of the tower is :
(A) btanacotp (B) becotex (C) btanatan g (D) bcotacotp
If sinx + sin? x = 1, then cos®x %&*X is equal to :
(A1 (B) €2 (D)0

The angle of elevation of wer from a point A due south of it is x and from a point b due to east of Aisy. if

AB =/, the helght h$ Wer is :
(B) (C) ¢+Jcot?’ y—cot’ x (D) /4/tan? y—tan? x
\/cot y @t&% Jtan? y—tan? x

Que. |1 |2 |3 |4 (5 |6 |7 (8 |9 |10 11|12 13|14 |15
Ans. |A |C |D B |D |B |D|B|A|C|A|C |B|A A

Que. |16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 | 30
Ans. | B |A /B |D|C|C|A|B|A|A|D|B|C|D|C
Que. |31 32|33 |34 (35|36 |37 38|39 |40 |41 |42 43 |44 |45
Ans. | A |D /A |D|B|A|A|A|B|C |D|D|B|A|B
Que. | 46 | 47 | 48 | 49 | 50




|Ans. |A [B |[A |A A ]

COMPETITION WINDOW

LAW OF SINES

We use the sine rule for non-right angled triangles to find the lengths and angles. In trigonometry, the law of sines
(also known as the sines law, sine formula, or sine rule) is an equation relating the lengths of the sides of an
arbitrary triangle to the sines of it’s angle. According to the law.

a b ¢
sinA sinB sinC

Where a, b and c are the lengths of the sides of a triangle, and A, B and C are the opposite angles. To use the sine
rule, choose an appropriate pair, depending on what you know in the triangle

a b a C b C \(\
e.g., — =— of ——=— or — =— ﬂ)
sinA sinB  sina sinC sinB sinC ﬂ)
If you are finding an angle, you can invert the formulae. 6?)
sinA sinB _sina sinC _sinB sinC (\(\
a b a C b c A\
E.g. Find the length of PQ in triangle PQR. ,
Use the sine rule Q
p _a _.r I
sinP_sinQ _sinR Q\Q /84°_ p
Use . L = L Q& " K”“‘».“.x
sinQ  sinR \,QQ 235
165 r > pe— T
= — 0= 0 1bam
sin84°  sin23 Q)q} a
H 0
= —165% Sm023 = 64.8 metres
sin84
Y OUT THE FOLLOWING
Find the length of BC in triangle P? if Z/A=78°,2C =18 and AB =26 cm. [Ans : 82.3 cm]
Find the length of AC in trla IABC, if /B =86°, /A=74° and AB = 35 cm. [Ans : 102.1 m]
RELATIO THE CIRCUM RADIUS (R)
a b C . N
——=——=——-=2R ...(D)
sinA sinB sinC
AREAOFA TRIANGLE
For any triangl@, the area is given by c b
A :%bcsin A= %casin B =%absinc
(i) B a C
From (i) sinC - (ii1)
>R
From (ii) A :% absinC ...(1v) A
From (ifi) and (iv) R = 22C c b
4A
LAW OF COSINES
B C




In any triangle ABC,

2 2 2 2 2 2 2 2 2
cosA:bH:—a CosB:u Cosczm
2bc 2ac 2ab
To use the cosine rule, you need to know either two sides and the included angle or all
three sides. e.g., Find the length of AC in A ABC A
a’+c” —b?
use: CcosB=————
2ac 4cm
2 2 2
cosas® — 7+ (4/2)" — AC
2x 4x4:2
32 =48 - AC? B C
AC = 4 cm (\4x/§ cm
q)\
EXERCISE -5 (FOB?PIT-JEE/AIEEE)
\ I
CHOOSE THE CORRECT ONE (\Q(\
Based On Sine Rule (Q.No. 1-20) Q
1. In AABC. AB =30 cmand £ C = 45°. The length of the radwt circumcircle of AABCis:
(A) 152 cm (B) 542 cm (C) 15\/_{m (D) 53 cm
2. The radius of the circumcircle of AABC is —— cm, C 2 cm, the size of angle A is :

(A) 30° (B) 60° @@0 (D) 45°
3. In AABC, ZA: /B=1:3:8.IfAB=1 length of AC is : [Use : is (180° — @) =sind]

(A) % (B) M <$3" (C) M (D) None of these

4, The measure of angle x in the trlan low is :
%@ ‘L i_j_’_:.._... A — ;:tuib})b

(A) 54° (B) 57.01° (C) 59° (D) None of these
5. In a circle of radius 7 cm, the are AB subtends an angle of 120° at the centre. The length of chord

ABis:

(A) 74/3cm (B) 3J/2cm (C) 5v/3 cm (D) 2+/3cm
6. Inatriangle ABC,a=6,b=12and B = 60°. The value of sin A is ;

(A) ﬁ cm (B) L cm ©) 1 cm (D) None of these

4 V3 2

7. In AABC.a=2,b=3and sinAzg,then ZBisequal to:

(A) 30° (B) 60° (C) 90° (D) 120°

8. In AABC.a=4,c=12and £ C =60° then the value of sin A is :



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1 V2 J3

1 —

(A) —=cm (B) —=cm (C) —cm (D) —
243 243 3 2

In an isosceles triangle ABC, the base AB = 12 cm and the angle at the top is 30°. D is a point on the side BC such

that £ CAD : ZDAB =1: 4. The length of the radius of circumcircle of AABC is:

(A) 3v/2cm (B) 5v2 cm © 6v/2 cm (D) 10v/2 cm
The base of an isosceles triangle is 10 cm, and the angle at the base is 2a. the length of the angle bisector of one of
the base angles is : [Use : sin(180° — &) =siné]
(A)10sin2acos2a  (B) ~oon2a (c) L0sIn3a (D) 1 Osin 4a

sin3a sin2a
In the circumference with radius 50 cm is inscribed a quadrilateral. Two of its angles are 45° and 120°. The length
of diagonals is :

(A) 252 cm; 2543 cm (B) 104/2 cm; 104/3 cm
© 501/2 cm; 504/3 cm (D) None of these (\
In AABC, £ A=45° /B =230° Mis apoint on the side AB. The radius of the cwe@»eircle of AAMC isR.
The radius of the circumcircle of AMBC is :
(A) 2R cm (B) Rv2cm © % cm (\(\%D) None of these
The angle of atriangle are as 5 : 5 : 2, the ratio of the greatest side to the r\ast side is:
(A)2+\/_.1 (B)2+\/_.2—\/_ (C)\/_—l.\/_ (D) None of these
The perimeter of an acute angled triangle ABC is 6 times the arithm ic mean of the sines of its angles. If the side
bis 2, the angle B is : Q\Q
(A) 30° (B) 60° (C) 90° (D) None of these
If the angles of a triangle be in the ratio 1 : 4 : 5, then th &o"of it’s greatest side to the smallest side is :
(A)5:1 B) (V5+1):1 (c:) 5-1) (D) None of these
Ina AABC, if asin A = b sin B, then the trlang
(A) Right angled (B) Equilateral ) Right angled isosceles (D) Isosceles
Points D, E are taken on the side BC of a % ABC such that BD = DE = EC. If £ BAD =x, ZDAE =,
Z/ EAC =z, then the value of sm(x;%éz:s. (S/ +2) is equal to :
sinz
(A) 1 (B) 2 y» (C) 4b (D) None of these
In a triangle ABC, A = 45°, Bé*f“ then a++/2 c is equal to :
(A) 2b (C) 4b (D) g

then walks for eters and stops at point B. At point B the hiker looks again at the farm house and calculates

A hiker starts her j ﬁy at point A. She notices a farm house at point C and works out its bearing is at 138°. She
its bearing nowﬁgooo. The distance AC and BC respectively are :

(A) 3.28 km, 6.55 km (B) 2.66 km, 5.83 km
(C) 2.83 km, 5.66 km (D) None of these
The angles of a triangle are in the ratio 4 : 1 : 1, then the ratio of the largest side to the perimeter is (Use : sin

(180° — ) =sind)
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(A)1: (1+3) (B)2:3 (€) \/3 : (2++/3) (D) 1: (2++/3)
Based On Cosine Rule (Q. No. 21-37)

In AABC,AB= 5cm, AC=6cm, £ A=60°The length of the side BC is :

(A) V/31cm (B) +/29 cm (C) 31 cm (D) 29 cm

Which of the following options contains the sides of a right angled triangle ?

(A) 13, 14, 15 (B) 12, 35, 37 (C) 13,15,24 (D) None of these
The size of £ C of AABC, ifa= 2\/§cm, b=3cm,c= \/§cm is:

(A) 90° (B) 60° (C) 30° (D) None of these
The size of L Cof AABC,ifa=11cm,b=60cm,c=61cm is:

(A) 90° (B) 60° (C) 30° (D) None of these
In AABC we have AC=3cm, BC = \/gcm, /A =145" The length of the side AB is :

(A) V3em (B) 3J3cm © V2 cemor 24/2 ¢m ( cm or 3v/3 cm
The length of a diagonal of a rectangle is 32 cm, and the angle between the diageg‘ai is 135°. The length of the
sides of rectangle are :

(A) 4y/3—+/3cmand 44/3++/3 cm (B) 1632—+/2 cm and(}\@fg+\/§ cm

(C)4cmand 16 cm (D) None of these ’
The in centre of a right angled triangle is at distance 5 and \/E«@% the two ends of the hypotenuse. The

length of the hypotenuse is : .

(A)gs cm g (B) 10 cm (C) 15 cm Q\Q (D) 7.5 cm

The in centre of A ABC is at distance 7 and 3+/3 from th@o’int A and B. If the angle at point C is 120°, the
length of the side AB is :

(A) V139cm (B) V129 cm Q&% cm (D) None of these
Calculate the length y of the side in the trian% w !

% 42
&?‘ B 9 C
(A) 5.25 \Q (B)4 (C)6.25 (D) None of these

A ship sails from™harbor and travels 25 km on a bearing of 300 before reaching a marker buoy. At this point the
ship turns and follows a course on a bearing of 900 and travels for 32 km until it reaches an island. On the return
journey, the ship is able to take the most direct route back to the harbor. The total distance travelled by the ship is

(A) 105 km (B) 95 km (C) 112 km (D) 130 km
If the angles of a triangle ABC are in AP, then :

(A)c*=a’+b’+ab (B)a’+c?—ac=b’

(C)c?=a’ +b? (D) None of these

Ifa=4,b=3and A =60 then c is a root of the equation :

(A)X*—3x—7 (B)X*+3x+7=0

(C)x*—3x+7 (D)x*+3x—-7=0
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. . i . 1 1 1
If p1, p2, p3 are the altitudes of a triangle from the vertices A, B C and A, the area of the triangle, —+ —+—

P P2 Ps

= M , then k is equal to :
A(a+b+c)
(A)cosC (B) cos A (C) cos B (D) None of these
Ina AABC, 2ac sinA_;;+C is equal to :
(A) & +b*—¢c? (B) ¢® + &’ — b?
(C)b*—c*-a° (D) ¢* — & — b?
In a triangle the length of two larger sides are 10 and 9 respectively. If the angles are in A. P., then the third side
can be : [DCE-2001]
(A) 5++/6 (B) 5-/6 (C) 3v/3 (D)5
Ina AABCifb=20,c=21andsin A= g,thena= [ ET-2003]
(A) 12 (B) 13 (C) 14 (\@?B) 15
Ina AABC, PXC_C+a_3a+b W esc= (\Q [Karnataka-CET-2003]
11 12 13 ,
Q

A B — D) —
™2 ® ©1 Ao © 5

Mlxed Applications of Sine & Cosine Rule (Q.No. 38 41) Q\Q

The sides of a triangle are J3+1and +/3—1and the mcll@mangle is 60°. The difference of the remaining angles
is:

(A) 30° (B) 45° (D) 90°

If two sides of a triangle and the included an%@% givenbya= (1++/3 \/_) cm, b =2 cm, ¢ = 60° the other two
angles are :

(A) 90°, 30° (B) 75°, 45° <$3 (C) 60°, 60° (D) None of these
In the previous Q., the third side is ; %

(A) J6 cm (B) 6 & (©)9cm (D) None of these
If b% + ¢? = 3a°, then cot ‘% COt A=
(A1 ©o

Based On Area @nangle (Q No. 42-46)
In a triangle Aéb 45° a= 2(\/§+1) and area of AABC =6+ 2+/3 square units, then the side b is equal to

(A) */:/g ! (B) 4 €) V2(\/3+1) (D) None of these

ac
(D) 1A

(a+b+c)(c+b-a)(c+a-b)(a+b-c)

In any A ABC, the expression bic? isequal to:
c
(A) cos’A (B) sin’A (C) 1—cosA (D) 1+cos A
Inany A ABC, the expression (a+b+c)(a+b—-c)(b+c—a)(c+a—b)isequal to:
(A) 16 A (B) 4A? (C)4A (D) None of these

bx cy az
If X,y,z are perpendiculars drawn from the vertices of a triangle having sides a, b and c, then —+ — y =

cab
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a’+b®+c? a’+b®+c? a’+b*+c? 2(a® +b* +¢?)

A — B ——— C) —— D

(A) R (B) R (© R (D) R

In an equilateral triangle of each side 23 cm, the radius of the circumcircle is :

(A)2cm (B) Lcm ©) V3 cm (D) 2+/3 cm

A pole stands vertically inside a triangular park ABC. If the angle of elevation of the top of the pole from each
corner of the park is same, then in A ABC, the foot of the pole is at the : [11T-2001]

(A) Centroid (B) Circumcentre (C) In centre (D) Orthocenter

A man from the top of a 100 m high tower sees a car moving towards the tower at an angle of depression of 30°.
After some time, the angle of depression becomes 60°. the distance (in metres) traveled by the car during this time
is: [II’T-Screening-2001]

(A) 100 /3 (B) 200‘/_ (C) 100‘/_ (D) 2@\1\/_

The value of k for which (cosx + smx) +kinsinxcosx—1=0isan identity i rala Engineering-2001]
(A)-1 (B)-2 ©o i?D) 1

Which of the following pieces of does not uniquely determine an acute ang\% riangle ABC (R beign the radius
of the circumcircle)?

(A) a, sinA, sinB (B)a, b, c (C)a,sinB, R ‘%0 (D) a, sinA, R.
240 °
The value of % = Q [II” Screening-2002]
1+tan“15 &-a
(A) a, sinA, sinB (B)a, b, c © R (D) a, sinA, R.
&

cos’ =+ cos? Z +cos? 2% is equal to : & [Karnataka-CET-2002]

12 4 12 Q

2 Se 3443 2

(A) (B) - (@) (D) =

3+ \/_ %Q) 2 3
If tanA + CcotA = 4, then tan“A Kj&"A is equal to : [Kerala Engineering-2002]
(A) 110 (C) 80 (D) 194
If tand+secHd=e $ 0s6 equals : [AMU-2002]

e’ +e” e e’X e

C D

(A) Q)Q()He ©° ()e+e
Ina AABC, ifa2 + b2 +c2 —ab—bc—ca=0, then sm2A +sin°B + sin’C = [Karnataka-CET-2003]

4 9
™5 ®) () 3V3 (D)1

In a triangle ABC, medians AD and BE are drawn. If AD =4, Z/DAB = % and ZABE = % then the area of

the triangle ABC is : [AIEEE-2003]

64 8 32 32
(A) (B) 3 (©) 3 (D) 23



57. The upper (%J the portion of a vertical pole subtends an angle tanl(gj at a point in the horizontal plane through
it’s foot and at a distance 40 m from the foot. A possible height of the vertical pole is:
[Hint : Use the formula tan(0 + &) = tand +tana ] [AIEEE-2003]
l1-tana +tané
(A)60m (B) 20 m (C)40m (D) 80 m
1 1 . .
58. If 6and ¢ are acute angles, siné = E = § then the value of @ ¢ liesin: [IIT-Screening-2004]
T T 27 2w Sr 51
Ao B C D) | —.,7
®(35) ®(%, j ©(%5) (%)
59. The sides of a triangle are in the ratio 1 : V3 2, the angles of the triangle are in the rat{\
(A)1:3:5 (B)2:3:4 g_)m%'lg;creenmg 2004]
(©)3:2:1 (D)1:2:3
60. A person standing on the bank of a river observes that the angle of elevati p\e@the top of a tree on the opposite
bank of the river is 60° and when he retires 40 metres away from the tree the angle of elevation becomes 30°. The
breadth of the river is : Q [AIEEE-2004]
(A) 20 m (B)30 m ©4om <N (D) 60 m
61. If the roots of the quadratic equation x* + px + q = 0 are tan 3 d tan 150, then the value of 2+ q—p s
(A1 (B) 2 [AIEEE-2006]
(©)3 Do
62. A tower stands at the centre of a circular park. A and @ two points on the boundary of the park such that AB
(= a) subtends an angle of 60° at foot of the towe he angle of elevation of the top of the tower from A or B
is 30°. The height of the tower is : [AIEEE-2007]
2a
) <2 (B) 2a+/3 S (c:) (D) av/3
J3
63. AB is a vertical pole with B at the g %ﬁ level and A at the top. A man finds that the angles of elevation of the
point A from a certain point C Q\ﬁ ground is 60°. He moves away from the pole along the line BC to a point D
such that CD =7 m. From D gle of elevation of the point A is 45°. then the height of the pole is :
743 ~ 743
(A) (B) —(J_ 3+)m [AIEEE-2008]
2(\/_ 1) ,&Y’
7v3 7~3
© B © -
2 2(\/3+1)
. : A » »

Que. |1 |2

3
Ans. |[A |B |A |B |A A C A C B C B A C B
Que. |16 |17 |18 |19 |20 |21 |22 |23 |24 25 26 27 |28 |29 |30

Ans. |D |A |A |C |C A B C A C B A A C B

Que. |31 |32 |33 |34 |35 |36 |37 |38 |39 |40 |41 42 |43 |44 |45




Ans. [B |A |A [B |]A |[B |A |[D [B |[B |C |B [B |[D JA
Que. 46 [47 [48 [49 |50 |51 [52 [53 |54 |55 |56 |57 [58 [59 |60
Ans. |A |B |B |B |[D |[c |[D |[D |B |B |[D |C |B |[D |A
Que. [ 61 |62 |63
Ans. |[C |C B
A
q)\
L
O
S
A
<®
Sin x° Q\Q
g o |6 12, 18 | 24 30, 36 \b% 48, 54 | MEAN DEFFERENCES
2|00 [0%1 0°2 0°3|0°4 0°5 o°.6< 0°8 0°9
o . 1 2 3 4 5
.0 [ 0000 | 0017 | 0035 | 0052 | 0070 | 0087 $®5 0122 | 0140 | 0157 | 3 6 9 [12 ] 15
1 | 0175 | 0192 | 0209 | 0227 | 0244 o%zz, 279 | 0297 | 0314 | 0332 | 3 6 9 |12 | 15
2 | 0349 | 0366 | 0384 | 0401 | 0419 0454 | 0471 | 0488 | 0506 | 3 6 9 |12 | 15
.3 | 0523 | 0541 | 0558 | 0576 | 0593,r0610 | 0628 | 1645 | 0663 | 0680 | 3 6 9 |12 | 15
4 | 0698 | 0715 | 0732 | 0750 %§¢)0785 0802 | 1819 | 2837 | 0854 | 3 6 9 |12 | 15
5 | 0872 | 0889 | 0906 | 0924 | 0958 | 0976 | 1993 | 1011 | 1028 | 3 6 9 |12 | 14
.6 | 1045 | 1063 | 1080 | 10 15 | 1132 | 1149 | 1167 | 1184 | 1201 | 3 6 9 |12 | 14
7 | 1219 | 1236 | 1253 1@ 1288 | 1305 | 1323 | 1340 | 1357 | 1374 | 3 6 9 |12 | 14
8 | 1392 | 1409 | 1426~3444 | 1461 | 1478 | 1495 | 1513 | 1530 | 1547 | 3 6 9 |12 | 14
9 | 1564 | 1582 {g&ghale 1633 | 1650 | 1668 | 1685 | 1702 | 1719 | 3 6 9 |12 | 14
10 | 1736 | 1754 1788 | 1805 | 1822 | 1840 | 1857 | 1874 | 1891 | 3 6 9 |11 | 14
11 | 1908 192< 942 1959 | 1977 | 1994 | 2011 | 2028 | 2045 | 2062 | 3 6 9 |11 | 14
12 | 2079 | 20QBy} 2113 | 2300 | 2147 | 2164 | 2181 | 2198 | 2215 | 2233 | 3 6 9 |11 | 14
13 | 2250 | 2267 | 2284 | 2130 | 2317 | 2334 | 2351 | 2368 | 2385 | 2402 | 3 6 8 | 11 | 14
14 | 2419 | 2436 | 2453 | 2470 | 2487 | 2504 | 2521 | 2538 | 2554 | 2571 | 3 6 8 | 11 | 14
.15 | 2588 | 2605 | 2622 | 2639 | 2656 | 2672 | 2689 | 2706 | 2723 | 2740 | 3 6 8 |11 | 14
16 | 2756 | 2773 | 2790 | 2807 | 2823 | 2840 | 2857 | 2874 | 2890 | 2907 | 3 6 8 | 11 | 14
A7 | 2924 | 2940 | 2957 | 2974 | 2990 | 3007 | 3024 | 3040 | 3057 | 3074 | 3 6 8 | 11 | 14
.18 | 3090 | 3107 | 3123 | 3140 | 3156 | 3173 | 3190 | 3206 | 3223 | 3239 | 3 6 8 | 11 | 14
19 | 3256 | 3272 | 3289 | 3305 | 3322 | 3338 | 3355 | 3371 | 3387 | 3404 | 3 5 8 | 11 | 14
20 | 3420 | 3437 | 3453 | 3469 | 3486 | 3502 | 3518 | 3535 | 3551 | 3567 | 3 5 8 | 11 | 14
21 | 3584 | 3600 | 3616 | 3633 | 3649 | 3665 | 3681 | 3697 | 3714 | 3730 | 3 5 8 | 11 | 14
22 | 3746 | 3762 | 3778 | 3795 | 3811 | 3827 | 3843 | 3859 | 3875 | 3891 | 3 5 8 | 11 | 14
.23 | 3907 | 3923 | 3939 | 3955 | 3971 | 3987 | 4003 | 4019 | 4035 | 4051 | 3 5 8 | 11 | 14
24 | 4067 | 4083 | 4099 | 4115 | 4131 | 4147 | 4163 | 4179 | 4195 | 4210 | 3 5 8 | 11 | 13
25 | 4226 | 4242 | 4258 | 4274 | 4289 | 4305 | 4321 | 4337 | 4352 | 4368 | 3 5 8 | 11 | 13
26 | 4384 | 4399 | 4415 | 4431 | 4436 | 4462 | 4478 | 4493 | 4509 | 4524 | 3 5 8 | 10 | 13




27 [ 4540 | 4555 | 4571 | 4586 | 4602 | 4617 | 4433 | 4648 | 4664 | 4679 | 3 5 8 [ 10 [ 13
28 | 4695 | 4710 | 4726 | 4741 | 4756 | 4772 | 4787 | 4802 | 4818 | 4833 | 3 5 8 | 10 | 13
29 | 4848 | 4863 | 4879 | 4894 | 4909 | 4924 | 4939 | 4955 | 4970 | 4985 | 3 5 8 | 10 | 13
.30 | 5000 | 5015 | 5030 | 5045 | 5060 | 5075 | 5090 | 5105 | 5120 | 5135 | 2 5 8 | 10 | 13
.31 | 5150 | 5165 | 5080 | 5195 | 5210 | 5225 | 5240 | 5255 | 5270 | 5284 | 2 5 7 | 10| 12
32 | 5299 | 5314 | 5329 | 5344 | 5358 | 5373 | 5388 | 5402 | 5417 | 5432 | 2 5 7 | 10| 12
.33 | 5446 | 5461 | 5476 | 5490 | 5505 | 5519 | 5534 | 5548 | 5563 | 5577 | 2 5 7 | 10| 12
34 | 5592 | 5606 | 5621 | 5635 | 5650 | 5664 | 5678 | 5693 | 5707 | 5721 | 2 5 7 | 10| 12
35 | 5736 | 5750 | 5764 | 5779 | 5793 | 5807 | 5821 | 5835 | 5850 | 5864 | 2 5 7 9 12
.36 | 5878 | 5892 | 5906 | 5920 | 5934 | 5948 | 5962 | 5976 | 5850 | 6004 | 2 5 7 9 12
.37 | 6018 | 6032 | 6046 | 6060 | 6074 | 6088 | 6101 | 6115 | 5990 | 6143 | 2 5 7 9 12
.38 | 6157 | 6170 | 6184 | 6198 | 6211 | 6225 | 6239 | 6252 | 6129 | 6280 | 2 5 7 9 12
39 | 6293 | 6307 | 6320 | 6334 | 6347 | 6361 | 6374 | 6388 | 6266 | 6414 | 2 4 7 9 11
40 | 6428 | 6441 | 6455 | 6468 | 6481 | 6494 | 6508 | 6521 | 6401 | 6547 | 2 4 7 9 11
41 | 6561 | 6574 | 6587 | 6600 | 6613 | 6626 | 6639 | 6652 | 6534 | 6678 | 2 |\ 7 9 11
42 | 6691 | 6704 | 6717 | 6730 | 6743 | 6756 | 6769 | 6782 | 6665 | 6807 | 2~V 4 6 9 11
43 | 6820 | 6833 | 6845 | 6858 | 6871 | 6884 | 6896 | 6909 | 6794 | 6934 .«g) 4 6 8 11
A4 | 6947 | 6959 | 6972 | 6984 | 6997 | 7009 | 7022 | 7034 | 6921 | 705K 4 6 8 10
45 | 7071 | 7083 | 7096 | 7108 | 7120 | 7133 | 7145 | 7157 | 7046 7§es¢ 2 4 6 8 10
A\
<®
\Q.
Sin x° Q
&'a
Na\

o[ 0 |6 12, 18 [ 24 30, 360NN | 42° 48, 54 MEAN DEFFERENCES
§ 0°0 |01 0%°2 0°3 | 0%°4 o°.5\§@ %7 0°8 0°9

’Q)Q"S 1 2 3 4 5




1

2

3

46 | 7193 | 7206 | 7218 | 7230 | 7242 | 7256 | 7266 | 7278 [7290 |7302 |2 |4 ] 6 | 8 10
A7 | 7314 | 7325 | 7337 | 7349 | 7361 | 7373 | 7385 | 7396 | 7408 |7420 |2 |4 | 6 | 8 10
A8 | 7431 | 7443 | 7455 | 7466 | 7478 | 7490 | 7501 | 7513 | 7524 | 7536 | 2 |4 | 6 | 8 10
49 | 7547 | 7559 | 7570 | 7581 | 7593 | 7604 | 7615 | 7627 | 7638 | 7649 | 2 |4 | 6 | 8 9
50 | 7660 | 7672 | 7683 | 7694 | 7705 | 7716 | 7727 | 7738 | 7749 |7760 | 2 |4 | 6 | 7 9
51 | 7771 | 7782 | 7793 | 7804 | 7815 | 7826 | 7837 | 7848 | 7859 |7869 | 2 |4 |5 | 7 9
52 | 7880 | 7891 | 7902 | 7912 | 7923 | 7934 | 7944 | 7955 | 7965 |7976 | 2 |4 |5 | 7 9
.53 | 7986 | 7997 | 8007 | 8018 | 8028 | 8039 | 8049 |8059 |8070 |[8080 |2 |3 |5 | 7 9
.54 | 8090 | 8100 | 8111 | 8121 | 8131 | 8141 |8151 |8161 |8171 |8181 |2 |3 |5 | 7 8
55 | 8192 | 8202 | 8211 | 8221 | 8231 | 8241 | 8251 |8261 |8271 |8281L |2 |3 |5 | 7 8
.56 | 8290 | 8300 | 8310 | 8320 | 8329 | 8339 | 8348 |8358 [8368 [8377 |2 |3 |5 | 6 8
.57 | 8387 | 8396 | 8406 | 8415 | 8425 | 8434 | 8443 | 8453 | 8462 |8471 |2 |3 |5 | 6 8
.58 | 8480 | 8490 | 8499 | 8508 | 8517 | 8526 | 8536 |8545 |8554 [8563 | 2 |3 |5 | 6 8
.59 | 8572 | 8581 | 8590 | 8599 | 8607 | 8616 | 8625 |8634 |8643 [8652 | 1 |3 | 4 | 6 7
.60 | 8660 | 8669 | 8678 | 8686 | 8695 | 8704 | 8712 | 8721 | 8729 | 8738 (l\ 34| 6 7
.61 | 8746 | 8755 | 8763 | 8771 | 8780 | 8788 | 8796 | 8805 | 8813 8821m>\1 34| 6 7
.62 | 8829 | 8838 | 8846 | 8854 | 8862 | 8870 | 8878 | 8886 | 8894 899%’) 113|415 7
.63 | 8910 | 8318 | 8926 | 8934 | 8942 | 8949 | 8957 | 8965 | 8973 (ggg 113|415 6
.64 | 8988 | 8996 | 9003 | 9011 | 9018 | 9026 | 9033 | 9041 90486\ 56 | 1 |34 |5 6
.65 | 9063 | 9070 | 9078 | 9085 | 9092 | 9100 | 9107 |9114 |91 9128 |1 |2 | 4 | 5 6
.66 | 9135 | 9193 | 9150 | 9157 | 9194 | 9171 | 9178 |9184 |9191 |9198 |1 |2 | 3 | 5 6
.67 | 9205 | 9212 | 9219 | 9225 | 9232 | 9239 | 9245 | 9252 @59 |9265 | 1 |2 | 3 | 4 6
.68 | 9272 | 9278 | 9285 | 9291 | 9298 | 9304 | 9311 |9317 M 9323 |9330 |1 |2 |3 | 4 5
.69 | 9336 | 9342 | 9348 | 9354 | 9361 | 9367 | 9373 * 19385 [9391 |1 |23 | 4 5
.70 | 9397 | 9403 | 9409 | 9415 | 9421 | 9426 | 9432 (9438 | 9444 | 9449 | 1 |2 | 3 | 4 5
71 | 9455 | 9461 | 9466 | 9472 | 9478 | 9483 | 9489:)>0494 9500 | 9505 | 1 |2 | 3 | 4 5
72 | 9511 | 9516 | 9521 | 9527 | 9532 | 9537 |9 9548 | 9553 [9558 | 1 | 2| 3 | 3 4
73 | 9563 | 9568 | 9573 | 9578 | 9583 | 9588 \\QHY3 | 9598 | 9603 [9608 |1 |2 | 2 | 3 4
74 | 9613 | 9617 | 9622 | 9627 | 9632 963%&%641 9646 | 9650 [9655 | 1 | 2| 2 | 3 4
75 | 9659 | 9664 | 9668 | 9673 | 9677 9686 | 9690 [9694 [9699 | 1 | 1| 2 | 3 4
.76 | 9403 | 9707 | 9711 | 9715 9720%% 9728 9732 9736 [9740 |1 | 1| 2 | 3 3
77 | 9744 | 9748 | 9751 | 9755 | 9 )9763 | 9767 | 9770 | 9774 |9778 | 1 | 1| 2 | 3 3
.78 | 9781 | 9785 | 9789 | 9792 9799 | 9803 |9806 |9810 [9813 |1 | 1| 2 | 2 3
79 | 9816 | 9820 | 9823 | 9826 9829 | 9833 | 9836 | 9839 [9842 |9845 |1 |1 | 2 | 2 3
.80 | 9848 | 9851 | 9854 9@ 9860 | 9863 | 9866 | 9869 9871 [9874 | 0 |1 |1 | 2 2
.81 | 9877 | 9880 9882«&9 0888 | 9890 | 9893 [9895 /9898 (9900 | O |1 |1 | 2 2
.82 | 9903 | 9905 99032,>9 10 | 9912 | 9914 | 9917 |9919 [9921 (9923 | 0 | 1| 1 | 2 2
.83 | 9925 | 9928 § 9932 | 9934 | 9936 | 9938 | 9940 [9942 (9943 |0 |1 | 1 | 1 2
.84 | 9945 9947<:3 9 | 9951 | 9952 | 9954 | 9956 | 9957 [9959 [9960 | O |1 | 1 | 1 2
85 | 9962 | 9962\9965 | 9966 | 9968 | 9969 | 9971 | 9972 | 9973 [9974 | 0 |0 | 1 | 1 1
.86 | 9976 | 99 9978 | 9979 | 9980 | 9981 | 9982 |9983 9984 9985 | O |0 |1 | 1 1
.87 | 9986 | 9987 | 9988 | 9989 | 9990 | 9990 | 9991 9992 [9993 [9993 [0 |0 | 0 | 1 1
.88 | 9994 | 9995 | 9995 | 9996 | 9996 | 9997 | 9997 | 9997 [ 9998 [9998 [0 |0 | O | O 0
.89 | 9998 | 9999 | 9999 | 9999 | 9999 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 [ 0O |0 | O | O 0
g | o 6’ 12, 18 24° 30, 36° 42> 48, 54 MEAN EFFERENCES
§’ 0°%0 |0°1 0%.2 0°3 | 0°4 0°5 0% |0%7 0°8 Q%9

4 5




.0 [1.000 [ 1.000 [ 1.000 |1.000 | 1.000 |1.000 [ 9999 [9999 [9999 [9999 [ 0 [ O [ O [0 [0
1 1.9998 | 9998 | 9998 | 9997 | 9997 | 9997 | 9996 | 9996 | 9995 (9995 | O [ O | O | O |O
2 |.9994 | 9993 | 9993 | 9992 | 9991 | 9990 [9990 |9989 | 9988 [ 9987 | 0 | O | O |1 |1
3 |.9986 | 9985 | 9984 | 9983 | 9982 | 9981 |9980 |9966 | 9978 [ 9977 | 0 | O | 1 |1 |1
4 |.9976 | 9974 | 9973 | 9972 | 9971 | 9969 |9968 | 9979 | 9965 [ 9963 | 0 | O | 1 |1 |1
5 |.9962 | 9960 | 9959 | 9957 | 9956 | 9954 |9952 | 9951 {9949 9947 | 0 | 1 | 1 |1 |2
6 |.9945 | 9943 | 9942 | 9940 | 9938 | 9936 |9934 |9932 {9930 {9928 | 0 | 1 | 1 |1 |2
7 1.9925 | 9923 | 9921 | 9919 | 9917 | 9914 | 9912 | 9910 | 9907 (9905 | O [ 1 | 1 |2 |2
8 |.9903 | 9900 | 9898 | 9895 | 9893 | 9890 |9888 | 9885 | 9882 {9880 | O | 1 | 1 |2 |2
9 |.9877 | 9874 | 9871 | 9869 | 9866 | 9863 |9860 | 9857 | 9854 | 9851 | O | 1 | 1 |2 |2
10 | .9848 | 9845 | 9842 | 9839 | 9836 | 9833 9829 |9826 {9823 |9820 | 1 | 1 | 2 |2 |3
11 |.9816 | 9813 | 9810 | 9806 | 9805 | 9799 [9796 |9792 | 9789 | 9785 | 1 | 1 | 2 |2 |3
12 | .9781 | 9778 | 9774 | 9770 | 9767 | 9763 | 9759 | 9755 | 9751 | 9748 | 1 | 1 | 2 | 3 |3
13 | .9744 | 9740 | 9736 | 9732 | 9728 | 9724 | 9720 | 9715 | 9711 (9707 | 1 | 1 | 2 | 3 |3
14 | .9703 | 9699 | 9694 | 9690 | 9686 | 9681 | 9677 | 9673 | 9668 | 9664 \1 | 1 | 2 | 3 |4
15| .9659 | 9655 | 9650 | 9646 | 9641 | 9636 | 9632 | 9627 | 9622 |96TLY 1 | 2 | 2 | 3 |4
16 | .9613 | 9608 | 9603 | 9598 | 9593 | 9588 | 9583 | 9578 | 9573 egtl; 112 (2|34
17 | .9563 | 9558 | 9553 | 9548 | 9542 | 9537 | 9532 | 9527 9521(\<—-9 16|12 |3 |3|4
18 | .9511 | 9505 | 9500 | 9494 | 9489 | 9583 | 9478 | 9472 |9 9461 | 1 | 2 | 3 | 4 |5
19 | .9455 | 9449 | 9444 | 9438 | 9432 | 9426 | 9421 | 9415 e§$ 9403 | 1 | 2 | 3 | 4 |5
20 | .9397 | 9391 | 9385 | 9379 | 9373 | 9367 |9361 |9354 ,9348 | 9342 | 1 | 2 | 3 | 4 |5
21 |.9336 | 9330 | 9323 | 9317 | 9311 | 9304 | 9298 Q%D 9285 [ 9278 | 1 | 2 | 3 | 4|5
22| .9272 | 9265 | 5259 | 9252 | 9245 | 9239 [9232 9225 | 9219 |9212 | 1 | 2 | 3 |4 |6
23 | .9205 | 9198 | 9191 | 9184 | 9178 | 9171 916@@157 9150 | 9143 | 1 | 2 | 3 |5 |6
224 | 9135 | 9128 | 9121 | 9114 | 9107 | 9100 |9092% 9085 | 9078 (9070 | 1 | 2 | 3 | 5 |6
25 | .9063 | 9056 | 9048 | 9041 | 9033 | 9026 é;&? 9011 | 9003 (8996 | 1 | 3 | 4 |5 |6
26 | .8988 | 8980 | 8973 | 8965 | 8957 | BI49PEI42 | 8934 | 8926 8918 | 1 | 3 | 4 |5 |6
27 | .8910 | 8902 | 8894 | 8886 | 8878 8862 | 8854 | 8846 8838 | 1 | 3 | 4 |5 |7
28 | .8829 | 8821 | 8813 | 8805 | 8796 gg 8780 | 8771 | 8763 | 8755 | 1 | 3 | 4 |6 |7
29 | 8746 | 8738 | 8729 | 8721 | 8712{}y8704 | 8695 |8686 | 8678 (8669 | 1 | 3 | 4 | 6 |7
.30 | .8660 | 8652 | 8643 | 8634 ~| 8616 | 8607 | 8599 | 8590 (8581 | 1 | 3 | 4 |6 |7
31 | .8575 | 8563 | 8554 | 8545 <~%%g 8526 | 8517 |8508 (8499 (8490 | 2 | 3 | 5 |6 |8
32 |.8480 | 8471 | 8462 | 8458443 | 8434 | 8425 | 8415 | 8406 |83% | 2 | 3 | 5 |6 |8
.33 | .8387 | 8377 | 8368 g;e@ 8343 | 8339 | 8329 |8320 (8310 (8300 | 2 | 3 | 5 | 6 |8
34 | .8290 | 8281 | 8271 (8981 | 8251 | 8241 | 8231 | 8221 |8211 (8202 | 2 | 3 | 5 |7 |8
35 | .8192 | 8181 81%\6161 8151 | 8141 | 8131 |8121 (8111 {8100 | 2 | 3 | 5 | 7 |8
.36 | .8090 | 8080 | 8 8059 | 8049 | 8039 | 8028 |8018 [ 8007 | 7997 | 2 | 3 | 5 |7 |9
37 | .7986 | 7976 ‘$9 5 | 7955 | 7944 | 7934 | 7923 | 7912 | 7902 | 7891 | 2 | 4 | 5 |7 |9
38 |.7880 | 785Q) 7869 | 7848 | 7837 | 7826 | 7815 | 7804 | 7793 | 7782 | 2 | 4 | 5 |7 (9
39 7771 7749 | 7738 | 7727 | 7716 | 7705 | 7694 | 7683 | 7672 | 2 | 4 | 6 | 7 |9
40 | 7660 | 7 7638 | 7627 | 7615 | 7604 | 7593 | 7581 | 7570 | 7559 | 2 | 4 | 6 | 8 |9
A1 | 7547 | 7536 | 7424 | 7513 | 7501 | 7490 | 7478 | 7466 | 7455 (7443 | 2 | 4 | 6 | 8 |10
42 | 7431 | 7420 | 7408 | 7396 | 7385 | 7373 | 7361 | 7349 | 7337 | 7325 | 2 | 4 | 6 | 8 |10
43 | .7314 | 7302 | 7290 | 7278 | 7266 | 7254 | 7242 | 7230 | 7218 | 7206 | 2 | 4 | 6 | 8 |10
44 | 7193 | 7181 | 7169 | 7157 | 7145 | 7133 | 7120 | 7108 | 7096 (7083 | 2 | 4 | 6 | 8 |10
45 | 7071 | 7059 | 7046 | 7034 | 7022 | 7009 | 6997 | 6984 | 6972 (6959 | 2 | 4 | 6 | 8 |10
gl o |e 12, 18 | 24 30, 36 |42 48 54 | MEANEFFERENCES
2| 00 (01 02 03 | 0°4 05 06 |0°7 0°8 0°9

Q 1 2 3 4 5
46 | 6947 [ 6934 [6921 [6909 | 6896 | 6884 [6871 [6858 [6845 [6833 | 2 [ 4 [ 6 | 8 [11




47
48
49
.50
51
52
.53
54
.55
.56
57
.58
.59
.60
.61
.62
.63
.64
.65
.66
.67
.68
.69
.70
71
12
73
74
75
.76
a7
.78
79
.80
81
82
.83
.84
.85
.86
87
.88
.89

.6820
.6691
6428
.6428
.9293
6157
.6018
.5878
5736
.5592
.5446
.5299
.5150
.5000
4848
4695
4540
4384
4226
4067
.3907
3746
.3584
.3420
.3256
.3090
2924
2756
.2588
2419
2250
2079
.1908
1736
1564
1392
1219
1045
.0872
.0698
.0523
.0349
.0175

6807
6678
6547
6414
6280
6124
6004
5864
5721
5577
5432
5284
5135
4985
4833
4679
4524
4368
4210
4051
3891
3730
3567
3404
3239
3074
2907
2740
2571
2402
2233
2062
1891
1719
1547
1374
1201
1028 |

085
=
05
0332
0157

6794
6665
6534
6401
6266
6129
5990
5850
5707
5563
5417
5270
5120
4970
4818
4664
4509
4352
4195
4035
3875
3714
3551
3387
3223
3057
2890
2723
2554
2385
2215
2045
1874
1702
1530

1357

1
:ggié
)37
0663
0488

0314
0140

6782
6652
6521
3688
6252
6115
5976
5835
5693
5548
5402
5255
5105
4955
4802
4648
4493
4337
4179
4019
3859
3697
3535
3371
3206
3040
2874
2706
2538
2368
2198
2028

4
N$340

1167
0993
0819
0645
0471
0297
0122

q
1857C

N

6769
6639
6508
6374
6239
6101
5962
5821
5678
5534
5388
5240
5090
4939
4787
4633
4478
4321
4163
4003
3843
3681
3518
3335
3190
3024
2857
2689
2521

23510

2840
1668
1495
1323
1149
0976
0802
0623
0454
0279
0105

\>J

6743
6613
6481
6347
6211
6074
5934
5793
5650
5505
5358
5210
5060
4909
4756
4602
4446
4289
4131
3971
3811
3649
3486

33229
A\

:
¢$§23

2656
2487
2317
2147
1977
1805
1633
1461
1288
1115
0941
0767
0593
0419
0244
0070

6730
6600
6468
6334
6198
6060
5920
5779
5635
5490
5344
5135
5045
4894
4741
4586
4431
4274
4115
3955
3795

08305

3140
2974
2807
2639
2470
2300
2130
1959
1788
1616
1444
1271
1097
0924
0750
0576
0401
0227
0052

6717
6587
6455
6320
6184
6064
5906
5764
5621
5476
5329
5180
5030
4879
4726
4571
4415

4258714

4§
»3778

3616
3453
3289
3123
2957
2790
2622
2453
2284
2113
1942
1771
1599
1426
1253
1080
0906
0732
0558
0384
0209
0035

6704
6574
6441
6307
6170
6032
5892
5750
5606
5461
5314
5165
5015
4863

4710, 4
4585

42
4083
3923
3762
3600
3437
3272
3107
2940
2773
2605
2436
2267
2096
1925
1754
1582
1409
1236
1063
0889
0715
0541
0366
0192
0017
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11
12
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13
14
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14
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14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
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15
15
15

tan x°




g |0 6’ 12, 18° | 24 30, 36 | 420 48, 54 MEAN DEFFERENCES
2 (00 |0%1 0°2 0°3 | 0°4 0°5 0% |[0%7 0%8 0°9

o 1 2 3 4 5
.0 [ 0000 |0017 | 0035 |[0052 | 0070 | 0087 | 0105 | 0122 [ 0140 [0157 | 3 |6 | 9 | 12 | 15
1 | 0175 | 0192 | 0209 |0227 | 0244 | 0262 | 0279 | 0297 | 0314 [0332 | 3 | 6 | 9 | 12 | 15
2 | 0349 | 0367 | 0384 |0402 | 0419 | 0437 | 0454 | 0472 | 0489 [0507 |3 |6 | 9 | 12 | 15
3 | 0524 | 0542 | 0559 |0577 | 0594 |0612 | 0629 | 0647 | 0664 (0682 | 3 | 6 | 9 | 12 | 15
4 | 0699 | 0717 | 0734 | 0752 | 0769 |0787 | 0805 | 0822 | 0840 [0857 |3 |6 | 9 | 12 | 15
5 | 0875 | 0892 | 0910 | 0928 | 0945 | 0963 | 0981 | 0998 | 1016 [1033 [ 3 | 6 | 9 | 12 | 15
6 | 1051 | 1069 | 1086 |1104 | 1122 |1139 | 1157 |1175|1192 [1210 | 3 | 6 | 9 | 12 | 15
7 | 1228 | 1246 | 1263 |1281 | 1299 | 1317 | 1334 1352 | 1370 [1388 | 3 | 6 | 9 | 12 | 15
8 | 1405 | 1423 | 1441 | 1459 | 1477 | 1495 | 1512 | 1530 | 1548 [1566 | 3 | 6 | 9 | 12 | 15
9 | 1584 | 1602 | 1620 | 1638 | 1635 |1673 | 1691 | 1709 | 1727 [1745 |3 | 6 | 9 | 12 | 15
10 | 1763 | 1781 | 1799 |1817 | 1835 | 1853 | 1871 | 1890 | 1908 [1926 | 3 | 6 | 9 | 12 | 15
11 | 1944 | 1962 | 1980 | 1998 | 2016 | 2035 | 2053 | 2071 | 2089 |2107 |\B\| 6 | 9 | 12 | 15
12 | 2126 | 2144 | 2162 | 2180 | 2199 | 2217 | 2235 | 2254 | 2272 | 229 G->( 6 |9 |12 | 15
13| 2309 | 2327 | 2345 |2364 | 2382 | 2401 | 2419 | 2438 | 2456 41123 316|912 15
14 | 2493 | 2512 | 2530 | 2549 | 2568 | 2586 | 2605 | 2623 | 6242 A%? 3169|112 16
15 | 2679 | 2698 | 2717 | 2736 | 2754 | 2773 | 2792 | 2811 283%(‘ 49 |36 |9 |13 | 16
16 | 2867 | 2886 | 1905 | 2924 | 2943 | 2962 | 2981 | 3000 | 3049(3038 | 3 | 6 | 9 | 13 | 16
.17 | 3057 | 3076 | 3096 |3115 |3134 |3253 | 3172 (3191 | 3211 (3230 | 3 | 6 |10 | 13 | 16
18 | 3249 | 3269 | 3288 |3307 | 3327 |3541 | 3365 |3385N404 (3424 | 3 | 6 |10 | 13 | 16
19 | 3443 | 3463 | 3482 | 3502 | 3522 |3739 | 3561 |3581> 3600 (3620 | 3 |7 |10 | 13 | 16
20 | 3640 | 3659 | 3679 | 3699 | 3719 | 4142 | 3759 4B¥Y9 (3799 |3819 | 3 | 7 [10| 13 | 17
21 13839 | 3859 | 3869 |3899 (3919 | 4348 | 395% | 3979 | 4000 |4020 | 3 | 7 [10| 13 | 17
22 | 4040 | 4061 | 4081 |4101 | 4122 | 4557 4183 [ 4204 |4224 | 3 | 7 |10 | 14 | 17
23 | 4245 | 4265 | 4286 | 4307 | 4327 | 4770 @ 4390 | 4411 |4431 | 3 |7 |10 | 14 | 17
24 | 4452 | 4473 | 4494 | 4515 | 4536 | 49864578 | 4599 | 4621 |4642 | 4 | 7 |11 | 14 | 18
25 | 4663 | 4684 | 4706 | 4727 | 4748 4791 | 4813 | 4834 [4856 | 4 | 7 |11 | 14 | 18
26 | 4877 | 4809 | 4921 | 4942 | 4962R9X30 | 5008 | 5029 | 5051 |5073 | 4 | 7 |11 ] 15 | 18
27 | 5095 | 5117 | 5139 | 5161 5%. 5658 | 5228 | 5250 | 5272 | 5295 | 4 | 7 |11 | 15 | 18
28 | 5317 | 5340 |5362 |5384 gé?) 5890 | 5452 | 5475 | 5498 | 5520 | 4 | 8 [11 | 15 | 19
29 | 5543 | 5566 | 5589 5612C> 35 | 6128 | 5681 | 5704 | 5727 |5750 | 4 | 8 |12 | 15 | 19
30 | 5774 | 5797 | 5820 83%* 5867 | 6371 | 5914 | 5938 | 5961 |5985 | 4 | 8 |12 | 16 | 20
31| 6009 | 6032 | 6056 (6 6104 | 6619 | 6152 | 6176 | 6200 |6224 | 4 | 8 |12 | 16 | 20
32 | 6249 | 6273 |62 322 | 6346 | 6873 | 6395 | 6420 | 6445 | 6469 | 4 | 8 |12 | 16 | 20
33 | 6494 | 6519 53;; 6569 | 6594 | 7133 | 6644 | 6669 | 6694 |6720 | 4 | 8 (13| 17 | 21
34 | 6745 | 6771 ‘§ 6822 | 6874 | 7400 | 6899 | 6924 | 6950 |6976 | 4 | 9 (13| 17 | 21
35 | 7002 | 70 Q, 054 | 7080 | 7107 | 7673 | 7159 | 7186 | 7212 [7239 | 4 | 9 |13 | 18 | 22
36 | 7265 7319 | 7346 | 7373 | 7400 | 7427 | 7454 | 7481 | 7508 | 5 | 9 |14 | 18 | 23
37 | 7536 | 75 7590 | 7618 | 7646 | 7673 | 7701 | 7729 | 7757 | 7785 | 5 | 9 |14 | 18 | 23
38 | 7513 | 7841 | 7869 | 7898 | 7926 | 7954 | 7983 | 8012 | 8040 (8069 |5 | 9 |14 | 19 | 24
39 | 8098 | 8127 | 8156 | 8185 | 8214 |8243 | 8273 [ 8302 [ 8332 (8361 |5 |10 (15| 20 | 24
40 | 8391 | 8421 | 8451 |8481 | 8511 |8541 | 8571 | 8601 | 8632 [8662 | 5 |10 |15| 20 | 25
418693 | 8724 | 8754 |8785 | 8816 | 8847 | 8878 8910 | 8941 [8972 | 5 |10 |16 | 21 | 26
42 19004 | 9036 | 9067 |9099 | 9131 |9163 | 9195 [ 9228 | 6260 [9293 | 5 |11 |16 | 21 | 27
4319325 | 9358 | 9391 | 9424 | 9457 | 9490 | 9523 | 9556 | 9590 [ 9623 | 6 |11 |17 | 22 | 28
44 1 9657 | 9691 | 9725 | 9759 | 9793 | 9827 | 9861 | 9896 | 9930 [9965 | 6 |11 |17 | 23 | 29
45| 1.000 | 0035 | 0070 |0105 | 0141 | 0176 | 0212 | 0247 | 0283 [0319 | 6 |12 |18 | 24 | 30




tan x°

g | o 6 12, 18° 24° 30, 36’ 42° 48, 54 MEAN EFFERENCES
2|00 |01 02 03 0°.4 0°5 0°.6 0°.7 0°8 0°9

e 1 2 3 4 5
46 | 1.0355 [ 0392 | 0428 | 0464 |0501 | 0838 | 0575 | 0612 | 0649 | 0686 |6 12 | 18 | 25 | 31
A7 | 1.0724 | 0761 | 0299 | 0837 |0875 | 0913 | 0951 | 0990 1028 | 1067 |6 13 | 19 | 25 | 32
48 | 1.1106 | 1145 | 1184 | 1224 | 1263 1303 | 1343 | 1383 1423 | 1463 |7 13 | 20 | 27 | 33
49 | 1.1504 | 1544 | 1585 | 1626 | 1667 1708 | 1750 | 1792 1833 | 1875 |7 14 | 21 | 28 | 34
50 | 1.1918 | 1960 | 2002 | 2045 |2088 | 2131 | 2174 | 2218 | 2261 | 2305 |7 14 | 22 | 29 | 36
51 | 1.2349 | 2393 | 2437 | 2484 |2527 | 2572 | 2617 | 2662 | 2708 | 2753 |8 15 | 23 | 30 | 38
52 | 1.2799 | 2846 | 2892 |2938 |2985 | 3032 | 3079 | 3127 | 3175 | 3222 |8 16 | 24 | 31 | 39
53| 1.3270 | 3319 | 3367 |3416 |3465 | 3514 | 3564 | 3613 | 3663 | 3713 |8 16 | 25 | 33 | 41
54 | 1.3764 | 3814 | 3865 |3916 |3968 | 4019 | 4071 | 4124 | 4176 | 4229 |9 17 | 26 | 34 | 43
55 | 1.4281 | 4335 | 4388 | 4442 | 4496 | 4550 | 4605 | 4659 | 4715 | 4770 |9 18 | 27 | 36 | 45
56 | 1.4826 | 4882 | 4938 | 4994 |5051 | 5108 | 5166 | 5224 | 5282 | 5340 .{g\ 19 | 29 | 38 | 48
57| 1.5399 | 5458 | 4938 | 5577 | 5637 | 5697 | 5757 | 5818 | 5880 | 5941 7 20 | 30 | 40 | 50
58 | 1.6003 | 6066 | 5517 | 6191 |6255 | 6319 | 6383 | 6447 | 6512 %5). 11 | 21 | 32 | 43 | 53
59 | 1.6643 | 6709 | 6128 | 6842 | 6909 | 6977 | 7045 | 7113 | 7182 11 | 23 | 34 | 45 | 56
60 | 1.7321 | 7391 | 6775 | 7532 | 7603 | 7675 | 7747 | 7820 | 7893 <S\z 6 |12 | 24 | 36 | 48 | 60
61 | 1.8040 | 8115 | 7461 |8265 |8341 | 8418 | 8405 | 8572 | 865 8728 |13 | 26 | 38 | 51 | 64
.62 | 1.8807 | 8887 | 8190 |9047 |9128 | 9210 | 9262 | 9375 | 9458 | 9542 |14 | 27 | 41 | 55 | 68
63| 1.9626 | 9711 | 8967 | 9883 | 9970 | 2.0057 | 2.0145 | 2.0233 320413 |15 | 29 | 44 | 58 | 73
.64 | 2.0503 | 0594 | 9797 | 0778 |0872 | 0965 | 1060 | 115 155 | 1348 |16 | 31 | 47 | 63 | 78
65 | 2.1445 | 1543 | 0686 | 1742 | 1842 1943 | 2045 | 2143NY 2148 | 2355 |17 | 34 | 51 | 68 | 85
66 | 2.2460 | 2566 | 1642 | 2781 |2889 | 2998 | 3109 3%29 3220 | 3445 |18 | 37 | 55 | 73 | 92
67 | 2.3559 | 3673 | 2673 | 3906 |4023 | 4142 | 4262 | <8B3 | 4383 | 4627 |20 | 40 | 60 | 79 | 99
.68 | 2.4751 | 4876 | 3789 |5129 |5257 | 5386 | 5517,QM5649 | 5649 | 5916 |22 | 43 | 65 | 87 | 108
.69 | 2.6051 | 6187 | 5002 | 6464 | 6605 | 6746 7034 | 7034 | 7326 |24 | 47 | 71 | 95 | 119
70 | 2.7475 | 7625 | 6325 | 7929 |8083 | 8239 8556 | 8556 | 8878 |26 | 52 | 78 | 104 | 133
71| 2.9042 | 9208 | 7776 | 9544 | 9714 9887<2;3. 061 | 3.0237 |3.0237 [3.0595 |29 | 58 | 87 | 116 | 145
72 | 3.0777 | 0961 | 9375 | 1334 | 1524 | 1766y 1910 | 2106 | 2106 | 2506 |32 | 64 | 96 | 129 | 161
73| .02709 | 2914 | 1146 | 3332 | 3544 3977 | 4197 | 4197 | 4646 |36 | 72 | 108 | 144 | 180
74 | 3.4874 | 5105 | 3122 |5576 |5816 ¢=6059 | 6305 | 6554 | 6554 | 7062 |41 | 81 | 122 | 163 | 204
75| 3.7321 | 7583 | 5339 |8118 |83 1?* 8667 | 8947 | 9232 | 9232 | 9812 |46 | 93 | 139 | 186 | 232
.76 | 4.0108 | 0408 | 7848 | 1022 ]%V‘ 1653 | 1976 | 2303 | 2303 | 2972 |53 | 107 | 160 | 213 | 267
77 | 43315 | 3662 | 0713 | 4374 [ 5107 | 5483 | 5864 | 5864 | 6646

78 | 4.7046 | 7453 | 4015 |82 8?\,\8716 9152 | 9594 |5.0045 |5.0045 | 5.0970

79 | 5.1446 | 1923 | 7867 3435 | 3955 | 4486 | 5026 | 5026 | 6140

80 | 5.6713 | 7297 | 2422 (8502 | 9124 | 9758 |6.0405 | 6.1066 | 6.1066 | 6.2432

.81 | 6.3138 | 3859 | 789 350 | 6122 | 6912 | 7720 | 8548 | 8548 | 7.0264

82 | 7.1154 | 2066 | 4596 ¥| 3962 | 4947 | 5958 | 6996 | 8062 | 8062 | 8.0285

.83 | 8.1443 | 2636 | 3002 |5126 |6427 | 7769 | 9152 | 9.0579 |9.0579 |9.3572

.84 | 9.5144 | 9.677 | 9.845 | 10.02 |10.20 | 10.39 | 10.58 | 10.78 | 10.78 | 11.20

85| 11.43 |11.66 |11.91 |12.16 |12.43 | 12.71 | 13.00 | 13.30 | 13.30 | 13.95

.86 | 14.30 | 14.67 | 15.06 | 1546 |15.89 | 16.35 | 16.83 | 17.34 | 17.34 | 18.46

87 | 19.08 | 19.74 | 20.45 |21.20 |22.02 | 22.90 | 23.86 | 24.90 | 24.90 | 27.27

88| 28.64 | 30.14 |31.82 |33.69 |35.80 | 38.19 | 40.62 | 44.07 | 44.07 | 52.08

89 | 57.29 | 63.66 | 71.62 |81.85 |95.49 | 1146 | 143.2 | 191.0 | 191.0 | 573.0




Important Notes




SURFACE AREAS AND VOLUMES

* INTRODUCTION

In this chapter, shall discuss problems on conversion of one of the solids like cuboid, cube, right circular cylinder,
right circular cone and sphere in another.

In our day-to-day life we come across various solids which are combinations of two or more such solids, For
example, a conical circus tent with cylindrical base is a combination of a right circular cylinder and a right c' lar
cone, also an ice-cream cone is a combination of a cone and a hemi-sphere. We shall discuss problems omfinding
surface areas and volumes of such solids. We also come across solids which are a part of a cone. For Ie a
bucket , a glass tumbler, a friction clutch etc. these solids are known as frustums of a cone. In tjﬂlg> of the
chapter, we shall discuss problems on surface area and volume of frustum of a cone.

* UNITS OF MEASUREMENT OF AREA AND VOLUME
The inter-relationships between various units of measurement of length, area and volume an@\st d below for ready

reference:
LENGTH (\Q

10 milimetre (mm)

10 centimetre Q
10 dm = 100 cm = 1000mm %

1 Centimetre (cm)
1 Decimetre (dm)
1 Metre (m)

1 Decametre (dam) 10 m = 1000 cm

1 Hectometre (hm) 10dam =100 m o
1 Kilometre (km) 1000 m = dam =10 hm \Q
1 Myriametre 10 kilocetre 2

AREA Q’S"

l1cm?’=1cmxlcm =10 mmx 10 mm =10
1dm*=1dmxldm =10cmx10cm=1
1m*=1mx1m =10dmx10dm =100
1dam?=1damx1dam=10mx 10 m

1 hm? 1 hectare =1 hmx 1 hm=10
1 km? =1 km x 1km = 10 hm x

00 m = 10000 m? = 100 dm?
100 hm? or 100 hectare

VOLUME
1cm® =1ml=1cmx fem = 10 mm x10 mm x10 mm = 1000 mm?®
1litre =1000ml=1
1m* =1mx1l 100 cm x100 ¢cm x100 cm = 10° cm?® = 1000 litre = 1 kilolitre
1dm® =1000 crr%
1md =

, 1000%
1 km &)

*x  CUBOID @
A rectangul bounded by six rectangular plane faces is called a cuboid. A match box, a tea-packet, a
brick, a bo%c, ., are all examples of a cuboid.
A cuboi(%@; rectangular faces, 12 edges and 8 vertices.

The follo e some definitions of terms related to a cuboid.
The space enclosed by a cuboid is called its volume.
@ The line joining opposite comers of a cuboid is called its diagonal.
x A cuboid has four diagonals.
% A diagonal of a cuboid is the length of the longest rod that can be placed
in tHe cuboid

(iii)  The sum of areas of all the six faces of a cuboid is known as its total

surface area.
(iv) The four faces which meet the base of a cuboid are called the lateral

faces of the cuboid.
(V) The sum of areas of the four walls of a cuboid is called its lateral

surface area.



Formulae
For a cuboid of length = units, breadth = b units and height = h units, we have:

Sum of lengths of all edges = 4 (¢ + b + h) units.

Diagonal of cuboid =/ /2 +b? +h? units. (\
Total Surface Area of cuboid = 2 (/b + bh + ¢h) sq. units. \
Lateral Surface Area of cuboid = [2 (+b)x h]sg. units. ﬁ>
Area of four walls of a room = [2 (¢ +b)x h] sg. units. 0}

Volume of cuboid = (¢ x b x h) cubic units.

REMARK: For the calculation of surface area, volume etc. of a cuboid, the length, bré@and height must
be expressed in the same units.

* CUBE (\

7/

A cuboid whose length, breadth and height are all squal Q
is called a cube . s
Ice-cubes, Sugar, Dice, etc. are all examples of a cube. Q\Qo
Each edge of a cube is called its side. &.)
Formulae ,QQ'
For a cube of edge = a units, we have; (b:&

Sum of length of all e =12 a units

Diagonal of cub 3) units ;

Total Surface A f cube = (6a%) sq. units. Cube

LateraIS ce reaofcube-(4a)sq units.
Volum% e = a® cubic units.

* CROSS SECTION %
A cut which is made th a solid perpendicular to its length is called its cross section. If the cut has the

same shape and 5|z ry pomt of its length, then it is called uniform cross-section.
Volume of agol |th uniform cross section = (Area of its cross section) x (length).
Lateral S Area of a solid with uniform cross section
= (Perimeter of cross section) x (length).
Ex.l Thelgn readth and height of a rectangular solid are ratio 6 : 5 : 4. If the total surface area is 5328 cm?,
find the le eadth and height of the solid.

@ length = (6x) cm, breadth = (5x) cm and height = (4x) cm.

hen, total surface area = [2(6x x 5X + 5x X 4x + 4x x 6x)] cm? = [2(30x” + 20x%)] cm?
= (148x%)cm’.

148x2 = 5328 = x* =36 = X = 6.

Hence, length = 36 cm, breadth = 30 cm, height = 24 cm.



Ex.2

Sol.

Ex.3.

Sol.

Ex.4.

Sol.

An open rectangular cistern is made of iron 2.5 cm thick. When measured from outside, it is 1 m 25 cm long.
1 m 5 cm broad and 90 cm deep.

Find: (i) the capacity of the cistern in litres:
(it) the volume of iron used;
(iii) the total surface area of the cistern.

External dimensions of the cistern are : (\
Length = 125 cm, Breadth = 105 cm and Depth = 90 cm. \
Internal dimensions of the cistern are :

Length = 120 cm, Breadth = 100 cm and Depth = 87.5 cm. ﬁ)

0] Capacity = Internal volume = (120 x 100 x 87.5) cm® =(120X11885 87. 5 litres = m

(i) Volume of iron = (External volume) (Internal volume) = [(125 x 105 x 90) /@x 100 x 87.5)] cm®
= (1181250 — 1050000) cm® = 131250 cm®,

(iii)  External area = (Area of 4 faces) + (Area of the base) = ([2(125 + ;@] + (125 x 105)} cm?,
= (41400 + 13125) cm? = 54525 cm?

Internal area = ([2(120 + 100) x 87.5] + (120 x 100)} cm? +12000) cm? = 50500 cm
Area at the top = Area between outer and inner rectangles N(125 x 105) — (120 x 100)] cm?

= (13125 — 12000) cm? = 1125 cm?.
Total surface area = (54525 + 50500 + 1125) cm? %0 cm®.

deep has been dug out. The earth taken out of it is pread over the remaining part of the field. Find

the rise in the level of the field. (b,
>

A field is 80 m long and 50 m broad. In one corner;ﬂ&eld a pit which is 10 m long, 7.5 m broad and 8 m

Avrea of the field = (80 x 50) m® = 4000 m*
Area of the pit = (10 x 7.5) m* = 15 m?

Area over which the earth is sp %}@:'(4000 75) m2 = 3925 m2

8) m® = 600 m°.

me 600 600x100
=| ——|m=| ———— |cm =15.3cm
3925 3925

A room is half ﬂn):l again as it is broad. The cost of carpeting the room at Rs 18 per m? is Rs 972 and the
cost of Whitgwa g the four Walls at Rs 6 per m? is Rs 1080. Find the dimensions of the room.

Volume of earth dug out =

Let brea%h (x) in. Then, length = (Ex) m.
Le htof the room =y m.

colt of carpetlngj _ (972) _54m?

a of the floor =
Rate 18

@ Xng=54:>X22(54X§j:36:>X=6.

So, breadth = 6 m and length = (gx 6J m=9m.



Ex.5.

Sol.

Q)\

cost of Whlte—washlng) _ (1080j m2=180m?2.

Now, area of four walls =(
Rate 6

180

2(9+6)xy=180=30y=180=y= E =6,

Hence, length = 9 m, breadth = 6 m, height = m.

\

The water in a rectangular reservoir having a base 80 x m 60 m, is 6.5 m deep. In what time can the\wa¥er be
emptied by a pipe of which the cross section is a square of side 20 cm, if water runs through theRipe at the
rate of 15 km/ hr ?
Volume of water in the reservoir = (80 x 60 x 6.5) m® = 31200 m®. cgb
Area of cross section of the pipe = —xﬂ m? :i m?. (\
100 100 25
- 1 3 3 Q
VVolume of water emptied in 1 hr = 2—5><15000 m° =600m".
/7
Time taken to empty the reservoir = (%)j hrs =52 hrs. E Q
RIGHT CIRCULAR CYLINDER a =~ - TopEnd
Solids like circular pillars, circular pencils, measuring <

jars, road rollers and gas cylinders, etc., are said to be &q

in cylindrical shape. Q

In mathematical terms, a right circular cylindefNs"a solid Lateral Surface
(curved surface)

generated by the revolution of a rectan%{a out its sides.
Let the rectangle ABCD revolve about its AB, s0 as to describe
right circular cylinder as shown i jure. Bottom End

You must have observed th t% ss-section of a right circular cylinder are circles congruent and parallel to each
other.

Cylinders Not Right @igedlar
There are two casgs wHen the cylinder is not a right circular cylinder.
Case-l : Int ing figure, we see a cylinder, which is certainly, but is not at right angles to the
bgs Sg we cannot say it is a right circular cylinder,
/“*"""""""“*\n\

& : |
| |
|

{
: ]

'\\M’_’_/

Case-11 : In the following figure, we see a cylinder, with a non-circular base as the base is not circular.
So we cannot say it is a right circular cylinder,



g’ N o {
. ]
b \
‘;

-
REMARK : Unless stated otherwise, here in this chapter the word cylinder would mea q@nt
circular cylinder. Mb
The following are definitions of some terms related to a right circular cylinder :
(1) The radius of any circular end is called the radius of the right circular cyllnd

Thus, in the above figure, AD as well as BC is a radius of the cylinder . ;}h
(i) The line joining the centres of circular ends of the cylinder, is called the axis of t t circular cylinder.

In the above figure, the line AB is the axis of the cylinder. Clearly, the axis |s dicular to the circular
ends.
REMARK : If the line joining the centres of circular ends of a cylinder is not pe(pendlcular to the circular
ends, then the cylinder is not a right circular cylinder.
(iti) ~ The length of the axis of the cylinder is called the height or lengt yllnder
(iv)  The curved surface joining the two bases of a right circular cylinder 1scalled its lateral surface.

Formulae

For a right circular cylinder of radius = r units & height = h units, 5.@
Area of each circular end = 7y’ sg. units.
Curved (Lateral) Surfag@a = (2arh) sq. units.
Total Surface Area @ rved Surface Area

+ Area of two circular ends.
= (2zrh + 27r?) sq. units.

[an (h + )] sqg. units.
Volume ihder = ar’h cubic units.
The above formulae are applicable to soli inders only.
Hollow Right Circular Cyllnd

Solids like iron pipes, rubb %ﬁés etc., are in the shape of hollow cylinder.
A solid bounded by tw: cyllnders of the same helght and different radii is called a hollow

& L

Formulae
For a hollow cylinder of height h and with external and internal radii R and r respectively, we have :
Thickness of cylinder = (R —-r) unlts
Area of a cross-section = (tR? — nr %) 5. units.
= m(R?-r?) sq. units.



Ex. 6
Sol.

Ex. 7

Sol.

Ex. 8

Sol.

Curved (Lateral) Surface Area = (External Curved Surface Area)
+ (Internal Curved Surface Area)
= (2rRh + 2&rh) sq. units = 2zh (R + r) sq. units.
Total Surface Area = (Curved Surface Area% +2 (ZArea of Base Ring)
= [(2nRh + 2nrh) + (nR —nro)] sg. units
= 2n(Rh + rh +vR? — r) sq. units
Volume of Material = n(R2 -r ) h cubic units
Volume of Hollow region = zir’h cubic units (\
2.2 cu dm of brass is to drawn into a cylindrical W|re of dlameter 0.50 cm. Find the length of the wire?
Volume of brass = 2.2 cu dm = (2.2 x 10 x 10 x 10) cm® = 2200 cm®. Let the required length of wire be xysu

Then, its volume = (zr°x)cm® = [%X0.25X 0.25x xj cm3
22

—x0.25x0.25xx=2200 (\6)
' S
- x=(2200xlx;j=112000m=112m. /\

22 0.25x0.25
Hence, the length of wire is 112 m. 4
A well 14 m diameter is dug 8 m deep. The earth taken out of it has been v@y spread all around it to a
width of 21 m to form an embankment. Find the height of the emban

Volume of earth dug out from the well =z r* h =(%x 7x7 ><8] m?® 2md,

Area of the embankment =n (R*> —r?%) = %><{(28)2}m2 = %&x 21) m? =2310m°.

Volume of earthdug ou 23§x100j cm.=53.3¢cm.

Area of embankmg@ 231
The difference between the outside and insidw of a cylinder metallic pipe 14 cm long is 44 cm?. If the

Height of the embankment =

pipe is made of 99 cu cm of metal, find outer yiner radii of the pipe.
Let, external radius = R cm and internal %@ rcm.

Then, outside surface = Rh = >< R 14 | cm? = (88R) cm?

Inside surface =2 wrh = @x 14 | cm?® = (88r) cm?

(88R—88r) = Xtew(R—r)—4—8:%:>(R_r)=E

Internal Volume@( h =( 72 R? ><14) cm® = (44R%) cm®

99 9
AR? —44r?)=99= (R*-r?)=—= (R*-r?) ==
w%., ) ( ) 22 ( ) 2

iding (ii) by (i), we get: (R+71) = (%X%jj (R+r) =g

x ving (i) and (ii), we get, R=2.5and r = 2.

Ex. 9

Sol.

Hence, outer radius = 2.5 cm and inner radius = 2 cm.

A solid iron rectangular block of dimensions 4.4 m, 2.6 m and 1 m is cast into a hollow cylindrical pipe of
internal radius 30 cm and thickness 5 cm. Find the length of the pipe.

Volume of iron = (440 x 260 x 100) cm®.
Internal radius of the pipe = 30 cm.
External radius of the pipe = (30 + 5) cm = 35 cm.



Let the length of the pipe be h cm.
Volume of iron in the pipe = (External volume) — (Internal volume)

=[zx(35)* xh -7z x(30)* xh]em® = (#h) {(35)% — (30)*}cm*®
= (65x5)zhcm?® = (3257h)cm®.

(440x260><100 7 j
=h= x— | cm

3257h = 440%x260x100 -
325 22

A\
—h= —1]]-'580 m=112m. \
& :

Ex. 10 A cylindrical pipe has inner diameter of 7 cm and water flows through it at 192.5 "&} er minute.
Find the rate of flow in kilometers per hour.

Hence, the length of the pipe is 112 m.

Sol.  Volume of water that flows per hour = (192.50 x 60) liters = (192.5 x 60 x 1000) cm®. Q
Inner radius of the pipe = 3.5 cm. (\
Let the length of column of water that flows in 1 hour be h cm. 7

Then, §><3.5x3.5xh=192.5><60><1000 sO

—h =(192.5><60><1000>< 7) cm = 300000cm = 3 km

35x35x22 "o
Hence, the rate of flow = 3 km per hour. Q

* RIGHT CIRCULAR CONE
Solids like an ice-cream cone, a conical tent, a conical vessel ﬂoaln’s cap etc. are said to be in conical shape.
In mathematical terms, a right circular cone is a solid ge d by revolving a right-angled triangle about
one of the sides containing the right angle.
Let a triangle AOC revolve about it’s OC, so as to des@ aright circular cone, as shown in the figure.

N vortov)
QOlveriex)
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Cones Noeg}' t circular
There a ases when we cannot call a right circular cone.
Case4 : The figure shown blown below is not a right circular cone because the line joining its vertex to
$ the centre of its base is not at right angle to the base. R,
Olvertex)

> /A



Case-Il: The figure shown below is not a right circular cone because the
base is not circular.
REMARK : Unless stated otherwise, by ‘cone’ in this chapter, we shall mean \
‘a right circular cone SRR
The following are definitions of some terms related to right circular cone : 5
0] The fixed point O is called the vertex of the cone. I (\
(i) The fixed line OC is called the axis of the cone. \
(iii)  Avrright circular cone has a plane end, which is in circular shape. This is called the base of the cone.
The vertex of a right circular cone is farthest from its base.
(iv) The length of the line segment joining the vertex to the centre of the base is called the height of th (r}@
Length OC is the height of the cone. cDe
(V) The length of the line segment joining the vertex to any point on the circular edge of the base(\ca d the slant
height of the cone.
(vi)  Theradius AC of the base circle the radius of the cone. Q
Relation Between Slant Height, Radius and Vertical Height. (\

Let us take a right circular cone with vertex at O, vertical /
height h, slant height 7 and radius r. A is any point on the rim AQ
of the base of the cone and C is the centre of the base. Here, \Q

OC=h, AC=rand OA = /. The cone is right circular and Q

therefore, OC is at right angle to the base of the cone. So, we &"

have OC L CA, i.e., AOCA is right angled at C. &Q

Then by Pythagoras theorem, we have : \Q

@qz =r?+h’

Formulae

For aright circular cone of Radius =, Hei%h& Slant Height =/, we have :
Area of the curved (lateral) S (arf) sq. units. = \zrv'h? +r? ) sg. Units
Total Surface Area of co rved surface Area + Area of Base)

= War! +r®) sq. units =z r (£ +r) sq. units.
Volume of cone =& 7 cubic units.

Hollow Right Cricular
Suppose a sector of g iﬁ' cle is folded to make the radii coincide, then we get a hollow right circular cone. In such a cone;

&Y*
@@

(i) Centre of the circle is vertex of the cone.
(i) Radius of the circle is slant height of the cone.
(ili)  Length of arc AB is the circumference of the base of the cone.



(iv) Area of the sector is the curved surface area of the cone.
Ex.11 The total surface area of a right circular cone of slant height 13 cm us 90z cm®.

Calculate : (i) its radius in cm, (ii) its volume in cm?, in terms of 7.

Sol.  Given : slant height, /=13cm.
Let, radius = r cm and height = h cm.

(i) Total surface area=mr (7 +r) =[zr(13+r)] cm*

m(13+r)=907 =r?+13r-90=0=(r +18)(r-5)=0

= r=5 [Neglecting r = - 18, as radius cannot be negative] (\6

Radius of the cone =5 cm. Q/\
i)  h=ve—r? =3 —(5¢ ,

1 , 1 3 O
= Volumeofthecone:§7zr h= §><5><5><12 cm

= 1007 cm®, Q\Q

Ex.12 A girlfills a cylindrical bucket 32 cm in height and 18 cm ipAgaedius with sand. She empties the bucket on the
ground and makes a conical heap of the sand. If the hei he conical heap is 24 cm, find :

(i) its radius, (ii) its slant u@t

Sol.  Height of cylindrical bucket, H = 32 cm. \Q(b'
Radius of cylindrical bucket, R = 18 cm. 2 @&

Volume of sand = 7R*H = (Exl%‘%ﬁ 32] cm®,
0] Height of conical @4 cm.
0

Let the radius o nical heap be r cm.

Then, v wCOHICEﬂ heap ——mzh(—xgxr ><24)
3 3 7

@ me of conical heap = Volume of sand
= (1 2;?r2x24j:(§x18x18x32j

— @ 18X18><32j (18x18x 4) X

:@ r=,/(18x18x4 =(18x2)cm. =36 cm.

Radius of the heap = 36 cm.

(i) Slantheight, £ =h?+r? =,/(24)* +(36)> =+/1872=12V13cm.

Ex.13 An exhibition tent is in the form of a cylinder surmounted by a cone. The height of
the tent above the ground is 85 m and the height of the cylindrical part is 50 m. If the
diameter of the base is 168 m, find the quantity of canvas required to make the tent.
Allow 20% extra for folds and stitching.

85m

«—50m—p<«—35m—»




Sol.

Ex.14

Sol.

Ex.15

Sol.

@ Volume of the remaining solid

Given your answer to the nearest m?.
Radius of the tent, r = (?j m =84 m.
Height of the tent =85 m.

Height of the cylindrical part, H = 50 m.
Height of the conical part, h = (85 —50) m =35 m.

Slant height of the conical part, £ =~/h? +r? =/(35)? +(84)? =+/8281 m = 91m. (\
Quantity of canvas required = Curved surface area of the tent \,
= Curved surface area of the cylindrical part q)
+ Curved surface area of the conical part 0)
=2ntH+ arl = 7r(2H + /1) 0)

_{¥x84(2x50+91)}m = (22x12x191) m? _504;(3\

Area of canvas required for folds and stitching = (20% of 50424) m* = (% X 50424% =10084.80 n’.

Total quantity of canvas requwed to make the tent '
= (50424 + 10084.80) m* = 60508.80m* = 60509 m”. (to the nearest Q
The height of a cone is 30 cm. A small cone is cut off at the top by a pl rallel to its base. If its volume be

Let OAB be the given cone of height, H 30 cm and base radius R cm¥Let this cone be cut by the plane CND to
obtain the cone OCD with height h cm and base radius r cm. &,)
Then, AOND ~ A OMB. AL

ND ON r h

SO, —_——— 0 —=—
MB OM R 30 @ {QQ

R >
Volume of cone OCD = —x=7R“x30
273" N

% of the volume of the given cone, at what height, above the k@ﬁe section cut?

= 17ZI’2h:i><17r R*x30 <

3 27 3 /1 0\

2 S ML T,
= r 10 % 'i:rom ] \ -
R 9h E——

= 9h® =9000= h3 = h=10.

Height of the cone%) =10cm.
Hence the section is cu e height of (30 — 10) cm, i.e., 20 cm from the base.
From a solid cyli eight 30 cm and radius 7 cm, a conical cavity of height 24 cm and of base radius 7
cm is drilled ouy: he volume and the total surface of the remaining solid.

Radius, r = :
Height of the cylinder, H = 30 cm.
Hei =

cone, h=24cm.

eight o
Sh@i tof the cone, £=~/h*+r? =/(24)? +(7)> =/625=25cm

= (Volume of the cylinder) — (Volume of the cone)

ah—Larh :nrz(H —h)
3 3

2><7><7>< BO—EJ cm?® = 2><7><7><22
7 3 7




= (22x7x22) cm® =3388cm°®.

(i) Total surface area of the remaining solid
= Curved surface area of cylinder + Curved surface area of cone
+ Area of (upper) circular base of cylinder

=2mH +ml+a? = (2H + 0 +7) :‘:§X7x(60+ 25+7}cm2 =(22x92)cm? = 2024cm’ (\

*  SPHERE G>
Obijects like football, volleyball, throw-ball etc. are said to have the shape of a sphere. fb
In mathematical terms, a sphere is a solid generated by revolving a circle about any of its dia .
Let a thin circular disc of card of card board with centre O and radius r revolve about its diame to
describe a sphere as shown in figure.

/ Circular thin
/
sheet

]
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- Sy,
fad
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@ ~

tbnnn-(h(}’ ------- }.ﬂ- ~~~~~~~ I: ....... é:’ i N
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hET % N 0

2 v e 8

S >
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Here, O is called the centre of the sphere and r is radi e sphere. Also, the line segment AB is a diameter
of the sphere.

Formulae ,&(b‘

For a solid sphere of radius =r, we have :
Surface area o %ﬁere = (4nr?) sq. units.

Volume of%sghere = (%ﬂ'ﬁj cubic units.

SPHERICAL SHELL %)
The solid enclosed between two c%% c spheres to called a spherical shell.

amssom———

Y R
& Gy
Q
>

For a spherical shell with external radius = R and internal radius = r, we have :

Thickness of shell = (R - r) units.

Outer surface area = 4 © R” sg. units.

Inner surface area =4 7 r° S¢. UNits,

Volume of material = 4/3 = (R® - r’)sq. units.



HEMISPHERE
When a plane through the centre of a sphere cuts it into two equal parts, then each part is called a hemisphere.
Form a solid sphere, the obtained hemisphere is also a solid and it has a base as shown in fig.

Formula i Q/\

For a hemisphere of radius r, we have : (\
Curved surface area=2n r sq. unlts
Total Surface area= (2 r’+ 7 r’) =3 7 r’ 5. units. /
Volume zgm’ cubic units. ‘%Q

HEMISPHERICAL SHELL

The solid enclosed between two concentric hemispheres is called a he %erlcal shell.

Formulae 5 i 4
For a hemispherical shell of external radius = R and mternal radlus =r, we have :
Thickness of the shell = (R -r) u

Outer curved surface areax< (2n sq units.
Inner curved surface ar ﬁ’r ) sQ. unlts
Total surface area = ar’ + n(R® - r’) = a(3R? + r?) sq. units.

Ex.16 A solid consisting of a r| Iar cone, standing on a hemisphere, is placed upright, in a right circular
cylinder, full of water, uches the bottom. Find the volume of water left in the cylinder., having given
that the radius of the C er is 3 cm and its height is 6 cm: the radius of the hemisphere is 2 cm and the
height of the co . Give your answer to the nearest cm® (Take x = 22/7)

Sol.  Radius of thecy r =3 cmand its height = 6 cm.
Volume Ser in the cylinder, when full = [7Z'>< (3)% x 6] cm® = (547) cm®,
Vz@of solid consisting of cone hemisphere = (Volume of hemi-sphere) + EN—. )
QI e of cone) o
a: _ [Eﬂ (2 + L 7% (2)% x 4} emé = [ﬁjcw | |/ \ |
3 3 3 : L~ e \ :

Volume of water displaced from cylinder

= Volume of solid consisting of cone and hemisphere



(327rj

cm?®

3

Volume of water left in the cylinder after placing the solid into it

(547:—3—:jcm3 :(@ch = (%xg}ms =136.19cm?

; A\

Hence, the volume of water left in the cylinder to the nearest cm?®is 136 cm®. \

Ex.17 The given figure shows the cross-section of an ice-cream cone consisting of a cone surmounte 0@
hemisphere. The radius of the hemisphere is 3.5 cm and the height of the cone is 10.5 cm. The ouyer shell
ABCDEF is shaded and is not filled with ice-cream. AE = DC = 0.5 cm, AB ||EF and BC aclculate:
(i) the volume of the ice-cream in the cone (the unshaded poratlon including the hemigphe ) in cm
(i1) the volume of the outer shell (the shaded portion) in cm®. Give your answer to t@rest cm®,

A
Sol.  Radius of hemisphere, R=AG = 3.5 cm. /cm

External radius of conical shell, R = AG =3.5cm.

Internal radius of conical shell, r = EG = (AG - AE) =(3.5-0.5)cm=3cm’
Now, AA BG ~ AEFG.

FG:EG FG :i:FG 9cm. Q\Q 4

BG AG 105 3.5

So, internal height of conical shell, h=FG =9 cm. &’)
()  Volume of ice-cream Q\Ar | /
= Volume of hemisphere + Internal volume of conicalw "
= z71R3+%7z'r2h=%7r(2R3+r

3
= [%xgx{Zx@S) +(3)*x9} C%& £3+81:|

= (1 <22, @j cmsz(n“. =174.69cm® =cm?®. (to the nearest cm®)

3 7 4
(i) Volume of the shell = E al volume — Internal volume
= LReH — Lol (R?H —r?h)

3 3

2
= —7[[(3 f§§5—(3)2x9]cm3=1n 71 «[ 2= (9x9) |em®
3 2 2
= é @_slj 3=(lxgx381]cm3(1397)cm3:49.890m3
3 7 8 28

= 50 cm® (to the nearest cm?)

Ex.18 A toy is in the shape of a right circular cylinder with a hemisphere on one end and a cone on the other. The
height and radius of the cylindrical part are 13 cm and 5 cm respectively. The radii of the hemispherical and
conical part are the same as that of the cylindrical part. Calculate the surface area of the height of the
conical partis 12 cm.

Sol.  Thetoy is in the shape shown below :



Radius of the hemispherical part =5 cm,
Curved surface area of the Hemispherical part
2 =[27 % (5)% cm? = (507) cm?.
Cylindrical part has radius = 5 cm and height = 13 cm.
: Curved surface area of the cylindrical part =

arh = (27 x5x13)cm? = (1307)cm?.

Conical part has radius = 5 cm and height = 12 cm. 1 Rl T (\
Its slant height /52 + (12)? =+/25+144 =169 =13cm. % »
Curved surface area of the conical part = 7zr¢ 0;))

= (rx5x13)cm? = (657)cm? /\(\
Hence, the surface area of the toy = (50 + 130 7 + 65 1) cm” = (245 ) cm”. (\Q

22
O
1525) ;
cm

(245><7jcm =770cm?.
+ 7z.+1007z] cm _(T

2507

Also, volume of the toy = @ﬂr +ar h+;7zr HJcm —[

Ex.19 The outer and inner diameters of a hemlspherlcal bowl 17 cm and 15 cm respectively. Find cost
of polishing it all over at 25 paise per cm (Take nt %/7)

Sol. Outer radius :g cm, Inner radius :? cm. 'Q

2
Area of outer surface = 2 tR?*= |:27Z' x( (289ﬂjcm2 : s ) W"“'"'W\.K
Avrea of inner surface = 2 n1° = ? } m? = 225ﬂ)cmz ,
Area of the ring at the t - =n[(8.5)*- (7.5)%] cm’ = (16 ) cm”.
2897 225z
Total area BEBollshed —+—+167
& (S5 2 e,

22

C})Z =(2737)cm? = (273x 7jcm =858cm”.
:é Cost of polishing the bowl = Rs (85180><025J: Rs. 214. 50.

onical vessel of radius 6 cm and height 8 cm is completely filled with water. A sphere is lowered
into the water and its size is such that when it touches the sides, it is just immersed. What fraction of

water overflows?
@. Radius of the conical vessel, R = AC =6 cm.
Height of the conical vessel, H=0C =8 cm. e
@ Let the radius of the sphere ber. 4 el )
Then, PC=PD =6 cm.
[ .- lengths of two tangents from an external point to a circle are equal]

OA = yOC? + AC? =/8% +6% =100=10 cm. /D g

OD = (OA — AD) = (10 - 6)



OP = (OC -PC) =(8 —R).
In right angled AODP we have :
OP? = OD + PD?
=  (8-R¥Z*=4+r* =64-16r+r*=16+r’

= 16r=48:>r:4—8:3.
16

A\

Volume of water overflown = volume of sphere = —7z'r { 7% (3) } cm® = (367)cm? q)
Volume of water in the cone before immersing the sphere c;b
= Volume of cone = 17z'r2h = (lﬂ'x (6)° ><8)(:m3 = (967)cm?. (\

3 3 (\

Volume of water overflown (367:) {\Q

Originalvolume of water 96z

*. Fraction of water overflown =

*  FRUSTUM E Q
FRUSTUM OF A RIGHT CIRCULAR CONE
In our day-to-day life we come across a number of solids of the shap own in the figure. For example, a
bucket or a glass tumbler. We observe that this type of solid is a p ight circular cone and is obtained when

the cone is cut by, a plane parallel to the base of the cone.

/

|

/ \
/ \
|
5 M‘”’ - .
”’“““n».n.wmwv.www -

plane parallel to its base, the portion of the cone between the plane and
ustum of the cone.

figures given below:
he frustum of the cone. It has two parallel flat circular bases, mark as Base (1) and

joins the two bases.

If right circular cone is cut
the base of the cone is cal
We can see this process fr

The lower portion in fi j
Base (2). A curved gurfa




The line segment MN joining the centres of the two bases is called the height of the frustum. Diameter CD of
Base (2) is parallel to diameter AB of base (1). Each of the line segments AC and BD is called the slant height of
the frustum. We observe from the figures (i) and (ii) that,

1. Height of the frustum = (the height of the cone OAB) — (the height of the cone OCD)
2. Slant height of the frustum = (the height of the cone OAB ) — (the height of the cone)
» Volume of a Frustum of a Right Circular Cone

Let h be the height ; r; and r, be the radii of the two bases (r, > r,) of frustrum of a right circular cone.

The frustum is made from the complete cone OAB by cutting off the conical part OCD. Let h, be the height qf\

the cone OAB and h; be the height of the cone OCD. »\,
Here, h, = h; —h.
Since right angled triangles OND and OMB are similar, therefore, we have: fQ)

h_1, b

h, «6
= h=h_r R P (\

h1 1 N (\Q
r, r-—r hr,

= H=1—2—1 2 =  h=—2 P

hl n n n-n O
and  h=h—h=—10_ _ph— =% ‘% .

n-n n-rn A PO

Volume V of the frustum of cone = Volume of the cone OAB — volume of@ OCD f |
1 1 1 hr, 1 . fo

1

= —7zr2h ——7Zf2h — . . \ !
37t 3 “ 3™ “r-r) 3 e 6’@;5 Bose (@) [ 1\ |
CR2-\D

ﬂh{ } ~an{r? +ror, 17} Q /)

r— :
;ﬂh{r +1r, +17} @
1 & o . W
Note : Volume VV ==t +1,r, + 1} Q) e S e
h
= _(ﬂrl +77{2 +anr,) = +7Zf2 +\l(7zfl (7zf2 )}

= —{(areaof base@aof base2)+ \/ (areaof base) (areaof base2)}
» Curbed Surface Area %’Frustum of a Right Circular Cone

1
3
V=

Let h be the height, ¢ be the slant height and ry,r, be the radii of the bases where ry > r,.



In figure (i), we observe EB =, — 13
Aad 02 =h?+(r,-r,)
¢ =,h? +(r,—r,)?
In figure (ii, we have OAB as the complete cone from which cone OCD is cut off to make the frustum ABDC.
Let 7 be the slant height of the cone OAB and /7 , be the slant height of the cone OCD.

Since, AOMB are similar,
é—zzr—z fl_f:r—z :> 61: grl \«
Zl n él n n-r f};B

Now, ¢, = £, —¢=—T = =" (\G;b

il P -
Curved surface area of frustum ABCD (\
= (Curved surface area of cone OAB) — (Curved surface area of cone OCD) Q
~ o, ‘o, {rf —r} } (\
=l —nl, {, = x————naf, X =l
(r1_r2) (r _rz) n-n

Total surface Area of a Frustum of a solid Right Circular Cone
Let h be the height, ¢ be the slant height and r4, r, the radii of the bases Where{gg as shown in figure.

Therefore, curved surface area of frustum = 7(r, +1,). % O

\
f '
f : -
\, y 5 — Y /
S~ a5¢€ {1 o 5>

Total surface area of this frustum

= Curved surface area + Area of ﬂArea of Base 2
= 7l +r)+xr}
Area of the Metal Sheet Used To Bucket

A bucket is in the shape of a frustu right circular hollow cone.
Let h be the depth, ¢ be the slan t, r; be the radius of the top and r, be the radius of the bottom as shown in figure

The area of the metal sheet used for making the bucket
= Outer (or inner) curved surface area + Area of bottom

= zl (1 +1,)+ar}



Ex.21 A bucket of height 16 cm and made up of metal sheet is in the form of frustum of a right circular cone with
radii of its lower and upper ends as 3 cm and 15 cm respectively. Calculate:

(i) the height of the cone of which the bucket is a part.

(ii) the volume of water which can be filled in the bucket.

(iii) the slant height of the bucket. (\
(iv) the area of the metal sheet required to make the bucket. \

Sol.  Let ABCD be the bucket which is frustum of a cone with vertex 0 (as shown in figure). Let ON = ybéb
AOAB —AOMC

x _3 foon_to) ”\(\

16+x 15 "OM MC

/7
x _1 —  Bx=16+xl

16+Xx 5 Q W
= 4x =16 = X=4 5: %\mewm = ; ’
ON=4cmand OM =4 +16=20cm QQ’ X 1em /

the height of the cone = 20 cm &q

volume of the bucket = —7r(15) X 20—7r(3$m
{i.e., Volume of the Iarge,c@ olume of the small cone}
6]cm?®

= —ﬂ[225><

‘N
v

= 7z[75>< L12]cm?

)
zcm?

Slant height of cor%%ilus 15¢cm
Yn, (15) +(20)*cm =+/625 cm = 25¢cm
Slant heighgof of radlus 3cm

(4) +(3)’cm=5cm
Slan E;%lg t of bucket = (25 5)cm =20cm,i.e,/ =20cm
a of the metal sheet = 7 ¢/(R+r)+ 71>

&%" = 7x20x (15+3) + 7(3)? cm? = 3607 + 97 cm?
=369 cm?
@e. The area of the metal sheet used = C.S. of larger cone — C.S. of smaller cone + Area of the base of the bucket
x =[7x25x15— 7 x5x3+ 7 x(3)*]cm® =[3757 —157 + 97]cm?
@ =369z cm?

Ex.22 A bucket is in the form of a frustum of a cone, depth is 15 cm and the diameters of the top and the bottom
are 56 cm and 42 cm respectively. Find how many liters of water can the bucket hold ?
(Take 7=22/7)

Sol. R=28cm
r=21cm



h=15cm D ———

_ 1 . A S .
Capacity of the bucket = §7z h{R“+r°+Rr} \\\\% - ,,/
: /
:%x 22x15x{(28)° + (21)? + (28)(21) }em® \ 15cm
2 2 \'s‘_u e -*1;-“.-»\> . ’,"/
= 24 5% {784+ 441+ 588 cm’ Y ..
T x5x{ g i \

_ §><5><1813cm3 — 22x5% 259cm’ n;;)
= 28490 cm® _ 28490 et /\6

1000

= 28.49 liters Q/\

Ex.23 A container made up of a metal sheet is in the form of a frustum of a cone of height 16 cm with radii of its
lower and upper ends as 8 cm and 20 cm respectively. Find the cost of the milk which can completely fill the
container at the rate of Rs. 15 per liter and the cost of the metal sheet use.g., @t costs Rs. 5 per 100 cm?.

(Take 7 3.14)

Sol. R=20cm,r=8cm, h=16 cm R =20 em

€=\/m=\/256+144cm=20cm QN — —
- « el -

zh{R?+r? +Rr} Q'S" N f\

:lx(3.14)><16{400+64¥®cm3 , J
16 i .Y,
—3.14x =2 620 ¢
5 (624 @& =
=3.14><16><20€%a3
~1044992%0%

Therefore, the quantity of mil%%e’container = % liters = 10.45 liters

Colt of milk at the rate of per liter = Rs. {10.45x15} = Rs. 156.75
Surface area of the met t used to make the container

= Vg Y+rari=x{{((R+r)+r?}
3.14) x{20x 28+ 64}cm?

Volume of contamer =

Wl

(3.14) x624cm? =1959.36¢m?
TherefOﬁE thg, cost of the metal sheet at rate of Rs. 5 per 100 cm?
= RS.M =Rs.97.97 approx.

Ex.24 height of a cone is 40 cm. A small cone is cut off at the top by a plane parallel to the bases. It the volume

1
@\0 the small cone be a of the volume of the given cone, at what height above the base
is the section made

Sol. Let R be the radius of the given cone, r the radius of the small cone, h be the height of the frustum and h; be the
height of the small cone.

In figure 13.49, AONC and A OMA are similar (AONC - AOMA)
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We are given that Volume of small cone 1 f ot | /\

Volume of givencone 64 ,)g\{,v//\ A %@;\,
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From (i) and (ii) h :1><40:100m &q
g

Therefore, h=40-h; = (40 - 10) cm (b:&Q

= h=30cm

Ex.25 The radius of the base of a right circu @ is r. It is cut by a plane parallel to the base a height h from the

base. The slant height of the frust%s.) h? + 3 r2 . Show that volume of the frustum is gﬂ' reh.

Sol.  Infigure 13.50, ¢ = ‘/hz %e: is the slant height of frustum of the given cone having base radius r. O is the

centre of the base a §1s,the centre of the top of the frustum.

(given)
AOB and C g{ameters of the lower and upper faces of the frustum. Draw DE L OB. Let O’ P =x
In right angled A

§¥7=8E2+DE2
E+h? (- DE=00'=h) /\

4 \\
PN . / 1\
:527 s A2 one e - BE’=—r* @/47”“\\1’ .......
9 9 _?_/ hi‘
// | E \

— BE=gr = OE:r—Er:Er / \

3 3 3 // //———~~»\\\
\\\. I é 'J’ :\;?)
N Vi L __~L



= O'D= 3 r is the radius of the top face of the frustum

Now, APO'D ~ APOB

I
| =

nex &
= x:%h. (\(';)

Volume of the frustum = VVolume of the cone PAB — VVolume of the cone PCD

Wk

= 3x=h+x

2 4
:lﬂ'x(rz)xOP—lﬂ'x EI‘ xO'P
3 3 3

L, L "o
== x(h+x)——7zr°xx
3 27

Hence, the required volumg-i

EXERCISE-1 O (FOR SCHOOL/BOARD EXAMS)

%,

C}) OBJECTIVE TYPE QUESTIONS
CHOOS

E’& CORRECT OPTION IN EACH OF THE FOLLOWING

Ift oame of a cube is 1728 cm®, the length of its edge is equal to
m (b) 14 cm (c) 16 cm

(d) 24 cm
2. x{ 0 cubes each of 10 cm edge arezjoined end to. The surface area of the resulting cuboid is
42) a) 1200 cm? (b) 1000 cm (c) 800 cm? (d) 1400 cm?
3.

A rectangular sheet of paper 44 cm x 18 cm is rolled along its length and a cylinder is formed. The
volume the cylinder so formed is equal to (Takerz = 2)

(a) 2772 cm® (b) 2505 cm?®

(c) 2460 cm® (d) 2672 cm®



10.

11.

12.

13.

14.

15.

16.

If the radius and height of a cylinder are in ratio 5 : 7 and its volume is 550 cm®, then its radius is equal to
22

(Takeﬂ' = 7)

(@ 6cm (b) 7cm (c)5cm (d) 10 cm

If the curved surface area of a solid right circular cylinder of height h and radius r is one-third of its total
surface area, then

(a)h=%r (b)h=%r (€) h=r (d) h=2r \
A hollow cylindrical pipe is 21 cm long. If its outer and inner diameters are 10 cm and 6 crhl';}pectlvely,
then the volume of the metal used in making the pipe is (Takerz = Q)

(a) 1048 cm® (b) 1056 cm® (c) 1060 cm® (d) 1064 cm® /\
If the radius and slant helght of a cone are in the ratio 4 : 7 and is curved surfac 792 cm?, then its

radius is (Takerz = —)
7 /

(@ 10 cm b) 8 cm (c) 12 cm (d)
If the radius of the base and the height of a right circular cone are re WWVEly 21 cm and 28 cm, then the
curved surface area of the cone is (Takerz = —)

(a) 3696 cm? (b) 2310 cm? (c) 2550 cm? (d) 2410 cm?
A conical tent with base-radius 7 m and height 24 m is m m 5 m wide canvas. The length of the
22

canvas used is (Takerz = 7)

(@) 100 m (b) 105 m c)l (d)115m

The total surface area of a solid hemisphere of r 3 5m |s covered with canvas at the rate of Rs. 20
per m?. The total cost to cover the hemlsphe& (Takerz = —)

(@) Rs. 2210 (b) Rs. 2310 (c) Rs. 2320 (d) Rs. 2420

If the volume of a vessel in the form of ¥Tight circular cylinder is 448 z cm?® and its height is 7 cm, then
the curved surface area of the ¢ his

(a) 224 cm? (b) 21 (c) 112 7 cm? (d) none of these

If the curved surface are@lght circular cone is 12320 cm? and its base-radius is 56 cm, then its height

is (Taker = —) YW

(@) 42 cm V(b) 36 cm (c) 48 cm (d) 50 cm

If a solid lic sphere of radius 8 cm is melted and recasted into spherical solid balls of radius 1 cm,
EQ? 50 Y’f (b) 510 (c) 512 (d) 516

iameter of a metallic sphere is 6 cm, it melted and a wire of diameter 0.2 cm is drawn, then the

\( th of the wire made shall be

24 m (b) 28 m (©)32m (d)36m

If n coins each of diameter 1.5 cm and thickness 0.2 cm are melted and a right circular cylinder of height
10 cm and diameter 4.5 cm is made, then n =
(a) 336 (b) 450 (c) 512 (d) 545

A tent is in the form of a cylinder of diameter 8 m and height 2 m, surmounted by a cone of equal base
and height 3 m. The canvas used for making the tent is equal to



(a) 36 7 m? (b) 28 7 m? (c) 247 m? (d) 327 m?

17.  Atoy s in the form of a cone mounted on a hemisphere with same radius. The diameter of the base of the
conical portion is 6 cm and its hei%ht IS 4 cm. The surface area of the toy is

(a) 36 7 cm? (b) 337 cm (c) 357 cm? (d) 24 7 cm?

18. A frustum of a right circular cone is of height 16 cm with radii of its ends as 8 cm and 20 cm. The vgiyme
of the frustum is
(a) 3328 7 cm® (b) 3228 7 cm® (c) 3240 7 cm?® (d) 3340 7 cm® \

19.  Afrustum of a right circular cone is of height 16 cm with radii of its ends as 8 cm and 20 cmgaglateral
surface area equal to
(a) 540 7 cm? (b) 580 7 cm? (c) 560 7 cm? (d) 680 7 cm?

20. A solid metal cone with base-radius 12 cm and height 24 cm, is melted to form @herical balls, each
of diameters 6 cm. The number of such balls made is ;\

(@) 32 (b) 36 (c) 48 (d) none of these
)
OB A » R Vi
Que. |1 2 |3 |4 |5 |6 |7 |8 |9 |10
Ans. | A A |A |B |[B [CYB |C |B

Qué. 11 |12 |13 |14 |15 |16 |17 |18 |19 |20

Ans. | C ACDB@)'BACA

FOR SCHOOL/BOARD EXAMYS)

EXERCISE-1

OBJEC%@%’YPE QUESTIONS

CONVERSION OF SOUPS .
1 Two cubes of the side 10 cm are@; end to end. Find the surface area of the resulting rectangular shaped solid
2. Three cubes each of side 4@ joined end to end. Find the surface area of the resulting rectangular cuboid.

3. The six cube marked I, Efﬂ IV, V, VI each of side 3 cm are placed as shown in fig. It takes the shape of a cuboid.
Find the surface a f tfie cuboid.

&Y"’% II\I/I\I/I

@ctangular solid metallic cuboid 18 cm x 15 cm x 4.5 cm is melted and recast into solid cubes each of side 3
cm. How many solid cubes can be made ?

4, x
5. t A rectangular solid metallic cuboid 32 cm x 27 cm x 15 cm is melted and recast into solid cubes each of side 6
cm. How many solid cubes can be made from the metal.

6. Two rectangular solid metallic cuboid 12 cm x 10 cm x 5cmand 12 cm x5 cm x 4 cm are melted together and
recast into solid cubes each of side 2 cm. How many solid cubes can be made from the metal.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24,

25.

26.
27.
28.
29

31.
32.

PN

Three rectangular solid metallic cuboid 20 cm x 10cm x 5¢m, 15¢cm x10cm x 4cmand 15¢cm x12c¢cm x 5
cm are melted together and recast into solid cubes each of side 2 cm. How many solid cubes can be made from the
metal.
The side of a metallic cube 35 cm. The cube is melted and recast into 1000 equal solid dice. Determine the side of
the dice.
Two solid metallic cube sides 40 cm and 30 cm are melted together into 160 equal solid cubical dice. Determine
the side of the dice.
Three solid metallic cubes 60 cm, 50 cm and 30 cm are melted together and recast into 875 equal solid cubicﬂce.
Determine the side of the dice.
The diameter of a metallic sphere is 6 cm. The sphere is melted and drawn into a wire of uniform circul -
section. If the length of the wire is 36 m, find the radius of its cross-section. aﬁs
The diameter of a metallic sphere is 18 cm. The sphere is melted and drawn into a wire having dia r gf the
cross-section as 0-4 cm. Find the length of the wire. rms
How many balls, each of radius 0.5 cm, can be made from a solid sphere of metal of radius 1 melting the
sphere ? /\
A spherical ball of lead 5 cm in diameter is melted and recast into three spherical balls. T@I meters of two of
these balls are 2 cm and 2 (1405)"® cm. Find the diameter of the third ball. %
How many bullets, can be made out of a solid cube of lead whose edge measures 44 cm 0m and diameter of each
bullet being 4 cm. Vs
How many spherical lead shots each 4.2 cm in dimater can be obtained from r@ngular solid (cuboid)of lead
with dimensions 66 cm, 42 cm, 21 cm.(Take & = 22/7)
How many spherical balls each of 5 cm in diameter can be cast from a rectaéiii
x5dm? (1 dm =10 cm) .
A copper rod of diameter 1 cm and length 8 cm is drawn into a Wi@gth 32 m of uniform thickness

la

ar block of metal 11x dm x 10 dm

(diameter). Find the thickness of the wire.

56 circular plates, each of radius 5 cm and thickness 0.25 cm, arg placed one above another to form a solid right
circular cylinder. Find the curved surface and the volume of t [thder so formed.

The diameter of a metallic sphere is 4.2 cm. It is melted an St into a right circular cone of height 8.4 cm, Find
the radius of the base of the cone.

A right circular metallic cone of height 20 cm and ra@@base 5 cm is melted and recast into a sphere. Find the
radius of the sphere.

A right circular cone of height 81 cm and i@%‘ base 16 cm is melted and recast into a right circular cylinder of
height 48 cm. Find the radius of the base cylinder.

A spherical shell of lead, whose e t% BYiameter is 24 cm, is melted and recast into a right circular cylinder,
whose height is 12 cm and diam@ cm. Determine the internal diameter of the shell.
The internal and external radi etallic spherical shell are 4 cm and 8 cm, respectively. It is melted and recast

into a solid right circula& C er of height 9% cm. Find the diameter of the base of the cylinder.

A right circular cong is giheight 3.6 cm and radius of its base 1.6 cm. It is melted and recast into a right circular
cone with radius e i se 1.2 cm. Find the height of the cone so formed.

A solid metafl¢ right circular cylinder 1.8 m high with diameter of its base 2 m is melted and recast into a right
circular ¢ h base of diameter 3 m. Find the height of the cone.
Find the r of coins, 1.5 cm in diameter and 0.2 cm thickness, to be melted to form a right circular cylinder o f
height\LO¥m and diameter 4.5 cm.
A I vessel whose internal radius is 5 cm and height 24 cm is full of water. The water is emptied into a
inder vessel with internal radius 10 cm. Find the height to which the water rises.

ell, whose diameter is 4 m, has been dug 16 m deep and the earth dug out is used to form an embankment 8 m
ide around it. Find the height of the embankment.
A well, whose diameter is 3.5 m, has been dug 16 m deep and the earth dug out is used to form a platform 27.5 m
by 7 m just near the site of the well. Find the height of the platform. (Take & = 22/7)
The base radius and height of a right circular solid cone are 12 cm and 24 cm respectively. It is melted and recast
into spheres of diameter 6 cm each. Find the number of spheres so formed.
The internal and external diameter of a hollow hemispherical shell are 6 cm and 10 cm respectively. It is melted
and recast into a solid cone of base diameter 14 cm. Find the number of spheres so formed.



33. A solid metallic sphere of diameter 28 cm is melted and recasted into a number of smaller cones, each of diameter

4% cm and height 3 cm. Find the number of cones so formed.

34. A conical flask is full of water. The flask has base-radius 3 cm and height 15 cm. The water is poured into a
cylindrical glass tube of uniform inner radius 1.5 cm, placed vertically and closed at the lower end. Find the height
of water in the glass tube.

35. Find the depth of a cylindrical tank of radius 10.5 m, if its capacity is equal to that of a rectangular tank of sizgal5
m x11m x m x 10.5 m. (Take & =22/7)

36. A rectangular tank 28 m ling and 22 m wide is required to receive entire water from a full cylindrical ta o?}
internal diameter 28 m and depth 4 m. Find the least height of the tank that will serve the purpose(Ta ’2“7 /T)

37. A conical flask is full of water. The flask has base-radius a and height 2 a. The water is poured into l@@ rical

flask of base-radius 2—; Find the height of water in the cylindrical flask. c)
(eér of the base of

38. A sphere of diameter 2 a is dropped into a cylindrical vessel partly filled with water. The di

the vessel is 8?a If the sphere is completely submerged, by how much will the level oﬁ\% rise ?

39. The rain water from a roof 44 m x 20 m drains into a cylindrical vessel havin @ngter 2 mand height 2.8 m.
If the vessel is justfull, find the rainfall in cm.

40. An agricultural field is in the form of a rectangle of length 20 m and width . A 10 m deep well of diameter 7 m
is dug in a corner of the field and the earth taken out of the well is spread everlly over the remaining part of the

field. Find the rise in its level. (Take &t = 22/7) \?

41. 600 persons took dip in a rectangular tank which is 60 m long and %u road. What is the rise in the level of water
in the tank, if the average displacement of water by a person is 0,04 n?” ?

42. The largest sphere is curved cut of a cube whose edge is of le Punits. Find the volume of the sphere

43. The largest right circular cone is curved out of a cube whos is 0 length p units. Find the volume of the cone.

44, Two solid right circular cones have same height. The ral "Qheir bases are 4 cm and 3 cm. They are melted and
recast into a right circular cylinder of same height. F&radius of the base of the cylinder. (Take% = .577}

hose diameter is p cm. If the flow of water is 14 p cm per
ed cut in one hour? (Take 7 =22/7)

45, Water is being pumped out through a circular
second, how many litres of water are bei

cylinder tank, the radius of who

. . . . a1 .
46. Water flow out through a circular pipe, w.r; se internal diameter is 1§ cm, at the rate of 0.63 m per second into a
a@s 0.2 m. By how much will the level of water rise in one hour.

47. Water in a canal 4 m wide m deep is flowing with velocity 12 km per hour. How much area will it irrigate
in 30 minutes, if 9 cm of standing water is required for irrigation?

48. Water flow at the rate og!m per minute through a cylindrical pipe having its diameter 1.2 cm. How much time
will it tank to fillélkgi} vessel whose diameter of base is 40 cm and depth 81 cm ?

49, A hemispherical

full of water is emptied by a pipe at the rate of 37 litres per second. How much time will it

take to hal y the tank, if the tank is 3 metres in diameter (Take 7z =22/7)
50. i is full of water. Its base-radius is 1.75 m and height 2.25 m. It is connected with a pipe which
t the rate of 7 litres per second. How much time will it take to empty the tank completely ?
=22/7)
51 o0 solid metallic right circular cones have same height h. The radii of their bases are r; and r,. The two cones ae

@xmelted together and recast into a right circular cylinder of height h. Show that radius of the base of the

cylinder is ‘/%(rf +17)

52. The radii of the bases of two right circular solid metallic cones of same height h are r; and r,. The cones are



53.

54,

55.

~

2

. . . R®
melted together and recast into a solid sphere of radius R. Show that h = 4( 5 J
S+,

The radii of the solid metallic spheres are r; and r,. The sphere are melted together and recast in a solid cone of

height (r; + r,). Show that the radius of the cone is 2x /I, +1,/ + 1, (\

The radii of a solid metallic sphere is r. A solid metallic cone of height h has base radius r. The two are rr%e
together and recast into a solid right circular cone with base radius r. Prove that the height of the resul neis 4
r+h.

A solid metallic right circular cylinder and a solid metallic right circular cone are giver. The qﬁ\é& and cone both
have same height h and same base radii r. The two solids are melted together and recast intg/a sold cylinder

1 . 16 (\Q
of radius > r. Prove that the height of the cylinder is 3 h.
7/

SURFACE AREAS & VOLUMES oF COMBINATIONS OF S

A solid is in the form of a cone mounted on a right circular cylinder both havipg same radii of their bases. Base of
the cone is placed on the top base of the cylinder. If the radius of the apd height of the cone be 4 cm and 7 cm
respectively and the height of the cylindrical part of the solid is 3.5, §d the volume of the solid.

A solid is in the form of a right circular mounted on a solid hemisph&g of radius 14 cm. The radius of the base of

the cylindrical part is 14 cm and the vertical height of the comp tegolid is 28 cm. Find :

0] The volume of the solid ,QQ'

(i) The surface area of the solid
(iii)  Cost of painting the solid at the rate of 0 cm’

A solid is in the form of a cone of verticw 9 cm mounted on the top base of a right circular cylinder of height

40 cm. The radius of the base of the cone that of the cylinder are both equal to 7 cm. Find the weight of the

solid if 1 cm® of the solid weight 4 gm.

A solid is in the form of a right % One mounted on a solid hemisphere with same radius is made from a piece
r

. 1 . . . .
of metal. The radius of the he eis 3 of the vertical height of the conical part. If the radius of the base of the

. . .5
cone is r, prove that the e of the piece of metal is §m3

A solid wooden Ny)the shape of a right circular cone mounted on a solid hemisphere with same radius. If the
radius of the hen@o# re is 4.2 cm and the total height of the toy is 10.2 cm, find the volume of the wooden

toy. (Take 7%2277)

A solid toy s n the form of a hemisphere surmounted by a right circular cone. Height of the cone is 2 cm and

i e base is 4 cm. If a right circular cylinder circumscribes the solid, find how much more space it will
ke 7 =3.14)

nted on a hemisphere is immersed completely into the tub. If the radius of the hemisphere is 3.5 cm and the
ght of the conical part is 5 cm, find the volume of water left in the tub. (Take 7z =22/7)
A cylindrical container of radius 6 cm and height 15 cm is filled with ice-cream. The ice-cream is to be distributed

diamege

cov.

@ rical tub of radius 5 cm and height 9.8 cm is full of water. A solid in the form of a right circular cone
i

8@&

to 10 children in equal cones with hemisphere tops. If the height the height of the conical portion is 4 times the
radius of its base, find the radius of the ice-cream cone.

A right circular cylinder having diameter 18 cm and height 20 cm is full of ice-cream. The ice-cream is to be filled
in cones of height 12 cm and diameter 6 cm having hemispherical shape on the top. Find the number of such cones
which can be filled with ice-cream.
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A circus tent has cylindrical shape surmounted by a conical reef. The radius of the cylindrical base is 40 m. The
heights of the cylindrical and conical portions are 6.3 m and 4.2 m, respectively. Find the volume of the tent.
(Take 7 =22/7)

A circus tent is cylindrical up to a height of 3 m and conical above it. If the diameter of the base is 105 m and the
slant height of the conical part is 53 m, find the total cast of the canvas used to make the tent when the cost per
square metre of the canvas is Rs. 10. (Take 7 =22/7)

A tent of height 11 m is in the form of a right circular cylinder with diameter of base 30 m and height 3 m,
surmounted by a right circular cone of the same base. Find the cost of the canvas of the tent at the rate of Rs. {5\Qer
m?. (Take 7 =22/7) \
A tent is in the form of a cylinder of diameter 15 m and height 2.4 m, surmounted by a cone of equal %d
height 4 m. Find the capacity of the tent and the cost of the canvas at Rs. 50 per square metre. (I' a F22/7)
A iron pillar has some part in the form of a right circular and remaining in the form of a right CII’ ne The
radius of the base of each of cone and cylinder is 8 cm. The cylindrical part is 240 cm hlgh){* onlcal part is
36 cm high. Find the weight of the pillar if cone cubic cm of iron weight 7.8 gracs.

The interior of a building is in the form of a right circular of diameter 4.2 m and height 4@M\sWmounted by a cone.
The vertical height of the cone is 2.1 m. Find the outer surface area and volume of th g. (Take 7 =22/7)
The in interior of a building is in the form of a right circular of diameter 4.3 m and héght 3.8 m, surmounted by a
cone whose vertical angel is right angle. Find the area of the surface and the volume f the bU|Id|ng

(Take 7 =22/7)
A vessel is in the form of a hemispherical bowl, surmounted by a hollow ¢ . The diameter of the hemisphere
is 12 cm and the total height of the vessel is 16 cm. Find the capacity of the vessel. (Take 7 =22/7) Also find the

internal surface area of the vessel by taking 7 =3.14.
A solid is in the form of a cylinder with hemispherical ends. The totheight of the solid is 19 cm and diameter of

the cylinder is 7 cm. Find the volume and total surface area of t I|d. (Take 7 =22/7)
A solid is composed of a cylinder with hemispherical ends. I hole length of the solid is 108 cm and the
dlameter of the hemisphere ends is 36 cm, find the cost of ng the surface of the solid at the rate of 10 paise

per cm’. (Take 7 =22/7)
A solid toy is in the form of a right circular cylinder emlspherlcal shape at cone end and a cone at the other
0

end. Their common diameter is 4.2 cm and the f the cylindrical and conical portions are 12 cm and 7 cm
respectively. Find the volume of the solid. (T =2217)
A petrol tank is a cylinder of base diamet and length 24 cm fitted with conical ends each of axis-length 9

cm. Determine the capacity of the tank.

Form a solid right circular cylinder y4ith height h and radius of the base r, a right circular cone of the same height
And same base is removed. Find UPne of the remaining solid.

A right circular cone with side and 16 cm is revolved around its hypotenuse. Find the volume of the double
cone so formed.

A godown building as shown in figure is made in the form of a cuboidal base with dimensions 40 m x 14 m x4 m,
surmounted by a half cylindrical curved roof having same length as that of the base. The diameter of the cylinder is
14 m. Find the volume of the building and its total outer surface area.

Find the mass of a 3.5 m long lead pipe, if the external diameter of the pipe is 2.4 cm, thickness of the metal is 2
mm and mass of 1 cm® of lead is 11.4 g. (Take 7 =22/7)



26.

27.

28.

29.

30.

A cylindrical vessel of diameter 16 cm and height h cm is fixed symmetrically inside a similar vessel of diameter
20 cm and height h cm. The total space between the two vessels is filled with cork dust. How many cubic
centimeters of cork dust is used.

The interior of a burldrng is in the form of cylinder of radius 4 m and height 3.5 m, surmounted by a cone of
vertical angle 90°. Find the surface area of the interior of the building (excluding the flooring area of the building).
Also find the cost of painting the interior of the building at the rate of Rs. 5 per m2 Use

7=22/7 and~/2 =1.414

A solid is in the form of a cone of vertical height h mounted on a right circular cylinder of height 2 h and b
having same radii of their bases. Base of the cone is placed on the top base of the cylinder. If V' cube unlﬁ>

volume of the solid, prove that the radius of the cylinder is 1/% .
A solid is in the form of a cone of vertical height h mounted on the top base of a right circular ;X of height

1
3 h. The circumference of the base of the cone and that of the cylinder are both equal to e the volume of

the solid, prove that C :4‘/% . (\

A conical vessel of radius 12 cm and depth 16 cm is completely filled with sphere is lowered into the
water and its size is such that than when it touches inner curved surface of el, it is just immersed upto the
topmost point of the sphere. How much water over flows out of the vessel o0t,of the total volume V cubic nuits.

FRUSTUM OF A RIGHT CIRCULAR CONE

A bucket of height 3 cm and made up of metal sheet is in the fo qf frustum of a right circular cone with radii of
its lower and upper ends as 6 cm and 10 cm respectively. Cal&e

0] the height of the cone of which the bucket is a 9
(i) the volume of water which can be filled in t et.
(iii)  the slant height of the bucket.

(iv) the area of the metal sheet required to e bucket.

The radii of the circular ends of a frustught circular cone are 5 cm and 8 cm and its lateral height (slant
height) is 5 cm. Find the volume of the fru » . (Take 7 =22/7)

The radii of the circular ends of a b taSrustum of a right circular cone are 14 cm an d2 cm and is thickness is 9

cm. Find the lateral surface of t m. (Take 7z =22/7)

If the radii of the circular end ucket 24 cm high are 5 cm and 15 cm respectively, find the inner surface area
of the bucket (i.e., the area%I metal sheet required to make the bucket) (Take 7 =3.14)

A bucket is in the form e, its depth is 30 cm and the diameters of the top and the bottom are 42 cm and 14
cm respectively. Flw ho any litres of water can the bucket hold ? (Take 7 =22/7)

A container mad metal sheet is in the form of a frustum of a cone of height 12 cm with radii of its Iower
and upper ends m and 12 cm respectively. Find the cost of metal sheet used, if it costs Rs. 4 per 100 cm?.

(Take 7 =
A vesse is I he form of a frustum of a cone of height 21 cm with radii of its lower and upper ends as 8 cm and 18
cm regp y. Find the cost of milk which can completely fill the vessel at the rate of Rs. 10 per litre.

T meters of the ends of a frustum are 48 cm and 36 cm. If the height of the frustum be 11 cm, fid the volume
e frustum. (Take 7 =22/7)

the slant height of the frustum of a cone is 4 cm. If the perimeters of its circular bases be 18 cm and 6 cm, find the

%

10.

curved surface area of the frustum and also find the colt of painting its total surface at the rate of Rs. 12.50 per 100
cm’.

The height of a cone is 30 cm. A frustum is cut off from this cone by a plane parallel to the base of the cone. If the

1
volume of the frustum is 2—3 of the volume of the cone, find the height of the frustum.
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12.

13.

14.

15.

The height of a cone is 10 cm. The cone is divided into two parts by drawing a plane through the midpoint of the
axis of the cone, parallel to the base. Compare the volume of the two parts.

A hollow cone is cut by a plane parallel to the base and upper part is removed. If the curved surface of the

. .15 . . . . .
remainder is E of the curved surface of the whole cone, find the ratio of the line-segments into which the cone’s

altitude is divided by the plane.
A right circular cone is cut by a plane parallel to the base of the cone and the upper portion is removed. If IK(\

curved surface of the frustum is % of the curved surface of the whole given cone, prove that the he}%%

frustum is % of the height of the whole cone.

The altitude of a right circular cone is trisected by two parallel planes, drawn parallel ase of the cone. The
cone is cut into three parts. The topmost part is a right circular cone, the middle one and kast one at the bottom are
two frustums. If V; be the volume of the small cone, V, be the volume of the middle portion frustum and V; be the
volume of the frustum made at the bottom, prove the V; : V,: V3=1:7:19. Q

A right circular cone is divided by a plane parallel to its base into a small c‘o% volume V; at the top and a
frustum of volume V, as second part at the bottom. If V; : V, =1 : 3, find the fatio of the height of the altitude of
small cone and that of the frustum.

SURFACE AREAS AND VOLUMES ANSWER KEY EXERCISE-2 (X)-CBSE

CONVERSION OF SOLIDS

1. 1000 cm? 2. 224 cm? 3.198 cm? 4. 45 5. 60 6. 105 7.20 8.3.5cm 9.2.5cm
10.2cm. 11.0.1cm12.243m 13.8000 14.1cm 15.2541 16.1500 17.8400 18.0.05cm
19. 1100 cm® 20.2.1cm 21.5cm 22.12.cm 23.8 (18)1’3cm 24.16 cm 25. 6.4 cm
26.24cm 27.450 28.2cm 29.75cm 30.80cm 31.32 32.4cm 33.672 34.20cm

3
35.5m 36.4m 37.§a 38. % 39.1cm 40.1.6 cm approax. 41.1lcm 42. %

3

43 % 44.2.885 cm 45.39.6 p° litres  46.2.52 m 47. 400000 m>  48. 20 min.

49. 16.5 min. 50. 17im
16

SURFACE AREAS AND VOLUMES OF COMBINATIONS OF SoLIDS

1. 293%cm3 2. (i) 1437?%cm3 (ii) 3080 cm?” (iii) Rs. 2464 3.26.488 kg 5.266.11 cm3 6. 25.12 cm3

7.616cm® 8. 3cm 9.30 10. 48720 m® 11. Rs. 97350 12. Rs.27082.5 13. 660 m3 ; Rs. 15675
14. 395. 4 kg approx. 15.72.4m?: 65.142 m® 16.71.83 m? 17. 1584 cm®; 602.88 cm?

18. 641 66 cm® ; 418 cm? 19. Rs. 1221.94 20.218.064 cm® 21. 18480 cm® 22. %m’zh

23. 798 .816 cm® 24.4320 m®; 1096 m® 25. 50518 kg 26. 36 zhcm3 27. Rs. 159.104 m*; Rs. 795.52

28. EV
8

FrRUSTRUM OF A RIGHT CIRCULAR CONE

1.7.5¢cm, 196 x cm®, 5 cm 116 = cm? 2.540.57 cm® 3.753.6 cm® 4. 1711.30 cm? 5. 20.02 liters
6. Rs. 47.52 7.Rs. 117.04 8. 1554cm3 9. Rs. 9.58 10.10cm 11.1:7 12, 1:3 15. 1: (4¥3_1)




EXERCISE -3 (FOR SCHOOL/BOARD EXAMS)

n =

2.

PEREVIOUS YEARS BOARD (CBSE) QUESTIONS

VERY SHORT ANSWER TYPE QUESTIONS

The surface area of a sphere is 616 cm?. Find its radius. [Foreign — @&
A cylinder and a cone area of same base radius and of same height. Find the ratio of the volume of cylin?% that
009]

of the cone. [De

The slant height of the frustum of a cone is 5 cm. If the difference between the radii of its two circular is4

cm. write the height of the frustum. 6 —2010]

SHORT ANSWER TYPE QUESTIONS (\

A solid metallic sphere of diameter 21 cm is melted and recasted into a number of sma %s, each of diameter

7 cm and height 3 cm. Find number of cones so formed. elhi — 2004]

A solid metallic sphere of diameter 28 cm is melted and recasted into a number of srr}alle cones, each of diameter
2 . . .

4§ cm and height 3 cm. Find number of cones so formed. Q [Delhi — 2004]

A hemispherical bow! of internal diameter 30 cm contains some liquid. This¥guid is to be filled into cylindrical
shaped bottles each of diameter 5 cm and height 6 cm. Find the numbgr Qf hottles necessary to empty the
bowl. % [Al —2004]
Solid spheres of diameter 6 cm are dropped into a cylindrical beaké%n aining some water and are fully
submerged. If the diameter of the beaker is 18 cm and the water gises by 40 cm, find the number of solid spheres
dropped in the water. i" [Foreign — 2004]
A toy is in the form of a cone mounted on a hemisphere of Qﬁon base radius 7 cm. The total height of the toy is
31 cm. Find the total surface area of the toy. [use 7 = [Delhi — 2007]
A toy is in the form of a cone mounted on a hemisphe same radius. The diameter of the base of the conical
portion is 7 cm and total height of the toy is 14.5 cm(bj d the volume of the toy. [use 7 =22/7]

[Al - 2007]

LONG ANSWER TYPE QUESTOINS @
If the radii of the circular ends of a bucket’¢3 cm high are 28 cm and 7 cm (as shown in given fig.), find the

capacity of the bucket. % N [Al —2004]

%
CJ&)YV : ~Tem l

A hollo § is cut by a plane parallel to the base and the upper is removed. If the curved surface of the
remaifdeYis 8/7" of the curved surface of the whole cone, find the ratio of the line segments into which the cone’s
ald is divided by the plane.

i

B

[Delhi — 2004C]

< , OR
Q\l the radii of the ends of a bucket, 45 cm high, are 28 cm and 7 cm, find its capacity and surface area.
3.

4,

A well, of diameter 3m, is dug 14 m deep. The earth taken out of it has been spread evenly all around it to a width
of 4m, to form an embankment. Find the height of the embankment. [use 7 =22/7] [Al —2004C]

If the radii of the ends of a bucket, 45 cm high are 28 cm and 7 cm, determine the capacity and total surface area of
the bucket. [Al —2005]

The rain water form a roof 22 m x 20 m drains into a cylindrical vessel having diameter of base 2 m and height 3.5
m. If the vessel is just full, find the rainfall in cm. [Delhi — 2006]



10.

Water flows at the rate of 10 m per minute through a pipe having its diameter as 5 mm? How much time will it take
to fill a conical vessel whose diameter of base is 40 cm and depth 24 cm? [Foreign — 2006]

A sphere, of diameter 12 cm, is dropped in a right circular cylindrical vessel, partly filled with water. If the sphere

is completely submerged in water, the water level in the cylindrical vessel rises by 3E cm. Find the diameter of

the cylindrical vessel. ? (\
OR

A solid right circular cone of diameter 14 cm and height 8 cm is melted to form a hollow sphere. Q? ternal
diameter of the sphere is 10 cm, find the internal diameter of the sphere. —2007]

A hemispherical bowl of internal diameter 36 cm is full of some liquid. This liquid is to (\gd in cylindrical
bottles of radius 3 cm and height 6 cm. Find the number of bottles needed to empty th

OR

7/
Water flows out through a circular pipe whose internal radius is 1 cm, at the e®80 cm/second into an empty
cylindrical tank, the radius of whose base is 40 cm. By how much will be | water rise in the tank in half an
hour. [Al —2007]
A gulab jamun, when ready for eating, contains sugar syrup of ab f its volume. Find approximately how

much syrup would be found in 45 such gulab jamuns, each shaped li a cylindrical with two hemispherical ends,
if the complete length of each of them is 5 cm and it’s dlameterﬁ cm.

OR 4:2

A container shaped like a right circular cylinder havj meter 12 cm and height 15 cm is full of ice-cream. This
ice cream is to be filled into cones of height 12 diameter 6 cm, having a hemispherical shape on the top.
Find the number of such cones which can be f|| ith ice-cream. [Delhi — 2008]

A bucket made up of a metal sheet is in k@ of a frustum of a cone of height 16 cm with diameters of it’s
lower and upper ends as 16 cm and 40 cm r®épectively. Fmd the volume of the bucket. Also find the cost of the
bucket if the cost of metal sheet use%ﬂg 20 per 100 cm? [use 7 = 3.14]

OR

A farmer connects a pipe o%ernal diameter 20 cm from a canal in to a cylindrical tank in his field which is 10 m
in diameter and 2 m dee Water flows through the pipe at the rate of 6 km/hr, in how much time will be tank be
fillrd? [Delhi — 2008]

A tent consists 0 ustum of a cone, surmounted by a cone. If the diameter of the upper and lower circular ends
of the frustur™Ne 14 m and 26 m respectively, the height of the frustum be 8 m and the slant height of the

onical portion be 12 m, find the area of canvas required to make the tent. (Assume that the radii of the
end of the frustum and the base of surmounted conical portion are equal). [Al —2008]

If ii of the circular ends of a conical bucket, which is 16 cm high, are 20 cm and 8 cm, find the capacity and

@I surface area of the bucket. [use 7 =22/7] [Foreign — 2008]

m a solid cylinder whose height is 8 cm and radius 6 cm, a conical cavity of height 8 cm and of base radius 6

\cm, is hollowed out. Find the volume of the remaining solid cored to two places of

decimals. Also, find the total surface of the remaining solid. [Take 7 = 3.1416]
[Delhi — 2009]
In figure, a decorative block which is made of two solids — a cube and a hemisphere.
The base of the block is a cube with edge 5 cm and the hemisphere, fixed on the top, _, i
has a diameter of 4.2 cm. Find the total surface area of the block. [Take 7 =22/7] ,
[Al - é

2009]

| S ——



15. A spherical copper shell, of external diameter 18 cm is melted and recast into a solid cone of base radius 14 cm and

height 4% cm. Find the inner diameter of the shell.

OR
A bucket is in the form of a frustum of a cone with a capacity of 12308.8 cm?®. The radii of the top