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“riduces to linear equation.

7x2+§x-1 1=0
_ b+ \/b2 —4ac

_T8EyE -4(7)( 1)
()

Quadratic Hqliatjor (U.B)
(=HF 2914015, SR/ 12014, FSD 2016, 17, MTN
2615, /BW? 2615, D.G.K 2016)

“A"polynomial equation, which contains the
square of the unknown (variable) quantity,
but no higher power, is called a quadratic
equation, or an equation of degree two is
called quadratic equation”.

i.e., ax® +bx+c =0 where
a,b,ceRanda=0.

For example: 5x* +2x+1=0, x*—-1=0 efc.

Quadratic Equation (U.B)
Standard form of quadratic equation in one
variable x is: ax®+bx+c=0 where

a,b,ceR and a=xo0. Here a is the

coefficient of x?, b is coefficient of x and ¢
is constant term.

Pure Quadratic Equation (U.B)

A quadratic equation in which coefficient of

‘X’ 1s zero is called pure quadratic equation.
OR
In standard form of quadratic equation

ax’+bx+c=0, ifb=0, then it is called

pure quadratic equation. i.e. ax*+c=0

For example: x*—1=0

Linear Equaibrify

An equatlon of cggree oné iy ral‘e:: linear
equat; wr 0! if| &= Olin- standard form of
.mdr ol oquatlon ax® +bx+c=0then it
i.e. bx+c=0
where b,ceR Ab=0. For example
3x+2=0

QUADRATI N
EQUATIONS

__,.- T .

lu\aﬂ .

UNIT

Methods to Solve a Quadratic
Equation (K-B)

(LHR 2017, GRW 2016, 17, SWL 2016, SGD 2013,
14, 15, MTN 2015, 17, RWP, 2016, D.G.K 2014, 17)

There are three methods to solve a quadratic
equation.
Q) Factorization method
(i) Completing square method
(ili)  Using quadratic formula
Note (K.B)
> For factorization of ax®+bx+c=0,
we make two factors r and s of ac,
such that r+s=b A rs=ac.
> Cancelling of x on both sides of an
equation (for example 5x*=30x)
means the loss of one root. i.e. x=0
> For convenience, in the method of
completing square, we make the
coefficient of x? equal to 1.
STl CUMEECEEM]  (FSD 2015) (A.B)
Solve the quadrnﬂ equatmn ~
: 3x" X =
Smuuon A
:Bx - R 2K 4| )n
T3x2—6x—x—20=0
3x* —7x-20=0
o =12+5=-7, -12x5=-60
3x* —12x+5x-20=0
3x(x—4)+5(x—4)=0
= (x—4)(3x+5)=0

%420 Py Tastorizatiahn:—

N |

MATHEMATICS -10 1



Unit— 1

Quadratic Equations

Either x—4=0 or 3x+5=0,
= X=4 or 3x=-5

5
=X=——
3

x:—§,4 are the soluticns ¢f e '

given eauation

Thus, the selutior sat s {

4

(R hja ((PRge # 4) (A.B)
| Solve the equation 2x* —5x—3=0 by
completing square.
Solution:
2x> —5x-3=0
Dividing each term by 2
5 3

X*—=x-==0
2 2

(;Ol)'l

2
Now adding (_%j on both sides

, 5 5 3 ( 5Y
XT==X+|—=| ==+| —=
2 4) 2\ 4

(ijz_g 25 24+25

=—+ =
2 16 16

( 5)2 49
X—=| =—
4) 16

Taking square root on both sides

-k

5 7
—_ =4
4 "4 ]
[ = o
Either X—E:Z or X_::-_Z. :
4 4 _ 4\ 4
x=L 820 o e e
47\ VY
LTS L —7+5
SH—1 | Lok =
ANAYS 4
1A\ 12 9
== or =—
4 4

Xx=3 or x:—1
2.
1 g™ {
e N ;,u are thereats pf4ha

| giveh equation

T'hus,.the solution set is {—%,3}

Q.1 Write the following quadratic
equations in the standard form and
point out pure quadratic equations.

(SGD 2015, 17, RWP 2016) (A.B)

(i) (x+7)(x=3)=-7
Solution:

(x+7)(x=3)=-7

X +7x—3x—21=—7

X +4x-21+7=0

X* +4x-14=0

Which is the required standard form

of quadratic equation.

x>+4 X

(ii) o=l (A.B)

Solution:

x? +4 X _ 1
3 7

2

X“+4 X =30V ||
._'._'.' _1.‘_—|O| -.__ Ll s
A WM [ A o

'7( <_ ) 3()( )-/1(21) 1(21) o

7x°+28-3x-21
21
7x* —3x+7=0
Which is the required standard form
of quadratic equation.

=0

MATHEMATICS -10 2



Unit— 1

Quadratic Equations

X X+1
@) —+—=6
X+1 X
(BWP 2014, D.G.K 2014, 15)

(A.B)

Solution:
X X+1
+ =

(x+1)(x)

X2+ (X% +2x+1) —6x(x +1)
(x+1)(x) B

X2+ X2+ 2X+1-6x(x+1)=0

2X? +2x+1-6x*—6x=0

—4x* —4x+1=0

—(4x*+4x-1)=0

4x* +4x-1=0

Which is the required standard form

of quadratic equation.

iv) X224 9 (A.B)
X—2 X

Solution:
X+4—X_2+4=0
X—2 X

Multiplying both sides by x(x—2), we get
X(x+4)-(x-2)(x-2)+4x(x-2)=0
X2 +4x—(x2 —4x+4)+4x2 -8x=0

X+ 8x— X 4 dx— 4+ 42 -8x=0 J

42+ 8K — Bt 4= o
4x? —4—%"-.
|,(|.1 DO T a0

“is the requwed standard form and it is a
pure quadratic equation.

MNaRIEY \

W) x+3_x 5 1
X+4 X i

Solution:

(A.B)—. %

X +5)— (x+-r)(x 5)
(x+4)(x)

X +3x—(X* —5X+4x—20) _
(x+4)(x)

X +3X—X* +5X—4x+20
(x+4)(x)

4x+20

(x+4)(x)

4x+20=x(x+4)

4x+20—x(x+4)=0

4x+20—-x*—4x=0

—x*+20=0 Or x*-20=0

Is the required standard form of

quadratic equation and it is a pure

quadratic.

X+l Xx+2 25

(Vi) —+——=—
X+2 x+3 12
Solution:
x+1 x+2_25

X+2 x+3 12

(X+D)(x+3)+(x+2)* 25
(x+2)(x+3) 12

X2+ X+3X+3+X° +4x+4 25
(+2)0+3) - 12

2y2 +8X 7+ '6 S :_. k '

(A.B)

| A GFReE) Az Lo
22 +3x+7) [’5(x+3)(x+2)]

=0

'-.__:.l.-.-'.:- A 12(X+2)(X+3)

24x* +96X +84 —[25(x* +5x+6)] =0
24x* +96X +84 —[25x* +125x +150] =0

24%? +96X +84 —25x* —125x—-150=0
—x*—29x-66=0

Or x*+29x+66=0

Is the required standard form of quadratic
equation.

MATHEMATICS -10 3



Uhnit-1 Quadratic Equations

Q.2  Solve by factorization: X=-2 or 17x=2
(i) x> —x—20=0 (A.B) . 2-
(LHR 2014, 15, FSD 2016, SGD 2016, ~ T
SWL 2016, RWP 2016) ] - -
Solution: _ L Baldt n Sf:+ = { f
X? —x—20=0 ' - 7
X2 — 5y X.- .20 =2 Lo _' AT (IV\ K —11x = 152 (A.B)
51 Exa =l on) !\ [=="Solution:
X(X-5)\+ Hx - 5) =0 | L x* ~11x =152
Eitiler . x* —11x-152=0
.JI' X520 orx+4=0 x* —19x +8x—152=0
~ x=5x= -4 X(x—=19)+8(x—-19)=0
. Solution Set= {5, -4} (x=19)(x+8) =0
. Eith
(i)  3y*=y(y-5) (A.B) xl—lesg:O or x+8=0
(FSD 2015, BWP 2017) x =19 X =8
Solutmg:  _y(y-5) . Solution Set={-8,19}
y =y(y-
3y? =y’ -5y (v) —X;1+—Xilzi—g (A.B)
3y’ —y*+5y=0 (GRW 2014, 17, BWP 2016)
Solution:
2y? +5y=0
Xx+1 X 25
— __|__ e —
y(2y+5)=0 x  x+l 12
E|ther (X+1)2 +(X)2 _§

y=0 or 2y+5=0

y=0 or 2y=-5 (X+1D(x) 12
5

X2 +2x+1+x> 25

y=- (x+)(x) 12
_ 5 2x* +2x+1 25
.. Solution Set ={0,—§} —(x+1)(x) 1
m 12(2x% +2x+1) = 25(x)(x +1)
The cancelling of y on both sides of 24X +24x +12 =P5X(X~ 1)
3y’ =y(y-5)means the lose of 1 1 242 1-14&4-.[7'_ 2'3x - 255
rooti.e y=0 ) ALY 24x o 44x+¢9 25, 2296x =0
(i)  4-32x=17%’ (K.__B-.J A8) (10) A +e=p )
Solution: AR \\ x\ --x2+x—12 0
4-32x=nxt L BRI E= X°+4x—-3x-12=0

X(x+4)-3(x+4)=0

17X +32x-—4-=-d' mh
- (X+4)(x-3)=0

L4 4x—2x-4 =0

y JI h Y | Either

I\ .' o 1Tx(x+2)-2(x+2) =0 X+4=0 or x-3=0
(x+2)(17x—=2)=0 X=—4 x=3
4220 or 17x-2-0 -, Solution Set={-4,3}

MATHEMATICS -10 4
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Unit— 1

Quadratic Equations

2 1 1

(vi) _ (A.B)
Xx-9 x-3 x-4
(LHR 2014, FSD 2017, RWP 2017, BWP
2016, D.G.K 2016)

Solution:

2 1 1
X—=9 %3 X=4
2 ;\x 4 —t(x- a)
X—25 (X—Z%)'()\—A‘

= {2 C W—4—-x+3

.-JI N X-9 T X —4x—3x+12
2

Xx—9 Xx*-7x+12
2(x2—7x+12)=—1(x—9)
2X? —14X+24=-x+9
2x* —14X+X+24-9=0
2x? —13x+15=0
2x*—10x—-3x+15 =0
2x(x-5)-3(x-5) =0

(x—5)(2x-3) =0
Either
X-5=0 or 2x—-3=0
X=5 or 2x=3
3
X=—
2

.. Solution Set= {g , 5}

Q.3 Solve the following equations by
completing square

(i) 7xX*+2x-1=0 (A.B)
Solution:
7x* +2x-1=0 i )
7x2+2x =1 ' i

Divide 1‘-‘_;’ / on bnfh glutﬁ.

YL 2‘, ._1 a \ ! .'.. I"w..\. \ . L,

+ —
A 7

3 . 7
A

2
Adding (%j on both sides

\ DV11 bv RN R

((IE\?gi )
AUV e
1\
.Lx”“i 1(7)+1
7) =
( lj 7+1
X+=

-
(3] &
X+=
-

T

aking square root on both sides

x+ o8
7
7 7
L 1\
7
+
Or x= 1_72\/5

.. Solution Set = {ﬂ}

(i) ax’*+4x—a=0,wherea=0 (A.B)
Solution:
ax’ +4x—-a=0
ax’ +4X =27 "

cX 4x a o

\~a""a a
4x
X +—=1
a

2
Adding [Ej on both sides
a

MATHEMATICS -10 5



Quadratic Equations

Taking square root on bothsis 1ea J
DA NFd ’

X+ -= ':. |l Tl

[ S\ "\(_ \at

—

y 2
bW A== 4

PN Falt

< a a

2
x:—gi a +4

a a
—2+a’+4

a

.. Solution Set = {

—Zi\/a2+4}

a
(i) 11x*—34x+3=0 (A.B)
(FSD 2018)
Solution:
11x* —34x+3=0
11x* —34x=-3
Divide by ‘11” on both sides
11x* 34x -3
11 11 11
2 34x 3
11 11

17
Adding (Ej on both sides

, 34 (17]2 -3 (17]2
Xm—X+| = | =—=| —
117 \11) 11 \11)

-

( T -3, 289
X— =
11-/ NSEDS

( X i'l_l‘ Egi
: a2l
A J 33+ 289
T 121

(X_E ©_256
11 121

Taking square root on both sides

/( _17 B

17

Xx=3

.. Solution Set = {1,3}
11

(iv) IX*+mx+n=0 (FSD2015) (A.B)
Solution:

IX* +mx+n=0

IX* +mx =—n

Divide by ‘1 ’on both sides

mx _—n

I_- :___ A

AR Atcmn L”J an botu sldes

1 -._'-'-. 2 2
A , m m m n
Xb—X+|— | =| =] ——
| 2l 2l |
2
m m? n
Xt— | =————
2l 4] |

m) m?-4n
Xt—| =———
2l 412

MATHEMATICS -10



Unit— 1

Quadratic Equations

Taking square roots on both sides

~ /m2—4ln
N4

m  m?—4In

~
<
+
N3
%
_I_

X+—=1%
2l - 2I _
2‘. J
: h f|].|' L @' _[n—l\'“]—_4ln
.'J,": o 2
. - B + 2_
. Solution Set = m++m” —4in
2
(v) 3x*+7x=0 (A.B)
Solution:
32 +7x=0
Dividing by 3
x2+zx:0
3
1(Coe1‘f|C|entofx) 1r.r
2 2 3 6

2
Adding [gj on both sides, we get
2 2

x2+zx+(zj :O+(Zj

3 6 6

2 N (7Y (7Y
X) +2(X)| = —| ==
() +2( )(6}[6} (EJ

( 7)2 49
X+—| =—
6) 36

Taking square roots on both sides _

e

.l'
i‘

| ._llﬁ-lf,er

A J.I. I I' | z /Z 7 7
AR X=—++ o  X=————
WA 6 6

__c_\‘, I \I

.__.-"

x=0 y = —7-7
6.._.
1A A

“\ (3_ e

A

X =t =

e 3

. 7

.. Solution Set= {0,—5}
(vi)  Given:

x* —2x-195=0 (A.B)
Solution:

x? —2x—195=0

x2 —2x =195

Adding (1)? on both sides

X2 —2x+ (1)? =195 + (1)

(x—-1)? =195+1

(x-1)? =196

Taking square root on both sides

(x-1)" =196
x—-1=+14
Either
Xx-=1=14 or x-1=-14
x=14+1 X=-14+1
x=15 X = —-13
. Solution Set ={-13,15}
vi) +2-Ly o (sE
2- [ =
\ Solutig) | oy AN LAY T
1N I'. :5. 7 k |
APty )
» 2 2
2+lx-2 _p
2 2
s M 15
X+ —X=—
2 2

1(Coel‘ficientof x):l ZJ:Z
2 2\ 2 4

MATHEMATICS -10



Unit— 1

Quadratic Equations

2
Adding Gj on both sides

, 7 (7Y (15 7T
X+ =X+|—| =| = |+| =
2" "\ 4 2 ) &

(73 ah el
()+9(x)( 4o Sten
1 ‘.'. .'.-.b_
AN 1_29_42
% .. % '\ 4 -
16
Taking square root on both sides
7 169
X+—==%|—
4 16
x+l=s23
4
x=_1.13
4 4
Either
7 13 7 13
X=——+— 0 X=————
4 4
_ —7+13 —7-13
4 4
6 20
=— or =——
4 4
ng or x=-5
2

(iii) X2 +17x+3§’ -0 (A.B)
Solution: ) _
X2 +17x+ Si o WL
I\ %__" ARIERNR
X +17,_—-°5- \\V U
l | '.:l‘ dumg on both sides

2
2
X +17x+(£j =_33 (17]
2 2

T T e

-33 289

17 Y
X+— | =—+—
2) 44N

IR 284 38e
\ll 2' / .I-

[ I/J2 256
X+— | ===
*2) "2

Taking square root on both sides

, 17 ,25
x+—:i—6
2 2

2 2
Either

1617 1617

or —_—
2 2 2 2
16-17 ~16-17
= or x=

.. Solution Set = {—l,—ﬁ}
2 2

8 3x*+5
3x+1 3XJc'I

(ix) 4- e
(AEB K-B H"‘?-

-
i w

\ Mciu |cn ARRE A

,A _-'_ 8_"-='3_x|;- {5
3x+1
3x +5 8
3x+1 3x+1
or 3x° +5+ 8
3x+1 3x+1
3x*+5+8

3x+1

MATHEMATICS -10



Unit—l

Quadratic Equations

3x* +13

3x+1
3x%+13=4(3x + 1)
3x% +13=12x + 4
3x>-12x=4-13
3x?—12x = -9
Divide-5¥ 73" on beth-siacs
X —4x=-13
Adding{2;4or: hoih'sice
Gt X ()7 220 (2)°
J L U2t =344
| (x-2)? =1
Taking square root on both sides

J(x=2) =\
X—2==1

X=11+2

Either

X=1+2 or Xx=-1+2
Xx=3 or x=1

. Solution Set ={1,3}

(x)  7(x+2a)’ +3a® =5a(7x+23a)
(A.B + K.B + U.B)

Solution:
7(x+ 2a)2 +3a’ = 5a(7x+23a)
7(x2 +4ax+4a2)+3a2 =35ax+115a>
7x* + 28ax + 28a* + 3a* = 35ax +115a°

7x? +28ax+31a’ —35ax—115a° =0
7x? —7ax—84a’ =0

7x? —84a* —7ax=0

7(x2 —ax—12a2):0
x?—ax—12a*=0 ~7#0

x? —ax=12a®

2
Adding [El on both side,

i /3\2 o ’ a:ZIII":x \\

P CLRGl

(2 483’ +a’
2) 4

(i s |
2 4
“akinalsguare radt on both sides

( ajz 49a®
X—— =
2 4

. a_,ra
2 2
x=t12,8
) 2 2
Either
7a a —7a a
X=—+— 0Of X=——+4—
2 2 2
_7a+a —la+a
2 2
_8a _6a
2 2
X=4a or x=-3a

. Solution Set ={-3a,4a}
Quadratic Formula (U.B)
For a standard quadratic equation
ax> +bx+c=0 where a=0

_ —b++b*—4ac

X =
Use of Qﬁadratic [ FILTE] (U.B)

The quadratic formula is useful tool for
solving all those equations which can or
cannot be factorized.

Derivation of Quadratic-F,

| m:mm

KL B-~U.B + A. P)
' Tm q la:irct c vqu:ilon i) standard form is
a>_<ﬁ kx¥fc=0,a%#0

~"Shifting constant term ¢ to the right, we have

ax’ +bx=—c
Dividing each term by a
, b c
X“+—X=——
a a

2
Adding [ﬂj on both sides
2a
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Quadratic Equations

N2

or (1] -t

2a ) 4,
Taking 3guqre Inat ¢n hethisides -
’——_—. L T N -
lq/' ¢ \2 ﬁ:lz.—4aC
! My it
o 'za) 4a

b \/b2 —4ac
—b \/ 4ac
a

" 2a 2a
_ —b++/b?—4ac
B 2a
—b++/b* —4ac

2a
known as “Quadratic Formula™.

Thus, x= , a0 1is

Example 1: (Page # 6) (A.B)

Solve the quadratic equation
2+9x=5x*> by using quadratic
formula.

Solution:

2+9x =5%"

=5x*-9x—-2=0

By comparing given equation with
standard quadratic

equation ax® +bx+c =0, we have

a=5b=-9,¢c=-2 \

Quadratic formula is

‘2".1 ..l .'. i

.Pnnn \this\—vaites in quadratic

1l'r rixula

_/*) e “\

~ 9++4/81+40

10
| ’:)er/'lj

RN
9411
10

Either

9+11 9-11
= or X=——

10 10

20 -2 1
=—=2 0 X=—=—=
10 10 5

2,—% are the roots of the given
equation.

Thus, the solution set is {—% 2}

Q.1 Solve the following equations
using quadratic formula:
(i) 2—x2=7x (A.B)
Solution:
2—x*=T7x
0=x*+7x-2

= X’ +7x-2=0

By comparing given equation with
ax’ +bx+c, we get
a=lb=7c=-2 )
Putting values of a, b;<in Quad"*w"-'-. Vi
Formyla- A L

—L 4 \/ )

x -

2><1
_ T7+49+18 74457
2 2

.. Solution Set= {ﬂ}

MATHEMATICS -10
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Quadratic Equations

(i) 5x* +8x+1=0 (A.B)
Solution:
5x* +8x+1=0
Here a=5b=8,c=1 .
Putting the wvalues in 'Cuadr:nu
Formula. Y
—b /L) —4a,. 1

| e e - axsxa

_ —8+.64-20 -8+44
10 10
_ —8+4/4x11  -8+2.11

10 10
o2
T
_4+411
-5

.. Solution Set={

(i) V3 +x=43
(A.B + U.B + K.B)

—4+11
5

Solution:

32 +x =43

32 +x-4J3=0

Here a=+/3, b=1 c=-4/3
Putting in Quadratic Formula

_ —b++b?—4ac

2a

M T T —_

zf
-1+ \/1+ 48
23

1449
2B
ACEMNN [ (O
S\ 2u A
i::iﬂl_er )

-1+7 -1-7
"2 0 Tl
A

Z\3 Z\3
X=i X:-i

Ng N0
X=\/§x\/§ or x:—i

V3 3
x=1/3
. 4
. Solution of Set = {\/5—%}
(iv) 4x?* —14 =3x (A.B)
Solution:

4x* —14 = 3x

x> -3x-14 =0

Here a=4, b=-3, c=-14
Putting values of a,b, c in Quadratic
Formula

—b++b*-4ac

N (i
4N

. f,—\ e) /( )_TZEL(E)'
PR I x4

W T 34 o 224

8

3+4/233
8

.. Solution Set =

3+4233
8
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Quadratic Equations

(v) 6x*-3-7x=0 (A.B) —8+/40
Solution: 6 .
6x° ~3-7x=0 —sEI0 |
6x* —7x-3=0 AR ’
Here a=6, b=-7, c¢=-3 na ' i
Putting valties of a,b, ¢-n.Gaiatic o= AN
Formu:a B
% ? S dac _ 410
| 28 3
2
NN =7 -a0)(-9) - Solution Set {4_@}
2%x6 3
_TEVA9+T2 iy —_ % _1 (AB+KB)
12 -6 x-5
_7i\/12_1 Solutlon:3 .
12 N
7+11 =6 x5
= T Multiplying both sides by
Either (x—6)(x-5)
7411 : _7-11 3(x—5)-4(x—6)=1(x-6)(x-5)
12 12 3X—15—4x+24 = x* —6Xx—5x+30
_18 , _4 —X+9=x2~11x+30
12 12 0=x?—11x+30+x—-9
2 3 X? —10X+21=0
. Solution Set :{ﬁ_—l} Here
2 3 a=1 b=-10, c=21
(vi)  3x*+8x+2=0 (A.B) Putting values of a, b, ¢ in Quadratic
Solution: Formula
3x* +8x+2=0 v
Here _ Db \
a=3 b=8 c=2 ) Ty v O
Putting values of a,b,cin @ ;uadratu, A= W "-_'7'-("-—i-D\"-i;#’C'-lo)z— Ax1x 21
Formula — P SRl —L 'le
_ _l:..-‘ 1—2..—._.__:2:.%-.\,9 I_. -\-, ' . L _- -~
:_b—_/:-)-’;_f‘_"‘__: AR\ “\ _10+100—84
. ' ’i__-__* 3 a 2
- TN (3)=—
N N I3 ax3x2 10++/16
NIAVMVA 2x3 T2
_ —8++/64-24 1044
6 5

MATHEMATICS -10
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Quadratic Equations

Either

10+4 10-4
X= or X=——

2 2

14 6
X=— , X=—

2 Z
x=7 , x:3_

X+21 4% 1 1

(viil) ——4——=2]
= RO h
~, Baluien, :
IIJ{:: x+z_ﬂ:§:21
x-1 2x 3
X+2 4-x_1
x-1 2x 3

Multiplying throughout by 3(2x)(x—1)
3(2x)(x+2)-3(x-1)(4-x)=7(2x)(x-1)
6x(x+2)+3(x—1)(x—4)=14x(x-1)
6X* +12x+3(X* —5x +4) =14x" ~14x
6X° +12X +3x* —15x +12 =14x* —14x

Ox* —3x+12 =14x> —14x
0=14%x*> —14x—9x* +3x—12

0=5x>-11x-12
5x° —11x—-12=0
Here

a=5 b=-11 c=-12
Putting values of a,b,c in Quadratic
Formula

o —b++/b” —4ac
2a
—(~11)#(~11)’ —4x5x(~12)
2x5

11++/121+ 240 ™

= 1 o

10
o L= /36t

X =

11419
Y.=

o | 10

:.ju'lﬁﬁmr

J N

~ 11+19 11-19
X= or X=—

10 10

30 -8
X="— , X=—
10 - ,.. . 10—
Y=r3 T N | .r),=-:'.;'.. o
1 i 1 4 2
f.SﬂuﬂGHSa_ﬁ{—ﬂﬂ3}
)\ 5
i 21" 5 (AB+K.B)
Xx-b x-a
(FSD 2016)
Solution:
a b
—+—:
X-b x-a

X —(—1 i—LV

Multiplying throughout by (x—a)(x—b)
a(x—a)+b(x—b)=2(x—a)(x—b)
ax—a’ +bx—b? =2(x* —ax—bx+ab)
ax+bx—a’® —b? = 2x* — 2ax — 2bx + 2ab
0= 2x" —2ax—2bx +2ab—ax—bx+a* +b?
0=2x*—3ax—3bx+a’+b’ +2ab

2x* —3(a+b)x+(a+b) =0

Here

A=2, B=-3(a+b),C=(a+b)’

Putting values of A, B, C in Quadratic
Formula

_-BxB’-4AC
T oA
[-3(a+b)]y[-3(a+b)] ~4x2(a+by

2x2
_3(arb)+9(a+b)

A | 1%,
g
&, |

X=

L

A2
(arn) | (Z

4\ [

&

W 3(ah) «(a+h)

R T s i | : _ LY .' Ll ..- 1

4

Either
3(a+b)+(a+h) or 3(a+b)—(a+h)

4

MATHEMATICS -10
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Unit—l

Quadratic Equations

)0|UL oy

X 'f

:/f(a+b) x:}f(a+b)
A A
Xx=a+b , EiE
2
Solutlon Set —{a+b it—%
(X) —(I+m).-—l' "2L+m\>_

(A.B '+ K8 + U.B)

(I+m)—|x +(2l+m)x=0
—Ix* +(21+m)x—(1+m)=0
Ix* —(21+m)x+(1+m)=0

Here a=1, b=—(2l+m), c=Il+m
Putting the values of a, b, c in
Quadratic Formula
:—bi\/b2—4ac
2a
-2 m)J -2 em)T -axtx(14m)
X= 2x|
(21 +m)=J(21 +m)Y —41(1+m)
X=
2l
2I+m \/;H’f+m ST )
21
(2A+m)£m?
- 2l
_2l+m+m
2
_2l+m+m 2I+}ﬁ yrf )
2 2l )
21 +2m ) 2l
= - X =—

Z(I+m)
;g ‘

|'| ih

.. Solution Set = {1 I+Tm}

X =

AN equatiorn,

— when

2l DI B \ \
L T . | B ]

Reciprocal Equation (U.B)

(LHR 2015, 16, 17, FSD_20%7, MTN 267%,17,
RWP 2017, BWP 2047,D./3.K 2018, 17)
wiich remains niskanged

s | repiaced| by 1 is called
X

~reciprscal equation.

e.0. a[x2+%j+b(x+lj+c=0
X X

ax* +bx® +cx® +bx+a=0

Exponential Equation (U.B)

(LHR 2015, GRW 2017 SWL 2017, SGD 2017,
D.G.K 2015, MTN 2016)
An equation, in which a variable or an
algebraic expression occurs in exponent is
called exponential equation.
eg. 2°+64.27-20=0

Or
3P =123 -3 etc.

(K.B + A.B + U.B)

The Equations of the type
ax* +bx*+c=0
Example 1: (Page # 8

Solve the equation x* —-13x*+36=0
Solution:

x* —13x* +36 =0

(x*)? =13x* +36 =0— (i)

Let x* = y— (ii)
Equation (i) =
y?-13y+36=0 —, sy
'.I _9‘ —-4\/;‘ 3649 ' _.." ¢ A —
y(v-\9 Ayl 50y |

(Y95 v=43=0
“Either

y—9=0 or y-4=0
=y=9 or y=4
Putting the value of y in equation (ii)
=x*=9 or x’=4
Taking square root on both sides
=>X=13 or X=12

. Solution Set={+3,+ 2}

MATHEMATICS -10 14
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Quadratic Equations

The Equations of the type

ap(x)+— =C
p(x) -
Example 2: (Page # 8) (K.13 + A5
Solve the equ ation' 2(2x=% +—‘31 = 5-.
= A
Solution:

(2620 =) 4 - 3-— =5—(i)
J 2x-1

TN et w12y i

Equation (i) =

2y+§=5
y

2y? +3=5y

(by Mul both sides by y)
2y*—5y+3=0

2y -2y-3y+3=0
2y(y-1)-3(y-1=0
(y-D(2y-3)=0
Either

y—-1=0 or 2y-3=0
=y=1 or 2y=3

Lyl
2
Putting the values of y in equation (ii)
=2x-1=1 or 2x—1:§
3
2x=1+1 or 2x=§+1
2x=2 or 2xz§
2 , --Z
x:l___ or x:%_ \ [ _ _'
. Solution &et:ii‘.,l"}-.l A “\
Muﬁ,i‘ (A.B + K.B)

Kletiprocal Equation of the type:

a(x2+i2J+b(x+lj+c:O or
X X

ax* +bx® +cx? +bx+a=0

18 ol' +|Ln

Example 3: (Page # 9) (A.B)

Solve the equation.~
2x* — B s T4x| -5%+22 0

9x X\ —14x? L5x+2=0
prrals z—5x3 —5x—14x" =0
Dividing each term by x°

2 5

2x* + = -5x—=-14=0
X X

Z(XZ +%)—5(x+1j—14:0 — (i)
X X

1 .
Let X+ =y — (il

Squaring both sides
y=-2

x2+%+2:y2

x2+%:y2—2

Equation (i) =
2(y?*-2)-5y-14=0
2y*—4-5y-14=0
2y*-5y-18=0

2y* -9y +4y-18=0
y(2y-9)+2(2y—-9)=0
(2y-9)(y+2)=0
Either

2y—9=0 or y+2=0
=2y=9 or y=-2
Dutngthﬁwalwsufy 1equat|on (i)

r‘-
\/‘/h‘l. y— >

= V=

1 9
X+—-=—
X 2
2% +2 =9x
2x° —9x+2=0
By using quadratic formula
_ —b++/b*-4ac

2a

MATHEMATICS -10 15
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Quadratic Equations

—(-9) +4/(-9)* - 4(2)(2)
2(2)

9+J81—16
9-+-\/E§5

AN
When y =42 A
|'("f-!':_2,

) | I B ' bl
, AN\ x? +1=-2x
x> +2x+1=0
(x+1)*=0
= x+1=0
Or x=-1

X =

Thus, Solution Set= {

(A.B + K.B + U.B)

Exponential Equation:
5y +E =26 or 5" +57% =26
y

Solve the equation 5" +5"* =26
Solution:

51+x +51—x — 26

5'5*+5.5% =26

5.5 +5—5X:26 S ()

L 965
2

Let 5 =y — (ii)
Equation (i) =
5

Sy+—=26 —
y \

5y? —26y+5=0

5y* - B¥ O || e N

5y — 20y~ ylr5 (‘
G G A E
JII _\/-—3)\oy 1= 0
NS Either

y—-5=0 or 5y-1=0

y=5 or y=

Puttlnq the waiue| o Yy eqllatl )I (|-

= 0 =D ar 5 =

Co 525 or L5 =
- Bases are same
x=1 or Xx=-1
Thus, Solution Set = {ﬂ}
Type (V) (A.B + U.B + K.B)

The Equation of the type of
(x+a)(x+b)(x+c)(x+d) =k where

a+b=c+d

Example 5: (Page # 11

Solve the equation

(X=D(x+2)(x+8)(x+5) =19
Solution:
(X=D(x+2)(x+8)(x+5)=19
(X=D(x+8)(x+2)(x+5)=19 ("--1+8=2+D5)
(x> +7x—8)(X* +7x+10)-19=0— (i)

Let x> +7x = y—(ii)

Equation (i) =

(y-8)(y+10)-19=0

y>+10y -8y -80-19=0

y>+2y-99=0

y>+11y-9y-99=0

y(y+11)-9(y+11) =0

(y+1D)(y-9)=0

Putting the values of y

(x? +7x+11)(x ﬂx 9}—0 -

Either™ SN | ¢
X +7 +1¢:O or =’ T 9 0

__\Nh=|. X2 +7x -11=0

Solving by quadratic formula, we
have

J-7+-(7) ~(1)(12)
0]
e

2
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Quadratic Equations

_ 7445
)
When x> +7x-9=0
L T(7) - 4()(-9)
2(1)
7~ [49136
- R
| INEZERNE
. J | i . . . 2

~7++5 —7ix/8_5}
==,

. Solution Set :{ >

Solve the following equations.
Q.1 2x*-11x*+5=0
Solution:

2x* —11x* +5=0

2(x*)? -11x* +5=0 (i)

(A.B)

Let x*=y
Putting x? =y in equation (i)
2y —11y+5=0

2y?—10y-y+5=0
2y(y-5)-1(y-5)=0
(y-3)(2y-1)=0

Either

y-5=0 or 2y-1=0

y=5 2y =1

1
Y—E ~

Putting y = x? L
2 - 2 A 1 Wy
X°=5 ._.__: '__Ol'_. — ”(.__ ""—IZ L™ \\ . !

Taking squarerpot cn hoth sices

: ... '-. 1 1 | —_ 1

A NG T x=1

y J AN B 2

~. Solution Set = {i\/giiz}

Q.2 2x'=9x*-4

Solution:
2_)(“:__‘J";\'-"--r_3r [ | =
_Z(XZ)‘_—QxZ 4= 0=l

1%,

Vet) 521y~

F;utting x* =y in equation (i)
2y? -9y +4=0

2y —8y—y+4=0
2y(y—4)-1(y-4)=0
(y-4)(2y-1)=0

Either

y—-4=0 or 2y-1=0

y=4 2y =1
1
72

Putting y = x

=4 o =X
2

Taking square root on both sides
1

+—_
2

. Solution set = { 2 +i}

s 2y

Q.3 5x'=7x -2  (FSD 2016)
Solution:

X=42 X=

\_bytrifa! x* 2 ylir! equation (i)
“By?_7y+2=0
5y’ -5y —2y+2=0
S5y(y-1)-2(y-1)=0
(y-1)(5y-2)=0

Either
y-1=0 or 5y-2=0
y=1 or 5Sy=2

(A.B)

(A.B)
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Quadratic Equations

1
Putting x® =y in equation (i)

y?-15y+54=0
y>—9y—-6y+54=0
y(y—9)-6(y-9)=0

(y-9)(y-6)=0
Either
y-9=0 o y-6=0
y=9 or y=6

1
Putting y = x3 1\
1 1 '
X3 =9/ or_%3=060

Taking £uhs Cribéth sidés | | |

VAT

i :.(9?. o (xsj = (6)’

X=729 or X =216
. Solution Set= {729, 216}

y:g Q5 3x7+5=8x"  (swL2014) (A.B)
5 Solution: v =y
Putting y = x"* 32+ 5=@xt | |
1 1o, 3)“8x +E_W—VU
x*=1 or x“:g | !_etx_ am
4- LY 2\1 I5utting x' =y inequation (i)
X=D) LXJ gl ' 3y?-8y+5=0
_ . . 16 3y’ -3y-5y+5=0
IR X=oc 3y(y-1)-5(y-1=0
(NN o (y-1@y-5)=0
. Solution Set= {1 E} Either
625 y—1=0or 3y-5=0
Q4  x*+54=15x" (A.B) y=1 or 3y=5
Solution: yzg
< +§4=15X% Putting y =x""
1 1
[x3] ~15x3 +54=0— (i) xt=1 X—l_g
L 1 1.5
Letx*=y X : x 3

Taking reciprocal on both sides

=x=1 x:§
5

.. Solution Set= {1, g}

Q6 (2xX*+1)+ ? =4 (A.B)
2X°+1
Solution:
_ -—,- I W
'Lt‘ta' "x VAN L
A °urtrng th=valuc o “a” In equation (i)
TR '1‘——4 0 (Mul both sides by a)
I a
. \ ' a’+3-4a=0
a’-4a+3=0

a’-3a-a+3=0
a(a-3)-1(a-3)=0
(a-3)(a-1)=0

Either
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Quadratic Equations

Ju \ '.

Q.7

a-3=0 or a-1=0
a=3 a=1
Puttinga=2x%+ 1

2x*+1=3 or 2x*+1=1
2x*=3-1 2x2 =5=1
2x2 =2 2x2-=0, |
x2 =1 ~x2 =0

Taking square'rool, ¢n hoth sices
,‘-:".j-l _ x=0
< Solution Set ={0,+1}

st +4(X;3j=4 (A.B)

Solution:

X +4(—X_3j=4—>(i)
X—3 X
X ..
If y=———(ii
y="—50)
. . 4
Equation (i) => y+—=4
y

y’+4=4y

y’—4y+4=0

(v?)-2(y)(2)+(2) =0

(vy-2)'=0

Taking square root on both sides

y—-2=0

y=2

Putting value of y in equation (ii)
X

X—3 = . .-

X=2(Xx-3) _

X=2XEG | |~ A0
6=2x-1x |\ L
sal L

_'-II'.-' .

Lr'x=06

- Solution Set= {6}

08 4x+1+4x—1:21 (A.B)
4x-1 4x+1 _ .F N
Solution: N |
2 1 . _ v l &
AN L 2
40-1 MX+1 1 6
Leta= 4x+1
4x-1
Then,
1 _4x-1
a 4x+1

Putting the values in equation (i)
JERE

a b6
a’+1 13

a 6
6a*+6=13a
6a’—13a+6=0
6a*—9a-4a+6=0
3a(2a—-3)-2(2a-3)=0
(2a-3)(3a—-2)=0
Either
2a—3=00r3a-2=0
2a=33a=2

a

3 2
a=— a=—
2 3

4x+1
4x-1

Putting a=

|
5

—_—

4x =13

A 20w 1) =3 -1 or | 2{ax+1) = 2(4x-1)

VB 2=12x -3 12x+3=8x-2
T 12x-8x=2+3 12X-8x=-2-3
4x =5 4x =-5
5 -5
X=— X=—
4 4

.. Solution Set :{i%}

a2 (L
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Quadratic Equations

QY —

xax+a7

A.B
X+a X-—-a 12 ( )

Solution:

Solution Set = {—7a , E}

X+a X-— a 12

X—a Xx+a 7—>(i)

Let — :-:b. 1
X+ia
1 _x+al 1
|J { KAl
butang the values in equation (i)
17
b 12
1 7

b—=——L=0
b 12

Multiplying by 12b
12b?-12-7b =0
12b*-7b - 12=0

12b* —16b+9b—12=0
4b(3b-4)+3(30-4)=0

(3b—4)(4b+3)=

Either
3b—4=00rd4b+3=0
3b=4 4b=-3
4y 3
3 4
Putb:XLa
X+a
Xx-—a 3 x-a_ 4
x+a 4 x+a 3
4(x—a)=-3(x+a) 3(x—a) = A:(x+ ay™

4x—4a=-3x—3a 3x—-3a=ix}da )

4x+3x:'—'}:'+1a ,».A 42 - 44 +43a)
4 L™

X =a-¥ -70 \

7

a’-2a=0

a@a-2)=0

Either . _

a=0 or—o-2ge> | (L1
. m o - a 2 _——
) huiting tie _/ame de.n equatlon (i)

whor a=5" | | whena=2
bt O—>(iii) x— 2225 (iv)

X X

Q.10 x*'—2x*-2x*+2x+1=0
| % !AIB 'r".'-’\
[ Solutiess: -
| K20 2 X +1=0
Divide by x2
¥ 2xd 2xr 2x 1
ettt z=0
XX xX* X X X
x2—2x—2+2+i2:0
X X
x2+i2—2x+2—2=0
X X

(x%%}—z(x—ij—Z:O—)(i)

Let x—lza—>(ii)
X

Taking square on both sides

2w

=a’+2

By putting values in equation (i)
(a®+2)-2a-2=0
a’+2-2a-2=0

Equation (iii))= x = 1
X

X’ =1

Taking square root on both sides
x==%1

Equation (iv)=
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x? —1=2x
x?—2x-1=0
Here

a=lb=-2c=-1
Using quadratic formula

() C2) LA

|‘.'_ \ ~72(1)

2
—1+.2

. Solution Set = {J_rl,lJ_r \/5}
Q.11 2x*+x*—6X*+x+2=0

(A.B + K.B)

Solution:
2x4+x3—6x2+x+2:0—>(i)

Dividing by x*, we get

2X% +X —6+£+£2:0
X X
2(x2+i2j+(x+£j—6=0
X X
1 ..
Let x+—=y —(ii) \
X u

Squaring beth sides

Putting the values in equation (i)

( 192\ )= 00 e

2(y*-2)+y-6=0
2y° —4+y—6=07
wrFy—ib=8 | (O
2y2 iy —ay=10=0 g
V(2y-+5)=2 (29 +5)=0
(2y+5) (y-2)=0
Either
2y+5=00r y-2=0
y=2

Putting the values of y in equation (ii)

When vy =

1
X+==y
X

1 -5
X+—=—

X 2
x2+1_—_5

X 2
2%% + 2= —5x
2x* +5x+2=0
2X° +4x+Xx+2=0
2X(x+2)+1(x+2)=0
(x+2)(2x+1) =0
Either

X+2=0 or 2x+1=0
X=-2 2x=-1

X +1
—=

X* +1=2x

x> —2x+1=0

(x—l)2 =0

2
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Taking square root on both sides
x-1=0
x=1

.. Solution Set= {1 2——1

Q.12 4.2+ qz +1 N LAR F (K.53)
Solution: \
422710921 +1=0 |

= 02¥.22-8:2°51=0
N g2ty —a2t +1=05 (i)
Let 2* =y — (ii)
Equation (i) =
8y*-9y+1=0

8y’ —-8y—-y+1=0
8y(y-1)-1(y-1)=0
(y-D@y-1)=0

Either
y—-1=0 or 8y-1=0
y=1 8y=1
1
-

Putting the value of y in equation (ii)

when y =1, when y:%

2" =y , 2" =y

2" =1, 2X=%

roz, 2ol :
- 2X=2j3 SYZAR!

RN

Snlut or| «)er r{r) 3
5 '12* FL1dails (AB+K.B)
J 1>J.J't|of‘
N 372 =123 -3
322 _12.3+3=0
37,32 -12.3*+3=0

9(3")* -12.3*+3=0— (i)
Let 3X—y—>(||, T
Putting 3" 2.y in =rUauon (i

AyF - 12y +3 %0
Dyl Ly =3yt
9y(y-1)-3(y-1)=0
(y-1)(9y-3)=
Either
y—-1=0 or 9y-3=0
y=1 9y =3
y=3
9
_1
3
Putting the value of y in equation (ii)
when y=1 when y:%
=y =y
=1 3 1
3
F=3 3= %
3)( _371

. Bases are same
x=0 x=-1
. Solution Set ={0,-1}
Q.14 2°+64x2*—-20=0 (A.B + K.B)
Solution:
2" +64x27% ~20=0
+64 22 ﬂgj £6° | ( | oA

'_2 4 27 0- *k’\
\ 24

1
_'\'\.

L= y - (u)
Put 2" =y in equation (i)

y+9% 200
y

Multiplying throughout by y
y’+64-20y=0
y?—20y+64=0
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y’—4y-16y+64=0
y(y—-4)-16(y—4)=0
(y-4)(y-16)=0

Either

y—4:0_ur' y—16.= C.'- '

y=4 Yy =361 ]

Putting ‘he value of v in) Lruauon (||)
aher y = 4 vvhen y =16

2=y 2" =

2" =4 2" =16

2)( — 22 2)( — 24

- Solution Set={2,4}

Q.15 (X+1(x+3)(x-5)(x—7)=192

(A.B + K.B + U.B)

Solution:

(X+D(x+3)(x—5)(x—-7) =192
(1-5=—4  3-7=-4)
(X+D(x=5)(x+3)(x—7) =192
(X* —4x-5)(x" —4x—21) =192 > (i)
Let x* —4x =y — (ii)
Equation (i) =

(y-5)(y—21) =192

y?> —26Yy +105=192

y> —26y+105-192=0

y> —26y—-87=0
y>—29y+3y—-87=0
y(y—29)+3(y—29)=0

(y—29)(y+3)=0 Y.
Either AL
y—29= ’) oLV 8= G‘
y=2971 \lo yl=4d A \
Putt'"g tie e luse ofy |rL=quduon (i)

._\Iu ier v E 29

X =AX =y

x> —4x =29

X* —4x—29=0

a=1b=-4,c=-29

Using quadratic formula
—b+\/b2 4aqﬁ -

\9 [

A N

—( —4)-' \/\—4 2 L AKX (- 29)

?x1

;:4i\/16+116
2
_4+4132
2
_4i\/4><33
2
_412@_2(21@]

2 2

x:Zi\/@

wheny =-3

x> —4x=y

X* —4x=-3

x> —4x+3=0

x> —3X—x+3=0
X(x—=3)-1(x—3) =0
(x=3)(x-1)=0

Either

x—3=0 or x—1=0
Xx=3 , x=1

.. Solution Set = {1, 3, Zi\/@}

Q.16 (x-1(x—2)(x—8)(x+5)+360=0
(U.B + K.B)

Solution:

(X 1)(X 2)(X 8)(X+l—'\\ 4 560 0 -.'. T

(X — 2X e 4)\4 —’%KJ-':A— 4OU 2657
| (K —3, +/)(/ K- 40)+uo0 0—>()
| AN {etx 3% = al- (ii)

3 'Equatlon (i)=

(@+2)(@a-40)+360=0
a’—40a+2a—-80+360=0
a’—38a+280=0
a’—28a-10a+280=0
a(a—28)-10(a-28)=0
(a—28)(a—10)=0
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Either

a-28=0 or a-10=0
a=28 a=10

Putting the values of a in equation (ii) _
When a=28

x*—3x=28

X* =3y =280

X —TXFH 2850
X(X=- 7)o X - 7) =0
[Tt D= =0

'[N Either
x—7=0 or x+4=0
X=7 X=—4
when a=10
x> —3x =10
x> —3x-10=0

X* —5X+2x-10=0
X(x-5)+2(x-5)=0
(x=5)(x+2)=0

Either
X-5=0 or x+2=0
Xx=5 X=-2

. Solution Set ={7,-4,5,-2}

Radical Equation (K.B)

(LHR 2016, GRW 2014, 17, BWP 2015, 17, MTN
2015, SWL 2016, SGD 2017, D.G.K 2016, 17)

An equation in which a variable or an
algebraic expression occurs under radical
sign is called radical equation.

e.g. Jax+b =cx+d, 24/x —3=0etc.
Extraneous Root (K.B)

Value of variable obtained by solving the

equation not satisfying it is called
extraneous root. -

l"l.‘+KB)

> Roots of radlml equuuur\ mU,:l be\nrl ied.
» Extraneous =l lrfr(,duced b)
sauaring|the givn' equatm. or “clearing it
~, Cli mact<r>
N 1 (K.B)
Equation of the type:

Jax+bh =cx+d

Solution:

‘eiier

Example 1: (Page # 12)

Solve the equatlon VORF 1 =2H [ri3

.(N,\X."_" -) —\2X +3 \\‘
i_:{x-'—7.-:4)<'+|?.x+9
4x* +9x+2=0

-9:+4(9) -4(4)(2)

X =
2(4)
_ —9++81-32
8
_—9J_r\/E
8
947
8
Either
—9+7 -9-7
= or =
8 8
-2
=— -16
8 =—
-1 8
=_— —_2
4
Checking:
Putting x=—% in the equation (i),
we have
3(—Ej+7=2(—lj+3
4 4
-3+28 :_1+3
4 27«
NRERN
F _BLI5 .
\ “==— (True
B (True)
Now putting X =-2 in equation (i)

J3(-2)+7=2(-2)+3

J1=-1 (False)
Thus, the solution set is {—%}.—2

IS an extraneous root.
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Type 2
Equation of the type:

IXx+a+yx+b =+x+c

Example 2: (Page # 13

Solve the equation
'\/X+3""\,A -6 = \/X-‘-ll 1\
\A c + l( n + U

Solution:
_ N';I§+ J) | \/x+11
' J AN Syudring both S|des

x+3+x+6+2(«/ﬁ)(ﬁ):x+ll

2UX* +9x+18 = —x+2

Squaring both sides of the equation
(i), we get

4(x* +9x+18) = X’ —4x+4

3x* +40x+68=0
Applying quadratic formula,

—40+.J(40)° —4(3)(68)
X =
2(3)
_ —40++/1600-816
6
_ —40++/784
6
~ —40+28
6
Either
—40+ 28 —40-28
= or XxX=
6 6
—12 :;6_8 .--;
= —_— [0} - ,
6 or Yard f
Checkng AR RIE A
_., Futiihg PEAD) mne "quatlon (|)
W 52124y -2+6=v—2+11
Vi+44=\9
1+2=3
3=3 (True)

Now, putting x = _34 in the
eauawion (e, :
'j\[l"—‘l_--é-f\[j‘- 6= =2 11
\ 3 3

3
\/—34+9 \/34+18 \/—34+33
3

WFE

Thus, solution set is {—2} %34 is

an extraneous root.
Type 3
Equation of the type:

X+ px+m+4x2 + px+n=q

Example 3: (Page # 14)

Solve the equation
JX?—3x+36—x2—3x+9 =3
(A.B + K.B + U.B)

Solution:
X2 —3x+36 —/x*—3x+9 =3 — (i)
Let x*—3x=y —(ii)
Equation (i) =

N} y+3.6 = )".+ J ;':"‘3.' .
'.:-:» X:_:’; b " h :...-_.-

| Saubring! bGIh ices

.-{(/y+36—3) =(JyT9)2
(W) ?-2(3)[y+36=y+9
y+36+9—6m=y+9

36=6,/y+36
6=,y+36
Again squaring both sides
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36=y+36
= y=0
Putting the value of y in equation (i)
x*—3x=0 -
X(x=3)=0_
Either _
x=0 ‘o X350

_ ShEl T
' J .. | | tn Ic;necki'ng it is found that 0 and 3
are roots of the given equation.
Thus, solution set ={0,3}

Solve the following equations.

Q.1 2x+5=+7x+16 (A.B)

Solution:

2X+5=+7x+16 —— (i)

Taking square on both sides

(2x+5)* =(J7x+16)

4x* +20Xx+25=7x+16
4x* +20X—7Xx+25-16=0
4x* +13x+9=0

4x* +9x+4x+9=0
X(4x+9)+1(4x+9) =0
(4x+9)(x+1) =0

Either
4x+9=00rx+1=0
4x=-9 x=-1
-9
X=— .
4 )
Check :

Put x &= - in eguation-{i) A

z

1= —— | —t— | —

(9 7190 !
i 45 72 16
NN ,} V \4J+
| _
JI __18 = £+16
o +5=

~18+20  [-63+64

11
= ]
=

2

4

L b Gtistied

2 2

Put x =-1 in equation (i)
2(-1)+5=/7(-1)+16
—2+5=4-7+16

3=49

3=3 Satisfied
.. Solution Set = {_79,—1}

Q.2 /x+3=3x-1 (FSD 2014) (A.B)
Solution:
IXx+3=3x-1 —(i)
Taking square on both sides
<\/x+3)2 =(3x-1)>
X+3=9x"—6x+1
—9x* +Xx+6x+3-1=0
-9x+7x+2=0
—(9x—-7x-2)=0
Ix—-7x-2=0
9x* —9x+2x—-2=0
IX(x-1)+2(x-1) =0
(x=D(9x+2)=0

Either
Xx=1=00r 9x+2=0
x=1 IX=-2
) f,'_-_—z.lh.__- S B L N
B - W/ 3 . i _.- 1 i
\ Checky | -

Butix="1 ieqliztion (i)

—J@©+3=31)-1
Ja=3-1

2 = 2Satisfied

Putx = %2 in equation (i)

el )
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5 —
3o
> 2 -Nu)'.. Satistie!l
NN \
S0l fi')rl Cen= {1},
' J AN RS 2
i S is extraneous root.

Q.3  4x+3=413x+14 (A.B)

Solution:
4x+3=+13x+14 — (i)
Squaring both sides, we get
(4x+3)" =(13x +14)2
(4x)° +2(4x)(3)+(3)" =13x+14
16x° +24x+9-13x—14=0
16x* +11x-5=0
16x* +16x—5x-5=0
16x(x+1) —-5(x+1) =0
(x+1)(@6x-5)=0

Either
Xx+1=0 or 16x-5=0
x=-1 16x=5
5
16
Check

Put x =-11in equation (i)

Ax=+/13x+14 -3

4(—1):\/13(—1W—3_ v O

£ _3 .
N\ ﬂ" 2('\'uttrue)

5. } ]
Put X =—1In equation (i
16 q ()

Ax=+/13x+14 -3

Il
|
w

[
-
NEN i

|

w

SN

MO lOAN O N0 N
Il
_|
=
c
@D

Aol

.. Solution Set :{i} ,
16

Extraneous root = -1
Q.4 /3x+100-x=4 (A.B)
Solution:

V3x+100 —x =4 — (i)

J3X+100 =4+ X

Taking square on both sides

(\/3x +100 ) = (4+X)?

3x+100 =16+8x + X*
—x*+3x—8x+100-16=0
—x*—-5x+84=0
—(x*+5x-84) =0
Or X* +5x = 844»5-_, (L
M Dy S 2 841=10 ¢ \ A
| ._X(}(_+.c._2)._—_7()\+jl.2)—u .
XX E2) =0
.\ —Either
x—7=0 or Xx+12=0
X=17 X=-12
Check
Put x = 7 in equation (i)
3(7)+100 —

\V21+100-7=4
J121-7=4
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11-7=4
4 = 4 Satisfied
Put x = -12 in equation (i)

J3(=12)+100 - (-12) = 4
Nv-36+100+12=4 )
J64 +12 -4
8+ 12=4 |
20 = 4Notsatiziied \
__-So|ution et (7} =12
TR R ¢y url=bas root.

(| Q5 Ix+5+/x+21=+/x+60

(A.B + U.B)

Solution:
VX+5+x+21=x+60 — (i)
Taking square on both sides

(Vx5+vx+2L) =(vx+60)
(V8) + (2 +2(\x+5 (V= 2L)=x+60

X+5+ X+ 21+ 2,/(x+5)(x+21) =x+60
2%+ 26+ 24/%% + 26X +105 = X + 60
2X — X+ 26—60 = —24/x* + 26X +105
x—34 = —2/x* + 26x+105

Again squaring both sides
2
(x—34) = (—2 X2 + 26x+105)

x* —68x +1156 = 4(x* + 26X +105)

x? —68X +1156 = 4x? +104x + 420
X2 —4x* —68x —104x+1156—-420=0
—3x? -172x+736=0

_(3x? +172x—1736) =0

Or3x®+172x-736=0 ()
b+ / fA
Asy = b A/b® —4ac

Herea._u'b 1746— —f3t
Pstmg the\.aluts '

A NN e 72 - 43)(-736)
UNNIV 2 2(3)
- _ —172+/29584 + 8832

6

J 5‘+J +?1 N==)

-172+/38416

't:Ziﬂ..er-
-176-196 -176+196
=—— " o X=——"°
6 6
-368 24
6 6
x84 x=4
3
Check

Put x= %84 in equation (i)

\/—184+5+\/—184+21 184 60
3 3 3

\/—184+15 . \/—184+63 B \/—184+180
3 3 3

169 [-121 [

3 V3 V3
3. 11. _2.
ﬁl +£| =3
24 . 2.
ﬁI=§I
Not satisfied . _
putx—. n ecu;at['ori -\," k

A w+»\/25 = Jb4

R P T v ' e |
& 9 1 "'\,\

3+5=8
8 = 8 Satisfied

. Solution Set= {4} %84

is extraneous root
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Q.6 IX+1+Ux-2 =x+6
(A.B + U.B)
Solution:

IX+1+/x=2 =/x+6 — (i)
Taking square on both sides
(m;fx’._—o\z =3 :e)

(W)z (\fx_[f#?(/;ulj\v ):-x+6
J [ | W2 2 —x—2=x+6

|\ X1+ 2% —X—2 =X+6

2X—X—1-6=-2x*—x-2

X—7=-23x"—x-2
Again taking square on both sides Q.7
(x=7)? _( x> —X— 2)2

X? —14x+49 = 4(x* —x—-2)

X* —14x+49 = 4x* —4x -8

X* —4x* —14x+4x+49+8=0
—3x* —10x+57 =0
—(3x?+10x—57) =0

Or 3x* +10x—-57=0

3x* +19x—9x—57=0
X(3x+19) —3(3x+19) =0
(x=3)(3x+19)=0

Either
x—3=00r3x+19=0
x=3 3x=-19
-19
3
Check .
Put x = 3 in equation (i) _J

V3+1++43-2= J3+6 RYZARTA
G~ LA
2+1__s RRARTRIE s

=3 Satisfiec !

J' \[ [ rbm —2 in equatlon (i)
RN A

P

\/—19+3+\/—19—6_ /—19+18 B

J3 3 3
4i+5i_ 1 .
V3 ﬁ
9 .

i, Not satisfied
Nl

. Solution Set ={3}, %9 is

extraneous root
V11-x —/6—x =27 —x
(A.B + U.B)

Solution:

V11-X =6 —x =+/27—x — (i)

Squaring both sides, we get
(Jll—x —\/6—x)2 =(\/27—x)2
R R e L
11-x+6-x-2,/(11-x)(6—x) =27-x

17— 2x— 24/66 —11x — 6X + X% = 27 — X
266 —17Xx+ x> =27 —x—17 +2X

—2/X* =17x+66 = x+10
Again squaring both sides

2
(—2 x2—17x+66) =(x+10)2
4(x —17x+661 -4 +.2(;X+LOU

A — )tX*-”GLr x —LQY‘J.OU 0
1 3x ~&8>«+16A—0

2= b= —8L,, c=164

3 “Using Quadratic Formula

_ —bxb?—dac
2a
~(~88)|/(-88)’ —4(3)(164)
2x3

_ 88+/7744-1968

6

X =
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_ 88++/5776

==

 88+76

6

_ 88+76
OGS
ARRLRR-E

1

e ¢
|
[N m‘oa
-~
1

)
)

X = : X=

W]

Check

When x =2

V11-x —/6-x =27 —x
V11-2 -6-2=427-2
NCEN/ BN

3-2=5

1=5 (Not true)

Putx = % in equation (i)

J11-x —/6—x =27 —x

Jll—%—\/ﬁ—gz\/ﬂ—g
3 3 3
\/33—82 \/18—82 \/81—82
/i_/-ﬁ E

NN

- Solution Set={ }

Extraneous roots :%,2

i 30|Ut|0n

\ '2~/a—\/a-- w [ (e

Jda+x—+a-x=+a e
—C A
| Wi +x —\fa X = \,C—>(|)

,flal~ ing'sg-on loth sides
(\/4a+x—\/a—x)2 :(\/5)2
(W)ﬁ( a—x)z—z(M)(JaTx)=a

da+x+a—x—2/(4a+x)(a—x)=a

5a—2+y4a’ —3ax—x* =a
5a—a = 2+4a® —3ax—x*

4a = 2+/4a% —3ax — x?

Again taking square on both sides
(4a)® = (2v/4a*> —3ax—x*)?

16a° = 4(4a* —3ax—x%)

16a* =16a° —12ax —4x*
16a®—16a* +12ax+4x* =0
12ax+4x* =0

4x(Ba+x) =0

Either

4x=0 or 3a+x=0

0
4
x=0
Check
Put x = 0 in equation (i)
\/4a+0—«/a—0 =Ja— 0
\/—_ — .'IH_,' :_. P\

X= X=-3a

/?i “\ Al .ba.ls.ued

.\ ~—Plt x=-3a in equation (i)

J4a-3a-+a+3a=+a
Ja—ia=a
Va-2la=\a

—Ja =+/a Not satisfied

. Solution Set = {0},—3a
is extraneous root
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Q.9

U +x+1—-+x+x-1=1
(A.B)

Solution:

U +x+1—x+x-1=1, > (i)
Let x° +X= y—>(||)

Equatlor' (1) = \/\' 1 J) 1 1
Taking s;quereion koth sided
=) =

() o3 -2 ) )
y+1+y-1-2/(y+D)(y-1) =
2y—2\Jy*-1=1

2y -1=2,y* -1

Again taking square on both sides
(2y-1)° = (2yy* -1y’

4y* — 4y +1=4(y* -1)

4y* —4y+1=4y* -4

4y —4y* —4y+1+4=0
—4y+5=0

—4y =-5

(3

yzz

Puty= % in equation (ii)

5
X2+ x==

=5

\-/b

(x + X
4x2 +4x =5

4x% +4x 5= 0 - )

Here a = 4,b_: 4,c=-5

As X = x—— ————————
Put’r= 1g the|valljes ": [ =
(@ /(@) —4(8)5)

2(4)
—-4+16+80
8

On checking, we know that these

values satisfy the equation.

1+
.. Solution Set={ 1_2\/6}
Q.10  VX2+3x+8+X>+3x+2
Solution:

X +3X+8+VX2 +3x+2 =3 (i)
Let x* +3x =y — (ii)

Equation (i) = w/y+8 +

Taking square on both sides

(Vy+8+y+2) =37

=3

(A.B)

(Jy+8)+(Jy+2)* +2(/y +8)(/y +2) =9

y+8+y+2+2(y+8)(y+2)

2y +10 +2y? +10y +16 =9
2y+10-9=-2,/y* +10y +16
2y+1= —24/y +10y +16

Again taking. squd] a6, both '|
= _I’Wy -'1\2_( 2\/_ 1”'}/4—1"‘)
1 4y +£y+1—u(/ +10y +16)

W\ Ay FAy +1= 4y +40y +64

4y* —4y® +4y—-40y +1-64 =
-36y-63=0
-36 y =63
_ 63
36
—7

YZT

=9

1es '

0
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Puty= _77 in equation (i)

X2 +3x=—"
4

4(x* +3X) =7
4X* +12X =27

AX% +1244 7'40", =
Here a = 4”) 12, 6=

Puttlng the values
—12+/(12)* - 4(4)(7)
- 2(4)
_ —12+\144-112

8
124432
8
_—12+42
8
X:4(_3§ﬁ)

—3+2
2

On checking, we know that these
values satisfy the equation.

—3+2
2

X =

.. Solution Set = {

Q11 X2 +3x+9+/x2+3x+4=5
(A.B)
Solution: —

VX 43X 49 X +3X+4 —”-5—>l';'-

. ._x \

Let x° -'%<— y—>(lL/ -
Putin uua |01 |) = 4

Jv+9+ Jv+‘— 5

-__:.__I | . L fuariag on both sides, we get

(Vy=e+y=a) =(5)
] AT a5

Vo sEsim
L When'x =43,

y+9+y+4+2,/(y+9)(y+4) =25~
2y +13+ 27 £157536= 25 |\
2\ +;3§'+'_'sé'--za"—1f;:—zy'

N 15y ra6l12-2y

2\/y* +13y+36 =2(6-y)
VY +13y+36 =(6-y)

Again squaring both sides.

(\/y2 +13y+36)2 =(6- y)2

y’> +13y +36=36+ Yy’ —12y
13y +12y=36—36

25y =0

y=0

Put in equation (ii)

X +3x=y

x> +3x=0
x(x+3)=0

Either

x=0 or x+3=0
x=0 or x=-3
Check

When x=0

U +3x+9+x2 +3x+4 =5

0% +3(0)+9+,/0? +3(0)+4 =5
0+9+/0+4=5

J9+/4=5

3+2:5 . - IH_---.;'._.

N |

———1 L

\/;< L xT9+\['(2+3x+4 5

A \/(—3) +3(-3)+9+(-3)" +3(-3)+4 =5

V9-9+9+49-9+4=5
Jo+4=5

3+2=5

5=5 (True)

- Solution Set ={0,-3}
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Uhnit-1 Quadratic Equations

Miscellaneous Exercise 1

Q.1 Multiple Choice Questions

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Four possible answers are given for the following questioric, T| K (/‘ ins Correct”
answer. -

Standard form of quadrdtit equarian is; ., (K.B)
GRW (14 1t NITN h\m ife)) 2015 7 FSD 2018, RWP 2015)
(@) bxFo*=Ch=0o - ' /h‘ ax~ +bx+c= Oa¢0
(c) ax*’=wi, a3 0 L) — (d) ax*=0,a=0
The wrnbel of terms-in a standard quadratic equation ax® +bx+c =0is; (K.B)
: (LHR 2015, BWP 2015, MTN 2015)
4‘:1) Y (b) 2
(c)3 (d) 4
The number of methods to solve a quadratic equation is; (K.B)
(GRW 2017, FSD 2014, 17, SWL 2015, 16, RWP 2016, 17, D.G.K 2014, 15, 17)
(@1 (b) 2
(c)3 (d) 4
The quadratic formulais;  (FSD 2015, D.G.K 2014, SWL 2014, 17) (A.B)
(a) x= —b++/b*—4ac (b) x _b+yb®—dac
2a 2a
—b++b?+4ac b++/b? +4ac
(€) x= d) x=—-—""2=
2a 2a
Two linear factors of x> —15x + 56 are; (A.B + U.B)
(LHR 2014, FSD 2016, RWP 2017, D.G.K 2016)
(8) (x—7)and(x+8) (b) (x+7)and(x—-8)
(c) (x—7)and(x—8) (d) (x+7)and(x+8)
An equation, which remains unchanged when x is replaced by1 is called a/an; (K.B)
X
(a) Exponential equation (b) Reciprocal equation
(c) Radical equation (d) None of these
An equation of the type3* +3**+6=0is a/an; (K.B)
(GRW 2016, SGD 2014, 16, D.G.K 2015, 17)
(a) Exponential equation (b) Radical equatlon
(c) Reciprocal equation (d) None of these =2
The solution set of equation 4x* —16 =0is; " A (KB U.7 +-2.P)
(@) {+4} . | __J | (L\; {4} '\ e
(c) {+2} BYFARIRS L)
The equasinn\of e, forru\( —%x\7x ~25F2 = 0'is called a/an; (A.B+K.B+U.B)
(a) Reciorp:ai, equauot' Vo i ' (b) Radical equation
( ﬁ) r <ponen ial equaiten (d) None of these
i
\ ANSWER KEY)|

i | il | iv. | ov. | ovio | owviio | viii. | ix.
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Q.2 Write short answers of the following

guestions. (A.B)

(i) Solve x*+2x-2=0

(LHR 2017, SWL 2017, SGD 2014, 17, RVW/F 20:15)

Solution:
X*12x'-220
\ NN | x =72
| i Adding (1) on both sides
X*+2x+(1)* =2+ (1)?
(x+1)*=2+1
(x+1)?=3
Taking sq. root on both sides
Xx+1=+3
X = —1iJ§
. Solution Set = {—1i \/§}

i Solve by factorization 5x? =15x
(i) y

(LHR 2015, 16, GRW 2014, 16, 17, SWL
2016, 17, BWP 2014, 16, D.G.K 2017)

(A.B)
Solution:
5X2 :15X —
5X? ~15x=0 p .
Either | o LN
N Napghos x-3=0

~. Solution Set={0,3}

Csalytion | VY L EL

1 1 .
+ _—3. | ’

e =N

(FSD. 207, SWL_| 2016, SGE)| 2015, Gir/s

. 0lg I\T\I;Ol’ D/G.i.2017) (A.B)

(i) Write in standard form

) Scl Iti"l '

S
X+4 x-4

Multiply both sides by
(x+4)(x-4),

we get
X—4+x+4=3(x+4)(x—4)

2X = 3(x2 —16)

2x =3x*—48
3x* —2x-48=0
Which is in standard form of
quadratic equation.
(iv)  Write the name of the methods for
solving a quadratic equation.(A.B)
Solution:
Following are the three methods:
() Factorization
(b) Completing square
(c) Quadratic Formula

l 2
(v) Solve (ZX—E):—

Taking square root on both sides

=

ox-1_43
2 2
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Either
2X—£=§ or 2X—£=—§
2 2 2
2x:§+1 , 2X = —|—= =5
2 2- 2/ 2
ox=3EEL AL gy oS
o | 5
/| [\ ox=2 , ox=2
2 2
2X=2 , 2x=-1
2 1
X=— , X=——
2 2
x=1
. 1
.. Solution Set= {—5,1}
(vi)  Solve +/3x+18 = x (A.B)
Solution:
V3x+18 =x
Squaring both sides
2
(\/3x+18) :(x)2

3x+18= xz_.

—

x2—3x=28 20

._|<l‘:_ LBx 43 4:13'=0

X(X=6)+3(x—6)=0

§:6 or
Verification

When x =6

J3X+18 = x

6 =6 (True)

~. Solution Set = {6}

Extraneous root = -3
(vii)  Define quadratic equation.

Answer: See definition Page # 1

(viii)  Define reciprocal-eguaticn.

| Arssuger: | Bet aefinidon Page 4 id

i I |
&

|| LX) ~_Bieiine exponential equation

Answer: See definition Page # 14

(x) Define radical equation.

Answer: See definition Page # 24

3=-3 (false)

(U.B)

=) |

. (U.B)

(U.B)
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Q.3
(i)
(ii)
(iii)
(iv)

{'./)"

\

(vi)

(vii)
(viii)
(ix)
(x)

()
(i)
(iii)
(iv)
(V)
(vi)

(i
i wl |

i

(ix)
)

Fill in the blanks

The standard form of the quadratic equation is

The number of methods te-salve a'auadratic ecuation ae, | |

The nemé of thewietiee to, derive'a auddratic farmula is

The solution set of 25x2 —1=0 is

An equation of the form 2% —3.2* +5=0 is called a/an

The solution set of the equation x> —9=0is

An equation of the type x* +x*+x*+x+1=0 called a/ an

Trel <olution|of the'equation ax® +bx+c=0, a=0is

()

- (K.B)
(K.B)

(K.B + A.B)

equation. (U.B)

(GRW 2014, 17, SGD 2016, 14, BWP 2016)

(U.B)

equation. (U.B)

A root of an equation, which do not satisfy the equation is called root. (U.B)

An equation involving impression of the variable under

ANSWER KEY)|

ax’ +bx+c=0
3
Completing square

—b++/b® —4ac

2a . oy

Expon?mj-q.l WL '
8] S\
'Re(-:iprocal
Extraneous

Radical sign

is called radical equation.  (U.B)
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CUT HERE

N

|
|
I
|
|
I
|
I
|
|
|
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
|
i
I

N

SELF TEST _
Time: 40 min 'y Marks! 25
Q.1  Four possible answers (A), (B), (C) & (D) to each o.;e:hon are given,| mark-ihs
correct answer. <A {Tx1=T7)
1 A guadratic equation caiv £2 solves by [ VLo |
(A) Factorization _ j 1R _(B) Comnlating square
(C) Quaartic; foriut a con | LDy Al of these
2 In quauroUc =~1u 1t ot ax?'+ by +2c=0, a, b C, e
A L \ (B) Q'
_ (CHZ . (D)R
3 The equation 2x* —3x°> + 7x* —3x+2=01s called a/an
(A) Reciprocal equation (B) Radical equation
(C) Exponential equation (D) None of these
4 The solution set of the equation 4x* —16 =0 is
(A) {#4} (B) {4}
(C) {#2} (D) {-2}
5 Two linear factors of x> —15x+56 are:
(A)(x-7), (x—8) (B)(x+7), (x+8)
(C) (x+7), (x-8) (D)(x=7), (x+8)
6 The quadratic formula is:
—b++/b?-4ac b++/b*—4ac
(A) B) ————
2a 2a
—b ++/b* +4ac b++/b* +4ac
(©€) D) ———
2a 2a
7 Solution set of 5x* = 30x
(A) {6} (B) {-6}
(C) {0.6} (D) {25}
Q.2  Give Short Answers to following Questions. (5%2=10)
Q) Define quadratic equation? Write the standard form of quadratic equation.
(i) Find the solution set of the standard quadratic equation .
ax’ +bx+c=0 for a=1,b=-3,c=-5. _ a2 e
(iii)  Solve: V/3x+18 = x ~ Al WOV WA T
(iv)  Solve: 2x*-11x" +5=0 \ v AU WY
(V) Solve: | ?) —-J :g L \ -
BAAN AR
Q.3 Arvwer th= fou 0w ing Questlons (4+4=8)
fanl NP 21233
D)= Solve the equation by completing square method. x* —2x-195=0.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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L

Discriminant > 0
= 2real roots , _

he Discriminant Iy

— b+ positive
2a

y
Discriminant = 0 oLk
= 1 repeated root oot

Discriminant < 0

"3
R

Discriminani@iAN DRSS )

“For. i |(tandaid | @uadratic  equation

5x% X P =G, the value of the expression

£?=4ac is called discriminant.”

It is used to find the nature of roots without

solving the equation.

Nature or Characteristics of the Roots|

(U.B + K.B)

Nature of a quadratic equation

ax* +bx+c=0, when a,b,ceQ and a=0 as:

(i)  Ifb’-4ac=0, then the roots are
rational (real) and equal.

(i) If b’-4ac<0, then the roots are
complex conjugate or imaginary.

(iii) If b*-4ac>0,and is a perfect
square, then the roots are rational
(real) and unequal.

(iv) If b®—4ac>0,and is not a perfect

square, the roots are irrational (real)
and unequal.

Note (K.B)

If given polynomial expression is a perfect

square then discriminant is 0.
Example 2: (Page # 19)

Using discriminant, find the nature of the

roots of the following equation and veriy,

_—

the result by solving the equatlm
X —5x+5=0_

(LHR £015) GRwv “2016 47, cwr 21&

RWP 20ii5, L'CI 2)17)
Solutlon L \

y % 3Y+5
a=1 b——5, c=5

Discriminant = b? —4ac

= (-5)* - 40)®)

A
= no real roots _p: negative \ .
e | UL UK DRIATIC

‘-'_..'-.-'I -"'--.- - -.'I.‘-.‘I.'-

UNIT

""LQRY ')'-’
EQUATIONS

=25-20=5

As discriminant > 0 but not perfect
square, Roots are irrational (real) and
unequal.

Verification:

Solving the equation
quadratic formula

_ —b++/b%—4ac

2a

_ (-5 £(-5)° -41)(5)

2(2)
_5+.5
2
Evidently, Roots are irrational (real)

and unequal.
Find k, if the roots of the equation
(k+3)x* —2(k+D)x—(k+1) =0 are

by using

equal, if k #-3 (A.B)
Solution:

(k+3)x* —2(k +D)x—(k+1) =0

Here

a=k+3, b=—2(k+1\ p__(k+]\_... {
As roots are-equél, frecriminan| is Zer2-
DI“C —-b" 180 El J e
r_—x.u( P Ak 3k +1)]:o
_AKFD?+4Kk+3)(k+D) =0
Ak+D[(k+1)+(k+3)]=
4k +1)(2k+4)=0

Either
k+1=0 or

k=-1 or

2k+4=0 - 4%0
2k =—4

k=-2

Thus, roots will be equal if k=-1,-2
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Q.1 Find the discriminant of the
following given quadratic equations:
Solution:
(i) 2x* +3x-1=0
(GRW 2017
D.G.K £015)
By corjiparir g givin
ax? 1+ Ex e = 0L e get
B =5 c=-1
Disc = b?—4ac
(3)° -4(2)(-1)
=9+8
=17
(i) 6x*—8x+3=0 (A.B)
(LHR 2016, SWL 2016, D.G.K 2015, 17)
By comparing given equation with
ax’ +bx+c =0, we get
a=6b=-8c=3
Disc = b*—4ac
= (-8)* - 4(6)(3)
=64-72
=-8
(iii)  9x*—-30x+25=0 (A.B)
(LHR 2017, MTN 2015)
By comparing given equation with
ax® +bx+c=0, we get
a=9 b=-30, c=25
(=30)° —4(9)(25)
900 - 900
=0 i
(iv) 4x*-7x-2=0 (AR
(GRW 2014, SGD 2017, M \"2615)

| (ALK

Disc

By CONTEpFing aiven equaticn with |
i

ax’ +b«+L_C we get

_a= 4 b=17,\d=
st & “Zac
= (—7)2 —-4(4)(-2)
=49 + 32
=81

. Sgluiion:

(@i e 8% 220 = )
FSD 2016 NITW/ 2014, § \ -

N g uation Wity

Q.2  Find the nature of the roots of the
following given quadsatic -
equatlons and ve| iy ihe resuit L\,

ealvirothe aquaticns: .

(A.B)
By comparing given equation with
ax’ +bx+c =0, we get
a=1b=-23,c=120
Disc= b*—4ac

= (-23)* - 4(1)(120)
=529 - 480

=49

= 72

Since disc > 0 and perfect square,
roots are rational (real) and unequal.

Verification:

x? —23x+120=0
_ —b+b*-4ac
B 2a
| —(-23)+4/(~23)% - 4(1)(120)

2(1)
237
2
2347
2
Either
23-7 23+7
2 2
16 30 .
X= 8 L 'H - "X'_'_:_'LS
L\ e Haivce Tools ere ¢ tlgnal ang dnequa|
() A n=0 (A.B)

By-ceinparing given equation with
ax’ +bx+c=0, we get
a=2,b=3c=7
Disc = b’—4ac

= (3)" - 4(2)(7)

=9-56

= —47
Since disc < 0, roots are complex
and imaginary.
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Verification:
2X° +3x+7=0

o ~b++/b*-4ac

2a

3+ @7 —4@Q)) | |
4@ \

355 | |

Hence roots are complex/imaginary
and unequal.

(i) 16x*—24x+9=0 (A.B)
By comparing given equation with
ax® +bx+c=0, we get
a=16, b=-24, c=9
Disc = b*—4ac

= (—24)* - 4(16)(9)
=576 -576
=0
Since disc = 0, roots are rational
(real) and equal.
Verification:
16x* —24x+9=0

o —b++/b?—4ac

2a
_ —(-24) £4/(-24)* - 4(16)(9)
- 2(16)
k=20 e,
32 N\~ (10
2440\ N\ VLV WY
i = AR T RN
Either | 1 |\ |1 LA
o snLydadoAv T 240
A N or . x=2—
NININVREAE: 32
A 24 24
X=— X=—
32 32

Hence roots are rational and equal.

Vo Talekd b adk L), =4

(iv) 3x*+7x-13=0 (A.B)
By comparing givesi eguatiorowit,
ax’ +bx+c =0y Ve Jer—
a= 3 b="re="-13

| Ditc \=\bY—zal
~=(7) =4(3)(-13)
=49 + 156
=205
Since disc > 0, but not a perfect sqg.
roots are irrational and unequal.
Verification:

3x?+7x-13=0
o —b++/b?—4ac
2a
_TH(7)? - 4(3)(-13)
B 2(3)

—7++/49+56
6
—7++/205
6
Either

X=—7—T N205 X=—7+T V205

Hence roots are irrational and unequal.
Q.3  For what value of k, the expression

k?x* +2(k +1)x+4 is perfect
(A.B + K.B)

square.
Solution:

k*x*+2(k+1)x+4=0

By comparing givén-aquatigt-ifith) V)

aC T TR0 IR QAL |

Disciiniriant = /b” —4ac

=[2(k +1)]2—4(k2)(4)
= 4(k +1)" —16k>
=4(k2+2k +1)—16|<2

= 4k® +8k +4—16k?
= 4+8k —12k>
= 4(1+2k -3k*)
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As expression is a perfect square, the
discriminant =0

= 4(1+2k-3k*)=0
1+2k—-3k*=0 - 40
1+3k—k—-3k*=0

1(1+3K)3-k (_1+ Aey=0

(143K {11k 301

- Entber .
RN Y [ SLPSR ST or 1-k=0
]' ' 3k=-1 k=1

k=1
3
Result

k=1

3

Q.4  Find the value of k, if the roots of
the following equations are equal.

(A.B + K.B)
Solution:

0] (2k —1)x* +3kx+3=0
Here a=2k-1,b=3k,c=3
Disc = b*—4ac

= (3k)* —4(2k —1)(3)
=9k* 24k +12
Since roots are equal,
Disc =0
= 9k? 24k +12=0
3(3k* -8k +4)=0
3k*—8k+4=0 - 30
3k* -6k —2k+4=0
3k(k-2)-2(k-2)=0
(k—2)(Bk-2)=0 \

Either _ — \\
k—240)\ ¢ e -4-.0 \_'
=k=2 o0 %k )
IR N IE
(8w T Result:
k=2, 2
3

iy xX*+2kk+2)x+@Bk+4)=0
Here a= 1b 2 2),6=3K 4
Bise "= bidag _ .
=20k - E)] - 4.(1)(3k +4)
= 4k +2)° - 4(3K +4)
= 4(K*+4k +4) - 4(3k +4)
= 4/ k*+4k+4-3k 4]

= 4[k*+k]
=4k(k +1)
Since roots are equal, disc =0
4k(k+1)=0
Either
4k =0 or k+1=0
k=0 or k=-1
Result:
k=0,-1
(iii)  (Bk+2)x*—5(k+1)x+(2k +3)=0
(A.B + K.B)
Here
=3k+2,b=-5(k+1),c=2k+3
Disc = b*—4ac
= [-5(k +D] - 4 (3k+2) (2k+3)
=25(k+1)" —4(6k* +9k +4k +6)

=25(k’ + 2k +1)—4(ﬁl<2 +13k +6)— 11

= 25k 150k 2928k 52k
1 2 [

\ ﬂll’.':‘ rocts-are equal dISC 0
5K -2k +1=0

(k-1)"=0

Taking square root on both sides

k-1=0

k=1

Result:

k=1
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Q.5 Show that the equation
2 +(mx+c)2 =a’ has equal roots,
if c>=a’(1+m’)  (A.B + K.B)
Proof (ESD 2016)
X2 +(mx+c)’ =a? '
X2+ X3 b 2ot et = at '
(1+ mzjx" -__—Zj.cx_+'c2 —ia%\=.0!
II-IUn '
.JI' [ A= L+in°,B = 2mcC ¢’ -a’
Disc=B*-4AC
=(2me) - 4(1+m?)(c*-a’)
=4m’c’ - 4(c* -a’ +m’c’ —a’m?)

— 4m*C? —AC? + 4@’ — 4P + da’m?
=—4c? +4a° + 4a’°m’®
Disc = —4[a2 (1+ mz)] +4a% +4m?

(¢ =a*(1+m?))
=—4a* +a’m’ |+ 4a’ + 4a’m’
=—4a* —4a’m* +4a° — 4a’m’
=0
Disc=0
.. Roots are equal
Hence rootsare equal if ¢* = a* (1+m?)
Proved
Q.6  Find the condition that the roots of
the equation (mx+c)’-4ax=0 are
equal. (A.B + K.B + U.B)
Solution:
(mx+c)*—4ax=0

m?x® +2mex —4ax+c> =0
m’x® +(2mc—4a)x+c* =0} =

Here A=%%.B= 2mc,- 1a,C'='c?

Disc =-2" - 44C . . x\:

(Amx -—43\ - (m \{,\}
N = anel \reame +16a% — 4m’c
_- J SO = —16ame +16a°
' =—16a(mc-a)

Since roots are equal, disc =0
= - 16a(mc—-2a)=0

Either
mc—a=0 or =16a=0 _
a=mc . l_—a=0

Roots-0T Th given eguation aie
If'e=m: ¢ria =1 A

"~ G\ | if the voots\of the equation.

:'iblal

(¢ ab)x’ 2(a‘—bc)x+(b2—ac):0

are equal, then a=0 or
a®+b®+c®=3abc.
(A.B + K.B +
Proof
(c* —ab)x* —2(a* —bc) x+(b* —ac)
Here

U.B)

=0

A=c’-ab,B=-2(a’-bc),C=b*—ac

Disc = B> —4AC
= [-2(a® ~bc) | —4(c? -ab)(b® —ac)

= 4(a® —bc)? — 4(b*c?* —ac® —ab® + a’bc)
=4(a" - 2a’hc +b?c?) - 4(b*c? —ac® —ab® +a’hc)

=4(a' -2a’hc+b’c* —b’c’ +ac’ +ab® -
=4(a*+ab® +ac®—3a’bc)
=4a(a®+b° +c’ - 3abc)
Since roots are equal, disc =0
= 4a(a’+b*+c*—abc)=0
Either

azbc)

4a=0 or a*+b*+c®-3abc=0
a=0 a®+b®+c® =3abc

Roots are equal if either
a=0or a’+b’+2>=3ahc

. equatl )r s are. ratlor aI
\ Prnof l'A B + K B +

Discriminant = B> —4AC

[b(e-a) ~4[a(o—c) [c(a-b)]

=b?(c-a)’ —4ac(b—c)(a—b)

Q.8  Show thatithe |ootc..ur th feliowing

U.B)

i) _atb— c)x +b\c a)x+c(a-b)=0
“Here
A=a(b-c), B=b(c-a), C=c(a-

b)
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:bz(cz—2ac+a2)—4ac(ab—b2—ac+bc)

=h%c? — 2ab’c +a’h? —4a’bc + 4ab’c + 4a’c? — 4abc?

=b’c? +a’h® +4a’c® + 2ab*c —4a’bc — 4abc’
= (bc)’ +(ab)’ +(~2ac)” +2(bc)fah)
+2(ab)(—2ac)+7’:-2ac)(bc\

.a’+b®+c- Laﬂ':bc+2ca =@+ LoV

(bc+ an £ 2a0)’!

(B A dise i iraw' = and perfect square, roots
J | “arexitional.

(i) (a+2b)x*+2(a+b+c)x+(a+2c)=0
Here
A=a+2b,B=2(a+b+c) ,C=a+2c
Disc= B*—4AC
=[2(a+b+c)]?—4(a + 2b)(a+2c)
=4(a+b+c)2—4(a2+2ac+2ab+4bc)

- 4(a2 +b%+c?+2ab+2bc+ an)
4(a2 +2ac +2ab+4bc)

=4(a*+b* +c*+2ab+2bc+2ca
—a® —2ac—2ab —4bc)
=4(b* +c* —2bc)
=4(b- c)2
=[2(b-c)] >0
Since disc is perfect square roots are
rational.

Q.9 For all values of k, prove that the
roots of the equation.

—2(k+%)x+3:0,k #0 are real—,

-

2
:4(k+1j -12
k - 1%,

=¥ k’-E"-'sz'-:z-’

>0
As disc. > 0, roots are real.

Q.10 Show that the roots of the equation

(b—c)x2+(c—a)x+(a—b)=0

arereal. (A.B + U.B + K.B)

Proof:
(b—c)x2+(c—a)x+(a—b)=0

Here A=b-c,B=c-a,C=a-b

Disc = B*—4AC
:(c—a)2 —4(b-c)(a-b)

:cz—2ac+a2—4(ab—b2—ac+bc)

=c?-2ac+a’ —4ab+4b*+4ac—4bc

=c?+a’+4b®+2ac—4ab—4bc

=(c) +(a)" +(2b)" +2(c)(a)+2(a)(~2b)+ 2(-2b) (c

wwa? +b?+¢? +2ab + 2heZ2ea = (a1 BN )|

—(C+ 7;b)2 ‘s(} ) I:.-' # ...- A _ r

~ Hench rhoigare ieal )

)

Proof: (A 0E) |
Here O\ Vo) WL Ly (A.B + K.B)
L W \ I Let x=§/i
o Taking cube on both sides
_ J N Jl;g_n..uuat- b2—4ac X3 =
| ’ 2 3
1 x’=1=0
=|-2[k+= ]| —4(1)(3
[ ( kﬂ We) () -3 =0
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(x—l)(x2 + x+1) 0
(x—l)(x2 + x+1) =0

Either )
X—1=0 or X% - X+1=0-
x=1 .
Here (aLb=%c=
PR
X =- b_l:__lg
. 4.C

1414
-
_-1x3 -1+ N
2 2
Either
1443 - ~1-4/3i
2 2
= = 0)2
. Cube root of unity are 1, o, ®*
Note (K.B)

We can write anyone complex cube root as

» (Omega), then other will be @,

Q) Proving that each complex cube
root of unity is the square of other.

i.e. (—1+\/§]2 = ~1-4-3

2 2

(—1—\/—_3j2:—1+\/3
2

and

2 .-.:

(LHR 2014, GRW 2017, FSD 201677,

SGD 2015, 1€;,BWP 2017, MTH 2047 | 1 [} )
) EROB '?l.&_+_,{.\}§"\ \ }

Proof: 1RIE! L
_ Wejijave, tc, jirdve |
J JEENE:

' 2

Consider

i |

(—1+\/3T _

2

- - 7 )

2 2

Now consider

=)

—1—@}2 1443

Thus, each of the complex cube roots
of unity is the square of the other.
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(i) Proving that product of three cube

root of unity is one.
ie. lowow’ =1 (K.B + U.B)
Proof: -

L.H.S=1.0w0
By putt: ng the values

Proved

(i)  Proving that sum of three cube
roots of unit is zero.
ie. 1+ o+’ =0

(LHR 2016, GRW 2017, FSD 2015, 17,
SGD 2015, 16, BWP 2016, RWP 2015)

Proof:
LHS =1l+w+o’
(By putting values)
14 ~1+-3 N ~1-J-3

2 2

+()+V-3-15V-80)

Important Results

(K.B + U.B)

Q) 1+ o+ &* =0 : '
= A=) =i
o' =,

o4 P =-1

A lewo® =1

=w =1
(i) lwo®=1
.0 =1

1 , 1

:>C{):—2 or w =—
w [0

Note: Complex cube roots are reciprocal
of each other.

(iv) o'=cd*w=lo=o0
@ =@°.0° =1.0° = &*
6 3)2 2
) :(a) ) :(1) =1 andsoon

e 11 1 1 1,

T 0® 00 (@) e lo o

Example 1: (Page # 25)
Evaluate: (—1+\/3)8 +(—1—\/—_3)8 (A.B)
Solution:

(-1+53) +(-2-43)

linalica e

:(2(0)8 (20)2‘8 ’
T LA CA =

\ e -.t- (d‘ U _.._'_0;15:1)) -
| ="z'56((w3)2 o +(0) o)

=256((1)" 0" +(1) @) 0’ =1

T

256 (co2 + a))
= 256(-1)
— 256

wlto+a’ =0
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Example 2: (Page # 25)

To Prove
X° =y = (X—y)(X— wy)(X—@’y)

(A.B)

Proof:

R.H.S=(Xx—y)(Xx—aoy)(x— a)zy)
= (X = YMxXT =Xy — a3y 0yl /
= (x—yx "—ww.))v_ﬂ )|
= (X— V)X (D ) 42 :
=R -y )
Uy =LHS

Jlewr =0

Q.1  Find the cube roots of-1,8,-27,64.

(LHR 2015) (K.B + A.B)
Solution:
Q) Finding cube roots of —1

Letx:E/—_l
Taking cube on both sides
xX*=-1
x*+1=0
-a®+b® =(a+Db)(@*—ab+b?)
(x+1)(x2—x+1):0
Either
x+1=0-(i) orx* —x+1=0—(ii)
Equation (i) =
x=-1
Equation (ii)=

_—(DEJED* 400

2(2)
114
2 -
1443 Y,
Either )\ | — - .
x=1_‘./;?—'.. b | A AEYED
- 2041 L e 2

= —Q = a)z
Cube roots of -1 are—1,—w, -’

(i)

(iii)

Finding cube roots of 8
: (K.B +A )
Let x =35 A \
| cl~|nr, cuteon but.l sides
x =184
13=0
-2°=0
a3 b® = (a—Db)(a®*+ab+b?)
(x—Z)(x +2x+4)=0
Either
x—2=0—>(i)or x*+2x+4=0—(ii)
Equation (i)=
X=2
Equation (ii)=

_ 227 -4

2(1)
—2+.J4-16
2

—2+-12

2
2+2J-3

2

Either
= 2(—_“@} or x= 2(—_1_\/3J
2 2

=2w =20°

..Cube roots of 8 are 2, 2w, 20*

Fmdmg cube roots nf--27
e 20 41 -K B ¥ A L\

AR A n "
5(3 7=
sa®+b® =(a+b)(@® —ab+b?)
XX+3=0
(x+3)(x2—3x+9):0
Either

X+3=0—(i)orx’> —3x+9=0— (ii)
Equation (i)=
X=-3
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Equation (ii)=
(-3 -4(1)(9)
2(1)
_ 3+4/9-36
\ [} 3"',?:.—.,
]l- | I
g
2
Either
X =-3 ~1++-3 orx =-3 ~1-4-3
=3 —,— =3 =
X=-3w X = —3w°

.. Cube roots of =27 are -3, 3w, -3 w?
(iv)  Finding cube roots of 64.

(LHR 2015) (K.B + A.B)
Let

x =364
Taking cube on both sides
x> =64
X} —64=0
X —42=0
a®—b®=(a—b)(@*+ab+b%
(x—4)(X* +4x+16)=0
Either
X—4=0-—(i) orx’+4x+16=0—>ii)

Equation (i) =
X=4
Equation (i) =

! -

—4+;/f4z _zm)(_)
2_J) '

A+\/16 54

L «/—4

Q.2

()
(i)
(i)
(iv)
V)

L

_ 4443
> —
ﬂi_-_/:) A
) ©
hltler ]
Bo i
2
X=40 of X=4w’

-, Cube roots of 64 are 4,4w,40"

Evaluate: (K.B + A.B)

(FSD 2017, BWP 2016, RWP 2015,
MTN 2014, 15, 17, D.G.K 2015, 17)

(l1—0w—o?)

(1-30-30?)
O+40+40??
(2+20-20")(3-30+30°)

(-2 353) +(2-453)

o (1+433) (1-¥33Y
o (BR]{

(vii) @ +0®-5
(viii) o P+
Solution:

() (1-0-o®)

fiil |
.....'-I\II;I. ’

o

(GRW 2014, 16, 17, FSD 2016, BWP 2017,
MTN 2017)

= [1—(a)+ o’ )]
[1-(-9)]

1-(-
| =)
.,(;, t,ﬂ_)?__ v

Il

1w J I
4 i N |

dagh

= [1—3(a)+ ®* )T
[1-3(-3)]
=(1+ 3)5

-4y

=1024

co+o’ =-1
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(i) O+4o+4to?)?
(GRW 2014, RWP 2017, FSD 2017, BWP 2016)

= [9+4(a)+a)2)]3

=[9+4(-)T
= (5)° AR
500 B
|2+'2a)—éa)2)(3—3a)+3a)2)

(SWL 2017)
=2(1+a)—a)2)3(1—a)+a)2)

= 6[(1+ a))—wzj[(1+ a)z)—a)]
cl+ro+o* =0
:6(—0)2 —a)z)(—a)—a))

il W v.
ot W =

L
\

=6(—20")(20)
=6(40°)
= 24¢)°
=24(1) v =1
=24
(V) (—1+ \/3)6 Jr(—l—\/—_S)6
1443 . -1-4-3
2 2
:(Za))6 +(Za)2 )6
— 260)6 +266012

=26(a)6+a)12) —

= 64[(@3}2 (a)3 )l

1 Lo & (A
|4 1 N\ % i 1 '
LAY P | L™,

- ea[ ()W)l | 4t
NN

=64(2)

=128

(vi (“ET +[ﬂ§}

2 -
VY (T
0= ———, e, =
= a))c+(a)2 :
_ a))9+(a))18

(Vi) o +0™ -5
(LHR 2015, SWL 2016, MTN 2015,
D.G.K 2016, 17)

= w.0® +&*.0*® -5
= (a)+a)2).a)36 -5

~(-3) ()]s
=-1/()*]-5 = o’ =1

:—1(1)—5
=-1-5
=6
(viii) o P+
1 1
TR
1 1
= g +w2.w15
1 1 -
= 4.4-_- 2'- I
({) (___@ w .I.(l.()‘lj_) - “:
AN O
1 1
=—+4 >
o(l) (1)
1 1
O ®
=’ +w v wot=1
=-1 v lvo+0* =0
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Q.3  Prove that (K.B + U.B)

x3+y3=(x+y)(x+a)y)(x+a)2y)
(SGD 2015, BWP 2016)
Proof:
R.H.S

= (x+y)(x+ z)'y-)fora;zy) :
= (x+ y)(x2 +u)2,_<y+-_a»xyir_afy"z)' W
(+\,‘) X +(J, +a)')xy+(1)y2]-.- o’ =1

—x+y X2 +

)[ xy+y2]'.'1+a>+a>2=0
= x+y)[x2—xy+y}
=x’+y°
=L.H.S
Proved

Q.4  Prove that x*+y®+z°-3xyz
=(x+ y+z)(x+a)y+a)zz)(x+a)2y+a)z)
(K.B + U.B)

Proof:
R.H.S

=(x+ y+Z)(X+a)y+a)ZZ)(X+a)2y+a)Z)
=(X+y+2)(X* + @°Xy + 0XZ + Xy + &’y
+@0°YZ+ X2+ 0'yz + 0°7°)
=(X+y+2)(X* + &%y + 0°7° + 0’ Xy + wXy
+0°YZ + 0'YZ + 0XZ + °XZ)
=(x+y+2z)(*+(1)y* +(1)2° +(a)2 +a))xy

+(a)2+a)4)yz+(a)+a)2)xz) a)3=1 S

:(x+y+z)[x +yi+z +( Dxy+(e’ +e yz r( ‘)( j | f

w1+ +u, -fO’/.-v'—'\-'(’l(O -a)1~
=(x+y+z)(x +.\'-. + X2

_(\-'g_\_/l'.-;:.)(xzzh,".Az = Xy —yz— xz)

i

.\ . -- I ™
2y 28 - 3xyz

,y (- Wyzl-xz) -

Q.5 Prove that
1+ o)1+ 0®) (12 & 114 0=
(1+o)( o)1)
0 KB AL - B)

-~ Frpof: |
ALEsL L
' ":-(l+a)j(1+a)z)(1+a)4)(1+a)8)...2n factors

2
4 2 6 2 2 2
o' zoxe’=0,0" =o' xo’ = x(af) =o' (l)=0

= (1+ )1+ o)1+ ®)(1+ @°)...2nfactors

Il
1
H
+
S
~—
—_
v
S
~—
1

Relation between Roots and Co-efficient
CEYUEL L ALTELLL]  (K.B + U.B)

Roots of standard quadratic equation

ax’ +bx+c=0 are
—b—+/b? —4ac
2a

—b ++/b* —4ac and

2a
—b++/b?—4ac - y/bF =i
If o= T ard [ >SS
— R v 8 e '2&.,‘;'
\ uun fo) rocts

.q. —b4 \/?TH‘._b—\/bz 4ac

2a
__b+m+(_b)_m
- 2a
_=2b
" 2a
=35 :—9
a
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Product of roots

2a 2a
- (a+b)(a—b)=a%-b’

P=

(-0 {2 —490)2

Note (K.B + U.B)

Q) S _9 _ Coefficient of x

a  Coefficent of x?
(ii) p_ c_ Conétzflnt term2

a__ Coefficient of x
(K.B + U.B)

A quadratic equation whose roots are given
can be obtained by using formula
x> —Sx+P=0 Or
x* —(Sum of roots) x + Product of roots = 0

Example 1: (Page # 26) (A.B)

Without solving, find the sum and
product of roots of the equation

3x*—5x+7=0
Solution:
3x* —5x+7=0 )
Here a=3,b=-5c=7
Sum of racts!\=-S= == S
*__5_5
N 33
SN “sroduct of roots=p =<
\ )
_!
3

To find unknown values involved in

a given Quadratic

F ALl ON
Soxample 1Py o IR e

Fihd the valee of =it the sum of
poct: lis'-equal to 3-times the
product of roots of the equation:
3x* +(9-6h)x+5h=0.
Solution:
3x% +(9-6h)x+5h =0
Here a=3,b=9-6h,c=5h
Let «,fbe the roots of given
equation
Then ochﬁ:—E:—g_—fSh:M
a 3 3
And off = c_ oh
a 3
According to given condition
Sum of roots = 3(Product of roots)

a+ f=3af

6h—9:3[@)
3 3

6h—-9=15h
6h—-15h =9
—-9h=9
h=-1

Q.1  Without solving, find the sum and
the product of the roots of the
following quadratic equations. X

(i) X* —5x+3=0 [(AIN2047) [(A.R)

- Herevd =iyb=5/c2 50 | oo

N |

|\ Bumoireots | = —

o | g

|
Ul
~

|
H ‘

Product of roots =

Wiplwo |o O
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(i)

3x* +7x-11=0 (A.B)
(LHR 2017, SWL 2017, SGD 2016, D.G.K 2014)
Here
a=3 b=7 c=-11
Sum of roots = —E
: a
— -__(_ |
prodlct of ldats =t
[ : a
-
3
_ 1
3

(iii)

(iv)

px> —gx+r=>0 (A.B)
(LHR 2014, GRW 2014, SWL 2016, MTN
2017, SGD 2016)

Here a=p,b=—-q,c=r

Sum of roots

Product of roots = ¢
a
r
p
(a+b)x*—ax+b=0

(A.B)

(BWP 2014, 17)
Here
A=a+b,B=-a,C=Db

Sum of roots = —E Y
A s

- a2

= \é

b
AW C
Rioduct of roots = —
A
b

b

v)

(vi)

Q.2
(i)

,Sum of rpois = 5 =

(I1+m)x*+(m+n)x+n-1=0
Here : :
a:Iij,.

D= L=

N

3
smi-',_:;'

+
+m

Product of roots = P =

_n-|
l+m
7x* —=5mx+9n=0

Here
a=7,b=-5m,c=9n

oo

(A.B)

Sum of roots = ——

Product of roots = ¢
a

_on
7
Find the value of k, if
Sum of the roots of the equation
2kx* —3x+4k =0 is twice the

product of the roots. (A.B)

Solution:

s o' s'--_

Let &, S be the roots of equation

2kx* —3x+4k =0
Here
a= Zk h‘“'* s

f E i
E

-
I
S
|

|
NN S N
7\—|7\—mlo?~—|w
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According to given condition
S=2P

i:2><2
2k

3_4

2k 1 .
3x1=dx.k
3=8k =
3

S i
3 )

@ | ¢

(i)  Sum of the roots of the equation
x2+(3k—7)x+5k=0isgtimes the

product of the roots. (A.B)
Solution:

x>+ (3k-=7)x+5k =0
Here, a=1 b=3k -7, c =5k

Sum of roots =S = _—b
a
- _3k-7
1
=-3k+7
Product of roots = P = ¢
a
_ Sk
1
=5k
According to given condition:
_3p
2
3
-3k+7= > (5k)
2(-3k+7)=3(5k) e
—6k + 14 =45k _ RYFARA
14 = 15k 6k "o 0 s s
14 =21k || VL ?Rﬁ'
14 1
INZA
2
3
Or k= 2
3

_ sr1u |cr1

Q.3 FindKk, .

Q) If sum of squarpQ uf the reaiy g\
the equa nn 4t —l—ol(‘( 8=, 0ig2.

A . (FID 2015) (A.B)

1o+ 3Kx— 8 =0

Here a=4k, b =3k, c=-8

Leta, B be the roots

Sumofroots=a + 3 = b

Product of roots = aff = ¢

QO

According to given condition
o +B* =2

(a+B) —2ap=2

Putting the values

43

8.4
16 k e
_—r.)_.-" q - . IIH.:' - |

4 .
s

T

32—9 \

16
23

4
k 16
k_16
4 23
K 64

23

MATHEMATICS -10 52



Unit-2

Theory of Quadratic Equations

(i) Sum of the squares of the roots of
the equation x* —2kx+(2k +1) =
is 6. (A.B)
Solution:

Here .
a=1lb=- _ZI«.,C:’_’k £

Let, o,/ be tile! roofs | of | given—

equs|ion
| e

éum of roots =a+ﬂ=—9

a
_ _(ﬂj
1
=2k
Product of roots = af = ¢
a
2k +1
1
=2k +1
According to given condition

a’+ B =

or  (a+p) -2a8=6
Putting the values
(2k)"—2(2k +1) =6

4k* -4k -2-6=0

4k* -4k —8=0
4(k*—k-2)=0
Oor k’-k-2=0
kK?—2k+k—-2=0 ~
k(k-2)+1(k-2)=0 | | 7
(k-2 =~ LA
Either | 1} 1} | AR \
S =00 e k=2
=5 [ A NRLED
J" k=1

- Result

k=2,-1

Q.4 Findp,if
Q) The roots of the egriation
x? —X+ n%=0 difTer.z uyunl y
’FbD 2015) (A B)
|\ Let\ a3 ne'thé rdofs of given equation.
bere a=1 b=-1 c=p°

Then a+pf=——
_ _(—_1j
1
=1
aﬂ = E
a
p2
1
= pz
According to given condition
a—-p=1
Taking square on both sides
(@-p) =1

“+ (a+b)*—(a—b)* =4ab
(a+p) —4ap=1

Putting the values

(1)" -4p® =1

1-4p?=1

1-1=14p?

0=4p?

Or

P> =0 — o | [~
' B'*akmg qc'al= 03t
P = 0

'f?_e_cl 1t

=0

(i) The vroots of the equation

x* +3x+P—2=0 differ by 2.
Solution: (A.B)

X*+3x+P-2=0

Here a=1,b=3,c=P-2

Let roots of given equation are «, 8
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Then sum of roots =a+ f = E
a

3

1
Sa+f=-3
I
a

Productof out =g

N

J\RS
i, . J-
o R ecgrangio given condition
™ a—-pfF=2
Taking square of both sides
(a-p) =4
(a+p) —4af =4
Putting the values

(3)2-4(P-2)=4

9-4P+8=4
9+8-4=4P
13 =4P
Or P=E
4
Result: P=E
4
Q5 Findm,if

Q) The roots of the equation
x* —7x+3m—5=0 satisfy the

relation 3o0.+2p =4 (A.B)
Solution:

X =7x+3m-5=0

Here a=1b=-7,c=3m-5

Let «, 8 be the roots of given

equation

Then sum of roots = o + f = —g

:»HL—H();.'-
!|> ’)d Jctefroots -'oc[}

_3m-5

1
= aff =3m-5—(ii)

According to given condition

3a+26=4 — \nl)

Multiply °*ualun(j\uv

' ‘aLLB—J4———-,UV)
Sun.\Etuation [ji)) & (iv)

(g B

Ba+ip=4
2at2p=14
a =-10
Put in equation (i)
atp=7
-10+p=7
B=7+10
B =17
Putting the values of o and (3 in equation (ii)
aff=3m-5
-10(17)=3m -5
-170+5=3m
-165
3
Or m =-55
Result:
m=-55
(i) The roots of the equation
X*+7x+3m-5=0 satisfy the
relation 3o -2 =4 (A.B)

Let «,B be the roots of given
equation

Here

a=1 b=7, ¢c=3m-5

Then

a+ﬁ_

>4 :d) |U

S o2 -1 50)
aﬂzg
a

~3m-5

1

aff =3m—-5——(ii)
Also given

3a -2 =4——(iii)
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(i)

Nizb giver

Multiply equation (i) by 2
200+ 28 = —14——(iv)
Adding equation (iii) and (iv)
3a-2p=4

20+23=—

S5a -z =10

= ——7
Plisin qlmuon (i)
a+p=
_2+ﬁ:_
p=-T+2
p=-5

Now putting the values in equation (ii)
aff =3m-5
—2(-5)=3m-5
10+5=3m
15=3m

3> —2x+7mM+2=0
Here a=3,b=-2,c=7m+2

(A.B)

Let «, 8 be the roots of given equation

Then sum of roots = a + B = _E

a
—2

3

:a+B=§ — ()

~hod

Produgtef roots —,.a,ﬂ% = 5 |

.-'m

v Oall s

Ta—3B =18——>(iii)
Multiply equation (i) by ‘3’
3a+3B=2—(iv)

Q.6

O

Adding equation (iii) and (iv)
Ta-33=18 -

1%,

3a+38=%
10z | =20

Patin equation (i)

a+p=

3
2
2+p= 2
b= 3
2
=22
g 3
_ 26
3
—4
=3

Now putting the values of o and 3 in
equation (ii)

2[:ﬂjz7m+2
3 3

—8=Tm+2
-8-2=7m
-10=7m
-10
—=m
7
Result:
-10
m=—
7

Find m, if sum and product of the
roots of the following equations is
equal to a given number/l

.l'\-\.' \ i
‘r‘

L2n#3)x° -r(l”ll ’?jx+(3m A
\oHere

3 711 oo_/r"n 5andc =3m-10

| et a, ,6’ be the roots of given equation,

Then a+p = b

a

m-5

2m+3
~5-7m
- 2m+3
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[Ke)

And of =

w o

m-10
2m+3

According to given conditior:

a+f=A=nf

(By using trangitive prupelty)

=Sa+ ol

Plﬂt1| 1g the' »alues

: S Sin— ~10
2m+3 2m+3
Or

5-7Tm=3m-10

(By using cancellation property)
—7/m-3m=-10-5

-10m=-15
5
-10
3
=S>m=—
2
Result: m:E
2
(i)  4x*—(3+5m)x—(9m-17)=0
(A.B)
Here
a=4,b=—(3+5m),c=—(9m-17)
Let «, S be the roots
Thenao +f = b
a
_ —(3+5m)
4
_3+5m
4 \
And (A BN
_‘_ﬂr‘_ﬂl "
\ J NN _/'Accr,.rding to given condition:
MU arB=A and of=A

= a+P=af
- Transitive property of equality

Example: (Page #3Q)8

Putting the values
3+5m —(9m -17)
4 — N | =

| s @Wnis 9in £ 17

My Emi=17 -0

. 1Ay =14
A% m=1
Result: m=1

Symmetric Function of the Roots off
Quadratic Equation (K.B + U.B)
(MTN 2014, FSD 2014)
A function in which the roots involved are
such that the value of the expression remains
same, when roots are interchanged is called
symmetric function. ie. f(a,B)=f(f.a)

Some symmetric functions are:

1 1
a’+p%, P+ B, =+
B
Example: (Page # 30) (K.B + U.B)
Verify that

a’ + B +2af is Symmetric
Verification:
Let f(a, B)=a’+p"+2ap— (i)
f(B.a)=(B) +(a) +2pa
=p*+a’+2ap
=a’+ %+ 20 —(ii)
From equation (i) and (ii) we get
f(a.B)=f(B.a)
Hence a®+ % +2af3-is symmetric | |
I“2AB Uy
Finil thevelue CF ol ?+ ,f 4 205, if
o =2,\8'=4. Also find the value of
_ _a- =+ 7 +3af if a=1, pL=2.

~Solution:

When =2, =1

a’+ [ +3af =(2)°+1)° +3(2)Q)
=8+1+6=15

When a =1, f=2

a’+ B2 +3af=1)°%+(2)° +3(1)(2)
=1+8+6=15
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Q.1

(i)

(i)

(i)

Expression a® + S° +3af
represents a symmetric function.

If a, B are roots of the oquati;rr
x* +px+q =0, then evaluats

(i) o p? \

(i) a3

] Ll
| | 5 o
Solution:

X? +px+q=0
Herea=1, b=p, c=q
Roots of given equation are «, 5
Then

(A.B + U.B)

Now o +p* = (a+B)” —2ap

o’ +° =(-p)’ ~2(q)
=p*-2q
o’B+ap’= ap(a®+p%) (A.B)

= ap[ (a+B)* 208
= q[(-p)* - 2(q) |
= o’B+ap’ =q(p*~2q)

g"'E:aZ—i_BZ |1 ; '_-._,.:

B o aB A 70N
) (LR 2015 IKGE; + U.BY ||
) e L S

gl !

N 2ER) T -2(0)

q
2
o q

Q.2 If a, B are the roots of the equation
4x* —5x+6 =0, ther-finid the vaive of:

i) 'a'-”B‘-F | (AB+uU.B)
iy (xizﬁ-i_aiﬁz (U.B + A.B)
(iv) a_2+3_2 (K.B + U.B)

B«
(LHR 2016, GRW 2014, SWL 2016, MTN
216, SGD 2015, D.G.K 2014)

Solution:
4x* —5Xx+6=0
Here a=4,b=-5,c=6
Since a, f be the roots of the given

equation
Then
a+ﬁ:—E
a
__(5)
4
_>
4
aff _¢
a
_6
4
_3
2
i il
a B ap | I
o _El _ . —
. of
5 |
_4
3
2
5 2
= — X —
4 3
1 1 5
=>4+ ===
a p 6
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(i)  o’p*= (0p)’

(i) oy LA

7\
N W
N

Al OO
X
©|h

1 1 5

= ——t—==

a’f af° 9

w CLB D
B« af

(a+p) -3ap(a+p)

af

Putting the values

BEAD

2
125 45

64 8

2 =

w2
Z

125-367, 2\ |

N el Ve~
'\.-|I' ’ z

Q.3

_36iu

(i)

(i)

If a,

Ix? +

the v
U

i)\

tion:
Ix? +

B are the roots of the equation __
mx+n=0 (15}, then—find" |

aluesof, | |
- ("’3L-;2.J_Q’.2ﬁ3

- 4A3FU.B)

RR¥
- A _' KIB + UIB
P ( )

— e —

mx+n=0

Roots of given equation are «, 5

Then

-
w

a |

(FSD 2017, SWL 2017, BWP 2014, D.G.K 2017)

_ o’ +p’
(oB)
_ (a+[3)2_—_2~,ﬂ__ S O
'-_(.'iﬁ")mz_i'-_j: | -L____ A
o 2N

m

by

m? 2n
_ 120
n2
|2
_m’-2In_I*
12 n?
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1 1 m?=2n (e)
+ —_

Q.1 Write the quadratic equatigiis
having following roots. '

@ 1,5 (K.13 “AB) _
(b) (4)¢ (KB +AB,
© 218 | (K.B '+ 'AB)
@.;/ ¢ -3 “{K.B + A.B)
MNIN NEAS (K.B + A.B) ()
1A\ M -1,-7 (K.B + A.B)
@  1+i,1-i (K.B + A.B)
(h)  3++2,3-42(K.B + A.B)
Solution:

(@) Roots of required equation are 1, 5
Thensumofroots=S=1+5=6
And product of roots=P=1x5=5
. Required quadratic equation is: @)
x> —Sx+P=0
x> —6x+5=0
(b) (FSD 2016, 17, RWP 2017, RWP 2017)
Roots of required equation are 4, 9
Then sum of roots=S=4+9=13
And productofroots = P =4x9 =36
. Required quadratic equation is:
x*—Sx+P=0
x* —13x+36=0
(© (LHR 2014, 16, GRW 2016, 17, SGD
2017, D.G.K 2017)
Roots of required equation are -2, 3
Thensumofroots=S=-2+3=1
And productofroots = P = -2(3) = -6
. Required quadratic equation is:

X*—Sx+P=0
X*~1x+(-6)=0  (K.B'# A,e.).!
XZ—X—.G = 1 ] | (hr

(d) L s8n zol E\//P 101“&\
Roots T r2guired ﬁc udflun aie W), =3
Ther5uni of rogty =\S\=9 %-3) = -3

e e broduct ot ruo'ts = P =0(-3)=0
N ST ] Pequired quadratic equation is:

T XP—-Sx+P=0

x*+3x=0

(LHR 2014, 16, GRW 2016, 17, SGD
2017, D.G.K 2017)

Roots of required al aslon ard z, G
SureTroas =5 1= £ +-€)5
Product of rocts = P =2(-0) = —12
r.Feqguired-gund atic equation is:
X —Sx+P=2
x> —(—4)x+(-12)=0
X* +4x-12=0 (K.B + A.B)
(LHR 2015, 17, RWP 2016)
Roots of required equation are -1, —7
Sumofroots=S=-1+(-7)=-8
Product of roots=P =-1(-7) =7
". Required quadratic equation is:
x> —Sx+P=0
x*—(-8)x+7=0 (K.B + A.B)
X +8x+7=0
(D.G.K 2014, SGD 2017)
1+i,1-i (K.B + A.B)
Roots of the required equation are
1+i, 1-i
Sumof roots =S =(1+i)+(1-i)
=1+i+1-i
=2
Product of roots = P =(1+i)(1-1)

=)~ (i)
=1-i°
~1-(-1)
=1+1
7 p
Requwpf4 cuadri ltl" emau n h
KSRzt [ LT
X2 #1250
2ots™ of reguired equation are

3142,3-42 (K.B + A.B)

Sum of roots = (3+J§)+(3—J§)
3+/2+43-42
6

Product of roots = (3+ \/5)(3— \/5)
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Q.2 Ifa, paie the ooty cf ;ho_ \equaticyr—

= (3 -(\2)
=9-2
=7
.. Required quadratic equatinn is
X*—Sx+P=0
X 20X - 750

x? --Bx -+ 6)=: 0! [Forn edsuations whose

_ \ TGOS are|
'J. A 20+ 2B+
' (b)) P
11
C ==
(© b
o B
d ==
(d) 5o
(€  atp s
a B
Solution: (K.B + A.B)
x> —3x+6=0

Here a=1,b=-3,c=6
Roots of given equations are «,

Thena + B = b

a

i

1
=3
aB = E
a
=6
1
=6

(a) Roots of required equation aie

2a0+1, 2B +1

- o

sum ofeActs =S =200 1) 2fs 1| |

R 2o TR
=+ 2B +2

2(a+p)+2

=2(3) +2

=6+2

=8

«(7SD 2015) {X.k} -+ /ALE) |

Product of roots = P =(20+1)(2B+1)
= Ao+ D+ 26+

S A6y F5 L
=Rat (=31
-~ 4 Required\quadratic zcuation is:
2= SXx+P=0
X —8x+31=0

(b)  Roots of required equation are o?, B2
Sum of roots = S = o + B2
= (a+B)° —20p
= (3)* - 2(6)
=9-12
=_3 (K.B + A.B)
Product of roots = P = o°p?
= (oB)’
= (6)°
=36
.. Required quadratic equation is:
X*—Sx+P=0
x> —(-3)x+36=0
X’ +3x+36=0

(©) Roots of required equation are ll
o

(K.B + A.B)

1 1
= _+_
o

_p+a

Sum of roots =
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. Required quadratic equation is: 3 +§ ~18+3
x*=Sx+P=0 6
21 7.« A
xz—%x+%:0 ) ' & 2
Multiply by ‘6’ i VRS ".'3 :\0, +ﬁ) 1 4-£
SxA3x+1=L— | UV /| W[\ e a p
v _—
(d) Roots ci r=uuwd =cud*|un e °—' -y :(a+ﬂ) pra
! ! ,3 a af
[ B (K.B + A.B) B (§J
J | s S _g é _ 052 +ﬁ2 6
B« of 43)(1]
(a + ﬁ’) —2ap 2
af P :g
_(3)°-2(s) Required equation is
B 6 x*—Sx+P=0
6 6 2 2
1 Multiplying by (2)
:>S:—§ 2x*-7x+3=0
a B Q.3 If a, B are the roots of the equation
P=—x— x* + px+q =0 form equations whose
o ﬂl @ roots are:
= =
a FSD 2015
Required quadratic equation is (@) Z E ( )
X*—Sx+p=0 by ==
1 b
Or x? —(—_jx+1= 0 Solution:
2 X?+px+q=0
2, 1 B I Here
X +§x+1_0 (Multiplying by 2) a=1b=p,c=q
%% +X+2=0 Roots of given eg ,;ltlon are o B
()  Roots 0{ reqluired equation, ) O\ Fhin H" ;-,_'_.'9':;_’_'-;;{, \o' =
a+p, =+= (K.g + A. t»‘-* A=~ WAV WYY
@ f A\ Ughel > [
S=(c ’G’H ; ? s \ ' [=(@  Roots of required equation are o,p
_ VALY A W (K.B + A.B)
~\ '-I:'é"‘"“rrr‘\‘-*. L'-[’ X “J Sum of roots = S = o® + B2
o+
=(a+ﬁ)+[ o5 J :(_p)2_2q
=p’-2q
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P = a’p?
= (op)’
= (q)

=g
Requwed quadratic equas jon is

X2 —Sx£[7=0
xz—(pz_—-‘.’.q\','+:|2 =0

Product of roots =

(b) Roct, ot req urﬁd Fquauon are

Sum of roots =S = g+_

Product of roots = P =

=1
. Required quadratic equation is:
x> —=Sx+P=0
2 —
—xt-P 2qx+1=0

q
Multiply by ‘q’
ox’ —(p®-29)x+q=0

Synthetic Division (K.B)

It is the process of finding the quotient and

remainder, when a polynomial is divided by

a linear polynomial.

It is a short cut of long division.

(a.B)
Use synthetic division, divide the
polynomial P(x)=5x"+
X—2.

Solution: o~ \ |

P(x) =554+ 1 +0%2 Lix D |
Herz x - ale x -2 = 2
SRR AlLde =3 0
2 10 22 44 w2
|5 11 22 41 [82
2 Q(x)=5x>+11x* + 22x + 41
R =82

Example 3: (Page # 36) (A.B)

Using synthetic division; find the
value of h.if the vero.uf poly rom!ca
ol 1) S22 aX - T ISl

* Splution:

p(})=3x"+4x=rh and its zero is 1.
Then by the synthetic division.

3 4 -7h
! 3 7
| 3 7 | 7-7h

Remainder=7-7h
Since 1 is the zero of the polynomial,
therefore,
Remainder =0, that is
7-7h=0
7=7h
= h=1
Example 4: (Page # 36) (A.B)
Using synthetic division, find the
valuesof | and m, if x—1 and x+1
are the factors of the polynomial
P(x)=x>+3Ix*+mx—1
Solution:
Since x—1 and x+1 are the factors
of P(x)=x"+3Ix*+mx—1
Therefore, 1 and —1 are zeros of
polynomial P(x).
Now by synthetic division
3l m -1

2 —3x 'hy

1 1
{ -1 -3l +1 3l+m+1
1 -1 3+m+1 | 3l+m
Since 1 is the zero of polynomial,

therefore, remamder is z3r0, tt‘m r=\1\
3I+m 0=} L

I—\"]d Ly ( . A -

AR -.3|-_ ' 'm_ I |

H Vi = Rl 3l -

T 3-1 3+m+1l [3-m-2
Since 1 is the zero of polynomial,
therefore, remainder is zero, that is,
A-m-2=0 —(ii)

Adding equations (i) and (ii), we get
6l-2=0

6l=2 = I=

DN
Wl
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Put the value of | in equation (i)

3(1j+m:0 or
3

1+m=0 = m=-1

Thus I=l and m=\-1

_ o \ J \
Example 6: (Ragd # 0 EalN (A-B)

By synthatic| \division,, «chwa “the
equalion| | x*+-19x"+36x+252=0
iesingioets —2 and 6.

Since —2 and 6 are the roots of the given
equation x* —49x*+36x+252=0.
Then by synthetic division, we get

1 0 49 36 252
2|y 2 4 90 252

1 -2 45 126 0
6 6 24 126
1 4 21| 0
The depressed equation is
X*+4x—21=0
X*+7x-3x—-21=0
X(x+7)-3(x+7)=0
(x+7)(x—3)=0
Either x+7=0 or x-3=0
X==7 or x=3
Thus —2,6—7 and 3 are the roots of
the given equation.

Q.1  Use synthetic division to find the
guotient and the remainder, when

(i) (X2+7X—1)+(x+1)

(i)  (4x°-5x+15)+(x+3)

(i) (X°+x°—3x+2)+fX-2).
Solution: —_ Y

HIm! | (FsL: _2_\-1&,&?) (A.B)
LA VL —

NN AVAS
SQ(X)=x+6
R=-7

(i)  P(x)=4x’-5x+15 (A.B)
(SWL 2016-573D 2017, M7 -2 D16):
A O SR

ARLERR —5_~15
—:’Jj_ 12/ |36 -93

4 ~12 31  |-78
. Q(x)=4x*-12x+31
=78
(i)  P(x)=x>+x*-3x+2 (A.B)
(GRW 2017, FSD 2015, MTN 2017, D.G.K 2015)
1 1 -3 2
2|4 6 6

2
1 3 3 8
© Q(x)=x*+3x+3

R=8
Q.2  Find the value of h using synthetic
division, if (A.B)

Q) 3 is the zero of the
polynomial 2x* —3hx* +9

(i) 1isthe zero of the
polynomial x* —2hx* +11

(iii) -1 is the zero of the
polynomial 2x* +5hx —23

Solution:
(i) P(x)=2x>-3hx*+9
(SWL 2014) (A.B)
= 2 -3 +0x+9 —. |
2 —3h =, BV (0
3 ‘ L T8 N ol oesa

T 2.\ =hi6, on 118 |-27h+63

. Since _5 is' e zero ‘ot given polynomial,

~R=0
= -27h+63=0
—27h =-63
h = __63
=27
= h= !
3
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(i)  P(x)=x’-2hx*+11 (A.B)
= x> —2hx* +0x +11
‘ 1 ~2h 0 11
114 1 —2h+1 —2h+1
1 —2h+1 —2h+1 |—Ph+2Z
Since 1 is zero-ef gJiven palvraiiial, /=90
= 2R +12 =9 |
120=020
NRAREE
| IO o
' h=6
Result:
h=6
(i)  P(x)=2x"+5hx—23 (A.B)
= 2x> +0x® +5hx —23
’ 2 0 5h -23
-1 -2 2 ~5h-2
|1 -2h+1 -2h+1 |-5h-25
Since 1 is zero of given polynomial, R =0
= -5h-25=0
—5h=25
he-2_ 5
5
Result:
h=-5

Q.3  Use synthetic division to find the
values of | and m, if (A.B)
Q) (x + 3) and (x — 2) are the
factors of the polynomial

XX +4x>+2l+m
(i) (x — 1) and (x + 1) are the
factors of the polynomial

Solution: T
(i) P(x)=x°+4x*+2x+m | (A.3) |
1 @\ N2 e
3|4 3Vh -3 N deldad —
IS 0L REs 6l +m+9
I
NI 3 21+3

Since x — 2 isafactor, R=0

(i)

= 21+3=0
2l =-3
=) |
gt N

Vs

| Alse x+3 s ajfactor, R=0

= 16l +n+9=0
—6(_—3J+m+9:0 -.-I:_—3
2 2
9+m+9=0
m+18=0
= =-18
Result

I=—3, m=-18
2

P(x)= X3 —3Ix* +2mx + 6
=3l 2m 6
1 =3l+1 =3l+2m+1

(A.B)

-3l+1 -3+2m+1 |-3l+2m+7
-1 3l

x° —3Ix* +2mx + 6

Rl Pl

04

=3l 2m+1
Since x+1is afactor, R=0
= 2m+1=0
2m=-1
-1

= m= —
2

Also x—1isafactor, R=0
3l +2m+7=0

—3I+2(—1j+7=0-: m=—1
2 2
-31-1+7=0
-31+6=0

Solve by using synthetic division, if

Q) 2 is the root of the equation
x*—28x+48=0

(i) 3 is the root of the equation
2x° —3x* -11x+6 =0

(iii)) -1 is the root of the equation
4x° —x*-11x-6=0
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(i)

Solution:
(i) P(x)=x°—28x+48 (A.B)
= x> +0x° —28x+48
1 0 28 48
2 ‘ \’ 2 4 4
1 _ 2 24— |0 |
*. Depressed -_eq.._u-ltiuri isi !
Ak 2x- 2= 0
N Bk ax—24=0
- X(x+6)—4(x+6)=0
(x+6)(x—4)=0
Either
X+6=0 or X-4=0
X=-6 X=4

Thus 2, 4 and —6 are the roots of the
given equation.

. Solution Set = {2,4,-6}

P(x)=2x-3x*—11x+6  (A.B)
2 -3 -11 6
311 4 9 —6
|2 3 2 |0
.. Depressed equation is:
2x* +3x-2=0
2X> +4x—x—2=0
2x(x+2)-1(x+2)=0
(x+2)(2x-1)=0
Either
X+2=0 Or 2x-1=0
X=-2 2x =1
1
X== .
2.

Solut_ion_ Set= {3, —_2.

A L W -6
.-Lf|l_'.L|"_‘[___ ‘4~ T 5 6

| -5 -6 |0

.. Depressed equation is

4x* -5x—6=0

4x* —8x+3x—6=0

P(x) = —.'.(;'_-—'\_l?-‘x ti_lg A (,ﬁé} .

4x(x—2)+3(x-2)=0
(x—2)(4x+3) =(-?H -~

Fither™ ™ ¢ :
X240 or AX+3=0

W= D 4x =-3

] 3

X=——

4

Thus -1,2, —% are the roots of the
given equation.

.. Solution Set= {—1, 2,— %}

Q.5 Solve by using synthetic division, if
Q) 1 and 3 are the roots of the
equation x* —10x*+9=0
(i) 3 and —4 are the roots of the
equation
x* +2x® —13x* -14x+24=0
Solution: (A.B)
(i) P(x)=x*+0x>-10x* +0x+9
1 1 0 -10 0 9
1 1 -9 -9
3 1 1 -9 -9 |0
3 12 9
1 4 3 0
..Depressed equation is
X’ +4x+3=0
X* +3x+x+3=0
X(x+3)+1(x+3)=0
(x+3)(x+1)=0
Either o [ [~ | L
e RN e L
VX A3 L\ [ Tx=-1
R ! Solulion Sel 4 {+3,+1)
Vi) P(X)=x* +2x° —13x% —14x + 24
1 2 -13 -14 24
314 3 15 6 24
1 5 2 -8 |0
4l 4 4 8
1 1 -2 0

.. Depressed equation is:
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X*+2x-x—-2=0
X(x+2)-1(x+2)=0
X(x+2)-1(x+2)=0
(x+2)(x-1)=0

Either _
X+2:=.0/ "] =140
x=-21 X =1, "

Thus -2\ —4! 1\énc, 3.a:e the roots of
- [ tha"given eguation.
| M Solution Set={-2,-4,1,3}

(K.B)

A system of equations having a common
solution is called a system of simultaneous
equations.
For example x+2y=3, 2x—-y=1
having same solution (1,1).
(K.B)

The set of all the ordered pairs (x,y), which
satisfies the system of equations is called the
solution set of the system.
(K.B)
An ordered pair of real numbers x and y is a
pair(x,y)in which elements are written in
specific order.
For example: (x, y) is an ordered pair in
which first elements (abscissa) is x and
second element (ordinate) is'y.

: (K.B)
(x,y)#(x,y). For example (2,3) and

(3,2) are two different ordered pairs.

Example 1 (Page # 39) (A.B))

Solve the system of equatign: 1

3x+y=4lad 3y =52
Solution: Lo I\ REE
The given zquationsare
PN -:|3'\'(:'__y= A5 —
NN ey =52 i)
- From equation (i) y =4-3x — (iii)
Put value of y in equation (ii)

3% +(4-3x)" =52

3X? +16— 24X +9\ =52 %0
A2 245 36=10
1203 2x 4 3p=0
X—2x-3=0 v12%0

By factorization

x> —3x+x-3=0
x(x—-3)+1(x-3)=0
(x=3)(x+1)=0

Either

x—=3=0 or Xx+1=0

X=3 or x=-1

Put the values of x is equation (iii)

When x=3 when x=-1

y=4-3X y=4-3X

y=4-3(3) y=4-3(-1)
=4-9 =4+3

y=-5 y="7

ordered pairs are (3,-5) and

(=17)
Thus, the solution setis {(3,-5),(-1,7)}
(A.B)
Solve the equations
X’ +y>+2x=8 and (x—l)2 +(y+l)2 =8
Solution:
The given equation aie
x_2 + V22X :‘.8;—;'2(!)-.-'
(x—l)2 +( 5{_4}'!)2; 5= i)
F(_Q'm equ"auon.(ia'), we get
X - 2x+1+y +2y+1=8
Or x> +y*—2x+2y =6 — (iii)
Subtracting equation (iiii) from
equation (i) we have
4x—-2y=2 or
= y=2x-1
Put the value of y in equation (ii)

2x—y=1
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(x-1)" +(2x-1+1)" =8
x?—2x+1+4x*-8=0
5x2—2x—7=0

5% —7X+5x—7=0
x(5x—7)+1(5x—7)=0
(5x=T)(K+1) =6

Either | |\ |\ | u
Ex-=7=0"1" or | Lx+1=0
P72 =or Xx=-1
=7
=X=—

5

Now putting the values of X in
equation (iv), we have

When x:% when x=-1

y:z@_l y=2(~1)-1
14 14-5 9
y:——lz—:_
5 5 5
y=-3

Thus, the solution set is

o33

Example 3 (Page # 41) (A.B)

Solve the equations
X’ +y*=7 and 2x* +3y* =18

Solution:

Given equations are
X +y*=7 (i)
2x* +3y* =18 (i)

Multiply equation (i) with 3

3x* +3y* =21 (iii)
Subtracting equatlons (ii) from (||n =

X—3:> XJr\/a

When ‘%4 | /é fhp .~fmmeq Jau@n\&. i \

x+y =1 o,

A _|3.+.y ¥ Ay _4:> y=+2

Vhen x=—/3, then y=+2
Thus, the required solution set is

{(J_r 3,12)}.

Example 4 (Page # 41) (A.B)

Solve the equations.~

X! yE=20 7, | )
6, +iy— =0 G
The: =.ql|au.o.1 (i) can be written as
Y =Xy —6x*=0
2 2
—(=X)xJ(—X) —4x1x(—6X
L0 () ()
2x1
CXEVXE+24XF x+/25X°
2 2
_ X£5X
2
We have y=X+5X=6—2X=3x
2 2

Substituting y =3x in the equation (i), we get

x2+(3x)2 =20

X2 +9x2 =20
=10x*=20

=X =4=x=12

When x=\/§,y=3<«/§)=3\/§ and
when x=—/2, y:3(—\/§)=—3\/§

Substituting y =—2x in the equation (i), we have

24(—2x)" =20 or x*+4x*=20
= 5X2=20= X' =4 = x=+2
When x=2_ = y;' 2('2)::;..;
wakn’ ,\ _ %Y N\ N ,._’_ q(_ o0 :4 ;
| Thit, i'he‘sc,lut jonis \

U wz)( ~Z=3\2),(2,-4).(-2.4)}

Solve the equations
X’ +y>=40 and 3x*—2xy-y* =80
Solution:
Given equations are
X*+y? =40 (i)

' Example 5 (Page # 42) (A.B)
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3x? —2xy — y* =80 — (ii)
Multiplying equation (i) by 2, we have
2x% +2y* =80 — (iii)

Subtracting the equation’ (ifi) from
equation.(ii u) we get

X2 —2X5=) y = (Iv)

ne ¢ quotml (Lv\ cari-be written as

J {< -.3)\,+xy 3y’ =

x(x—-3y)+ y(x—3y):
(x=3y)(x+y)=

Either x—3y or x+y=0
=>x=3y > (V) or x=-y — (Vi)
Put in equation (i),

Equation (i) = (3y)” + y? = 40

10y® =40
y’=4
y==22
y=2 y=-2
eq.(v) =
x=3(2) x=3(-2)
X=06 X=-6

Equation (i) = (-y)” +y? = 40

2y* =40
y*> =20
y=+26_, ()
y=2v5 — y==251 /1
eq.(vi) =4\ | T O O
1§ .'._ (A rl' e o
) k)
NIRVENPSH =25

' °, The solution set is

{(6.2).(-6,-2),(245,-245), (25,25

Q.1 x+y—“

- Sotut on:

Exercise 2.7

Solve the following simultazcous equaiinis:,
A
-2 1 120

Fy= 5%(0
x? —2y—14_0—> (i)
From equation (i)
y =5-—x— (iii)
Put in equation (ii)
X -2y-14=0
x*—2(5-x)-14=0
x* -10+2x-14=0
X? +2x—24=0
X* +6X—4x—24=0
X(x+6)—4(x+6)=0
(x+6)(x—4)=0

Either
X+6=0 or x—4=0
= X=-6 x=4
Put in equation (iii)
y=5-X y=5-x
=5-(-6) =5-4
=5+6 =1
=11
. Solution Set = {(-6,11),(4,1)}
Q2 3x-2y=1 (A.B)
x2+xy—y2: —_
Solutlon —en =2 LA
»'—Zy =1 -\( ) E ¢ . —

and ¢ v -y '—1—>(||)
—trom equation (i)
3x-2y=1
x=2y+1
2y +1 ..
=——— —(iii
5 i)
Now put in equation (ii)
X +xy-y =1
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1+2yY 1+2y) )
+ -y =1
( 3 ] ( 3 )77

1+4y+4y° . y+2y?
9 3

Multiplyina-hoth sides by LCV'

We ge! ‘

-y =l

1+4y+4) +3 y+7y ) 3 2Lg
Ly mAyE £ 3y +6y° —9y*—9=0
y2;7y—8=0

y>+8y—y-8=0
=y(y+8)-1(y+8)=0

(y+8)(y-1)=
Either
y+8=0 or y-1=0
y=-8 y=1
Putting values in equation (iii)
When y=-8

_1+2y

-3

_1+2(-8)

1-16

x=1
. Solution Set = {(—5

-8),(L1)}

(A.B) .

. Soful |c,n

e —7 (i
25
£ 2.9

Xy — (ii)
From equation (ii)

2.5,
Xy
Multiple by xy
2y —5Xx =2xy
2y—5x—2xy =0

2y —2xy —5x =0 — (iii)

From equation (i)
x=7+y—>(iv)

Put in equation (iii)
2y—2(7+y)(y)-5(7+y)=0
2y—14y-2y*-5y-35=0
—2y?-17y-35=0

—(2y2 +17y+35) =0

=2y’ +17y+35=0

2y* +10y+7y+35=0
2y(y+5)+7(y+5)=0
(y+5)(2y+7)=

Either

y+5=0 or

I L

= = L | o = L ™
I N 5 ] i -~ — o o
IRV UAN A vkahs

| o plit'in =qtahon (|)

L wheny =5

x—(-5)=7
X+5=7
X=7-5
X=2
when

y— T
2
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Solution S.et: {(2 -5), (; _27}
Q4

X+y=a-b (A.B)

ab_,

Xy

Solution:

X+y=a-b—(i)
a_b )
X

From equation (ii)

ab_,

Xy

Multiply by* xy’
ay —bx =2xy——(iii)
From equation (i)
= X+y=a-b
y=a-b—x—(iv)
Put in equation (iii)
a(a—b—x)—bx=2x(a—b—Xx)

a® —ab—ax—bx = 2ax — 2bys- 2%°

2x° —ax— 22X — bx+2bx+a —(b 0 ..

N\

2x% — ’me Fa —ab -
2x —(ua—-a)u(a —at\--u

. | ~|_swq.p— ) P— (3a b) C=a’-ab

.

USIng quadratic formula

_ ~B++/B*—4AC

2A

-

.....'-I

x? +(y—1)2 =10 (i)
X2 +y? +4x =1 (ii)
Equation(i)=

x> +y?-2y+1=10

X2 +y® -2y =9 - (iii)

_ 2 g\
. —~(3a-b) ]+ \/[ 3a_b_ _4 )(a__a_L_
“[2] .
VU dal b BT__*is‘;faB‘
- X-_ ____\L__'__. ( )
b y 4 "
_ 3a—b++/9a? —6ab +h” —8aZ +8ab
4
_ 3a—b++a?+2ab+b?
4
_3a-b+.(a+b)
) 4
_3a-bx(a+b)
4
Either
Ja-b+a+b 3a-b-a-b
X=—mm Or X=——
4 4
_4a _2a-2b
4 4
_ a-b
X=a X=—
2
Put in equation (iv)
a-b
y=a-b-a y:a_b_T
2a—2b—(a-b
2
y=22
2
T
. Solution Set = J (a,- o-,xl d_l a_f_’-,“ i
- R ?7 4‘;, .
= Q—_S )( A (y 1) —10 (A.B)
. ., _ ’5!.2_.- 2 dx =
_Saiution:
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Subtract equation (ii) and (iii)

X2+ y? +4x =1
X4y +2y=_9
4x+2y=-8
2(2x+y)=-8
2X+zs 24
y=—4 2K~ +(|/)

PI t in tql,a*lm b )

].- x+(4 2x)+4x 1

X+ —( 4+2x)] +4x=1
x2+(4+2x)2+4x=1
X? +16+16X+4x* +4x—1=0
5x?+2x+15=0
5(x* +4x+3)=0

= x*+4x+3=0 +5%0
x?+3X+x+3=0
X(x+3)+1(x+3)=0
(x+3)(x+1)=0

Either

x+3=0 or X+1=0

X=-3 x=-1

Put in equation (iv)

= 4-2(3) y=—4-2(1)

y=—4+6 y=—4+2

y=2 y=-2

. Solution Set= {(-3, 2),(-1, -2)}
Q.6 (x+1)2+(y+1)2=5 (A.B)

(x+2)"+y*-5
Solution: b

(x+l) (y 1) =5. 9\-\

(x+2) +y —\,‘—»(n)

o eq.lauon s \_7 B

N
J NN X414 YR+ 2y +1=5

X+ Y2 +2x+2y=3
X2+ y? +2x+ 2y = 3 — (iii)

.x\

(x+2)" +y?=5
x2+4x+4+v2—';" _
FY2r Ax= 1 (v ’,
! ou,)-eqja.tlon ('“). and (|v)

X2 WP 2X+ 2y = -3

_Xxy*+4x  =_1
—2X+2y=2
—X+y=1

y=X+1—(V)
Put in equation (iv)
x? +(x+1)2 +4x=1
X2+ X2 +2x+1+4x-1
2x* +6x=0
2x(x+3)=0
Either
2x=0 or Xx+3=0
x=0 X=-3
Put in equation (v)
When x=0
y=1+0
y=1
When x =-3
y=1-3
y=-2
~. Solution Set ={(0,1),(-3,-2)}
Q7 X +2y°=22 (A.B)
5x% +y® =
Solution: _
X +2y% =22 -~
_ sdRE 220 (1Y o \o= T
i \/Iulhp-1y equat o1/ (11 ) by 2
|\ iO) + ’y = 53— (iii)
| ““Subtract equation (i) and (iii)
10x* +2y* =58
_XPx2y*=_22
9x° =36
x> =4  (Div both sides by 9)
Taking square root on both sides
X=22
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QS8

J | % Sotutior:

Q.9

Solution: FAN Y/ e ™ \ B

Put x2 = 4 in equation (ii)

5(4) +y-=29

20 +y? =29

y?=29-20

y’=9

Taking square root

y=22 YA

. Soliztion But (52, £3)} 1
Ax%=-5y2 =5 || (A.B)

basl | 2 .
By =4

4x* —5y* =6 — (i)

3x% +y? =14 — (ii)
Multiply equation (ii) by 5
15x* +5y* = 70 — (iii)
Adding equation (i) and (iii)
4x* -5y* =6
15x* +5y* =70
19x* =76
X* = 7%

19

x> =4
Taking square root
X==+2
Put x*> =4in equation (ii)
3(4)+y* =14
y?=14-12
y? =2
Taking square root
y=+/2

.. Solution Set = {(iz, J_r\/f)}

7x% —3y? =4 (A8

2x? +53_/2 =7

7% =37 \24 ()

g1 ez A Al =
25| 5yF = 7 )

| ";'V 'u'_lt-iny equation (i) by 5’

35x* —15y* = 20 — (iii)
Multiply equation (ii) by '3’

6x° +15y* =21 (iv)
Add equation (ii)2i1d.(1v)
35%2.<157% =20 |

BAHi52 =

— & L & X 1 |

2P —a1

x? =1

On taking square root, we get

x==%1

Put x* =1 in equation (ii)

2x> +5y* =7

2(1)+5y* =7

2+5y° =7

5y =5

, 5

Y75

y* =1

On taking the square root, we get

y==%1

~. Solution Set ={(+1,+1)}
Q.10 3x*-y*=3 (A.B)

x* +4xy-5y* =0
Solution:

32 —y? =3-(i)

x* +4xy —5y? =0 —(ii)

Equation (ii)=

X +4xy -5y* =0

X? +5xy —xy —5y* =0
K(x+ S 3 0[ 57720

RERE0IP S
| Either | L
—X+5y=0 or X—-y=0

x =-by — (iii) x=y —>(iv)

Put x=-5y in equation (i)

X’ +2y*=3

(-5y)° +2y* =3

25y% +2y* =3

27y* =3
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Putting in eduetior) (i)

CWHRN

Put x =y in equation (i)
X +2y* =3

y>+2y° =3

3y*’=3

y* =1

On taking square root, we get
y==%1

Put in equation (iv)
Wheny =1. .

| .
5 lution Set

={<1 D (11~

536-3)

Q.11

—3olution:

AN KS_yJ ~-y*'=26

X2 —y® = (A.B) .
3x* —5xy — 12y =5 =y
3> _ (=56 (1)
5(y 12y =0 — (ii)
Equatlon (i) = 3x* =5xy—12y* =0
3x* —9xy +4xy -12y* =0
3x(x—3y)+4y(x—3y)=
(x—3y)(3x+4y)=0
Either
x-3y=0->(a) or 3x+4y=0-(h)
Equation (a) = x =3y — (iii)
Put in equation (i)
3(3y) —y*=26
3(9y%)-y* =26
27y> —y? =26
26y? = 26
y’ =1
= y=+1
Put in equation (iii)
Wheny = —
X =3(-1)
X=-3
Wheny =1
x=3(1)
X=3
Equation (b) = 3x+4y =0
3X :—4y

X=— \I —_ ., \..V) .i. |1 R i
=h i ’

'Dut in'ag: 1 |o.3 (|

16
—26

(33’] 4

2 2
16y"—3y" _ ¢

3
13y? = 26x3
y =6
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AN _-

—y=+/6

Put in equation (iv)

When y=-/6
—4

X—?(‘ﬁ)

4l

==

whepy = Y6 ||

| WYLy b

X=-3(V6)
4
T3

.. Solution Set

sl 3505

Q.12

X +xy=5 (A.B)
Yy +xy=3

Solution:

X +xy =5-(i)

y? +xy =3—>(ii)

Multiply equation (i) by 3’ and
equation (ii) ‘5’

3x? +3xy =15 — (iii)

5y* +5xy =15— (iv)

Subtraction equation (iii) and (iv)
3x* +3xy =15

5y +5xy =15

3x* —2xy —5y* =0 (V)

Equation (v)

i -

3x* —5xy+3xy—5y* =0 1

(3X 5Vl4-Y(3X 5]} U [f [ LT

(3X 5% l)\ y +y) (, ! Lo .'._ -x \ - :

Either |

BBy 'or"' x+y:0

..5y

.x=?—>(vi) x=—y —>(vii)

Put x =5?y in equation (i)

(2] (2

25" 53 "'
AEARREIRY
v h b2 f
_25’ _+1-Jy =D
9
25y? +15y? =45
40y® =45
9
2—_
y 8
On taking square root, we get.
=t——
2\2
3 . . )
Put y =—— in equation (vi
y 22 q (vi)
X—Ex 3
3 242
5
2\2
-3 . . .
Now put y =—— in equation (Vi
put y o2 q (vi)
_5[—_3]
3\ 22
o -5
22

Now put x =-y in equation (i)

(=y) +(=y)(y)=5

yz_y2:5

0 5 B :-{i'

i YN E
‘ ollutJon Set 44| -

/ L

g L\ZW 2\/5
Alternate Method

X +xy =5 (i)
y? +xy =3—>(ii)
eq(i) =
X(x+y)=5-> (iii)
eq(il) =
y(x+y)=3-(iv)

SERY
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Dividing equation (iii) and (iv) Q.13 x*-2xy=7 (A.B) .
X(x+y) _5 XY+3y =2 ~(0)
y(x+y) 3 —Solution:
X 5 X4 2. Y= 7> *('
y 3 ky 3w? 12— ()
5y~ Multiply equation (i) by 2’ and
X= EX equation (ii) by ‘7’
A \ 2x° —4xy =14 — (iii)
] )N = )y c -
Pt ==l Qudtlon (i) 7xy +21y? =14 — (iv)
. Subtract equation (iii) and (iv)
(?yj [ yjy 5 2x2 — 4xy =14
_TXy+21y* =
%yh%zs 2x* —11xy —21y* =0
2x% —14xy +3xy —21y* =0
25y® +15y° yroy ey
T:5 2x(x—7y)+3y(x—-7y)=0
25y? +15y2 = 45 (x=7y)(2x+3y)=
- Either
40y" =45 x—7y=0 2x +3y =0
, 9 -3 .
y ~3 X=7y ——(V) x=?y—>(V|)
On taking square root, we get. Put in equation (ii) | Put in equation (ii)
-3
=+t—— 7y)y+3y* =2 — 3y’ =2
\/- (7y)y+3y ( ; yjy+ y
. . —3y® +6y°
Put :—lne uation (Vi 7y? +3y? =2 — 2 -2
y J’ q (vi) y +3y >
5 10y? =2 3y’ =4
3 J’ 5y?=1 y? =g
X:— 1 - .I\'.'..-Z-"
22 A SN T (@ o
Now put y=m in eqUC'fIIC?;(V';).. il y. J_r;,{; _- ‘| Putin equation (vi)
x=§£;‘%] ) '_ “ \ e Put in equation (v) | when y- 2
WAEARA hen v —
-2 when y=—-— ( j
N3 s
1
. 5 3 -5 -3 X:?(—_J X:—
.. Solution Set = , , ,
{[Zﬁ 2&][@ 2J§j} > V3
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5
when
y—i when y—i
5 Nch
_342
X:7 i gl _\
5 21 W3,
x=— A=)-\5
5 BN

i Sclution Set

e aleales)

Equations (A.B + K.B + U.B)
Three less than a certain number
multiplied by 9 less than twice the
number is 104. Find the number.

Solution:

Let the required number = x

Then, three less than the

number= x —3

And, 9 less than twice the
number=2x—-9

According to given condition
(x—3)(2x—-9) =104

2x* —9Xx—6x+27-104=0

2x* —15x—77=0

2X* —22x+7x—77=0
2X(x-11)+7(x-11) =0
(x—11)(2x+7) =0 '
Either ~ 1\ .~
x—11=5¢r Ri4r=0

| L} '._ R " ]
I =11 O s =
Wy Y ; 2

JiResu It

Thus, required number is either 11 or !

Example 2: (Page # 44) (A.B)

The length of rectangie™is 4cmimdie
than its. ‘ireacth/ ~1f- the aiea .67
rEsangia i4 25emy. Fingits sides:

- Sofution:

Let\creadui of rectangle = x
I'hen, length of rectangle = x + 4
Area of rectangle = 45cm®
According to given condition
X(X+4) =45
X* +4x—45=0
X’ +9x—5x—45=0
X(X+9)-5(x+9)=0
(x+9)(x-5)=0
Either
X+9=0 or x-5=0
=Xx=-9 or x=5
(Neglecting —ve value)
. X+4=5+4=9
Result:
Thus, the breadth is 5cm and length is 9cm
Q.1  The product of two positive
consecutive numbers is 182. Find the
numbers. (A.B)
Solution:
Let two positive consecutive
numbers are x,Xx+1
According to given condition:
X(x+1) =182
X +x—182=0
X*+14x—13x —182<n |\ [
K ) B3 (k4 18)=0 L O
| X FI4)(x213) 0
_Fiiier '
X+14=0 or x—-13=0
x=-14 x=13
(Ignore negative value)
Therefore,
x=13
= X+1=13+1=14
Result:
Thus, required Numbers are 13 and 14.
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Q.2 The sum of squares of three
positive consecutive numbers is 77.
Find the numbers. (A.B + K.B)
(SWL 2015)
Solution:
Let three consecutive numuers aie’ |
X, X +1%A4 2 Vo
Accordi n o '1ve1"0"lmt| . |
X2 4 x 1, +()+2) =17
ey K- XT-2R+1+ X +4X+4—T7=0
. J' ' 3 +6x—72=0
3(x*+2x-24)=0
X°+2x—24=0
X? +6X—4x—24=0
X(x+6)—4(x—6)=0
(x+6)(x—4)=0
Either
X+6=0 or X—4=0
X=-6 Xx=4
(Ignore negative value)
Therefore, Xx=4
= X+1=4+1=5
& X+2=4+2=6
Result:
Thus required numbers are 4, 5 and 6.
Q.3 The sum of five times a number
and the square of the numbers is
204. (A.B + K.B)
Solution:

Let required number = x
Five times of the number = 5x
According to given condition:

x? +5x =204
x? +5x—204=0
X2 + 175 Lax 204 o

x(x+17j 14(xﬂ 17) AR \ -

_ (., 7)fX 14)
K+17=0 or Xx-12=0
Result:

Thus required number is either —17 or 12.

Q.4

" Saiution:

Q.5

Re rpchaI c)ft1e number_

' 'Difference of the numbers =

The product of five less than three
times a certain number and_eiie
less than fourr tiines, tie Murmoer
is7 Eiidtie number.

158 + K.B)

Lat'ithie requweu number is x
Five less than three times the
number=3x-5

One less than four times a
number=4x-1

According to given condition

(3x-5)(4x-1)=7

12x? —=3x—20x+5-7=0

12x? —23x—2=0

12x2 —24x+x—-2=0

12x(x—-2)+1(x-2)=0

12x(x—-2)+1(x-2)=0

(x—2)(12x+1)=0

Either

x—2=0 or 12x+1=0

X=2 12x=-1
-1

X=—
12

Result:
Thus, required number is either 2

1
or——.
12
The difference of a number and its

reciprocal is?. Find the number.

|_et; .uounﬁinlmarf b»( o
1

X
15
4

According to given condition
1_15

X 4
x2—1_E
X 4

By cross multiplication
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4x? —4=15x

4x* -15x—4=0

4x* —16X+x—4=0
4x(x—4)+1(x—-4)=0
(x—4)(4x+1)=0

Either —, WY

X—=4=0" 10r ~ 4x+41="0
1 _ )

| ’ X:_

' | - 4

result:

Thus, required number is either 4 or _Il

Q.6 The sum of a number of two digits
of a positive integral number is 65
and the number is 9 times the sum
of its digits. Find the number.

(A.B + K.B)

Solution:

Let unit’s digit = x
And ten’s digit =y
. Required number=10y + x
According to given condition (I)
X* +y?* =65——(i)
According to condition (1)
10y +x=9(x +y)
10y + x =9x + 9y
10y — 9y = 9x — X
y = 8x ——>(ii)
Put in equation (i)
x? +(8x)2 =65
x? +64x* =65
65x* =65
X’ =1

Taking positive square root
x=1 \ o

Put in equation (ii)
y=8(1~ 1

Required iitmier = 10) #x) !
\ —10(8)+1

AR  =g0+1

=81
Result:
Thus, required number is 81

y=8 L Lo \

Q.7  The sum of the co-ordinates of a
point is 9 and Sum.ot tri2ir sG] (2
is 45, Firid fhe Loy o q"\a s 0147
point. ‘A.B + K.B)

_ So'lutlun

Let required point is (X, y)
According to condition |
X+y=9 ——(i)
According to condition Il
X2 +y? = 45— (ii)
Equation (i) =

X=9-y ——(iii)

Put in equation (ii)
(O-y)*+y* =45
8118y +y?+y? =45
2y* —18y+81-45=0
2y? -18y+36=0

2(y2 —9y+18) =0

y* -9y +18=0

y> —6y—3y+18=0

y(y-6)-3(y—6)=0

(y-6)(y-3)=
Either .
y 6 —ao c,'r H ..?v s :L A
PUtln e(.-']UctLOf G |
e ~X=9-6 x=9-(3)
X=3 Xx=9-3
X=6
Result:

Thus, required point is either
(36) or (63)

MATHEMATICS -10 78



Unit-2

Theory of Quadratic Equations

QS8

Solution:

Q.9

Find two integers whose sum is 9
and the difference of their squares

is also 9. (A.B + K.B)

Let two integer are x and y-—
According to condition |
X+yT9r——0)
According 0 'vu_nL'it'.'or' (it
x4~y =5— > il
| Ednaion (i) = y = 9 — x —(iii)
“Put in equation (ii)

x> —(9- x)2 =9

x? —(81—18x + xz) =9

x? —81+18x—x*=9

18x=9+81

= Xx=5

Put in equation (iii)

y=9-5=14
Result:
Thus, required numbers are 5 and 4.
Find two integers whose difference
is 4 and whose squares differ by

72. (A.B + K.B)

Solution:

Let the integers are x and y
According to condition-I

X—y=4——(i)

According to condition-II

X2 —y? =72—(ii)

Equation (i) = x =y +4 ——(iii)
Put in equation (ii)

(y+4) —y*=72 _

y? +8y+16-y* =72

gy=725060 | VL

8y=56="1 1 L \

—y=70 ALY Y
Pt equatinn! (i)

X|= i il

x=11

Result:

Thus, required integers are 11 and 7.

Q.10 Find the dimensions of a rectangle,

whose perimeter, is_80cm anci| its

aresris375em* (K. B +-.B)

A4 _ Shiution:

let Iength-of rect.angle =xcm
And width of rectangle =y cm
According to condition-I

2(x +y) =80

. perimeter=2(length+ width)

X+y=40 —(i)

~» Area = length x width
According to condition-II
Xy = 375 ——(ii)
From equation (i)
y =40 —x ——(iii)
Put in (ii)
x(40—x) =375
40x—x*-375 = 0
—x*-40-375=0
x* —40x+375=0
x? —25x—15x+375=0
X(x—25)—-15(x—-25)=0
(x—25)(x—15)=0.-

~\Putin‘sauatizn (in)

—Fither x— 25200 dr | - 1E5ED
. X250 N T x=15
y=40-25 y=40-15
y= 15 y= 25

Result:
Dimension of rectangle are either 25cm by
15cm or 15¢cm by 25¢cm.
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Q.1
(1)

TR
(i1,

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Miscellaneous Exercise 2

Multiple Choice Questions :
Four possible answers are given for the following question, Ticlk (+) the teirect aiswes:

If @, B are the roots of 3x? + 5x — 2= 0, thznig.+ A7s. ' ¥ .5+ A.B)
(LHR 2017, SWL-5214,MTN 2)1Y, 17, $GD'2015, 17 |RWP 2016, D.G.K 2016)
@2 SRRSOF
51 | ) et -2
@ =" A (@ -
' | e the roots of 7x* —x+4 =0, then af is; (K.B + U.B)
(LHR 2014, GRW 2014, 15, FSD 2016, BWP 2016)
-1 4
(@) - (b) "
7 —4
(c) n (d) "
Roots of the equation4x*> —5x+2 =0are; (K.B + A.B)
(a) Irrational (b) Imaginary
(c) Rational (d) None of these
Cube roots of —1 are; (K.B + U.B)
(LHR 2017, GRW 2017, SWL 2017, MTN 2014, 17, SGD 2015, 16, D.G.K 2017)
(@) -1, -o,-o’ (b) -1, o, —*
©) -1~ 0" ()
Sum of the cube roots of unity is; (K.B + A.B)
(@0 (b)1
(c) -1 (d)3
Product of cube roots of unity is; (K.B + A.B)
(LHR 2016, GRW 2014, 16, SGD 2015, 17, BWP 2016, 17, RWP 2017)
(@0 (b)1
(c) -1 (d)3
Ifb® —4ac <0, then the roots of ax* +bx +c =0are; (GRW 2014) (K.B + A.B)
(a) Irrational (b) Rational . —
(c) Imaginary (d) None of these —, 3 L A
Ifb* —4ac >0, but not a perfect square then root" of A%+ bir 5 Ce = (gl re L O(RB)
\ Y (‘ HF 2014, BWP 2017)
(a) Imaginary rAAY (b) Retl-,)ni',l
(c) Irratiaral Y VWL hAd) Rand ot these
EATAR e/ N ™ \ A
—+—TIslequal te; L : (K.B + U.B)
a B -
|. ' ) " (LHR 2014, 15, GRW 2016, FSD 2017, BWP 2017, RWP 2016, SGD 2017)
@' () =
a a p
O (@) &2
aff aff
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()

(xi)

J .. i

(xiii)

(xiv)

(xv)

(xvi)

N T BN viii (xii) B i) a

a’ + p*is equal to; (U.B + A.B)
(LHR 2014, 15, GRW 2014 17, FSD 2016, BWP 2515, PWP 291 iy
(a) aZ _ﬂZ . ‘b) 12 i
- LY /
©) (a+B) -2ap ' : “@)a#@
Two sejuare ronts-cfunity'are; * A (U.B + A.B)
(i.HR'2015,16| GRW 2011 4-SD 2015, 16, MTN 2016, SGD 2016, D.G.K 2015, 16, 17)
@1-1 '\ L (b) Lo
(ML —e\ ) - (d) o,
Roots of the equation 4x* —4x+1=0 are; (U.B + A.B)
(LHR 2015, GRW 2017, FSD 2016, BWP 2015, MTN 2017, SGD 2016)
(a) Real equal (b) Real unequal
(c) Imaginary (d) Irrational
If o, 8 are the roots of px* +gx+r =0, then sum of the roots 2« and 243 is; (K.B)
— r
(a) = (b) —
p p
() 24 (@) L
p 2p

If o, § are the roots of x> —x—1=0, then product of the roots 2« and23is; (U.B)
(FSD 2014, 17, BWP 2016, D.G.K 2015, 16, 17)

(a) -2 (b) 2

(c)4 (d) -4

The nature of the roots of equation ax” +bx + ¢ = Ois determined by; (A.B)

(GRW 2016, SWL 2015, 2017, MTN 2015)

(a) Sum of the roots (b) Product of the roots

(c) Synthetic division (d) Discriminant

The discriminant of ax® +bx +c¢ = 0is; (K.B + A.B)
(LHR 2016, FSD 2017, SWL 2016, 17, RWP 2014, 16, SGD 2016, MTN 2015, D.G.K 2016)

(a) b*> —4ac (b) b*+4ac

(c) —b® +4ac (d) —b*—4ac

.}.mﬂﬂ
' n (xiii) c

ol By e
¢ IO - [V
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Q.2

Q) Discuss the nature of the roots of

the following equations. (A.B)
Solution:
(@)  x*+3x+5=0
Here a=1,b=3,c=5
Disc =h”3 4ac
=) - (o)
=920 0
21
[ps | < 0
\ J U RR00S e Lornplex conjugate or imaginary.
D) 22 —7x+3=0 (A.B)

(GRW 2016, SGD 2014, RWP 2017, D.G.K 2016)
Herea=2,b=-7,c=3
Disc =b%-4ac

(-7 -4(2)(3)

49 — 24

=25
Since disc >0 and perfect square roots are
rational and unequal.
(c) X* +6x—-1=0
Here a=1b=6,c=-1
Disc =b?—4ac
=(6)*-4(1)(-1)
=36+4
=40
Since Disc. >0 and not a perfect square roots
are irrational and unequal.
(d)  16x*—-8x+1=0 (FsD2017) (A.B)
Herea=16,b=-8,c=1

Disc. = b?>-4ac

- (-8)'-4(19)(1)

(A.B)

=64—-64
=0
Since, Disc. = 0, roots are rational and
equal. )
(i) Findwz,ifwzﬁ \ (A.B_";"
(GRW 2017, SGDZUI, BV ?f)lc:_) 3!
Solution: AR ™,
Here N\ j
= [ 1443
\ ._Iz-.a — =
1 e B . /4
J AL 'Square both sides
; (-1+-3 i

| Wi, Evaliaie ([naotol) ©

__Sajution: -

(- +(\/3)2_+ 2(—1)(\/___—_3\. .

T

) = Z
<\ [ (&P
AR e R Na-y
D\ A —
. Sa]]
;_—2-24-3
4
2:2 _l_\/z
4
,_-1-4-8
2

(i)  Prove that the sum of all cube

roots of unity is zero.(A.B + K.B)
Ans. See property of cube roots Page # 45
(iv)  Find the product of complex cube

roots of unity. (A.B + K.B)
Ans. See property of cube roots Page # 44
(v)  Show that:
X+ Yy =(x+ y)(x+coy)(x+a)2y)
(A.B + K.B)
Ans. See Exe-2.2 Q.3 Page # 47
(vi) Evaluate: o” +0®+1
(A.B + K.B)
Solution:
o +0® +1
= 0. 0+0*.0" +1
3 12 3 12 2
= (a) ) .a)+(a) ) o +1
(1)” @+(1)" .0 +1
=w+ o’+l
=0

s @ + %10

N |

(A.B + K.B)
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(viii) If o is cube root of unity, form an
equation whose roots are 3 and
3w?. (A.B + K.B)
Solution:
Roots of required equation are 3 and 3 ¢~
Sumofroots=S=3w +2a? ¢
=3(w +o7) |
L =5(—L)
34 AT
Proctictiofirootsi=P = (3w5(3w?)
Sw®
=9(1)

.. Required quadratic equation is
x> —Sx+P=0
x> —(-3)x+9=0
X +3x+9=0
(ixX)  Use synthetic division, find the
remainder and quotient when
(x*+3x*+2)+(x-2). (A.B)
Solution:
P(x)=x>+3x*+2
=x>+3x* +0x+2
1 3 0 2
2 ‘ J 2 10 20
11 5 10 |22
.. Remainder = 22
Q(x) = X2+ 5x +10
(x) Use synthetic division, show that
x—2 is the factor x*>-+x*— 7x+ 2.

Solution: (A.B + K.B)
P(x)=x+x*—7x+2
‘ 1 1 7 2
24 2 6 2
1 3 1 0~

Since remainder is zero, K - 2 i
factor of given polynomial’

(xi)  Find thesurh and-produit of"'thﬁ

roots of=the equation’ | 1)

Solutian:,

. J J | 2P ax — 4r =0
b I % !

Here a=2P,b=3q,c=-4r

Sum of roots = —
a

2Px2 +day 47 =0 g_ﬂi--l.ﬁ'i rKB)

39

e R . .I‘L
Progct o7 #00td = -+,

Ll

_ |-4r

2P
2r

P

(xii)  Find %+i2 when a, B are of the

roots of the equation

X’ —4x+3=0.
Solution:

X —4x+3=0

Here a=1b=-4,c=3

Let roots of given equation are a., f3

(A.B + K.B)

Then sum of roots = a + B = _b
a
-
1
Product of roots = aff = ¢
a
3
oaf =—
P 1
o =3
Consider
1 1 B*+0°
?4_?: o2p?
_a’+p’
(o)
(Gorm) -2 f
_(4) -2(3)
(3
_16-6
9
1 1 10
2—2+—2 = —
a” B 9
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(xiit) If a, B are the roots of 9-96
4x*-3x+ 6 =0, find (A.B) SRy e
2 2 16 1
(@) a”+p I vy h
a P g /_' ?7_ !
(b) —+= \ LY e g
p a RARY.r>
- (© a—R = — A = o7 |
Solution: B i 4
4x° — 3% G=0 \ (xiv) If a, B are the roots of
Roots 0! given equatior are'a; |3 x’—5x+7=0, find an equation
3 whose roots are
1w [; o bem—
- 4 @ -o-B
_3 (b) 20,28
4 Solution:
GB:§ x> —5x+7=0
4 Roots of given equation are a., 3
= § + - _5
2 arp =-7
(@ o +pP=(a+ [3) —2aP (A.B) =5
HEEH ap= 1
94 2 ap =7
= E_B (@) Roots of required equation are
9-48 —a,—f3 (A.B)
T 16 Sum of roots = § = —a. + (-f)
=- (a +B)
sa’+p = -9
16 Prod. Of roots = P (—oc)( B)
2 2 =
(b) o, B_o+B (A.B) :?B
p a o . : -
39 .. Required equation is:
_ B 16 X2 —-Sx+P=0
_7 xz—(—5)x+7—0
2 .
_39 2 X +EX‘-‘ /l\—.—p 3 | I
= —x 4b)  Roets~Uf, requires cnlatior- e
S 0O A 2df N AB)
jﬁ+ﬁ = \ et A A ourn o1 réals = Si= 2a + 2
pra B YFARLS ~ =2(a+ )
©  a-Bha-8T A O @By ~ 2%
; _ .:/Ei".‘.l"{' () 4 Prod. Of roots = P z ‘(130[;)(2[3)
NN 2 = &(7)
DA HRE
4 2 Required quadratic equation is:
K 6 x> —Sx+P=0
“\16 x* —10x+28=0
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Q.3  Fill in the blanks
(i)  The discriminant of ax®>+bx+c=0 is : - (%, )

(i)  Ifb*—4ac =0, then roots of ax*+bx+c=0are . (K:2s
(iiiy  Ifb?>—4ac>0, then the roots of ax™+bx+5= Gaie| || (| A~ (K.B)
(iv)  1fb?—4ac <0, then the robt of 2T c=Carel | L L [ (K.B)
(V) Ifb® —Aaci< D and nerfectstiudde, then the redtsiofex” Fbx+c =0 are . (K.B)
(vi)  Ifb%—Z450 + Candinnt a petfectSquars;-then roots of ax® +bx+c =0 are .(K.B)
(vii)  If o3 ate itie 1onte of_4x2= bx+c =0, then sum of the roots is . (K.B)
(Vi) " 1o, BaretheToots of ax® +bx+c =0, then product of the roots is . (K.B)
{fx;'-- If ¢, 3 are the roots of 7x* —5x+3=0, then sum of the roots is . (K.B)
(x) If o, 5 are the roots of 5x* +3x—9 =0, then product of the roots is . (K.B)
(xi)  For a quadratic equation ax®+bx+c=0, % is equal to . (K.B)
(xii)  Cube roots of unity are . (K.B)
(xiit)  Under usual notation sum of the roots of unity is . (K.B)
(xiv) If1, w, ®” are the cube roots of unity, then ™" is equal to . (K.B)

(xv) Ifa, pare the roots of the quadratic equation, then the quadratic equation is written as

(xvi) If2wand 20’ are the roots of an equation, then equation is

ANSWER KEY)|

(i) b? —4ac -9

(i)  Equal (x) c

(i)  Real

(iv)  Imaginary xi) 2

(V) Rational C

(vi) Irrka)ltlonal (real) i) Lo’

(V||) —g (XIII) Zer0 o :H_..- .‘-

(VI“) E ._-: (‘(l‘_’)— a;g -.l_ | | -_.m ! . _-'. _.- A e
2 . (X/\ ' ';(_2;'—.“(;+-",’)jx-lr/:}ﬂ=o

(IX) 7 AN RARL ™ \ _ - (XVi) 24 2x+4=0
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Theory of Quadratic Equations

SELF TEST

Time: 40 min

Q.1  Four possible answers (A), (B), (C) & (D) to each o.;e:hon i r€' given,| mark-ihs
correct answer. 7x1=7)
1 o' = is:
(A) o’ - (B} @
1 =)0
2 WhICh s Nt A sy‘n mtl ic'function?
(/—0 ? - ﬂ’ (B) a®+ B’
; 1 1
LY, a’+ D) —+—
1 X©) ﬁ (D) o
3 Ifg,%are the roots of a quadratic equation, then required quadratic equation is:
(A) 2x* +2x+3=0 (B) 4x*+8x+3=0
(C) x*+4x+3=0 (D) 4x* —8x+3=0
4 If roots of a quadric equation x* +qgx+ p =0 are the additive inverse of each other,
then:
(A) p=0,q=0 (B) p=0
(C) q=0 (D) p=1q=1
5 What will be the remainder if 4x*> —5x+15 is divided by x+3?
(A) 78 (B) 139
(C)-78 (D) 125
6 Cube roots of —lare:
(A) -1 -0,-o" (B)-10,-o°
(C) -L-w,0° (D)L, w,&°
7 Roots of the equation 4x* —5x+2=0are:
(A) Irrational (B) Imaginary
(C) Rational (D) None
Q.2  Give Short Answers to following Questions. (5%x2=10)
()  Evaluate: (1-30-30?) . o ~
(ii)  Prove that each complex cube root of unity.is reciprocal of-iie C‘fh'er- f -
(iii) ~ Show that the roots of the eauatlor(g +q\> - JX 1_ Oaf 'allonal §
(iv)  Ifwis acube root of unity, foiman 2qu tion' Wi mse "?Jle are 2 and ,-Za)
(V) Use syni‘etlc dl\/!.uu.J'I to ¥ird cne ubtiznt oc.ur1 the remainder when the polynomial
X' —10% 2> is diided b/.X-f
Q.3  Answerthe follpwir Ig_Qwatlons (4+4=8)

(2) [T, "Prove that
|

Mazrws! 5"

LY H XYz = (x+ y+ ) (X+ 0y + 0°7)(X+ 0y + 02)
7ind two integers whose sum is 9 and the difference of their squares is also 9.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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Parts of a Proporton S
RATIO And Froportion

extremes

means ‘

3 6 =1 : ﬁ VA RIATIONS

‘-"_.. R i e

- ' | \4K.B) S_olution: _
(FSD_ 20143 MITN 2018) S5 1015, RWP 2014, 15, (i) Ratioof 2002%?) to ;OOgm (A.B)
RSN INVATN Y _
Refo is-4 relatlon between two quantities of 200:700= 700 7 =2:7
same kind. It tells what part one quantity of an Where, 2:7 is the simplest (lowest)
other or how much time one quantity of other. form of the ratio 200:700.
For any two quantities a and b of the same (i) Ratio of 1 km to 600 m (A.B)
. . a Since  1km=1000m
kind, it is represented as, a:b:B, where Then 1km:600m =1000m:600m
b=0. =1000:600
For example, if a hockey team wins 4 =10:6
games and losses 5, then the ratio of the _5:3

games won to lost is 4:5 or g Example 2: (Page # 50) (A.B)

Find a, if the ratios a+3:7+a and

(K.B + U.B) 4:5 are equal.

Inratioa : b, the first term a is called antecedent. Solution:

For example:  In 2:3, 2 is antecedent. Since the ratios a+3:7+a and 4:5

(K.B + U.B) are equal.

In the ratioa:b, the second term b is called a+3 :ﬂ . in fraction form

consequent. /+a 5

For example: In 2:3, 3 is consequent. 5(a+3)=4(7+a)

(sGb2017) (K.B + U.B) 5a+15=28+4a

The statement of equality of two ratios is Sa-4a=28-15

called  proportion. If two ratios a=13 ey

a:bandc:dare equal then, we can write it beP gal if a =43 ="\ "

as a:buc:d or a:b=c:d, where Example3 -"] 4 ("\f‘p
quantities a and d are called extremes, while ' - g 1s-edded i fathumliers T'the

b and c are called means proporticss, o tatie G4y wenget dTiew ratio 5:6.

(K1} t Uul:’) . Eind\tha r. sinbrg.
| \\| Solutiori:

y Ratio liagirio ynis N Ratio of two numbers is 3:4.

. The orfle; 0‘_ elgnierts) in | retio—is Multiply each number of the ratio
impgortant. 1.2. | la \b=d & with x. Then the numbers be 3x, 4x.
;,ln\h ict-0i etfemes = Product of means Now according to the given

EMBIATTES (o8 + u.e) oo

|—|nd the ratio of 3X+2 :§

0] 200gm to 700gm 4x+2 6

(i) 1km to 600m
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Unit—3

Variations
6(3x+2)=5(4x+2) =18x+12=20x+10 7x=15x560
18x—20x=10-12=>-2x=—2=x=1 15><_’560 _15 \i)\ -1200 -

Therefore =
3x :3(1) —3 ibus, 0370715 kg sug irlis 62200,
4x—4(1) -4 --mm\amz_

Thus, the re uured numEdeirsared, 4.,
Example 4: (Padkl §H \(A.B)

Findlthe ratio'da - 452 5a+7b

_ ifa: b= 8:37
Sglution:
Givethat a:b=5:8 or §:§
b 8
Now 3a+4b:5a+7b=3a+4b
5a+7b

(Dividing numerator and denominator by b)
3a+4b 3(aj+4(bj
__ b _ b b
S5a+7b 5(aj+7(bj
b b b
5
[j+4(1) ( 5)
+4

b 8
15+32
8 8
~ 25 ~ 25+56
—+7
8 8
_ar
81

Hence, 3a+4b:5a+7b=47:81

SCT M GELEE:EY) (LHR 2014) (A.B)

Find the cost of 15kg of sugar, if 7'-\‘“'.

of sugar costs 560 rupees.
Solution:

Let th# C3>t pEA5KY of cuyar be\

rupees. .
The" in Dropomon farr
_ _1 hrg: Zka RS X Rs. 560
| b =X:560
~  Product of extremes =
means
15x560 = 7x

Product of

_,\pressmg as a ratio and as a

fraction.

Solution:

Q) Here (GRWw 2016, FSD 2017) (A.B)

a = Rs.750

b = Rs.1250

Now,

a:b =750:1250 (+ by10)
=75:125 (+ by5)
=15:25 (+ by5)

=a:b=3:5

.. The fractional form of this expression is g

(i) Here (A.B)
a=450cm
b =3m =3 x 100cm =300 cm
Now,
a:b  =450:300 (+by10)
=45:30 (+ by5)
=a:b=3:2 (+ by15)

) . .. 3
.. The fractional form of this expression is .

(iif)  Here , (A B!
\ a= 4I(.g =i 1L,O(lgm =4000gIm
A n--2<c1 750 gin = [(2><1000)+750]gm
=2750gm
Now
a:b =4000:2750
=400:275 (= by10)
=80:55 (+ byb)
= a:b=16:11 (+ byb)

The fractional form of this expression is 16
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Variations

(iv)  a=27min 30sec= (27 % 60 + 30) sec
= (1620 + 30) sec
= 1650 sec

b=1hour=1x60 x 60 sec
= 3600 sec
= a:b =1650 sec : 3600 ¢ac
2 11656-3A0C '

=165 13601 | (+ HY10) -
. =32:72 " (+by5)
J [p SN =110 24 (+ by3)
The fractional form of this expression is%
(V) Here (A.B)
(SWL 2015, BWP 2016, D.G.K 2014)
a=75%b=225°
Now, a:b =75:225 (+25)
=3:9 (+3)
—=a:b=1:3

The fractional form of this
expression is%.

Q.2 Inaclass of 60 students, 25 students
are girls and remaining students are
boys. Computer the ratio of
Given (A.B + K.B)
Total students in the class = 60
Number of girls in the class = 25

Number of boys in the class = 60 — 25 = 35

Required

Q) Ratio of boys to total students

(i) Ratio of boy to girls.

Solution: .

0) \ ’A

Now, |} | i
_ Boys: Total’ >then¢s = 557 60
AV ~ =712 (+5)
J' W)= Here, (A.B)
' Boys: Girls = 35: 25
=75 (+ byb)

.__.-"

Q3 If 3(4x-5y)=2x-7y, find the
ratios x:y. AlE)"
Given— )
3\4x 5y)—°x 7"
Reqired_

Xy =7

1%,

(LHR 2015)
(MTN 2016)

~Solution:

Here

3(4x—5y)=2x-Ty
12X—-15y =2x-T7y
12Xx—-2x=15y -7y

10x =8y
x_8
y 10
x_4
y 5
= Xx:y=4:5
Result:
X:y=4:5

Q.4  Find the value of p, if the ratios
2p+5:3p+4 and 3:4 are equal.

Find value of ‘p’ (A.B)
(GRW 2015, SWL 2016, RWP 2015, 17)
Solution:
According to given condition.
2p+5:3p+4=3:4
2p+5 3
3p+4 4
By cross multiplication
4(2p+5)=3(3p+4)
8p+20=9p+12
8p 9p= 1“—1()* HAPAE
AN e
=N e
' IReZ"-L"It': \
=8

Q5 If the ratios 3x+1:6+4x and 2:5

are equal. Find the value of x.
Solution: (D.G.K2015) (A.B + K.B)

Here
3x+1:6+4x=2:5

3x+1_2

: = —
6+4x 5
By cross multiplication, we get
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Unit—3 Variations
5(3x+1)=2(6+4x) 4x+10 1
15x+5=12 +8x 13x+10 2 .
15X —8x=12-5 2(4x Ve L0 =273y 7.10)
7x=7 oX I 26= a3+ 1) "

7 201410 = 13X 8>(
X= - .1.0 By
X= l7 ] E —
Resul® 5
X 21 X=2
& MY m-) norakers are in the ratio5:8. =..4x=4(2)=8

Y is added to each number, we
get a new ratio8:11. Find the
numbers. (FsSD 2016) (A.B + K.B)
Solution:
Ratio between two numbers =5:8
Let required numbers are 5x,8x
According to given condition
5x+9:8x+9=8:11
5x+9 8

8x+9 11
By cross multiplication

11(5x+9)=8(8x+9)
55X+99=64x+72
55X—64x=72-99
— 9x=-27

-z

-9
Xx=3
Now
5x=5(3)=15
And
8x=8(3)=24

Result:
~. Required numbers are 15and 24 -, |
Q.7 If10is added in each nurriber oftlte |
ratio4¢ 13 ve-get & new ’anm\ \}

What a1etne i meﬂr VAR
- . TR VA ‘A B + K B)
selu '.?c-ql b

; J Y 'Batio between two numbers = 4 : 13

Let, the two numbers be 4x & 13x.
According to the given condition;
4x+10:13x+10=1:2

=13x=13(2) =26
Result:

Required two numbers are 8 and 26.
Q.8  Find the cost of 8kg of mangoes, if
5kg of mangoes cost Rs. 250.
Solution: (A.B + K.B)

Weight of mangoes =5 kg
Cost of mangoes of 5kg = Rs.250
Now, weight of mangoes = 8kg
Here
weight: weight:: cost : cost
5:8::250:x
Product of extreme = product of means
5x =250 x 8
5x = 2000
_ 2000
5
X =400
Result:
.~.Cost of 8kg of mangoes is Rs. 400.
Q.9 Ifa:b=7:6, find the value of

3a+5b:7b-5a. (A.B + K.B)
Solution: _ 1y ) (FSEENL0)Y )Y
Here L =N, | .I - 1 L

or a=

3a+5b:7b—5a:3(%bj+5b:7b—5(%bj

_21b+30b 42b-35b
6 = 6
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Variations
_5b.7b (iii) (SWL2014)  (A.B + K.B)
6 6 Given Data: . : -
=51b:7b (x by6) 9pg_A8F | |
=3a+5b:7b-5a=51:7 (< byh) l2m Tﬂ
Result: ‘3{31’“‘* A
3a+5h:7h = 5a=51.7 h '
Q.10 Compuats the [OII"WI Lo ) suiution: _
(i) L (AR e B) Consider,
Giveh Cata) | ' Spg _18p
sl 2. | ( 2lm  5m
J BRI 77__“; By cross multiplication, we get
Required 9pq(5m)=18p(2Im)
Soluti ax=7? 45mpq = 36mpl
olution:
Consider, 45mpg _ |
24 6 36mp
7 X 5_q:|
By cross multiplication, we get; 4
24(x) = 6(7) 5¢ = 4l
24x = 6(7) Result:
24x _ 7 5q =4l
6 Q.11 Find x in the following proportions.
Result: Q) (A.B + K.B)
48337' (GRW 2014, SWL 2016, MTN 2017, RWP 2017)
.. X= Given Data:
(ii) _ (A.B + K.B) 3x—2:4::2x+3:7 Required
Given Data: X =9
sa _15b Solution:
3x y 3x—2:4::2x+3:7
Required Product of extremes = product of means
cay=? 7(3x—2)=4(2x+3)
Solution: 21X 14 =8x+12
Consider, 21x—gw =iz [4]°
5a _15b N e -
-, l\.)«—L\. W '._ g
3)( y D A 26-_ \ . -
By cross multlpllcatlon wWe g)t [ ' T\
=10b 3x\ AT VAN e
Sa(y)= 39bg 0 LN X=2
Say = 4bb\( R R Result:
45\ " ' X=2
i .33{ .=I:f.\X .
TN IRN VA (ii) H-1.3.2x.7 (A.B + K.B)
SN ey Z9nx 7 5735
. Result Product of extremes = Product of means
ay = 9bx

RS
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Variations
2x _3x-1 ‘o —24
B B —f )
2x=3x-1 "---37“.4 .
=x=1 - h ‘mr - ( )
Chande.inl ona2 U.anTltw due to change in
x-3 5 _x-1 4
(i) —— = otheiay dnuty(s) is called variation.

2 NS X4

(SR 2011) (A.B\+ Ki5)

ProdI 'ct of extrenves = Prodct Gi means

I\ '\ é3)k§+4]:(x5—1j(x3lj

ool )2

By cross multiplication
6(x—3)=5(x+4)
6X—-5x=20+18

x =238
(iv)  Here (A.B + K.B)
2 2 ps_qs 2
p°+ pq+q°:x:: ((p—q)
p+q

*. Product of extremes = Product of means

(p*+ pq+q2)(p—q)2=><(p3_q3}

p+q
p’-¢q’ 2
X[ - }=(p2+ pa+q°)(p-q)
(p+Q)

) 2
=(p*+pa+q°)(p—q)° o

_(p*+pa+a*)(p-a)(p-a)(p+a)
(p—a)(p®+pg+q?)

=(p-a)(p+q) )
=Xx=p°-q° . J
(V) Here (BWD 2014)  (A. B & K E) \
8—-x: 11— 16 #X PRy |

o,

*. Product of eKtI nms = 3| oouct cf MRans
(8— < (2)—)) ’1;—\"(10 X)

200 I8k 28K X7 =176 - 11X — 16X+ X
' ~200-33x=176-27x
27x—33x=176-200
—6x =24

) Types of Variations

(K.B)

There are two types of variations.
Q) Direct variation
(i) Inverse variation

Direct Variation (K.B)

(LHR 2014, 16, 17, GRW 2014, 16, 17,
BWP 2015, 16, SWL 2016, 17, SGD 2017)

A relation of two quantities, such that
increase in one quantity causes the increase
inthe other or decrease in one quantity
causes the decrease in other is called direct
variation.

For any two quantities x and y, it is written
as: yocx or y=kxwherek =0is constant
of proportionality.

For example: radius and circumference or

faster the speed longer the distance etc.

(a.8)
Find the relation between distance d
of a body falling from rest varies
directly as the square of the time t,
neglecting air resistance. Find k, if
d=16 feet for t=1 sec. Also derive a
relation between d and t.

Solution:

Since d is the gigtance 9f the-5D! 1y' 1\

falling-fiefa res| |nt1m=t —
Tiwen un1e| tPe given wt-‘.d-.t.on
_ VO d e t?
< 2
i U=kt

Since d=16 feet and t=1 sec
Then equation (i) becomes
16=k(1)’
ie. k=16
d =16t?

putin eq. (i)
Which is a relationship between the
distance d and time t.

MATHEMATICS -10 92



Unit—3

Variations

N CERGEERY (K.B + A.B)

Give that A varies directly as the

782
square of r and A:Tcm , when

r=9cm |f r=14cm thej find A -
Solution:

Since A variés divectiy-as scuare of i

ahdre
Gi l'\—'lAr

28 :'kgz
—==k(9)
1782

7x81

22
k:—
or 7

22
Put K =— and " =14cm jn eq. (i)

A=22 14y = Zx14x14
7 7

= 616cm?

(K.B)

(LHR 2014, GRW 2017, SWL 2015, 16)
“A relation between two quantities, such that
increase in one quantity causes the decrease in
the other or vice versa is called inverse
variation”. For any two quantities x and y, it is

. 1 k
written as: y oc — ory = — or
X X
yx =k wherek = 0is constant of
proportionality.
For example:
Increase in worker will decrease the days or

Increase the speed will decrease the time.
Example 2: (Page # 55) (K.B + A

If y varies inversely us' _, .rld
y =16 yhel X=5 50 finll \:%1
y =100 | 'BERLE S
Solution: 10
' .‘1;‘?.-;:0 v\ varies  inversely as X"
| n! | iberefore
y < 1 = Y=L
X2 X2
k=x%y — (i)

Put X=Sand Y =16in (i)

k=(5) 146
k=00 _ -
Nave put\ K = 490and ¥ =100n (i)
460=100x> or X2 = 400 _
100
= Xx=12
Q.1
Given Data:
y varies directly as x
y=8 whenx=2
Required
Q) y in terms of x
(i) y=?whenx =5
(i)  x=?wheny=28
Solution:
Here y oc X
y =kx—(i)
For value of k
Puty=8 ,x=2
(8)=k(2)
=k=4
Q) y in terms of x: (A.B + K.B)

Putk =4 in equation (i)

y =4x _
(i)  For value of y: B ey
Put x =500 - 4, We'ge} :
G N
y R0}y 2 [
(i) —For value of x: (A.B + K.B)
Put k and y in the equation (i), we get
28 = 4x
=>x=7
Result
(i)  y=4x

(i)  y=20when x=5
(i) x=7 wheny=28
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Variations
Q.2 R=? when T =64
Given Data: T=?whenR=20 -
y oc X Solution: T A
y=7whenx=3 Liie,” -RaT
Required _  F =KT
(i)  yintermofx . For; yaue-of k
@iy (a) ® ?\When-ya 35 VAB) Put R=5and T=8
(b) y :'?\'.'/n_erw X=1¢ |\ (AR g: 8(k)
Solution: VoL e
H2vel Yol Vi ur y oc X 8 . .
IS TRM A . The equation connecting R and T is:
Ly =k (i) 5
For value of k R= gT—>(l)
Put y=7,x=3
’ For value of R
7= k(3) By putting T = 64 in equation (i), we get;
5
k=1 R=>(64)
3 8
(i) y in terms of x (A.B) R=5(8)
y =kx R =40
:>y:Zx Forvalueof T
3 By putting R =20in equation (i), we get;
(i)  For values of x: (A.B) 20 = ET
Put y = 35 in equation (i), we get 8
7
35=—x 20 x §: T
3 5
3Bx3_ =T =32
7 Result
=x=15 5
For value of y Rng

Put x = 18 in equation (i), we get;
7

= —(18
~(18)

y=7(6)

y=42

Result

~"

Cliven Data:

RocT

R=5whenT =8

Required

Equation connecting Rand T.

R =40whenT =64
T =32whenR =20

—Given Datas 5 N | o | s

| RyT?__x o
L REBwhen'T =3
_Required
R=?whenT =6
Solution:
RocT?
R=KT? — (i)
For value of k
PutR =8,T =3in equation (i), we get

8=k(3)’
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Variations

For value'of R |

Pt = € inleauation "(ii), we get

N85
AN R=75)
8
R S (36)
R :8(4)
R =32
Result:
R=32whenT =6
Q.5
Given Data:
V < R®
V =5whenR=3
Required data:
R=7? whenV =625
Solution:
Here, V « R®
V =kR® = (i)

For value of k

PutV =5and R = 3in equation (i), we get

5=k(3)’
5=27k
_5
27
\Y =£R3
27
For valueiol _R__‘

625 =R |

200
) B X A7 VS
W N 125x27=R®
- 3375=R*
Taking cube root on both sides

(A.B)

Q.7

VL Tw=Twhenx =2

IR 4375

R=15 —. "
Resuls==0 % | |
R'= 18 vshenV =625 .~

M

i (A.B)
Given Data:
woc u?
w=38lwhenu=3
Required data:
w="? whenu=5

Solution

Here, woc u®
w = ku® — (i)
For value of k

Putw=81,u =3 in equation (i), we get

(81)=k(3)’
81=k (27)
81

2R
27

k=3

sow=3u® - (ii)

Putu = 5in equation (ii), we get
w=3(5)’

w=3(125)

w =375

Result
w=375whenu =5

1%, -

GivenDag@™, | | | Ll

.'-._ .V(—_:-__'. |

=

Required data:
y =7 when x =126

Solution:

Here, y « l
X

y=kZ 5 )
X
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Variations
For value of k 1
Put y=7andx =2 inequation (i), we get X ‘E
_k Result:- A
2 - ) = 1 ._ ::1 ’\Ii el’\ y 24 _
=k=7(2) = T~ LA _ .
k=14 AWV W WLRI AT - (A.B + U.B)
AN /e ) - Given Data:
Sy==1>n 1
XA 40 4 Woc —
fFerivalue oy ' z
o Pt 26 l-Lguation (i), we get w=5whenz=7
[ JI ' 14 Required data:
126 w="? whenz=@
1 4
¥=3 Solution:
1
Result: Here, w oc —
z
yzlwhenx:126 K
9 w == (i)
Q.8 (A.B + U.B) z
Given Data: For value of k
y o 1 Putw =5 and z = 7in equation (i), we get
X 5 - k
y =4when x=3 7
Required data: —k =35
x="? wheny =24
. 3B .
Solution: .'.W:7—>(||)
1
Here, yoc; For value of w
k ) _E. . ..
y =;—>(|) Put z= 2 in equation (ii), we get
For value of k We 35
Put y=4and x =3in equation (i), we get - (175\ _ ¢ )
_k — Az -/_!‘..'_ NP RPN
= k=12 V\ ~ aViIlaR\RY 35-.:_‘-&3 | |
y_ A . BRI \ - W=35><i
For vaI 1e's fx ' b 17
Put u—zhneqjamn(- weget W:f
NY X Result:
12 4 175
> X=— = — = —_
Y w 5Whenz
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Variations
Q.10 (A.B + U.B) Required data:
Given Data: ) a=? whenb =.8
1 Solution: s
Ao — ey [ | 7/
r < iz A
A=2whenr=3 -_b
Requirg_d data: e —>(|)
r="2 when A=72 b
Solution: ' ' For value of k
ol Put the value a =3andb =4in eq (i), we get
L\.’X: - k
; 1 = 5
NIAN A-X (4)
' r2 3(16) = k
For value of k = k=48
k 48 .
A:—2 .'.a:F—)(”)
Put A 2andr=3 For value of a
k Putb =8 in equation (ii), we get
2="5 48
(3) a=—
18 =k 28
Or k=18 =
18 64
A=— 3
a=—
For value of r 4
k Result:
A:—2 3
r a=—whenb=38
Put A=72and k =18 4
79 = 18 Q.12 (A.B + U.B)
T2 Given data:
r2 = E V OCl3
72 r
, 1 V =5whenr =3
"= Required data: ¢~ % |
. V_O;‘,\,,, ,‘1r—,6 E R AR,
Taking square root e -
! % a - ) =2 Wwiher, V 3?(,.__ A
r:J_rE ) =~ S)ullon ' .
Resulti—, | W\ g ocd_
AR AR EY \ ~ r°
r=+=i en A = 2 k ]
240 A% Ly \Y :F_)(I)
. mll.adn By (A'B +U.B) For value of k
A\ J AN AY e Iven Data: PutV =5andr =3 in equation (i), we get
. - aocF 5 _ k3
3
a=3whenb=4 5(27) = k
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(iln="? whenm =432, A
Solution . BYFARIA '
I ] Lo A P, L% Pogy P
moc___.-' R r ..._. \ | ._"x \ ]
31 T T T -
R (]
\J NN -
NN Y
| m= — —(i)
n

Unit—3

Variations

".: A

k=135

VR
r

For value of V

Put r =6 in equation (ii), we\get

v=12
64 (!

— (i)

216, |

[P

For value of r
Put V =320in equation (ii), we get

320= 12
r
p= 2l
64

Taking cube root on both sides, we get
g/r_S =3 2
64
3

4
Result

r =

V:EWhenr:G
8

r :%Whenv =320

Q.13 (SGD 2014)
Given

(A.B + U.B)

mocigandm:ZWhenn:4
n

Required data:

m=7? Whenn =256

For value of k

Put m=2, n=4in equation (i)

3 k I - —
2564\ =k | 4
¥ 2 x5
=128

128

n3

For value of m
Put k=128, n=6

_ 128

n==6

For value of n
k
m:F
432:% *m=432
n
432(n3):128

\_“akinalcuse rotion both sides

—

.-n:_

3
Result:

ngwhenn:6

nzgwhenm:432
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Variations

Third Proportional (K.B + U.B)
For three quantities a, b and c are related 4s;
a:bub:c, then c is called \the thifd
proportional.
. b2
ie. c=
I .TM el (A.B)
‘| Finga thlrd proportlonal of X+ Yand
X*—y?
Solution:
Let ¢ be the third proportional,

Then ?

X+y:xi—y?uxi-y?c
c(x+ y):(xz—yz)(x2 —y2)
(xz—y2>(x2 _yz)

X+Yy

_ (x2 —yz)(x—y)(x+ y)

X+Yy
:(xz—yz)(x—y)
= c=(x+ y)(x—y)2

(K.B)

If three quantities a, b and c are related

CcC=

asa:b:b:c, then b is called mean
proportional. i.e. b*>=ac
Continued Proportion (K.B)

If three quantities a, b and c are related as
a:b:b:cwhere ais first, b is mean and c is
the third proportional, then a, b and C are |n-
contlnued proportlon i

=ac ~

"‘Lﬂ'ﬂ} ' \;l

_ ('“R\:j 2016, \FSC 2015,
Einat LJ 1

GD 2015)
|12 ' \ane 3 are in continued

D ;))mrn
Solution:

Since 12, p and 3 are in continued
proportion.

12:p:p:3
“» Product of extremes = przauct, of meains
Pl = (12\’.( I

> pi =28
' '-'._'hL‘S, p =6/

W= mple 3: (Page # 57) (A.B)
Find the mean proportional of 9p°q*
and r®

Solution:

Let m be the mean proportional.
Then 9p°g*:m:m:r?
Or m.m =9p°q* (rg)
m2 — 9 p6q4r8
S o
= m=13p’q*r*

Fourth Proportional (K.B + U.B)

If four quantities a, b, ¢ and d are related

asa:b:c:d, then d is called fourth
proportional.
ie. d:E
a

(K.B)

Find  fourth  proportional  of

a®-b® a+b,and a?+ab+b?
Solution:

Let x be the fourth proportional,
Then

( ARG I ra3+))

& Pradict _)f extrénies Pr_n_d get of means

k(al —"bé"-\ - (g+b)(a* +ab+b?)

a+b )(a® +ab+b?)
a’-b’

a+b (a2+ab+b2)

(a2+ab+b2)

_a+b
a-b
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Q.1 Find athird proportional to (x— y)2 (x _
M 612 (A.B) (N [ ]
(SGD 2017, RWP 2017, D.G. K 2016, 17) —A(X=Y)(X=y)

Let, the third proportional =
According to the given condn on;

~» Product of extreme = product of mean

Vs\/ 3 3‘

| .Z(X-._-y)lx‘:+__)(y_.-|-3,-2)\'x_).,‘)'("xz +xy+y2)

6:12::12 2 LU W e\ 2
Productcfrmar S = prodl,ctd exfreme. VN A Gy Ty ) ,
Z: g}t 621 |\ \\ Nt - Third proportional is (X* +xy +y?)
-144 . ' V) (x+y) X2 —xy -2y (A.B)
NN INIAN A A ek Let third proportional =
J [ % ' — a=24 According to given condition
Th|rd proportlonal is 24 (x+ y)2 X2 —xy—2y?iix*—xy—-2y*:a
(||) a’,3a’ (A.B) -+ Product of extremes = Product of means
(MTN 2014, 16, RWP 2017, D.G.K 2014) 2 _ (2 2\(y2 2
Let, third proportional = x a(x+y) _(X —Xy-2y )(X —Xy-2y )
According to the given condition; 2
a3:3a2::%a2'x ’ a(x+y)’ =(x*—xy-2y?)
“» Product of extremes = Product of means —(x?_ _oy2Y
(a®)x=(3a%)( 3a%) a(ery) b =2y -2y) 2
2y — g a(x+y) :[X(X—Zy)+ y(x-2y)]
9a’* =[(x=2y)(x+5)I"
T @ a(x+y) =(x-2y)" (x+y)’
x=9a —(y_2v)
-. Third proportional is 9a a=(x-2y) ,
(iii) a’-b%a-b (A.B) (LHR 2015, - Third proportional = (x-2y)
GRW 2014, 16, SWL 2016, BWP 2015) P2 _ 2 P
Let, third proportional = x (vi) —q , —q (A.B)
According to the given condition; P’+q° P*-Pg+0q°
a’—b%:a—b-a—b:x Let, the third proportional = a
-+ Product of extremes = product of means According to the given condition;
2 2_q2 _ _
R =
v + - pg+ P pq+a’ )= 1
(a-b)(a+b)(x)=(a-b) . Product of extremes m foctiof aris|
(a+b)x=a-b . ;_(pz—f“z. ._L.__r)_'q Y O pr J
(a-b R Sl )Lt —pd o Ji - g+ q”
a+tb RV IARIIL SN G £l L 5-q J(p +q]
- Third prdpgrtioneiis, g—i’- _ }\ '--'“Lpz—pq+q2J p?-pq+q* ) p’-q*
n! YRR o ~ ~ 2 2
(iv) (;X‘ -/) (/_*f) ! (A B) a:[ Zp q 2][ 2p q 2] (p+q)(p pq+q)
TN A p*-pg+q° \ p*~pg+q (p-a)(p+q)
A J YN (FSD 2015 GRW 2016) p—q
Let thlrd proportional = a=———
According to the given condition, P —Pa+Q
(x—y) (X =y*) (X y?):a ~. Third proportional ISL
p’—pg+q’
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Q.2  Find a fourth proportional to
(i) 5,8,15 (A.B)
(LHR 2014, GRW 2017, BWP 2016)
Let, the fourth proportional = x
According to the given condition:
5:8::15:x -
- Product of mean = product of extreme
(5)x (8i15)| -
5x =12C |
. 120
g e
[N O
| - X=24

(i)  4x*,2x%,18x°

. Fourth proportional is 24

(A.B)
(SWL 2015, BWP 2016)
Let, the fourth proportional =
According to the given condition:
4x*:2x°::18x°:a

*» Product of means = product of extremes

(i) 15a°%h°,10a’h°,21a%°

(18x5)(2x3) = (4x4)(a)
36(x°)

4x*
18x%*

2
= a=9%"
. Fourth proportional is9x*

=a

—a 9x* =a

(A.B)
(FSD 2017, D.G.K 2015, 17)

Let, the third proportional = x

According to the given condition;

15a°h° :10a%b° :: 21a°0% : x

“» Product of extremes = product of means

(15a°0°)(x) = (102" )(21a°b*)
_ 10x21xa’xb?
15a°b®
_ 2x21xb?
= —._q
X =2xZ4 |
X = 1412 \
" Fo' i proportin 1a i5- :L4bz
(V) | 4 lix--24,% - 3,5x* —40x° (A.B)

._et “Fourth proportional isa
According to the given condition;

x> —11x+24:(x—3):5x" —40x° 1 a
+ Product of extremes = Product of means

/—\/—\
I\J

~) 20,45 N |

X* —11x+24)(a) = (x—3)(5x" —40x*)
—8x—3x+24)a_—(A- 35Xt - 40x°)
43(x-8)]a = (%53) (x=8)

X
'--( _u)(x 8)e & =54 (k--3)(x—8)

a=5x3

“-" Fourth proportional is5x*

v) P’+0p°-0’,p*- pg+q°

Let, Fourth proportional =

According to given condition:
P’+q*:p’=q*::p’-pg+q’ia

~» Product of extremes = Product of means
(p*+9*)a=(p’-a’)(p*-pa+q’)
(p+q)(p*-pa+q?)a

=(p+a)(p-a)(p*-pa+q°)
a=p-q
*. Fourth proportional =p —q
i) (p*-a?)(p*+pa+a’),p*+ 0’ p° -’
(A.B)
Let, the fourth proportional =
According to the given condition;
(p*-a*)(p*+pa+a’):p°+q°: p*—°:x
“» Product of extremes = Product of means
(p*=a”)(p*+ pa+a®)(x)=(p*+a°)(p*—q°)
(p+a)(p-a)(P*+pa+q°)(x
=(p+a)(p*-pa+a*)(p-a)(p’+pg+a’)

x=p’-pg+q’
- Fourth proportional is_p’ — pq+g° -
Q.3 Findamean pruport.pnal baiween
IL 3,
| (LHR 2018, GIW.2014:D, G K 2016)
\ bev, 'the mean prd portional =
A o':.'.ng to the'given condltlon
_ “20:%::x:45
“» Product of means = Product of extremes

(x)(x) =(20)(45)
x* =900
Taking square root on both sides
% = /800
x=+30
.. The mean proportional is + 30
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(i)  20x’y*,5x’y (A.B)
Let, mean proportional =
According to given condition

20x°y®:a::a:5x’y
-+ Product of extremes = Product of mean<-
(2o pxy) 228
22 - O\(l\ y6 2
4% '=1OxIye |
_ T Ak! 105800t on both sides
{ \/ 100xl°y6
= a=+10x"y’
. Mean proportional = +10x°y®
(iliy  15p*qv®, 1359°r’ (A.B)
Let, the mean proportional =
According to the given condition,
15p*qv®:a:a:135q°r’
*» Product of means = Product of extremes
a* =(15p“qr®)(1350°r")
a’ =2025p*q°r*
Taking square root on both sides,
2025p4 610
a=45p*q°r®
.~ The mean proportional is +45p°q°r®

(iv) x-y?=2Y (Grw2015) (A.B)
X+Yy

Let, the mean proportional =

According to given condition;
X_
_yraiiar Y
X+y

*» Product of means = Product of ext_remef,:';;

a2 = (X.Z_.—). )(x_yw
y Y

aZ:(\X:_)' fx.|1 (_—_Vw
RN NP Ry
7 Taking square root on both sides;

Ja? = J(x-y)’

Variations
a=x(x-y)
~. The mean proporticaa! 1 J_c(x— '/_5"
F04  Findine verue'sf the ledier invehied in
—~ A\ *hv olipvyirt 1 contintica-proportions.
RCAREN V- (A.B)
-t Accordlng to given condition
5:pip:45
~» Product of means = product of extremes
p2=5x45
p? =225
Talking square root
p==%15
Result
p=+15
(i) 8,x,18 (A.B)
According to condition
8:x::x:18
“» Product of means = Product of extremes
x* =8x18
x* =144
Taking square root on both sides
X =++144
= x=%12
Result:
X=%12
@iy  12,3p-6,27 (A.B)

According to given condition
12:3p—6:3p—6:27

*» Product of extremes = Product of means
12 x 27 =(3p—6) (3p—6)

324 = (3p — 6)?

(3p—6)? =324

Taking.Sq: .botlor uofh srdes
IR TURAY A K ':_ ) —
| Eiderd [

Jp 6= 13 Lor 3p—-6=18
—3p=6-18 3p=6+18
3p=-12 3p=24
_ 12 24

3 P 3
p=—+4 p=8
Result:
p=-4,8
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(iv)  7,m-3,28 According to given

condition: (A.B)
(GRWP 2015, 17, FSD 2017, MTN 2017,
BWP 2015)

7:-m-3::m-3:28 -
-+ Product of means = Product ofiesttremes

(m—3)f:7x28
(m=-3Y"=196 -
Taking sguare, voct on 'Z)Lth sidgs:.
m -3 =+14
Erther .

ek el -4 or m-3=14

[ 221443 m=14+3

' =>m=-11 m=17
Result:
m=-11,17

(K.B + U.B + A.B)
(LHR 2014, SWL 2016, BWP 2015, 16,
MTN 2015)
< Invertedo Theorem.
Ifa:b=c:dthenb:a=d:c
< Alternendo Theorem.
If a:b=c:dthen a:c=b:d
X Componendo Theorem
If a:b=c:dthen
() a+b:b=c+d:d
(i) ata+b=c:c+d
< Dividendo Theorem
If a:b=c:d then
(i) a—b:b=c-d:d
(i) a:ta—b=c:c-d
X Componendo-Dividendo Theorem
If a:b=c:d then

Then using componendo-dividendo theorem
3m+7h 3p+7q
3M-7n_.Zp* fq

hus, 3+ Ziic 3Ti—4n_3pT7I Sp— 7q

o SURANASIT

Using— theorervw of  componendo-
dividendo, find the value of

m+3p+m+2p i m= 6pq
m-3p m-2p p+q
Solution:
Since mzm
p+q
or m=CPRD G
p+q
m__2
3p p+q

By componendo-dividendo theorem
m+3p _20+(p+4) _29+p+q
m-3p 29-(p+q) 2q-p-q
m+3p  p+3q

— (i)
m-3p q-p
Again from eq. (i), we have
m_ 3p
2q q-p

By componendo-dividendo theorem
m+3p _29+(P+d) 29+p+q
m-3p 29-(p+q) 24-p-q

2 4
(i) a+b:a—b-c+d:c—d M+2P _2P+A i)
i) a—b:a+b=c-d:c+d m—_2p __2p—q_“
Example 5: (Page # 60) (A.B) Adding (ii) and (lll) W e
Given: m+3p A 2(| 3q ZF_JL‘
m:n=p:q - [T 3) r142q '-.q—ﬂ i Lp"—'q
To Prove: - . AEIER ) b'+3q 4p+q
3m+7n:3m—-7n= 3p+7c.\p— Y AR F — +2 -
Solution: N WU AT P=q 2p-4q
m:n="g"q v () _xzxfx_ _—(p+3a)(2p—a)+(p-a)(4p+q)
m_p .='ﬁ VAW (p-a)(2p-q)
§ PN _—2p*-5pq+3q”+4p>-3pq-¢’
J | leitiplyaing both sides by ; we get (p-0a)(2p-q)
N 3m_3p _—2p*-8pq+29° =—2(p2—4pq—q2)
7n 79 (p-9)(2p-q) (p—-a)(2p-q)
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Example 8: (Page # 61) (A.B)

Using theorem of componendo-
dividendo, solve the equation

x++\/_4
33 3

Solution:

i- . W \ %,
Given equa |0“1 is’= \/ s TR L O i

. B\, umpor.ewd) ividendo theorem
WSR3 +Vx+3-Vx—3 _4+3
IX+3+IX—3—Jx+3+/x—3 4-3

2«/@_7 X+3
2fx—3 1 \x-3

Squaring both sides
x+3_ 49
X—3
X+3=49(x-3)
X+3=49x-147
X—49x =-147-3
—48x =-150
_150 _25

48 8
) 25
Therefore, Solution Set :{E}

Q.1
Q) Given (A.B)
4a+5b 4c+5d
4a—-5b 4c-5d
To prove
a:b=c:d
Proof \
Here RYFAR'
4a+5’)' 4c +50.- AR
4a—56 \dc -5l '. L\ x\-
Byapplying r')nﬁponpnda _gividedo
Y rycpprrv -

(.¢‘+'b)¢\4a 5b) (4c+5d)+(4c—5d)
|
(4a+5b)—(4a—-5b) (4c+5d)—(4c—5d)
s _g
10b 10d

(by using cancellation prop)

a_c
s 4
=a b=t
S Proved 5
iyl “Given ' (A.B)
’ 2a+9b  2c+9d
2a—9 2c-9d
To prove
a:b=c:d
Proof
Here
2a+9 2c+9d
2a—9% 2c-9d

By applying componendo-dividendo prop
(2a+9b)+(2a-9b) (2c+9d)+(2c—9d)
(2a+9b)—(2a—9%b) (2c+9d)—(2c—9d)

4a  4c
180 18d

(i)  Given (A.B)
ac’+bd? c*+d?
ac’-bd? c*-d?

To prove

a:b=c:d

Proof

Here

ac’ +bd? _c *+d®
acibaZ o g |

' 1By apol ving \,om*wnm( (o} dmdp gD prop

- (354 b37) 4 (e —ad) (¢ +d?)+(c*-a°)

:..-(ar‘ b J-(ac’—bd*) (c +d°)—(c* - d°)

~ac’+bd®+ac?—bd®  ¢®+d®+c®—d?

ac’ +bd? —ac?+bd?> c2+d®-c*+d?

2ac’ c°
2bd?  d*
ac® ¢°
bd?  d°
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J I‘. '.i \

a_c By applying componendo-dividendo prop
b d (pa+gb)+(pa—gb _ (pc-gd)+(Pesa%),
—a:b=c:d (pa+gb)—(pa=1Dj I(LJ(,-‘ud) (0‘—1m
_ Hc_anceProved - v\a+ct+ oc—qL |cc+qu, oe—qd
(iv)  Given | (A.EY pa+qh—pa+(b wc+qd — pc+qd
a’c+h’d —AC ?+hd? \ — " 2pa 2pc
a’lc—bd | ac” hd 200 2qd
Topro'e WA
ab=cidl | pa_pc
Proef b qd
Lere : q
Multiply by —
a‘c+b’d ac®+bd? PRy
a‘c—b’d ac®—bd? a_c
By applying componendo-dividendo prop b d
(a’c+b%d)+(a’c—b’d) =a:b=c:d
(a2c+b2d)_(a2c_b2d) . H.ence Proved
, (vi) Given (A.B)
:(ac +bd?) +(ac® -bd®) a+tb+c+d a-b+c—d
(ac® +bd*)—(ac® —bd?) a+b-c-d a-b-c+d
a‘c+b’d +a’c—b’d ac®+bd?+ac’—bd? ';c:)gniog/:ed
a’c+b’d -a’c+b’d ac®+bd?—ac®+bd? Proof
2a’c _ 2ac’ Here
2b%d  2bd? a+b+c+d a-b+c-d
a’c ac’ a+b-c-d a-b-c+d
b%d  bd? By applying componendo-dividendo
olving b bd both sid " (a+b+c+d)+(a+b-c-d)
Multiplying ygon oth sides p p(a+b+c+d)—(a+b—c—d)
a’c bd_ac’ bd _(a=b+c—d)+(a-b- c+d)
b’d ac bd? ac _(a—b+c—d) (a b— c+d)
%zg a+b+,0:+d+u.;0 A
—ab=c:d - ;{-&-CJ—d ﬁ jZ{r -|r,-._:‘_'-_..,.
Hence Proved wER Y. R\ VAL R g=d +a-b-g+d
(v) Given _ Ay L TA-lE+c-d-a+Hd+c—d
Pa-+ (G} ha -a= pC-+ ok peag) | s “2a+2b  2a-2b
Toprovel | |} |t 2c+2d  2c-2d
azkhgcidih By applying alternendo property
\J I‘ Proof 2a+2b 2c+2d
N F’je‘ e ab— beaad - e ad 2a—2b  2c—2d
a+pq:pq-qo=pc+qd:pc—q Again applying componendo-
pa+gb _ pc+qd dividendo prop
pa—gb pc—qd
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(2a+2b)+(2a-2b)

_(2c+2d)+(2c-2d)

(2a+2b)—(2a—2b)

~ (2c+2d)-(2c-2d)
2a+2 +2a-24 _

2c+2d +2c-2d4

22+2b-2x+2b

2¢+2d -22+2¢ )

4a  4c

4L
a |

"u
AN

| b | mmane=c:d

| SO Eleitce Proved

'(viij Given

2a+3b+2c+3d

(A.B)
2a—-3b+2c-3d

2a+3b—-2c-3d

To prove
a:b=c:d
Proof
Here

T 2a—3b—2c+3d

2a+3b+2c+3d 2a-3b+2c-3d

2a+3b—2c-3d 2a—3b—2c+3d
By applying cmponendo-dividendo prop
(2a+3b+2c+3d)+(2a+3b—-2c—-3d)

(2a+3b+2c+3d)—(2a+3b—2c—-3d)
(2a—-3b+2c—-3d)+(2a—3b—2c+3d)

" (2a-3b+2c—3d)—(2a-3b—2c+3d)
2a+3b+2c+3d+2a+3b—-2c—-3d

2a+3b+2c+3d-2a—-3b+2c+3d
2a—-3b+2c-3d+2a-3b—-2c+3d

T 2a—3b+2c—3d—2a+30+2c—3d

4a+9% 4a-9b
4c+9d  4c-9d

By applying alternendo property
4a+9%b 4c+9d
4a— b 4c— ad

Again applying eo’npcnepdo i /i endapm _ \

(4a+9b)+(4a,— ?b.)
(4< nh {(4a’ g~
NE L9b+4a %

(er‘ LQd)Jr“ru 9d)
\uu+9d) (4C 9d)
_4c+9d +4c-9d

4a+9b 4a+9b
8a

180

4c+9d —4c+9d
8c

18d

".(.viii)

)\ s__diwidendo, find the value of
“())  Given

Multiply by% on both sides

T

C|
_ q (&
\ 2 hin=c|d
Lieiice Proved”

Given (A.B)
ac+bd

:ac—bd

a’+b?
a? —b?

To prove
a:b=c:d

Proof
Here

a’+b’ ac+hd
a’-b? ac—hd
By applying componendo-dividendo prop
(a2 +l32)+(<’:l2 —bz) _(ac+hd)+(ac—hd)
(a®+b?)—(a*-b?) (ac+bd)-(ac—bd)
a’+b’+a’—b® ac+bhd+ac—hd
a’+b’—a’+b’> ac+bd—ac+bd
2a®  2ac
202 2bd
a’ _ac
b>  bd
(Multiply both sides byg)

Hbrce Proved " | L
Wsirig | thecrein | of compoenendo-

(A.B)
_ 4yz
_m
Required
X+2y N X+ 22
X—2y X-22

=?
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Variations

Solution:
Here
x= Y2
y+2
Dividing by 2y
x _ Ayz Ry
2y LAy (yeal,
LR CRINE
:.[” V_I'A,

By applying compoenendo dividendo prop

Adding equaglon-(i) and (ii)

X+ 2y N XA ?.-'[ .',._ 3‘:}:}:'\11"'

X=2y X=2z2\\ 4y | yShz

': By apb_ y?,r:.g gor'hpdnendo dividendo prop

X+2y _ 2z+(y+2)

x-2y 2z—(y+12)

_21+y+z
21—-Yy-1
x+2y:3z+y_>(i)
X—2y 72—y
Again consider
‘= 4yz
y+12
Dividing by 2z
xX__ 4y
2z 2z(y+z)
_ 2y
y+12

x+2z  2y+(y+2)
x—2z 2y-(y+z)
_2y+y+z
2y—-y—12
T Gi
y—z =\

¥
-

. ."_":?:+'y'Jr éy+z

-y —(z-y)
_3z+y 3y+z
-y 71—y

_3z+y—(3y+2)

7y,
|.\:- =

x+2y+x+22 _5
X—2y x-22

(i) Given:
— 10np
n+p
Required
m+5n N m+5p _n
m-5n m-5p
Solution:
Here
— 10np
n+p
Dividing by 5n
m 10np

5n (5n)(n+ p)
m _2p

50 n+p

(A.B)

By applying componendo dividendo property

m+5n  2p+(n+p)

m-5n  2p-(n+pg)
m+5a” ~nRnHp 3 |

\(\ (milg (2o%n p

\_m5n) ‘sp+nl

\~m-5n  p-n
Again consider
i 10np
n+p
Dividing by 5p
‘m _ 10np
5p 5p(n+p)

-(i)
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m_ 2n
5p n+p

Applying componendo — devidendo prop

m+5p _2n+(n+p)
m-5p 2n—(n+p)

m+5p—, _’ri+_n_+_h
m-5pzn- n—p
m + 1p M+ N
= F —t— = -(n
[T D =] ()

SN Adding () and (i)

m+5n+m+5p 3p+n 3n+p

m-5n m-5p p-n n-p
_3p+n  3n+p
= +
p-n —(p-n)
_3p+n 3n+p
~ p-n p-n
_3p+n—(3n+p)
= -
_3p+n-3n-p
= —
_2p-2n
= on
2(p—n)
p—n
=2
Hence
m+5n m+5p
m-5n m-5p
(iii)  Given
_12ab
“a-b
Required ~ N
X—6a"=x ‘et x-,x_w
x+6a | }“EE-=
q’JI ~5un
|J J-elc
12ab
Ta-b
Dividing by 6a

X _ 2
6a a-b

Applying compen=nto. dev.mendo prno

X+6c 20 (d b)

x- Gal ‘2hi— (a-b)
)<+6a_2b+a—b
x—6a 2b—a+b

Xx+6a b+a
x—6a 3b-a
By invertendo theorem
x—6a 3b-a .
=——2 ()
X+6a a+b
Again consider
12ab
a-b
Dividing by 6b
X _ 12ab
6b 6b(a—h)
X _ 2a
6b a-b

Applying componendo-Dividendo prop

x+6b_2a+(a—b)
x—6b_2a—(a—b)
X+6b 2a+a-b
x—6b 2a-a+b
X+6b 3a-b ..
= —(ii)

Xx—6b a+b
Subtracting (i) and (ii)
x—6a Xx+6b_ 3b-a
x+6q__x &b [ arm \alh |\

- '. 3[)—01,_4“4."‘.(5')
T asb
_ 4b-4a
~a+b

4(b-a)

a+b

Hence
x—6a x+6b 4(b-a)
x+6a X—-6b a+b
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(iv)  Given (A.B) Sub.equation (i) and (ii)
3yz X=3y X+43z_2z-y -2y
“y—z X+3y X ’27 Ay f
Required _ B ARTw ! (2, y";'—,e-y\Zy—z)
X—3y Xx+3z i v Wu i | yz
X+ 3y -x 32 v AR 222—yz—2y2+yz
Solution: \ T T A =
BImhY yz
Here © % 4 o , )
\)z' \ 27172y
[ [ 3 | Yk D =
J' Il_ L y z )2/2 ,
M | Divided by 3y _ X-8y_x+32 =2(2 —y )
X 3yz X+3y x-3z yz
3y 3y(y-z) (v)  Given (A.B)
X__z s—6pa
3y y-z P—q
By applying componendo dividendo prop To find value of
x+3y:Z+(y—Z) s—3p+s+3q:?
x-3y z-(y-z) s+3p s-3q
_ Solution:
_Ity-z Here
Z-y+1z . 600
y _ —
= P-q
22y Divided by 3p
Applying invertendo prop s 5
Pq
x—3y=22—y_)(i) 30" 30(0=a)
X+3y y p 3p(p-q)
Again consider s _.2q
3yz 3p p—q
X= y—1 By applying componedo-dividendo prop (ii)
Divided by 3z s—-3p _29- (p- q) =
x  3yz s+3p 20- L(u m) BN «_ SJAr
3z 3z(y-z) -a—3p 20 p+q Mt
oy = . .:._-.-'_ F _ S—f \qp 2(|,+ )_ q
z o 7 YN, W _ \_,q p ( )
By applying '“nnpanenf‘{) (.II\ |d=ndu-n\(>gq A p+q
x+3z \ Y (Y2 | \ ) Again consider
_ |‘- Kol 'y'f__\,'__L)' s— 6pq
A RV AR LA E o) 2l =—"
JII '\-_..-.II | :y+y—z - -p_q
N y—y+z Divided by 3q
==~ 3q 3q(p-q)
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[(x-z)z+(x-4)1 [ (x=2)" (i 4)2]

[(X_Z)Z““(X ‘4) }’1(2 < 2) —tx— ﬁ)\J\

N e (2 - T s

(02 +(x-4) - (32 +(x-4f 1

Variations
_.2p 2(x-2)° s
P-4 2(x-4)
By applying componendo-dividendo prop e 5
s+3q:2p+(p—Q) ) x Li__q =25\ 4
s-3q  2p-(p-q) VRTA ) W
253 p-o Y. Taking square rooton both sides
ey ( j _
BrEG x—4
" | O n"_q. \ } X;Z__'_S
S0 Adding equation (i) and (i) x—4
T os— 3p+s+3q=3q p+3p q Either
s+3p s-3¢ p+q p+q X=2 ¢ o  XZ2__g
3g—p+3p—q x—4 X—4
= - X—2="5(x—4) X—2=-5(x-4)
2p+2q X—2=5x-20 X—2=-5x+20
= X—5Xx=-20+2 X+5x=20+2
P+q —4x =18 6x = 22
_p(p+a) .18 ML
P+q 4 3
:>s—3p+s+3q:2 X:g x=1—1
s+3p s-—-3g 2 3
vi) (FsD2016)  (A.B) . Solution Set = {1_1,2}
Solution: 32
Here (vii) (SGD 2015)  (A.B)
(X— 2)2 —(X—4)2 12 Solution:
Ning i q I2+2-yx?-2 1
By applying invertendo property By applying conponendo-dividendo prop
2 2
(x=2)"+(x-4)" 13 (\/x2+2+\/x2—2) (\/x +2=4%° \
(x-2)" —(x-4)" 12 = A
‘\/X +. 4—,,«,-— ’\,)' ? _"Xz ._'!k‘:“ -
By applying componendo- dividendo prcp ) N J
~ r2%4+3,j;e ?+\x +2— -2 3

! [fe%rz Fxi-2- )/»e/2+\/x -2 1

20X +2 _3
2Ux% =2
X2 +2
X2 -2
Squaring on both sides

=3
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Variations

x> +2

X2
NG +2=9(x2 —2)
x*+2=9x*-18
x?—9x?>=-18-2
&) |

9

N N N2 >
' Taking square root on both sides

2
. 5
.. Solution Set= {i\/;}

(viii)
Solution:
X +8P2 —yx2—P? 1

S +8PZ 4 —p? 3
By applying Invertendo Property

JX2 +8P?% +4/x% — P2 3

SErep?—Jx—p? 1

(A.B)

By applying componendo-devidendo prop

VX2 +8P% +4/x2 — P?

+(«/x2 +8P? —\X* —P?

)

VX2 +8P% +4/x2 — P2

341
3-1

—(\/x2 +8P? x> —P?

)

VX +8P% + %2

— P2 ++/X? +8P? —yX? — P?

X2 +8P% +X2 —P? —yX* +8P? e —pe

LT \

4 .
s

z_J__ +§5 |\

ANNRFE
WY 'Cquarlng on both sides

2
X* +8P?
{ XZ—PZJ =(2)2

"H._ =

x> +8P?

x? — P? PRSI
X2 +8F = 4x% |- 4PE

X4 4= |-40° -8R
13 =\ —12p?

3" =12P?

2 12 p2

3
x* = 4P°
Taking square root on both sides

=4

X=+2P
Either
X=2P or X=-2P

. Solution Set={2P,—2P}

o UES 0 13
(x+5)" +(x-3)" 14
Solution:

(x+5)°—(x-3)° 13
(x+5)°+(x-3)° 14

By applying invertendo property
(x+5)3+(x—3)3 14
(x+5)° —(x-3) 13

Now by applying componendo- dividendo
property

(5 + (x=3) |+ (x+5)' = (x-3)"| 14413

(
[(x+5)3 (x- )} [(x+5)3—.-(x—-'%)3}__,-1-4--15:':._::'-._.'-."_ A

L e

..,‘X+5)+kx/v/'(§ I-\X.-E)—k}—zﬂ _

__!____n__ =

Lu/tf+ -3

2(x+5) ~
2(x-3)°

3
(x+5j _ 97
X—3

Taking cube root on both sides

)= 5]+ g
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x+5=3(x=3)
X+5=(3%.9
X—3x<4—9-&
=2% =14
N REERY
. 3 ) [ L
JI 1 -2
X=7
. Solution Set={7}

Joint Variation (K.B)

A combination of direct and inverse
variations of one or more than one variables
forms joint variation.

Symbolically

If a variable y varies directly as x and varies
inversely as z, then

yocxandyocl
Z

In joint variation,

yoc5 ory= k— i k#0
Z 4

Problems Related to Joint Variation
(K.B)
p varies jointly was g and r? and inversely as
s and t?, p=40, when =8, r=5, s=3, t=2.
Find p in terms of g, r, s and t. Also find the
value of p when q=-2, r=4, s=3 and t=-1

Solution:
Given that poc qT
L ar e

Az~ ¥ '\

Put p= 40q 8 =L‘_.s—3 andt--L :

- Wy E‘J\ ~\2..-
40x3x4 _k

8x25

Variations
k=12
5
Then en. (i acpmes
s °
\ A28
15 st

. Nowe for-g==2,r=4,5=3 and t=-1, we
~Nave

Q.1 Given (K.B + A.B)

(FSD 2015, SWL 2015)

1
socu?andsoc =

v

s=7when u=3,v=2

To find

Value of s=? whenu=6,v=10
Solution:

Here

1
scculandsoc =
v

In joint variation
2

Soc —
Vv
2

== (i)
\'

For value of k
Puts=7,u=3andv=2inequation (i)

2
L k(3)
2 I
AN -
9 ' A
AL
e W = 9V

For value of s
Put u=6,v=10and k = % in equation (i)

2

_14. 67
9 10
1436

S= —XxX—

9 10
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Variations

28
S= —
5
Result

sz%whenu:&v:lo_

Q.2 Given
woc xy27 | - _
w=5whenx =12,y 74, = 30
Ta find \
. MJ’Mef.x 4,y=7,2=3
NN Sotutiot:
' Here W oc Xy?z

w = kxy?z — (i)
For value of k
Put w=5x=2,y=3andz =10in eq (i)

5=k(2)(3)*(10)

5=180k

" 36
For value of w

Put x:4,y=7,z:3andk=3—16in eq (i)

_1 2
w= o @0)°E)

49
SW=—
3

Result

w=4—?? when x = 4, y-7andz-°-'--.

Q.3 Given (K.B + A\E)
Yy oc X2 ﬂnj)ccf-l .__' | K\
y F16'when i = 4, b 12 r' 3

| W 9 fing_
5 |

| o y=2"whenx=2,z=3t=4
‘Solution:

Hereyocx3,yoci2
zt

Q4 leen

_-"

In joint variation:
3
Yoz — [ |-

RE
.:>y.--—,—-—>u)
z°t

Eei' value of k-

'Puty 16,x =4,z = 2,t = 3in equation (i)

3
o= K8
(2)°(3)
16 = k(64)
12
16><12:k
64
3=k
= k=3
VS
YT

For value of ¢y’
Put x=2,z=3;t=4and k=3 ineq (i)

y:% whenx=2,z=3andt=4

u »cx and Uwc—37

| -U 4 \Ah(:nx—'Fz y=7,2=2
.} To find
u=? whenx=6,y=3,2=2
Solution:
Here
Uoc x?and u o i
yz®
In joint variation:
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Variations
2 In joint variation
Uocc— 3

3 Xy -
A -

ileZ Ve 72_. g w [ [~

Or  u=—-() oyl L LS
yz v e — (1
e _

For value of k
Put u=2,x=2, V= 7 Z=2-¢eq ravior. (i

<f)_ |
L35 L

N

For value of u

Putkz%,x:G,y::%andz:z

—~
(o]
N—"
N

c
I

w

w
—_

w
G)N

c
I
X

w
—~~

oo
A

N DN DN

c
Il
|

Result
u:%1 whenx=6,y=3,2=2

Q.5 Given

z
V= 27whmx 7y 62

. Tefihd) )
A ';_l,'-.l.-."\,lf‘e,..x 6y 2,2=3
JI Sotutioi:
Here

V o xy® and VOCiz
z

1
mey mi"mT—w - "'. \\ |
i 1 ""'H.

(K '3 (e A H”- A (; r) .'3i"./;':'n"'.([:'i_-G'-.K'!IO:E'5)

.-_“._I.. .:. \IVOC—

Eei valueofk
Putv=27,x=7,y=6andz=7

For value of v

Putx=6,y =2, z—3andk— g in equation (i)

V=

Result

4 N (A
\_/_Z_?'vv'j'] n \(l— ),7—2 7—3"‘: s

(K.B + A.B)
& 4
u3
w=5whenu=3
To find
w=?whenu=6
Solution:
Here

W oC 1
u3
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These equations are used to evaluat? certaist

expressmn more emlly

Using these (qL gtivns-is (_,dllnd '-fx \ W

K-Method. | e
ExamplocrlPigat AR RIS
J NN \ .3':—: , then show that

ad+ci+e®  ace

b+d3+ %  bdf

Variations
W h—)(i) Solution:
u® Let E:E:-E _—_'rh_-
For value of k b —d< |
Putw=5,u =3in equation (i Vo \ Sov.Leh
d (). . Then .—1»:k,9_:.-k aid —=k
_ k \ b,V d | f
(3)2 ie;, — a=bk, c=dk and e=fk
5x 27 S, To prove:
135=k a’+c’+e’  ace
‘n=5§§ b +d®+f° bdf
J TNIRN u’ Proof:
| WY < For value of w adicdied
Put I1<3:5135 andu = 6 in equation (i) Now L.H.S:—b3+d3+ 3
~(6) (k) + (k) +( k)’
- R ad £
e b’k +d°Kk° + £°K°
216 = b3 d3 3
45 + + f
72 T A TP
15 b®+d®+ f°
24 Also R.H.5 = 2c8 _ bk+dk+ fk
zg "7 baf bdf
bdf
Result =k3ﬁ=k3
5
w=g when u =6 L.H.S=R.H.S
3 3 3
(K.B + A.B) ie. i +C3 +63 _ ace
Ifa:b:c:d isaproportion, then b*+d*+f*  bdf
a ¢ Hence proved
R .
a_ c Q.1 - \r’B+ AR
Or —=Kk, 9 k (‘“sg 2015, s',,) 2015
a=bk,c = dk | Biven g =Edn Y | (G0

L Te prave N ,

..’i)- 4al-1of '40 194

320 "4a+9  4c+9d
. 6a—5b 6c—5d
(i) =

6a+50 6¢+5d

(i) 3:,/—6‘2*02
b b? +d?
(iv) a®+b°:b°+d®=a’c’:b%d’
(v) p(a+b)+gb:p(c+d)+gd=a:c
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Putting the value of ‘a’

Variations
3 3 k)—
(i) a?+b?i -2 —c?4d?i - 5(bk)=5b
+ c+d 6(bk)+5b _
(vii) a ,a+b_ ¢  c+d _ héek—5), k-5, Ii'\
b b c—d’ d N CATR
Proof ALV L L A
Let a:b=57d =k IRIELS = 62'—-5d
a le'l ' 6¢ +5d
:B = 9 3 _k ' Putting the value of ‘¢’
4 A" _ 6dk -5d
S L =K =
N | b d 6dk +5d
I ek, ok _ d(6-5)
() 4a-9% _4c-9d (A.B) d(6k+5)
4a+9 4c+9d 6k —5 (i)
=
LHg= 2= 6k +5
4a+9b From equation (i) and (ii)
Putting the values of a RHS=R.H.S
_ 4bk—9b 6a—5b 6c—5d
4bk +9b 6a+5b 6C+5d
_ b(4k-9) Hence Proved
T (AL .0\ 2 2
b(4k +9) (i) a_ /az +c2 (A.B)
4k -9 . b b +d
= — (i)
4k +9 LHS=2
_ 4c-9d b
RH.S= 4c+9d Putting the value of a
Putting the value of ‘C’ - %
_ 4dk-9d b
4dk +9d LH.S =k — (i)
:d(4k—9) RS o a2 + 2
d(4k+9) R e
4k -9 . Putting the valu«no
4k +9 o k) ’dk) o a2
From equation (i) and (ii) =3 \ \—_—,——4 o
LHS=R.H.S \ RiRd Y
4a-9% Ag-9d /SN 7K +d%k”
4a+9 ) chved Woaos U \/ b? +d?
Hence Prived | | | V=t
k? (b +d?)
Sarsh| 6t-5 | = = Jk?
(ii EaH— L i A.B - -
x).l. 38,450 5c+5d (A-B) b2+d2”
-._.I -_ 6a—5b RHS =k.......... _(11) _ B
LAS= 6a15h From Equation (i) and (ii)
a+ LHS=RH.S
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Variations
a_ 2212 Putting the values
b \b’+d’ - (bk) 4 p2: @Eé
Hence Proved S el by
(iv) a®+b®:b°+d®=a*’:b’d® (A.Bj, § e
— 26, ~B .6 6 ) - ‘L’k +) N
LHS=a+c’:b”+d b k+1)
Putting the-value of ‘a’-and|‘cl, b2k?
= (bk )2 (k) B ¢° = b (k*+1): 1
) N
:be!/6'| d‘l\s bG -|'C16 bZ(kZ +l)
5 | )t s _
‘I:'k. .\l"e--ld6}-:J.(D +d6) - b2k3
= k°® - (i) k+1
R.H.S =a’’:b%d® _ bz(k2+1)(k+1)
Putting the values of aand ¢ - b2k?
= (bk)*(dk)’ :b*d® (K2 +1)(k+1)
—b°%k3dK° :b%d® LHS = % (@)
=bd’k® :b'd® ¢
= k® - (ii) RHS=c"+d :C+d
From equation (i) and (ii) Putting the values
LHS=R.H.S 3
a®+b°:b°+d°® =a’c’:b%d® = (dk)*+d?: (dk)
Hence Proved dk +d
. . 31,3
(v) p(a+b)+qgb:p(c+d)+gd=a:c _ d2K2 g2 9K
(A.B) d(k+1)
L.H.S =p(a+b)+qgb: p(c+d)+qd _ dz(k2+1)'d2k3
Putting the value of aand ¢ k+1
= p(bk +b)+gb: p(dk+d)+qd d®(k*+1)
= pb(k+1)+qgb: pd (k +1)+qd B d2k7
k+1
=b[p(k+1)+q]:d(p(k+1)+q] d2 (K +1)
=b:d - () =g
RHS=a:c 2\ (CAUN
Putting the value of a and ¢ . p B S fk H}\kf )' -( ) N’ e
= bk : dk O \ "‘.___k%___ \
=b:d — (ii) ' \ \ Front Equatior! (i) and (ii)
From equation (i) and () | VS YHS=RHS
LHSZRH.S ™ ™ _ , L, & , .,
(a+L)+ub p(»—-d) q1—a c a’+b aib C +d “ord
- I-|on( e Frro\ /od ' Hence Proved
T (SN =3 3
N = s A _c2yqg2-_C (vii) a a+b: c :c+d (A.B)
- a+b c+ b b c¢c-d d
3
LHS=a?+b?*:-2 LHS= i-a—m
a+b a-b b
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Variations

)I NN @Te e
W \bPd? 4 f2

2

Putting the value of ‘a
bk  bk+b

“bk—b' b
bk b(k+1)
( 1) b
k—kl "k »;_-1,-,&(5)
C ¢-i-d)

RH.S = 7 ==
ald |

JJI 1g-he Vallue of ‘C’
dk dk+d

T k—d d
dk  d(k+1)
Tdk-1) d

:kL:kJrl—)(ii)

From equation (i) and (ii)
LHS=R.H.S
a ,a+b_c¢ c+d
a-b b c¢c-d d
Hence Proved

Q.2 If

Ezgzg(a’bacld,e,f?&O)then
b d f
show that (A.B)
i 2o |arcee
b \\b?+d?+f?
1
(il ac+ce+ea | ace [2
bd +df + fb | bdf
iy fc,ce e @ ¢ e
bd df fb b? d? f2
Proof: Let 2= -5 _k I —
:>§:w,',’fc—:'.:( é :k- ._Ix \
b d) 1 |
. d—b-’( '—ck e

(A.B)

LHS=—

_ A 'u

Putting the value of ‘a’

“\bidie £2

Putting the values of a, c and e

_\/(bk)2+(dk)2+(fk)2
b?+d?+ f?

:Jb2k2+d2k2+f2k2

b?+d?+ f?

_\/kz(b2+d2+f2)

(b2+d2+ f2)

k2
=k —(i)
From equation (i) and (ii)
LHS=RH.S
a_[a’+c’+e?

b \b?+d?+ f?
Hence Proved

i = A.B
W) bd +df + fbo | bdf (A-B)
(FSD 2016, MTN 2015)

ac+ce+ea

bd +df + fb

Putting the values -1
_ (b )(dk\+(d /f|',+ fk (w\i

- bo Lt i fb A =
bl ¢tk + fkk2

1
ac+ce+ea {ace}z

LHS=

ifa LHS— A T

A pu+df +59
_ k?(bd +df + fb)
~ (bd +df + b)

Putting the values
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baf

Chdfk® 172
b }

- (k3)23/- .

R.H.S = KFi.. LA (1)
Fram Eq, (0)'anafy)
L3 =RH.S

_ ‘(bk)(dk)(fk)}%

1
ac+ce+ea | ace [2
bd +df + fb bdf
Hence Proved

ac ce ea a°> ¢ ¢°
—t—+—==+—+— (A.B
bd df fb b?* d? fz( )

LHS= £+E+§
bd df fb
_ bk.dk N dk. fk N fk.bk
bd df fb
bdk? N dfk?® N fbk?
bd df fb
k®+k*+k?
= 3k* —— (i)
2
RH.S = %+%+%
Putting the value of a, cand e
(bk)"  (dk)"  (fk)°

(iii)

2 2

T

b’k®  dk* K :
= b2 + dz + f2 ! . __..-.
= k? +k® +%? — \ A
= 3k2 -—_.n—}([) i m.- ._ | .x \ . 1Y

From eng-;io.p'-__(i; éjd (i-;)_ 3\
o HS S RS —

2 2

SRt hdc-ce ea a® ¢ e

+F+_

- — =
bd df fb b? f?

Hence Proved

Real Life Problems Based on Variatio _
Example 2 (Page # 63 )iy W - Japti i)

~The current-i_a vire, Veries diresthi s trie
. electiomotive furce £ and-inversely as the
—iresistence X 1F 1=%2 aniperes, when E=128
. _Woits._ang-R=8 ohms. Find |, when E=150
~voits and R=18 ohms.

Solution:

In joint variation, we have | oc%,

=25 5 0)

For | =32,E=128 and R =8,
k(128)

8
:32><8 _k

128
=k=2
Put in equation (i)
- 2E

R
Now for E =150and R =18

2(150) 50 amp
18 3 '

Q.1 The surface area A of a cube varies
directly as the square of the length
| of an edge and A=27 square
units when I=3units. Find A when
I = 4 units (ii) | when A=12sq.

AR.B +E Ry

32 =

units.

Given. v | -
A %127 scuere wnit when | = 3 units

0 fina d

—A=?when | =4 units
=7? when A =12 square unit
Solution:

Here

A x I?

A=KkI> ——(i)
PutA=27,1=3
27 = k(3)?
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27 =9k Q.3
3=k

k=3

For value of A

Put k =3, 1 = 4 in equation.(i)

In Hook’s law the force F applied
to stretch a spring-varies direnily
as the amcunt of ‘clangstio S arid

3210 viireriS =(1.A4n) Fina<{) S
/vt en = -'L0|L (il) Fwihen S=0.8in

o 3;(5‘)2 | (K.B +A.B)
For valiw: nf ! E:esn
A= l
E{l‘;llgi(|0r:3(|-ﬂ 6 qlaeumtm F=32IbwhenS=1.6m.
- 312 To find
T B 4—l S=?when F=50Ib
NN Or I2=4 ~F=?whenS=08in
Taking square root on b/s Solution:
[2 =42 Here FocS
= 2 (Length is always positive) F=kS — (i)
Result: For value of k

A = 48 square unit when | = 4 units
| = 2 unit when A = 12 square units
Q.2 The surface area S of the sphere
varies directly as the square of
radius r, and S =16z when r = 2.
Find r whenS =367 .
(A.B K.B)
Given
S o r?
S=16nwhenr=2
To Find Or
r=7?whens=36n
Solution:
Here Socr?
S=krr ——(i)
For value of k
Put  S=16mx, r =2 inequation (i)
167 = k(2)?
167 = 4k
4n =k Q.4
Or K=4n — VA
S =7ar? I
For value of r '
Putk = 4:c S '%6,L i equa ok ( )\ %
367 = 47 1 .
9=r> | |
Teking spu! a.e Lcnf olT Doth S|des
~ Y BB
\ J [ SN, _;r—3(Length is positive)
\. Result:
r=3when S =36mn

Put F =32 and S = 1.6 in equation (i)

32 = k(L.6)
20=k Or k=20
F =20S

For value of S
Put k =20 and F =50

50 = 20S
E:S
2
=5
2

For value of F

Put k =20 and S = 0.8 in equation (i)
F =20(0.8)

F=16

Result:

S—glnwhenF 50Ib

= 18 M5 wienS-= O& it
m*n nsity 1 “of* |I3l “rorn-agiven
jouice, warieg (inversely as the

' square’or the idistance d from it. If
—the intensity is 20 candlepower at a

distance of 12ft. From the source,
in d the intensity at a point 8ft.
from the source. (K.B +A.B)
Given

1

Iocd—2

I = 20 candle power when d = 12ft
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To find
=? when d = 8ft
Solution:
Here

| oc d_2
K~ Ty
For valiie'of k,
Put =20 end d =2 equation (i)

e
(AN

.JI- IN] ol i

(12)
20 x 144 =k
Or 2880 =k
2880
| = B
For value of |
Put k=2880 and d =8 in equation (i)
| = 2880

1 =45

Result

| = 45 candle power when d = 8ft.
Q.5 The pressure P in a body of fluid

varies directly as the depth d. If

the pressure exerted on the bottom

of a tank by a column of fluid 5ft.

high is 2.25 Ib/sq. in, how deep

must the fluid be to exert a

pressure of 9 Ib/sg. in?

(K.B +A.B)
Given

P oC d .--:
P=2.25Ib/sqwhend =5 =

ToFind _- YN
d="? viﬁ'g:r-_ Pi=2 Yorsd-,
Solution: = | ‘'R
Here
- (R d
NN R ()
oy For value of k
PutP=2.25andd=5
2.25 = k(5)

Or k=0.45
P =0.45d
For value ofd | |-
Putw<0.25.and F 770
- 19%50N.45d '
5d5
- 20=d
Or d=20
Result
d = 20ft when P = 9 Ib/sq.

Q.6 Labour costs c varies jointly as the
number of workers n and the
average number of days d, if the
cost of 800 workers for 13 days is
Rs. 286000, then find the labour
cost of 600workers for 18 days

(K.B +A.B)

al

Given
c o nd
¢ = Rs. 286000 when
workers, d =13 days
To find
¢ = ? when n = 600 workers, d = 18
days
Solution:
Here
c o nd
c=knd ——(i)
For value of k
Put ¢ = 286000, n =800 and d = 13 in eq (i)
286000 = k(800)(13)
286000 K

800x13
N _

n=3800

|\ Forvalubofc/ |

I ."."'F’u.':: K= “—2" n =600 and 18 in equation (i)

c= 5—25><600><18

¢ =297000

Result:

¢ = Rs.29700 when n =600
workers and d =18 days
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Q.7  The supporting load c of a pillar 175 (4)
varies as the fourth power of its 28 = Nt
diameter d and inversely as the 28 A,‘}J 7 2 6
square of its length I. A pillar of 5 _y I P
diameter 6 inch and of height 30 Y
. . = 1\ Taking po‘ itiveisqria e root on both sides
feet will support a load ¢f 33 4ci's.
How highd 4 inch giniar, nust be | 2 =20
P | Result

to supgarta lcad-cf 28'tong?

\(i5.3+A1B)

(Siven
[ 4 l
AN gocd anchcl—

¢ =63 tons when d = 6 inches and | = 30 feet
To Find
I =?when d =4 inches c = 28 tons
Solution:
Here
4 1
cocd*and c o 6

In joint variation:
4

CoC T?
4
=C= kl—2
For value of k
Putc=63, d=6and | = 30 in
equation (i)
63= (6)
(30)°
63 = 1296

900
63x900

1206

175

=k

4 \

or k5 —
175444 1)

C=—i—1 1 11

| |4

RN =) *'!g'm:ofl

MNINN M

Putk— R d =4, ¢ =28 in equation (i)

1 L J " 1
4.--':"- -'“‘--._v.- \ ‘x\ !

" | = 20 feet when d = 4 inches and ¢ = 28tons

Q.8  The time T required for an elevator
to lift a weight varies jointly as the
weight w and the lifting depth d
varies inversely as the power p of
the motor. If 25 sec. are required for
a 4-hp motor to lift 500 Ib through
40 ft, what power is required to lift
800 Ib, through 120 ft in 40 sec.?

(K.B +A.B)

Given

TochandToc%

T =25 sec when P =4 hp, w =500 Ib
To Find
P =?when ¢ =800 Ib, d = 120 ft and
T =40 sec.
Solution:
Here

TocwdandToc%

In joint variation:
T e W—d
P
= @—)(l)

For value of k " . )
PutT-=25P'z .4 vv o“’) U= 1@,,.
_ equalcnu)
! . ,
_5 ” 1500 % 4{) .
- 40

Or kK=—
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_wd
200P

For value of P
Put k ZL, w = 8004 = 126
200
and T(=40 Inequation (N
13004120 '

SO OB =4 %120

P=12
Result:

P =12 hp when w =800 Ib, d = 120 ft and

T =40 sec.

Q.9 The kinetic energy (K.E.) of a body
varies jointly as the mass “m” of
the body and the square of its
velocity “v”. If the Kinetic energy is
4320 ft/lb when the mass is 45 Ib
and the velocity is 24 ft/sec.
Determine the kinetic energy of a
3000 Ib automobile travelling 44

ft/sec. (K.B +A.B)
Given

K.E oc mv?

K.E = 4320 ft/lb when m = 45 Ib a.*‘.ﬁj

v=24 ft/sec.

"._ 1 .--\.-"

Result - [

To find
K.E = ? when M- 3000 Ib, (44 \

f*’s “C

" _ Shution: |\

Here
K.E oc mv?
K.E = kmv? —— (i)
For value of k
Put K.E =4320, m=45and v = 24
4320 = k(45)(24)?
4320

45x576

k=1
6

K.E= lmv2
6

For value of K.E
Put k = %,m:SOOO,v:Min
equation (i)
1 2
K.E = 6x3000x(44)
K.E = 968000

L

— K = 9( snoo ﬂ/lw\/hen- 7 = 3000
Lacnd E Aﬁ/swc
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Miscellaneous Exercise 3 _

Q.1  Multiple Choice Questions

answer. ;
(1) Inaratioa:b:ais called; “{SWL-2018, MTN, 2015, D.G.K 2014/ 15) (K.B +A.B)
(a) Relaticii (b, Antecedent
(c) Corsequent ~(d) None of these
(2) Inaratiok:y, i calisd; | (LHR 2014, GRW 2014, RWP 2015) (K.B +A.B)
(2 Relatior! ' (b) Antecedent
| d) Corisequent (d) None of these
£3)" Inaproportiona:b::c:d,aandd are called; (LHR 2015, MTN 2015) (K.B +A.B)
(a) Means (b) Extremes
(c) Third proportional (d) None of these
(4) Inaproportiona:b:c:d,bandcare called; (LHR 2015) (K.B +A.B)
(a) Means (b) Extremes
(c) Fourth proportional (d) None of these
%) In continued proportiona:b=b:c,ac=b*bissaidtobe __ proportional
betweenaandc. (K.B +A.B)
(a) Third (b) Fourth
(c) Mean (d) None of these
(6) In continued proportiona:b=b:c,cissaid tobe __ proportional betweenaandb .
(K.B +A.B)
(a) Third (b) Fourth
(c) Means (d) None of these
(7)  Find x in proportion4:x::5:15 (K.B +U.B)
75 4
(a) 2 (b) 3
©° (d) 12
4 e
(8)  Ifuocv?, then (LHR 2014, MTN 2015, D.G.K 2014) o AR,B Ry
(a) U=V2 . (b) u:ky2 — ". | .'ﬂ - ._.-
() uv? =k -! (1\ 'll_v" :-1_... l. \ S P
9 Ify’« é . then /) (FBD '20_15,_&WL291'4, DGR 2015 (K.B +A.B)
(a) y: \R! N V==
T = (d) y* =kd
{10 'n%"z vlv =k, then (LHR 2014, D.G.K 2015) (K.B +U.B)
(a) u=wk? (b) u=vk?
(c) u=wk (d) u=vk

Four possible answers are given for the following questice. Tick (v ) the chrract -
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The thir proportlona orx-andy-Is;
(11) The third ional of x2and y?i

2

(K.B +A.B)

(GRW 2014, MTNM-ZUIE, D.GA2015;

(K.B +U.B)

(K.B +U.B)

(K.B +U.B)

(K.B +U.B)

(FSD 2014, SGD 2014, RWP 2015)

(@) % _ i) x*v2
4 ) - ) b |
©% [ O %
(12) The fou “f propartiondal vy of iy s leowis; .(FSD 2014, 15, RWP 2014)
¥ B : v
(a) Y - (b)
= I[N o\ X
[N e oo @ o
(13) Ifa:b=x:y, then alternando property is; (SGD 2014)
a b a X
(8) === (b) ===
Xy by
a+b x+ a-b x-—
(0 == (@ 2==2
X y X y
(14) Ifa:b=x:y, then invertendo property is;
a b a X
@ —-=-= (b) ==
Xy a-b x-y
a+b x+ b
@ === @ -2=2
y a X
(15) If% :%, then componendo property is;
a c a C
Q) —=—-— by —=——
@) a+b c+d 2 a-b c-d
ad a-b c-d
c) — d —=——
(c) ” (d) . ;r

| 1
L
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Q.2 Write short answers of the following _ 27 _
questions. Putk = 6 and x=3
Q) Define ratio and give one example. 27
Ans. See definition Page #87.  (K.B) 35 Te AN |
(i) Define proportion. L ((K.E} 4e
Ans.  See definiticn Page # 87. | AN vl
(iii)y  Defineldirect vartation: (X.R) 16
Ans.  See definiligniFaga £ e2. |\ L 9
(iv) _ Dafiie inverse variatisii. (K.B) , 16
—~ \n%. % SeS0efinitionPage # 93. y )
' J | V). | €ate theorem of componendo-dividend. Taking square root
| (K.B) .4
Ans. See theorem on proportion Pg # 103. =Y¥==3
(vi) ~ Given. (A-B) (viii) Given (A.B)
6:x::3:5
Required Uoc —
Value of x="? _8yv_3
Solution: u= _'V_
Product of extremes = product of means Solution:
6x5=73xX Here
30 _ Uo =
Ey :
=x=10 u=—— (i)
(vii) Given (A.B) v
X oc V2 For value of k
y Put u=8and v = 3 in equation (i)
X=27wheny=4 K
To find 8= 3
y=?whenx=3 a
Solution: =k=24
Here U= ﬁ
X oc y? v s
X = ky2 —)(l) Ef)r \{.a__l.['e ."J'I_ Y | _.? y .:.l'r L1 n._ ‘ .
- PUlK =24 'and o 2 12 &4 ecl=tion (i)
For value of k ) \ AR L
Putx=27andy=4 B \ 32 A0
27 = k(4 - ~ WV =
27 NV Y V=
—=K& | SAREEY -.f‘ \ : Result
1_6 AR ViAW v=2 whenu=12
Qr (s Jeddd=. ! (ix)  Let fourth proportional =x  (A.B)
YIS JRWE (LHR 2014, GRW 2017, BWP 2016)
' J [ _21 , According to given condition
- _16y 8:7::6:X

- Product of extremes = Product of means

8X=7x6
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Result:

’1
Fourth progortional = 2 BVE

4

(x) Let megi 0! opcrtl')r al'=x 1 (A B» -

(GRW 2(15| 17 =5D'20 16 MTN'Z015, 17,
BWP[2015)
- [ Aeccraina-togiven condition
SN 155 x - 49
- Product of means = product of extremes
x* =16x49
x* =784
Taking square root on both sides
X =28
Result:
Mean proportional = 28
(xi)  Letthird proportional =x  (A.B)
(SWL 2014, SGD 2014, D.G.K 2016)
According to given condition
28:4::4:X
Product of extremes = product of means
28x=4 x4

16
X= =
8

4
D X= —

7
Result:

Third proportional =

(xii)  Given (A.B)
X2
yoc—

~N |

z
y=28 when x=7,2=2
Required
Value of y =?

Solution: .

Given t‘.a Vot L “\

B ﬁ:t:c'
NN USRS
| J |\ For value of k

- Put y=28,x=7,z=2in equation (i)

2
ZSZkQ
2

28x 2 =49k

Ezk or k=;8 ,
49 T [~
Eoiyvalueofy. |

Puy _:? ir,equation (|)

_8x_8¢
771 7z
(xiii) Given data: (A.B)
Z oc Xy
z=36whenx=2,y=3
Required
72="
Solution:
Z oc Xy

z=kxy — (i)
For value of k
Putz =36,x =2,y =3in equation (i)

36=k(2)(3)
36

5 =X

6=k

For value of z
Put k = 6in equation (i)
Z =06xy
(xiv) Given data (A.B)

1
Wm;;
w=2 whenv=3
Required
Value of w="?
Solution:

1
Here woc —
\Y;

12%_(-?)- \J |

_ FLerILenf/ .
\ PUr W= 2, Vi= G m equatlon (1)
B
(3

2x9=K

18=k

For value of w

Put k =18 in equation (i)

W:18><i2
\'

N |

18

V2

MATHEMATICS -10 127



Unit—3

Variations
Q.3  Fill in the blanks -
. _ _(x+y)(C+xy+y?) —
0) The simplest form of the ratio NERYE is (K.3)
(i) Inaratiox:y;xiscalled - - (K.B)
(i)  Inaratioab:biscalled | ! ' (K.B)
(iv) Ina prJ!—)f)r._tio.n avD yoy:aand yard c_Lu:ed.' ' (K.B)
(V) Ina propo.‘_ti_or;_ n:qlm:n iganidmare called (K.B)
(Vi) In prhpostier 74 4 p:8, p = : (A.B)
\| V| M6 M 912, thenm= (A.B)
' wiii)  Ifxand y varies directly, then x = (A.B)
(ix)  Ifvvaries directly asu®, thenu®= (A.B)
(x) If wvaries inversely as p?, thenk = (A.B)
(xi) A third proportional of 12 and 4, is . (A.B)
(xii)  The fourth proportional of 15,6,5is . (A.B)
(xiii) The mean proportional of 4m°n*and p°is . (A.B)
(xiv)  The continued proportion of 4,m and 9 is . (A.B)
ANSWER KEY)|
i XY (ix) <
X-y
(i)  Antecedent (X) p°w
(iii)  Consequent ) 4
(xi) 3
(iv)  Extremes
(V) Means (i) 2
(i) 0=14 ~ Cixiii) - K e L2l -
(vii) m=8 7000 Un kel
viil) ky )L L
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Variations

SELF TEST

Time: 40 min

Meaikg| 75

Q.1  Four possible answers (A), (B), (C) &) to eactygiesuten Ar; given, Mir the

correct answer.
The thirdiploportiopai-af | x*/and ly4 is:'/

0 -

@\ A T ey
CSEa o L

X X
If 16, a and 4 are in continued proportion, then a is equal to:
(A) £20 (B) 8
(C) 164 (D) +12
Find x in proportion 4:x::5:15

75 4
(A) m (B) 3
©° (D) 12

4
Inaratio x:y,“y” called
(A) Relation (B) Antecedent
(C) Consequent (D) None
If E:lzk,then

vV oo

(A) U= wk? (B) u=vk® .
(C) u=w’k D) u=vk < |
If azb=x:y, then invertendo pyoperty | \ VOV AN
(A) a_:t{l“\r/_y A~ \ x \ \\ \B“ a—igz x—\ ;
@R\ |\ VL © 2-=Y
WINIZY a X
AS ‘X” and °y’ varies inversely and X =2 and k =6 then ‘y’ is:
(A) 3 (B) 12
(C) 312 (D)8

(7x1=7)
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Q.2

Q.3

()

(b)

Give Short Answers to following Questions. (5%2=10)

Find the third proportional of: a’ —b*,a—b

al’ /at-Jr-:'2 '
D | higg

If a:b=c:d,(a,b,c,d =0}, thei show thit
Ify varizs _i_l-:ve,_r.-sel.v'_is x!_and y =16 ,when x =5, 5o find x, when y=100.

r'f rda-ftne ratios a+3:7+a and 4:5 are equal.

If y varies jointly as x* and zand y = 6 when x = 4, z = 9. Write y as a function of x and z
and determine the value of y, when x =-8 and z = 12.

Answer the following Questions. (4+4=8)

VX+3+Jx-3 4

Solve the following by using componendo-dividendo property. 3 =3
X+3—X—

If

2/3
ac+ce+ea _{ace}

= E(a,b,c, d,e, f #0), then show that =
f bd +df + fbo | bdf

a_c
b d

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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B

= +
x+1

x—1

. (£.8)
(BTN, 2017 1BVWP 2014, 15, 17,
- R 2016, D.G.K 2015, 17)
Mg qm ient of two numbers or algebraic
expressions is called a fraction. The quotient
is indicated by a bar (=). The dividend is
written on the top of the bar and divisor

below the bar.
2

2 X°+4
For example: —,

Note (K.B + U.B)

If x=2in second example then the fraction
is not defined becausex =2makes the
denominator zero.

(K.B)

(LHR 2014, 16, GRW 2016, FSD 2015,
SGD 2015, 16, MTN 2015, D.G.K 2016)

N (x)
D(x)
N(x) and D(x) are polynomials in x with real
coefficients is called a rational fraction. The

polynomial D(x) =0

where x # 2

., where

An expression of the form

2

X
For example

Types of Fractions| (K.B + U.B)

There are two types of fractions.
Q) Proper Fraction

(i) Improper Fraction
Proper Frac ”'

+24 where x # 2

-

A rational fractlor ( ;

callefs .p"-r,-._aar .ral,t.un, if degree of the

JpetynomiairN(x) is less than degree of the

“zolynomial D(x)

For example: ——, ox -3

> etc.
X+1 x“+4

Pn..PT'AL i'RI-“( TIONS

e A R T

Whrs D(x) % 0S

UNIT

Improper Fraction (U.B + K.B)

(LHR 2014, 15, GRW 2014, 17, FSD 2015,
SGD 2017, RWP 2017, MTN 2015)

N
A rational fraction D(X)’ where D(x) =0 is
X
called an improper fraction, if degree of the
polynomial N(x) is greater than or equal to
degree of the polynomial D(x).
6x*

X3 +1

5X
For example: ——, etc.

(K.B)
(GRWP 2014, 15, 17, RWP 2016,
SGD 2016, D.G.K 2015, 17)
An identity is an equation, which is satisfied
by all the values of the variables involved

For example: (x+3)2 =X*+6X+9,
2(x+1) =2x+2etc.

(K.B)

An equation which is true for some specific
value(s) of the variable involved.

For example: x+2 =3 istrue only for
x=1.

(K-B)

(LHR 2014, 16, 17, GRW 2015, FSD 2015,
17, RWP 2015, 16, BWP 2015,)
Decomposition of resultant fraction into its

components or into d“rrent frac*i ' is" \)
called partlal frasi on

\K;ﬂ + U B)
G= nel: al ne!rlﬂoc applncab.e 20 resolve all rational

N [
fragtions o’r the form —— ) ,is as follows:

D(x)

e The numerator N(x) must be of lower
degree than the denominator D(x).
Make substitutions constant accordingly.
Multiply both sides by L.C.M.
Arrange terms on both
decreasing order.

e Make the equations and solve to find
constants.

sides by
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Partial Fractions

Resultant Fraction (K.B)

Sum of two or more than two proper
fractions in the form of a single fraction is
called the resultant fraction.

For example:
1 2 —X+3 .
e — is| rlsultant |
x=1 x&D (X, 1};(‘x+_1) '
fraction.
mm1 (A-B)

Rego IvL into partial fractions.

3+x—2x2

Solution:

T 2C can be written as for
+X—2X

convenience 5
2X°—X—-2
The denominator
D(x)=2x*-x-3=2x"-3x+2x-3

=X(2x—3)+1(2x—3) =(x+1)(2x—3)

Let,
-1 -1 A B .
> = = + — (i)
2X° —x—-3 (x+l)(2x—3) Xx+1 2x-3
multiplying  both  the  sides by

(x+1)(2x—3), we get
—1=A(2x-3)+B(x+1) — (ii)
Put x+1=0 = x=-1in equation (ii)

1= Al2(-1)-3]
-1=-5A
= A:1

Put 2x—3=0 :>x=gin equation (i) -

—1=B(§+1) RYZARL
5 ' 1§ .\,_. \ | ' ". _."'H. \ ;
-1=—B LRI L
A N A
-. I:\EI = —|
W 5
1 1 2
Thus, - -
Hs 3+x—2x° 5(x+1) 5(2x-3)

Q.1

Jlon\ e =2

There are two methods to resaive into-parital

fraction: . [
) Zoio Mothnd, |
“ (i) Zquating ccefiiciznt

ATy —

Resolve into partial fractions.
7x-9

(x+1)(x-3)

Solution:

(FSD 2015) (A.B)

Le 7x-9 _ A N B —)(I)
(x+1)(x—=3) x+1 x-3
Multiplying with (x+1)(x—3)

wxiw Lh6=9
x+1)M

% M x 3

:>7x—9=A(x—3)+B(x+1)—>(ii)

Put x+1=0= x=-1ineq.(ii)
7(-1)-9= A(-1-3)+B(0)

~7-9=-4(A)+0
-16=-4A
Or A:__l6
—4
A=4

Put x—3=0o0r x=3 in eq.(ii)
7(3)-9=A(0)+ B 2L, )
L._:)-_'.’\+|;(4‘ ' a\ N
L 12=48

p= 12
4
B=3
Putting the values in equation. (i)
x-9 4 3

= (x+1)(x—3) B x+1+ Xx—3

MATHEMATICS -10 132



NN 09t

Partial Fractions

Unit—4
x-11
Q.Z W (AIB)
Solution:
x-11 A B )
I_Gt(x 4)(x+3) X—4 xn_)(i"'

Multiplyirg Fquatlon MmOV (- 4) X 3)
X—1F _
o gxzaﬂx/oj

[eeEe]
4) (<3

Xx—11=A(x+3)+B(x—4) > (ii)
Put x—4=0=x=4in eq.(ii)
4-11= A(4+3)+B(0)
—7=A(7)+0
—7=7A
Or 7A=-7
—7

A=—"
7

=A=-1
Put x+3=0 or x = -3 in eq. (ii)
—3-11= A(-3+3)+B(-3-4)

-14 = A(O) +B (—7)

~14=0+(-7B)
Or -7B=-14
_-14
-7
=B=2
Putting the values of A and B in equation (i)
x—-11 -1 2
= +
(x—4)(x+3) x-4 x+3
Q3 X e\ (|0
X*=1 — ¢
(GRWP 2017, SWVIL 2014 .3«\/92 17, DG rhzb@ \
Solution: RIRTR L. '
B \ g\
| B ) (x-1)
| \
|
Let 3x-1 A N B
(x+1)(x— 1) x+1 x-1

Multiplying by (x+1) (x-1)

G ]

Nl XW~——%prVﬂ

[y mj
13X m_,-\(x 1)+|:s(x+1) (ii)
Put x—1=0=>x=1ineq(ii)
3(1)-1= A(1-1)+B(1+1)
3-1=0+2B
2=2B

Or 2B=2

B2
2

B=1
Putx+1=0= x=—lineq(ii)
3(-1)-1=A(-1-1)+B(0)
3-1=A(-2)
—4=-2A

2A=-4
a=2
-2
A=2
Now putting the values in eq (i)

3x-1 2 1
2 4 +
Xx*-1 x+1 x-1

X—5
4 —— = A.B
Q x> +2x-3 (A.B)
(FSD 2015, MTN 2016, SGD 2015)

Solution:
X-5 X— 5

X2+2X:3:” X$ 3 ii“ -
X — 5
(x—l)(x+3)

Xx-5 _ A N B (I)
(x=1)(x+3) x-1 x+3
Multiplying by (x—1)(x+3),we get
x—5=A(x+3)+B(x-1) —>(ii)
Put x—1=0=>x=1in eq (ii)

Let

133
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1-5=A(1+3)+B(1-1)

3(-2)+3=A(— 2+2)+B(—2—1)

—4=A(4)+B(0) —6+3= A(o)+B
—4=4A 3=0-
4A=-4 E =3
A=t RN
N 3
Putx+3= O:>> ——3|uq\ll\ Now putting values in eq (i)
\(TF :' el g (x— 1)(x+2) X—=1 X+2
| T _4B=-8 (7x—25)
6 —r A.B
8 °0 Ay "2
—4 (RWP 2016, SGD 2017, D.G.K 2014, 17)
B=2 Solution:
Now putting values in eq (i) (7x—25) A B
X—5 -1 2 Let = + — (i)
-1 x+3):x—1+x+3 (X_4)(X_3) x=4 x=3
(x-2)( Multiplying by (x-4) (x-3)
X—5 -1 2
. = 4 7x—-25=A(x-3)+B(x-4)—(ii)
X“+2x-3 x-1 x+3 i ..
05 3%+ 3 (AB) Put x—4=00r x =4ineq(ii)
© xmD(x+2) ' 7(4)-25=A(4-3)+B(4-4)
(GRW 2015, 16, FSD 2016, 17, 28—25=A(1)+ B(O)
BWP 2015, 16, SGD 2015)
Solution: 3=A
et (¥ A LB ot xas ineq (i
(-D)(x+2) x-1 x+2 Put x—3=0 or x=3ineq(ii)
Multiplying equation (i) by (x-1) (x+2) 7(3)-25=A(0)+B(3-4)
3x+3 21-25=B(-1)
— — _x(x-1)(x+2
(x—=1)(x+2) (x=2)( ) _B=_4
A B B=4 —
:X—_lx(x—l)(x+2)+X+2><(x—1)(x+2) Now putting Va|'l)l98;|l£ﬁf.1_;'f‘::a_§.id{_"l (|/)k J
3x+3=A(x+2)+B(x-1) > (i) = (RN [ (D N\
Put x—1=0o0r x=lineq(ii) | | 2 A= AW AGe g) x=4 x=3
3(1)+3= A“ F B(1 AT, | VOV W ol —£X+l ' A.B + K.B
A OAT S RN N 2 e T S )
3:3 3(’* 0 AR Solution:
o w::A X 4+2x+1 X2 +2x+1 (impropen)
_ J' { [ _' 4 (x—2)(x+3) X>+X—6 prop
NVIR _°
A_3 X+ X—6=%x*+3x—2x—6
A=2 =X(x+3)—-2(x+3)
Put x+2=0= x=-2ineq(ii) =(x+3)(x—-2)
134
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1

x2+x—6i X2 +2x+1

_X°+XF6

X+7

XC4+2x+1 . X+7

X+x—60_ 1 '-_x_z—:_x—ﬁ'- ! )
' X7 VU
= L= (i)
[ (%FE)(5=2)
- o[ (EPNEIEE
.-JI xxr A B

= +

(x+3)(x-2) x+3 x-2
Multiplying by (x+3)(x-2)
X+7=A(x—2)+B(x+3)—(iii)
Put x+3=0 or x=-3ineq(iii)
-3+7=A(-3-2)+B(-3+3)

4=A(-5)+B(0)

4=-5A

Putx—2=0o0r x=2in equation (ii)
2+7=A(2-2)+B(2+3)
9=A(0)+B(5)
9=5B
5B=9
9

B=>
5

Putting the values of A and B in equation (ii)

X+7 / / | )

(x+3)(x— 2) X— 2 X+3

I\lh 3' tina he aliesn equatlon (1

SNINN o o .9 4

-

(x—2)(x+3) "~ 5(x—2) 5(x+3)

6x>+5x> -7

Q8 — 20 (AB+KBy [
3x* —2x— 1 SN 0
_ Solution: 5
6_'_175 Ul (im;;ro’ber fraction)
3/ 7X_
L) . ' 2X+3
X _2x— 1>6x +5x2 -7
+6x° F 4x° F2X
9x? +2x—7
+0x° F6XF3
8x-4
6x> +5x* -7 _ 8x—4
=5 = 2X+3+t————
3x°—=2x-1 3X°—2x-1
= 2x+3+28X—_4
33X —-3x+x-1
= 2X+3+ 8x—4
3x(x—1)+1(x-1)
:2x+3+8x—_4—>(i)
(x—1)(3x+1)
Consider
8x—4 A B -
— (ii)

(x—l)(3x+1) X— 1 3x+1
Multiplying by (x—1)(3x+1)
8x—4=A(3x+1)+B(x—1)— (iii)
Put x—1=0 or x=1 in equation (iii)
8—4=A(3+1)+B(0)

4=A(4 )+0 ey
4: 'A " | .'IH,':- - :-jx_ A

ol B L0, or :-,:_% in equation (iii)

ST

~1-3)

812 A(0)+ B(—

3

—§:0+ B(—ij
3 3
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_0_ 4,
3 3
3\ 4
5=8B
Or B=5
Now puttirig valursin equatior. \u)
_ &4 LA B
(x=1)13k+1) N—Li Ix+1
| Pt tte Vailes in equation (i)
6x° +5x* 7 5
> ——F—F———=2X+3+——+
3X°—2x-1 x—=1 3x+1
Example: (Page # 79) (A.B)
Resolve + into partial fractions.
(x-1)"(x-2)
Solution:
Let, 21 = A + B >+ ¢
(x-1f (x-2) x-1 (x-1f x-2
Multiplying both sides by (x—1)°(x—2),
we get
1= A(x-1)(x—2)+B(x-2)+C(x~1)°

A(X*=3x+2)+B(x=2)+C (% - 2x+1) =1 (i)
Since (i) is an identity and is true for all
values of x

Put Xx—-1=0 or
B(1-2)=1 = -B=1or B=-1
Put x—2=0 or x=2 in (i), we get
C(2-1’=1 = C=1

x=1in (i), we get

Equating coefficients of x* on both sides of (i)~
A=-C sofA=-1 "=

A+C=0 =
Hence required partial fractions.arg | / /

AN R 1 1

(x-17(x=2) x+2 (x-1) (x-1)

S tion:

Resolve into partial fractisis: —
_\.Qy I M L
o1 KEEN] [ o)

((—1)"x—2)

2“3%+1 A B C
Let . =—+ =+ (i)
(1) () xL () x2
Multiplying by (x—l)2 (x—2)
X*=3x+1= A(x=1)(x~2)+B(x~2)+C(x~1)" - (i)
X =3x+1= A(X -3%+2)+ B(x-2)+C(x" - 2¢+1)
= AX* —3Ax+2A+Bx—2B+Cx* —2Cx+C
= AX* +Cx* —3Ax+Bx—2Cx+2A+C-2B
= X’ -3x+1=(A+C)x*+(-3A+B-2C)x
+(2A-2B+C)

By comparing coefficients of alike powers
of x

1=A+C — (iii)
-3=-3A+B-2C > (iv)

1=2A-2B+C > (V)

Put x—1=0= x=1 in equation (ii)

(1) -3(2)+1= A(1-1)(1-2)+B(1-2)+C(0)

1-3+1=0+B(-1)+0
-1=-1B
B=1
Put B=x-2=0= x=2 in equation (ii)
(2)-3(2)+1=A(2-1)(2-2)+B(2-2)+C(2-1)

4-6+1=A(1)(0)+B(0)+C(1)°

-1=C e
Or C— - )

VPuty T --—1 nnqdctnn\l}
ARRRYE VAT

'-_ __.I."I_.I. A

ST A=2

Now putting values in equation (i)

X2 —=3x+1 2 1 -1
> = + =+
(x-1)° (x-2) x-1 (x-1) (x-2)

2 N 1 1

(x-2)

x-1" (x-1y
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2
Q.2 _X47x+11 (A.B)

(x+2)2 (x+3)
(LHR 2016, SGD 2016, RWP 2015)
X2 +7x+11

Solution; —8M——
(x+ 2) (x+3)

Consider ny ~
X +7x+11 17 LA Byt o

AP, )

2 (Y+Z) X+3

(x+”\ 1‘<+3)

i 1'1|p.\! ng by (x+2) (x+3)
X 4Tx+11= A(x+2)(+3)+ B(x+3)+C (x4 2f - (i)

= A(X* +5x+6)+B(x+3)+C(x* +4x+4)
= AX* +5AX+6A+Bx+3B+Cx* +4Cx+4C
= AX” +Cx’ +5AX + Bx+4Cx +6A+3B +4C
=(A+C)x*+(5A+B+4C)x+(6A+3B+4C)

By comparing coefficients of alike powers
of 'x'

1=A+C (iii)
7=5A+B+4C (iv)
11=6A+3B+4C (v)

Put x+2 = x=-2 in equation (i)

(-2)" +7(-2)+11= A(-2+2)(-2+3)
+B(-2+3)+C(-2+2)°

4-14+11=A(0)(1)+B(1)+C(0)' ~10+11=B
1=B
Or B=1

Put x+3=0= x=-3 in equation (ii)

(-3)° +7(-3)+11= A(-3+2)(-3+3)
+B(-3+3)+C(-3+2)°

9-21+11= A(-1)(0)+B(0)+C(=1)’
~1=0+0+C \
C=-1
Put C = -1 in eguaiion i
1=A+(-1)

1+ -.—A

_._‘ 3 [A._|,> |

Iy O  putting the values of A,B,C in (i)
X2 +7x+11 2 1 -1
+ +

(x+2)2(x+3) X+2 (x+2)2 X+3

\Solttion:

-\.-"\. — J - 1 \ b \ 'u_ 5, k
7 ... | | ._I'"‘\ S

2 11
X+2 {x572) XJ._E'
03, = —=roo N (2 N O@AB)
N (x 1}(>+7)
(SWL-2014, RWP 2017, SGD 2015)

9 A B C

Let > = + +
(x-1)(x+2)" x-1 x+2 (x+2)

Multiplying by (x—l)(x+2)2

9= A(x+2)" +B(x=1)(x+2)+C(x~1) - (ii)

9= A(X* +4x+4)+B(x* +x—-2)+C(x-1)

0X* +0x+9= AX’ +4AX+4A+Bx* +Bx—2B+Cx-C

0x* +0x+9 = Ax® + Bx* + 4Ax+ Bx
+Cx+4A-2B-C

0x* +0x+9=(A+B)x*+(4A+B+C)x
+(4A—ZB—C)
By comparing coefficients of alike powers
of 'x’
0=A+B— (iii)
0=4A+B+C — (iv)
9=4A-2B-C - (V)
Put x—1=0= x=1 in equation (ii)
9=A(1+2)" +B(1-1)(1+2)+C(1-1)
9=A(3)"+B(0)+C(0)
9=9A+0+0
9=9A
Oor A=1

Put x+2=0= x=-2 in equation (ii)

nd()

9=A(-2+2)+B(-2-1)(- 2+2)+C(—?—1_)._ A -~

9=A(0)+B( 3)(0\ 5 C [ 3; _
 O=T o3 | (o \oE
VA GRADD
¢ C=-3 -
Put A = 1 in equation (iii)
0=1+B
Now putting the values in equation (i)

9 1 -1 -3
= =t ——+ .
(x-1)(x+2)" x=1 x+2 (x+2)
1 B 1 B 3
Cx—=1 X+2 (x+2)2
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x* +1
Q4 x*(x-1)
Solution:
Kl Xl (impropér "ractio;‘-‘-'
X (x-1) xX’-x° \ 7\

(K.B + A.B)

X* +1 A+ B
x*(x-1) x x°
x> +1= Ax(x-1)+ B(x—1)+C(x2)
X* +1= Ax* — Ax+Bx—B+Cx®
X* +0x+1= Ax* +Cx* + Bx— Ax—B
=(A+C)x*+(B-A)x-B
By comparing coefficients of alike powers
of 'x'

Let +— ¢ — (i)
x-1

1=A+C— (iii)
0=B-A—> (iv)
1=-B — (V)

From equation (v)
B=-1

Put in equation (iv) — )

0__1 A o 1

A=-1 = \ )

Put in equatiar Unl'_

1=-1+C VoL
-.]l ‘1.-'

.

NINIS \J\N

Now putting the values in equation (ii)

(x-=1) X xz_—J
___.1-_;1'_*_2"

VX R x=T
Mow.puiting the values in equation (i)
X4+1 —X+l_1_i i
x?(x-1) X xX° X-

Q5 xvd (A.B)

(3x+2)(x+1)
Solution:
Let Tx+4 > = A + B + ¢ (i)
(3x+2)(x+1) 3x+2 x+1 (x+1)

Multiplying by (3x+2)(x+1)2
Tx+4= A(x+1) +B(x+1)(3x+2)+ C(3x+2) - (ii)
0X* +7x+4=A(X* +2x+1)

+B(3x2 +3x+2)+3Cx+ZC

= AX? + 2Ax+ A+3Bx* +3Bx + 2B + 3Cx + 2C
= Ax® +3Bx? + 2Ax+3Bx +3Cx+ A+ 2B +2C
0x? +7x+4=(A+3B)x*+(2A+3B+3C)x

+(A+2B+2C)

By Comparing coefficients of alike powers
of x
A="?
0=A+3B — (iii)
7=2A+3B+3C — (iv)
4=A+2B+2C > (V)
Put x+1=0, x=-1 in equation (ii)

) e v _—
7(-1)+4=A(-1+1) +B(-L+2 0[3(_;_1).4 A0
. —7+4 0+ .L( 3.+ ?) \ W
| Sfatega AN [ N
i 'O 7,:3 =
Pur A=251n equatlon (|||)
0=-6+3B
6=3B
Or B=2
Putting all the values in equation (i)
7X+4 6 2 3

= + +
(3x+2)(x+1)2 3X+2 x+1 (x+1)2
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1

°0 ey (A-8)

Solution:
1 A B

et 5 = + - T

(x=1)"(x+1) x-1 (x-1) qul
Multiplicatior! b\ (XD X%
1= A(x-1)(x+1)+"

%2 [ A( -_,(x+1)+B(x+l)+C(x—1)

Nk onri- A(x ~1)+B(x+1)+C(x* - 2x+1)

= AX* +Cx* + Bx—2Cx— A+B+C
=(A+C)x*+(B-2C)x+(-A+B+C)
Comparing coefficients of powers "x'

0=A+C (iii)
0=B-2C (iv)
1=-A+B+C (V)

Put x—1=0= x=1 in equation (ii)
1= A(0)(1+1)+B(1+1)+C(0)’
1=0+B(2)+C(0)
1=28B
Or le

2
Put B :% in equation (iv)
ozé—zc
2c=1

C=

O I
NS

Put ‘11 in equation (iii)

0: A—l—l .“:‘:: .'.. ._-....-'.'%:'H.- I__
4 \

1_

A
1\c>w pLLing the values in equation (i)

1t h N

(x—l)z(x+1) x=1 (x- 1) X+1

A:

3 (D e )

. Sclution:

f'(x+’712

LT \

1 -1 1 1
(1 (x+1) A1) 2beerr - A(3
- T\ L= /

AE3IRK6% |

—_— e

(A.B)

3x? +15x+16
(x+2f

_ 3x*+15x+16
X*+4x+4

(improper fraction)
3
X%+ AX + 4)3x2 +15x +16
+3x° £12x +12
3x+4
3Xx+4 .
_ i
X2 +4x+4 T ®

3x* +15x+16
(x+2)°
3x+4 A B
+

Let > = >
(x+2)° X+2 (x+2)

Multiplying by (x+2)°
3x+4=A(x+2)+B

3Xx+4=Ax+2A+B

By comparing coefficients of powers of 'x'
3=A (iii)

4=2A+B (iv)
From equation (iii)

A=3

Put in equation (iv)
4=2(3)+B

4=6+B )
4-6=B A

B2~ [ 75 | =

Now put*mg V('IU"‘S in equafmfi i)

y By s\ A )

i A 2L
x+2 (x+2)
32
X+2 (x+2)2
Now putting the values in equation (i)
3x*+15x+16 3 2
= =3t ;
(x+2) X+2 (x+2)
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1

(x*=1)(x+1)

Solution:

Q.8 (K.B + A.B)

1
(xz—l)(x+\ \x+1\(x ;}(x+) /

7

'J,' h_'t‘t-/—_—;l' 2:' ALEB L C > (i)

(x-1)(x+1)" x-1 (x+1) (x+1)
Multiplication by (x—1)(x+1)°

1= A(x+1)+B(x—1)(x+1)+C(x—1) > (ii)

Put x—1=0= x=1 in equation (ii)
1= A(1+1)" +B(0)+C(0)
1=A(2)’

1=4A

:>A:l
4

Put x+1=0= x=-1 in equation (ii)
1= A(-1+1)+B(-1-1)(-1+1)+C(-1-1)
1=A(0)+B(0)+C(-2)
1=-2C
1

=>C=-—=

Equation (ii)

0x*+0x+1= A(x+1)" +B(x~1)(x+1)+C(x-1)
= A(x2 +2x+1)+ B(x2 —1)+Cx—C
= AX* +2Ax+ A+Bx*-B+Cx-C

— AX? +BX® + 2Ax+Cx+ A-B—C () _
(A+B)x +(2A+C)x+(A-BACY |
By comparind._ (;J=ﬁac|c*'its of al k= pr)vve\:

Of X T | .'
0= A% _-__'-._'-_'-.j_';'ii-J),-- '
A oI ()
NP AE=C ()

Put A:% in equation (iii)

(D (x+1)

O=E+B
4

B—_1
4

\ NGw putting val! Jec i equat.ion (1)
P b bl
X— 1 X+1 (x+1)
- 1 1y 1
(x=1)(x+1)° 4(x-1) 4(x+1) 2(x+1)’

Example: (Page # 80) (A.B)

11x+3

Resolve ————— into partial
(x —3)(x2 +9) P
fractions.
Solution:
11x+3 A Bx+C
Let, =

(x—3)(x2 +9) - (x-3) 9
Multiplying both the sides by
(x—=3)(x*+9)on both sides

= 11x+3=A(x2+9)+(Bx+C)(x—3)

11x+3= A(x2 +9)+ B(x2 —3x)+C(x—3) — (i)
Since (i) is an identity, we have on
substituting x =3

33+3=A(9+9)
= 18A=36
= A=2
Comparing the coefficients of x_z_ ,

and x on both sides.s<%), we gat
A+B:0 - y | ,I'H'-_- A1 .. .\“
—3%+L -—11
| --:>—3(—2)+C 11
=C=5
Therefore, the partial fractions are
2  -2X+5
—
x-3 x°+9
11x+3 2 +—2x+5
(x=3)(x*+9) x-3 x*+9

Thus
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Resolve into partial fractions.
3x-11
dl —
Q (x+3)(x2 +l)
Solution:
Letﬂ';-__: ._A S
(x+3)(x* 5} | %¥3
Multinlying by (x'+'3\.)"( X +4]
;3*/-—_11% A('x" +i)+(Bx+C)(x+3) — (ii)
3x—11= Ax* + A+ Bx* +3Bx +3C +Cx
3x—11= Ax* + Bx* +3Bx+Cx+ A+3C
0x* +3x—11=(A+B)x*+(3B+C)x+(A+3C)
By comparing co-efficient of alike powers
of x

0=A+B (iii)
3=3B+C (iv)
-11=A+3C (V)

Put x+3=0= x=-3 in equation (ii)

3(-3)-11= A|(-3)" +1]+(B(-3)+C)(-3+3)

—9-11=A(9+1)+(Bx+C)(0)

—20=A(10)+0

Or A=-2

Put in equation (iii)

0=-2+B

B=2

Put in equation (iv)

3=3(2)+C

3=6+C

3-6=C )

-3=C '

C=-3 "'-. \ _-;--v'l-

Now putting in e(uatlnu) A
2l 0 Ll ex =3

RN =k e
.._(,<+I O J-lj “x+3 X +1

3x-11 _2x-3 2
(x+3)(x2+1) x*+1 x+3

. ;}%;?

3X+7
2 - A.B)-
Q (x2+1)(x+3) . (' A
_ _ L (SWe 2015 M 285
Soluticn: -
- Ltl 3% _'-_I_'. - A\; + B ( )
) \x '\..}(X-FS) X2 +1 x+3

B Multlplylng by (x +1)(x+3)

3x+7=(Ax+ B)(x+3)+C(x2+1)—>(ii)
0x? +3x+7 = AX* +3AX+Bx+3B+Cx*+C
= Ax®* +Cx? +Bx+3Ax+3B+C
=(A+C)x*+(B+3A)x+(3B+C)
By comparing coefficients of alike powers
of x

0=A+C (iii)
3=3A+B (iv)
7=3B+C (v)

Put x+3=0 = x=-3 inequation (ii)
3(-8)+7=(A(-3)+B)(0)+C| (-3)" +1]
~9+7=C(9+1)
~2=0+C(10)
2 _¢
10
:>C:—1
5
Put in equation (iii)
0=A-=
5
Or A:1 P
.-5 | ™
Put in-equation (iv) ~ -
3 3(1\;3' i AN
—a

- 3==+B
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.'-. "-.

:>B:E
5
Now putting values in equation (i)
1. 12 1
x+7 55 5
(x2+1)(x+3:)_ X+l x5
“(412) =
AT T B(e)
N RS _ox+12 1
- (x2+1)(x+3) 5(x2+1) 5(x+3)
1
3 — A.B
Q (x+1)(x2+1) (A-B)
Solution:
Let 1 __A Bx+(1:_(i)

(x+1)(x2+1) x+1+ X% +
Multiplying by (x+1)(x*+1)
1:A(x2+1)+(Bx+C)(x+1)_(ii)

= Ax* + A+ Bx? + Bx+C +Cx

= Ax* + Bx? + Bx+Cx+ A+C
0x* +0x+1=(A+B)x*+(B+C)x+(A+C)
By comparing coefficients of alike powers
of x

0=A+B (iii)
0-B+C (iv)
1= A+C (v)

Put x+1=0— x=-1 in equation (ii)
1= Al (1) +1]+(B(-2)+C)(0)

1=A(1+1)+0

1=A(2) o,
or A== T\ o~ VL
2 AN T, v | . T, \ ]
Put in equation)(iii, |\ W
Q_: "'.‘.-‘_ E gy
EANIAN
'.-.r %, 1.
B=-—=
2

Put in equation (iv)

.. (_x:l)(x2 +1) - 2(x+1)

(O Janey

V1] 1 1
—L4 X+
2 n 22 2
X°+1

1 R U

(x+1)(x*+1)  2(x+1) )
1 1

x-1
- (x+1)(x* +1) T 2(x+1) 2(x* +1)
Ox—-7
(x+3)(x2+1)
Solution:
9x -7 A
Let =
(x+3)(x*+1) x+3
Multiplication by (x+3)(x*+1)
9x—7 = A(X* +1)+(Bx+C)(x+3)__(ii)
= AX* + A+ Bx? +Cx+3Bx+3C
= AX* + Bx* +3Bx+Cx+ A+3C
0x* +9x—7=(A+B)x*+(3B+C)x+(A+3C)
By comparing coefficients of alike powers
of x

Q.4 (A.B)

Bx+C )
i
x?+1 —®

0=A+B (iii)
9=3B+C (iv)
—7=A+3C (v)

I 7= a8 Ao

27 Al e |

34
10
17
5
Put in equation (iii)

O=—£+B
5

A=
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B2/
5

Put in equation (iv)

9= 3[17} +C
5

9_.5,]_' =C!

c=-2
5

Now putting the values in equation (i)

7 M-8
9x -7 B 5 5 S

(x+3)(x2 +1) __(x+3)Jr x* +1

1
7 (17x-6)
+

5(x+3) x?+1
17 17x-6
5(x+3) 5(x2+1)
9x -7 _17x—6_ 17

(x+3)(x2+1) 5(x2+1) 5(x+3)

3X+7
5 _—
Q (x+3)(x2+4)

=

(A.B)

(SWL 2015, MTN 2015)
Solution:

3X+7 A Bx+C

Let AT L iy

(x+3)(x2+4) X+3

3\(\& -Fv41

3X+7= A(x 14 (B(+C)(»ua) ()
I' AX LLA+h,/<+3Bx+Cx+?>C

Multiplying ty i

"-.ﬁjl = AX? +BX® +3Bx+Cx+4A+3C
0x* +3x+7=(A+B)x* +(3B+C)x+(4A+3C)

By comparing coefficients of alike powers
of X,

™ \

0=A+B (iii)
3=3B+C _______—(iv)
7=4A+3c~ [ [~ \w){

L RUt X 43720 Tix = 5:3Nn equat;or )

- 3(43, +7—,\[\ 144 (B(-8)+C)(-3+3)
A 9T 7 = A(9+4)+0

—2=A(13)
__2
13
Put in equation (iii)
0--28
13
_2
13
Put in equation (iv)
3=3{3}+C
13
3=£+C
13
3—£+C
13
39-6
13
33 _
13
33
13
Now putting the values .||.w0 qtlon (F)
_,-;?-3§.+_‘-?F-._-f._ |\ s bas” utl
(> L3)(ﬁ_>(__2"+4 B(N+38)  x*+4
L 2x+33
) 5 +13( X +33)
13(x+3) X*+4
3x+7 2X+33 2

- (x+3)(x*+4) :13(x2 +4) 13(x+3)
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X2

.6 A.B
Q (x+2)(x2 +4) (A-B)
Solution:

2 o
Let X A Bx +C, (iv-

= + —
(x+2)(x*+4) x+2 X+ 77
Multiplying by_,('><-.+;?.}(x.Z 54.\;' ' '
X2 = A(x2 4 4) =(Bx4C) X+ ’)_ i)
A L A3t £ 1Bx2 ¥ 2Bx + Cx+ 2C
I /| = AX® 4+ BX? +2Bx+Cx+4A+2C
X*+0x+0=(A+B)x* +(2B+C)x+(4A+2C)
By comparing coefficients of alike powers

of x
1=A+B (iii)
0=2B+C (iv)
0=4A+2C (v)

Put x+2=0= x=-2 in equation (ii)

(=2 = A[(_zf +4]+[B(_z)+cj(o)

4=A(4+4)+0
4=A(8)
4=8A
A=
2
Put in equation (iii)
1:£+B
2
1—l= B
2
2-1_g
2
_1 : )
5 .

Put in equatipn (iv). -

S\ 0

gl
! sow putting values of A,B,C in equation (i)

XZ - ;_X‘l‘(—l)
(x+2)(>_(2+__4.}: X1) “_,\)_Jr4_ :
1 §(X‘2)
2(x+2)  (x*+4)
- x? _ 1 . X—2
(x+2)(x2+4) 2(x+2) 2(x2+4)
Q7 1t (K.B + A.B)
x*+1
Solution:
1 _ 1
x®+1 (x+1)(x2—x+1)
1 A Bx+C .
Let =
e 1_(|)

(x+1)(x2—x+1) X1 X —x+
Multiplying by (x+1)(x* —x+1)
1= A(xz—x+l)+(Bx+C)(x+l) (i)

1= Ax* — Ax+ A+ Bx? + Bx+Cx+C

1= Ax?+Bx? + Bx+Cx— Ax+A+C
0x*+0x+1=(A+B)X’ +(B+C-A)x+(A+C)
By comparing coefficients of alike power of x

0=A+B (iii)
0=B+C-A (iv)
1=A+C (V)

Put x+1=0= x=-1 in equation (ii)

1= Al (-2 —(—1)+1]+[B(—1)+C:|(—1+.1.) e

1= A(1+1+1)+(Bx+C)(B8) ™,
1=A(3\+0, . | VoL =

N |

|\ “~Ru ifrequation (i)

) LT \

O:E+B
3

B=—2
3

Put Azé and Bz—% in equation (iv)
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O:—E+C—E
3 3
C:1+1
3 3
.2
3 1Y
Now putting \,qlues In cquqtlcn (U
ARLARREMY
_ A AN s 3
J (¥ I—J.\IX Lxi ) (x+1) X -x+1
TR 1
1 —é(x—Z)
= +
3(x+1)  x*-x+1
N 1 1 x-2
(x+1)(X* —x+1) 3(x+1) 3(x*—x+1)
2
Q8 X* (K.B + A.B)
X*+1
Solution:
x*+1 X*+1
X +1  (x+1)(x* - x+1)
2
Let X“+1 _ A N Bx+C —>(i)

(x+1)(x2—x+1) X+1 X2 —x+1
Multiplying by (x+1)(x2 —x+1)
X? +1= A(X* = x+1)+(Bx+C)(x+1) __ (i)
= Ax? — AX+ A+ Bx* + Bx+Cx+C
= AX* + Bx®* — Ax+Bx+Cx+A+C
X* +0x+1=(A+B)x*+(B+C—A)x+(A+C)
By comparing coefficients of power of x

1=A+B (iii)
0=B+C_A (iv) )
1=A+C (V) '

Put x+1=0=>x =21 in equation (i) /
(—1) + (L AT( 12-4:1 +1J+[3 1‘#(‘?\

A!l +1+1)+ 0.

2
3
Put in equaticn || )

_1:<-.—+_E

A=

I\J

Putting the values in equation (i)
2 x 1
X+l 3  3'3
= -
X*+1 3(x+1) x*-x+1

1
5 5(x+1)
= +
3(x+1) X2 —x+1
NG +1 2 X+1

Tl 3(x+1) 3( x+,)

m! :. (?;_.._ b,

) i

. —2X7 2
- Rﬂ*ohve- —r——= [injo partlal fractions

g . X2 -1—1)
- Sdfutlon.
x® —2x% —
(x2 +l)2
degree of numerator is less than the
degree of denominator.

is a proper fraction as
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x*-2x*-2 Ax+B Cx+D 1=A (i)
et = = T v 0=B G
(x*+1) (x*+1) 0=4ATC— [ |~ (W)
Multiplying both the sides by (x* +1)", GdB4 D (O (v
\ ~rorn equation {iir) and (iv)
we have PR
x*—2x% =2 = (AFB) (X + =T +D [ N .
1R \ A Put A =1 in equation (v)
X! —2x* = 2= A X I—))ﬂ—t%('Xz.i—:;)-l_(:X'i-D 51) 0=4(1)+C
Equating-thi: coefficitrits|ofd constant on 0=4+C
_ meb;tn‘::';iue_sw."(i). ' C=_4
. JI Joafficients of x*:  A=1 PutB =0 in equation (iv)
Coefficients of xX*: B=-2 0=4B+D
Coefficients of x: A+C=0=C=-1 0=4(0)+D
Constants: B+D=-2—(ii) D=0
Putting the value of B in equation (ii) Putting the values in equation (i)
D=-2-B x> x40 . —4x+0
=-2-(-2) (+a) X +4" (2 sa)
=-2+2=0
5_0 . X X 4x
- = — —
ThUS, (X2 + 4)2 X2 +4 (X2 + 4)2
x2—2x2—2 X-2 —x+0 41 3x2
: : 02 X" +3x"+x+1 (K.B + A.B)
2 T (2 2 1Y
(x*+1) (x*+1) (x+1)(x* +1)
XP-2x2 -2 x-2 X Solution:
2 T2 o 2 4 2
(XZ +1) X“+1 (x2+1) LetX +3X erx+}: A1+B>§+§:+ D2><+E2 ()
x+1 X2+
(1) 41 [+
Resolve into partial fractions. Multiplying by (x+1)(x2 +1)2
X3
Ql ——= (K-B + A.B) X +3x* + x+1=A(X’ +1)2
(x*+4) _ -0
2 el )
Solutions: (Bx+C)(x+1)(x +1)—\ 3 _.».__)\X+L)—>f !):
’ —— | A{ 042 1) (+Tx
Lot X 2:A>2(+B+CX+D7 @D __ ?<+ 1+-r_x +B+ X8 (X + )
(x2+4) X*+4 (x2+4) = aVila Wi W+ D+ Bt E
. — Nt FARVAEY I x4+l
Multiplying bi7 [ix? 4, 4). - \ S
PYIng (; VAV ey U “\ = Ax* + Bx* + Bx® +Cx* + 2Ax* + Bx® +
‘(AX+B)(' ) C T L ity Cx? + DX? + Bx+ Cx+ Dx+ Ex+ A+ C +E
_ !\l WA, R 4B 4+ Cx+ D =(A+B)x*+(B+C)x*+(2A+B+C+D)x*
J' I" *OX3+UX +(B+C+D+E)x+(A+C+E)
. = AC+BX°+(4A+C)x+4B+D By comparing coefficients of alike powers
By comparing coefficients of alike X'
powers of “ X’
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1=A+B (iii)
0=B+C (iv)
3=2A+B+C+D (v)
1=B+C+D+E (vi)
1=A+C+E (vii)

Put x+1=0= x=-1 in equation(ii)
(-1 +3(-1) 22 Al () +i'_]2 :
+[B(-D+C (o)A DY 1) £ 0)

5, _IL.'t _3 \l) |—l-i-_l = /—‘\'\l+1) +0

4=4A
A=1
Put in equation (iii)
1+B=1
B=1-1
B=0
Put in equation (iv)
0+C=0
C=0
C=0
Put A=1,B=0 andC =0 in equation (v)
2(1)+0+0+D=3
2+D=3
D=3-2
D=1
Put A=1,C =0 in equation (vii)
1+0+E=1
E=1-1
E=0
Now putting the values in equation (i)
'3 +x+1 1 +0(X)+O+1(X)+0
(x+1)(X*+1)  x+1 x*+1

X +3x%+x+1 1 N >-'_
X+1 x¢11§ X+1 -

( + )( \;2-"'/._ ! "'. \ ".2( ) ""\.\
Q.3 A (KP¥AB)

N

Bhibtion)

X A Bx+C Dx+E

.Let = + + - (i)

(x+1)(x2+1)2 x+1 (X2+1) (x2+1)2

(x? +1)2

! .__.-"

(RN _P =

Multiplying by (x+1)(x’ +1)

X' = A(x +l)2 +(Bx 'r“\('l'{lr_.l‘jfx‘ +1)

N [

(ux+ )\x+l

._x ks ﬁ(fg f1d 2% )+_(FJX+C)(X+1)(XZ+1)
~(Dx+E)(x+1)

x? = Ax* + 2AX° + A+ Bx* + Bx? + Bx® + Bx
+Cx®*+C +Dx*+ Dx+Ex+E

= 0x* +0x° + x> +0x+0

=(A+ B)x4+(B+C)x3+(2A+ B+ D)x2
+(B+D+E)x+(A+C+E)

By comparing coefficients of alike powers
of 'x'

A+B=0 (iii)
B+C=0 (iv)
2A+B+D=1 (V)
B+D+E=0 (vi)
A+C+E=0 (vii)

Put Xx+1=0= x=-1 in equation (ii)
(—1f==A[p4)2+1}-+[B(—1)+C](o)
D=2
+[D(1%*EMD)
= A(1+1)°+0+0
1:/W2f
1=4A
Aol

Putln equafmn |n-;~._' 5y

'—+B r) , R

i
4 - -
Put in equation (iv)

—1+C:O
4

1

S

Put A== and C :% in equation (vii)

1,
4
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Partial Fractions

—+—+E=0
4 4

Now, nutting the, vi | i} n hquation (i)
TR RN py

4

1 +—4(x 1)+2(x—1)
4(x+1)  x*+1 (x2+1)2
X 1 x1 o x-d
(x+1)(x*+1) 4(x+1) 4(x+1) 2(X2+1)2
2
Q.4 A (K.B + A.B)
(x=1)(x*+1)
Solution:
X? __A Bx+C Dx+E ()
- 2 2

(x—l)(x2+1)2 X=1 X7+l (x41)
Multiplying by (x—1)(x? +1)2
x? = A(x2 +1)2 +(Bx+C)(x—1)(x2 +1)

+(Dx+E)(x—1) —(ii)

xZ:A(x4+2x2+1) (Bx —Bx+Cx! (f)(x J,\}'. /
+Dx* —Dx + Ex= { \ W A
}

0x* +0x3 + X2 —Lx+') ‘\>+9Ax+A

+Bx? — RX’5 B_'+_Cx —-C'>( _Ox=C

+blx-~|L';'f [ =g
W ;
—("+B)x +( B+C)x*+(2A+B- C+D)

+(-B+C-D+E)x+(A-C-E)

By comparing coefficients of alike powers
of x e
0= A+B —, (i}

=B om0 N (N O,
- -1__2’3\__E C+D|_ (V)
oR-BACHD+E [ (vi)
0= A-C-E (vii)

“Put x—1=0= x=1 in equation (ii)

(1 =A@ +1}2

+(B(1)+C)(1—1)[(1)3 +1}+[D(1)+ E](0)
1= A(1+1)° +0+0

1=A(2)

1=4A

a=1
4
Put in equation (iii)
0:1+B
4

-1
4

Put in equation (iv)
0= —[—E} +C
4
O:1+C
4

:>C:—l
4

1

Put A_Z and C ——1 in Pq.ﬁtlon (yu) \Ya\

i | -
S §

Put in equation (vi)

Lo
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1 1 1 2
0==_>_D4+= 4x +42 :A)Z(+B+ Cx+D.A i)
4 4 2 (X2+2) X*+2 (x?-:.Hz_')‘._ o
:Dzl r zr f
2 \ I\f!r._llt,pl_\_/t'y__(xl -_—4) an potk-sides
Putin eq_gat!-?n W N { AR AE AKX+ B)(x2~'+.2)+Cx+ D
, - R—ﬂx—-_l1 AL 4x* +4 = AX® +2Ax+Bx* +Cx+D+2B
X A ‘-L 1\ SR ) 2 2
T \\\ ])_?T_if__xzﬂ +(x2+1)2 0X* +4x* +0x+4 = AX’ + BX’ + 2AX+Cx+D+2B
J ," '_i By comparing coefficients of alike powers
—1(x+1) 1(x+1) of 'x’
__1 +4 42
4(x-1) x°+1 (Xz+1)2 0=A (iii)
4=B (iv)
2
” 1X 1 4(><1 1) 4()>(<2+i1)+2 )(:112 OmEAre )
X=X+ X+
( )( ) ( ) 4=D+2B (vi)
4 . _
Q5 X i (K.B + A.B) Equation (iii) => A=0
(x*+2) Equation (iv) = B =4
Solution: Put A=0 inequation (v)
X X 0=2(0)+C
(X2+2)2 X' +4x* +4 —~C=0
(improper fraction) Equation (vi)
4=D+2B
1
x4+4x2+45 x* 4=D+2(4)
4 2
X" +4x°+4 A-D+8 _
2 T R ’
x4 — D.=4f*8'.;-_ N | 7 Wt
—(4x* +4) L\ ID—- { '_ AN
x* 1 A +4 ; ) B mlng the valucsm equation (ii)
2 AR - L ™ B
(¢ +2) AR 2'* ”“\ - 4°+4 _Ox+4 Ox-4
. A2 (X2+2)2 X" +2 (x2+2)2
= |-,~'."I. Xipl (4—+42 () . .
INTA (¢ +2) __4 4
) - X°+2 (X2+2)
Consider

Now putting the value in equation
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x* I
(x2+2) X +2 (x2+2)
N x* 4 o
(x*+2) X242 L2\ 9)
Q.6 OV (e e AE)
(/2 3 1) o | R
N ... h ! I . I
i {| Soidtion:
X5 _ X5

(XZ +1)2 Cxtr2x? 41
(improper fraction)

X

x“+2x2+1ix5
+x°+2x% + x
-2x3 —x
X° s —2x° —X
x*+2x% +1 x* +2x% +1
x° 2X3 + X )
2 =X 2 _ (@
(x2+1) X" +2x° +1

et 2X3 + X _ Ax+B+ Cx+D (i)
(x2+1) x*+1 (x +1)2 o

! -

Multiplying by (—:’2 +1)2__ .

1 |’ ¥ ']
14 1 o i % (5 '_- 1Y
AT L | ™
| L LT k& 1 , o

2x% + X= (A-._\( 4 13)';.’?(2 '-'1—1-_) _JE:('C-“x-"Jé L))
. |' \ Y -
NI\ RS R+ A+ B + B x4 D

2% +X=AC +Bx? + AX+Cx+B+D

2x3 +x = A + Bx? +(A+C)x+(B+D)

By comparlng cop"'-flcpnr* or aiike| pomewc

Yo O\ WM [ (O,
AL 2\ i)
R0 (iv)
A+C=1 (V)
B+D=0 (vi)
From equation (iii) and (iv)
= A=2
B=0

Put A =2 in equation (V)

2+C=1

C=1-2

C=-1

Put B =0 in equation (vi)
B+D=0

0+D=0

D=0

Putting the values in equation (ii)

2% + X 2X X

(1) X+L (x241)

Put in equation (i)

N\,
K
[

X § | "‘;
(4 | X N Dy (|
x 2xl | X

S — =Xt

(x +1) X"+ (x +1)
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Miscellaneous Exercise 4 _

Q.1  Multiple Choice Questions _ .
Four possible answers are given for the following question. Ficiz (+)) thi Ccoirect arsaess

(i)  The identity (5x+ 4)2 =25x% +40x+16 is irue for; (swiL2015) ' K3+ A.B)
(a) One value of x ' = () Twa v liiel of ¥
(c) All valsies of x / o _Xd, ilonear these

. . N |
(i) A funciion'of the forr 'f (s(\ = BE S ~with D(X) #0, whereN (X) and D(X) are
A ’ X

poivhomiaistin x1s called; (K.B + A.B)
() An 1dentity (b) An equation
(c) A fraction (d) Algebraic relation

(i) A fraction in which the degree of numerator is greater or equal to the degree of
denominator is called; (GRW 2017, RWP 2015, 17, FSD 2015) (K.B + A.B)
(a) A proper fraction (b) An improper fraction
(c) An equation (d) Algebraic relation

(iv)  Afraction in which the degree of numerator is less than the degree of the
denominator is called (GRW 2014, 15, 16, FSD 2017) (K.B + A.B)
(a) An equation (b) An improper fraction
(c) An identity (d) A proper fraction

v) 2 g (K.B + A.B)
(x+1)(x-1)
(a) An improper fraction (b) An equation
(c) A proper fraction (d) None of these

(Vi)  (x+3)"=x?+6x+9is; (LHR 2014, 15, 16, MTN 2015, SWL 2015, D.G.K 2015) (K.B + A.B)
(a) A linear equation (b) An equation
(c) An identity (d) None of these

wiip — X s, (K.B + A.B)
(x-1)(x+2) ) )
(a) A proper fraction (b) An improper fraction
(c) An identity (d) A constant term

(viii) Partial fraction ofx;2 are of the form; 1< <K\B -_il_'ALls_)_:' \

(x-1)(x+2) A XN 7o \o

A B W AWVE N N N
(@) 4 = Vo O A i A BN
Xx—-1 Xx+2 71 Xi=d W+2
A By+C S8 AXAB
ST L) () T
( ) X =55 I 2 _.x \ - ! x—1 X+2
(iX) _ Pargial fraction|oii————are of the form; (GRW 2014, RWP 2017) (K.B + A.B)
NN ~(x+1)(x* +2)
SR A B A Bx+C
M (@) —+ b) —+
@) X+1 x> +2 () X+1 x*+2
Ax+B C A Bx
C + d —+
© X+1  x*+2 @ X+1 x*+2
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2

X +1
(x+1)(x-1)

(x)  Partial fraction of

are of the form;

(K.B + A.B}

nie
@~ B (M 14+ 1 B
X+1 x-1 (+1 o x-1
M L=
© 1+ B o2t BY
x5l I x=1 WA (x+1) x-1
|
cl|c|b]|d bl a|bjc
Q.2 Write short answers of the . 5x  6x*
following questions. For example: x+2 x+1 etc.
(i) Define arational fraction.  (K.B) (iv)  What are partial fractions?  (K.B)

Ans:

Rational Fraction

i N (x

An expression of the form ( ) where
D(x)

N(x) and D(x) are polynomials in x with real

coefficients is called a rational fraction. The

polynomial D(x) =0

X* +4
For example

where X # 2

(i)  What is a proper fraction?
Ans:

Proper Fraction

A rational fraction

(K.B)

N (x)
D(x)’
called proper fraction, if degree of the
polynomial N(x) is less than degree of the
polynomial D(x)
2 5x-3
X+1' x2+4

where D(x) = 0 is

For example: ——

Ans

improper Fractionl

‘d_lx
A H1|o1ci rra(LU‘ >

where D(x) 0 is

called an improper fraction, if degree of the
polynomial N(x) is greater than or equal to
degree of the polynomial D(x).

etc. \

(i)  What is A mproppr fr au'c*ﬂ (K B)

Ans:

(LHR 2016, FSD 2016, BWP 2014, RWP 2016, 17,

MTN 2016, 17, SWL 2017, SGD 2017)

Decomposition of resultant fraction into its

components or into different fractions is

called partial fraction.

(v) How can we make partial fractions
X—2

f—— — 7 K.B

° (x+2)(x+3) ( )
Solution:

X—2 A B .
Let =
¢ (x+2)(x+3) x+2+x+3 ~(0)
Multiply by (x+2)(x+3)

x—2=A(x+3)+B(x+2) — (i)
Put x+2=00rx=-2in equatlon (||)

—2-2=A(- 2+3\+B(u

| ‘-4 A\J.\ 0 L L P ..ﬁ_.
S AR N
_ Put x+? 05 x_—3 A equatlon (i)
A= A(0)+ (—3+2)
-5=0+B(-1)
-5=-B
=B=5
Now putting the values in equation (i)
X—2 —4 5
= +
(x+2)(x+3) x+2 x+3
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. 1 . . . 3=-2A
(vi)  Resolve ——into partial fractions. 3
-1 S A
(A.B + K.B) -2 s
Solution: Qrae 3
(LHR 2016, 17, GRW 2016, 17, SWL 2917, R '\/P AT
2017, BWP 2015, 16, 17, MTN 2017, St3D 2074, /| — '
15, 16, 17) . __ AL Put 1:’)'>"x Tin’ equal (ii)
LI AT A\ o) 3=A(0)+B(1+1)
ARG AR ABI = 3-0+28
L et -_-“1_—-: AR N 3=28
e ‘ \(—)-' x+1 x-1 E—B
I (| .E\Iul |ply(x+1)(x 1) on both sides 2

1= A(x=1)+B(x+1) — (i) org=2
Putx+1=0= x=-1in equation(ii) 2

Now put the values in equation (i)
1= A(-1-1)+B(0)

1=-2A+0 3 _—3 §
1=-2A -2, 2
1 (x+1)(x— 1) x+1 x-1
=A== 3 3 .3
Put x—1=0= x=1in equation (ii) (x+1)(x— 1) 2(x+1) 2(x-1)
1=A(0)+B(1+1) 3 3( 1 1
_ 0 =2 -
1;2;28 r(x+1)(x—1) Z(X—l x+1)
—B :l (viii)  Resolve > into partial fractions.
2 (x—3)
Now putting the values in equation — (i) (A.B + K.B)
11 (FSD 2015, RWP 2014, D.G.K 2014)
1 5 3 Solution:
= + X A B .
(x+1)(x-1) x+1 x-1 Let > = + > — (i)
11 (x=3)" x=3 (x-3)
x2-1 2(x+1) 2(x-1) Multiply by (x — 3) on both s des -
(vii) Find partial fractions ofL XEAIFEE N | e
X+1)(x-Ly- ) A 2AHBY | N
_ (BWP 2015, SGD 2055, /| — X 0'= AX-\3A4 B} | |
Solution: (1L By kormibarig coefficient of alike powers of
Let 3 A A 7 __- »\& WM Tt T
(x+1)(x— ) VA EAEY ' 1=A — (i)
Multinh=hy i x 4, 1)f< l\cn J"oth S|des 0=-3A+B — (iii)
. J"..j_.,3-:—_-:|M\¥'--1)-+~(X+1) > (ii) A=1Put in equation i)
" Ot x+1=0=> x = —1in equation (ii) 0=-3(1)+B
3=A(-1-1)+B(0) 0=-3+B
3=-2A+0 OrB=3
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Now putting the values in equation (i)
X 1 3
2 + 2
(x=3)" x=3 (x-3)
(ix)  How we can make the partia! .fractinr_ls'

X E
(x+aM i—e) ™

| {A.B '+ KB + U.B)
- J I'- -‘-IS'..\i-JtiUll_l '
' X A B

Let =
© (x+a)(x—a) x+a+x—a

Multiplying by L.C.M i.e.(x+a)(x—a)

(x+a)(x—a)(

x+a)(x—a)

-(cra)(x-a) 2o (ora)(x-a) =

x=A(x—a)+B(x+a)—>(i)
Put x =—ain equation (i)
—a=A(-a-a)+B(-a+a)
—a=A(-2a)+B(0)

—a=-2aA

! -

Put x =ain equation (i) |

a=A{=-a)Bfa+al || ™ \

‘ aJ+B(4a) B
RN NIYGS
. o2
2a

—~ TixFa) (X -12)

14,

¢ W N . h
PR il Y T, =t

' E(_J:a) z(x;a)

\Ax), ~Whether (x+3)" =x*+6x+9is an

identity? (A.B + K.B + U.B)
(x+3)*=x*+6x+9
Let x=1
(1+3)°=(1)*+6(1)+9
(4> =1+6+9
16=16 (True)
Let x=25
(2+3)*=(2)*+6(2)+9
(5)°=4+12+9
25=25 (True)
Hence:
Given equation is an identity because it is

true for all values of variable ‘X’
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CUT HERE

|
|
I
|
|
I
|
I
|
|
!
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
|
i

i

SELF TEST N
Time: 40 min ] 'y _ Marks. 75
Q.1  Four possible answers (A), (B), (C) &<D) to each-gUesian are given, | mark e
correct answer. \ S~ AW a2 C(7Tx1=7)
1 A functigi cf the farin () = -ES"?_,-.»"/itiﬂ_ 'D(x)+-0; where N(x) and D(x) are
polynorizls i s cailed:
(A pAn-iderticy (B) An equation
! ¢C) A fraction (D) None of these
. . X+2
2 Partial fractions of —————— are of the form:
(X+D(x"+2)
A B A Bx+C
A) —+ B) —+
A x+1 x*+2 B) X+1 Xx°+42
©) Ax+B+ 2C (D) A N sz
X+1 X°+2 X+1 X°+2
3 An improper rational fraction can be reduced by division to a:
(A) Rational fraction (B) Irrational fraction
(C) Polynomial and rational form (D) None of these
4 (x+3)2=x2+6x+9is:
(A) An identity (B) An equation
(C) A linear equations (D) None
5 A fraction in which the degree of the numerator is less than the degree of the
denominator is called:
(A) An improper fraction (B) An equation
(C) A proper fraction (D) None .
6 Partial fractions of ————— will befithe form "~ "% | (o \o~=""
(x+1)(x —1)_ ) BiaARIRER S "
(A) A.-.-f--§)§+c AWV VW Bl At ——+ [
XL X2 - L~ \ \ = Xx+1 (x+1)° x-1
(C) ~ A.__. +_E-+L— W (D) None of these
Y 1IN (+1 Wl =x-1
i Thédegree of the expression 4x° +2x+5 is:
(A) 4 (B)S
©)2 (D)3

MATHEMATICS -10 155



Unit—4

Partial Fractions

Q.2
()
(i)

(iii)

J I‘. '..

()7

(v)

Q.3

()

(b)

Give Short Answers to following Questions.

Define partial fractions.

What i difference between sonditional enzativi and icentiiy? |-

Resolve ~——) - q)_rnto Lartial frections -
- (X__‘ XA ] L . -

Pzéine fraprcier rational fraction.

3x>—2x-1

2

Convert into proper fraction: .
X°—x+1

Answer the following Questions.

5
: : . X
Resolve into partial fractions: ———.

(x*+1)

6x> +5x>—7

Resolve into partial fractions —;
3x"—-2x-1

(5><2:10)_ e

(4+4=8)

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.

o |

gl .__.-::_ F 1
YaiARY s
" I'. ') / i .'. A ‘

1 o A L 1 i

e J ™ \ :
5, '.| | ™ ("
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_{K.5 + U.B)
AVieilgetine eollection of distinct objects is
clied 'Set.-A set is represented by capital
Znglish alphabets.
For example: A= Set of integers,
B={123,...,10}etc.

HCELUIENL LRI TS (K.B + U.B)

A set is presented by 3 ways
Q) Tabular form
(i) Descriptive Form
(ii1)  Set builder notation

ST R LG TS (K.B + U.B)

N = The set of natural numbers={1,2,3,...}
W = The set of whole numbers={0,1,2,3,...}

Z = The set of all integers= {0,+1,+2,+3,...}
E = The set of all even integers
= {0,%2,44,46,...}
O = The set of all odd integers
={+1,43,45,..}
P = The set of prime numbers={2,3,5,7,...}
Q = The set of rational numbers

:{x/x:m,wherem,neZ/\niO}
n

Q /= The set of irrational numbers

m
:{x/x;t—,wherem neZ/\n;«tﬂ} '
n o

R = The set of rem 1umbersr 2QWQ

Empty sot il ST JAOER

A set having rio gleraent, in it lis \catied an
empii su* tis rﬁple,n'u:d by ¢ (phi) or { }.
(K.B + U.B)
A set having only one element in it is called
singleton set.

For example: {a}, {3} etc.

SETSAND
[FUNC

T L L N T

UNIT

TIONS

(K.B + U.B)

(LHR 2016, D.G.K 2016)

“If A and B are two sets, such that every
element of set A is present in set B, then set
A is called subset of set B”. It is represented
as AcB.

For Example

If A={123} B={1,234,5}

Then A < B.

Note (K.B + U.B)

e Number of all possible subsets = 2"

e Number of all possible proper subsets =
2" 1.

e Number of improper subsets = 1

Proper Subset| (K.B + U.B)

“If A and B are two sets, such that every

element of set A is present in set B and there

is at least one element in set B which is not

in set A, then set A is called proper subset of

set B”. It is represented as AcB.

For example:

If A={1,23}and B={1,2,3,4,5}

Then set A  B.

KB + 1) 5y

If A and B are a9 jels;-Sich) thi lt evens
tlement-ef set 2 ispresent/irg set B am! iheie is

noimory eiementiin'se:B | vVhlm is not in set A,

“ithin set A i5'called improper subset of set B.
~Fo; éxample: A={1,2,3},B={3,2,1}

Then A is improper subset of set B.

(K.B + U.B)
If A and B are two sets, such that A < B and
BcAthenA=B
For example

IfA={1,23} B={12,3}
Then A=B
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Power Set (K.B + U.B)
A set consisting of all possible subsets of a
set A is called power set of set A
represented as P(A).

For example:

If A ={1,2} then P(A)={¢, {1}, {2}., {1.2}+
Note

e Formula te_find ‘riurnker 0F elemeats™ir:

the power szt 1= 2 \
Disjpinthts (KB + u.B)
T WD el ving-0 common elements are
saided disjoint sets.
i.e. If AnB=¢ then A and B are called
disjoint sets.

For example
If A={1,2}B={a,b}, then A and B are

disjoint sets.

Overlapping Sets (K.B + U.B)
Two sets are called over lapping sets if they
have:

. At least one element is common
. Neither set is subset of other.
For example

If A={1,2,3}, B={2,4,6,8,10}
Then A and B are over lapping sets.
Operation on Sets

Union of Two Sets

(BWP 2014) (K.B + U.B)
The union of two sets A and B written as
AU B (read as A union B) is a set consisting
of all the elements which are either in A or
in B or in both.

AUB={x|xe AorxeBorxe Aand Bboth}
For example

If A={1,2,3},B={2,4,6,8,10}

Then AUB={1,2,3,4,5,8,10}

Intersection of Two Sets \ /

(LHR 2015) (K.} + ULE)

If A and B are T/ sgts-thena sei vor'rsist%ng \
&g

of common ele=iorits'of set'A'arid 3iis\ce
A intersection B}, represented by'a 3.

A 14|k € Aeridy &8}

il exalrpis!
ClFarexernple”

4 A={1,2,3},B={2,4,6,810}
Then AnB ={2}

(2B +/UB) |

DI S (K.B + U.B)

If A and B are two sets thertrieir differaize
written as A—RorA" B is/d Seu consshing..Gi
ell the clemenisiof Awnict, are net'in B.

- AGE=S{X|'x ¢ Aandy ¢ B}

B A={X|xeBandx ¢ A}
For example:
If A={1,2,3},B={2,4,6,8,10}

Then A-B={1,3}

(K.B + U.B)

A set consists of all the elements of the sets
under consideration is called universal set. It
is represented by capital English alphabet U
or X.
For example:
U= Set of integers, A = {1,2,3},
B={2,4,6,8,10},then U is universal set.
(K.B + U.B)
(GRW 2014, SWL 2015, BWP 2016)
If U is a universal set and A is its subset
thenU — Ais called complement of A,
represented as A’ or AC.

For example:
IfU={1,2,3,4,5},A={1,2,3}
A =U-A
={12,34,5}-{1,2,3}
={4,5)
| Exercise51 |
Q1 (A.B) "
Given A . % R
X '_{124’?'.9} | | 7 .
e
' 70 Find
@iy XnY
@)  YuX
(iv)  YnX
Solution:
(i)  XuY={14,79u{2459}
={1,2,4,5,7,9}
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(i)  XNY={14,79n{24,59}

={4.9}
(i)  YUX={2459}U{14,7,9}
={1,2,4,5,7,9}
(iv)  YNX={772509 %479,
=149\ |
Q2 - o\ (A.B)
Shvelri | -

"% X = set of prime numbers less than
or equal to 17.
Y = set of first 12 natural number

To Find:

Q) XuY
(i) YuX
(iii) XY
@iv), YnX
Solution:
Here

X = Set of prime numbers less than
or equal to 17.

= {2,3, 5,7,11,13,17}
Y = Set of first 12 natural numbers
={1,2,3,...,12}
0] XuyY :{2,3,5,7,11,13,17}0{], 2,3,...,12}
=4{1,2,3,...,12, 13,17}
(i) YUX :{1, 2,3,...,12}u{2,3,5,7,11,13,17}
={1,2,3...12,13,17}
@)y XNy ={2,3,5,7,1l,13,17}m{1, 2,3,...,12}

={2,3,5,7, 11}
(iv)  YNX={123.,12}n{2,357111317}
={2,3,5,7, 11} )
Q3 ) \(rem | |
Given T\ VO
x =g P2 e\ \
To Find_ RN e
B TTNG Y
WM XOT
i) YuT
(iv)  XAY
(V) XNT

(vi) YT
Solution: -
0) XOY=gl™| |*

v M

i\ XOT L gloer

. - = U
i) Y OUT =Z"u0*
- — Z+
(iv) XY =¢nZ"
=¢
(v) XnT =¢ nO*
=¢
(vi) YNnT =Z"n0*
=0t
Q.4 Given (A.B)

U ={x]xe N A3<x<25}
X ={x| xisprime A8 < x < 25}
Y ={X|xeW A4<x<L17}

To Find
(i  (XuY) (i) X'nY’
(i) (XNY)  (iv) X'UY'

Solution: Here
U={x/xeN"3<x<25}

={4,5,6,...,25}
X ={x| x is prime A8 < x < 25}
={11,13,17,19,23}
Y={x|XxeW A4<x<17}
={4,5,6,7,...,17}
0] XuY={11,13,17,19,23}{4,5,6,...,.17}

={456,...17,19.23}
(X0 | o

| \=14,561...1 23 - | 4,5, 6/17,19, 23}

\_={18,20,22,27, 74, 25}

i), A =U - X

—{4,5,6,....., 25} —{11,13,17,19, 23}
={4,5,6,7,8,9,10,12,14,15,16,18, 20, 21, 22, 24, 25}
Y'=U-Y
={4,5,6.,....,25}—{4,5,6,....., 17}
={18,19, 20, 21, 22, 23,24, 25}
X'AY' ={456....,10,12,14,15,16,18,20,21,22,24,25}
~{18,19,20,....., 25}
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= {18,20, 21,22, 24, 25}
(i) XY ={111317,19,23}{4,5,6,...17}
={11,13,17}

=U—-(XNY)

(XNY) .
={4,5,6,....., 25} 4111317}

={4,5,6,....,10,12,14,15,16 18:38,20,.... .25} |

@iv)  xuy _ o\

={4,55,...,10,12,14 15,16,12,2),21.22,24,25}
08,16, 20,21,27, 23,24,25}

=445 6/.1..,15,12,14,15,16,18,19, 20, .. .., 25}

2.5 Given (A.B)
X ={246,.....,20} (LHR 2014)
Y={4,8,12,...,24} (FSD 2015)

To Find

Q) X-Y

@i Y-X

Solution:

(i) X-Y={246.,.....,20} - {4,8,12,....,24}

={2,6,10,14,18}

(i) Y-X={4,8,12,....,24} - {2,4,6,.....,20}

={24}
Q.6 Given (BWpP2014)  (A.B)
A=N,B=W (LHR 2015)
To Find (D.G.K 2014)
(i A-B
(i B-A
Solution:
(i)  A-B=N-W={1,23..}-{0,1,2,3,..
=¢
(i) B-A=W-N={0,123,..}-{.23..}
={0}

Properties of Union and Intersection

of Set (K.B)

e Commutative property of Unlon
AuUB=BUA =

e Commutative property of mters ‘cLlcn
ANBEBNA

e Associative; ,.cper y o, unmn .
AU (B = (Au 3)\UC)

. Awy 1] /e prccer; 87 intersection

. "W \ E \\.,) (AmB)mC

e Lustrlbutlve property of union over

intersection
Au(BNC)=(AuB)n(AUC)

e Distributive property of intersection over
union :

AN(BUGY = (ArT3YU(ANC)

1« De-Midrgai's 1aves

ADB) =A'mB
(ANB) = A'UB'

B&dmmutative Property of Union

(K.B + U.B)
For any two sets A and B, prove
that AUB=BUA.
Proof
Let xeAUB
= xeAor xe B (by definition of union of sets)
= XeBor xeA

= xe(BUA)
= (AUB)c(BUA) (i)
Now let ye(BUA)
= yeBorye A (by definition of union of sets)
=YyeAoryeB
= ye(AUB)
= (BUA) c(AUB) —(ii)

From (i) and (ii), we have AUB=BUA.
(by definition of equal sets)

Commutative Property of Intersectio
(MTN 2014) (K.B + U.B)

For any two sets A and B, prove

that AnB=BnA

Proof

Let xe(ANB)

= XeAand xeB_
(by definition o Rntcr‘nec |0-n o‘ sel »)

Rl anheA

= xe(BAN)

—MABYS(BAA) > (i)
Now let ye(BNA)

= yeBandyeA
(by definition of intersection of sets)

=yeAandyeB
= ye(Am B)
Therefore, (BNA)= ( AnB) —(ii)
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From (i) and (ii), we
have ANB=BNA (by definition of equal sets)

(K.B + U.R)
For any three sets A, B and C, wrve tiiat
(AuB)LC=AU (BUC)
Proof )
Let xe (AUBjUL
= Xe (AUB) ¢rxeC
= elar x=Byorxec
f, \ssociative property)
= xeAor(xeBorxeC)
:XerrXe(BuC)
= xeAu (BuUC)
= (AUB)UCc AU (BUC) — (i)
Now lety e AU(BUC)
=yeAorye(BuC)
= yeAor(yeBoryeC)
=ye(AoryeB)oryeC
=ye(AuB)oryeC
=ye(AuB)UC
~AU(BUC)c(AUB)UC —(ii)
From (i) and (ii), we have
(AuB)uC=AU(BUC)

(K.B + U.B)
For any three sets A, B and C, prove that
(AnNB)NC=ANn(BNC)
Proof

Let xe(ANB)NC - _..J

= xe(ANB) anaReC

= (xe Aandx=Bardxeg (| || T \ .

= xeAand (x:Bana)ie; | |
= K5 Aerid x=(BS)

Wi e Am("B NC)

= (ANB)NC c An(BNC)—(i)
Now lety e An(BNC)

:yeAandye(BmC)
— yeAand(yeBandy G,

i (v eAdidy.e Batd y 00
- =y (A Bhandly €/ C
Ly EANB)NC
' ~AN(BNC)c(ANB)NC — (ii)

From (i) and (i), we have
(AnB)NC=AN(BNC)

Distributive Property of Union ove
Intersection (K.B + U.B)
For any three sets A, B and C, prove

that AU(BNC)=(AUB)N (ALC)

Proof

Let xeAU(BNC)

= xeAorxe(BNC)

= XeAor (xeB and xeC)

= (xeAorxeB) and (xe AorxeC)
= xe(AuB)and xe ( AUC)

= xe (AuB)n (AUC)

Therefore

AU(BNC)c (AUB)N (AUC) — (i)
Similarly, now lety € (AuB) " (AUC)
= ye (AuB) andye (AUC)

= (yeAoryeB)and(yeAoryeC)
= yeAor (yeBandyeC)

= yeAorye(BNC)

=yeAu(BNC)—, [ |

| I ATE)N (RUCIS A BAC) (i)
- Fi‘dm'(ij; aid (ii);'-.vxie have

'A.k';J(R:’ i€)=(AUB)N (AUC)
BDistributive Property o

For any three sets A, B and C, prove that
AN (BUC)=(AnB)U(ANC)
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Proof
Let xe An(BUC)

:XeAandXe(BuC)

= Xe Aand (xeB or xeC)

= (xeAandxeB)

or (xe Aand x =Cii

= xe(ANB) #Ne(ANT) |

= xe(ANR)U(ANEY

Adh B ciAAB)U(ANC) - (i)
o let

= ye(ANB)U(ANC)

= ye(AnB) orye(ANC)

or (yeAandyeC)

= (yeAand yeB)

= yeAand (yeB oryeC)

= yeAandye(BUC)

ye An(BuC)

(ANB)U(ANC)c An(BUC) —(ii)
From (i) and (ii), we have

AN (BUC)=(AnB)U(ANC)

(K.B + U.B)

(LHR 2016, MTN 2016, SGD 2015, BWP
2016, D.G.K 2016)

For any two sets A and B belonging from
universal set U.

(AUB)Y=A'NB > (i)

(ANB)'=A'UB’ —(ii)

Q) Proof

Let xe (AUB)

= X¢ (AUB) (by definition of complement of set)

= xgAand xgB
= xeAandxeB’ \ =R,
= Xe A'NB' (by.2efinition of intersection’pf sefs)| |

= (AUBY c WA (il

Let ye AnBY 40 L

= \/:Agﬂd yEI'B'I' \ )

Eayedand yeb

NahYe (Au B)
ye (AuB)

A B c(AUB) - (ii)

(by definition of union of set)

- Xu(YuzZ) (Rwp2015)

Using (i) and (ii), we have
(AUB)Y=A'nB’
(i) Proof < | [

| LetvelANBY
- =X ANE -(bf-!_dc'.fini;iogl of complement of set)
= rg Arien

> xeAorxebB’

= Xe A UB’ (by definition of union of set)
= (ANB)'cAUB - (i)
Let ye AUB’
=yeAoryebB’
=yeAoryeB
= yezAnB
= ye(AmB)’
= AUB'c(ANB) — (ii)
From (i) and (ii), we have proved that
(AnB)'=AUB
Q1 Given X={1,357,....19} (A.B)
Y ={0,2,4,6,....,20}
Z={2,3,5,7,11,13,17,19,23}
To Find
(i) Xu(YuZz)
(i) (XuY)uz
(i)  Xn(YNZ)
(ivy, (XnY)nz
v)  Xu(YnZ)
(vi)  (XuY)n(XyZy

(by definition of intersection of sets)

T, 4aon N [ (o o=
(\.|d|) ;x(\ \l{).’._J IX} \,:)
_Bolution- '

(A.B)
={135,7,....,19} U
({0,2,4.6.....,20y{2,3,5,7,11,13,17,19,23})
={1,3,5,....,19}U
{0,2,3,4,5,6,7,810,11,12,1314,16,17,18,19,20,23)
~{012,34,5,6,7,89,101112,13141516,17,18,19,20,23}
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(i) (XuY)uz (A.B)

XUY={1,357......193{0,2,4,6,.....20}
-{0,1,2,3,...., 20}

(XuY)uz

={01,23....,200U{2,3 57,11, 141719 43} '

={0,1,2,3,....; 20,25}

(iif) Xm(Ym/) \Ri VLA
Y7 {6246, 20hA mm13171923}
i.‘(r.'{(YmZ.)={1,3,5,7, ..... 19y~ {2}
={}
(iv) (XNY)nZ (A.B)
XAY ={L35,7,....19+~{0,2,4,6,...., 20}
={}
(XNY)nZ={3n{2357,11,13,17,19,23}
={}
v)  Xu(YnZ) (A.B)
YnZ={0,2,4,6,....20+{2,3,5,7,11,13,17,19, 23}
={2}
XU(YNZ)={L35,7,...195 {2}
={1,2,3,5,7,....,19}
(vi) (XuY)n(Xuz) (A.B)
XUY ={13,5,..,19}{0,2,4,6.....,20}
={0,1,2,3,...., 20}
XuZ={135,..19}{2,3,5,7,11,13,17,19,23}
={1,2,3,5,7,....,19,23}

(XuY)m(XuZ) ={0,1,2,3,...,20}
~L2,357,.....19,23}
~{,2,35,7,...,.19}

i) Xn(YuZ) | (A-B5
YUZ={0.24:6/.120} - V {
U{2,35, .’,1_11%71 43} U
{092;:578101'1 13,14)76,17,1819,20,23)
19}
10,2,3,4,5,6,7,8,10,11,12,13,14,16,17,18,19, 20,23}
={3,5,7,11,13,17,19}

(viii) (XNY)u(XnZ) (A.B)
XAY = {1,3,5,7,...:,19}.1;0,2,4 6, 2

] _/\"\7 {135 9}

2135, 121130719 23}
£13,5,7,11,13,17,19}

T (XN Y)U(XNZ)=u{3,5,7,11,1317,19}

={3,5,7,11,13,17,19}
Q.2 Given A={1,2,3,4,5,6}
(A.B + K.B)
B={24,6,8}
C={14.8}
To Prove
Q) ANnB=BnA
(i) AuUB=BUA
(i)  An(BUC)=(AnB)U(ANC)
(ivy  Au(BNC)=(AuB)n(AUC)
Proof
Q) ANnB=BnA
LHS=ANB
={1,2,3,4,5,6}{2,4,6,8}
={2,4,6}— (i)
RHS=BnNA
={2,4,6,8y{L,2,3,4,5,6}

={2,4,6} — (ii)

From equation (i) and (ii)

LHS=RH.S

ANnB=BnA
Hence Proved

(i) AUB=BUA
Proof . < p L N
= [ UD ), ' ¢ '\ _—
=23 1,v,6* 1{2,46,8}
_112:3,4,5,6/8) > (i)

(A.B + K.B)

LH.S =

“RHS —BUA

_{2,4,6,8}u{L2,3,4,5,6}
={1,2,3,4,5,6,8} —(ii)
From equation (i) and (ii)
LHS=RH.S
AuB=BUA
Hence Proved
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(i)  An(BuUC)

(AnB)U(ANC)

(A.B + K.B)

Proof
LHS = An(BuC)

BUC=1{2,4,6,8)U{L4,8)
={L2.48,8})
An(BUC) ||

N 12,4,6) > (i)

RHS =(AnB)U(ANC)
ANB={1234,56}n{24,6,8}
{2,4,6}
{12,3,4,5,6} " {1,4,8}
%

4

ANC

(ANB)U(ANC)={2,4,6}U{L4}
=1{1,2,4,6} —(ii)

From equation (i) and (ii)
L.HS=R.H.S
Am(BuC):(AmB)u(AmC)
Hence Proved

< 212,3.4,5 6L~{1,2,4,6,8)

(ivy AU(BNC)=(AuB)n(AUC)
(A.B + K.B)

Proof
LHS =AU(BNC)

BNC={2,4,6,8) {148}
={4,8}
LHS =AU(BNC)
= {1,2,3,4,5,6} L {4,8)
—{123\_4"' 8}—>(|\
RH.S =(AuL ‘*”‘(F\J(‘; _
AUB={12,3/4,5 }u{v,i,e,v
\ I'_ .1 l[ 3 L,,J,bd}
\AGCE (1,2,3,4,5,6)U1{1,4,8)
= {1, 2,3,4,5, 6,8}

R.H.S =(AUB)N(AUC)
—{Lz 3,4,5.6,8!141.2,314,5/6,5]

T2 2455, }—)(m_

~_ Frem e( uetrory (1) and | ||_

CHS=R.H.S

'..'Hu(smc) (AUB)A(AUC)

Hence Proved
Q.3 Given U:{1,2,3,....,10}

(A.B + K.B)

A={1,3,5,7,9}

= {2,3,5,7}
To Prove
i) (ANB)
iy (AUB)

i) (AnB)
Proof
LH.S = (ANBY

ANnB ={1,3,5,7,9}m{2,3,5,7}

=A'UB’
=A'nB’
=A'UB’

={3,5,7}
ANB) =U-(ANB
(AnB) =U-(ANB)
={12,3,...,10} -{3,5,7}
={1,2,4,6,8,9,10} — (i)
RHS=AUB’
A =U-A
={1,2,3,..,10}-{1,3,5,7,9}
={2,4,6,810L
B _ll—- o, Y, [ | -_-..i k \
LLE3A00) Heasa )

| =1,4,6,29,10}

’\_'«J B = {2,4,6,8,10} U {1,4,6,8,9,10}

—{1,2,4,6,8,9,10} — (i)

From equation (i) and (ii)
LHS=R.H.S

(ANB) =A"UB'
Hence Proved
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iy (AUB)=A'nB (A.B + K.B)
Proof

L.H.S=(AUB)

AUB= {1,35,7,9)U{2,357)
={1,2,3,5 79}

LHS =(Auz) U -(AUB) |
—{372,3..,101-{1,2.3,57,9)
N {465,120} > (i)
R HS=A AR
={2,4,6,8,10} "{1,4,6,8,9,10}
={4,6,8,10} —(ii)
From equation (i) and (ii)
LHS=R.H.S
(AUB) =A'NB'
Hence Proved
Q.4 Given
U={123,..,20}
X = {1,3,7,9,15,18,20}
Y = {135,..,17}

To Prove
Q) X=Y=XnNnY'
(i) Y-X=YnX'

(A.B + K.B)

Proof
0] X=Y=XnNY' (A.B + K.B)
LHS=X-Y
={1,3,7,9,15,18,20}—{1,3,5,....,17}
— (18,20} - (i)
Y'=U-Y

={1,2,3,....,20} = {1,3,5,. 517} '

={2,4,6,.:,18,19,20}
RH.S=X AL LT A O o
= {1,3,7,9,15,18,20} 412,45, \..11£,19,20]
NN
1Y Brom quation (i) and (i)
' LHS=RH.S

X —Y=XAY'

Hence Proved

(i) Y-X=YX' (A.B + K.B)
Proof : -
LHS=Y-X__ <" [ !

STUB SR T 1,3, 5,0,19,18,20)
(8415317} -5 i)

CALMEET A X

X'=U-X
={123,.....,20} —{1,3,7,9,15,18, 20}
= {2, 4,5,6,8,10,11,12,13, 14,16,17,19}
YNnX = {1,3,5,....,17}
0{2, 4, 5,6,8,10,11,12,13,14,16,17,19}
={5,11,1317} — (ii)
From equation (i) and (ii)
LHS=R.H.S
Y-X=YNnX'
Hence Proved
(K.B)
British mathematician John Venn
introduced Venn Diagrams.
“A graphical method to represent sets in
which Universal Set is represented by a
rectangle and its subsets by a closed
shaped (i.e. circle or oval) in it, is called
Venn Diagram”.
Operations on Sets Through Venn

(K.B)

(K.B)

When A and B are overlapping  (K.B)

U
GO
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When AcB

m:mm |

Viiren ’A. a..d B are Disjoint
U
When A and B are overlapping

aD

When AcB

U@

e e e e e e

U

(K.B)

(K.B)

(K.B)

Ql Given U={12.3 4,10} =
~RE135790 (Vi)
E=14,716"  (A.B)

._I-.F\ 2\‘1: GR|V.2016, FSD 2017, SWL
2057, RWP 2016, BWP 2016, D.G.K 2016)

To Prove

() A-B=AnB

(i) B-A=BAA
(i) (
(iv) (A
v (
wi)

Proof
(i) A-B=ANPB
LHS=A-B
={1,3,5,7,9} -{1.4,7,10}
={3,5,9} - (i)
RHS= AnB’
B'=U-B
={12,3,...,10} —{1,4,7,10}
={2,3,5,6,8,9}

ANB ={1,35,7,9}~{2,35,6,8,9}

—{3,5,9} - (ii)
From equation (i) and (ii)
LHS=R.H.S
A-B=AnNnB’

Hence Proved
(i) B-A=BNA _
LHS=B-A . 1o~ [

—114/1.01 {1'35/'“ Ao e

= {410} = ()

:"R LS BN
“ASUTA={123,.,

10} -{1,3,5,7,9}
={2,4,6,8,10}
BNA'={1,4,7,10} n{2,4,6,8,10}
={4,10} —(ii)
From equation (i) and (ii)
LH.S=R.H.S

B-A=BnA
Hence Proved
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(i) (AUB)=A'NB  (K.B + A.B)
AUB = {1,35,7,9} U{1,4,7,10}
={1,3,4,5,7,9,10}

LHS=(AUB) =U-(AUB)
— {1,213, 10)=11,%,4,5,7,9,10]
—{2.6,8) (1)) | s
RHE\ W NE
K-UCAZ(12,3..,10}-{1,35,7,9)
. ={2,4,6,810)
B'=U-B={123,..,10}-{14,7,10}
~{2,3,5,6,8,9)
RHS=ANB

={2,4,6,8,10} "{2,3,5,6,8,9}

={2,6,8} — (i)
From equation (i) and (ii)
LHS=RH.S

(AUB) =A'NB’
Hence Proved
(iv) (ANB) =AUB’
Proof
ANB={135,7,9'{14,7,10}

={1,7}

LHS=(ANB) =U-(ANB)
={1,2,3,...,10} - {17}
~{2,3,4,5,6,8,9,10} - (i)

RH.S=A"UB R,
={2,4,6, 8Jnlu{2 35689/ /

(K.B + A.B)

{234r*'€ 8"‘1'}—;'()_.'... “‘\

From equatian (i) and (i) | |
I H S EREST

(AmB) A'UB

Hence Proved

" LHS=(A-B)

() (A-B)=AUB
Proof -~ [ [*
LHS (4 =B <
E\={13.5/7)9,) ~ 11,4,7,10}
=13,5,9}

(K.B + A.R)

=U-(A-B)
={1,2,3,..,10} -{3,5,9}
={1,2,4,6,7,810} — (i)
RHS=AUB
A=U-A
={1,2,3,4,5,6,7,8,9,10} -{1,3,5,7,9}
={2,4,6,8,10}
={2,4,6,8,10} U{1,4,7,10}
={1,2,4,6,7,8,10} —(ii)

From (i) and (ii), we get
L.H.S=R.H.S

(A-B) =A'UB

Hence Proved
(viy (B—A)=B'UA

Proof
B-A={14,7,10}-{1,35,7,9}
B-A={4,10}

AUB

(K.B + A.B)
(FSD 2015)

LH.S=(B-A) =U—(B-A)
=1{1,2,3,4,5,6,7,8,9,10} - {4,10}
={L2356.7.8,9} (i)

RHS=B'UA _ 1 ~
B=U~B "N [ 7o | =
\ _‘2347L739nﬁ’g471@
' {933aagp

—R'UAZ{2,35689!U{135709)

={1,2,3,5,6,7,8,9} — (i)
From (i) and (i) we get
L.H.S=R.H.S
(B- A)’ =B'UA
Hence Proved
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Q2 If U={1,2345.6,78910}
={1 3,5,7,9} (K.B + A.B)
B={1, 4,7,10}
C= {1 5, 8,10}
Then Verify-

(i) (AuE\uC Ff-\ufB\,C\
(i)  (AnB)~G _._r\m(Bnt )
(i), AL (B C) = AUB) N (AUC)
vy l.-’\m'(BuC):(AmB)u(AmC)
0) (AuB)uUC=AU(BUC)

(K.B + A.B)
Proof

AUB={1,35,7,9} U{14,7,10}
{1,3,4,5,7,9,10}
AUB)UC
{1,3,4,5,7,9,10} U{1,5,8,10}
={13,4,5,7,8,9,10} - (i)
BuUC ={1,4,7,10} U{15,8,10}
={1,4,5,7,8,10}
RH.S=AU(BUC)
={13,5,7,9} U{14,5,7,8,10}
={13,4,5,7,8,9,10} — (ii)

From (i) and (ii), we get
L.H.S=R.H.S

(AUB)UC=AU(BUC)
Hence proved
(i)  (AnB)NC=An(BNC)
(K.B + A.B)

LH.S=

IIAII

Proof :
L.H.S=(Am B)mC \ -

- 1,3,5,7-,9‘-?' 14710“.n'f1,'f-3;'8,“10} LAY
i) '
5&10; AR

_{1 7} :
=i )
'P..'.H.s_l Ll (B
={1,35,7,9)({L4,7,10, ~{1,5,8,10})
={1,3,5,7,9} n{1,10}

'_ (A< _B)U

LH.S= Am(B\:,)

= {1} — (i)
From (i) and (ii) we get—.
|_H.S=RH.S- |
:-/\u(?u',} '
ilente nroved

Al &9(BNC)=(AUB)n(AUC)

(K.B + A.B)
Proof

LH.S=AU(BNC)
={1,3,5,7,9}U({1,4,7,10} {1,5,8,10} )

={1,3,5,7,9} L{1,10}
={1,3,5,7,9,10} - (i)

AUB={1,35,7,9}U{1,4,7,10}
={1,3,4,5,7,9,10}

AUC ={1,35,7,9}U{1,5,8,10}
={1,3,5,7,8,9,10}

RH.S=(AUB)n(AUC)
={1,3,4,5,7,9,10} n{1,3,5,7,8,9,10}
={1,3,5,7,9,10} —(ii)

From (i) and (ii), we get
L.H.S=R.H.S

AU(BNC)=(AuB)N(AUC)
Hence Proved
(ivy An(BuC)=(AnB)U(ANC)

(K.B + A.B)
Proof

BuC ={1,4,57,8,10} {15,810}
={1,4,57,8 10}
O\ 3 5 7.9} m{J 4 Rf7 biO}
Ty ()

s
{1,3579} {14710}
={L

7}

C={1357,9'n{158,10}

={L5}

RH.S=(AnB)U(ANC)

={1,7}u{1,5}
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= (15,7} - (ii)
From (i) and (ii), we get
L.H.S=R.H.S
An(BuUC)=(AnB)U(ANC)
Hence Proved

Q.3 Givenl>=N. A=g¢ " B=F /[ .
' (.3 + A.BY -
(LHR 2016, GRVY :016 RN 2015, 17,
y l/l"l\l201w)
L pl"\\(
'De- \/Iorgan s Laws
0) (AuB) =A'NB
(i) (ANB) =A'UB'
() (AUB)=ANB
Proof
LH.S=(AUB)
AUB=¢gUP
=P
LHS=(AUB) =U-(AUB)
=N-P—(i)
RHS=ANB
A'=U-A=N-¢
=N

B'=U-B=N-P
RH.S=A"nB'=NN(N-P)

=N —P —(ii)
From equation (i) and (ii)
LHS=RH.S

(AUB) =A'NB’

_(AUB) =A~

=N—-¢
=N -

RHS=AUR_ . | [

' CENGINGR) '
== ()

._Frora_engaiion (i) and (1)

AHS=RH.S

(ANB) =A'UB'

Hence Proved

Method-(11)

() (AUB)=A'nB' (K.B+ A.B)
Proof

AUB ={ }U{2,357...}
={2,357,....}

LHS =(AUB) =U-(AUB)
={1,2,3,...} -{2357,...}
={1,4,6,8,9,10,12,....} —(i)

A'=U-A
={1,2,3,..}-{ }
={1,2,3,4....}

B'=U-B
={1,2,3,4,...}—{2,35,7....}
={1,4,6,8,9,10,....}

Now

RH.S=A'NB ={1,2,3..}n{14,6,8,9,10,..)
={1,4,6,8,9,10,...} - (ii)

From equation (1) and (ii)
LHS=

Haice Froved e

Hence Proved A A\ UELRY. 1,10} (K.B + A.B)
(ii) (AmB')";:z_-_.;bf_tk._,_g'..v-(K_.E':- ;;5 h@ WA A= {13579}
Proof T |} {4\ 11 11 V=" B={2,_3,4,5,8} _
AmB $P THRLIEE! then prove the following question by venn
A diagram.
Nk (i) A-B=ANB
HS (AﬁB)' (II) B-A=BnA
(ivy (AnB)'=A"UB
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v)  (A-B) =A'UB

(viy (B-A) =B'UA
(Through Venn diagram)
() A-B=ANB
Proof

AnNB={35 7\ || O |
LH:5 =A-E
-1.".|I-.'-i’,U '

ANB'

Same regions represent that
LHS=RH.S
A-B=AnNPB
Hence Proved
(i) B-A=BnA’
LHS=B-A

,
—
=
T
=
gl
5‘“||I
_'[ |
S
LENENI 1

| (K. I;:‘

(K.B)

_B-A=BnA-

_(ili) -. ’\ '\_’_B) A’(WB’
A and B arevOverlanping sets Leca\i= VW =

. . :. -_. l_..- .-: .- I- .
LY N

Same regions represent that
LHS=RH.S

|4, v
| I &

\ H'=|1ce I-roved“ T

(K.B)

LH.S=(AUB)

{11}

=
l\i“

I

AUB =
(auB) |ll
R.H.S=A'nB’

1 11
I 11
1

=== -

=
1 =
p =4

\ I
| 1 =S
| IAL [ L =4

-

AmBﬁ

Same regions represent that
LHS=R.H.S

(AUB) =A'NB'
Hence Proved
(ivy (AnB)'= A’uB’
= '\-_|' b (A ’\P _.-' 1 _."--_-"'

i

ANB —
(4an By |ll

RHS=A"UB'
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lllllll

lllll

At K, ? ‘.__71||»E£.d$._ Y

Same regiors represert ithat|, |
15H.S = RS

. J : ) k,_\,"_) AIUBI
W Hence Proved
(v) (A-B)=A"UB

L.H.S=(AB)

L

—
LAl

1
1
A

i

A—
(4-B)

R.H.S=A' UB

A" |||

B =3#F

- AuB=.|||-H
Same regions represent that
LHS=RH.S

(A-B) =A'UB
Hence Proved

(vi) (B—A)':B'uA

(B Ayl
R.H.S=B'UA

(K.B)

m ] |\

\ ffnlii @IJML um

= L A ==
B |fi ﬁ
B'uA=.|||-H
Same regions represent that
LHS=R.H.S
(B-A) =B'UA

Hence Proved

Ordered Pairs| (K.B)

Any two numbers x and y, written in the
form(x, y) is called an ordered pair. In an
ordered pair(x,y), the order of numbers is
important.

For example:(3,2)is different from(2,3).

Hence(x,y)=(y,x)unlessx=y.

Cartesian Product

(FSD 2015, D.G.K 2015, 17)
Cartesian product of two non-empty sets A
and B denoted by AxBconsists of all the

ordered pairs(x, y)such thatx e Aand yeB
ie AxB={(x,y)|xeAryeB}

For example:
If A={1,2},B={34}

Then AxB={(1,3),(14),(2.3).(2.4)}

(K.B)

T i T
Exercise 5,4-., = -.: AR R

| .ll .."-, '\--{i)'

Q.1 leen A Lla ”J} (\JPWzDM A B
Ve TV (B {n o} | TR 2015)
- \ 'ToHn“j | |
\ -AxB
() BxA
Solution:
(i) b}x{c, d}

{(a
(i)  BxA={cd}x{a,
={(

AxB={a,

¢)(a
a),(c

}

bc),(b.d)f
da),(db)}
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Q.2 Given A={0,2,4} (A.B) Required
alues of aand b =72
Val f db=?
B={-13 Solution: -
(FSD 2015, SWL 2017, BWP 2015) Giverthay, -, ¢ :
ToFind 37248 1) (67,20 +5)
AxB BxA AxA BxB' By lmpa”ng we get
2‘;'”t'°nAxB e \oeit 3=2a=a-7 and b-1=2b+5
*i=L3) - —Da-a=-7-3 b—2b=5+1
={(0,-1),(0, 3),(2-1),(2 3) (4,21):14,3)} —3a=-10 —b=6
) R A5 = .‘.,?}xiu,2,4} :—_139 b=—6
= 11:1,9),(-1.2),(-14).(3.0).(3.2).(3.4)f 10
(i)  AxA={0,2,4}x{0,2,4) —a 3
={(0,0),(0,2),(0,4),(2.0),(2.2),(2.4), (4.0),(4.2), (4.4 Q4  Given
00)(02)(04)20)22)24) 40} (42} 4] (a2 () (63) ()
(iv) BxB ={—1,3}><{—1 3}
~{(2-1.(-13)(3-1).(33) - A5
A A N A S A N Required
Q.3 (A.B) Set X and Y
()  Given (a—4,b—2)=(2,1) é‘?'unoﬂi
(GRW 2016, 17, FSD 2017, SWL 2015, |ven_t at
SRGD 2_017(,jMTN 2016) X xY={(aa),(b,a).(c.a).(d.a)}
equire =
Values of aand b w@b.cdj
Solution: Y ={a}
ng’erlltgat 2)=(2.) Q.5 Given X ={a,b,c} (A.B)
~hb-2)=(2 ={de)
By comparing, we get .
ar4c? and  b-2=1 Required |
—24+4 b=1+2 Number of elements in
= = (|) XxY
o —a=b . b=3 (i)  YxX
(i)  Given (2a+5,3)=(7,b—4) (A.B) (i) XxX
(SWL 2017, MTN 2017, RWP 2016, Solution:
D.G.K 2015) : o
Required _(') X’f/Y\ a2\ (G
Values of aand b \ n{GEI N (&, N0~
Solution: -_ IRUVELREY
Given that YaiRYia AL =L
pedi R AVAN([SRNEEAT TR0
By corr'p%r]'ng',.';Nt_Q-et'- AL \ : :_6X
A A Method-2 (K-B)
Panh l‘l \J{e R Tty (i)  Number of elements in X xY =mxn
SN < - =3x2
. =6
(ii))  Given(3—-2a,b-1)=(a-7,2b+5) (i)  Number of elements inY x X =mxn
(GRW 2014) (A.B) =2x3
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=6
(iii))  Number of elements in X x X =mxn

=3x3

=9
(K.F)

(GRW 2017, RWP 2016, SWL 2016 MTN 2015;
If A and B are anv.two non-empty sats then

a subset R < AxB i< callzu-4 hinary relation

from set A intc Sut!B.
ie A={12!,B\=1a} | \
Fingrl a3 {l /a),(za)} and

RelEa)), R ={(2a)
R={(La).(2a)} . R.=¢
Avre all possible relations.

(K.B + U.B)
Formula to find number of binary relations
is 2™ where m=number of elements in set
A and n = number of elements in set B.
(K.B)
Domain of a relation denoted by Dom(R) is
a set consisting of all the first elements of

each ordered pair in the relation.
For example:

It R={(0.2).(23).(33).(3.4)

Then Dom(R)={0,2,3}

(K.B)

Range of a relation is a set containing all the
second elements of each ordered pair of the
relation.

For Example:

it R={(0.2).(23),(3.9).(3.4)
Then Range (R) = {2,3,4}
(K.B + U.B + A.B)
(LHR 2014)

Suppose A and B are two non- empty sets.
then relationf : A— Bis called a £ariction .ff

(i) Dom (f)=A

(i) Every K'g Aaoppa: if_ona ar.d @n\/

one orazid pw | 17,
Example \

] Oe-to-One .Function

Into Function (A
A function _f:&=»Bis—called an_ e
Tunctics; i at-ieait’ ori2 Blemizit oser B is

- N an image ofiscme, elemeitt of set A i.e.,

JRenge.of fle B .-

ks example, if A={0,12,3} and B={1,2,3},
then f : A— Bsuch that

f={(04).(12).(21).(32)}.
~+ Range(f)={12} = B. Thusfisan into
function.

LAY (K.B + U.B + A.B)

(SWL 2016, BWP 2014, 16, 17)
A function f:A—>Bis called an onto

function, if every element of set B is an
image of at least one element of set A i.e.,
Range of f =B.

For example, if A={0,1,2,3} and B={1,2,3},
then f : A— Bsuch that
f={(01),(12).(23).(3.2)}.

Range (f)={12,3}=B. Thus f is an
onto function.

(LHR 2015) (K.B + U.B + A.B)
A function f : A— Bis called one-one function
if all distinct elements of A have distinct images
inB,ie, f(x)="f(x) =>x=x¢cA

o x#EXeAvVxeA=f(x)=f(x,)
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For example, if A={0,1,2,3} and
B={1,2,3,4,5} , then we define a function
f : A— B such that
f={(01).(12),(2.3).(3.4)}

f is one-one functizn because no elerne nt in

B is repeated. ,
AT

/\ W2\

Bijective Function

(GRW 2014) (K.B + U.B + A.B)
A function f:A—Bis called bijective
function iff function f is one-one and onto.
For example, if A={0,1,2,3}and B={1,234}

Then f ={(0,),(12),(2,3),(3,4)}
A

> |
> 2
>3
» 4
Set A Set B
Note o (K.B)
. Every function is ration but converse
may not be true.
o Every function may not be one-one.

° Everi function maE not be onto.

Q.1 Given (LHR2014)  (A.B)
={ab,c}
={3.4}
To Find y
Two binary relations  of | Lix M1
and Mx 17| B LT
Solutiéns |\ {0 L \

LxM 4 {&.0.0x {3 4}
6)3),(a ()u),(b,4),(c,3),(c,4)}
_- J'I'-__-, ' | Niwe'binary Telations of Lx M are:

R: ={(a,3),(a,4)}
R~ {(2.3).(5.3).(c.4)

- .Smut on

Now M x L ={3,4}x{a,b,c} e
={(3a),(3.b).[3e)442), (415, (4ic)}
T binay: relaticnsof Mx Lave

| R |
Po={(3.2), (40)}

Q2 Given (A.B)

(LHR 2015, GRW 2014)
Y ={-2,1,2}
Required:

Two binary relations ofY xY and
also find their domain and range.
Solution:

Y xY= {2,1,2}><{ 2,12 }
={(-2-2).(-21),(-2.2),(1-2),
(£2),(22),(2-2),(2.1).(2.2)

Two Binary relations forY xY are:

Ri={(-2-2).(-2.1).(-2.2)}
{2201

Domain and Range

Dom (R1) ={-2}

Range (R1) ={-2,12}

Dom (Rz) ={-2,1}

Range (R2) ={-2.1}

Q3  Given (A.B)

={ab,c}
M ={d.e,f.0}

Requwed -~ (T N ([ )

Twz-5inaiy re.aucnm* 7
(l) XL (l)L XM Wiy V'|><|\/|

L= {é,b,c}x{a,b,c}

- ;{-(;a,a),(a,b),(a,c),(b,a),(b,b),(b,C)l(C,a):(C'b)’(C'C)}

LxM ={ab,c}x{de,fg}
={(ad).(ae).(af),(ag),(bd).(be),
(b.f).(b,g).(c.d).(ce).(c.f).(c.o}

MxM ={d.e, f,g}x{de,fg}

MATHEMATICS -10 174



i | Eetation

Ry ={(xy) b<x

Unit-5

Sets and Functions

={(dd) (de) (d.F) (dg) (ed) (ee) (e f) (&),
(fd).(fe).(£.1).(g)(ad).(9¢).(0.f) (9.0}

Two binary relations for L x L are:
Ri={(a.2).(b.b).(c.0)}
R = {(ab)}

Two Binaiy, iRelatiors.for > Ma: e

Ry ={(zd), (e ||
Ry ={(a )\ (b\e), (o F )}

~ | wigBinany Feiations for M xM are:
| R1 —{(d d)}
Re ={(d.e).(f.9)]

Q.4  If set M has 5 elements, then find the
number of binary relations in M.

(A.B)
Solution:
No of binary relations in M =2™"
— 25><5
— 225
Q5 Given L={x keNAx<5}
={y yePAy<10}
(A.B + K.B)
To Find
(i) R, ={(xy) y<x}
(i) R,={(xy) y=x}
(i) Ry={(xy) k+y=6}
(iv) R,={(xy) h—x=2}
Also find the domain and range of each
relation.
Solution:
Here

L={x keNAx<5}={1,2,34,5} B
And M={y yePAy<10}={2557} '~
LxM ={12,3,4,5} x {23571 Y

(1.2 054 DT R oL

(2 7).(3,.2)4(3,9).(3,5), (3. 1) a2y, (43)
P4, 7),(512)5,3),(5.5), (5,7 )}
(A.B + K.B)

={(32).(42).(4.3),(5.2).(5.3)}

Domain and Range

~ii)  Relation
. -sz—f(\( [t b—X

" Dom (R2)

Dom (R1) ={3,4,5}
Range (R1) ={2,3}

1%,

(A2 50B)

=102, 4) (5,3,(55))

DL naln and Range
={2,3,5)
Range (Rz) ={2,3,5}
(ili)  Relation
Rs ={(x,y) k+y=6}

-((15).(33).(4.2)]
Domain and Range of R3
Dom (Rs) ={1,3,4}
Range (Rs) ={2,3,5}
(iv)  Relation

Rs={(xy) y-x=2}
={(13),(35).(5.7)}

Domain and Range of R4

Dom (Rs) ={1,3,5}

Range (Rs) ={3,5,7}

Q.6 Indicate relations, into function,
one-one function, onto function
and bijective function from the
following. Also find their domain
and the range. (In each part
(i) > (vi) the co-domain set is
equal to the range set)

(A.B + K.B + U.B)

(A.B + K.B)

(A.B + K.B)

0 R={0.22.63.04)
(i) Re={(125(2)),(3%], (351
| G R R {ba)(ea) (e
A0, D 2),(34)(49)6.)
) —Rs ={(a,b),(b,a),(c,d),(d,e)}

. i(a
(vi)  Rs={(12),(23),(13),(34)}

(vii) Ry=
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(viii) Rg=
Solution:

(i)

(i)

(iii)

(iv)

T~
R: ={(11),(22),(3

Dom (Rz)

3).(4 )}

_12'241 _

There i5 r\c rcpet tmn ir 1% elameic

Gr.erly twe, brdered pairs, so Ry is a
WricR.

éange (R) ={1,2,3,4}

Also there is no repetition in 2"

element of any two ordered pairs.
So Ry is bijective function.

={(12),(21),(34).(3,5)}
Dom (R2) ={1,2,3}

There is a repetition in first element
of last two ordered pairs.
So Rz is not a function.

Ry ={(b.a),(c.2).(d.a)}

Dom (Rs) ={b,c,d}

There is no repetition in 1% element
of any two pairs, so Rs is a function.

Range (Rs) ={a}

There is a repetition in second

element of all ordered pairs.
So Rz is on to function.

Re ={(12),(2.3),(3.4).(4.3).(5.4)}

Dom (Rs) ={1,2,3,4,5} .

-

There is no_repetition in ‘ﬁt alement | |
of any tw ) palrs, 50 m 1S & Lunr‘tlc&{ \)

l 3, 4
epentlon

Range ('?4\

J Here i in second

n‘ leriient of all ordered pairs.

So Ry is on to function.

(v)

(vi)

(vii)

A (Viili)

M Rel? / 5
A\ 7 =%

I h! e isind .°pbt tin' 2
of any'tvio ord ered pairs, so Rs is a

Rs ={(ab).(b) (c.d).(¢e)]
Dom (Rs) =XEN dyol d

element

£Giction.
Range (Rs) ={a,b,d,e}
Also there is no repetition in 2"

element of any two ordered pairs. So
Rs is bijective function.

Rs ={(1.2),(2.3),(1.3),(3.4)f
Dom (Re) ={1,2,3}
There is a repetition in first element

of two ordered pairs.
So Re is not a function.

R7= ‘.
Dom (R7) ={1,3,5} =A

Also there is no repetition in 1%
element of any two ordered pairs. So
R7 is a function.

Range (R7) ={p,r.s} =B

Also there is no repetition in 2"

element of any two ordered pairs.

So Ry

function.
a\ S

Dom (Rs) ={1,3,7} #A

Therefore Rg is not a function.
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Miscellaneous Exercise 5 _

Q.1 Multiple choice questions
Four possible answers are given for the following QUPSt'C*IS Tick ( “) ihe cor'ﬂ::
answer.
1) A collection of well-definzd dlstn et objects isicalled, (K.B)
(a) Subset (b 20wer tet
(c) Set~ : ' ‘(41X Notie of these
2 AsetQ— --|ab,._, t;tC} ocalledasetof (K.B)
_ (&) '.Nr‘ol=, LLFT0ers (b) Natural numbers
J ST ) irational numbers (d) Rational numbers
3) The different number of ways to describe a set are; (K.B)
@1 (b) 2
(c)3 (d)4
4) A set with no element is called; (K.B)
(a) Subset (b) Empty set
(c) Singleton set (d) Super set
(5)  Theset{x|xeW Ax<101}is; (K.B)
(a) Infinite set (b) Subset
(c) Null set (d) Finite set
(6) The set having only one element is called; (K.B)
(a) Null set (b) Power set
(c) Singleton set (d) Subset
(7 Power set of an empty set is; (K.B)
(@) ¢ (b) {a}
© {¢.{a}} (d) {4}
(8)  The number of elements in power set {1, 2,3} is; (K.B)
(a) 4 (b) 6
(c)8 (d)9
9) If Ac B, then AUB is equal to; (K.B)
(a) A (b)B -
(c) ¢ (d) None of these ] (|
(10) IfAcBandAnBisequal to; - AT ' L O{%8)
(a) A | ._.-'. (D B \ i \ b
(c) ¢ ACN [ (c.) Non;, ofthvse :
(11) IfAcBandA=Pis equol o L} \\ - ' (K.B)
(@A 7| 'REARL \ '(b)B
(c) g A\ 4o i (d) B-A
) (1.,2‘. N AL RYLGs equal to; (K.B)
NIV @ An(BUC) (b) (AUB)AC
- (c) Au(BULC) (d) An(BNC)
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(13)

(14)

(15)
I(16)
(17)
(18)

(19)

(20)

AU(BNC)is equal to; (K.B)
() (AUB)N(AUB) (b) (AUB)NC K :

© (AnB)U(ANC) ) Ar{BAC) |

If A and B are disjoint sefs, 'then &% Bis.aquel to;) A | (K.B)
@A _ o b3

© ¢ e Aey BUA

If numoetl; of Riement: in set £ is5and in set B is 4, then number of elements in Ax B
is; W \ (K.B)
&3 - (b) 4

) 12 (d)y7

If number of elements in set A is 3 and in set B is 2, then number of binary relations

in AxBis; (K.B)
(@ 2° (b) 2°

() 2° (d) 2°

The domain of R={(0,2),(2,3).(3,3),(3,4)} is; (K.B)
(a) {0,3,4} (b) {0,2,3}

(c) {0,2,4} (d) {2,3,4}

The range of R={(1,3),(2,2),(3,1),(4,4)} is; (K.B)
(a) {1,2,4} (b) {3,2,4}

(c) {1,2,3,4} (d) {1,3,4}

point(—1,4)lies in the quadrant; (K.B)
@]l (b) 1l

(c) (d) v

the relation {(1,2),(2,3),(3,3),(3,4)} is; (K.B)
(a) Onto function (b) Into function

(c) Not a function (d) One-One function

ANSWER KEY)|
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Q.2 Write short answers of the following

guestions.
Q) Define a subset and give one example.
(K.B + U.R)
Answer -

If A and B are; twp sets—such taat’ every |
an zlefient of et B, ther—

element of set A<
set A is called siibset ¢tiset B.

For gxamp e A= { 3. 7 and B={1,23,..,10}
fhea A |> cubset of B and represented by
‘\L B.
(i) Write all the subsets of the set {a, b}
Answer
Let S={a,b}
All possible subset of set S are:
¢,{a},{b},{a b}
(@iii)  Show A nBby Venn diagram. When
AcB. (MTN 2014, SGD 2016) (K.B)

Answer
If AcB

AnNB [1]
(iv)  Show by Venn diagram An(BuUC)

(K.B + A.B)
Answer
Let A, B and C are overlapping (General

Case)
U‘:_L@,A A

N

\

@)

\\

e

4
ey

Ar\(‘iu( )

(V) 7t l)&fme intefsac |u..oTtwosets
N | ) (K.B)

AR
A Ansvver

Intersection of Two Sets (K.B)

The intersection of two sets A and B, written
as AnB (read as ‘A intersection B’) is the

[ Clearly-x
~ Foj e‘xamphe,'if-_A._:{e‘,b_c,d}ath:{c,d,e,f},
_ then An-B:{c,d}

—~(vi)  Define a function

i e AR\B S

set consisting of all the common elements of
Aand B. Thus

ANB= {x|XEAﬁW1XG1:1
S ARB IS X AdndX e 7

Answer

(K.B)
Suppose A and B are two non-empty sets,
then relationf : A— Biis called a function if
Q) Dom f =A
(i) Every x € Aappears in one and only

one ordered pail;‘in f.

> |
> )
>3
» 4
B Set_A ] Set B
(vii)  Define one-one function
Answer
One - One Function (K.B)
A function f : A—> Bis called one-one

function if all distinct elements of A have
distinct images in B, i.e., f(x)="f(x,)

=>x=X%cA o X#X,e€A VxeA

= f(x)=f(x).
For example, if A={0,1,2,3} and

= {1 2,34 5} then we deflne a function -0 ~\

f A— B suchthat, <~ :.
{( BiE2), (% 3) '(h,z*)} S

Ll 15 GNE-0.e fun ‘tlon Qeqause” no element in
\EBLls rarisal red. | :
AVIiT-Deiine an Onto functlon or

Surjective function.
Answer

(K.B)
A function f : A— Bis called an onto
function, if every element of set B is an
image of at least one element of set A i.e.,
Range of f =B
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For example, if A={0,1,2,3} and B={1,2,3},

then f : A— Bsuch that

f ={(0.1),(12),(2.3),(3,2)}. Here Range

f ={1,2,3} = B. Thus f so defineq-ig an oixte
function.

SetA Set B
(ix)  Define a Bijective function

Answer

Bijective Function (K.B)

A function f:A—Bis called bijective
function iff function f is one-one and onto.
For example, if A={012,3}and B={1,234}

Then f ={(0,1),(12),(2.3).(34)}
Evidently this function is one-one because
distinct elements of A have distinct images
Q.3 Fillin the blanks

Q) IfAcB ,then AUB=

@) If AnB=¢g thenAandBare .
(iii) If AcBand Bc Athen .
(iv) An(BuC)=___

(v) AuU(BNC)=____

(vi)  The complement of U is

(vii) The complement of gis

i) AnA || oo | N
(ix)  AgATl L AL :
T .a_}.-"r. " "_II-'qS_uec {x| xeAand x ¢ B}=

(xi)  The point(-5,-7)lies in

quadrant.

in B. This is an onto function also because
every element of B is the image of at-least
one element of A.—, [ [~ '

L)
% J {
O g™

"

[ A=

1
2
3

Set A
x) Write De Morgan’s Laws.  (K.B)
Answer
For any two sets A and B belonging to universal
setU,

i) (ANB)=A"UB

(ii) (AuB)'=A'mB’ are called De

Morgan’s laws.

(K-B + A.B)
(K.B + A.B)
(K-B + A.B)
(K-B + A.B)

SV ,;'.;;"rg'."j? By
| (k.B + A.B)
(K.B + A.B)

(K.B + A.B)

(K.B + A.B)

(K.B + A.B)

MATHEMATICS -10 180

KB+ ARy |



Unit-5

Sets and Functions

(xii) The point (4,-6)lies in quadrant.

(xiii) They co-ordinate of every point is

(xiv) The x co-ordinate of every,poin{ig _

_on-x-axis.

ari-y-axi.

(xv)  The demairi of {(a.b{s,c), (ordi}is 1\ )

(xvi) The rar:-ge_u)f f(a,a',,(..'),'*))'(c,'c)}'ls ] :

(i) enn-miagram was first used by .

(xviii) A subset of Ax A is called the

(xix) If f:A—Bandrange of f =B, then fis an

(xx)  The relation {(a,b),(b,c),(a,d)}is

in A.

a function.

ANSWER KEY)|

(i) B
(i)  Disjoint sets
(i) A=B

(iv) (AnB)U(ANC)
(v)  (AuB)n(AUC)

(Vi) ¢
(vii) U
(viii) ¢
(ix) U
x) A-B

(xi) 11" quadrant
(xii) IV™" quadrant

(xiii) Zero
(xiv) Zero

(xv) {ab,c}
(xvi) {a,b,c}
(xvii) John Venn

(xviii) Binary relation

(xix) Onto
(xx) Not

function.

(K.B + A.B)
KB +p 5
{K.B + A.B)

(K.B + A.B)
(K.B + A.B)

(K.B + A.B)
(K.B + A.B)
(K.B + A.B)

(K.B + A.B)
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CUT HERE
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SELF TEST .
Time: 40 min 'y Marks! 25
Q.1  Four possible answers (A), (B), (C) & (D) to each guest: on 4re given,) marle-ths
correct answer. A RTX1=T)
1 Power set of an empty sei’1¢: —y A L |
(VI WSSV Bas
(c:){o«'r \ VL DO —(D){¢}
2 (AwiB)UTiislequaite:
(3] VY As(BUC) (B) (AUB)NC
1= (©) Au(BUC) (D) An(BUC)
3 The number of ways to describe a set are:
(A)1 (B) 2
€)3 (D) 4
4 If AcB,then AUB isequal to:
(A) A (B)B
(C) ¢ (D)u
5 The domain of R={(0,2),(2,3),(3,3),(3,4)} is:
(A) {0,3,4} (B) {0,2,3}
©) {0.2,4} (D) {2.3.4}
6 Point (-1,4)lies in the quadrant:
(A1 (B) Il
() 1 (D) IV
7 If the number of elements in set Ais 3 and in set B is 4, then the number of elements
in AxBis:
(A)3 (B)4
(©) 12 (D)7
Q.2  Give Short Answers to following Questions. (5%2=10)

Q) Define bijective function.
(i)  Show AnB by Venn diagram when Ac B

(i)  Find“a”and “b”if (3-2a,b-1)=(a-7,2b+5). ) B
(iv) If P={-2~1} then make two binary relations for PocF[-"~ % N [ (O Lo
(V) I U={Xx|xeNA3<X<23}, X =8| xis brime A &< X< 25} and’ '

Y ={X|XeW A4 <x <17}, Fndtno (> - YV VN A
Q.3  Answér Lhn mumu"c Huie: tlms\ (4+4=8)
(@)  IfU={i23.}500, A< {1257 9V and B = {2,3,4,5,8} , then prove that (A-B) = A'UB.
(h) (T ._Ilf-: L=Di kel AXx<5}, M ={y|yePAy<10}, then make the following relations

S | ®ori Lto M. R={(x, y)| x+y =6} Also write the domain and range of the relation.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill
of students.
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(K B)
The re n i of yatieiiatics which deals with
siliettiar and manipulation of the numeric
aata.

(K.B)
To present the information in a manageable
way so that some useful conclusions can be
drawn is called information handling.

Data) (K.B)

The numerical figure obtained from any
field of study is known as data.

There are two types of data
Q) Primary data,
(i)  Secondary data

(K.B)

The data directly collected from its source is
called primary data.

For example:

Prices of fruits collected from market.

(K-B)

The data which have been passed through
some statistical treatment at least once is
called secondary data.

For example:

Office records, printed materials.

(K.B)

(K2

Any quantity that has a smgle \alJe is
known as congiani, | : m
: & LSl - ” - \

Example: \ \
All real numbel s Gan be take: n dS co) nalant

o, 1 ' . . .
-pn_y'q;sé niity ‘whose value is not flxed is
“2alied variable.

Examples:
Age of person, weight of person, height of person.

Types of Variable

There are two types of variable.
Q) Discrete variable
(i) Continuous variable.

(KB + U.B)

A variable which can take / assume some specific
values in the given data is called discrete variable.

Note (K.B + U.B)

Q) A discrete variable usually takes the
values which are integers or whole

(K.B)

numbers

i.e.0,1,2,3.
(i) It represents the countable data.
Examples:

Q) Numbers of heads appeared in
tossing 5 coins.

2 No of children in a family.

3) No of students in a class.

(K.B + U.B)

A variable which can take / assure every
possible value with in the given range or
interval i.e. (a to b) is called continuous
variable.

® It may be a wholeyi .ur,urc ar ¢ fraction.

~2) It reseesenits tr.o-rre15| 1b 8 dofa’
| E>ar1_gle" , \ i

= (i} Aga ofar| emp|o'/ee.

i, ~__Femperature ora place.

AIii)  Height / weight of an individual.

(K.B)

The numerical facts obtained on first hand
and record as they stand are called
ungrouped data.

(K.B)

The data which have gone / passed through
some statistical process is called grouped
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data. It may be classified into certain groups
or into rows and columns.

(K.B)

The process of arranging the data into
certain groups or classes having staiilar
characteristics is called classificatipn

Note about liyhiier.of Blaeserf LE)
()

genesally riat adyical:le

(i) \aere is 'nothard and fast rule to find

| 14| selast number of classes.

(i~ Groups / classes should be between 5
and 15.

(iv)  Too small number of groups / classes
results into loss of important
information.

(V) Taking too many groups do not pay

for the labour involved condensing
the information.

Example: (K.B)
Marks obtained in maths out of

100.Form a frequency distribution.
60, 62, 65, 66, 67, 68, 66, 60, 73, 69, 70, 63,
64, 63, 67

More than |15 greéunsi o) classes.are—

Total number of observations = 15

The smallest number = 60,

The largest number= 73 [~
Frrecuency Elisonibr itioin

. L '___G_ro_u%___ ' No Gi-students
) | | 68— 62 |~ 3
63— 65 4
66— 68 5
69 ——— 71 7
7 — 74 1
n=15
(K.B)

Each class / group is defined by two values
one small and other large these values are
called class limits. The smaller one is called
lower class limit.

The large one is called upper class limit.
Size of Class Interval (K.B)
The difference between lower or upper class
limits of any two consecutive classes /
groups is called size or length of class

Given Data: interval. It is denoted by h.
Groups No. of Students Class Marks (X) Class Boundaries
60 —— 62 3 60 . 62 _ % = 61 59.5 - 62.5
63 ———— 65 4 63 . © % = 64 62.5 - 65.5
66— 68 5 06 . 08 _ 1374 = 67 65.5 - 68.5

Class Mark / Mid Point (K.B)

The average value of lower and upper class

limits of any class interval is called cldss

mark, it is the mid point of any cla~s (‘!”a
marks are represertad by X /
For C.I, 60—(€:2,53-€5,

60 - t2 122!
Class mark = () 7 Ty :_—2—..: 01

I'S.'F\J.Jﬂ_é (K.B)

e valulas~which describe true class limits

~The numrse G

- ch‘:s re. un"ml Tt is d

Class Frequen “‘_

Grlelrménen | 6 irems
co re>p3mI ng, th {héclajs intefual is called
anoted by f.

(K.B)

_itie tabular arrangement of data in which

various items are arranged into classes and
the number of items lying in each class is

called frequency distribution.
Formation of Frequency Distributio

“f a class are called class boundaries. (K.B)
The smaller value is called lower class boundary. By Tally Bar Method
The larger value is called upper class boundary. By Direct Method
MATHEMATICS -10 184
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Cumulative Frequenc (K.B)

The total of frequency upto an upper class
limit or boundary is called the cumulative
frequency. :
| (K.E}
A histogram is a araph of adjacen. reclangie

constructed of KY-plang: it is @ \grapri-of |
frequency disiriputioh, | ¢n' which | ¢lass—

boundaries gr clags,marks dre'msiked on x-
aYig end fregcuency gney-axis.

(K.B)

Frequency polygon is a many sided closed
figure on XY plane, on which-class marks are
marked on X-axis aa€ fraglicricies'on Il-ax:s:

L WMI folfydy(r Oyive

(K.B)

Al m.u.atl /0 equencu polygon or ogive is a
'. ‘grzoh of many sided closed figure of less than

cumulative frequency distribution, in which
cumulative frequencies are marked on Y-axis
and upper class boundaries on X-axis.

Q.1  The following data shows the number of members in various families. Construct
frequency distribution. Also find cumulative frequencies. 9, 11, 4,5, 6, 8,4, 3,7, 8, 5,
58,3,4,9,12,8,9,10,6,7,7,11,4,4,8,4,3,2,7,9,10,9,7,6,9,5, 7.

Solution:
Min. Value = 2, Max. Value = 12, Total values = 39

Discrete Frequency Distribution

(A.B)

No. of members Tally bars No. of families (f) CF
2 | 1 1
3 11 3 1+3=4
4 M 6 4+6=10
5 111 4 10+4=14
6 11 3 17
7 T 6 23
8 M1 5 28
9 IMT | 6 34
10 T 2 — ®h
=
11 . e S w8l [ O, -
: e T O AT ]
12 T = A4 | 1, 0

Q.2 The following data has beer| ¢btainec after \valg.umr 45 studer s of class V. Make a
frequenc;y dls*r..)ut.c.. tcl«quc s intarvsi-size as 5. Also find the class boundaries
and mitipoinis, 3it, 26, 33} 32} 24,21, 37, 40, 41, 28, 28, 31, 33, 34, 37, 23, 27, 31, 31,

c ".6 2, 35, 3) %7

25 -29...).
Solution:

Min. Value = 21, Max. Value = 41, Size of class interval =

3822, 27 28, 29, 31, 35, 35, 40, 21, 32, 33, 27, 29, 30, 23.
' Im Niake a Iess than cumulative frequency distribution. (Hint: Make classes 20-24,

(A.B)

5, Total values = 40
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Frequency Distribution

i _ ]
25-29 [l <00\ basong ) [27
Exa RSN T
35-99 AT R 34.5-39.5 37
404 T T O 3 39.5-445 42
| Tl - 40

Less than cumulative freiuency distribution

Less than 19.5 0
Less than 24.5 6
Less than 29.5 16
Less than 34.5 28
Less than 39.5 37
Less than 44.5 40

Q.3 From the following data representing the salaries of 30 teachers of a school. Make a
frequency distribution taking class interval size of Rs. 100, 450, 500, 550, 580, 670,
1200, 1150, 1120, 950, 1130, 1230, 890, 780, 760, 670, 880, 890, 1050, 980, 970, 1020,
1130, 1220, 760, 690, 710, 750, 1120, 760, 1240. (A.B + U.B +K.B)
(Hint: Make classes 450-549, 550-29...).
Solution:
Min. Value = 450, Max. Value = 1240, Size of class interval = 100, total values = n =30
Frequency Distribution
C-1 | Tally Bars | Frequency (f)
450 — 549 | 2
550 — 649 [ 2
650 — 749 ]| 4
750 — 849 M1 5
850 — 949 ] 3
950 — 1049 |]]] 4 I
1050 - 1149 | JMT — SN -
1150 - 1249 | - | ﬁ. \ | \& |
[ Total | /4 1111 T~ 80—
Q4 The fcllcw ung datashows the daily 1gad sk q:Jdlng duration in hours in 31 localities

of a cexiai ci i, Make airoque"\ =~ gistribution of the load shedding duration taking
2 heursias ¢lass interval size and answer the following questions. 6, 12,5, 7, 8, 3, 6, 7,
012, 14,114,112, 8,6, 8,9, 7, 11, 6, 9, 12, 13,10, 14, 7, 6, 10, 11, 14, 12.

(A.B + U.B +K.B)

.-.'Ivﬂ

(a) Find the most frequent load shedding hours?
(b) Find the least load shedding intervals?
(Hint: Make classes2-3,4-5,6-17....)
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Solution:

Min. Value =2, Max. Value = 14, Size of class interval = 2, total values =+#=31 _— <~
Frequency Distribution (By Direct Method\ I"','%-;j'n :'«;* \\J
- 2 | o \o~=—
2-3 | (s~ WL AT RN\ N [
4 -5 A AZUR O UN D Vu I
- BT 167,57, 67,6751 9
SV ere T TR ey, 5
A LGt 15,11, 11, 10, 10, 11 6
\WtE 13 | 12,12,12,13,12 5
14 -15 14, 14, 14 3
Total 31

J|x_-

(@) The most frequent load shading hours =6 — 7
(b)  The least load shading intervals =4 — 5
Q.5 Construct a Histogram and frequency Polygon for the following data showing
weights of students in kg. (A.B + U.B +K.B)
Weights | Frequency / No. of Students | Mid Values | Class Boundaries
20-24 5 22 19.5-24.5
25-29 8 27 24.5-29.5
30-34 13 32 29.5-34.5
35-39 22 37 34.5-39.5
40-44 15 42 39.5-44.5
45-49 10 47 44.5-49.5
50-54 8 52 49.5-54.5
|
4
:n Scale:
- On X-axis |
18 2 big boxes=5 units R
6 t6 On Y-axis |
5 4 1big box = 2 units = e,
12 | — P ! |I |I
g L= e "ﬁj .\:':_f- Juat
o T ([T 5 | ~hoer—
2k (S0~
: NANAT
.fﬁlffl:;;_
R NP | -
2 “'-\.-\' '\-\.\'J ,_
{:'x..r W | 111 I N
NAY.
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[ T

+ FREQUENCY POLYGON

— Scale: - [
26 srelaxis ]
JAR LR T :
8 — 1T 2 bigiboxis=5 initss, [ e
16 =1k _A_.. 2 !_-_\ | l_ 1 (.‘_n Y-'axis._ ! | ||
Q Y i \ — g b = Lnits /
> = **.H — T * 7.. \:1» L - L=
= = Y L 1 3
Hife '*rf'—"—*?‘[l—L =
-1 A 2
UIRILY4
ARALV A
gt g
- /
J I N4
1
| 4
2 27 3p 37 42 47 52 54
Class Marks

(K.B) Arithmetic Mean
A single value which represents the data is CELLL K REALL) (A.B + K.B)

called average. X =A+ 2D (For ungrouped data.)
(A.B + K.B)

Q) Arithmetic mean X =A+ sz:) (For grouped data)
(i) Median

(i) Mode where D=X-A

A = Provisional Mean or Assumed Mean
_ and X= Mid point of a class
v) Harmonic mean Arithmetic Mean (By Coding

(vi)  Quartiles Method) (A.B + U.B)

(A.B+KB) | "5y

X =A+=xh (For ungrouped data)

(iv)  Geometric mean

A value obtained by dividing the sum of all n
the observations by their number of where ‘h’ is common difference / size of C-I
observations is called arithmetic mean it is
denoted by X X =A+ 2 fu ff xh (For r'"“apnd data\
Let X1, X2, X3——— ,Xn be the values of a . v\ | 7 \\oh=
data thus the A.M is defined as: i ™ L weliers | -J,:..’i___e'-x' L
i 1 . .-_._.-'_ :__. — '._ T '._ i \ F-] -'. I
= X X, AT B L) A m (U.B + K.B)
X = o WS o ~A"value which divides an arranged data into
ARRAR AR AN R two equal parts (i.e., 50% data before the
where - i=\1,2,3,4,, .n\_+ median and 50% after it is called median.
- g N\ ’ -
J ,"-._'-I:’i_'k(' :-!‘n"‘ (For ungrouped data) Median is the middle most observation in an
A A z ¢ arranged data set. It divides the data set into
— X
= (For grouped data) two equal parts.
> f It is represented on X .
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(K.B)
(For ungrouped data)

Q) If “n” is odd number
th

Median = nTJrl term

If “n”is even numbker

© iy, ) Bk
Median = 1“2\ itéri -+ -——) i‘uem| :
2|2 2
(Forgrotred datay,

fvied ari '-—‘ I%Li(ﬂ—cj
fil2

where
I = lower class boundary of median class
h = Size of median class
f = Frequency of median class
¢ = Preceding commutative frequency of
median class

n/2 is used to decide the median class

n=>f

(K.B)

The most repeated value or most frequent
value in the given data is called mode.
Formula:

For Ungrouped data
Mode = the most repeated value in given

data. (No Formula)
For Grouped data
(f — fl)
Mode=1+—0" 12 _xh
2f —f,—f,
Where

| = lower class boundary of modal class.
fm = Frequency of mode class

fi1= Preceding frequency of modal frequency
class.

f> = Following frequency of modal class.

h = size of modal class.

Mode = 3 Met nan— 2 Madm ] \ !

Geometris [Mean c»i a\variasie X is the n"
pesitivel ot 'ef the  product  of the
, X, observation. In symbols, we

write
1

G.M. = (X, Xy, Xgy ey X, )0

(K. &\

The above formula can also be written by
using logarithm. :
For Ungrouped data | |-

fog \
G.NL. -V,Lnl'lt,q =
L )

_Far G.o_ IrEc data

G.M. = Antilog
2 f

> f IogXJ

(K-B)

Harmonic Mean refers to the value obtained
by reciprocating the mean of the reciprocal
of X, X,, X, ..., X, Observations. In symbols,

For ungrouped data,
HM. ="

zi
X
For Grouped data,

H,M_:Z_ff

2y
(K.B + U.B)
Q) Mean of a variable with similar
observations say constant k is the
constant k itself.
(i) Mean is affected by change in origin.
(iii)  Mean is affected by change in scale.

(iv)  Sum of the deviations of the variable
X from its mean is always zero.

The Weighted Arithmetic Mean

g ‘.I .B + .. P,;:'. 5 1 |

The relative lmmnarce uf ‘a ! nuxmer i3

' callnd.tb weigiit. \Whet. nul nbbrs G Xy e X,
. anamtcaqucll) imnportin, we associate them

it coridint  Weigit, W, W, W,,...,W,

dependmg on the importance or significance.

Average of such data is called weighted
arithmetic mean. It can be calculated by the
formula

2 WX

7W=ZW
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Moving Averages

Moving averages are defined as the
successive averages (arithmetic means)
which are computed for a sequence of
days/months/years at a time. Flace the
average of each period against the'mid ot the

(K.B + U.B)

each period. Diopning firstadlueand addiniy
succeeding valzg o this group and 'contintie—-

the process until glf values fremi firsito last
are use
: 1u
(N &L&. |
“ (]lVIdeS the data in four equal parts.
Formula: (for grouped data)

(K.B)

Example 1: (Page # 119)

l{'l)

h(in .
Q, :I+T(7—CI 1=12,3 :
ot N I SN &)
i Q, *= Medign '
i) D, =ILoweiQuartiles
Q, = Upper Quartiles
(K.B)
It divides the data in ten equal parts.
Formula: (for grouped data)
Di:I+£(m—cj L i1=12,...9
f 10
Note (K.B)
D, =Median
(A.B)

The marks of seven students in Mathematics are as follows. Calculate the Arithmetic

Mean and interpret the result.

Student No 1 2 3 4 5 6 7
Marks 45 60 74 58 65 63 49
Solution:
Let X = marks of a students
T = D X XXt Xt X
n 7
or )z:45+60+74+58+65+63+49:414:59.14 marks

7

Example 2 (Page # 120)

(GRW 2014, FSD 2017, D.G.K 2017)

(A.B)

The salaries of five teachers are as follows. Find the mean salary using direct and indirect
methods and compare the results. 11500, 12400, 1500, 14500, 14800.

Solution:
We proceed as follows:

(@) Using Direct method -
5
g = ;X' 11500+1240£+_§0_UJ_£4_3£J¢1_L£0£
=E:97 =13 640 RLp:e< '
(B [ it e ethods:

We assume A=1300, D,

shown in the following table:

:(xi —13000), h=100 and u, = (Xi _A),
100

the computations are
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X D, =( —13000) uiz(x‘_A)
100 |-,
11500 ~1500 N
12400 —~_ 600§ — 1) (BN
| 15000 ¢ | =5 2000 AL AL G L
14500 |\, /0 A 590) G e TS
____119_"0___ w1800~ 18
5 X =74000_ > "D, =3200 D u, =32
M >rrrtfornLIa
' — 3200

NS =13000+ 5= =13000+640 =13640 Rupees

(i)  Coding method:

X 13000+3—52><100 13640 Rupees

Example 5 (Page # 122) (A.B)

Find arithmetic mean using short formula taking X =34.5 as the provisional mean in
example 4.

Solution:
We use the following formula

fD _ fu
0] A+Z (i) X=A+Z xh
2t 21
Given A=34.5, we notes that the distribution has equal class interval size of 10. So we
may take h =10 and make the following calculations:

Classes/groups | f Mld[))(omts D=X-345 | u=(X-A)/10 | fD fu

0---9 2 4.5 -30 -3 60 | -6
10---19 10 14.5 —20 —2 -200 | —20
20---29 5 24.5 -10 -1 -50 -5
30---39 9 34.5 0 0 0 0
40---49 6 44.5 10 1 60 6
50---59 7 54.5 20 2 W0 | 14
60---69 1 64.5 30 A3 [ s
Total 40 13004 AT Ty A T 808 ]

Substituting the totals in the abovir Thrmulaaveget, |\ 'l

0) X =345 80)

2 _3a5=2=1325 gm)
._.-'- -_ ‘40 “ N 1 .'\\ k

1%

(ii) X '343+L42W><’LL 3& AV 32.5gm

/

MRV 2 .

On 5 term test in mathematics, a student has made marks of 82,93,86,92 and 79. Find the
median for the marks.
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Solution:
By arranging the grades in ascending order, the arranged data is 79,82,86,92.93

Since number of observation is odd i.e., n=5. .
th | |
X = size of (%j observation

% =size of 3" observation
X = 6 1

Example 2 (P 308 § %’ﬂ |\ (LER2017, FSD 2017, 18, SGD 2014, MTN 2016) (A.B)
The_sugar .,Oan"It‘ tor a ar.aom sample of 6 packs of juices of a certain brand are found
to e 2.3, 2 I 2.%5-2.9, 3.1 and 1.9 milligram. Find the median.

n Uitail

' Arranging the values by increasing order of magnitude

19,23 25,27,293.1

Since the number of observations are eveni.e., n=6.

X:1 size of 6th+ﬂth observations
2 2 2

X:%[Size of (3rd +4th) observations]
. 25+27
K=

= 2.6 milligram.

2
Example 4 (Page # 125) (A.B)

The following data is the time taken by 40 students to solve a problem is recorded. Find
the median time taken by the students.

138 | 164 | 150 | 132 | 144 | 125 | 149 | 157
146 | 158 | 140 | 147 | 136 | 148 | 152 | 144
168 | 126 | 138 | 176 | 163 | 119 | 154 | 165
146 | 173 | 142 | 147 | 135 | 153 | 140 | 135
161 | 145 | 135 | 142 | 150 | 156 | 145 | 128

Solution:
Class Intervals | Frequency | Class boundaries | Cumulative Frequency

118 — 126 3 117.5-126.5 3

127 — 135 5 126.5-135.5 8

136 — 144 9 135.5-144.5 19 -7

145 — 153 12 1445 — 153.5 o~

154 — 162 5 _1535-11625 [ " N B34 -Z_

163 — 171 4 _A62:50- 11 L 3

172 — 180 2\ !-_-___f1_>__g_1n S g
PR IANNC S —

o]

S N :
Mediari class =) ?as.ls_(_,ontmmng LEJ observation

J RN _(40)" .
w1 ‘wiedian class = class containing (7j =20" observation

=1+ (D _¢)-1445+ 2 (20-17)=1468
fl2 12
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Example 1 (Page # 127) (SGD 2014) (A.B)

Find the geometric mean of the observations 2,4,8 using

(i) basic formulaand (ii) using logarithmic formula. .
Solution: i ' i
Basic formula

1 1
G.M =(2;%4x8)3 = (643 % 4,
Using 125, imethoc.y, |

X log X

N 2 0.3010

\ J .. I ' 4 0.6021

| 8 0.9031
Total | 1.8062

G.M = Antilog (thz]g X ] = Antilog (%j

=Antilog (0.6021) =4.00003=4

Example 2: (Page # 130) (A.B + U.B)

A variable X take the following values 4,5,8,6,2. Find the mean of X, also find the mean

when (a) 5 is added to each observation (b) 10 is multiplied with each observation (c)
Prove that sum of the deviation from mean is zero.
Solution:
Given the values of X,
X: 45 8 6 2

We may introduce two new variables Y and Z under (a) and (b) respectively. So we are
giventhat (a)=Y =X +5 (b)Z =10X. The following table shows the desired result:

X | Y=X+5 | Z=10X X=X
4 9 40 -1
5 10 50 0
8 13 80 3
6 11 60 1
2 7 20 3 N
25 50 250 | KGR | e | e
From the above tablewe get;— || | | |\ LN [
_ Wa W YR 3o =57
AR T eI 5 st n 5
m - RERIER (A.B + U.B + K.B)

(@71 T20-54E8=X+5
o] i | c2=50=10(5)=10X
| J RNA Which shows that mean is affected by change in origin and scale.
. (© From the last column of the table we note that Z(X - )?):0, the sum of the

deviations from mean is zero.
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Example 1: (Page # 131)

Basic Statistics

(A-B)

The following table gives the monthly earnings and the number of Workers in 2 iauory, CGITiN Gl

the weighted average.

No. of employess | Niorithly et |l1g_sji |
Z — |~ \} 800
22, [ 45,
R0V A\t TI00
30 30
30 35
300 15

paiurien

No. of employees (w) | Monthly earning in Rs. (x) (xw)
4 800 3200
22 45 990
20 100 2000
30 30 900
80 35 2800
300 15 4500
D w=456 D xw=14390
_ 2 XW 14390

456

W ZW
Example 2: (Page # 131)

=315

Calculate three days moving average for the following record of attendance:

Number of employees are treated as a weight (w) and monthly earnings as variable (x)

(A.B)

Week | Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 24 55 28 45 51 | 54 | 60
Solution:
3-days moving
Week and days Attendance Total Average

Sun. 24 — _—

Mon. 55 107 107/3 =251,

Tue. 28 128 AAIBI2 4257 | -

Wed. 45 -~ R4\ M1248 = 35T T

Thu. \ 51 = \NLEON LY G 150/3)=50.00

_Fri. W TR 1 168/3='56.00

Sat.- _L___’GO VAN A — —
Example 1: (PR %‘{EIE &% ' (A.B)

_ Fnr the 1oligs NM] usrrmuuon locate Median and Quartiles on graph.

= I'- \ Class boundaries | Cumulative frequency
\ J ARV Less than 120 0
A\ Less than 130 12
Less than 140 27
Less than 150 51

MATHEMATICS -10

194



Unit—6

Basic Statistics

Solution:

Less than 160

Less than 170

Less than 180

Less than 190__

Less than 200/

We locate median-ang Quartiles Ly Using thie fo:lowing cumulative frequency polygon.

NP PR S —_ N i —

40— —

L] ghll 1
20

I
sS04
M)
£y
204
104

{

Scale
X-axis:1 small scale = 10
Y-axis: 5 small scales 1

I I 1 T I I

I I

Claps Boundaries

120 130 140 150 164) 170 180

190 200

— -
[Q =I35.IT[ [ e ]\I Q,= 15757

Example 2: (Page # 133)

For the following distribution locate Mode on graph.

Solution:

(A.B + U.B + K.B)

Salaries in Rupees

No. of teachers

120 — 130

12

130 — 140

15

140 — 150

24

150 — 160

13

160 — 170

7

170 — 180

5

180 — 190

4

190 — 200

2

On Histogram, the mode is located on X-axis as shown below:

25 Histogram . P =
I:"\. 'i‘ I r | )
20 - P [ A
o 1 ¥ st | 4 )
15 - "._ ..'._.-{III - _' I'. o '.l LI |
ey —i i 1 L 1 Y 11 |
A 1 T % | ! TR} My R
| i 5 1 ey
=, 3 IR ’ ’_’_’_\
| \ AT
—_ % ! J --" 120 130 140 150 160 170 180 190 200
. i e | Class |Boundaries
[N | AN A
_' % ’ Mode=144
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. Exercise62 |

Q.1 What do you understand by measures of central tendency? (A )

Ans: A single value which represents the data is called as average.“As.average Terids ¢ lig.iri
the centre of the data, so to locate an-average s callgd wieasure dircential teridency.

Q.2  Define Arithmetic mean, Ge¢metri:=sesn.Harindni; mdéar, rpode inl median.  (A.B)

Ans:  See Definitian page # 188,189 | .

Q.3  Find aritnmeticrean by\cirest inethnd fc. e foIIowmg set of data: (A.B)

(i) 12, 14)47,20, 24, 29, 35,45,

(i) [ 20C. 225! 350,-575, 270, 320, 290.

RS :
@)+ | 'Given Data:
12, 14, 17, 20, 24, 29, 35, 45
(LHR 2014, 16, GRW 2017, FSD 2017, RWP 2015, 17, MTN 2016, D.G.K 2014, 16)
Required:
Arithmetic mean by direct method
Solution:

X 1121417 (20| 24|29 |35 |45 ZX=196

Formula:
X=X
n
_1%
8
=245
Result
X =245
(i) Given Data:
200, 225, 350, 375, 270, 320, 290 (GRW 2014, 16, D.G.K 2016)
Required:
Arithmetic mean by direct method
Solution:

X 1200 | 225|350 375|270 320|290 | X = 2030 _

We known that =\ SN N
X - X 2030 -
n - 7 N L i 1 |
=260\ | - \
Result: )_<—49L ARRRERIE A
Q4. I‘or ¢ach 0“F fhl %ta in Q No 3, compute arithmetic mean using indirect method.
INERN AN (A.B)
) Give Data:
12,14, 17, 20, 24, 29, 35, 45
Required:
Arithmetic mean by indirect method
MATHEMATICS -10 196
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Solution:
X D=X-20
12 -8
14 -6
17 -2+
20 0 i
~RA _I~~& Y]
el amn 90\
AR-AAEIREYLE
_\ 48 25
-| >D=36
We know that
X= A+&
n
Putting the values
20+ 3
8
=20+45=245
Result:
X =245

(i) Give Data:
200, 225, 350, 375, 270, 320, 290
Required:
Arithmetic mean by indirect method

Solution: (By using short-cut and coding method)

(H.C.F of the aifferarice, uf Ia>s 1 ar.\o is5.-50 N'is 50+

Arithmetic rrean b) shoi L-'.,l it ethOd \

Formu® a
= S

- RN
._I. n -

630

=200+ 22

—200+90
X =290

200 0 0

225 25 5

270 70 14

290 90 18

320 120 24

350 150 30 |

375 175 LA
|l =D=630 | \EU=126 ||
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Arithmetic mean by coding method
Formula:
)_(=A+&xh _ : N
n .
= 200+%><5

163
=202 4—6—9
—20D+D0'= 290
O | REsy IO X =290
(.50 The marks obtained by students of class XI in mathematics are given below.

Compute arithmetic mean by direct and indirect methods. (LHR2015)  (A.B)
Given Data:
0-9 2
10-19 10
20— 29 5
30 -39 9
40 — 49 6
50 - 59 7
60 — 69 1
Required:
Arithmetic mean by direct and indirect method
Solution:
f
0-9 2 4.5 9
10-19 10 14.5 145
2029 5 24.5 122.5
30-39 9 34.5 310.5
40 — 49 6 44.5 267
50 -59 7 54.5 381.5
60 — 69 1 64.5 64.5
2.f=40 2 x=1300 |-

= . L LT, 1 11
1 R W i
L i . | %,
1 i
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Arithmetic mean by direct method
Formula

x =2z
> f
1300
C 40
=325
Results '
X.=[325 |
Akithiiezis reairdy short cut method
J [ %) Formula

)_(=A+sz

Putting the values

— X =345+ (_—SOJ
40

Results

=345-2

X=325

X=2= 225

— Arlthimétiz'mbah by ¢ofling method

Farmuia
> fD

X =A+ x h
2 f

= 34.5+_—8><10
40

=345-2
X =325
Results
X =325

The following data relates to the ages of children in a school. Compute the mean age

by direct and short-cut method taking any Provisional mean. (Hint. Take A = 8)

(A.B)

Q.6
Given Data:
Class limits | Frequency
4-6 10
7-9 20
1012 13
13-15 7
Total 50
Required:
Q) Arithmetic mean by direct and short-cut method
(i) GM
@iii)  H.M
Solution:

_— - e ! Py
4-6 10 5 50 -3 L1130, | 16,6990 | . €.95—" 1 2.0000
7-9 20 8 [ 160\ 0\ [ ¢ L[ Dec3ld /18.062 2.5
10-12 | ~13 [11]— 143 30.,[, 39——771.0414 | 135382 | 1.1818
13-15 [ A Vi 1198 T S 42 1.1461 | 8.0227 0.5
. (Y f
X 50 “ 3 fD =51 X
| -.| 451 46.6129 6.1818
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Arithmetic mean by direct method
— Y X Y G.M :antilog(zf_lixJ
_=17 i
2 ( 46.5129°
451 - | = m*lh)g -
50 | N B~
~9.02 j _ _ '-'-a!:tnug( 9323)
Arithmetic rrleai) by sriort n‘c*huU ) Vo G.M =8.5566
21D RN TE Harmonic Mean:
X =AHS Y S
YANIRZURI=S HM =~
NN ot (4]
| _d+—
i 50 X
=8+1.02 _ 50
=9.02 6.1818
Geometric Mean: H.M=8.0883

Q.7  The following data shows the number of children in various families. Find mode and
median. 9,11, 4,5,6,8,4,3,7,8,5,5,8,3,4,9,12,8,9,10,6,7,7,11, 4,4, 8,4, 3, 2,
7,9,10,9,7,6,9,5. (FSD 2015, SGD 2015) (A.B)

Required:

Q) Mode

(i) Median

Solution:

Min Value = 2, Max. Value = 12

Frequency Distribution
X | TallyBars | Frequency | Cf

2 | 1 1
3 |11 3 4
‘. T 6 10
o |11 4 14
6 11 3 17
7 M 5 22
8 M 5 27 | —¢
9 T | 6 lhaan Mo
10 N W RIRARYE R

o 11 -_._-'__*|___1;__Z Jr 37 | =

OV Ve R AV S AN T T 38

mE AT (A5 + U.5)

_ Mot = 4ianal€, | (Pepeating maximum number of times)
F!:ﬂ! ' (A.B + U.B)

th
Median= (gj term

MATHEMATICS -10 200



Unit—6 Basic Statistics

38 th
=|—| term
) e
=19" term ' | |
Median =7 _ |
Q.8 Find Modal number of eads £fcii the faiiowing  d:stithuticr shoviing the number of
heads v#h¢n'5 coins aie tpisen. Alsp detesmiing wredian. (A.B + U.B + K.B)
Given Data: - N :
%&m@mmm
J ' 2 8
| 3 5
4 3
5 1
Required:
Q) Mode
(i)  Median
Solution:
113] 3
2 (8| 11
35| 16
4 13| 19
5111 20
Mode =2 (Repeating max. number of times)

n th 20 th
Median :[EJ term :(7j term = 10" term =2

Q.9 The following frequency distribution the weights of boys in kilogram. Compute
mean, median, mode. (A.B+U.B +K.B) .
Given Data: - p N

Class intervals \ Frequency

K J IR R GRS b
) Mean =? (i) Median=? (iii) Mode =?
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Solution:
C-1 f X X C-B P,
1-3 2 2 4 05-3%5 [|[~=2\
4-6 3 5 | (M5 3565 (B 10
-9 o o G ) 116585y || 10
1012 My 44 1B 125 14
195 15 . _.4—:'_4._ 84 | 125-155 20
lelag | L] e T 34 155185 22
INIRERREA 1 20 20 185215 23
N N Ak >f=23 X X =241
Q) Mean: (A.B) =10.625
Formula: = Median =10.625kg
X = > X (iii)  Mode: (A.B)
> f Formula:
Putting the values Mode = |+ —m~ T
— ﬁ' 2 fm - fl - fz
- 23 Putting the values
= X =10.478kg _1p5, 06-4 .
(i)  Median: (A.B) 2(6)-4-2
Formula: o _ 1254 2x3
Median = I+?(§—0j 12541
3 = Mode =13.5kg
= 9.5+Z(11.5—1O)
=90.5+1.125
Q.10 A student obtained the following marks at a certain examination: English 73, Urdu

(i)
an appropriate average mark?
(i)  What is the average mark if equal weights are used?-—
Given Data: . \ AT
Veidhts-3
English AT
Opdul, o~ 82 B
simhematics || 80 1 [\ \:
Mistory, | |\ L &F 2
R Seigneg' < | 62 2
Reduired -
(i)
(ii)

82, Mathematics 80, History 67 and Science 62.
If the weights accorded these marks are 4, 3, 3, 2 and 2, respectlvely, what i is

(A.B + U.B)

What is an appropriate average mark? (i-e Weighted means)
What is the average mark if equal weights are used (simple means)
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Solution:
Subject Marks (X) | Weights (w) | Wx
English 73 4 292 |
Urdu 82 | 3 o e
Mathematics go I T3] 240
History | 67 1__A2_—_—| 124
Science L6z, s T T2 124
o || ) (64— 14| 10%
Q) Weighted Nledn: |
i .__V_W.X
|| T Ew
1036
14

= X., = 74marks
(i)  When equal weights are used
X -2X
n
_ 364
5
=72.8 marks

Q.11 On avacation trip a family bought 21.3 liters of petrol at 39.90 rupees per liter, 18.7
liters at 42.90 rupees per liter, and 23.5 liters at 40.90 rupees per liter. Find the

mean price paid per liter.

Given Data:
No. of liters | Prices (Rs) |
21.3 39.90
18.7 42.90
23.5 40.90
Required:

Mean price paid per liters = X,,=?

No. of liters (w) | Price (x) | WX
21.3 39.90 849.87
18.7 42.90 ~802. 23 |
23.5 40.96™ CEL
Sw=635 |_'___"____1x__7£1‘ 2r_
Formula. Y !
i _ Colapayment (x|
v Tetglktars | v
126131250
NIRRT
=41.15

Result:
Mean price paid per liter =Rs 41.15

(A.B)
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Q.12 Calculate simple moving average of 3 years from the following data: (A.B)

Given Data: a2
Years 2001 [2002 [2003 [2004 [2005 |2006 [ 2007 20p8 | 2008 [l2012™

Values [102 [108 [130 [140- |158 [180 156 1210 | 2200'F 230

Required:

3 years moving average:

Solution: B - ' :
“‘E‘g‘\‘iﬂ'ﬁﬁm‘iﬁ‘- oving total | 3 years moving average
| 29044 Ay 4 102 - -
b | 2002 108 340 113.33

- 2003 130 378 126
2004 140 428 142.67
2005 158 478 159.33
2006 180 534 178
2007 196 586 195.33
2008 210 626 208.67
2009 220 660 220
2010 230 - -

Q.13 Determine graphically for the following data and check your answer by using formulae.
(1) Median and Quartiles using cumulative frequency polygon.

(i) Mode using Histogram. (A.B)

Given Data:
Class boundaries | Frequency

10-20 2
20-30
30-40
40 -50
50 -60
60— 70

Rl oOolol

Required:
Q) Median and quartiles using cumulative frequency polygon and formula.
(i) Mode using histogram and using formula.

Solution:
0-10 TaEPRITEIRIR! :
| 10-20 ¥} 27 720 0
20-2¢ *. WM AL AT\ S e lass
A0 T30- 40 9t 16 Median class/Modal class
O [V4a050 6T 22 | Qsclass
Y REEETE 4 26
N NIRN A 60 - 70 1 27
AN A 27
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Median using Formula

th
Median= (gj observation

(K.B)

th )
= (2—,)7) observatién

='13.5"obsarvatior! |

) Ly L
Median'=l+ —"( g
fi2

J

Third Quartile (Q,)

3n £
Qs = - th 2cbservetisin

=3 NS ;h Gbgervation
= 8thh observation

= 20.25 th observation
h(3n
(g3 :| +—(Z—Cj

| P IihGihe values f
Median = 30+%(13,5_7) Putting the values
10 =4O+E(20.25—16)
=30+§(6.5) 6
10
=30+7.22 =40+7-(4.25)
= Median=37.22 _ 40+7.80
(K.B) . Q, =47.08
First Quartile :
c Mo (<.8)
Q1 = —th observation f —f
4 Mode=l + — ™ 1 __xh
27 _ 2f —f, —f,
= Tth observation Putting the values
= 6.75th observation _ 304+ 9-5 <10
01422 oc) 2(9) 56
4
Putting the values =30+ 18— 11X10
:20+%(6.75—2) :30+470
=20+2(4.75) =30+5.71
— 204950 = Mode =35.71 _
= Q, =29.50 [ )
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Mode Using Histogram

Histogram
A || | Sedler N
z 10 : = s Of-H-4%i5"
5 _-‘m_____-; R 1oig box =20
5 5 "\I_ : On Y-axis
i & e t—_—_:flr T +blg box =5
S e e
b i) |
| ’ 1
| | .
35.7 >
0 10 20 30 40 50 60 70
Class Boundaries
Cumulative Frequency Polygon
A Scale:
330 On X-axis
5 1 big box =20
;-;25 . On_Y-axis_
5 20 / 1 big box =5
o
B 15
-
g 10 /
O 5 /

0, =300, =37 0,

0 10 203040750 60 70
Upper Class Boundaries

(K.B)

Spread or scatter ness of the data is known
as dispersion.
Q) Range
(i) Variance _
(iii)  Standard deviation

Measure of Digpe rsionj K B

The techniqués atat| ere” used™to cett am\im
the degree or etent of war igticn inie . dataset

is called- e sure ¢f\di per SiGH.

Wy
Luu

(K.B)

(K.B)

r @ dlurerénce between the largest and

smallest value in a given data is called
range.
Mathematically it is defined as:

Range (R) = Xm — X1
Xm = The largest value
X1 = The smallest value

Example:
Given — < | [ L Ll
1,5, 6,160,917 | ( L A0~
VXL E A6 L Xy =5
Rarge-= Am — %4
- =16-5
=11

(K.B)
A value obtained by dividing the sum of
squares of deviations taken form arithmetic
mean by the number of observations in the
gizven data is called variance. It is denoted by
S
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Formulae
—\2
(l) SZ — z( x — X)
n
(Proper mean formula)
Gy s oZXL[IXY
fl Y " n Vi

—(Dilest Farmuia)) |
Standard.peyiatioril
The 10, tivie sguare rsot of variance is called
slericara deviation. It is abbreviated as S.D
snd'Is denoted by S.
Formulae

) S=

(Proper mean formula)

i) s =\/ZXZ_(Z_XJZ
n n

(Direct formula)

Example 5: (Page # 140) (A.B)

Compare the variation about mean for the
two groups of students who obtained the
following marks in statistics:

(k.é)

X = Marks Y = Marks
(Section A) (section B)

60 62

70 62

30 65

90 68

80 67

40 48

Solution:

In order to compare variation about mean

we compute standard deviation fzr the t'\/r*:

groups as follows:

) ur.ai!e

X Y X-X

(x-Xy  y-r (r-F)
0 | e | -2 | 1 Loy | )
0 | 6 b feaf 1 o0
el s LTI 102 7 9
The T e e 78 6 | 36
W e | 18| P s ] 5 |
o | a8 | -0 | 400 =T 196
Ta=32 | Fy=32 | 0 | Y(x-F)=2600 0 | ¥(y-F) =266
X 372
Mean for group A= X = z s 62
Y 372
Mean for group B=Y = z 62

6

X(x-X)

n

= ,/@ =4/433.333.

=20.82gm

S.D(X)=

=6.66gm
Comment: we note that the variation in
Group B is smaller than that of Group A.
This implies the marks of students in Group

A.
ll( B .-'.. l’ ‘1;.
mrmtnn i« PIO.C‘ ; E,UlfSIStent in

perfolmante. | |
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Unit—6 Basic Statistics

Q.1  What do you understand by dispersion? ¢ (=)
Ans: See Definition page # 206 - [ | - _
Q.2 How do you define measures of ("lb,’)El’SIO”‘I i ' - (K.B)
Ans:  See Definition page # 206 a \ ) .

Q.3  Define Rejiige, Standare geviationiand Varianee - (K.B + A.B)

Ans:  See Défiritiol Dage # 206,207 -

Q.4  The saiaries ot five teachzrs-in Hupees are as follows. 11500, 12400, 15000, 14500,
1480). F in th'-: rznge and standard deviation. (A.B)
Given'Data:

11500, 12400, 15000, 14500, 14800

Required
Q) Range (i) Standard Derivation
Solution:
X | X2
11500 132250000
12400 153760000
15000 225000000
14500 210250000
14800 219040000
2. X =68200 | > X?=940300000
(A.B) (i)  12,6,7,3,15,10,18,5 (FSD 2017)
_ _ Required:
ng. value _ K _ 15,000 Standard Deviation = S =?
Min. value =X, =11,500 @) Solution:
Range = Xm —Xo = 15000 - 11500 ' ‘ X2
= 3,500 Rs.
(A.B) 12 144
6 36
X2 X\
S:\/Z —(Z—] 7 49
n n
- 3 97 ]
_ \/940300000_(68200) 15 _| (1925
5 5 R Ea 10 W [0 o
=+/188060000 186049602, o= WA VsV 3
=1/2010400 PRV AR R\ Rl T ™.
= S =1417.646\ —~ - T Y ™ B 2
o X = 7 =
Q.5 a- Find tle suanual d' dolVlaflo"n %
of egrh hell 0f nun bled: (A.B) Standard Deviation (A.B)
iR 2267, 3,15, 10,18, 5 go [ZX° (EX ?
WY by 9, 3, 8, 89,8 9,18, “h | Th
b- Calculate variance for the data:
10,8,9,7,5,12, 8,6, 8, 2. _ 912 7_6j
Given Data: 8 8
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=114 (9.5)°

=+/114-90.25
=4/23.75

= S =4.87

(i) 9,3,8,8,9, 8 18 (FSD 7015) (.\ B

(b)

Given Data:

10, 8,9, 7,5,

ReqU| red

(D.G.K 2015)
12. 8

Vallance =, §2

Solution

IM

100

64

81

49

25

8
9
7
5
1

2

144

64

36

64

8
6
8
2

4

2X =75

> X*=631

Variance
> X?
n

S?=

e
10
=63.1-5

$?=6.85
Result

(2

EJZ
10

6.25

Variance = S* = 6.85

(A.B)

The length of 32 items are given below. Find the mean length and standard ucv‘atIOI" )

ICNTARAEY o
TR -b 36
|| 8 -1 1
8 -1 1
9 0 0
8 -1 1
9 0 0
18 9 81
>2X=T72 120
X -=X
n
_r
8
=9
(A.B)
(X Y)z
S=y|——~—
n
- 15
=S5=3.87
distribution.
Length
Frequency
Given Data:
J [ %) '
" Required

0] Mean length (i)

== Wl N N, Mt

96 28

Standard Deviation

ﬁi?iiﬁz "Zj ~
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Solution:
20-22 3 21 . 63 13 gf’if
23-25 6 o~ 24 7.1.&4777777;4167 ~
26-28 A AR ARVEZRVIRREE
2931\ /s e 8,100
N B3 oy 2N 1%’ 66 2,178
AH=52 ] > fX =867 | ¥ fX2=23,805
I TozX
> f
_ 867
32
= x=27.09
5 = foz_(foT
n n
23805 _(867 jz
32 32
= {/743.906 — 733.87
=4/9.8347 =3.136
Q.6  Find the range of the given data:
Class 33-40 | 41-50 | 51-60 | 61-70 | 71-75
Frequency 28 31 12 9 5
Solution:
Class | Frequency | C-B
33-40 28 32.5-40.5
41-50 31 40.5-50.5
51-60 12 50.5-60.5
61-70 9 6254705 |
7175~ A& __I_-! 5735_

Here

-

(A.B)

Range-= upper class b )unraary of !.lst clcss - Iovvmc cidss bounuary of 1% class
Range =\75:5— a2R—L3 x\ \ :
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(Exercise # 6.2,6.3)
(AB+ K.B = U.B)

ﬂi‘g’iﬁﬁﬂ'ﬂ&

Ar' il nntlc mnezns, |

1%,

Ungroup Data (Rirect V] ethwd) (Girguped Data

VLS B _
SATE 2 S TR TR A = g o=
A AR A R A | 2 f
- .5 [ Indlireat Method  (Short Cut/ Deviation Method)
MUK 2D (D=x—-A) X = A+
n
(Coding Method)
AM=A+ Z%yh ;(u:X;Aj AM = A+ =M h
n
(Median)
Median = [HTHJ " item
(n is odd)
Median Median:I+£(E—Cj
1/(n)" n+2)" Fl2
==<| = | item+| — | item
3] )
(nis even)
(Mode)
( fm — fl)
Mode = most repeated value of the data Mode = | + —"——*—xh
2fm—f, —f,
(Geometric Mean)
1
G.M= (X, X, Xg, .. X, )0
By definition method > flog X 3\
_ Y log X G.M= Antilo ( Y‘T 04
G.M= Antilog - | [/} -
n =, - | LY k& I-_ )
By log method \ A A _"__'_-._-.1_"-_'-_ |
e\ Harmgnis Mean
EABIRLIRERL= f
BENEA X
Y - = XWX
¢ Waighted Arithmetic Mean= X = ——
Wl ZW
Range
- Range = upper class boundary of last
=X -X .
Range mot class — lower class boundary of first class
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Variance
Y EOLER)
)2 1) SZm= LA NN
, S(X - X ~ ¢ = ’
(I) Sz — ( ) N ] AP 1'-
n ] .
~ T\ S VL !, "Praier mean formula
Preper (rean-formule, | . ° )
s Y SRS _L_j 2 f 2 f
.I_ J I'. ._= | | - n n
J A ' Direct Formula
Direct Formula
Standard Deviation
—\2 —\2
. (X=X . 2f(X-=X
i) S= ( ) iy s= ( )
n > f
Proper mean formula Proper mean formula
2 2 2 2
iy 5= =X _(Zx] iy s |20 (XX
n n 2 f 2 f
Direct Formula Direct Formula
£ =
. W .‘- 'H__ -
_"'H.: B N } _.-..-"--
. » YFARIRS y /
_.-': ~ ) | ™ \ ] |
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Unit—6 Basic Statistics

Miscellaneous Exercise 6 _

Q.1  Multiple choice questions :
Three possible answers are given for the following question, Tick-{v") theccrrect driswar:

Q) A grouped frequency table is also_called’ (SINL 2974, WATI 29015) (R-B)
(a) Data . (b) Frequerey Distriplticr. ' (¢) Frreaugncy olygon
(ii) A histogram is a set of aajacert; | CW(LHR 2024, 15, MTR2015) (K.B)
(a) Squares L)Restergles’ ' (c) Circles
(iif)  Afrequenty polygoniisa marty.sided: (LHR 2014) (K.B)
(a) Closzaitigurs | | '{0) Rectangle (c) Square
(iv)-~ A'zumuiative iraguency table is also called (K.B)
) s (@prrequenicy distribution  (b) Data (c) Less than cumulative frequency distribution
W In a cumulative frequency polygon frequencies are plotted against (K.B)
(a) Midpoints (b) Upper class boundaries  (c) Class limits
(vi)  Arithmetic mean is a measure that determines a value of the variable under study
by dividing the sum of all values of the variable by their (K.B)
(a) Number (b) Group (c) Denominator
(vii) A deviation is defined as a difference of any value of the variable from a (K.B)
(a) Constant (b) Histogram (c) Sum
(viii) A data in the form of frequency distribution is called (K.B)
(a) Grouped data (b) Ungrouped data (c) Histogram
(iX)  Mean of a variable with similar observations say constant k is (K.B)
(a) Negative (b) k itself (c) Zero
(X)  Mean is affected by change in (LHR 2015, FSD 2014) (K.B)
(a) Value (b) Ratio (c) Origin
(xi)  Mean is affected by change in (K.B)
(a) Place (b) Scale (c) Rate
(xii)  Sum of the deviations of the variable X from its mean is always (K.B)
(FSD 2016, 18, D.G.K 2015)
(a) Zero (b) One (c) Same
(xiii) Then" positive root of the product of the x,, X, X,,...x. observations is called  (K.B)
(a) Mode (b) Mean (c) Geometric mean
(xiv) The value obtained by reciprocating the mean of the reciprocal of x,X,,X;,..., X,
observations is called (K.B) 1
(a) Geometric mean (b) Median (c) Harmenic meen %L
(xv)  The most frequent occurring observation.in a data set.is bc.n:'é_d- [ | » \ '-('E_(.-‘:!-}'3
-~ 1 (GRW 2014, FSD 4014,25) SWVL 2014)
(a) Mode L (b) Medlian—" 14 % 1Y (¢) Haringnic mean
(Xvi) The measure which detern:inps/the middlémos; abscivation ina date/set is called (K.B)
(@) Medign | __—_ | ®)Maedg', ~. 0 —"  (c) Mean
(xvii) The obszrvatiors thét clivide & data setiso four equal parts are called (SWL 2015, 16) (K-B)
(a) Deciles | |\ ) | |\ (D) Quartiles (c) Percentiles
(xvitiy, The bpread nriscatterness of observations in a data set is called (K.B)
IINIAALAY (FSD 2014, SGD 2014, D.G.K 2014)
s (@) Average (b) Dispersion (c) Central tendency
(Xix) The measures that are used to determine the degree or extent of variation in a data
set are called measures of (K.B)
(a) Dispersion (b) Central tendency (c) Average
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(xx)
(xxi)

(xxii)

Q.2
()
Ans:
(i)
Ans:
(iii)
Ans:
(iv)
Ans:
V)
Ans:
(vi)
Ans:
(vii)
Ans:
(viii)

The extent of variation between two extreme observations of a data set is measured

by (RWP-2615) (M f23.
(a) Average (b) Range (c) . Quarfiles '

The mean of the squared deviation 'of x. (i=12, ) Gbseivations’ fiari—ieir
arithmetic mean is callec . ~ \ . (K.B)
(a) Variance (k) Standarc deviation” (c) Range

The positive equaie-ront of ‘mear ‘of the' squared deviations of X; (i=12,...n)
observétions frora théir arithmetic mean is called (K.B)

(2) Farmohic reart (b) Range (c) Standard deviation
/| ' ANSWER KEY|

Writhe short answers of the following questions.

Define class limits. (RWP 2015, BWP 2016, D.G.K 2014) (K.B)
See definition page # 184
Define class mark. (K.B)

See definition page # 184
What is cumulative frequency? (GRW 2014, BWP 2011, 14, RWP 2016, SGD 2014, 16)(K.B)
See definition page # 185

Define a frequency distribution.  (BWP 2015, SWL 2016, MTN 2016) (K.B)
See definition page # 184
What is Histogram? (GRW 2016, FSD 2014, SWL 2017, SGD 2015, RWP 2014) (K.B)

See definition page # 185

Name two measures of central tendency. (K.B) (LHR 2014, GRW 2016, SWL 2015, D.G.K 2015)
See definitiDEon page # 196

Define Arithmetic mean. (LHR 2016, GRW 2016, FSD 2015, SGD 2015, D.G.K 2014) (K.B)
See definition page # 188

Write three properties of Arithmetic mean. (K.B)

(LHR 2016, 17, GRW 2014, FSD 2014, 15, 17, SWL 2016, RWP 2014, BWP 2014, SGD 2015, MTN 2017)

Ans:
(iX)
Ans:
(x)

Ans:
(xi)
Ans:
(xii)
Ans:;

D))
SArE

(xiv)

Ans:

See definition page # 189

Define Median. (LHR 2014, BWP 2015, SGD 2016, RWP 2017, MTNL2257Y_ A=)\ |

See definition page # 188 ) AN Ve

Define Mode? S U st L e (K.B)
~ (LHR 2014, 17, GRVY 2017, WL 2015, 15,BWVF, 2014, 17, MTN'2015, 16, 17, D.G.K 2017)

See definition page # 189 | | ! / ' Lt

What goypu meas-hy Hay'nchic.mzan? (2K.B) (SRW 2015, SWL 2015, MTN 2015, SGD 2015)

See deri=iitior fracett 189 1 | \ -

Define (3epmetric medni_- {LHR 2015, FSD 2015, SWL 2016, D.G.K 2016) (K.B)
Sez|¢efitition vage # 189
Whet s kange? (SWL 2014) (K.B)
See definition page # 206
Define Standard deviation. (K.B)

(LHR 2016, FSD 2015, SWL 2014, 15, BWP 2017, MTN 2015, 17, SGD 2014, 17, D.G.K 2014)
See definition page # 207
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Basic Statistics

SELF TEST N
Time: 40 min ' Maris, g5
Q.1  Four possible answers (A), (B), (C) & (D) to each qumct Ol ¢ re “grven,, mark -itie
correct answer. L VUTRIET)
1 The value obtained by reciproca’: mg thz-nean ¢f the eupro*an of '
Xps Xoy Xgyeveeereanenens /X, Observatisits is r‘1II*0 _
(A) Geu! stric mean Vo4 \ (B Nizdian
(C) Haezoni¢ meary, | (D) Mode
2 If D=234-19, 2 I: 50 and\n'=5 then arithmetic mean is:
)10 | (B) 20
_ {0 (D) 15
3 114,3,2,1,5,6,7 the mode is:
A0 (B) 4
<7 (D) No mode
—\2
4 If Z(x—x) =40, n=5 then standard deviation is:
(A)8 (B) 2.83
(C) 200 (D) 14.1
5 In a cumulative frequency polygon frequencies are plotted against:
(A) Midpoints (B) Upper class boundaries
(C) Class limits (D) Lower class boundaries
6 A histogram is a set of adjacent:
(A) Squares (B) Rectangles
(C) Circles (D) Closed figure
7 The measure which determines the middle most observation in a data set is called:
(A) Mean (B) Mode
(C) Median (D) None
Q.2  Give Short Answers to following Questions. (5%2=10)
Q) Find the standard deviation for the data: 12,6,7,3,15,10,18,5.
(i) Find arithmetic mean by indirect method for the set of data:
200,225,350,375,270,320,290.
(iii)  Find the geometric mean of 2, 4, 8 using logarithmic formula.
(iv)  Find median.
ClassMark (X) | 5] 10 | 15 | 20 | 25 | 30
Frequency (f) 2112 125|132 |14 | 5
(V) On a vacation trip a family bought 21.3 liters of petrol at 39.90 rupees per liter, 18.7 litzis Xe
at 42.90 rupees per liter, and 23.5 liters at 40.90 rupees per Ilter Flan me Pean prmc Fa'd_.
per liter. — N "y -
Q.3 Answer the following Questions. — RN AR RS A 4+4 8)
(@) The length of 32 items arz (iven L,(‘-?')W Tihd' tne mi >an ler*g:h ano sfandard deV|at|on of
the distribution. RER
Ledgin, | — L 20—2’) {'23-—' 25 '--*26—28 29-31 | 32-34
_%;;4ﬁ;%_~
Frequew VA A3 ‘ 6 12 9 2
(h) (7. Orialprize it Zation day 50 students brought pocket money as under.
| N relmiode.
Rupees 5-10 | 10-15 | 15-20 | 20-25 | 25-30
Frequency (f) | 12 9 18 7 4

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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cosO— tan(%)—

INTRODUCTI(JI"

51n9— —
h

T L T L T

Anglcly | ' (K.B)
| (Li=R-2015, SWL 2015, MTN 2016)
N0 née-collinear rays with a common end
point form an angle. The rays are called arms
of the angle and the common point is called
vertex of the angle. The original position of the
ray is called initial side and the final position of
the ray is called the terminal side of the angle.

AZ
0 A
(D.G.K2015) (K.B)
System of measurement of an angle in degrees,
minutes and seconds is called sexagesimal system.
(RWP 2015, BWP 2015, SGD 2015) (K.B)
If we divide a circle/ circumference into 360
equal parts/arcs then central angle of one arc
is called degree it is denoted by 1°.
(GRW 2014, FSD 2015) (K.B)
The angle subtended at the centre of the

circle by an arc, whose length is equal to its
radius is called one radian.

| "“in/AOB =1 radians if mOA=mAB

(K.B)
System of measurement of an angle in
radians is called circular system.

-]
-.eﬂ—
Al

L“I

(-

~ Coavert, 12925(35" io Ceclmal degrees

R!LOI\J CMETRY

Relationship between Radians and Degrees
(K.B)
180° = x radians

=1°= . radians
180

X7 .
= X°=-— radians
180

And
180°

= 1 radian =

T

X(180°)
T

= X radians =

1 radians :180 ~
T

(K.B)
~57°17'45"

id radians =~ 0.0175 radians

Important Formulae

1°=

(K.B)
X7 .
X° =— radians
180
X(180°)
T

X radians =
l=r@

(K.B)

cocrectie thrce decimet-places.

“Setution:
12°23'35" = (12 (B35
60 3600
~(12+0.3833+ 0.00972)0
~12.393°
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Introduction to Trigonometry

Example 3 (Page # 148) (A.B)

Convert 45.36°to D°M’'S” form.

Solution:
45.36° = 45°+.36x60’

=45° +21.6'

=45° +21' +.6x60"

=45° 21 £36" =45°213¢"
Example 4 (Pygh ¥ 4i0)
Convert 124°22" ino radign'measure:
Solutior: '

£ ) 7. ; | 22 (6]
|| 442 :L124+— =124.3666°
60
=124.3666x—— radians
180

~ 2.171 radians
Example 5 (Page # 149) (A.B)

Express %radians into degrees.

O o
%rradians = %x 180 +1rad = (@j

T T
=120°
Q.1  Locate the following angles:
(i  30° (A.B)
o
N\
180°€ 5 SUBNG,
\ 4
270°
(ii) 2215 (ALY
1oy O LS
. .-ﬁzéi
. \NIESr =5 >0
v
270°

(ABY-

(iii)  135° (A.B)

- N T )35
18— >0
\4
270°
(iv) 225° (A.B)
9Q°
N

225
180°€ N >0°

270°

(V) _600 . (AIB)
' &

-180% >(°
()_60(,

v
90\1

(vi) —120° (A.BR)-
-27 G0
AN Y

—=180%¢ : ) 5 >0

4/ -120
v
-90°
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(vii)

Q.2

(i)

(i)

(i)

~150° (A.B)
0
e
-180°€¢— T —0
=y = -:.E)U A L
A 1
3
:. ) . ’ _900
2530 0 (A.B)
27
(0
504\
-180°¢ <= >0’
A 4
-9’

Express the following sexagesimal
measures of angles in decimal
form:

45°30’ (A.B)
- 45+ (3‘))
60
=45° + 0.5°
=45.5°
60°30'30” (A.B)

60+ (30) J{ 30 j
60 3600

=60° + 0.5° + 0.0083°
=60.5083°

125°22'50" (A.B_)_

s (2] (B
60) 3500/ /

7175m(f\ 367)p +(0013\99\
£106.38090 | |\

- Extiess| the, fllowiing into D°M'S”
AT (SWL 2015, BWP 2016)

47.36° (A.B)
= 47°+(0.36x60) -+1° =60’
=47° + 21,6/

=47° + 21' + (0. 6 X 60)"
=47° + 21’ +.35*
=47°21' 36"

IR vV R ~. Y (A.B)

\=1125°-(0.45% 60)
=125° + 27’
=125° 27"

(i)  225.75° (A.B)
= 225°+(0.75% 60)
=205° + 45’
=205° 45/

(iv) —225° (A.B)
—(22°+(0.5>< 60)’)
~(22°+30)

= 22°30f

(v)  —67.58° (A.B)
—(67°+(0.58>< 60)')

67°+34.8')

67°+34'+(0.8'60)")
67°+34'+48")
67°34'48")

(vi) 315.18° (A.B)

=315° +(0.18x60)

=315°+10.8’
=315 + 1(/“470.8 FG)"
_3 uo+ l“r -+ _LS: " A e

=—(
=—(
=—(67
=—(

1 _ _—31301‘)'18”
"'QA prte% e following angles into
~ .\ ~—adians.
(i) 30° (A.B)

=30><i radians
180

T .
=_radians
6
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(i)

(iii)

IANIIN

(v)

(vi)

(vii)

(viii)

60° (A.B)

=60x T radians
180

=T radians
3 -
135° (BWr2014, D.G.K-201¢) A.Bj

et 17T .
=135k —I-1aaians |

AR
A3k L '
|2 == raaians
gA™ 4
205° (A.B)
= 225><L radians
180
:5—nradians
4

—150° (BWP 2014, D.G.K 2016)(A.B)

=-150x 7 radians
180

= _5_7: radians
6
—225° (A.B)
=—-225x z radians
180
= _5—7T radians
300° (SGD 2015)  (A.B)
= 300x —— radians
180
= 5—“ radians
3
31%° (A.B)
= 315x—"radians
= 71 radians ' \\
Conveii-each! o*r ‘“he I1(,wrh"1\ﬁ< i
degrees, | '
31 \

e

(LHR 2015, MTN 2016, GRW 2016) (A.B)

= (S—Ttx@j -+ lradians = @deg ree
4 1 T

(iii)

(iv)

(v)

(vi)

—{vii)

(viii)

=3x45°
=135° -
™ .

(15,

1 (SWIL 70'44 EGIH 20J.0,III\I/ITN 2015, 16)
[ Bz 180
e TJ
=150°

n
8

(771 180]0
=] —X——
8 T
_315°

2

=157.5°
130

16
(13n 180}
X
16 =

%)

4

=146.25°

3 (A.B)

()
T
=171.89°
45 (A.B)

(4 5x @j =257.83°

(A.B)

(A.B)

T

TSN [ 75 | ey
18 ’

(GRV, l 271/ R] NP 4015 D G.K 2017)

.: /7 NP
= 180" — _157.5°
8 nJ
137[
A.B
To (A.B)
= (13“ 180] = ~146.25°
16 T
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“Consider a sector AOB, whose central angle

Introduction to Trigonometry

Statement:

Establish the rulel =r&, where | s
the length of an arc, r is ratlius oi-#

circle and 9 is the cen‘ral ange

measured in iadiass
Proof: 1 :
Latapare AB Hencted by i, subtends a
ceniral ~anol2 ¢ radians. Consider an
other are AC whose length is equal to
its radius then its central angle will be
equal to 1 radian. In plane geometry,
measure of central angles of the arcs of
a circles are proportional to the lengths
of their arcs.

. mZAOB  mAB
"mZAOC  mAC
0 radians |

1radion r
Or ré =1
Or l=r@

Area of Sector

A=1r20
2

(K.B)

Find area of sector of a circle whose radkas,
isrand central angle is @ radians? |\ =

is @ radians. In plane geometry

. Angle of sestaf = b‘ "100-' e

Area of Sector
Area of Circle

_ Angleof the Sector
Ang_IP ar e Cirgie

Areaof Segiol _6 |

7t 2

.. , AN
AR 07 sectGr AOB= = x 712

27

Area of sector AOB = % r’e

Example 2: (Page # 151) (A.B)

Find the distance travelled by a cyclist
moving on a circle of radius 15m, if he
makes 3.5 revolutions.
Solution:
1 revolution = 27 radians
3.5 revolutions = 3.5x 27 radians
=77 radians
Radius of circle = 15m
Distance travelled =1 = ?
Formula
l=r@
Putting the values
| =77 x15m
=1057m=329.87m
.. Distance travelled by cyclist = 329.87m

(A.B)

(LHR 2014, D.G.K 2014)
Find the area of sector of a circle of radius
16¢cm if the angle at the centre is 60°.
Solution:

Radius of circle = r = 1.

N |

st
T 60%—— =7 radians
: /1130 3

Foimiatd

Area of sector = A= % r’e
Putting the values
A= —(16) o cm

= A=143.1cm?
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Q.1

0] Find 6, when I = 2cm, r = 3.5cm
(LHR 2015, GRW 2016, BWP 2014, MTN
2015, 16, 17, SGD 2015) (A.I3)

Solution: '
We know tiat
l=ro. )

or 0=—

-
Putiingte vaiues
L 2em
3.5cm
0 = 0.57radians
(i) Given:
I=4.5m,r=2.5m

(FSD 2014, SGD 2014, 16, MTN 2016,
D.G.K 2015, 17)

Required:
0="
Solution:
We know that
o="
r
Putting the values
4.5

"25
=0 = 1.8 radians

(A.B)

Q.2

(i Given 6= 180°,r = 4.9cm (A.B)
(LHR 2014, GRW 2014, FSD 2015, SWL
2016, D.G.K 2016)

Required:
=7

Solution:
Here
0 =180°

= 180><—rad|ans -1° _—raﬂ--.
180

it e
= 3.14 radians 71
We knnw Ilct
l=ro'. Y
Putting fho /aiuss
=49 cm 3.1 \ )
. -—sI:—153lc,"r'

1|.\ | !l—ndl when 0=60°30",r = 15mm

(LHR 2014, SWL 2016, BWP 2016, MTN 2015)
Solution:
Here
0 =60° 30’

Y b 1
— - i Loy
S !
- T Y \
1 (B T L
1L L L -.

2 150,51 122 rddians”
i ’I’.80

»~=1:0559 radrdns

We know that
l=r0

putting the values
= (15mm)(1.0559)

=1 =15.84mm

Q.3 (A.B)
Q) Find r, when | = 4cm,0 = % radian

Solution:
We know that

I
r=—

o
Putting the values
4cm

r=—

4
= r=16cm
(i)  Given: 1 =52cm ,0 =45° (A.B)

(LHR 2015, 17, GRW 2017, SWL 2014,
17, RWP 2010, 15, D.G.K 2017)

Required:
r="7?
Solution:
Here 0 =45°
= 45 x = radians -+1° = —rad
180 180
=0.785 radians
We know that
r :l - b
a—ry N { 5.2'_ 5 -
BARG 25
oalr= 66.21G1

o4 Given:r=12m, 6 = 1.5 radian

(SGD 2014) (A.B)

Required:

=2
Solution:

We know that

I=ro

Putting the values

I =(12m) (1.5)
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=1=18m
Q.5 Given:r =10m, 6 = angle formed by

3.5 revolutions (A.B)
Required:
=7
Solution: -
Angle in org revolution.= 2w fadian; |

Angle n 3.5 iereiution
(77 x13.5)\radvaris
=, 7'x radians
\We knavy tiet-
B~
Putting the values
=(10m)(7x)
=707zm
=220m
Result:
Distance travelled by point =220m
Q.6  What is the circular measure of
the angle between the hands of the
watch at 3 O’ clock? (A.B)
Solution:

Circular measure of angle between

hands of clock = 90xl radians
180

:Eradian
2

Q.7  What is the length of arc APB’ (AL l.’ﬁ) ' f
Solution: ' — W
_ /-"—* | 1 ™,

Here

A

".-R;qu' ré_,d

6 =90°

= QOXL, radians 17 —~rail
Jgg, | 1do

T
- radlom
2! .

=8:n
e know that
1=r0
Putting the values

| = (8cm)(gradianj

= 47 radians
| =12.57cm
Result:
Length of arc APB =12.57cm
Q.8 In a circle of radius 12cm, how
long an are subtends a central
angle of 84°? (A.B)
Given:
r=12cm,0 = 84°
Required:
=7
Solution:
Here
0 =84°

= 84 x T radian ‘.
180

= 1.466 radian
We know that

Il =r0

Putting the values
= (12cm) (1.466)
=17.592cm

1° = . rad
80

Result:

~.Length of arc = 17.632cm |
Q.9 Flnd the area ai tike :ol-Ct)I’ () PR
1 | ." e ‘-“B)

’a, Given: 6 6\, -f = 6cm

_~#rea of sectdr =A=?

' 6cm

0]
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Solution:

Given:

S

0 = 60°

60 x iradians 010 = lrad
180 _

ki radians

3

We kn 'JW that .

A——r9

P ;tu 1(1 the-vdiues

. = 1(6cm)2 (Z]
2 3

_ L 36xZ—6x
273

= A=18.85cm?
(b) Here

084S p
20cm

0 = 45°

= 45x—"_radians +1° =~ rad
180 180

= radians
We know that
A—1 r’
2

Putting the values

A:%(zo )(Zj.

:%x"“(.x?—%@ﬂ' |\ “\..

- A= 157/(8cni2)

3:';1"d_ fie—area of sector inside a
central angle of 20° in a circle of
radius 7m. (A.B)

0=20° r=7m

Q11

Area of sector=A="?

Here -
0=20°_ —
|- 20x' 2 adighs': - 12="—rad
Lo a8t 180
= Zradians |
9
We know that
A—lrze
2

Putting the values

= A=8.552m’

Sehar is making a skirt. Each panel
of this skirt is of the shape shown
shaded in the diagram. How much
material (cloth) is required for each

panel? (A.B)

Given:

¢ = 80°,r, =10cm-~ _
I, =E6m ﬂ’)cw'ﬁ&)cm '

Fv,equrﬁd

A\rea ot siaded mglon =A=?

““eolution:

Here
0 =80°

= 80xl radians *.-1° :lrad
180 18

207 .
=—"—radians
45

MATHEMATICS -10

223



N

Unit—7

Introduction to Trigonometry

Formula:
1
Area of small sector = > r’o

_ 1)((10)2 % 207[
2 45

:l.v-:‘_(‘(b' 207

A
T

- A0
—50,\—[‘-5— _

| [ pa-BUT
Area of big sector = % 7 x0

:£(66cm)2 207
2 45

= A=23042.285cm?
Area of shaded region =
Area of big sector —Area of small sector
=3042.285-69.841
=2972.4cm’
. 2972.4cm’material (cloth) is required for
each panel.
Q.12 Find the area of sector with

T . . .
central angle ofg radian in a circle

of radius 10cm. (A.B)

Given:
= g radians, r = 10cm

Required:

A="?
Solution:

We know that

A:Erze
2

Putting the values -_

= %(195‘7_\“1:‘2 (9

:£X.1.O\),_(;—:',._:l._0;r 1 R
~ @ L Ve N

5 A =314060m?

Vi “S'he area of the sector with a

central angle 0 in a circle of radius
2m is 10 square metre. Find @ in

radians. (A.B)

Given:
Area of Sector = A=1C-square.m
Radius of cirele r=2¢in

\ Reauired: \
B —eniral Angle'=1="7
Sclution: /
-t We know that
A=1r2
2
Or 0 :2—?
r
B 2x10
(2
_2
4
= 5radians

(K-B)

Two or more angles with the same initial
and terminal sides are called coterminal
angles. For example 30°, 390°, 750°, .....

are coterminal angles (6+360k ),k € Z

Angle in Standard Position (.4 )]

A general angle is said to be in standard
position if its vertex is at the origin and its
initial side is directed along the positive
direction of the x-axis of a rectangular
coordinate system.

For example, angle below is in standard
position.

~ ©
,%

(K-B)

If the terminal side of an angle in standard
position falls on x-axis or y-axis then it is
called a quadrental angle i.e. 0°, 90°, 180°,
270°, 360° are quadretal angles
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Trigonometric Ratios of 45°

(K.B + U.B+ A.B)
Consider a right angled isosceles AABC, in
which mAB=mBC = x -

-J,' NI /\450
By Pythagoras theorem

mAC =x* +X°
=2x°

mMAC =+/2x°

- J2x

Now trigonometric Ratios are

. _mBC _ x
sin45° = —mﬁ —2x
_1
2
cos4se = MAB
mAC
X
J2x
_1
2
tan45°=£=§
mAB X
=1 ":
o — 1 - = {
cosec45 Y
— %in45° | AW VA
:.-'\/T -_ - -\._. ..- . ' _.I _."'H. \ ;
ro 1 .1 1 .', i .'. bt
SPC 2] :_F___
e \CUSIA5° -
. J [ SN . T \/i
' cot45°= __—
tan45°

=1

Trigonometric Ratios of 60° & 30° B
(K.5+1.B+ & 5)

Consifer-47 eaujilaterai AABC,
. W O ! .

x /3$ | 2x
' i
60° M
A x D X B
I 2 \ I

In which mAB = mBC = mAC = 2x
Draw CD 1 AB , then

AD =BD = x
From ACAD, using Pythagoras theorem

(mAD) +(mCD) =(mAC)’
x? +(mﬁ)2 = (2x)?
(mcﬁ)2 =4x% - x?

(mﬁ)2 —3x2
= mMCD =+/3%?
Trigonometric ratios of 60° are:
Sin60° = £_D = @
mA 2X
_\3
2_
€c0s60° = m_@ _ X
mA 2X
_1
2 —
tan 60° = mCE )
ARG ’
-3
o 1
cosec60’ = —
sin60°
_2
3
sec60° L
€0s60°
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cot60° = 1
tan 60°
_1
J3
Now Trigonometric Ratios of 3¢
InAACD -
sin30=d AR X~
AL 12K 2
SR 5
PRRICES MELL L3 _ V3
1 m& 2X 2
tangoe-MAD _ x _ 1
mCD 3X J§
cosec30° = — L = 2
sin30° J3
sec30° = 1 = L
cos30° \/§
cot30° = ! 0 =/3

Signs of TrigonoAmetric Ratios in
Different Quadrants (K.B)

Sin A/l

’I:lll COS

(ASTC = After svchool to college)
NOTE:
Where a ratio is+ve, its reciprocal is
also-+ve. And remaining ratios are —ve.
Trigonometric Ratios of Quadrantal
Angles (0°, 90°, 180°, 270° & 360°
Trigonometric Ratios of O’}

Consider a unstircle. 7~ (™ |
Asn AL

-

(K.B_ - U.-Bt_-;‘A'.E__)

Then mOA=mOB = mOC =mOD =1

% (1) +0)
=J1+0
=1
sinoe =Y =2_0¢
ro1
cosO°=5=1=1
ro1

tan 0° :X:Q:O
x 1

cosec 0° = % =Undefined
secQ’ = 1 = 1 =1
cos0® 1

cotQ° = 1 =Undefined

0
Trigonometric Ratios of 90 (¥}

M 40,1

v

LD
C

~

singoe =2 =
.

1

la¥e ]

COSSG° =40

I

O =
-... h

|

N |

-ta_rj' éflc; =-" i) Undefined

— SR lO Pk

< i< =

cosec 90°=— =1
sin90°

sec90° = % = Undefined

cot 90°= L =0
tan90°
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Trigonometric Ratios of 180°J(,4:))
A

A(0,-1)
sin 130°= bl =E _'p'
=
005180° X - =-1
r 1
tan180°=Y =2 — 0
x -1
1 1 .
cosec 180°= — =Undefined
sin180°
secl180° = 1 = i =-1
cos180° -1
cot 180° .. =: Undefined
M40,
0
v
sin27oe=Y -1
r 1
cos270°0=X =% _¢
r 1
tan 270° = Y _—l = Undefined
x 0
cosec 270°=— 1 _1_ 1 A/
sm 270° -1 -
1 1 i . i 1
sec 270 A= == 'mo‘efl G
2\ ok 270n Y T Al
cot 2701 _____1____” ¢
- T2 1y 7
N NN _ (K.B + U.B)
v sIn(-60) =—sing

cosec(—6) = —cosect
cos(—6) =cosé

ot ool

f mmmm

sec(—0) =secd

tan(—0) =—tan 0.

cot(—&)=-cat 91 ) ,
(.3 + A.B)

J

.f Sind'=—" gra cosﬁ—g then

find the values of

tan @, cot@,secé and cosecd
Solution:

Applying the identities that express

the remaining trigonometric functions

in terms of sine and cosine, we have,

sing=—

1 -4
= cosecld=——=—
sind 3

= cosecd = —

N

cosf = —

secezL

cosé

4
J7

= secd =

w

cosd

A‘ﬁl‘b\

=3
ﬁ

-—xﬁ ~

= tand =

coté = N
KB + A. B)
(GRW 2014)
, then find the values of other

trigonometric ratios at 4.
Solution:
In any right triangle ABC,

tanH—\/_—% — a=+5b=2
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Novi by Pytnat-ﬂc rean, fh sGrem
b= = (\/§)2+(2) =c’

c’=5+4=9 = c=+3 or c=3

cot¢9_L
tan@
1 2
cotf=— = cotfd=—
N3 N3
2
sma—E:—S, cosecld = ——
c 3 sin
= cosec@—i cosec@—i
N3 5
3
cosezgzg, sec6’—L
c 3 coséd
Also
= sec¢9:l .'.sec¢9_§
2 2
3

Exercise 7.3

Q.1  Locate each of the following angles in
standard positions using protractor or
fair free hand guess. Also find a
positive and negative coterminal Wlth
each given angle.
Solution:

i 170°

=530°
Negative coterminal 2rgle
-= -1368%+:170
{ ) i g :-I—-Lgoo:'
— iy e (A.B)
-=90,450 |
540,180 ﬁ 780° 5 0,360,720

N

270,630

Positive coterminal angle =780°-2(360°)

=60°
Negative coterminal angle  =-360° + 60°
=-300°
@iii)  —-100° (A.B)
-270
N
-180°¢

/ >0,-360°
-100

v
-90

Positive coterminal angle
= 360° + (—100°)
= 260°

Negative coterminal angle
=-360°+ (-100°)
= -460°

(iv)  —500°
—ZZOH _

N |

"._'54-L\°:3_1"3.b°;i ﬁ\ 0,360 °
iy J_g,oo

(A.B) -7

Positive conterminal angle of
=360° + 170°

\
-90,

Negative coterminal ang

170°

Positive coterminal angle

/

450

le =-500°+ 360°
= _140°
=-140° + 360°
=220°
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Q.2 ldentify the closest quadrantal
angles between which the following

angles lie.
Solution: )
(1) 156° (AR
S\1

1802 e_—\srl__} d_,s.()o

Closest quadrantal an_gles are 90° and 180°
(i) 318° (A.B)
Closest quadrantal angles are 270° and 360°

(i)  572° (A.B)
90°, 630°
540°, 180 0,360°, 720°
270°, 450°
Closest quadrantal angles are 540° and 630°
(iv)  -330° (A.B)

Closest quadrantal angles are —270° and

—-360°

Q.3 Write the closest quadrantal
angles between which the angle
lies. Write your answer in radian

measure.
Solution:
. T
OB (A.B)

Closest quadrantal angles are 0 andl it 71
= , 1 Z f I}

M
V.

- [ VA L }
IN RS LA > 0,271

U=

I
3 -
A\ 4 %5

) ("Ir) 56'7-? > C._ S.'_n-0<l) b

-

L S 5 | 1 i
| | LI L

.. 3n

(ii) 7 (A.B}-

~ [ ! .IH i Ly
Closest ausaranta! anglesa'.e_»; anfiie
i) U (A.B)
) 4

" Closest quadrantal angles are 0 and —g

-3

(iv) Ve (A.B)

Closest quadrantal angles are —g and—n

Q.4 In which quadrant 6 lies, when
Q) sind>0,tand<0

(i) cosd<0,sind<0

(iii))  secd>0,sin@<0

(iv)  cos@d>0, tand<0

(V) cosecéd >0, cos@ <0

(vi) sind>0,secd<0

Solution:

(1) sind>0,tan0<0 (K.B)
sin@ >0, then@lies I, Il quadrant.
tand <0, then@lies in I, IV
quadrant.
I quadrant is common
.. 0 lies in second quadrant

(i) cosf#<0,sind<0 (K.B)
cosd <0, then & lies in II, Il
quadrant.

sin@ <0, then@ lies in I1l, IV quadrant—. 77 |

I1l quadrant is cgiinen, |
- Qe M Ganlrant |
(K.B)
Yeci, >10 iien@dies 1, IV quadrant.
—3in@ <0, then & lies in I, IV
quadrant.
IV quadrant is common
.. 0 lies in fourth quadrant
(iv) cos@d>0,tand<0 (K.B)
cosé >0, then@lies I, IV quadrant.
tand <0, thenflies in 1, IV
quadrant.
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(v)

(ui) |

Q.5
(1)

(i)

(iii)

-.‘I;n',gc-i-—F,O‘"): $6C 60°
séc(—@) =secd

IV quadrant is common
.. 0 lies in fourth quadrant
cosecd >0, cos@ <0 (K.B)

cosecd >0, then & lies |,
quadrant. '

cos@ <0, then & lies i_n M,

quadrait.) |

Il quadiarit is pomimon | |

.0 jes'in'secerd auadrant

59 50152 5< 0 (K.B)
sind >0, then @ lies I, 1l quadrant.
secd <0, then @ lies in I, I
quadrant.

Il quadrant is common

.. 0 lies in second quadrant

A
S Au
(positive)
<4 >
Tm COS
\

(After school to college, (where a
ratio is positive its reciprocal is also
positive))

Fill in the blanks.
cos(—lSOO) = cos150°

(K.B)
cos(—60) =cos ¥
sin(—310°)=—sin310° (K.B)
ssin(-0)=—sin@
tan(-210°) =—tan210° _ (K.B))

~tan(-0)=—tan @

cot(—‘.‘:S-_é:)t__: 2 qotd5° -
-+ cot (~9), —eht @ -. \ | A
. ) (K.B)

cosec(—137°)=—cosecl37° (K.B)
.- cosec(—6) =—cosecd

\| ey |

@

Q.6 The given point P lies on the
terminal side of ¢ .-Find quadrant
of 8 and—all $ix_irionbmeiris
roti0S | ([« —

© Splution: _

P (122 (K.B + A.B)

Since x is—veand y is+ve, 0 lies in
Il quadrant.

y
N
-, + + +
X' € > X
s +,—
v
y
Trigonometric Ratios:
sing=Y
[
3
0
-2
r=yx*+y’
=V(-2)' +(3)" ¢
=JETa ] -
_ 3
—\..1'3 LY
0 = ——
13
X
cosé =—
r
-2
13
tand = y
X
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Kd
-2
__3
2
cesecO= _1
_§[1‘|t‘l /
Ay
. PECY = ==
! ) __@
3
coth—
tano
=_2
3
(i) P(-3,-4) (K.B + A.B)
Since both x and y are—ve, | lies in
[l quadrant.
Trigonometric Ratios:
-3
0
-4
=\(-3)" +(-4)
=+9+16
N
=5
Now
sing= Y44
r 5 5 I
cos0 s —5_':—%.# W \ L
.l:.-" 1 pL ,- T !
A J =0
tanf=--=-—'=—" |
318
N C';SI-’-CUZ—Z—E
| ~ .
J ' sind 4
sec¢9:i=—§
cosd 3

cotéizi:§
tand 4_ -~ " -
ity (V2N | KB A

+ Sittce, both) x\ and, yar: +ve, 0 lies in |

\quadront.

sig=2=

«,(«/5)2 +(1)2

2+1

1 Y]

cos@=—=

.-+
o
S
)
Il

x <
Il
Il

cosecez_ig:\@

1 B

seCl=——=—1

cosd 2

1
cotf=———=+/2
tan @ \/—
Q.7

If cosH:—é and terminal arm of

the angle @ is in quad. 11, find the

functions. _.-
--"--

s \ L dl'|\ /

Form AABC
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(A8) ~(08) -(0A)

=3 (2
=94
=5

— AB= J_(elle5|n IIquchI).

sinG=-1—-'= n
‘-‘.yp__ ) rnOB J
A
| "e)‘i(‘-‘ﬂ(——'A':—ZI—E
J. , mO_B 3 3
ang~MAB_V5_ 5
mOB -2 2
cosecé?—i:i
sin@ 5
sec@:i:—§
cosd
cote—i_—i
tand 5

Q8 If tanezgand sin@ <0, find the

values of other trigonometric

functions at & (K.B + A.B)
Solution:

Since tan@ is +veand sind is—ve, 0

lies in 1 quadrant.
N

0
-4
td v ) "-.:
Form AABC N S
Gﬁftﬁﬁfﬂaaiﬁafgﬁia
AT A ™ .
St VA
~ 9416 | '
J | y | | Il __25
I —_—
mAC =5 o
sin@ = & = _4
mA

__ 4
5 1
-8B -3 -
AU =y 20—
 INACH, S A’
_\ 8
5
tané?:ﬂ :_—4
mAB -3
_4
3
cosec0:i=—§
sin@ 4
secﬁziz—§
cosd 3
coté’:iz§
tand 4

Q9 If sin@d= % and terminal side of

the angle is not in quadrant IlI,

find the values of tand, secd and

coseco. (K.B + A.B)
Solution:

Since sinB is —ve and 6 is not in Il

quadrant, lies in IV quadrant.

A
B
4IN\do
-1
2
v C -
Form AAB(‘ T ([
N I e
— A( | — B../ ! ..- ol B
.. ! L | i - '
L1 k1 l_ '. K '- 2
LA 4& Libay
A =2-1
—mAB=1
sma9:—i
2
1
cosecH_—z—\/E
sin@
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AC 1 5
“mAB 1 . “tano 12 : (™
BC 1 Q.11 Find the _mluﬁs GlIrigondmesyic
tana—m—:_—z—l farictions 'at. ti'e/indicater “angie 0
m 1 —~ A\ n Tne rmh anglwtl.u.lgle
b o TR e e am
secd <2\
cosect'= - [L A 4
Q¢ [ feocech —72— \.obece>0 find the
| J. '|%_ ¥emaining trigonometric functions. 0 ]
(K.B + A.B) Here A 3 B
Solution: 2 — —
Since both Cosecdand Secd are +ve, ‘mBC‘ :‘mAC‘ —‘mAB‘
0 lies in I quadrant. 2 2
Now =(4)" -(3)
Trigonometric Ratios . = 16 9
— mBC = \/_
13 12 Now Trigonometric Ratios are:
B B mA_ 4
cose_m—_B:§
mAC 4
tan@—ﬁ—ﬂ
Form AABC mAB 3
—2 —2 —2 1 4
‘AB‘ Z‘AC‘ —‘BC‘ Cosece—_:_
(13 (12) sing 7
= - 1 4
=169 — 144 seco=——=2
P cosd 3
" 1 3
= isi cotd=——=—
= mAB =5(0is inl quad) o 7 -
sing— L _12 i) Trigopome atric|R| it!-ub ark: | A
cosecd 13 L Ve (K 3+ A.B)
cos@:mﬁzi -
-MAC 13 YERELAY.
tan 9 =104 —!: )\ \ : ' 15
L NABYL L S ]
. l ’1(';3(-‘(6’7 =
TEATN IR AV R
NINIRY
A% s,ece——l :E
cos® 5

MATHEMATICS -10

233



Introduction to Trigonometry

cosg = MBC _15 ()  tan30° = — (K.B + A.R)
mAC 17 NCR =
— A — | )
tan@ = m—ﬁ = E r . ) -
mBC 15 A S L Ad 15657
cosec=—— =/ Rt e o S 0
sir9 8 T e 180+0 | 360-0
P Y
00 =L T is\ v
1 5 (ll) tan 330° = —tan30° (K.B + A.B)
Lot e =—
, © tand 8 1
Gii) K.B + A.B =——
uii) ( v ) \/§
360° - 6 = 330°
0 6 = 360° - 330°
7 3 =30°
(iif)  Sec330° =sec30° (K.B + A.B)
1
A J40 B cos30°
Here - _1
mAB[" |mAc| - |mBc[ V312
=(7)"-(3)’ B
=49-9 : T
1 K.B + A.B
— 40 (iv)  cot 2 ( )
— mAB =40 T
Now Trigonometric Ratios are: 2
mAC 7 o 6
~ .
cosg=1BC _3 T 0
mA_ / T +0 2n—-0.
tan @ = m_ﬁ = @ Al [
mBC 3 N -
1 7 i 3 :
cosecld =——=— 2 Ey
sind V40 ' _ b -
secg (O \ L A\ T CosTi=CosT (KB + AB)
ccsd | B
1) _\\3) _ 1 2 _
' ‘Ct6=———:.—7n_'_-l 2 3
i *Lnj'x/4o
TN AR ) ) 2
.22 Find the values of the trigonometric O=r——
functions. Do not use trigonometric 3
tables or calculator. _r
Solution: 3
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(vi) Cosec%” :Cosec% (K.B + A.B)

_2
3
(vii)  Cos(-450°)=Cos450°
1= Cos(3507 % 40%)
| =1Go¢ C0°
O
(viijy fan( F9z) = =tar gz
/| o =—tan(4><27z+72')
=—tanrx
=-0
=0
(ix) Cos(_‘%rj cos(—6) =cos @
~—CosZ 5—7[:72—9
6 6
\/3_) 5«
== O=r7—
2 6
_r
6
®  sinZ-_sinZ z+0="%
6 6 6
__1 _Iz_
2 6
9="=
6
(xi) Cot%:cot% (K.B + A.B)
=3
(xii)  Co0s225° 225° =180° + 6
=-Cos45°" 0 =45° )
__i -'
J2
(5)  Trigonaon st ic |qm1.ue:, \ A\
ST e u\au.
Q) sm 9+r‘0>9 1 ]
(ii) i L #len € =isac!
ﬁll ' 'ur"ut d= cosec&
“Ereof:

Consider a ACAB in which
mZCAB = @ radians

. ) r 'z - =
U By Pythagorean Theorem:

b*=a®+c?
Div by ‘b%
b> a* ¢’
[

a) (cY
1= — | +| —
3]
1=sin’*@+cos’ @
Or sin0 +cos?0 =1
Proved
(i) By Pythagorean theorem
b =a’+c?
Div by ‘¢®
b> a? c?
[Ty

)

sec’@=tan’ O +1
Or 1+tan?@ =sec’ 0

Proved
(iii) By Pythagorean theorem
b>=a’+c?
Div by ‘a?’
b2 a.2 CZ r
a? & @\ 3 -
- N .
\ {;} —1#(—1 '
\a La
"~ cosec’d =1+cot? @
Proved

Example 2: (Page # 164) (A.B)

Verify that tan* @+ tan® @ = tan® @sec® 0

Solution:

LH.S =tan*@+tan’@
=tan”f(tan’ 0 +1)
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+ tan’@+1=sec’ O

=tan®@sec?
=R.H.S

Example 3: (Page # 164)

2
Show that — 2L &
-, | CUSeC .=

(A.F)
=CcosecCiar’'+iu .

Solution:

" (- cosec’@—cot’0 =1
cot? @ =cosec? 9 -1
(cosec2 a —1)

coseca —1
(cosecar —1)(coseca +1)

(cosecar —1)

=coseca+1=R.H.S

Example 4: (Page # 164) (A.B)

Express the trigonometric functions
in terms of tan@.

Solution:
By using reciprocal identity, we can
express coté in terms of tan@.

i.e. cot¢9=L
tan@

Since 1+tan® @ =sec? @

= secHd =+ytan’0+1

we have expressed secé in terms of
tanég.

cos@ = i
secd

1 —

+tan’0+1 T

sin@

= €0SHO =

Since tan @ =

_ Y
S Sind=an ) — ==
' Jtan? 49+1J
_' g tan«9
+tan?9 +1
1
cosecld =——
sin@

__.-: -,C(jbp,,. .- .. .q_-\-. \

+tan?6+1

tan 5

Note - . (.38

\WVe-zar’ eipress alll tiwe i JOWOIIIE*.”.\, runctions

_ir tarrnsiof'ipne rI’I\]OI jon’et ic function.

RaRTAE

‘Inprudlems 1-6, 5|mpI|fy each expression

" to a single trigonometric function.

=2
sin® x
Q.1 > (K.B + A.B)
~ COS”X
Solution:
sin? x (smx)
cos® X (cosx)
sin@
cosé
tanx)
=tan®x
Q.2  tanxsinxsecx (K.B + A.B)
Solution:
tan xsin xsec x
sinx .
= X SINX X
COSX COSX
sin?x sin@
= > (-.-—:tan 6’)
COS“X cosd
2
sin x 1
= —— ( secez—j
COS X cosé
= tan? x
Q3 anx (K.B + A.B)
secx
Solution:
siee, [[[20) (O
L tanx, epoixks, Y| L = Vieing
| ——r= s [teRt =
secx | 4 Ly cosé
’ cosx =
1
secld =——
cosé
tanx  sinx  £osX
secx  cosx 1
=sin x
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Q.4  1-cos’x (K.B + A.B)
Solution:
1—cos?x

:1—(1—sin2x) (-:sin29+c952«9:1}

:;(—1+sir]2x

—sin X

Q5  sec’x—z (L H-<20L4) (l\.B R.BY

Solution: sec?y —

L cosx

-1
~ cos’x

_ 1-cos’x
~ cos’x
_ sin®x

~ cos’X

sinx ) sin@®
(_] (-.-_:tanej
COSX coso
=tan®x

Q.6 sin’x.cot’x
Solution: sin®x.cot? x

( sinze+coszezl)

(K.B + A.B)

= C0s’X
In problems 7-12, verify the identities.
Q.7  (1-sind)(1+sing)=cos*0
(K.B + A.B)

(FSD 2015, SWL 2014, SGD 2014)
Proof:

L.H.S=(1-sing)(1+sin®) Q)

= (1)’ —(si_ne)_z..
=1-sinAl L T
=Cc0s°0

.-F H_ N

| Ia It +2osH

=1+tan6 (K.B + A.B)
coso

(LHR 2016, GRW 2014)

B '.-P."io‘.i' '
|: (a+b“](q —l-:) :'n_.f_jl _bz1 1

i’ okth =1)

sin®+ cos 0

cos0
sin@. 5 ces) |
\ chshH )

! — ta’]L—'il | ‘tan @ = Slnej
. i L cosd

LHS =

=1+ tan0
=R.H.S
Hence Proved

Q.9  (tan® +cot 6)tan6 = sec’0

(K.B + A.B)
Proof:
LHS = (tan 0+ cotO)tanO
=tan?0 +cot 0. tan 0
=tan’0 + xtan® (.. otp=_ L
tano [ cot0= 9}
=tan?0+1
=sec’0
=R.H.S
Hence Proved
M-11
LH.S = (tan 0+ cotO)tanO
(sine cosej sin@
= + - X
cos@ sin@ ) cos@
sm 20+ cos® 0 sin@
sin@.cos @ cosé?
1
coséd
=secd
=R.H.S
Proved
Q.10

_{cot 0+ cosecs }{nn(’ cmu\-wcﬁb ehizd

(FJD 01; {K.B + A.B)

( cot @ +cosec9)(tan9-sin9)

cos¢9 singd .
-sind@
sing smH cosd

( Cosecl = —— cotd = @t 0 :ﬂj
sing

sin@ cosd
~ €0s0 + 1 sind - sin0 cos 0
sin cos 0
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_1+cos6 sind (1-cosd)

sing cos6d
~ (1+cosB)(1—cosb)
- cos0 .
1-cos?0 21
—— > 7 (a+b)(a-bi=a*Lh
cos5 | ( ( )‘_ WV )
_ 1 eost
cosH 'cus O |
= ] [helsecd) <odss "L':secezij
N TR AN cosé
{ , =R.H.S
Hence Proved
o 5
0.11 sing ! cos6 . cos‘f
tan<6 -1 sing - cosd
(K.B + A.B)
(FSD 2018, MTN 2017, SGD 2015)
Proof:
L.H.S:SIn O;Lcose
tan0-1
o .
_ Sln_e 2 cos0 ( tan o SInej
sin“o cosé@
5 -1
€0s“0
_sin@+cosd
sin®@ - cos’ 6
cos’ 6 )
=(sin9+cos¢9)x%
sin“ @ -cos” @
cos’ 0
sin
Wsm@ cos6)
B cos’
sin @ - cos @
=R.H.S
Hence Proved
2 -
Q.12 Cosee+sm9—cosece (K.B 1- A E‘)
sinf _
Proof: AR AR RS \
LHS= 50 g\ L )LD
— rsing
| '."I.c'-'."z 1 & 2,
A J RN ':-‘w (v sin® 0+ cos’ 0 =1)
sin@
= _1 ( cosecez_ij
sin & sin@

= cosecdH
=R.H.S )
Hence Proved ¢

~2.13  (see g=ces9)= tind; ine
- (BIVR 215D 3.4 218 16, 1/, {K.B + A.B)

“\Picot:
A8 =8eC6 - cosh

—Co0sé ( secd = Lj

:cos 0 cosé
_ 1-cos®0
cos 0

a2
_sin"0 (-.-sin20+00529:1)

cos 0
_ SN gxsin 0

cos @
=tan@xsin @ ( tangzﬂj

cosd

=R.H.S

Hence Proved

sin%0
Q.14 o +cosO=sectd (K.B + A.B)
cosS
(SWL 2017, SGD 2014, D.G.K 2016, 17)
Proof:
=2
LHs =30
cos0
3 sin%0 + cos®0
cos 0
__1 ('.'Sin29+c0329:1)
cos &
=sec O ( secd =L]
cosé
=R.H.S y .
Hence Proved o~ | [~ | |1 -
0. 15 _tang ot & ="de 9 ccwc o
AERE! . \KB+AB)
Pl(.01 ) | |
'._ H QT Laf|9+cot9 '
i sm @ cos @
cos O sin 6
( tanezﬂ,cowch)—sej
cosd sind

_sin’0 + cos’0
Cos 0 sinO
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:# (-sin®6+cos* 0 =1) 1
cos@xsin@ coséd _
1 1 =seeq [0
- = s
cos 9 sin § L4 Hdnde Proved '
=secédxcosecd ; h Ahse '\ il g
: \ _Q.l% C = < =2cosecd
6000 = - = .BOSET (= ;—Q IR "sin@  1+cosé
_rns AR O RN (K.B + A.B)
Hence Proyad - Proof:
i 1+cos@ sin@
R Jt (tan @ +eot F)}(uu549+sm6’) LH.S= sind  1rcosd
' ='secd+cosecd (K.B + A.B) 2 2
Sroof- :(1+.c0349) +sin?@
L.H.S =(tan&+cot)(cosO+sino) sing(1+cos o)
sin 0 s 0 _1+2c0s@+cos’ §+sin’ 0
(cos T gj(cos‘g”'“ 0) sin@(1+cos0)
( an Sinej _ 1+2cosf+1
cosé Sin6(1+COSt9)
sm 20+ cos? 0><(C0$0+S|n0) _ -2+2COS(9
singcosé sin@(1+cosd)
=ﬂ(c050+sin6’) _ 2(1+cos0)
sing-cose ) sin@(1+cosd)
(-.-sm 0+ cos 9:1) )
cos@+sind _—sinH
sin@cosé =2cosecd
_ cesf sind =R.H.S
smepes/ yﬂ/cose Hence Prfved
1 Q.19 TTeod ' 1 0:2005e02¢9
~sind cos¢9 —cos +C0s
. . (K.B + A.B)
- C0SeCH = ——— secl = ——— (FSD 2015, BWP 2017, RWP 2016, 17, .
sing cos @ SGD 2016, MTN 2016, D.2.K 2017)_ =
= cosecd +secd Proof: — [~V ([
=R.H.S - -y 5, LI [ _,-r 3_ ) k_
Hence Proved wiw 1__co“0_ 1050
Q.17 S|n¢9(tan49+cot¢9) secd e |\ L+ casi) +1— cosO
) U\ B +/A.B) |\ ' ~ (1-cos8)(1+cosd
Proof: A _ . \ _ ( A It )
L H S 2 smﬁ(tan 9 cvtéﬂ : =m
N AN N, 4 $ing cosej 2
. "y | =351 e =
J AN | Lcose sing sin’ @
o sin@ + cos®6 = 2c0sec’0
cos s Hence Proved
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1+sin9_1—sin0
1-sin@ 1+sin@
(D.G.K 2015) (K.B + A.B)

=4tan@dsecd

Q.20

Proof:
1+sin9_1—sin6‘
1-cind 1+sing’ |/
(Lesimd) = -5 @)
YLC5in 6) (4 Hsin'2)
| 4 5im0)
© 1-sin%6
_4sin0

cos’ 6
_43in¢9>< 1

cos@ cosé
=4tandsecd

=R.H.S
Hence Proved

Q.21 sin*@=sin@—-sinfcos’ 6
(LHR 2014, sSWL 2015) (K.B + A.B)
Proof:
R.H.S =sin@—sindcos’ @
= sin 0(1—00329)
=sin@&xsin’ o
=sin®@
=L.H.S
Hence Proved
Q.22 cos'9-sin*@ = cos?0 -sin’0
(K.B + A.B)

L.HS=

Proof:
L.H.S=cos*@—sin* @

=(cos2 6’)2 —(sinzé?)2
= (cos2 0 +sin? 9)(0052 0 —sin? 9)

:1(c0526?—sin26?) _

-

=cos*f—sin’ o
=RHS

Hence'Ryoved ™ " 4 o )

|| (K% 2016, FSD 2015, 16, SWL 2016)
(K.B + A.B)

LHS— /1+cos€ | |
1-cos6 ¢ -

Multiziy-afid divide 5v-1-\cose
)L Hcuse - cose
) x 1_—170.5'&: 1=

1-cos®0

Hence Proved

Q.24 ,sec6?+1=sec6?+1 (K.B + A.B)
sec/-1 tand

Proof:

secd+1

secd-1
Multiply & divide by secd+1

\/sec0+lxsec6?+1
secd-1 secfd+1

LH.S=

~ |(seco+1)’
~V sec?6-1
_ (se00+1)2
R

Hence Proved
(KB + A.B)
(FSD 2015, MTN 2015)
Angle of elevation is the angle between the
horizontal line and the line of sight to an

object above the horizontal line.
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W Angle of elevation
Observer =g
0 Horizontal line 4

Angle between herizontal lineOAand a gire |
segment OB frar eys O-fo pitjest Braboue

oint A'is calledcr le Df 2lavetipn )
m'aﬁ "iKE + AB)

“~HR-2015, BWP 2014, RWP 2015)
Nigle ot depressmn is the angle between the
niorizontal line and the line of sight to an

object below the horizontal line.
0 Horizontal line A,

>
J Angle ofdcprcssmn

Observer

Angle between horizontal line OA and a
line segment OC from eye O to object C

below point A is called angle of depression.
SN CHMEEEENGE) (K.B + A.B)
A flagpole 17.9 meter high casts a 7 meter

shadow. Find the angle of elevation of the sun.
Solution:

/1'/ ‘ m (
From the figure, we observe that a is, the
angle of elevation.
Using the fact thei™

-

tana=—=5—=- 1|
BC_ A74% 4
Sohving e givey us —

TN 179)
W e = tan”
L 7

— (68.6666)°
=  a=68%40

“~Sniution:

Given:

SEN A GELVEENGY)] (K.B + A.B)_

An observation balloon is 425G-meterandie
the ground and. $5%3 meier-away {ron: “a

| 1armheuse. | Fira the 1ng,le ol depressidn ot the
- fermbouse es )b>e|veU fom the observation

balinon.

Observation

ﬁ\ hallan

For problems of this type the angle of
elevation of A from 8 is considered equal
to the angle of depression of B from A, as
shown in the diagram.
tana = AC @—0.44523

BC 9613
o =tan™(0.44523) = 24°
So, angle of depression 24°

Exercise 7.5

Q.1 Find the angle of elevation of the
sun if a 6 feet man casts a 3.5 feet

shadow. (SWL 2016, 17) (A.B)

G

' vlqh ofr.1a1—r1EC &~
L emth ol Q"Jaobw -mAB=23.5

_REQuired:
"~ Angle of elevation =0 =?
Solution:
From A ABC
tan6 = m_BC
mAB
_6
5
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tan0=1.714
—=0=tan'1.714
0 =159.74°
or 0=59"44'37"
Result:

. Angle of elevatinniof the sun-is-59° 44 57
Q 2 Atree'costs a40 mater shecow whiert

the angle \¢f tlavetion) of the Suivis

25° Find the haight ¢f the tree.
| ot c (A.B)

25°
A 40m B

Given:

Length of shadow =mAB =40m

Angle of elevation = 0 = 25°
Required:

Height of tree =mBC =?
Solution:

From AABC,

tan @ = m—B_C
mAB

tan 25° = mBC
40m

mBC = tan 25° x40m
=18.65m

Result
.. Height of tree 18.65m
Q.3 A 20 feet long ladder is leaning
against a wall. The bottom of the
ladder is 5 feet from the base of the
wall. Find the acute angle (angle of
elevation) the ladder makes with

the ground.

Length of ladder
=mAC=20'
Distance between ladder

(A.B).
Given: ] =

and wall = mAB =5'
Required:

Angle of e'maat!or == ?

Eroii Z\ Aﬁ\, )

=75.52
=75°31'21"
Result:
. Angle of elevation =75°31' 21"

Q.4  The base of a rectangle is 25 feet
and the height of the rectangle is
13 feet. Find the angle that the
diagonal of the rectangle makes

with base.  (MTN2015)  (A.B)
Given:
&
13'
0 n
A 25' B

Length of rectangle = mAB = 25'
Width of rectangle = mBC =13’

Required:
Angle of elevation =8 ="?
Solution:
From A ABC,
tan@ = _m% -
mAB ¢~ .
e 13.' . | | = \ u_ =
b e [J
_ P = 25
= 27.47°
e :27028'28"
Result:

. Angle of elevation = 27°28'28"

MATHEMATICS -10 242



Unit—7

Introduction to Trigonometry

Q.5 Avrrocketis launched and climbs at a
constant angle of 80°. Find the
altitude of the rocket after it travels
5000 meters. (SGD 2015) (A.B)
Given: -

Distance traveled by rocket
=mAC =5000m
Angle of elevation = 80°
Required:
Height (altitude) of rocket = mBC =?
Solution:

From A ABC,
sin 0 _m_B_C
mAC
sin 80° = MBC
5000m
mBC =sin80° x5000m
=4924.04m

Result:
.. Height of rocket = 4924.04m

Q.6  An aero plane pilot flying at an
altitude of 4000m wishes to make
an approach to an airport at an
angle of 50° with the horizontal.
How far from the airport will the
plane be when the pilot begins to

descend? (A.B)
Given: .
o BV
.____: ..--.-'.':-- .-' % | -
./f'./ SRR -4r:‘oof> '
NN
/ ) 50°
A ? L B
Height of plane =mBC =4000m

Angle of depression = 50°

Required:
Distance between plane anr' dlrp’)rt AR )
Solution: \
' Flom AABC.
sl é‘ mB
st mAB '
tan50° = 4000
mAB
mATB _ 4000”0]
tan 50
= 3356.40m
Result:

.. Plane is 3356.40m away from airport
Q.7 Required: (A.B)
Height of pole =mBD =?
Given:

Distance between wire and pole =mAB=3m
Angle of elevation = 78.2°

Solution:
From A ABC,
tan@ = m_B_C
mAB e
tan 782" mBE >\ o=
Vol E“%C'-_:'-tan_ 76.2° x3m
~~mBC =14.36m
mBD =mBC +mCD
—2mBC
=2(14.36m)
=28.72m
Result:

.. Height of pole = 28.78m
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Q.8 Arroad is inclined at an angle 5.7°.
Suppose that we drive 2 miles up
this road starting from sea level.
How high above sea level are we?_

Given:
e
v //’]v
\'Q\g'/'/. i 1 é
/’,./_. i 1 i I
.—_’:ﬁm___. —d
IA B

Dizrince travelled by car = mAC = 2miles
Angle of elevation =5.7°

Height of car from sea level =mBC =?
From AABC ,

mBC
__ 2miles
mBC =Sin5.7°x 2miles
=0.1986 miles
Result
..Car is 0.1986 miles up from sea
level.

Q.9 A television antenna of 8 feet height is
located on the top of the house. From a
point on the ground the angle of
elevation to the top of the house is 17°
and the angle of elevation to the top of
the antenna is 21.8°. Find the height of
the house. (A.B)

Given:

sin5.7° =

Height of antérin a ~-rnCD BM\t |
YBAC'2 170
T I maBAR-21.8°
.\w !I'Jh.(!:fi
) Height of house =mBC = y="?
Solution:

Let mAB = X

From ABAC ,
tanl7° = mBC =14 '
e mA3.‘
0 5’)L7
X f
_ O.uu57x_y = (i)
From ABAD , L
tan21.8° = MBD
mAB
04-Y+8
X

mBD =mBC +mCD
0.4x =y +8—>(ii)
Putting the value of ‘y’

0.4x =0.3057x + 8
0.4x—-0.3057x =8

0.0943x = 8
8
0.0943

— X =84.86

Put in equation (i)
y = 84.86 (0.3057)
y =25.94
Result:
. Therefore, height of house =25.94 feet
Q.10 From an observation point, the
angles of depression of two boats in
line with this point are found to
30°and45°. Find the distance
between the two boats if the point of
observation is 4000 feet high. (A.B)
Solution:

30%

Let A and B are two

Boat and O is the point of observation.
mZOAC =30°
m~ZOBC = 45°

OC =4000ft

MATHEMATICS -10 244



Unit—7

Introduction to Trigonometry

Let distance between two boat = AB = x
And BC=y
In right angled AOBC

tanm/OE€ = 1=
L BG

“tan4ey =LEO-0 !
' -y

4000
y

y = 4000

1

InAOAC

tanmZOAC = 2
AC

4000
X+y

tan 30° =

4000 4000
Tan30° 1

N

X+y

— 4000x+/3
X +4000 = 4000+/3
X = 4000~/3 — 4000

=(J§ —1)4000 )

=(1.732-1)4000! |

? 0/3’5400(‘, x \

xi=2y2at | | )L

I | | J%E"NL It

.. Distance between the two boats

=mAB = 2928 ft

Q.11 Two ships, which are in line with
the base of a vertical. ciiff, are (00,
meiers. epart | Tha A :cngié:-’ of

| depuession ‘from the tdp of the cliff

10 the ships are30°and45°, as
show in the diagram. (A.B)

(@) Calculate the distance BC

(b) Calculate the height CD, of the
cliff.

Solution:

30°
4 ¢ 120m > B C
In the figure A and B are two boats

and CDis height of cliff. height of
cliff =CD=h
Distance between two boats
= AB =120m
Let BC = x

.. I"'\._-

MADAC S 30N DB 7457

A\ linldpsd
~* “tanm.pBC = 2&
BC
tan45° = E
X
12h
X
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x=h—(i)
InADAC

tanm«ZDAC = 2
AC

'_|]

tan 30%=: {
0--x .

0
N3 R0+ x
120+ x =+/3h
120+h =+/3h
120=+/3h—h
=(v3-1)h
=(1.732-1)h
120 =0.732h

120
0.732

h=163.93
. CD=h=163.93m
Result:

Hence height of cliff is 163.93 m,
and BC is also 163.93m.

Suppose that we are standing on a

Q.12

bridge 30 feet above a I’I\ci:
watching a log (piece of v,urfi)
floating t)wardwi, Jf t1e_@|‘ﬁ.gi '

with th° .mnmn a t\

NINE hJr.zontal to the back

14°how long is the log?

Solution:

_1he 1bg . s “n Plard angle with the

the Frantof

of the log is
(A.B)

Observer

<——7—> "h—n

'4er= Q'is'the chserver
Length of log =mAB = y
mCB = X
mOC = 30m
mZ0OBC =16.7°
and mZOAC =14°
In AOBC
mOC
mBC
30
X
xxtanl16.7° =30
30 30
tan16.7 0.30001
X =99.996
InAOAC

tanm~Z0OBC =

tan16.7° =

mOC
mCA

tan14° = 30

X+ Y
X+Y= e
“ Tdat 4L | | /-

tanmZOAC =

) -—120 3024

T X4y =120.3224

99.996 + y =120.3224
y =120.3224 —99.996
y=20.33m

Result:
.. Lenght of logis20.33m
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Q.1
(1)

()

©)
(4)

(5)

(6)

(7)
(8)
(9)

(10)

Multiple Choice Questions

Miscellaneous Exercise 7 _

Four possible answers are given for the following questions. Tick<v"| the-Gorrect enswer:
The union of two non-collinear ravs, whicki have conimenr end, paintiszalled. (iR.B)

(a) An angle
(c) A minute

- (b, A dpgree

T(a)\A radian

The systera of measnremen’ in'wiich thz argle is w=casured in radians is called  (K.B)

(a) CGE2ystem
(c) MK sivsteny
20| Ay
§a, C6 T -
&) 1200’

3z radians =

4

(a) 115°

(c) 150°

Iftan @ =+/3 , then Qs equal to
(a)90°

(c) 60°

sec’ @ =

(@) 1-sin’ @

(c) 1+cos’ @

1 N 1
1+sing@ 1-sin@
(a) 2sec® @

(c) sec’ @

1 cosec45°
2

1
(a) ﬁ
(©) V2

sec@dcotl =

(@) sin@

1
© Sina, -

(a)-1
(=) 6

) —= L[ (o)
RCa

cosec™@Leotf g Ty 4 e )

~(b) Sexagesimal
(d) Circular system
(K.B)
(b) 630
(d) 3600

(GRW 2014, RWP 2015, MTN 2015, FSD 2018) (K.B)

(b) 135°
(d) 30°
(LHR 2014, D.G.K 2015) (K.B)
(b) 45°
(d) 30°
(K.B)
(b) 1+tan®* @
(d) 1-tan® @

(SGD 2014) (K.B)

(b) 2cos® &
(d) cosé

(GRW 2014, FSD 2015, D.G K 2014) (K.B)
1

(b) 7

| ens g

{LL1R 2014, FSD 2014, SWL 2014, RWP 2014) (K.B)

(b) 1
(d) tan @

ANSWER KEY)|

1]2]3]4]|5]6]|7]8]9]10
ald|{c|b|c|blalb|c|b
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Q.2 Write short answers. of the following
guestions.

Q) Define an angle. (K.B)

Ans. See definition Page # 216

(i)  What is the sexagesimal svstem of
measurement of angles? | ' (Ksw)

Ans.  See definition Page # 23€ /

(i) How rady minutes aire in twe

rightangi=s?' | | | |\ | ICGB)
Ans:_ Aaqgiz=9 = 2xE0°
O dadee
' = (180x60)
=10800'
(iv)  Define radian measure of an angle.

(K.B)
(v)  Conve rt% radian to degree
measure. (K.B)

T .
Ans: Convert " radian to degree measure.

Zradian =T x 1 radian
4 4

4 4
=45°

(vi)  Convertl15°to radians. (K.B)
Ans: (D.G.K 2015)

Convert 15° to radian

o o 180 =« ..
15°=15x%x1° =15 x — =""radian
7 12

(vil) What is radian measure of the
central angle of an arc 50m long
on the circle of radius 25m?

(K.B)

Ans: Arc length =1=50m

Radian of circle =r=25m—

Radian measure = 6 = ?

I=r@~F |\ o~ 5 WL
R _‘9_}—_-I2.rad"'ar' _
TN i i rtien | = 56cmand 6 = 45°
AW A (K.B)
Ans: r=7?
I =56cm
0 = 45°

=45x1°

T . :
45 x — ragtier
AN

7

1 _ .
Fuitting the values

l=r0
| 56
fF=—=—
0 7
=56x£=56X4
T 2
2 7
=56x A x
227
_r84
11
r=71.27cm

(ix) Findtan® when cosé@= 4% and

terminal side of the angle@is in
fourth quadrant. (K.B + A.B)
Ans: Solution:

cosezé%and terminal side of the

angle @ is in fourth quadrant.

In ABOA
N
9 S
(@] 0 A 7
41

BasErAaoY [ (O 0~
Hyp'=mDE =241 |
Perg= MAB=?

(Perp)2 = (Hyp)2 —(Base)2
(B =(nB) (A
(a1 (9
=1681-81

(mAB) =1600
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MAB = v1600 (vii) If sinezé, then 0 =
mAB = 40 <
_ {=.B)
mAB A . !
Tand=—— ~ (Vi) 63000 thein |
ul ) sec(~300)° = K.B
Tano -2 (~300) (K-B)
AL AL (iX) 1+cot?d= (K.B)
(x) (7. Prave that/2=5ii" 0)(1+tan’ 0) =1
INTRVAS o (X) secO-tand= (K.B)
(K.B + A.B)
ANSWER KEY)|
Ans:  L.H.S=(1-sin’¢)(1+tan0) _
Q) 180°
=c0s? @xsec’ O .
(i) i
1
= [
5050 05D (i) v
=1
(iv) 1r2:9
=R.H.S 2
Q.3  Fill in the blanks W) 6em?
Q) zrradians = degree.
(vi)  2kz+120°wherek =1
(K.B)
(i) The terminal side of angle 235° lies (vii) 6=30° or% and
in quadrant. (K.B)
N : (viii) 2
(i) Terminal side of the angle —30° lies
in quadrant. (K.B) (ix)  cosec’d -~
(iv)  Area of acircular sector is - (( - l_‘:’ﬂ‘z N\ L[ (¢ n
(v) Ifr=2cn a:nd, a=3radian, t.'.ye'ﬁ.grea\." 1\
of the circylar sector)is) A\
“vi)”  The general form of the angle 480°is
(K.B)
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Introduction to Trigonometry

SELF TEST _
Time: 40 min ' Maris, g5
Q.1  Four possible answers (A), (B), (C) & (D) to each qnmct or ch “grven,, mack -itie
correct answer. O VErxE=T)
1 The system of measurement in V\hlv,h thelargle isimegsured in iradiarisis called:
(A) CGS system "\ (B Sex: 1ges mal systemn |
(C) MKS syitem YA D) Tircdiar system
1 A
2 L T 4
1+S|n(; (L .,m&
(F)|isec? @1 ' (B) 2cos® 6
[ Q) e (D) cos®d
3 Two or more than two angles with the same initial and terminal sides are called
angles.
(A) Adjacent ° (B) Acute
(C) Conterminal (D) All
4 cosec30° =
(A) V3 (B)2
2 1
= D) —
(©) 7 (D) 7
5 2c0s* 0 -1=
(A) 1-sin* @ (B) 1-2sin*@
(C) 1+sin* @ (D) 1+2sin*@
6 A part of the circle bounded by an arc and a chord is called of a circle.
(A) Arc (B) Segment
(C) Sector (D) Radius
7 37” radians =
(A) 115° (B) 135°
(C) 150° (D) 30°
Q.2  Give Short Answers to following Questions. (5%x2=10)
Q) How many minutes are in two right angles?
(i) Find area of the sector inside a central angle of 20° in a circle of radius 7m. e
(iii)  Find sec(-300°) without using table or calculator. — _ —. 1N i
(iv)  Verify the identity /Sew” seco+l ~XN [ 78\
secd-1 tanfd Nl WaT LN ™
(v) A tree casts a 40 meter shadtw Wherfthe angle, c\f olevalr)n o1 the S njis 250 Fmd the
height of the tree. ViFAR! L\ .
Q3  Answer d e rollﬂwm-q Dumtnjn»\ W oA (4+4=8)
(@) If tan = -; anU Si n 9 O ‘|*1r4 the values of other trigonometric functions at 6.
(B (T -.l 6| an'ofiser \/auon pomt the angles of depression of two boats in line with this point

e-iound to 30° and 45° Find the distance between the two boats if the point of
observation is 4000 feet high.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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Acute Anglel Thizriaic{INRENUE:)
Atriangla naving-ali-angles less then 90° is
cailed acute angled triangle.

i.e In the fig, AABC is an acute angle

triangle.
A

B C
Obtuse Angled Triangle (K.B)
A triangle having one of its angles greater

than90°is called obtuse angle triangle.
<

A B
Right Angled Triangle (K.B)
A triangle having one of its angles eq|i_a',l'
t090°is called right angle triangle.| '

LS4
A

—

A C

. l‘ROIE("‘I"O\I Or A
3IDE GF A

= -t“l.‘t-m-

is pro;ectlon af 'H on| XY

ATRIANGLE

(K.B)
It states that “In a right angled triangle,
square of hypotenuse is equal to, sum of

squares of other two sides”. From
the AABC ,b* =a® +c?
C
b a
A € B
Apollonius Theorem (K.B)

It states that “In any triangle, the sum of the
squares on any two sides is equal to twice
the square on half the third side together
with twice the square on the median which
bisects the third side”.

(K-B)

Image on Footing is called. h"1|ect|on Gri

WA __.—- —

v

.r
|
|
Al!
X

g
1

[
[
[
[
[
|

D
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(A.B)
8.1(i) .

In an obtuse angled triangle, the square on the side opposite tv the ohtusc angle lis. eqasi
to the sum of the squares on the sides coatzining ifiv 'obtuse 'aingic foether with twice
the rectangle contained br-une of the sides, ang, the projection on it ¢f the other.

Given: ' '

ABC i3 4 riangte-taving an| obtuse, angle- BAG s A Draw CD
perpendicule; ¢ri EA prodluked. \So-tiiat AD s the projection of
%C(] on'\ BA ‘pioduced. Take mBC=amCA=b,
| MAF ¢ mAD =xand mCD =h.
ToProve:

(BC)? = (AC)? +(AB)? + 2(mAB) (MAD) i.e., a> =b? +c? + 2cx

B

Proof:
Statements | Reasons |
InZrtACDA,
m/CDA =90° Given
-.(AC)? = (AD)? + (CD)? Pythagoras Theorem
orb® = x* +h?(i)
In£rtACDB,
m/CDB =90° Given
~.(BC)? = (BD)? + (CD)? Pythagoras Theorem
ora? = (c+x)% +h? BD =BA+ AD
=c? 4+ 2cx + X* + h(ii)
Hencea’® = ¢ + 2cx+b’ Using (i) and (ii)
ie.,a® =b*+c? +2cx
or (BC)? = (AC)? + (AB)? +2(m AB)(m AD)

(A.B)
8.1(ii)
In any triangle, the square on the side opposite to acute angle.is equai o' sur1 of *im
squares on the sides containing that aciite, angle-ci Minished b) hmce Lhe ra“*"ngle
contained by one of those sides anLI tke pre;aciignor) it Jf tne 'Jtner |
Given: ' ) | C
AABC ~ijth ‘an acute angie CAB AtA. | '
Take m5C = nCA =y and |-ﬁ/\§“~r e
Pravy CD |\ AS) sc' that AD is projection of AC on AB
' 'Iﬂm, MAD = X and mCD = h
f 0 rove:

(BC) =(AC) +(AB) —2(mAB)(mAD)

i.e a’>=b?+c?—2cx
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Proof:

Statements

In ZrtACDA [ &2 AN
m~ZCDA =90° . ' L-Given . '
—\\2 —\2 —\2 )
AC) =(AD) +(CD _ |

( ) ( ) ( ) Pythageras Theorem
i.e, b =x*+1()

In ZrtACDB,| . -

mZCDRB 909 '\ \ Given

I".( ): ’FJL,} +(CD) Pythagoras Theorem
l

a’ =(c—x) +h? Form the figure

ora® =c®—2cx + x* + h(ii)
a®=c® —2cx+b’ Using(i) and (ii)
Hence,a® =b* —c® —2cx

ie.(BC) =(AC) +(AB) ~2(mAB)(mAD)

(A.B)

(Apollonius’ Theorem)
8.1(iii)
In any triangle, the sum of the squares on any two sides is equal to twice the square on
half the third side together with twice the square on the median which bisects the
third side.
Given:

Ina AABC, the median AD bisects BC.

ie., mBD = mCD
To Prove:

(AB) +(AC) =2(BD) +2(AD)
Construction:
Draw AF | BC

Proof:

lﬂi\lﬁ?w Re bﬂ_

In AADB Since<ADBisacuteat [ '

(AB) (PD) (AD\ -zm?nrﬂ:g\» ) - —"" | Using Theorem 2
Now in AADC; St rce/ AD( 15as uteat‘)

B ; (cn)’ '( ﬂ) 2mCD.mFD

T B s _ Using Theorem 1
N ~(BD) +(AD) +2mBD.mFD > (i)

Thus (AB) +(AC) =2(BD) +2(AD)’ Adding (i) and (i)
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Unit—8

Projection of a Side of a Triangle

Exercise 8.1
Q.1 (A.B)
Given:
mAC=1cm, mBC = 2cm, m/C =120~
compute the length AB arid the area
of AABC
Solution:

For arean. A
Fror the figurs,

»
[N )
|
' 20
bk 'l:)l“-C 2cm B

m£ACD =180°-m£ACB
(Supplementary Angles)

=180°-120°
=60°
From AACD,
Sin60° = ﬂ
mAC
3 mAD
2 1cm

J3

— mMAD = = x1cm mAD = 0.877cm
Area of AABC = cm%mﬁx mAD

.. Area of A:%basex height

— Area of AABC =0.877cm?
Q.2 FindmAC if in AABC mBC =6cm,
MAB = 4+/2 and mZABC =135°. _

2 N N

= (mAB) +(mBC)2 —2mBCmBD

From AABD
~ mBD

43 MR
—~NOw putting the values in formula

(mAC)’ :(4&)2 +(6)—2(6)(4)
(mAC) =16(2)+36-48
(MAC) =32+36-48
(mAC)2

Taking square root mAC = /20 = 4.47
-.MAC =4.47cm

Exercise 8.2

Q.1 Ina AABC calculate mBC when
mAB=6cm, mAC =4cm and mZA = 60°
(A.B)

C
I
I
I
I
I
I
I
I
I
I
I

A D 6cm B
Solution:

By Theorem 8.2, we get
(BC) =(AB) +(AC) ~2mABmAD

For value of mAD _
From AADC, |

Or
(BT) - (AB) +(AC) ~2mAB. mAC

Putting the values
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Ans:

(E) =28

Taking-sawaie root.ap-uuih sides .
mBC =+23 '

Result

B0 =200

1) a AABC, mAB = 6cm, mBC =8cm,
mAC =9cm and D is the mid point
of sideAC. Find length of the
median BD. (A.B)

By Theorem 8.3, we have

(AB)"+(BC)" =2| (AD)"+(BDY’ |

B

A D C
Putting the values

(6) +(8) =2 @ +(BD)Z}
36+64 = 2[47?+(BD) }

(e0)'|
49

50=_2+(BD)
++(ED)

100 = 2{49
4

50—4—’ S AR

206 4»

N e

—=(BD)’

Taking square root on both sides

'\ﬁb By th%orem 8.3, we have

J151 —

——=BD

Q3 In a paraliclcgr'én‘ AECL, 'nriis

| (R0 (@) -

Lol{75) (B |

(A.B)

A B

(AB)’ +(BC)’ :2@7:) +2@@j

(AB)’ +(BC)’ :%(BD)Z +%(AC)Z

(ABY +(BCY =%[(BD)Z+(AC)1
-+ O is mid point of BDand AC
or z[(m)i(ﬁﬂ:(m)i(@)z
Hence Proved

Q.1 InaAABC,msA=60°, prove that
—\2 —\2 —\2 PR —
(Bc) =(AB) +(Ac) ~mAB.MAC .
(A.B)
Given:

Ina AABC, m /A =60°
To prove:

(5o - (58] < 7))\

~Proof:__ " " N e A’ e

N |

60°

A D B
By Theorem 8.2, we get

(BC) =(AB) +(AC) ~2mABmAC (i)
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For value of mAD
From A ADC,
Cos6o° = MAD

mAC

1 _mAD

2 mAC :

%mA_C' : mAD' -

Putlin equa nn (\
|

N N f\.sc) ~(AB) + (Ac)z—zmﬁ.%mA_c

Or
(BC) =(AB) +(AC) ~mABmAC
Hence Proved
Q.2 In a AABC,msA=45°, prove that

(BC) =(AB) +(AC) -2mABmAC .
(A.B)

Given:
In a AABC,m/A = 45°

To prove
(BC) =(B) +(AC) ~2mABmAC

Proof:

A D B
By Theorem 8.2, we get

(ﬁ)z = (E)Z +(E)2 ~2mABMAD - (i)

For value of mAD
From AADF‘

osast2 1AL~ AL R

! |’1AL !
T _mA!' '

NI A

\ J|| R P -n/-\C

1 - -
— mAC =mAD
2

Put in equation (i)

(BS) =(A8) +(E)2 —Zmﬁ.im_,_é\_c -

N

|

Or (B(‘} AB) (uc) H«Zrlus'“AC

Henne' Proved

Q.3 4fira AABC, calculate mBC when

MAB = 5cm, mAC = 4cm, m/A = 60°.
(A.B)

Solution:

C
I
I
I
I
I
I
I
I
I
I
I

4 D B
By Theorem 8.2, we get

(BC) =(AB) +(AC) ~2mABmAD

For value of mAD
From A ADC,

Or

~1 .
S §

(B_C)2 = (E)Z ”E)_Z'-‘.__ 2mpB, i

L

. Putting” Irie'-‘.'/.aiupsl )
AR'T 1
A BL = f5 =25=.4

) =5y ) =25

. ","'--(Bc) :25+16.—20
(ﬁ)2=21

Taking square root on both sides

mBC =+/21

Result:

mBC =+/21 cm

MATHEMATICS -10

256

e
mACH



Unit—8

Projection of a Side of a Triangle

Q.4 In aAABC, calculate mAC when
mAB =5cm, mBC = 4cm,

m£B = 45°. (A.B)
By theorem 8'26 we have ™
/'/E\\
AN ' "
(AN =) A \
Bl M D A

y .n;lT-i(_: “—(mAB)+(mBC) - 2mABxmBD
(mAC) =(mAB) + (mBC)

\

For value of BD
mBD
mBC
1 mBD

J2  4cm

4cm —_—
—=mBD
J2

Now putting the values in equation (i)
4

—=\? 2 2
(mAC) =(5)" +(4) Z(S)Xﬁ
— mAC =12.71cm
Q5 InAABC,mBC=21cm, mAC=17cm),
mAB=10cm. Measure the e length

of projection of AC upon BC
(A.B)

c0s45° =

Solution:

B
I
I
I
I
I
|
I
I
I
I
I

_——

« \ D~ Ty YA
From tis* flqwe \meget A -..‘“ \

(E)_ = BC) k-_..“._\C) 21 ECHCD

| [P ptiingthe Jaiues
10)" =(21)" +(17)° —2(21).mCD
100 = 441+ 289 —42mCD
42mCD = 730100

| Smuuon AR

42mCD =630
mCD =" <
‘,D SR A
. Liéngeh'a? proiection of AC upon

'_B'(_: —15¢cm

"Q.6 Inatriangle ABC, mBC = 2Icm,

mAC =17cm and mAB =10cm.

Calculate the prOJectlon

of AB upon BC .
Solution:

(A.B)

A
1
1
1
1
1
1
1
1
1
1
[

B D c
From the figure, we get

(RC); =(Re] +(8c] -2(nD)(meC)
(17)° =(10)* +(21)* - 2mBD(21)
289 =100+144—42mBD

42mBD =541— 289

42mBD = 252

mBD = 222
42

mBD =6

Result

. Project of AB upon BC = 6cm ~ 1t

Q? In a AABC, =z .47 m, b <43 n:'- '

c=38aMm. T I"']O m. //" . "ﬂ 3)

.-_.-

) -

C
I
I
I
I
I
I
I
I
I
|
D

A B

From fig, we get
(ﬁ)z = (E)Z +(A_C)2 —2mABxmAD
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Putting the values

(17)° = (15)° +(8)° —2x8xmAD
289 =225+ 64—-16x MAD
16xmAD = 289 — 289
16xmAD =0

MAD £ (r

From AC/AD,'chsm. /,L Sl= i

_ AC

\ J.. o ebsimoa= Y
cosmZA=0
mZA=cos 0
m£A =90°

Q.8 In a AABC,a=17cm,b=15cm and
c=8cm findm«B. (A.B)
InAABC

Solution:
A

B D C
a=17cm,b=15cmandc =8cm

By theorem 8.2, we have
—\2 —\2 —\2 RN -
(mAC)" =(mAB) +(mBC) —2mBC xmBD
Putting the values
(15)° =(8)° +(17)" —2(17)mBD
225 =64+ 289 —34mBD
34mBD =353-225

-.mBD =3.76cm _ .
_ I\'owfrom /AB)_': I

AR A "~ mAB

- _3.76¢cm

~ 8cm

cosmZB =0.48cm

m./B =cos™0.48
m/B =/1:5° [

0.9 AWlhether ‘tine tr\ang" Vit oudes

bei, e, \8cim s acute, obtuse or
right— : (A.B)

“Seiution:

Let a=5cm,b=7cmandc =8cm
a’ +b? =(5)2 +(7)2 c’ = (8)2

=25+49 =64
=74
Sincea® +b*>c’A is acute angled.
Or
=52=25
b? = 72 = 49
c>=82=64

Since a®+ b% > c?Ais acute angled.
Q.10 Whether the triangle with sides
8cm,15cm,17cm is acute, obtuse or

right angled. (A.B)
Solution:
Let a=8cm,b=15cmandc =17cm

a?= (8cm)2 = 64cm?
b2 = (15cm)” = 225cm?
c’ = (l7cm)2 =289cm?

Since a®+b” =c?
. Awith given sides form a right
angled triangle.

Note (A.B + U.B + K.B)

Ifa2+b2:c2 ,Alis aright angled A~ T (

Ifa® +b’<c?, Alsfe giituge ariCIeU A
_ MaERI>e? i qaddle hayisa
W 1ere, ¢ |s Iowge;t Siae
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Center

=3 -I-'.-.'---'l-["'l'—

{(K.B)
(i, HR 2014 UR\/'“le D.G.K 2014, 16)
1.l 'alset pipoints on a plane which are
¢unlistant from a fixed point from a circle”.
Or
Locus of a point in a plane equidistant from
a fixed point is called a circle.

Centre of the Circle

(K.B)
“The fixed point is called center of the
circle”. In the given figure, O is centre.

Radius of the Circle (K.B)

“The distance between the centre to any
point of the circle is called radius of the

circle”. In the given figure, mOA s radius.
A

(LHR 2015)  (K.B)

“A line segment which joins centre to any
point of the circle is called radial segment”.

In the given figure, OAis radial segrnent.

n {1K.8) |
(LHR 214, 15 | 15 JRW "010 FS”Z&R 1

SWLZO]u, DIGK 2014) | |
“Boundary of tl e r,Ichi.e is'ce th
circarisference” )

OR

Selts the length of the segment joining all

the points of circle is called circumference”.
Circumference is measured by the formula
2zr , where r is the radius.

_are chords N

|

CHORPS\OF 4 CIRCLE

Arc of a Circle (K.B)

(BWP 2014, RWP 2014, SGD 2015, D.G.K 2015)
“It is the part of circumference”.

4
D
B

=

(K.B)
(LHR 2016, FSD 2015, SWL 2016, RWP 2014)
"An arc which is greater than semi-circle is
called major arc”. In the given figure,

ACB is major arc.
(K.B)
(LHR 2016, FSD 2015, SWL 2016, RWP 2014)
“An arc which is less than semi-circle is
called minor arc”. In the given figure,

ADB is minor arc.
(K-B)
(LHR 2015, GRW 2014, MTN 2014)
“A line segment whose two end points are
any two points of the circle”.
OR
“A line segment which joins two points of

the circle”. In the glven f"ure ,'\B aind J\)

(K.B)
“A chord passing through centre of the
circle is called diameter”.

OR
“The largest chord is called diameter”. In the

given figure, PQ is diameter.
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Segment of a Circle (K.B)

“A chord divides a circular region in two parts
called segment of a circle”. In the given figure,

AB divides the circle into two segments.

B B Jncuill (K.B)
" | MUHR 2016, FSD 2015, SWL 2016, RWP 2014)
“Circular region bounded by a chord and minor
arc is called minor segment”. In the given

figure, shaded part is minor segment.

(K.B)

“Circular region bounded by a chord and major
arc is called major segment”. In the given
figure, non shaded part is major segment.

Sector of a Circle (K.B)

(LHR 2014, GRW 2014, 17, FSD 2014, SWL
2015, 16, D.G.K 2015)

“Circular region bounded by an arc and its two
corresponding radial segments is called sector

of a circle”. In the given figure, AOB is a sector
of the circle. - :

Central Angle of an Arc (K.B)

“An angle subtended by an arc at the center of
the circle is called central angle”.

Or
“An angle formed by two radial segments at the
centre of the circle is called central angle”.
In the given figure, ZAOB is central angle

of AB.
A

Statement:

One and only one circle can pass through three non-collinear points.

Given:

To Prove:

One and only one circle can pass through three non-collinear

points A, B and C.
Construction:
Join A with B and B with C.

(FSD 2015)

F
. . . 0O .-*""H
A, B and C are three non collinear points in a plane. =\;._

|4, -

Draw DF L bisector to AB and K L bit ec*o. i0 3¢ Su DF bnd ]-h/ fdl'ﬁil()t paraIIeI
and they intersect each ottir! at p0|r- 20, Also join A, B and 'C \with rOInt 0.

Proof:

-‘IM&’“\IMI

Every point on ‘l? = s equidistant from Aand
B_ L] ! 1 11 1 1 ._. =

o[ Th i duter ®ICA =mOB — (i)
VIR -
\

Similarly every point on HK is equidistant
from B and C.

In particular mOB =mOC — (i)

- Reasons
DF L bisector to AB (construction)

HK is L bisector to BC (construction)

KIPS NOTES SERIES
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Now O is the only point common to DF and
HK which is equidistant from A,B and C.

i.e., MOA=mOB =mOC : Usinafi)nc (i)
However there is no such other (01t excest .
0.

Hence a circe vuith\centie © andradius Q4 wii! b.a'sa tnrough A, B and C.
Ultimately thereliz only drie circle whicih-passes through three given points A,B and C.

m - (RWP 2015) (A.B)
o, Glatgraans | O T
J | 15 A straight line, draw from the centre of a circle to bisect a chord (which is not a

diameter) is perpendicular to the chord.

Given:
M is the mid point of any chord AB of a circle with centre at O.
Where chord AB is not the diameter of the circle.

To Prove:
OM L the chord AB.

Construction:
Join A and B with centre O. Write ~1 and £2 as shown in the figure.

Proof:
Statements REERN

In AOAM <> AOBM

mOA = mOB Radii of the same circle

mAM = mBM Given

mOM = mOM Common

.. AOAM = AOBM S.S.5=SS.S

—msl=ms2 > (.) Corresponding angles of congruent triangles

ie., ms1+ms2=mZAMB =180° — (ii) Adjacent supplementary angles

. MA1=ms2=90° From (i) and (ii) _ Y

ic,OM | AB N AN G\
T Oewlbsogri |\ | A
Statement: P atfaRIRORID =N

Perpendicuigr from the-garitre.f/a dirdz on i ciherd Hisecs it.
Given: AR AR B\
AB s the'choid of ¢ circle iwitih centre at O .
o Sodhat OV |\ L thord AB .
A J.I. -._'.ir.‘j._F F(AIIHZ B S _ -
M is the mid point of chord AB i.e., mAM =mBM

Construction: A B
Join A and B with centre O.
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Proof:
Statements Reasons

In Zrt A> OAM <> OBM )

mZOMA = m£ZOMB =90° Given

hyp. OA = hyp.OB. ' Redii OT the sarrie ¢irgie

mOM = mOM:- /Chnlron ]

- . AOAM = ASRIM | I L tA~ HS=H.S

Hence, mAM =mBN! | ! Corresponding sides of congruent triangles

=5 (UM 3¢ ci@ {he chord AB.

dor (K.B + U.B)
1 Bisector of the chord of a circle passes through the centre of a circle.

(K.B + U.B)

The diameter of a circle passes through the mid points of two parallel chords of a circle.

Q.1 Prove that, the diameters of a circle bisect each other. (A.B)
Given

In a circle with centre ‘O’, AB and CD are two diameters.
To prove
AB and CD bisect each other.

i.e O is midpoint of ABand CD.
Proof

Statements | Reasons
OA=0B — (i) Radii of same circle
AOBiis a state line
-.Ois midpoint of AB — (ii)
SimilarlyOC =~ OD As in (i)
Or O is midpoint of CD

Hence ABandCD bisect each other. From (ii) and (iii)-sach othier ([}

Q.2 Two chords of a circle do not pass through the centre.PrGve, that théy-vainat isect
each other. _ ) \ \ "7 (A.B)

Given N\ AARIARRERE
In a circie wwh centre~U™cho 4 7AB ani r‘h\,.d CD iriiersect each other at point P.

To prove \ R
P is geithe; mil 1po ne oy yr norCD A D

. Corn "illlf‘ﬂon ; S .6
A rgw OK L AB andOH L CD.

T
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Proof

CH

AK =
mAK =mBK =mKP + mPB
<P is not midpoint of AB — (i)
Similarly '

~ HD .

Or mCP +mPiH =m=D! |

5, Flisnprimigpaint or CD — (i)

Statements

BK

[ ||\ 538 and CD cannot bisect each other.

The 9.2

From (i) and (ii)

SFB= mKP 4 :PB

Q.3

If length of the chord AB =8cm.

diameter of such circle.

Solution:

From the fig, m£ZOCA =90°
(OC L AB, L isshortest distance)

mAC =mBC =4cm,
From A OCA,
(OR)" =(Ac) +(oc)
= (4)" +(3)
=16+9
=25
Taking square root on both side
(OA) = V25
mOA= /25

mOA= 5cm

Its distance from the centre is3cm, then find the
(A.B)

(GRW 2014, D.G.K 2014)

Since OA is the radius then diameter = 2m OA

Result:
Diameter = 10cm

= 2(5cm)

Aw B

"H. -

Calculate the length of a chord WhICh startds ata di otdﬂce ~cn fr )m tm tartes uf a

circle whose radius is 9cm-,
Solution:

-

Here L— m 00 28t AL
rlb 9(‘ .,-Ir .). .nux\.

From AaOL

- [mAZ)\= md«) —"(11]66)2

=(9)° —(5)" =81-25
=56
Taking square root on both sides

B
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mAC =/56
= 24/14cm )
mAB =2mAC - C is midpoint of AB /ithen by thecreim- 912 |
= 2(2\/1_4cm) ' . )
:'4,‘/]__Jcrn . | '.
TheoremJNANNIRINE (MTN 2015) (A.B)

If two chords of a circle are congruent then they will be equidistant from the centre.
Given:
AB and CD are two equal chords of a circle with centre at O.
So that OH L AB and OK L CD.
To Prove:
mOH = mOK
Construction:
Join O with A and O with C. So that
We have ZrtA*OAH and OCK.

Proof:
Statements | Reasons
OH hbisects chord AB OH _L AB Perpendicular from the centre
of a circle on a chord bisects it.
ic. mﬁ:%mﬁ (i)
Similarly OK bisects chord CD OK L CD Perpendicular from the centre
of a circle on a chord bisects it.
i.e.,m&:%mc_o(ii) IR N ~AN (O
ButmAB =mCD (iii) Vo ] Givend
HencemAH =meK (iv)  — \ \/ /| | = Using (1,15 & (iii) =
Now in ZrtASOAH oK | || T )~ GivenOH L AB and OK L CD
hypOA=hpOC, | || | L Radii of the same circle
_ RR TR AT - Already Proved in (iv)
J | N AOAH = AOCK H.S postulate
. — mOH = mOK Corresponding side of congruent triangles
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(A.B)

9.1(v) e
Two chords of a circle which are equidistant from the . < A1 Y
centre, are congruent. AR .
Given: : N _
AB and CD are two chords ¢f/a ciicle with nentre at.Q
OH As anG-OK LD ) sc th .nOI-' — oK
To Prove:
AL _mC D
o Cemgeretion
J [ %1 Join A and C with O. So that we can form
ZrtA*OAH and OCK.
Proof:
Statements | Reasons
InZrtA*OAH < OCK.
- hypOA = hypOC Radii of the same circle.
mOH = mOH Given
.. AOAH = AOCK H.S Postulate
SomAH =mCK (i) Corresponding sides of congruent triangles
— 01— — —
But mAH =§mAB(||) OH _ chord AB (Given)
. — 1 — .. — —
Similarly mCK :EmCD(m) OK _Lchord CD (Given)
SincemAH =mCK Already proved in (i)
.-.%mﬁ:%mc_D Using (ii) & (iii)
ormAB =mCD Multiplying both sides by 2

Q.1 Two equal chords of a circle intersect, show that the segments of the-ene are enual
corresponding to the segments of the other —_— (A 5
Given . \ AT WY (G,
In a circle with centre O 7AB and "ﬂ AEIWG Ph 7rds Dt the' pncle irf tersectlng at P such
thathB mCD . BYVAR
To prove PR s A
mMAP = mL)D(,rdeP mc‘D ) '
Consfrl.x,tlm ' ' .
_ J-- [ [\ Drayy GH < CDandOK L AB
AN

Join O to P.
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Proof

Statements

S — oo (12 b ([ A
mOH = mOK _ Th-9.(AB;C;)_) [ | ]

Also H is midpoint of CD and K s midpniziz 0f AB, .
In rt AOPH <At DPK . Wy e,

OH=OK | Ao | Proved
OP =~ QD 1RIEE Common
5 AQFH = AQRK S.A.S postulate
| [P ='RP — (i) Corresponding sides of = A®
mCP = mCH +mHP — (ii)
CH = BK — (ii) Both are half of congruent segments
mCP = mBK + mKP From (i),(if) and (iii)
=mBP
Similarly
mAP =mDP
Q.2 AB is the chord of a circle and the diameter CD is perpendicular bisector of AB.
Prove thatmAC =mBC . (A.B)
Given B

In a circle with centre ‘O’, chord AB and diameter CD intersect each “
other at point ‘P’, C 1 p

Such that CD L AB and AP = BP
To prove X

AC =BC
Construction
JoinCtoAandB

Proof
Statements | Reasons . o=
In AACP <> ABCP |~ (
AP — mBP OD L AB_ A striight line d._'q,\i\i-.frqﬁ "L_he,(':qnifé af & cizeleto bisect a
B chord (v¢hich isrotia diametsr) is pernendicidar fo the chord.
ZAPC = £BRG | | Rothr: 907(GD, AE |
CP=CP ., | \| |} 'r’l(;_rn‘ﬁ'ﬁ.f‘; -
;-'.\\‘TJP.-;, ARCP | '~ "S.A.S postulate
N EE - Corresponding sides of = A®
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Q.3 Asshown in the figure, find the distance between two parallel chords ABandCD. -
' BBy

Solution: - P _.. '\-\. :
Since mOE L ABandOF L CD thefi AE = 3rend GiF £ 4gnt v | W~

From A OCF, -
(mOFSRGRMETRY | I\

' ,{_\'1:&5_5)2:'25'4'16
(mcf)2 =9

(mOF) -5 o "

mOF =3 8cm
Similarly from A OAE,

(nOE' = (OA ()

= (5)-(3)
25-9
6

(mOE

—\2
(mOE) =
— 2
(mOE) =1

Taking sq. root
(m(ﬁ)2 =16
mOE = 4
Distance between parallel chords AB and CD
mEF = mOE +mOF
= 4cm+3cm

=7cm — (e~ (C
Result: Ao NN [ (o iy
. -y —5 | * W e
Distance between parallel chords AR ang-Ch= 76

el | ! ¢ '] |’ ! 1 5
. (L A T | L
e | - "'H.-'. L e 11 'u. '.. i |
| T R —y 1 e
._.-'. R o~ | 1 _."x \ —
7 B! ] ._. '._ | -
1 P 1 i 1 .
1 ] 1 AL L
i
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Miscellaneous Exercise 9

Q.1  Multiple choice questions - ™
Four possible answers are given for-the folhw iNQ-guestinn. T |cL (~/) the corieci ailswer.

Q) In the circular figure, AE|is caller+ - ! \ B _ (K.B)

(a) Anarc (b) A secant
(c) A chord (d) A diameter
(i) In the circular figure, ACB is called (K.B)
C
B
A‘
(a) Anarc (b) A secant
(c) A chord (d) A diameter
(iii)  Inthe circular figure, AOBiis called (SWL 2014) (K.B)
C
B
A
(a) An arc (b) A secant
(c) A chord (d)Adlameter Y \
(iv)  Inacircular figure, two chords AR and CD are ’q udls e nt fr 3n1 tne ct mre ey will be
B
': / / \

H/..

(a) Parallel (b) Non congruent
(c) Congruent (d) Perpendicular
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(v)

(vi)
(vii)

fyin)

(ix)
x)
(xi)

(xii)
(xiii)

(xiv)

| "'ﬁ d b

Radii of a circle are (LHR 2014, GRW 2014, SWL 2015, 16) (K.B)
(a) All equal (b) Double of diameter :
(c) All unequal (d) Half of anv.charci, | |~ _
A chord passing through the centis of a virzle-is cailed ' ; (K.B)
' - ) . (LMR'2015, GRW 2014, FSD 2018)
(a) Radius (b) Diametar '
(c) Cirgtirifelence : W4 (Y Secant
Right kasector'ofithie chordiofiacircie always passes through the (K.B)
ARIEE (SWL 2014)
(epRadius | ' (b) Circumference
() “Ceriire (d) Diameter
The circular region bounded by two radii and the corresponding arc is called (K.B)
(a) Circumference of a circle (b) Sector of a circle
(c) Diameter of a circle (d) Segment of a circle
The distance of any point of the circle to its centre is called (K.B)
(SGD 2014, D.G.K 2014)
(a) Radius (b) Diameter
(c) A chord (d) Anarc
Line segment joining any point of the circle to the centre is called (K.B)
(SGD 2014, ,MTN 1015, RWP 2015)
(a) Circumference (b) Diameter
(c) Radial segment (d) Perimeter
Locus of a point in a plane equidistant from a fixed point is called (K.B)
(D.G.K 2014)
(a) Radius (b) Circle
(c) Circumference (d) Diameter
The symbol for a triangle is denoted by (K.B)
(@ « (b) A
(c) L (d) D
A complete circle is divided into (K.B)
(a) 90 degrees (b) 180 degrees
(c) 270 degrees (d) 360 degrees _ X
Through how many non collinear points, a circle can pass? . <~ ' (& E)
) =N (' MRLT5)
(@) One (hyrawp 44 1 LS |

(c) Three \ = (c)N)na Wy

ll‘l!___f_lﬁl L5
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Differentiate between the following terms and illustrate them by diagrams.

)

Q.2
Q) A circle and a circumference.
Ans: Differentiaiion

e Set of pointswhich are eauidistant fmn
fixed point i3 cafied.cirqie

I‘r\\l\\\'i.l‘h‘ﬂ'g

31 |.e bengin.' ¢t all ~points on
“Circle(boundary) which are eqU|d|stant

from a fixed point is called circumference

o 1it iz'raph! Cd' Ficure

AR e

e |tis a constant value

A
Ans:

A chord and the diameter of a circle.

(K.B)

Differentiation

Chord Diameter

e A line segment whose two end points
are any two points of the circle

e A chord passing through centre of the circle is
called diameter

e It may/may not pass through centre of
the circle

e Italways passes through centre of circle

¢ It may/may not the longest line segment

e Itis longest line segment inside the circle.

(i)  Achord and an arc of a circle. (K.B)
Ans: Differentiation
Chord | Arc
e A line segment whose two end points | ¢ Any portion of circumference is called
are any two points of the circle an arc
e It lies inside the circle e Itis part of circumference
e Itisstraight line e Ita curved shape
(iv)  Minor arc and major arc of a circle. (K.B)
Ans Differentiation
Major Arc
e Itisbigger than minorarc A Itz smlles tiel) majf)r arc'
e Major arc is always g@i,'er_ b ar) Ve 'Vlc_]-;‘ ;G_I:_ alweiys Ie is.than semi circle
semicircie) ant N | /™ B
/,/‘—\\“ \ \ A= //,* ~\\\
. . . y .
NN o ) ,'
I J.l L% A\\ &/2
S~---B D
ACB is a major arc ADB is a minor arc
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(V) Interior and exterior of a circle.

Ans: Differentiation -

Interior of the Circle

e All the points which lie irsice i’ the

circle farnt interior of'the, cirtle

“\Allthe soini whieti lig altside of the circle

_ieim exterior of the circle

(K.B)

1I- ——
08 Fgia®

e Itincludes the centre f the diicie

It does not include centre of the circle

It is outer part of circle

(K.B)

Ans: Differentiation

Sector of Circle

Segment of Circle

e “Circular region bounded by an arc
and its two corresponding radial
segments is called sector of a circle”.
In the given figure, AOB is a sector of

the circle.

“A chord divides a circular region in two
parts called segment of a circle”. In the

given figure, AB divides the circle into

two segments.

e |t does not include any chord

It includes one chord

e Italways included centre of the circle

It may/may not include centre of the circle

A

B
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CUT HERE
: SELF TEST
I Time: 40 min - f Mairics: 2=
I Q.1 Four possible answers (A), (B), (C) &'([) to cact! quastion ‘ar: Jiven, walrk the
I correct answer. \ oo~ \ - (Tx1=7)
I 1 In the circular figure, ACBis caizar e
(A) An-arl Vo4 (B} Asecant
: © At || L TN (D) A diameter
! N 2
| JI I | A@
| I
| 2 Right bisector of the chord of a circle always passes through the:
I (A) Radius (B) Circumference
| (C) Centre (D) Diameter
I 3 In a circular figure, two chords AB and CD are equidistant from the centre. They
I will be:
B
| y
| A
|
I CTP
| (A) Parallel (B) Non congruent
I (C) Congruent (D) Perpendicular
| 4 The union of a circle and its interior is called:
I (A) Diameter (B) Chord
(C) Circular region (D) Circumference
| 5 In the adjacent circular figure with centre O and radius 5cm. The length of the
: chord intercepted at 4cm away from the C(Bantre of this circle is:
| ,
I A
|
I (A) 4cm - f BLéem [y \W Y| ( A0
: (C) 7cm \ @ gem A NN NN T
: 6 In figur_e the projectilon of aline s'3gq'.er‘_t i._“,LE‘or. g lind.segrnent.AB is the portion.
I L .'. \ .'. |1 3 e |
L1 ] ]
AN - AE FB
I - cE (B) OF
il - (C) EF (D) AF
o The triangle with sides 8cm, 15cm, 17cm is:
I (A) Acute (B) Obtuse
(C) Right (D) Can’t determine

MATHEMATICS -10 272



Unit—9 Chords of a Circle

<

CUT HERE Q 2

(1)
(i)
(iii)

(iv)

Q.3

Give Short Answers to following Questions. (5><2:10)_ _
Define circle. P -
What is the difference betwean mi.1(_31 se_g.r'r.'._-_em,_q.m-' rqa;j ol se,g.pe_r.l't?
Differentiqte|betweeniricerior ana exterior'af a viic'eand i'IIust-rate 'thém by diagrams.

Ina trial-lg;_e:A-B'C-r:a.l!_CL |ete! ;néE -Whén mAB = 6cm, mAC = 4cm, m/A = 60°.

l:.r: ) riangle A.\.BC, mBC = 21cm, mAC =17cm, mAB =10cm. Measure the length of

projection of AC upon BC.
Prove that, 8
A straight line, drawn from the centre of a circle to bisect a chord

(Which is not a diameter) is perpendicular to the chord.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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Tangent Line

Secant Line

—_TANGENT 1O

T L '-.'I.'- .

Tangent kind KASNIRIINES(IE)
(LH? 2024, \15-GRW 2014, FSD 2014,
BINDI2015, SWL 2014, SGD 2014)
2 iirie which has one point common with a
circle is called tangent line.
Or
A straight line which touches the
circumference of circle at one point only is
called tangent line.
Q

In the figure PIQis tangent line.

(K.B)
(FSD 2015, SGD 2014, 15, RWP 2014,
D.G.K 2014)
A line which has two points common with a
circle is called secant line.
Or
A straight line which cuts the cwcumferen
of a circle at two points. o

In the figure, PQis secant line.

A CiRCLE
(K.B)

(SWL 2014, RWP 2015, D.G.K 2014, 15)
If a tangent is drawn from a point out side a
circle, then distance between that point and
the point of contact of the circle is called
length of tangent.

B

In the figure mMPA=mPB is length of
tangent.
Concentric Circles (K.B)

Circles having same centres and different
radii are called concentric circles.

“In the above figure, circles having centre O

are concentric circles.
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(A.B)
10.1(i) :
Statement: A
If a line is drawn perpendicular to a'radial
segment of a circle at its.outer &nd peist, it is
tangent to the circle at that'no&iil -
Given: _ FER\RY]
A circig=with \cenire (@ ¢rd TOC s \the-radial
segmen.. AB 'ig perpendicilasto OC at its outer
(‘l.lrj (: ’
o, F@Froves’ |
J [ %1 AB s a tangent to the circle at C ) R
A B

Construction:

Take any point P other then C on AB . Join O with P.

Proof:
Statements Reasons
In AOCP,
m~OCP =90° AB L OC (given)
and m£OPC < 90° Acute angle of right angled Triangle.
B — Greater angle has greater side opposite to
mOP > mOC it.

.. P is a point outside the circle.

outside the circle.

only.

only.

Similarly, every point on AB except C lies
Hence AB intersects the circle at one point C

i.e., AB is a tangent to the circle at one point

OC is the radial segment.

10.1(ii)

The tangent to a circle and the radial
segment, joining the point of contact and
the centre are perpendicular to each other,

Given:

In a circle with centre O aifd radius&C |
Also AB ishe tangent-ta the\cirgle\at)

28(1 and,\ fadial “~segment OC are

point €.\ |
To Prove:

A " spiriituiar to each other,
- J [ % Jonstraction:

Take any point P other then C on the tangent line AB . Join O with P so that OP meets

the circle at D.
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Proof:

Statements

OP cuts the circle at D.
-.mOC =mOD — (i)
ButmOD < niGF (i)
~.mOC < mOp

J : .If-r\,.ﬁ O 16te tangent line AB
Also OC L AB

tangent AB .

AB is the tangent to the circle at point C. Whereas

So.ra 'ilu- C C st tor -est-of all lines that can be drawn

Hence, radial segment OC is perpendicular to the

Given .« [ |- ' .
Caristructicn

Fadii of tiae-sarnel circle
| ) .
Point P is outside the circle.

Using (i) and (ii)

(A.B + U.B)

There can only be one perpendicular draw to the radial segment OC at the point C of the
circle. It follows that one and only one tangent can be drawn to the circle at the given

point C on its circumference.

10.1(ii)

(A.B)

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

Given:

Two tangents PA and PB are drawn from an external point P to the circle with centre O.

To Prove:
mPA =mPB
Construction:

Join O with A, B and P, so that we form

ZrtA*OAP and OBP.

Proof:
Statements

In ZrtA® OAP <> OBP
m~ZOAP = m£OBP =90°
hyp.OP = hyp.OP
mOA=mOB,~.,
-AOAP:AGﬁﬁ""

Henre “’]P A= mD’3

i«ﬁﬁ_i

“ZTtAS

Reasons

Ralii 4 LoLh tmgem PA an PR
Coninon | _ {
?_r.(_ju_f(,f.'rhb same circle.
H.S=H.S

Corresponding sides of congruent triangles

NSRRI

The length of a tangent to a circle is measured from the given point to the point of

contact.
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Corollary (A.B + U.B)

If O is the centre of a circle and two tangents PA and PB are drevy framian axidirial
point P then OP is the right bisector of the cirord of SOMTECH AL

_ﬁ,"mm‘llﬂl“‘_
L

Q.1  Prove that the tangents araw: wut tr. € eud ofia digmeter ina given
circle T]l sk Le paraiiet: ' A (A.B)
Given , ' '
In A cilcle Wilh centre’'0’,ABis a diameter, LM and PQare two 2 0 L
| felnigents passing through point A and B.
70 prove M Q
M|
Proof
Statements Reasons
OAand OB are radial segments Given
-.MmZOAL =90° — (i) Tangent is | to a radial segment.
Similarly
-.mZOBQ =90° — (ii) As in (i)
-.mZOAL = m~£0OBQ From is(i)and (ii)
Or WHP_@_ Alternate angles are congruent.
Q.2  The diameters of two concentric circles are 10 cm and 5 cm respectively. Look for
the length of any chord of the outer circle which touches the inner one. (A.B)
Solution:
From AOCB,
(mgl)2 = (mO_B)2 —(m&)2 - (hyp)” = (perp)” +(base)’
= (5)° -(25)°
=25-6.25
=18.75 \
Taking square root on, hath SIdFa A\
mBC ‘=I5 - 1 |
X453 N Ly
A TRE S
SN =2(433)
' =8.66 cm

. Length of chord = mAB = 8.66 cm
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Q3

AB and CD are the common tangents drawn to the pair of circles. If Aand C are the

points of tangency ¢ of 15t circle where B and D are the points of tanqp:u,y af 2ndciitle;

then prove that AC[1BD. _ (D2
Given i {k
: : ! = W T TN —
Two circles with centre, B ansi Q. AEapd | ar
CDare-eofninon tangerics, Of 2 is jained with o2 A
and B v#h' D! - P‘\%-
To prove L\ \
Ax 0 BD \
(st 14 tion C
Join P with A and C and Q with B and D. Name the angles /1, £2, /3, Z4 as shown in
the figure.
Proof
Statement Reasons
AP L AB —> (i) Theorem 10.2
BQ L AB — (ii)
APLBQ From (i), (ii)
£3= 21— (i) Corresponding angles
Similarly
4= /2 —(iv)

mZ3+msZ4=msLl+ms2
mZAPC = m«/BQD

mAP _mPC

mBQ mQD
-.m/PCA=m./QDB
Hence AC1BD

Adding (iii) and (iv)
Sum of angles postulate

Theorem 4 (a)

10.1(iv)
sum of their radii.

Given:

radii ot the twc L.rr‘lec
To Prove:

Paint,C liis on t’vpm uf entres D and Fand mDF =mDC +mCF

| LJ'I pl"LJ' L'L nk

Two circles with centres [ end F .«:;oeun\;my ""oﬂch erléh"ather )
externally 9int C. Se-that ¢ ) ‘ai d L SR, .;re rﬁsppm\/ely the

(A.B)

If two circles touch externally then the distance between thelr cer**"rq ls cquei et 1e" ||

A__..

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

Statements
Both circles touch externally at C whereas

CD is radial segment and ACB is the
common tangent.

-.MZACD =90° (i)
Similarly CF-ia radiai Segmerit
and ACB is tha comraon'tangarit |
Mz ACF =90°Ci)
| AT 2 ACF = 90°+90°

" m=DCF =180°(jii)

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

and mDF = mDC +mCF

Redinksedmeni-CD L e Tangent line AB

Radial segment CF 1 the tangent line AB
Adding (i) and (ii)
Sum of supplementary adjacent angles.

Exercise 10.2

Q.1

the midpoints of the chords. Prove that HK makes equal angles with AB ANDCD.
(A.B)

Given
In a circle with centre'O",
chord AB and CD respectively.
Solution

mAB =mCD @ D
To prove 0,
mZBKH = m£ZDHK
Construction
Join O to H and K and name the angles as shown in the figure. &l
Proof
Statements | Reasons
mOH = mOK {

AlsomZ0OHD = m/Z0OKB = 90°

mZBKH = m£BKO —mA1 |
=90°—mZL i) T
m/DHK =myCHO, m/’) B

—Of""_ . V2
et r./1—>(|v)
mABKH =m«£LDHK

ndUNE

A= 22 (ii) |

H and K are midpoints of " x N,

1

(Given) (E ~ Cﬁ) )

N |

Angles bpnosite fo\cengiuent sides

From (ii)

From (iii) and (iv)

AB and CD are two equal chords in a circle with centre O.H and K are respectively
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Q.2 The radius of a circle is 25m. AB and CDare two chords 3.9 cm apart. -

IfmAB =1.4cm, then find the measurement of other chord I A ‘n. B)
Solution: s [ |~
In a circle with centre‘O’, AB and (,D are 1w0 nords and ai snme bet» sz ien PQ §

3.9cm. B
From tnefg, AR 1‘5 “or LA (fu_:&g
From A'/DAP, ._ A

' _H" JP\ tr.qu) —(mAP)

=6.25-0.49
=5.76
Taking square root

mOP = /5.76

—mOP =24

mOQ = mPQ-—mOP
=39-24
=15cm

From AOCQ,

(mCQ)’ =(moC) - (moQ)
(mCQ) =(25) ~(1.5)

=6.25-2.25
=4

Taking square root

mCQ =2

Since chord CD =2mCQ

=4
Result: L AN N 7 )
Length of other chord mCD = 4cm~ ey T\ i A
Q.3 The radii of two interséct! ng sitties ara 1(, cn and t’ ¢ 1 the length of their
commen, ¢ nerd is 6cm u e1 1iac! th £ o} stanee be.fwcen the centers (A.B)
Solution: =0 e O TS

INAACR |04 AR '
(R w-'i‘) < 'fp) (m%) AN
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Q.4

(mE)2 =91
(e~
In ABCP

¢

(mﬁ)2 :(\m@)2 —(mEC) .-f\r'ypf_J:er Q:sgj? :(p'_erpenﬂicu'iér)' 2/ (base)’

(mBC (8} (5)

; J
(mBE) =519
'(m BC) _s5
(mBC) =55
Distance between centers = mAB =mAC+mBC

= 91+«/%

=16.96 cm

Show that greatest chord in a circle is its diameter.

In a circle with centre. ‘O’
Given
AB is a diameter and CD is a chord.
To prove
mAB > mCD
Construction
DrawOL L CD and join O to C.
Proof
Statements |

OL 1L CD Construction

~. L is midpoint ofCD.
INnAOLC

m/OLC =90 oL LD
m~ZCOL£90

-.mOC >mCL

2mOC >2mCL - [\ Mutiply byl 2
Diameter>mZR | | 7 7y L if_,xmﬁdppim of D
~.mAB>mCD | WA VY [(Rroved)

Reasons

Perpendicular drawn from centre bisect the chord.

Acute angle of right triangle
-.mZOLC >m«COL From (i) and (if) ", \
L-Side opposite-te gieater angiz | |

(A.B)
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Theorem 4 (b)

10.1(v)

If two circles touch each other internally, then the point of contacs liss/ -
on the line segment through their centres 'and distaiite betveen thicin

centres is equal to the differzince of their radii.
Given:

Two ciities with certies @ ana Fitoucl, =a(,.. nther
Internaliy'at point(C, So that\CD ana-CF are the radii of two circles.

To Prove:

(A.B)

Puind G-lies ¢rithe join of centres D and F extended and mDF = mDC — mCF

Censtrection:

Draw ACB as the common tangent to the pair of circles at C.

Proof:
Statements

Reasons

Both circles touch internally at C whereas ACB

is the common tangent and CD is the radial
segment
Of the first circle.

- mZACD =90° (i)

Similarly ACB is the common tangent and CF
is the radial segment of the second circle.

~.MZACF =90° (i)

= mLACD = m£ACF =90°

Where ZACD and ZACF coincide each other
with point F between D and C.

HencemDC = mDF +mFC

i.e.,mDC —mFC = mDF

Or mDF =mDC —-mFC

Radial segment CD L the tangent line
AB

Radial segment CF L the tangent line
AB
Using (i) and (ii)

_mtmnmuum

Two circles with radii5¢m &ind 4ciztolich-carn dther éxtar! 1aJIy Eraw another circle

with radiiis2.5cm touching the firgt pdlr e<tema||\ - (A.B)
To col Is'[,E uct, —
A circle of radiys 2 Sein wouchin g RIGT WO cwcles externally.
COP“U‘L cticn
- (RaStens of con! r'umon
NI V"l  centre A, draw an arc of radius 7.5cm(5+2.5=7.5) "
“4i)”  With centre B, draw an arc of radius
(ili)  Both arcs cut each other at point C.
(iv)  With centre C, draw a circle of radius2.5cm .
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Q.2 If the distance between the centres 6.5cm(4+2.5=6.5) of two circles is the sum or

the difference of their radii they will touch each other. ) 1 - (JT.. E)
Solution: : [ | ;
Q) Given

Two circles with centresC\ and C.. radit gi-méasure’r, \enc, r

such thariC\C, = 54T
To prove R :
Circles toucn each'other &xernally
Comytiryicdion . |

I rawv TS tangent to the circle with centre C, at A

~roof
Statements Reasons
TA is tangent to circle 3with centre C,
- mZCAT =90°
m«£C,AT =180°-90° . C,AC, is a straight line
m«£C,AT =90°

TA is perpendicular to radial segment AC,
So TA is tangent to the circle with centre C,

.. TAis common tangent at A
Hence circles touch each other externally

(i) Given

(A.B)

Two circles with centresC, and C, , radiir, andr, such thatmCC, =t -,

To prove
Circles touch each other internally
Construction

Produce C,C, to meet the circle with centre C, at L
Draw TS tangent to the circle with centreC, at L

Proof

As TLS is tangent to the circle with centre C,

CLLTL )
£ MZCLT =90° A 700N
But C,C,L is@stiaighttine - \
LmZC,LT =B0oph A
RIS (AT

Y TS *4 :'a.;.!gent to the circle with centreC,
. TL is common tangent
Hence circles touch each other internally

Gensirustion .

‘ Taiygent.L radial ssgment
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Q.1
()

(i)

(iii)

(iv)

)

Miscellaneous Exerciser 10

Multiple choice questions

Four possible answers are given for the foIIowmg question. Tick(+/ ) the cori et arlswes
In the adjacent figure of the circle;.the Ime DTm namedas,

(&) Anarc
(c) A tangent

-

/
T ¥
e

(b) A chord
(d) A secant

(K-B)

In a circle with centre O ,if OT is the radial segment and PTQis the segment line, then

(a) OT LPQ
(c) OT UPQ

0

(b) OT £PQ
(d) OT is right bisector of PQ

(K.B)

In the adjacent figure, find semicircular area if z 1 3.1416andmOA = 20cm. (K.B)

(a) 62.83sqcm
(c) 436.20sgcm

B
(b) 314.16sqcm
(d) 628.32sqcm

(GRW 2014)

In the adjacent figure, find half the pes .meter of. ciizle \u-.fh r'er- "eu |f 73 36

and mOA = 20cm.

Ml Aen) -

&) 125.65cm

_RWR2035) | |

——

(b) 62.832cm
(d) 188.50cm

A line which has two points in common with a circle is called:

(a) Sine of a circle
(c) Tangent of a circle

(b) Cosine of a circle
(d) Secant of a circle

(K.B)

(K.B)
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(vi)
(i)
(viii)
(i)
)
(<)

(xii)

(xiii)

NN | ANSWER KEY
i b

A line which has only one point in common with a circle is called: (K.B) (D.G.K 2014)

(a) Sine of a circle (b) Cosine of circle
(c) Tangent of a circle (d) Secant of a circle Sy
Two tangents drawn to a circle from a poirit outsic? icare ¢f..in lengit. (<.B)
(a) Half _ - (0] Egual '
(c) Double ' - (c) Tiiple |
A circlae-hasionly one: / LY (K.B)
(a) Secani 1 —0) Chord
(c) Diarneter | ) : (d) Centre
Actangentline intoriccts the circle at: (K.B)
(&) Three poliits (b) Two points
f¢) Single point (d) No point at all
Tangents drawn at the ends of diameter of a circle are ... to each other. (K.B)
(LHR 2015)
(a) Parallel (b) Non-parallel
(c) Collinear (d) Perpendicular
The distance between the centres of two congruent touching circles externally is: (K.B)
(a) Of zero length (b) The Radius of each circle
(c) The diameter of each circle (d) Twice the diameter of each circle
In the adjacent circular figure with centre O and radius5cm, the length of the chord
intercepted at 4cm away from the centt;}e of this circle is: (K.B)
A
D
(a) 4cm (b) 6cm
(c) 7em (d) 9cm
In the adjoining figure, there is a circle with centreO. IfDC diameter AB and

mZ/AOC =120°, thenm£ACD is: _ (K.B:

(a) 40°' :_ ARRRI A _,_.(b) 30°
CEARIERY 0 R (d) 60°

ol v  x B
a WY d P c
d B c BUE b
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! | E'O

‘-'..-'-."I T -.'I..‘-.‘I.-

Congruent Ciraledl AR (K.B)

Cireips having differsat centres but same radii are called congruent circles.

In the given figure, circles with centre A and C are congruent, ifmAB =mCD.

(K-B)

Two arcs of same circle or of different circles are congruent, if their central angles are congruent.

In the given figure, arcs BC and QR are congruent, if Z/CAB = ZRPQ.

(A.B)

Hf“s I-\NLD I\RCS

11.1(i)
Statement:
If two arcs of a circle (or of congruent circles) are congruent then the correspondlm
chords are equal. — 1<\ (1 -
Given: ) AN (O N

ABCD and AB'C'D'are {iwo corgrusni-, || \ ' —
circles. . ‘N‘th centres., | C./ anl O
respecti ve!y tL tl at mADL e '
To Prov" '

N HRE Criac

Join O with A, O with C, O’ with A" and O’ with C'. So that we can form A°OAC and
O'A'C’
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Proof: o

In AAOC <> AA'O'C’ \ », A \
mOA=mOA_ - o -__ch\dI(.f ecua1cr |E:o

mOC =mo'C=, | |~ (4 Padiilof egudl Gircles

mA_C— mACL L T Given

\ RO Emlea e $SS5=S5.5S
"-ll = .MAOC m£ZA'O'C’ Corresponding angles of congruent triangles

Hence mADC =mA'D'C’ Arcs corresponding to equal chords in a circle.

Unit—l 1 Chords and Arcs

Proof:
Statements | Reasons .. =
. I ' |
In two equal circles ABCD and A'B'C'D’ i !
. , . Given
with centres O and O’ respectively. _
mADC = mA'D'C’ ' Siveir|
- MZAOC Lmlaoic C.cr‘,-*"il_ angles subtended by equal arcs of the
- equal circles.
Now in AAOC «» A'C/'Cl |
O Ry AL | Radii of equal circles
1 i AQL = m/AO'C! Already Proved
mOC =mO'C’ Radii of equal circles
. AAOC = AA'O'C’ S.AS=S.AS
and in particular mAC =mA'C’
Similarly we can prove the theorem in the
same circle.
(A.B)
11.1(ii)
Statement:

If two chords of a circle (or of congruent circles) are equal, then their corresponding arcs
(minor, major or semi-circular) are congruent. In equal circles or in the same circle, if
two chords are equal, they cut off equal arcs.

Given:
ABCD and A'B'C'D'are two congruent circles with centres O and O’ respectlvely So

thatmAC = mA'C’.

To Prove:
mADC = mA'D'C’

Construction:
Join O with A, O with C, O’ with A" and O’
withC'.
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(A.B)

11.1(iii)

Statement: [
Equal chords of a circle (or of congruent ciiCles) suhtens e(‘“lal angles at'the centizatthe
corresponding centres). _ L\ B B’

Given: ' - ) :

ABC ard{A'B'C’ are-~tw9 ‘congruent ‘Circles
with cestres O anic, Q' eso=cuvel\, SO tiat
AC = AC|

To Frove.

| RO EZNOC!

Cloristruction:
Let if possible m£ZAOC = mZA'O'C’ then consider /AOC = Z/A'O'D'

Proof:
Statements | Reasons

Z/AOC = Z/A'O'D' Construction

. AC = AD' - (i) Arcs subtenpled by equal Central angles in
congruent circles

__ Equal chords of a circle (or of congruent

AC = A'D"— (ii) circles) subtend equal angles at the centre
(at the corresponding centres).

But AC = A'C' — (iii) Given

L AC =AD Using (i) and (ii)

Which is only possible, if C’coincides withD’.

Hence mZA'O'C' =mZA'O'D’ — (iv)

ButmZAOC = mZA'O'D’ — (V) Construction

= m/AOC =m/A'Q'C’ Using (iv) and (V)

(K-B)

In congruent circles or in the same circle, if central angles are equal then correspondlno
sectors are equal. 1oAY (T

| NN o\ sy
In congruent circles or in the same cncle lneq al ar*s wm SL btﬂnd ur eqaﬂ' Central
angles o \ \ |

11.1(iv) AR AR ETR Y -

Statement: 1 VoL

= Ithe angln“ <u'h.t.3r'1d'ed by two chords of

i cirdi'or congruent circles) at the

1% tentre (corresponding centres) are equal, . .
the chords are equal. A c A c’
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Given:
ABCD and A'B'C'D’are two congruent circles with centre O and O'respactivel\. A
and AC' are chords of circles ABCD and ABTD' [Tesgective y' Arid
mZ/AOC =msZA'O'C’

To Prove:
MAC = mALC ' |

Proof: \ '

0 TN D

In AQAC, «» AD'NC!
| ROANETA
| mZAOC =mZA'O'C’
mOC =mO'C’
.. AOAC < AO'A'C’
Hence mAC =mAC’

Radii of congruent circles
Given

Radii of congruent circles
SAS = SAS

Corresponding sides of congruent triangles

Q.1
mAD = mBC .
Given

In a circle with centre ‘O, two chords AB and CD intersect each

other, such that AB=CD.
To prove
mAD = mBC
Proof
Statement
InA*CBD and BCA

BC = BC — (i)

AB =CD - (ii)

£2= 21— (iii)

ZCBD = Z/BCA— (iv)

mZCBD -m :2_-._: MZBGAms1!

From, (i, (1) ard (V) "
ACBIAPABEN— ~

. mzCBA=riZECHI ()| | |

In a circle two equal diameters AB and CD intersect each other. Prove that

(A.B)

Reasons

Common
Given AN (T AL
Cirdum angiad or'sa.rr.e-s.gag'm:erf[ <,
Oppé site ar:gl'e": it tr-Je'sahe. seg“rﬁent

From diii-dnd (iv)

S.A.S postulate
Corresponding sides of = triangles
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Q.2 Inacircle prove that the arcs between two parallel and equal chords are equal.
(A.5i
Given '

In a circle with centre ‘O°, AB and CD ar&iwo chords; sdch i at A @ RTex C
AB=CD and AB[ICD : '

To prove
MAC =7 3L . .
Construction - _ S \L______
Join Aty ¢ and'B 1o D. ' B D
Proof
SIS @ 8ttements L Reasons |
MmAB =mCD
Also Given
AB|[cD
A quadrilateral having two
- ABCDisa | sidesparallel and congruent
is a parallelogram.
mAC =mBD Opposite sides of a parallelogram
-.mAC =mBD Th-11.2 (chords area equal)

Q.3  Give a geometric proof that a pair of bisecting chords are the diameters of a circle.
(A.B)

Given
In a circle with centre ‘O’, two chords AB and CD bisect each
other at point ‘P’.
i.emPC =mPD and mPB =mPA.
To prove
Chords AB and (ﬁpass through point ‘O’.
Construction
Draw OM 1 CDandOL L AB

Statements mm
oL A

L is mid point of AB

Proof

P is mid point of AB \ > "-(-1|\,ﬂrr

. Pand L coincids . RYVAR\BRE LS
M is the mid poart CO - " (7 1) p )L "OM 1CD
P is mid pointiof| ¢ D ARREL Given

M anoF soircitle |
@ LW anI S toincide which is possible only if

- ABandCD pass through O
Hence AB andCD are diameters
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Unit—l 1 Chords and Arcs

Q.4 If Cis the mid point of an arc ACB in a circle with centre O. Show that line segment

OC bisects the chord AB. (A5}
Given . - [ '

In a circle with centre ‘O, G-t mid paint ofABC, | C.C\ irtérsect, AB
at point Ty

To prove

A= Blil

Construction

JoinOtoAandB

Proof
Statements Reasons
C is mid point of ACB Given
Then AC = BC
- ZAOC = ZBOC {Central angles of congruent arcs.

Or ZAOD = #BOD

In AOAD <> AOBD

OA=OB Radii of same circle

ZAOD = /BOD Proved _ -~ ~(A 0\
. AOAD = AOBD_ A\ | 3\ ooulae )

AD ~ BD J_ \ AL \ - 'Cor.r.é:sponding sides of congruent triangles
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Miscellaneous Exercise 11

Q.1

1)
)
)
(4)
()
(6)
(")
(8)
9)

(10)

Multiple choice questions

Four possible answers are given for the following questiai:, Tick T, ’) the cvrv ALt
answer.

A4cm long chord subtends a ceutral angle\cfe0q. Tne rcdnl secmerii of this circle

IS: (SWL 20/15) (K.B)
@1 — L bz
()3 - 4 o=d)4
The lergthiof, a chord and'the radial segment of a circle are congruent, the central
angl made by vhe chord will be: (FSD 2014, RWP 2015) (K.B)
435,200 (b) 45°
\v) 60° (d) 75°
Out of two congruent arcs of a circle, if one arc makes a central angle of 30° then the
other arc will subtend the central angle of: (LHR 2015, SWL 2014) (K.B)
(a) 15° (b) 30°
(c) 45° (d) 60°
An arc subtends a central angle of 40°then the corresponding chord will subtend a
central angle of: (LHR 2015, GRW 2014, FSD 2014, D.G.K 2014, 15) (K.B)
(a) 20° (b) 40°
(c) 60° (d) 80°
A pair of chords of a circle subtending two congruent central angles is: (K.B)
(a) Congruent (b) Incongruent
(c) Over lapping (d) Parallel
If an arc of circle subtend a central angle of60°, then the corresponding chord of
the arc will make the central angle of: (K.B)
(a) 20° (b) 40°
(c) 60° (d) 80°
The semi circumference and the diameter of a circle both subtend a central angle of:
(K.B)
(a) 90° (b) 180°
(c) 270° (d) 360°
The chord length of a circle subtending a central angle of180°is always: (K.B)
(D.G.K 2014)
(a) Less than radial segment (b) Equal to the radlal segmeiit \
(c) Double of the radial segment (d) None of these - —
If a chord of a circle subtend a central afigle of 60 fen th° lenjh of rne Shivid-and
the radial segment are: _— L IMIINL015) | o (K.B)
(a) Congruent ‘i (b) Inzohgilent |
(c) Parallet~ ~— WL Ad), Perpéricular
The are= ooposm‘ ?o n‘onuruen}&\n rai angles of a circle arc always: (K.B)
| (D.G.K 2014)
(2) Songrue! at| ™= (b) Incongruent
b Q) Q)P irnlml — (d) Perpendicular

ANSWER KEY)|

1/2|3]4]|5]|6]7[8|9]10
d{c|b|blalc|b|clalb
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Circular region boundecky", ava" ‘)? ailel
chords is called 7<»nl_ [N

T~

Cyclic Quadrilateral (K.B)
(LHR 2014, 15, GRW 2014, 17, BWP 2016, 17,
RWP 2016, MTN 2016, 17, D.G.K 2017)
A quadrilateral whose vertices lie on the
circumference of a circle is called cyclic
quadrilateral.

Or
A quadrilateral is called cyclic when a circle
can be drawn throughDits four vertices.

B

(K.B)
(LHR 2014, 15, GRW 2017, BWP 2016, 17, RWP
2016, MTN 2016, 17, D.G.K 2017)

The angle subtended by an arc of a circle at
its circumference is called circum angle.
Or

An angle whose vertex lies oni cre-..
circumference and whose arms pass thriu n

end points of the arc.
C

ANGLE IN A SEGMENT
OF A

— T T .

Zone KB} |

e The

UNIT

CIRCLE

Lntt e figure, ZACB is the circum angle.

(K-B)

(LHR 2016, GRW 2016, FSD 2015, 16, 17,
RWP 2016, 17, SWL 2017, SGD 2016, 17,
MTN 2017, D.G.K 2016)

The angle subtended by an arc of a circle at
its centre is called circum angle.

Or
“An angle formed by two radial segments at
the centre of the circle is called central angle”.
In the given figure, ZAOB is central angle of

AB.
4

Note (K.B + U.B)

(i)  The measure of a central angle of a minor
arc of a circle, is double that of the angle
subtended by the corresponding major arc.

(i)  Any two angles in the same segment of
a circle are equal.

(iii) The angle
in a semif cncle is rig nt. angl=
o il alseqm it Qresier | Harl a senti tirnle

is\less’ tl“an anghitangle

CRN¢ *s\'an\Te{t lhss-t+an a semi-circle is

\grester than a right angle.

opposite  angles of any
quadrilaterel inscribed in a circle are
supplementary.
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Uhnit-12 Angle in a Segment of a Circle

(A.B)

12.1(i)
Statement:
The measure of a central angle of a minor arc of a circle; s dou )Ie tiat 7f fne ‘ar glﬁ'
subtended by the corresponding major arc. ' - :
Given:

AC is an arc of a circle with ceriire, ©. ¥/her¢ a5 | |
ZAOC is the central anqlﬂ aiil ZAEC i citcur arigle.
To Prove: -
mZLAG L = /LHLL\B»L
Construction:
Join B with O and produce it to meet the circle at D. Write angles
A, /2, /3, /4, /5 and £6 as shown in the figure.

Proof:
Statements | Reasons
As m/l=m/3— (i) Angles opposite to equal sides in AOAB
Andm/2 =mz4 — (i) Angles opposite to equal sides in AOBC
External angle is the sum of internal opposite

Now m/5=m/1+ m43—>(iii) I
angles.

Similarly m£6=m£2+m24 —(iv)
Again ms5=ms3+ms3=2m«3—(Vv) | Using (i) and (iii)
And m£6 =mZL4+msL4 =2ms4 — (Vi) Using (ii) and (iv)
Then from figure
= ms5+ms6=2m/3+2m/4 Adding (v) and (vi)
= mZLAOC =2(m£3+ms4) =2m/ABC

(GRW 2016, SWL 2016, RWP 2016, MTN 2017, SGD 2017, BWP 2015)  (A-BY ™ | |
12.1(ii) TV T N
Statement: \

Any two angles in the same segment ofa C|rcle are equa
Given: \

2 ACB and ZADB are the circt anuhs i the saine aég\ﬁ
of a circle with centre O. T
To Prove:

m /ACB - *nl M) ?
Construction: |

Join O with A and O with B. So that m ZAOB is the central angle.
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Angle in a Segment of a Circle

Proof:
Statements

Z/AOB is the central angle whereas

-.MZAOB = 2m/ACB — (i)

and mZAOB =2 ADE > i)
— 2m/ACB = 2m/ADB
Hence mZACB = m/ADB

Standing on the same arc AB of a circle.

/ACB and ZADB are circum angles

‘ Reasons

Construction

Given

| This medsure 'of a certrarl angle of a
minor are-or a circle, is double that of
the angle subtended by the
corresponding major arc.

Same as above
Using (i) and (ii)

12.1(iii)
Statement:
The angle
o In a semi-circle is a right angle,

(LHR 2016, MTN 2015) (A.B)

o In a segment greater than a semi circle is less than a right angle,
o In a segment less than a semi-circle is greater than a right angle.

Fig |
Given:

\ %%
A X~ B AUB % 0 B
D

D

Fig 111

AB s the chord corresponding to an arc ADB. WneipaJ :;AOFS Sla onlra aﬂle a“"

ZACB is a circum angle of a cm,lt lv| h ceritia O

To Prove:

In fig (1) if sector ACBij a: Serat ci'ri' Ie thr.mZACB 1rt

Infig (1) .. ] sr ] /\i B’ 15 Sieater than a semi circle then mZACB <1/rt
In fig (I:.I_; |f weistor ACB is less than s semi circle then m/ACB >1/rt
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Uhnit-12 Angle in a Segment of a Circle

Proof:

Statements Reasons

In each figure, AB is the chord of a circle with -
centre O. ZAOB is the central angle standing | ;\en : | [
on an arc ADB. Whereas ZACB is the circum ' : | . \ .

angle _ _
™ | Thie-measuie of ¢ centrai angle of a minor
Such thatm~ZAOB =2m/ACB — (i) - arc'o: a circle, 1s'aouble that of the angle
1) 'subteridied oy the corresponding major arc.
Now in fig (I) m£ZAOB =15, | ., | "[Astraight angle
..mLAOB—th}>’H' '
— MZACB =fart Using (i) and (ii)

In fig (1) m£AOB <180°
- MZAOB = 2/rt — (i)
= MmZLACB <1/rt Using (i) and (iii)
In fig (1l1) m£AOB >180°
- .MZAOB > 241t —(iv)

= 2mZACB > 2/rt Using (i) and (iv)
= mZACB >1/rt

(A.B)
12.1(iv)
Statement:

The opposite angles of any quadrilaterel inscribed in a circle are supplementary.

Given:

ABCD is a quadrilateral inscribed in a circle with centre O.
To Prove:

{m4A+mAC:24n8

mZB+mZD =2./rts
Construction: X
Draw OA and OC .Write /1, £2, /3, 24, Z/5and Z6 as shown in

the figure.
Proof:

Statements ‘lm‘m\!ﬁ

Standing on the same arc ADC, £2is a-cgjtr al angle, J Arh A Dc\ the cr cle witn-centre O.
Whereas /B is the circum angle == 1) A\
"'ha ineasure of a central angle of a

1 ) A AL 7 minor arc of a circle, is double that of
. _1 (i~ RN BN -
~-Mm£B (mZZ)_-)-\'_».. AN the angle subtended by the
[ ]I AN A corresponding major arc.

Standing on the'suie arc ABC, 74 is a central angle

whereas /D is the circum angle Arc ABC of the circle with centre O.
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Angle in a Segment of a Circle

m4D=%(m44)—>(ii)

:>mAB+m4D=%m42+%m44

= %( m/2+mz4) = % (Total central dacue)

e, msB+msD = %(44rt\, =271

Similarly mz&q Ol 2201

The measure of a central angle of a
minor arc of a circle, is double that of
the angle subtended by the
corresponding major'arc.

Adding (Yaid (i), |

M Eercised2d |

Q.1 Prove that in a given cyclic quadrilateral, sum of opposite angles is two right angles
and conversely.

Given:
ABCD is a quadrilateral inscribed in a circle with centre O.

To Prove:

MZA+m«sZC =2/rts
mZB+msZD =2/rts
Construction:

Draw OA and OC .Write /1, /2, /3, /4, /5and Z6as shown in

the figure.
Proof:
Statements
Standing on the same arc ADC, £2is a central angle
Whereas #/B is the circum angle

mLB:%(mLZ)e(i)

Standing on the same arc ABC, 4 is a central angle
whereas «D is the circum angle

= mAB+m4D=%m42+%m44

1 1
==(ML2+ ML) £fe
2(m +m. -'f’

(ol tential angie)
[Z47 |, '

i.e,m/B+ mZLJ'=§(44rt) — 21t

Similarly mZA+mZC =2/rt

\laddiny (iyand (ii)

(A.B)

Reasons
Arc ADC of the circle with centre O.

The measure of a central angle of a
minor arc of a circle, is double that of
the angle subtended by the
corresponding major arc.

Arc ABC of the circle with centre O.

The measure of & centsal @rgle ©i a |*,

. 1 " miTinr arc'af.a sifcie, lis double that of |
. msD —§(m44) — (i) the | Anglz | |subteniled by \—the
) mr cmfeS’oxo&Qﬂgzmqur-a.v::. -

MATHEMATICS -10

297



Unit-12

Angle in a Segment of a Circle

Q.2

Given

ABCD is a parallelogram inscribed in a circle with centre‘O’.

To prove
ABCD is a rectangle.
Proof

ZA= 2C — (i)
mZA+m~C =180° — (i)
2m/A =180 [ 4] | W
m4A=90°—>(i'|f)

m~£C =90° —(iv)
Similarly

mZB =m«£D =90°—(Vv)
Hence ABCD is a rectangle.

Show that parallelogram inscribed in a circle will be a rectangle.

Op,msn € al g es of a. pﬁ"dllelogram
Ti-124 (uppdsite angles are supplementary)

From (i) and (ii)
Div both sides by 2

From (iii),(iv) and (v)

Q.3
are equiangular.
Given

In a circle with centre ‘O’, AOB and COD are two intersecting chords.

AD and BC are joined

To prove
Triangles AOD and BOD are equiangular C
Proof
Statement | Reasons

In AAOD <> ABOC

/D=/B Th-12.2 Circum angles

Similarly Subtended by are AC.

/A= /C Circum angles subtended by arc BD.

ZAOD = /BOC Vertical angle

. AAOD [1 ABOC A.A.A postulate

AS AOD and BOD are equiangular.

AOB and COD are two intersecting chords of a circle. Show that A°AOD and BOC

(A.B)
D

Q4
AC =~are BD
Given:

To Prove: _
AC=BD . [N RS
Construction: A\

In a circle with centre ‘M’ chord 540 [nhord B

Join A 6.0 &nd B'to D. AC and BD intersect at point M. Name of the angles as shown

in the figure.

ADand BC are two parallel chords of a circle. Prove that arc 4 B ouc~,L arld ar“ e
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Angle in a Segment of a Circle

Proof:
Statement Reasons
A= /4 (i) Alternate angles
£2=/3—(ii) Alternate angles—
A= /3 (iii) ) | /Angles-iriihe sarhe segments
/3= /4 Froln (i} anc (i)

In AAMD, A = EM S i)

Similarly
MC = BM — (V)

mAM+mCM =mDM +mBM
AC =BD

In ABCA <> ABCD
BC =BC

A=/2

AC =BD

.. ABCD = ABCA
AB =CD

Hence AB=CD

'Opposite sides of = angles

Adding (iv) &(v)

Common
From (i) and (ii)
Already proved

SAS postulate

Corresponding sides of= AS.
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Uhnit-12 Angle in a Segment of a Circle

Miscellaneous Exercise 12

Q.1

(i)

(ii)

(iii)

(iv)

v)

Multiple choice questions
Four possible answers are given for the following question. TICk (V) the corres:-
answer. :

A circle passes through the vertices of a right angled / ABC ith) .nAC_= 3o, end

mBC = 4cm, m£C =90°. Radlus of the circle is: (€:B '+ 1).B)
(a) 1.5cm . %)_2.0¢m A '

(c) 2.5cm - ’d, J4.561n

In the adjacent circular fiqurz, ‘cential, end indcribed angles stand on the same

arc AB. Then N A (FSD 2017) (K.B + U.B)

_—B

(@) msl=ms2 o (b) ms1=2m,2
(c) m£2=3ms1 (d) ms£2=2ms1

In the adjacent figure if m£3=75°, then fmd mZlandmZ2. (GWR 2014) (K.B + U.B)

ba

10 10 o 10
a) 37— 37— b) 37—, 75°
(@) 53715 (b) 5
©) 75°, 3715 (d) 75°,75°

Given thatO is the centre of the circle. Then angle marked x will be:
(RWP 2014, SGD 2014, D.G.K 2015) (K.B + U.B)

(@) 1215 (b) 25°
(c) 50° (d) 75% " ,
Given thatO is the centre of the-circie. VThnn angle! mariiecy' mli '*e | V4B + U.B)
& /. - "'»\ . | ..'H.
INIAN A ’
19' Y
(@ 127 (b) 25°
(c) 50° (d) 75°
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Uhnit-12 Angle in a Segment of a Circle

(vi)

(vii)

(viii)

(ix)

()

In the figure, O is the centre of the circle and ABN is a straight line. The obtuse

angle AOC =x is: (K.B + U.B)

(a) 32° T by e |
(c) 96° S d)iaesy
In the figure, O is the centre (f the'circle, thesrthe angle X is: (K.B + U.B)

[ " . (SWL 2014, SGD 2014, D.G.K 2015)

<
(a) 55° (b) 110°
(c) 220° (d) 125°
In the figure, O is the centre of the circle then angle x is: (K.B + U.B)

(GWR 2014, D.G.K 2014)

(a) 15° (b) 30°
(c) 45° (d) 60°
In the figure, O is the centre of the circle then angle x is: (K.B + U.B)

(a) 15° (b) 30°
(c) 45° (d) 60°
In the figure, O is the centre of the circIeCthen anglexis: (Rwp2015) (K.B + U.B)

(a) 50°
(c) 100°

cld|alc|b|d|{d|{b|d]|c
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CUT HERE

SELF TEST

Time: 40 min Marks: 25
Q.1  Four possible answers (A), (B), (C) & (D) to each questlon are given, mark )

correct answer. (7><L 7) '
1 A circle passes through the vertices of a right angied triaizgle ARC wyith

mAC =3cm, mBC = 4cm, m£C =965 Radius of the ciccle s:|

(A) 1.5cm PAN (Aj2.em o

(C) 2.5cm AL ) (D)) 4.5k
2 Given that O is the centre.cr the cir! Ie THe'ai igle marked x will be:

(A) 12 % (A) 25°

(C) 50° (D) 75°
3 In the figure, O is the centre of the circle then angle x is:

(A) 15° (A) 30°
(C) 45° (D) 60°
4 Inscribed angle of minor segment is:
(A) Acute (A) Obtuse
(C) Right (D) Complete
5 A 4 cm long chord subtends a central angle of 60°. The radial segment of this circle is:
A1 (A) 2
©3 (D) 4
6 Opposite angles in cyclic quadrilateral are:
(A) Complementary (A) Susplemeritaty
(C) Equal (D) Altaniate AW
7 In the adjacent figure find seruc lculas ared i 3 14&“{ and mC, = 20cm

/——\

A0 \i

'_]' N A B o) B
(A) 62.82.3¢in (A) 314.16 sg cm
(C) 436.20 sq cm (D) 628.32 sq cm
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CUT HERE

Give Short Answers to following Questions. (5%2=10)
Q) Define cyclic quadrilateral. |
(i) Define circum angle or inscribed angle.
(iti)  Define congruent arcs. -,
(iv)  Define length of tangent.
(v) Inthe figure, @ i e .ceu’.r.:re' bi-ihe circle and ABN is a straight line. Then find obtuse

angle ACC = X.

Q.2 Prove that, (8)
Prove that the measure of a central angle of a minor arc of a circle, is doubled that of the
angle subtended by the corresponding major arc.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| of students.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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-__'p-'-."l. T ST .

Geometry (1 HR 2044} (K.B)
Theyiond, geomelry|izaerived from two Greek
Waids Geofeai in) and Matron (measurement).
Theiefore the word geometry means
measurement of earth. It deals with the shape,
size and position of geometrical figures.

(K.B)
A circle passing through the vertices of a
triangle is called circumcircle. Its radius is
circumradius and centre is circumcentre.
Circumcentre is denoted by ‘O’ and circum
radius by ‘R’.

C

(K.B)

Inscribed Circle)
(FSD 2015, D.G.K 2015)

A circle which touches the three sides of a
triangle internally is known as incircle. Its
radius is in-radius and its centre is in-centre.
In centre is denoted bx I and in-radius by r.

m

A cirgle T)JCh ing or.

HQ 2015) “{K.B)
side of a triangle

- el andiwo produced sides internally
\1s talle¢-escribed circle or e-circle. Its centre

1S represented by Iy, I2, 13 and radius by r1, 2
and rz and depending upon the vertex
opposite to it.

. PRACTICAL/
SEOMETRY

. fransverse COYTV‘. |u.“ tanbe 1L.

v=~a\laqy)

UNIT

L' CIRCLE

Direct Common Tangent (K.B)
If points of contact of common tangents to
the two circles lie on the same side of line
segment joining their centres then such
tangents are ca})IIed direct common tangents.

Q
Q
Transverse common tangentsf(4¥:)]

If the points of contact of common tangents to the
two circles lie on opposite sides of line segment
joining their centres, then st tangents G il =d

P,

//’ \\
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Uhnit-13 Practical Geometry - Circles

Note 2. Draw LM and PQ right bisectors
Greeks Mathematicians contributed a - _ : =
lot, in particular “Euclid’s Elements” of AB anc-BC respectively. LM
have been taught. ' - ([« —

Construction of a Circle ' (K.E-! and\PY | iitersect at-—point O.

13.1(i)) To locate the centre o z given 3. Drawis.a circle w.th

 cirele () | AR radiusOA = OB = OC having centre
leen:Acirf‘Ie- RIRLR A= ” at O, which is the required circle.
Steris bt Conttiuction (K-B)
INIEN Y ' C . 13.1(iii-a) To complete the circle by
T L NN L finding the centre when a part

of a circumference is given
Given:

AB is Part of circumference of a circle

Draw two chords AB andCD.
2. Draw EFG as perpendicular

bisector of chord AB

3. Draw PQR as perpendicular
bisect or of chord CD.
Perpendicular bisectors EFG and

PQR intersect each other at O. O is

the centre of circle.
13.1(if)Draw a circle passing through
three given non-collinear points:

-

Steps of Construction
1. Let C, D, E and F be the four
points on the given arc AB.

Given: 2. Draw chord CD and EF .
Three non-collinear points A, B and C. 3 Draw PO as perpendicular
Steps of Construction ' ey
L e bisector of-, CD*—and} LM a3 '
~ |\ | = perpendicular biscclorof B,
/] 4 N and | P ihtersect at O.
S VO V=T 0 is equidistant  from
\ \ - points A, B, C, D, Eand F.

Complete the circle with centre O and

. ol | ] /
|| J _' A\ AN S This will pass through all the points A,
ST B, C, D, E and F on the given part of
1. Join A with B and B with C. the circumference.
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Practical Geometry - Circles

Exercise # 13.1

Q.1 Divide an arc of any length
Q) Part (i) (A.B)

| 1 i - \\‘
' J Steps of Construction
Q) JoinAtoB
(i)  Draw right bisector of AB, which
cuts AB at point C.
Thus AC = BC
(i)  Part (i) (A.B)

Steps of Construction
1. JoinAtoB

2. Draw right bisector of AB , we get
point D on AB .

3. Draw right bisectors of ADandBD,
passing through points C and E

on AD and BD.
ThusAC=CD=DE =EB

Q.2 Practica JIl/ find ”"f cenlre Jofl_ah |

arc ABZ | L L \ E‘%

Steps of Construction

e UL
i |f| A_B‘ —3cmand ‘ﬁ‘ —4cmare the

1. Mark two chords_AB-arid BC —

2. Draw right bispctors-of AB and S0

{2y intersect ecch othei at peirntO.
Thus @ i Cenire of tiie arc.

lengths of two chords of an arc,
then locate the centre of the arc

(A.B)

Steps of Construction L
1. EEW two chords AB=3cm and
BC =4cm.

Draw right bisectors of AB and BC .
Both cut each other at point ‘O’.
Thus O is centre of the arc.

(i) If ‘E‘zS.Scm and ‘ﬁ‘:Scm are

the lengths of two chords of an arc,
then locate the centre of the arc.

(A.B)

wn

Steps of Construction

1. [EW two chords AB = 3.5cm and
BC =5cm.

Draw right bisectors of AB and BC .
Both cut each other at point ‘O’.
Thus O is centre of the arc.

wn
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Q4

For an arc draw two perpendicular
bisectors of the chords PQ and

@ of this arc, construct a circle
through P,Q and R. (A.13)

Steps of Construction

1.

Draw two chords PQ and QR ,s.t

PQLQR.

Draw right bisectors of PQandQR .

They intersect each other at point O.

With centre O, draw a circle of

radiusOP .

Describe a circle of radius5cm

passing through points A and B,

6cm apart. Also find distance from

the centre to the line segment AB.
(A.B)

.. I R, ol * )

; J ", 'Sidns'of Construction

a
L.

2.

Draw a circle of radius 5¢cm.
Take a point A on circle and draw an
arc of radius 6¢cm to get point B.

Draw right bisector of AB, passmg
through point ‘M. \
Measure Q.to M. 1eis2crn.

b iﬂ'-t'?i.:qcm ;'1r~'d:'BE'l_.: Ainsuch

| thet| 2B\ it phrpendicular to BC

carstiuct a circie through A, B and
C. Also measure its radius. (A.B)

CIRCLES ATTACHED TO POLYGONS

13.2(i) Circumscribe a circle about a

given triangle. (A.B)
Given:
Triangle ABC.
~Bte eps o of ...msuucﬁc"n \ Ay _
CIV L Draw I/IH asperpmdlcular
AR Histotor o side._AB.
2.\ —Draw PQR as perpendicular
bisector of side AC .
3. LN and PR intersect at point O.
4. With centre O and radius

mOA =mOB =mOC , draw a circle.
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This circle will pass through A, B
and C whereas O is the circumcentre
of the circumscribed circle.
Remember: )
The circle passing through the
vertices of triangle ABC i¢ khowi as

circumeizcig, its radivs-as eirsumiradivs |

and ceritz2 s dilcumigeritre.

13.241) Inzeiibe a tircie-in a given
Uiarigie:

Jiven:
A trianAgIe ABC.

Steps of Construction
1. Draw BE and CF to bisect the
angles ABC and ACB respectively.

Rays BE and CF intersect each
other at point O.
2. O is the centre of the inscribed circle.
3. From O draw OP perpendicular

to BC . With centre O and radius OP
draw a circle.

This circle is the inscribed C|rcle of—,
triangle ABC. L

Remember:

A cirgie, /\7& ich, {cuches, | he tm@:

sides @i R \tiiangle) mturna]‘;
known s’ IﬂCrI’ le ts redius as in-
= fatlius and Gentie-as in-centre.

R

(A.B)

433 2(iii) Escribe a circle to given triangle:

Given:
A triangle ABC.

'{A.B)

Steps of Construction

1. Produce the sides Ag and AC of
AABC

2. Draw bisectors of exterior angles
ABC and ACB.
There bisectors of exterior angles

meet at |,.
3. From |, draw perpendicular on side

BC of AABC . Which Il_D intersect
BC at D.I.D is the radius of the
escribed circle with centre at |, .

4, Draw the circle with radius |1_D and
centre at I, that will touch the side
BC of the AABC externally and the

produced sides AB and AC.
Page # 226 (A.B)

13.2(iv) Circumscribe an equilateral
triangle about a given circle

Given:
A circle with centre O of reasonable
radius.

MATHEMATICS -10 308



Unit-13

Practical Geometry - Circles

Steps of Construction

1. Draw E, the diameter of the circle
for locating.
2. Draw an arc of radius MOA with

centre at A for locating pownn > fm'd
D on the-gircle. \
3. Join O %tlhe poinsiC lard D,

4. Draw tangzits to the cirele' at points
B3, < anaiD.
51,4 | “Iheése tangents intersect at points E,
"~ FandG.

Page 226 (A.B)

13.2(v) Inscribe an equilateral triangle in
a given circle.
Given:

A circle with centre O.
B

e N

Steps of Construction

1. Draw any diameter AB of the circle.

2. Draw an arc of radius OA from point
A. The arc cuts the circle at points C
and D.

3. Join the points B, C and D to form -

straight I|ne segments BC| CD ﬁﬁ:

BD. ~T | _—~ VLV
Trianglz ¢ 2GDIs tIeremwreu “‘\

mscr'bei equllafeﬁl *rmr.g{e

.L'rz' ’1’ 85 (A.B)

S0 s_z‘w, Circumscribe a square about a

given circle.
Given:
A circle with centre O.

Steps of Construction

~ ¢
//\/V\ﬁ\ x\%: :
!’\ 4/7‘\ /XX\‘\
- R
A l\/li 0 B

1. Draw two diameter PR and QS of
the circle which bisect each other at
right angle.

2. At points P, Q, R and S draw
tangents to the circle.

3. Produce the tangents to meet each
other at A, B, C and D. ABCD is the
required circumscribed square.

13.2(vii) Inscribe a square in a given circle

Given:

A circle, with centre at O.
D

TN

Steps of Construction .

1. Through G dira\v Wi alarnet =is ‘

T Eu Vibiich tlse._ct_ Bach otﬁer at
rlgvangre ‘

2 |\ it Awith B,bwath C, C with D, and

D with A. ABCD is the required
square inscribed in the circle.

(A.B)

13.2(ix) Inscribe a regular hexagon in a
given circle:

Given:
A circle, with centre at O.
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1.

-ﬁﬁmwm

mOA = mOB = mOC = mOD = mOE = mOF

Q.1

Take arly peint /A bnithi sirtle 2nd

point with O

l6r point A, draw an arc of radius
OA which intersects the circle at
point B and F.

Join O and A with points B and F.
AOAB and x AOAF are equilateral
triangles therefore ZAOB and
ZAOF are of measure 600 i.e.,
mOA = mAB = mAF

Produce FO to meet the circle at C.
Join B to C. Since in £BOC =60
therefore mBC = mOA.

From C and F, draw arcs of radius
OA, which intersect the circle at
points O and E.
JoinCtoD,DtoEandEto F
ultimately.

We have

Thus the figure ABCDEF is-q regu'at‘é
hexagon inscribed in the ciicl

Circunriscribe ¢ cir¢leiano) |

. tiiar(gle! ABC wthsrqcs

_f/\n_!.z \,cm,|BC‘ =3cm and
‘ﬁ‘ = 4¢cm Also measure its circum

radius. (A.B)

Steps of Construction

1.

Q.2

| S.tg[?s oi Ganath uctmn' e
ah

5

w

Construct AABC with given
information.

Draw right bisectors of AC and AB .
Both cut each other at point O.

With centre ‘O’, draw a circle of
radius OA.

Thus required circumscribed circle is
formed.

Radius of the circle is 3.4cm.
Inscribe a circle in a triangle ABC

with sides‘ﬁ‘ = 5cm,‘ﬁ‘ =3cm
and ‘CTA\‘=30m. Also measure its

in-radius. (A.B)

N |

Gondtrict AAEC with given

__i{fiformation.
Draw bisectors of ZAand ZB, both

cut each other at point I.

From point I, draw IP L AB.
With centre I, draw a circle of

radius IP .
Thus required inscribed circle is
formed.
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Q3

Escribe a circle opposite to vertex
A to a triangle ABC with sides

‘E‘ = 6cm, ‘ﬁ‘ =4cm and

‘ﬁ‘ —3cm . Find its radius-also.

6cm B D

Steps of Construction

1.

2.

3.

4.

Q.4

NN

2.

Construct AABC with given
information.

Draw external bisectors of /B and
ZC , both cut each other at point 1, .

From point 1,, draw I,M 1L AC

produced.
With centre |, draw a circle of

radius I, M.

Thus required escribed circle is
formed.

Circumscribe a circle about an
equilateral triangle ABC with each

side of length écm. (A.B)

— -

. ‘gepl._s_pé ‘Lengtiuction

“Claristruct AABC with given
information.

Draw right bisectors of AC and BC.

Both cut each other at point O.

With centre ‘O’°, draw a circle of

radiusOC . ~ g -
Thus requized, ¢ rouipscribed zircks is
forinec: N (L0

tngaribela’cirele in-an equilateral
triergle ABCLwith each side of
length 5cm. . (A.B)

Steps of Construction

1. Construct AABC with given
information.

2. Draw bisectors of ZAand £B, both
cut each other at point 1.

3. From point I, draw IM L AB.

4. With centre I, draw a circle of
radius IM .
Thus required inscribed circle is
formed.

Q.6 Circumscribe and inscribe circles
with regard to a right angle triangle
with sides, 3cm, 4cm and 5¢cm. (A.B)

Method-I o
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Method-I1

Steps of Construction

1.

Construct AABC with given
information.

Draw right bisectors of AC and AB .
Both cut each other at point O.

With centre ‘O°, draw a circle /Gf

radius OA. | )
Thus requs el C|rcumc""'hed ¢ Lfc!e rS
formed )\ |\ T o \

Draw b'ser*on oi
cut eachlother al pur*'

W OE_Y_ piointl, draw IP L AB.
Vith centre |, draw a circle of radius

1P
Thus required inscribed circle is
formed.

7 aﬂdp R, puth

Q.7

In and about a circle of radius 4cm

descrlbewar_e

<
<+

Ar

v

Steps of Construction

1.
2.

3.

Q.8

Draw a circle of radius 4cm.

Draw two diameters AC and BD
which bisect each other at right angle.
JoinBtoC,CtoD,DtoAand AtoB.
Thus required inscribed square is
formed.

At point A,B,C and D draw tangents,
which intersect each other at points
B',C',D'and A'.

Thus circumscribed square is
formed.

In and about a circle of radius
3.5cm describe a regular hexagon.

'*//( N _-_E_F/ \\ ?;_
// 1 '\ -/.'

\“‘J
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Steps of Construction

1. Draw any diameter AD .

2. From point A draw an arc of radius
AO (the radius of the circle), which
cuts the circle at points B and F.

3. Join B With O and extenai it|to szet
the circle ati- /

4, Join Flwith O rarid extend N tn et |

the circie at,C
5. Drav tangzitts, {p the, Cf rb'e at pomts
ARG DE end ' intersecting one
afictlier-at points A',B,C’,D',E" and
F'respectively.
Thus AB'C'D'E'F' is the circumscribed
regular hexagon.
Q.9 Circumscribe a regular hexagon
about a circle of radius 3cm.

Steps of Construction

1. Draw any diameter AD .

2. From point A draw an arc of radius
AO (the radius of the circle), which
cuts the circle at pointsBand F. -~

3. Join B with O and extenc’it,to meg
the circle at E.

4, Join Fwith O and w(fena Lt tn fneet |

the circie ai C |
5. Draw tawg=nts {p the i rele at pomts
CUNBRICDE Lang ' mtersectlng one

NN glmot'aer at points A',B’,C’,D',E’ and

F'respectively.
Thus AB'C'D'E'F' is the circumscribed
regular hexagon.

IKRYITANGENT TO THE CIRCLE]
13.3(i) To draw a tangent-ts-a giver, are
without using theeenire thcuah'a

given Bairt o (A:B)
— Cagse'(i}, \
YWhen B isthe middle point of the arc
AB
" Given:

P is the mid-point of an arc AB.

Steps of Construction

1. Join A and B, to form the chord AB.
2. Draw the perpendicular bisector of

chord AB which passes through
mid-point P of AB and mid-point R

of AB.
3. At points P construct a right angle
TPR.

4. Produce PT in the direction of P

beyond point S. Thus TPis the
required tangent to the arc AB at

point P.
Page # 229 (A.B)
Case (ii)
When P is at end point of the arc
Given: -
P is "-’f’c gind pCl 1t of a.rf P’)D \
. T R e
Al
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Steps of Construction

1. Take a point A on the arc PQR.

2. Join the points A and P.

3. Draw perpendicular g at A which
intersects the arc PQR at B

4. Join the points B and P.

5 Draw ~Ai’C, of measare equal'tc’

that of 2 E:P
6. Now ! [
n /E PC =" 433‘1+ mZaPD
; =m«BPA+mZABP
=90°

Thus PD is the required tangent.

(A.B)

13.3(ii-a) To draw a tangent to a
circle from a given point
P at a given point on the
circumference:

Given:

A circle with the centre O and some
point P lies on the circumference.

T PN Ny S

Steps of Construction
1. Join point P to the centre O, so that

OP s the radius of the circle.
2. Draw a line TPS which is

perpendicular to the radius OP .

TPS is the required tangent tq Lre
circle atgi ven pomf P, !

13.3(ii-b) o\ draw a' tc,n"c.n to a

N rc!t frGim a given point
5 | _' . P which lies outside the
. circle:

Given:

A circle with centre O and some
point P outside the circle.

(AE‘% |

1%,

S~ T/#\.\

Steps of Construction
1. Join point P to the centre O.

2. Find M, the mid-point of OP .
3. Construct a semi-circle on diameter

OP, with M as its centre. This semi-
circle cuts the given circle at T.

4. Join P with T and produce PT on
both sides, then PT is the required

tangent.
(A.B)
13.3(iii) To draw two tangents to a
circle meeting each other at
agiven angle:
Given:
A circle with centre O, ZMNS is a
given angle.

Steps of Construction
1. Take a point A on the
circumference of circle having

centre O.
2. Join the points O and A.
3. Draw ZCOA of measure equal to

that of Z/MNS.
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Produce CO to meet the circle at B.
m~ZAOB =180°-m<ZCOA

Draw AD perpendicular to OA.

Draw BE perpendicular to OB.
mZAOB +mZAPB =180°, thatis; |
MZACE 2 160° —m LAPB, | 4
10. Fromsup’icrd .tnp9 We have
1802 v
NCOA % 1802 - i AA38P = mZCOA: m/APB
(- mZCOA=m~LMNS)

© N o gk

AP and BP are the required tangents

meeting at the given ZMNS .

13.3(iv-a)

(A.B)
To draw direct or (external)
common tangents to equal
circles:

T T

Given:
Two circles of equal radii with
centres O and O'respectively.
Steps of Construction
1. Join the centres O and O’.
2. Draw diameter AOB of the first

circle so that AOB L 0O .
3. Dow diameter A'O'B’ of (ne! secnn"“

circle cﬁ'*lfét- A’Q-"-“’vi oQ v
4. Draw AA d."'lG 3E- ivh (o or the
- walired. ccmn on- langents
(A.B)
To Draw direct or (external)

common tangents to (two)
unequal circles:

x\\

Given: Two unequal circles with centres
0,0’ and radii r.r'(r>r') respectively.

Steps of Construction
1. Join the centres O and O’

2. On diameter 00 , construct a new
circle with centre M, the midpoint of
00 .

3. Draw another circle with centre at O

and radius =r —r’ cutting the circle

with diameter OO at P and Q.

4. Produce OP and OQ to meet the
first circle at A and B respectively.

5. Draw O'A'[JOA and O'B'[1OB

6. Join AA" and BB’ which are the
required direct common tangents.

Thus AA and BB are the required
common tangents.
13.3(v-D)

(A.B)
To draw to transverse or .
internal common tangenfs. -
to two unor*ual ¢l rcleg })

MATHEMATICS -10 315



R

Unit-13

Practical Geometry - Circles

Given:
Two unequal circles with centres
O,0" and radii r,r’" respectively.

Steps of Construction

1. Join the centres O and O’ githe
given circles,
2. Find miid-point M of a0 .
3. On diarpetz; GC/, onstriict g niw
_. givclg with canue M.
& Diavr aicther circle with centre at 0

‘1"l &nd radius =r+r intersecting the
circle of diameter OO’ at P and Q.

5. Join O with Pand Q. OP and OQ
meet the circle with radius r at A and
B respectively.

6. Draw O'B'[JOA and O'/A'[1OB.

7. Join A with B' and A" with B. Thus

AB and AB are the required
transverse common tangents.

(A.B)

13.3(vi-a) To draw a tangent to two
unequal touching circles:
Case-I
— T >|(
Given:

Two unequal touching circles Wnu.:
centres O and O'. -

Steps of COnsfn ctlon

1. Join O vlr ok an1 peruca DO t\ -

meet, the, cir: Ie» at thix po.” ' A'where
ol i“ue cirtles roticireach other.

, N
2.~ Tangent is perpendicular to the line

segment OA.

Draw perpendicular to OA at the point
A which is the reauirr:i angent. -

P age # 233 I R (A2

L -esa—Iil

IoE

Given:
Two unequal touching circles with
centres O and O’

Steps of Construction

1. Join O with 0’00’ intersects the

circles at the point B where these
circles touch each other.

See Fig. 2

2. Tangent is perpendicular to line
segment containing the centres of the
circles.

3. Draw perpendicular to OO at the

point B which is the required
tangent.
Page # 235 (A.B)

13.3 (vii-a) To draw a circle which
touches both the arms of a
given angle:

A

Given:
An angle ZBAC.
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Steps of Construction Q.2 Construct a circle with diameter
1 Draw AD bisecting /BAC. 8cm. Indicate a poini-C, Scmaviay,

from its .eicl/mreience. [raw. '

targent, from ‘point C'to) fns-circle

Wwithout Lsing itg ceritre. (A.B)
| |

2. Takeanypoint E on AD
3. Draw ET perpendicular to AC
intersecting AC at the poilt .

4. Draw a eil ﬁIL‘ with.ceriie-E\arls,
radius it . i
This_cir: Ie aouche, HOlh 'rh= arms of
/BAC

(] m’wW

In an arc ABC the length of the
chord ‘BC‘:Zcm. Draw a secant

‘PBC‘zSCm, where P is the point

outside the arc. Draw a tangent
through point P to the arc. (A.B)
7

Steps of Construction

1. Draw a circle of radius 4cm.

2. Take a point C, 5¢cm away from the
circumference of circle.

3. Take a secant line CA.

4. Find the mid-point M of CA.

5. With centre M, draw a semi circle of
radius AM.

6. Draw BD perpendicular to AC.

7. With centre C, draw an arc of radius

CD. It cut the circle at point E.
8. Join C to E produce it.

Thus required tangent line is formed.
Q.3 Construct a circle of radius 2cm.

Steps of Construction Draw two tangents “makiig i 1%
1. Draw an arc. — anale o.’C',Ow'tn Aam otlher (A2
2. Draw a secant line PBC, such that ; N |

mBC =2cm. \ -_--f

3. Find the migi-point M of Dt,.._;- \
4. With ¢anlrz My uaawu ern crz;lé\Q

radius EM, | 11
5 Dray BL)perperdl ula to PC
o VYT garded draw an arc radius N
NN R0t cut the circle at point T, i’
.

Join P to T produce it.
Thus required tangent line is formed.
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Steps of Construction

1.

2.
3.
4

Draw a circle of radius 2cm.

Draw diameter AT’ .

At pointT’, draw PT’ L OT'. -
At centre ‘O’, draw ZAQT,=60°:5
get radial scgmentOT

At poiit.) draw pT QT

Thus requ: rﬁd tangentsafe ‘Crmied:.
Brevr two\ perperdicular tangents
i¢'d siroleof radius 3cm.  (A.B)

Steps of Construction

1.

2.
3.
4

Q.5

Draw a circle of radius 3cm.

Draw diameter AB .

At point A, draw AP L OB.

At centre ‘O’°, draw ZAOC =90°to
get radial segmentOC .

At point C, draw PC L OC .

Thus required tangents are formed.

Two equal circles are at 8cm apart.
Draw two direct common tangents

of this pair of circles.
14

|\
.(—

¢C

Steps of Construction

1.

Draw a line segment OO’ of measure
8cm.

(AF))

s

Q.6

With centres O and O’ draw circles of
radii 2cm. - A
At points— C |&ioh 10, -: dfam."
perpendiculars VA lard B “meeting
ihe Girvles &t peirts A,B,C and D.
30ir: Ao B anc-C to D.

Thus required tangents ABand CD
are formed.

Draw two equal circles of each
radius 2.4cm. If the distance

between their centres is 6¢cm, then
draw their transverse tangents.

(A.B)

Steps of Construction

1.
2.

ok

Draw a line segment OO’ =6¢m
Draw circles with centres as O and
O’ having radii 2.4cm.

Find mid-point M of OO’ .
Find mid-point N of MO’ .

Taking point N as oeniy ang-igriis, | ||

equal tn TN/ —draw, & lcilcic

At erse\,unu thet crrc]e with é<nire O
O\t poinirs P gndy P!,

Drayi 2 lifie thriaugh the points M and

\ P touching the second circle at the

point Q.

Draw a line through the points M and
P’ touching the second circle at the
pointQ’.

Thus PQ are P'Q the required
transverse common tangents to the
given circles.
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Q7

Draw two circles with radii 2.5cm
and 3cm. If their centres are 6.5m
apart, then draw two direct

(A.B)

common tangents.

Steps of Construction

1.

2.

o

o N

Take a line segment AB of measure
6.5cm.

Draw two circles of radii 3 and 2.5
with centres at A and B respectively.
Taking centre at A, draw a circle of
radius3—2.5=0.5cm.

Bisect the line segment AB at point
M.

Taking centre at M and radius mAM
draw a circle intersecting the circle
of radius 0.5cm at C and D.

Join the point A with C and produce
it to meet the circle with centre A at
P. Also join A with D and produce it
to meet the circle with centre A at R.

Draw BQ parallel to AP .

Draw a line joining the P {o Q anc- I
to S. /

tangents aig fc,rmed

Q.8 Diczvy /o unlﬁs W|th radll 3.5cm

TRV

_cl]d. 2cin. If their centres are 6¢cm
apart, then draw two transverse

common tangents. (A.B)

Thusr\m«;i}ecJ urér‘l crmn (,n ™ \

Steps of Construction

1.

Take a line segment AB of measure
6cm.

Draw two circles of radii 3.5 and 2
with centres at A and B respectively.
Taking centre at A, draw a circle of
radius3.5+2 =5.5cm.

Bisect the line segment AB at point
M.

Taking centre at M and radiusmAM
draw a circle intersecting the circle
of radius 5.5cm at C and D.

Join the point A with C. Also join A
with D.

Draw BQ paraIIeI to Af‘
Draw a.linz n|r||r}g }DN Plto @nl

O O AN LS
L Thiug '[-'e('J_ui'fed 1;ransverse common
& d ¥
| “.__targents are formed.

ROE

Draw two common tangents to two
touching circles of radii 2.5cm and

3.5cm. (A.B)

Case-I

Circles touch each other externally
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Thus required common tangent is

formed. 1¢ .
ase—le A

(Cirtles thuih ach othér internally)

4, Draw a line segment AB of measure
| 1cm (difference of radii).

5. With centre A and B, draw two

circles of radius 3.5cm and 2.5cm.

They touch each other at point M.
Case-II 6. At point M, draw PQ L. AM .

Circles touch each other internally Thus required common tangent is
formed.

Q.10 Draw two common tangents to two

intersecting circle of radii 3cm and

4cm. (A.B)

10
Steps of Construction
Case-I
(Circles touch each other externally) Steps of c°_“$_t!'.“_‘_=t52;é'.'._- ) ((
1. Draw a line segment AB of measuie, * ""‘-‘"keq;' ‘iﬁ'le"g.%eé"l'e'f‘..ti’:":é - measure
6cm (sum of radii). 'y 1\ o) )L L
2 With 5_[?;,;]1.%; | At 13 cra\ng w\ A ” “~Draw two circles of radii 3 and 2.5
circles ¢f I_'_ldiL.-_g.lgl.s(m'.ri,"»_d_'_q'_-gém: B with centres at A and B respectively.
N\ I~'__._'|;_'-i_@,y ton;:r;.'éa.:[n. O't'hér.-z;lt point M. 3. Taking centre at A, draw a circle of
J ' I% At p-(.)int M, draw PQ L AB . radius 3—2.5=0.5cm.
4. Bisect the line segment AB at point
M.

MATHEMATICS -10 320



Unit-13

Practical Geometry - Circles

5. Taking centre at M and radius mAM
draw a circle intersecting the circle
of radius 0.5cm at C and D.

6. Join the point A with C and'prodti=<
it to meetithy circle witicenire A gt |

P. AlSO'JCih/; 'gvi[h-D'al.'_d oroduesi

tonidet the urck witiicentre A at R.
N NN Erava(jbarallel to AP.
I 8. Draw a line joining the P to Q and R
to S.
Thus required direct common
tangents are formed.

Q.11 Draw circles which touches both

the arms of angles (A.B)
(i) 45°
(i)  60°
(i) 45°

Steps of Construction \

1. Draw an angle AOB of measuke45°. ||

g

2. Draw G\ the E-iSECt'Or"D:I:_L Vol iy \ :

3, T Teke|any point 1 GC . From point
a2 q.. s I |.'.I ¥ Bl _—
NN P drawPM L OA.

-

With centre P, draw a circle of radius
PM which_tougtiss ~oth afms| of) )

angle4se.' "

&

Thii required gircle is formed. 60°

B

Steps of Construction

S.
6.
7.

Draw an angle AOB of measure 60°.
Draw OC the bisector of ZAOB.
Take any point P onOC . From point
P draw PM L OA.

With centre P, draw a circle of radius

PM which touches both arms of
angle60°.

Thus required circle is formed.

MATHEMATICS -10

321



Uhnit-13 Practical Geometry - Circles

Miscellaneous Exercise 13 _

Q.1  Multiple choice questions
Four possible answers are given for the following question. Tick-{ 4 ) [h Soorrect ar |<vve'
Q) The circumference of a circle is called \ 8)
(a) Chord (b) Segment™ _ (s.} BounGary '
(i) Alineintersecting a circiz i5 call=g -~ | ) . (K.B)
(a) Tangent (b) Secant (c C hurd
(iii)  The portjonpfa<ivéle betweentwn radi a“" anarc is called (K.B)
(a) Sectsi ) Segnient - (c) Chord
(iv)  Angle inscribed in ¢ s‘\rni—':n cleis (K.B)
T mé Bl @ @
J ) The length of the diameter of a circle is how many times the radius of the circle (K.B)
@1 (b) 2 ()3
(vi)  The tangent and radius of a circle at the point of contact are (K.B)
(a) Parallel (b) Not perpendicular (c) Perpendicular
(vii)  Circles having three points in common (K.B)
(a) Over lapping (b) Not coincide (c) Coincide
(viii)  If two circles touch each other, their centres and point of contact are (K.B)
(a) Coincident (b) Non-collinear (c) Collinear
(ix)  The measure of the external angle of a regular hexagon is (GRw2014) (K.B)
@ 5 (b) © 3
(x) If the incentre and circumcentre of a triangle coincide, the triangle is (K.B)
(a) An isosceles (b) Aright triangle  (c) An equilateral
(xi)  The measure of the external angle of a regular octagon is (K.B)
(LHR 2015, FSD 2018)
@ 7 (0) & © 3
(xii)  Tangents drawn at the end points of the diameter of a circle are (K.B)
(a) Parallel (b) Perpendicular (c) Intersecting
(xiii) The length of two transverse tangents to a pair of circles are
(a) Unequal (b) Equal c) Overlapping
(xiv)  How many tangents can be drawn from a point outside the circle? (K.B)
@1 (b) 2 €3 L
(xv)  If the distance between the centres of two circles is equal to the sum of their radii,
then the circles will [L9 AR
(a) Intersect b) Do not intersect  (c) Touch each other exie/naiiy .
(xvi) If the two circles touches externally, then-the dlstanc, Betwsen *I-ne 1 centers s I—-u'..al '
to the "~ " (K.B)
E ; Difference of their radis |\ =5 " _ (k) Sum of their'; acJu
Product of their radii |
(xvii) |(-|())W iai )/ Comman tﬁr;ueﬂto cwjﬂ\)e .Jrawr(* f)ur &wo touching C|rcles’> (K.B)
a 2 A T - a0 c 4
(xviii) How man, / common tarigents'can be drawn for two disjoint circles (K.B)

- @ L 0)3
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Unit-13

Practical Geometry - Circles

Q.2  Define and draw the following
geometric figures:
Q) Define and draw the following

geometric figures: (A.B)
(@)  The segment of a circle.
Ans:
KB

“A chat divides@eiretlal regron il -

two paris ¢alled\segthent of ‘a-circle”.
In'thd: giver, figure, AB divides the
o s ddreune {0 two segments.
(i)~ Major segment
(i) Minor segment

A

(K-B)

“Circular region bounded by a chord
and minor arc is called minor
segment”. In the given figure, shaded

part is minor segment.
Major Segment| (K.B)

“Circular region bounded by a chord

and major arc is called major

segment”. In the given figure, non

shaded part is major segment.
(b)  The tangent to a circle.
Ans:

A line which has one point common

with a circle is called tangent line.

Or
A straight line which touches the
circumference at one point only |s

called tangent. - >,
Q.
] il i

(K.B)

- Foe

.l'
A7
/ /

/

In the figure PTQ is tangent line.

(c)  The sector of a circle. (K.B)
Ans: 'y ' '
]
Wscctor of.oCniich

“(11 cculal region oo mf‘du by an arc
and | it \two corresponding - radial
seqineiits IS caved sector in the given
flgure AOB ﬁ a sector of the circle.

(d)  Theinscribed circle. (K.B)
Ans:  See definition page # 304
(e) The circumscribed circle. (K.B)
Ans:  See definition page # 304
()] The escribed circle. (K.B)

Ans:  See definition page # 304
(i) The length of each side of a regular
octagon is 3cm. Measure its perimeter.
(K.B)
Ans: Length of each side of
octagon = 3cm
Sides of a octagon = 8
Perimeter of Octagon = 8 x 3cm
. Perimeter =nx|,
= 24cm
(i)  Write down the formula for finding
the angle subtended by the side of a
n-sided polygon at the centre of the

circle. (K.B)
Ans: Formula for finding the angle
subtended by the side of a n-sided ,
polygon at the centre.c¥ fhe cm"n —
360° |

= — T |

('r._\/;)' \ Tr e Iencth 01 the SiGe of a regular

wertamr. is/ Bhcm  what is its

—perimeter? (K.B)

' Ans Length of each side of octagon = 5cm

Sides of a pentagon="5
Perimeter of pentagon=5 x 5cm
. Perimeter =nx|,

= 25cm
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Uhnit-13 Practical Geometry - Circles

Q3
(1)
(i)
(iii)
(iv)

V)
(vi)
(vii)
(i
(v
£
(xi)
(xii)
(xiii)
(xiv)
(xv)
(xvi)
(xvii)
(xviii)
(xix)
(xX)
(xxi)
(xxit)
(xxiii)
(xxiv)
(xxv)

()
(i)
(iii)
(iv)
(V)
(vi)
(vii)
(viii)
(ix)
(X)

_1|>|3 |
D)

(xiin)

Fill in the blanks

The boundary of a circle is called . . (&%)
The circumference of a circle is called of the circlg: [ (K.3)
The line joining the two points of circle is ¢alied ' N (K.B)

The point of intersection cf-perpeitdicularisectors of twoingn- Da all2l ciiords of a circle

is called the L / (K.B)
Circleg hcwn:} three h;cunt-: in Lorambnwili . . (K.B)
The disfarice ¢1ia pciny insifie tne-cirere from its centre is than the radius. (K.B)
The distance, of A ot otiside the circle from its centre is than the radius. (K.B)
Mg rcle nag ey centre.
Cne-and o'nIy one circle can be drawn through three points. (K.B)
Angle inscribed in a semi-circle is a angle.
If two circles touch each other, the point of and their are collinear. (K.B)
If two circles touch each other, their point of contact and centres are . (K.B)
From a point outside the circle tangents can be drawn. (K.B)
A tangent is to the radius of a circle at its point of contact. (K.B)
The straight line drawn L to the radius of a circle is called the to the circle. (K.B)
Two circles can not cut each other at more than points. (K.B)
The L -bisector of a chord of circle passes through the . (K.B)
The length of two direct common tangents to two circles are to each other. (K.B)
The length of two transverse common tangents to two circles are to each other. (K.B)
If the in-centre and circum-centre of a triangle coincide the triangle is (K.B)
Two intersecting circles are not . (K.B)
The centre of an inscribed circle is called . (K.B)
The centre of a circumscribed circle is called : (K.B)
The radius of an inscribed circle is called : (K.B)
The radius of a circumscribed circle is called : (K.B)
Circumference (xiv) Perpendicular
Boundary (xv)  Tangent v
Chord (xvi) Two <7 | [ A N
Centre Lxvid) Sentrey s [ T
Coincide \ 4 Gy Equal -
Less LT ek Ul
Greateg™\ | _—"_ ™\ V¥ | =) —Equilateral
One Z5\ \L o \ ~ (o) - Concentric
Non-coifirgar | | | | L2+~ (xxii) Incentre

: _Rm \ v (xxiii) Circumcentre

Cpatads Centres . .

Collinear (xxiv) In-radius
Two (xxv) Circum-radius
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CUT HERE

N

il —

RN S S B B BN BN BN S B B B B B BN B B B B B B B B B B B e e .

SELF TEST _
Time: 40 min 'y Marks. 75
Q.1  Four possible answers (A), (B), (C) & (D) to each o =e:ton are given,| mark-ihs
correct answer. A erx1= 7)
1 A line intersecting a circig is calles: 1R '
(A) Tangent. j {B)'Secant
(C) Choril| VS0 L o) Radius
2 Angle st leﬂd in a deri-circle.s:
(. f-) FPRARA (B) 3
| - T
© Z n (D) 5
3 If two circles touch each other, their centres and point of contact are:
(A) Coincident (B) Non-collinear
(C) Collinear (D) None of these
4 The measure of the external angle of a regular hexagon is:
VA T
(A) 3 (B) n
T T
(©) 5 (D) 5
5 If the incentre and circumcentre of a triangle coincide, the triangle is:
(A) An isoscenes (B) A right triangle
(C) An equilateral (D) Scalene
6 If the distance between the centers of two circles is equal to the sum of their radii,
then the circles will:
(A) Intersect (B) Do not intersect
(C) Touch each other externally (D) None of these
7 How many common tangents can be drawn for two touching circles?
(A) 2 (B)3
(C)4 (D)1
Q.2  Give Short Answers to following Questions. (5><2:10)
1) The length of the side of a regular pentagon is 5¢cm what is its perlmeter? [t
2 If | AB|=3cm and |BC |=4cm are the Iengths of two chords of a mr hen Io e twe'
centre of the arc. \ S N (2 Vo~
3) Draw circles which touches hoth t. 1e arms.<f aﬂgles )O‘ * '
4) Define and draw the follov! 'mq geginetric figursofiths i htcribed cire I¢.
Q) Draw two oefpendlrula. wangeritsito'a gircle of raciug scm.
Q.3 Answerihe fol Tow ing QU\‘E,'[I( ﬂs}‘fa\ detail—" (4+4=8)
(@) Escribe'a titcla 'opousiie ¥o wariex Atoa triangle ABC with
., gides| AB | Seinil RC= 4cm,| CA|=3cm. Find its radius also.
X _4 h';. % Diravy éactircles with radii 3.5 cm and 2 cm of their centers are 6 cm apart then draw two

transverse common tangents.

NOTE Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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Formulas of Different Units

Quadratic Equations [
. (a+b)’ =a®+b? +2ab

. (a—b)’ =a®+b*-2ab

Theory of Quadratic Equations
Discriminant =b® —4ac

_ —b++/b*—4ac

2a
. 1+w+w* =0
[ ] a)3:1
1 2
° 0=—7 or O =—
w o
. (x+y+z)(x2+y2+zz—xy—yz—xz)=X3+y3+z3—3xyz

b Coefficient of x
[ J S ==

a  Coefficent of x*
C Constant term

[ ) = — =
a Coefficient of x?
o x> —Sx+P=0 Or

x? —(Sum of roots) x + Product of roots = 0

. Function is Symmetric if f(a,f)=f(f.a)
a2+[32:(a+[3)2—2a[3

a’+ [ =(a+p) -3apf(a+pB)
a-p= \/a+ﬂ —4ap

—t T A

\farla ioNns

| | -

. Foritn propi-)r{'ibnl'.l':. ~d 5&

T L a
o B JhY b2
o Third proportional: ¢=—

a

° Mean proportional: b®=ac
° Continued proportional: b*=ac
° Invertedo Theorem. Ifa:b=c:dthenb:a=d:c
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Formulas of Different Units

Alternendo Theorem.

If a:b=c:dthena:c=b:d
Componendo Theorem

If a:b=c:d then

(i) a+b:b=c+d:d

(i) ata+b=c:c+d
Divideswd¢ Theoram

If a:b=%.d"thes

Q) A-l:i=c—dla

@n d:al-b=¢:c—d

Qo penendo-Dividendo Theorem
If a:b=c:d then

Q) a+b:a-b=c+d:c-d
(i) a-b:a+b=c-d:c+d

K Method
Let 2-C_k
b d

Then,
a=bk,c=dk

-

Sets and Functions
Number of all possible subsets = 2"
Number of all possible proper subsets = 2" —1.
Number of improper subsets = 1
Formula to find number of elements in the power set = 2"
A-B={x|xeAandx ¢ B}
If AmB=¢, then A and B are disjoint sets.
Al=A°=U-A
Commutative property of Union
AUuB=BUA | . _
Commutative property of intersection | | _ A W & ad -
Associativie-property of union’ | |
AUBLQ) FTALBINO | N
A_ssnr:ia_*.i\/-_s'-_pl-;c"oért_.-_/__uf'*r'."Lérsection

LB |RICY = ANB)NC

Distributive property of union over intersection
Au(BNC)=(AuB)n(AUC)

Distributive property of intersection over union
An(BuUC)=(AnB)U(ANC)
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Formulas of Different Units

. De-Morgan’s laws
(AUB) =A'NB’
(AnB) =A'UB’ —
. A-B=ANB’ ' '
e (A-B)=AUB
. Numbs o1, elzmernis-in-Carlasian product. X »¥'=mxn
o Numbei of hingry'relations = 2™ '
. If Az B, Heen \AUR=A
I A o Rara B c Athen A=B
b ANAT=¢
. AUA° =U

Basic Statistics

For Ungrouped Data For Grouped Data
Arithmetic means
Ungroup Data ( Direct Method ) Grouped Data
g XX L
n > f
Indirect Method  (Short Method)
- - fD
X:A+E (D=x-A) X:A+z
n 2 f
(Coding Method)
AM=A+ 28 ;u=X_AJ AM = A+ =M oh
n h 2 f |. _
(Median) PRIz E
l _ lr T ! . =
Median = (n%) " jtem (——
= (hiseddy” v
RARAR R AL R S
Median ERAERE - - Median=1 +—(——Cj
=L [ ot T th fl2
) - . X I' n | n+2 -
_ J N E =X —-J |tem+L—j item
b, | 2 L\Z 2
. (nis even)
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Formulas of Different Units

(Mode)
(f — f1) v ~
Mode = most repeated value of the data Mode = |+ P >his |
=yl |,
S eomeiran| L |
. 1
G.M=(x:%, Xgl X )
By definit:oi mtnm1 -
4—“—}f—’x———‘ G.M= Anti Iog(—z f Iofg X]
A . |/ % V‘u‘ Ol L—J
[ b n
By Iog method
Harmonic Mean
HM=—— HM=—
2X =X
. . i - 2WX
Weighted Arithmetic Mean= X, =—=——
W
Range
oy _ Range = upper class boundary of last
Range = X, =X, class — lower class boundary of first class
Variance
—\2
—\2 2 f (X - X)
. z X - X i 82 =
o 5= : ) 0 S
Proper mean formula Proper meazn formula )
B 2_Z:XZ ZX 2 (”) SZZZfX _ fo
Ws=m >t [ xf
Direct Formula Direct Formul_g_. ¢
— Stakdhrg Savidion | 1| |\ 1Y |
2 m ._.I .'-___'.. _.I ._| .-'. :
st fa BRI || ™ (X=X
i) SE [_z____)__ AN v (X=X)
. ._I'-:_ J| |\ Pi¢aer “mean formula Proper mean formula
i T ey (zx)z ) > X2 (Zix )
H(ii S= - == i S= -
" \/ n n () 2 f 2 f
Direct Formula Direct Formula
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Unit # 7 |

Introduction to Trigonometry

1° = z radians
180

o XTo ..

X° =—— jacians

40
nc

1 radiar, = _4—8—L—
T
X(180°)

T

X ragians =
l=r@
A==r%0

0+360k =0, keZ
sin(—-@) =—sin@

cosec(—¢) =—cosecd

cos(—6) =cos &
sec(—6) =secl
tan(—-6)=—tan &
cot(—@) =—cotd
Trigonometric table

sin®@+cos°0 =1
1+tan® @ =sec’ @
1+ cot® @ = cosec?®d

Qe 300 450 60° 90° 180° 270°
. 1 1 | B
sin 0 — —_= - 1 0 -1
2 J2 2
NG 1 1
cos 1 - —_— — 0 -1 0
2 J2 2 :
t 0 L 10 «/3. | mefinkd ¢ o\ "IL-nu' 5 fed
an = RV X unceting ! 5y
B 2 YRARYARYE bk
. sing=2) N\
. cash|="1
1 . I I.- r
. tang=2
X
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“

Projection of a Side of a Triangle

—\2 —\2 —\2 _ — ¢ A
o (BC) :(AB) +(AC) —2mAB.mAC  whznangle opnpsiteto'BT is \CltE:
. (BC)? = (AC)? + (AB)? + 2(mAR}:{mAD) whan ancle pppbsite'to BT is obtuse.
. If a +b2=c% | Ais-a+igit angea A '
. Ifa® +E><¢? | | Aisa abtuse argled-A
. Ifa®+bi>ct AR asuteagled A

wmhele, ¢ s ihnyesi side
—

N[O

Tangent to a Circle

o If two circles touch each other externally then distance between their centers is equal to
sum of radii.

. Two circles with centresC, and C,, radii of measure r; and r, such thatmC,C, =1, +r,

o If two circles touch each other internally then distance between their centers is equal to
difference of radii.

. Two circles with centresC, and C,, , radii r, and r, such that m@ =1,

. Area of Circle=7r’

. Area of semi circle:%ﬂr2

o Perimeter or Circumference of Circle =2zr=zd

o Semi Perimeter or Half Circumference of Circle=rr

Chords and Arcs
J m £AOC =2m ZABC , where m ZAOC is central angle and m £ABC is circum angle.
The angle
In a semi-circle is a right angle,
In a segment greater than a semi circle is less than a right angle,
In a segment less than a semi-circle is greatter than a right angle.
mZA+m/C =180" and m/B+m/D =180°, where ABC2TS Gy, li: C!Jddrl atef’

m /ACB =m £ZADB, where m ZACB anc, mzADBare ariglésaf sema qu;‘nent

—m:’"‘rm WNANEN

| \Aagie in 2. ﬁ@gment of a Circle

o Perimetor L_1 argpusalpely qo_ﬁ =N X1, where n is number of sides and | is length of a side.
e. [} 78 Ineaguraiet tie external angle of a regular hexagon is 3

. T
4 The measure of the external angle of a regular octagon is i

Formula for finding the angle subtended by the side of a n-sided polygon at the centre of the

o]

circle =
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