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SOLUTION
BASIC MATHEMATICS & LOGARITHM

Q1

Q2
Q3

Q4

Q5
Q6

MATHEMATICS

EXERCISE-I (MHT CET LEVEL)

€]
. A
A & B aretwo rational number then B is

Alsorational number if B = 0.
@
@

l+% 1+1 X
1/3 X — 3
x XX =(X.X1/3)X = X =/ X

= XX4/3 :(X4/3)X: )()(4/3 _ ng = X4/3 —%X;
Also is an obvious solution.

@)

x:3—\/§

&:x/s—\/_— \/6 245 =

14—6@
*/_:T

3x-2=9-3J5-2=7-345

(J‘ 1)

IR N - x/_
=

N RN ey B f[ 5 1}
V2 2

N 1
= J2+43x-2=45.Vx; \/54_@:%
©)

Putting x =1, remainder =7
@
40542 _g o0*2 1 g _ g

- [2“2*2))2 _9.20%2 g0

Put ,0+2” _y . Then y2 -9y +8 =0, whichgives

y=8y=1.

Wheny:832x2+2:8: 2x2+2:233 X2+2:3
= x2=-1=>x=1-1.
wheny=1 = ox*+2 _1 = ox*+2 _ o

= x2412-0 = x2=_2,whichisnot

Q.7

QS8

Q9

Q.10
Q.U
Q.12
Q.13

Q.14

Q.15

@)
134 + /6292 =[112 + (/13)?] + 2.11.4/13 = (11 +/13)?

- 4134 +,[6292 =11+413 .

@

Taking log on both sides,

(3x2—10x +3)log [x—3|=
log|x—3|=00r3x2—10x+3=0
X—=310;[x=3|=1or (x-3)(3x-1)=0

1
X#3;(x=3)=+1lor x=3;x= 3

SX=2,40rx= [- x#3]
Hence, three real solutions

@

xy—12x—12y=0 = (x—12)(y—12)=144

Now 144 can be factorised into two factors x and y
wherex <y andthefactorsare (1, 144), (2, 72), (3, 48),
(4,36), (6,24),(8,18), (9, 16), (12,12).

Thus there are eight solutions.

@
©
@
@
Let x bethe required logarithm , then by definition

Iogzﬁ 32%/4 = x

3 2
(2V2) =324 = (22Y2) = 25225, . L5 _
3. 27
Here, by equating theindices, X =5
SX = E =36,
5

§)
log,7 = log,4<log,7 <log,8
= 2<log,7 < 3i.e. notinteger

Letlog,7= % (wherep and g are coprime)

= 2P0=7 = 2P=71
whichisnot possible so log,7 isan irratoinal number

@

a+b 1
Ioge( > j = 5(|09e a+log, b)

1
=5 l0g. (@) = log, Vab
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Q.16

Q.17
Q.18
Q.19
Q.20

Q.21

Q.22

Q.23

Q.24

:’th’:@ﬁam:z@

:(\/5_\/5)2:0:\/5_\/5:03 a=b.
)
log; 4.log, 5.l0g; 6.10gg 7.109, 8.10gg 9

_log4 log5 log6 log7 log8 log9 log9
log3 log4 log5 log6 log7 log8 log3

=log; 9=log;32=2.
©
@

(d)
©)

log, log; {7777 =log; log; 77® = log, (7 8)

=log,7-log,8=1-log, 2% =1-3log, 2.
4
81(1/Iog5 3) + 27Iog9 36 + 34/Iog79

1
3.=log3 36
:34|og35+3 2 +34logg7

4 3/2 412
:3Iog35 +3I0¢‘;)336 +3|0g37

=5%136%24+72=890-

4

10g;000 X* = log 5 X* = 2l0g 5 X :glog10 X :gy

@

x =log, bc = 1+ x=log, a+log, bc =1log, abc

L (@+x) Tt =logy, a

ST @Y+ L+ 2T = logy, @+ 10g,: b+ 109, ©

=log,,. abc=1.
©)
a=log,, 12 = log12 _ 2log2+1log3
log24 3log2+1log3
b= l0gs, 24 = 3log2+1log3
2(log 2 +log 3)
C:|og48 36 :M
4log2+log3
_2log2+log3
_4I092+Iogs
- 1+abc:6I092+2Iog?>_2 3log2+1log3 _9

4log2+log3  4log2+log3

Q.25

Q.26

Q.27

Q.28

(€)
log; logs(Wx? +5+x)=0=1log, 1

= logs(x? +5+ x)*/2 =

1=1logs5
=.(x*+5+x)Y2=5
= (xX*+x+5=25=x24x-20=0

= (X-4)(x+5)=0= x=4,-5= x=4

4)

3 5 1
e X)?+logg x— = J3-32-
Thereisapossibility of asolution x = 3

3.12+17[§] z 1
For thisvalue, LHS= 34 4) =34 =32 =RHS.

. x=3isasolution, whichisa +veinteger.

E(Io x)? +lo x-2llogx =+
Next, 2 O3 03 2 003 >

=[3(logs x)* + 4logs x —5]logs x —2=0
= 3t3+4t>-5t-2=0.[t=l0g3x ]
=3P -3t2+ 72 -Tt+2t-2=0

= @B2+7t+2)(t-1)=0=Bt+D(t+2)(t-)=0

1 1
—=t=1-2-==logyx=1,-2,—=
3 3 3

-

1
= x=3,32,3"8,; . X=3:§' 3
)

21
109, 1095 ..... 10gge l0gye, 100%%

o1
=log, logs ... Iogggg998' [logy9 100 =1]
21
~l0g, l0g; ....10ggs®"
21
=log, log; ....10gg;
=log, 2'log; 3=1log,2=1.

©)

LECIRCRE

Clearly x+2=2x-2 => x=4

B 1
o7%  =log, log; 32

Mut Cer COMPENDIUM



Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

MATHEMATICS

4
l0g,(X+5)=6-X = x +5=25% = x 1+ 5=64.27%

Lety=x+5, y=64.2"" will intersect at one point.
Number of solutions= 1.

©)

= antilog,;0.75=(16)°"

= (16)3/4 - (24)3/4 =23=8

©)

y =3%x2% = 109y y =12l0g;, 3+ 8l0gy, 2
=12x0.47712 +8x0.30103

=5.72544 + 2.40824 = 8.13368
. Number of digitsiny =8+1=09.

)
logy,,(x* —6x +12)> -2 ()}
Forlogto bedefined, x2 _gx 1120

= (x-3)>+3>0,whichistrue vx ¢ R
1 -2
. 2
X —-6x+12<| =
From (i), (2)

= x?-6x+12<4= x*-6x+8<0

= (X-2)(x-4)<0= 2<x<4 .. xel[24].
(€)

109 04 (X —1) = logg , (X — 1) ()]
Forlogto bedefined x -1>0=x>1

From (i), 1094 52 (X =1)>10go»(x ~1)

1
= §|090.2(X -1 2logp,(Xx-1) = x-1<(x-1)

=X -11-/x-1)<0=1-x-1<0

= JIX—121=> X222 .. xe[2,m)
()
logys(x—-1) < Iog(os)2 (x-1)

1
10go3(X -1 < 5 10953 (X —1)

logos(x —1) <l0g gz (x —1)"

here base is less than 1, therefore the inequality is
reversed

(x=1)>(x—1)*

(x=1)?%>(x-1)

x21-2x—x+1>0

X2 -3x+2>0

X2—=2X—x+2>0

X(x—=2)—-1(x—-2)>0

x-1) (x-2)>0

Basic Mathematics and Logarithm

+, - +
1 2

X € (—o,1) U(2,0)
wX=1>0=x>1

thanx € (2, )
Q3 (@
Q36 (@
Q37 (@
Q.38 (34
Q39 @
Q40 (4

X[>=3x|+2=0 = (Ix|-2) (x|-1)=0
=>KX=12=x=%£1%2
.. number of real rootsis4.

Q.41 Szl[logl+logz+log§+....+Iogﬁ}
3 2 3 4

100
_l[mgléﬁ 99}
210055 o

g 1.2,
3 0900 3 M
Q42 (©

EXERCISE-1l (JEE MAIN LEVEL)

Q1 @
Itisaproperty
Qz

x and y are rational and

(x+y) +(x=2y) 2 =2~y +(x-y-1) J6
Sincereal part of both sides are equal and coefficient
of irrational parts should be zero in both sides

T X=2y=0 =>x=2
andx-y—-1=0=>y=1..x=2

x=2,y=1
Q3 @

It is aproperty
Q4 B

As Xlogg4 _ XIog3(22)x _ Xlog32 _ 2Iog3x
.. Equation becomes !093x | g_ 3 plogsx

= 2% —40orx =9

Q5 (@
Here(x —1)2+ (x —2)2+ (x —3)?=0
Here sum of three + ve number can not be equal to zero
then all three number independently be zero.
. There are no any real root.

Q6
Let P(x) =x3—ax + x + 2 bethegiven polynomial
Then by factor theorem, (x —a) isafactor of P(x) iff P(a)
=0
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Q.7

QS8

Q.9

Q.10

= a&-a&.a+a+2=0
= a+2=0=a=-2

@

22 —4xy + Xy —2y2=7

2X (x=2y) +y(x=2y)=7

(x=2y) (2x+y)=7

X,y areintegers = x — 2y, 2x +y arealso integers
Four cases are possible
Casel:x—2y=1,2x+y=7=x=3,y=1
X+y|=4

9
CaseIl:x—2y=7,2x+y=1=x= 5 rejected

Caselll: x—2y=-1,2x+y=—7
=>x=-3,y=-1
X+y|=4

9
CaseIV:x—2y=—7,2x+y=—1:x=—g rejected
Hencel|x+y|=4
@
a(a—-b)+b(b-c)+c(c-a) =0
= & +b?+c2—ab-bc—ca=0
Multiplying & deviding by 2,

1
> [(a2 + b2—2ab) + (b? + c2—2bc) + (&8 + ¢ —2ac)] =
0

= > [@-b2+ (b-02 + (e~ =0

= (a-b)?+(b-c)?+(c—-a?=0=a=b=c

A)
60°=3 = a=log,,3
60°=5= b=log,5
l-a-b
let  x=1220D)
l-a-b_ 1-(a+hb)
100, X= 51 "1) ~ 2(1-b)

~ 1-(loggp 3+ 1004, 5) _1-(logg15) loge, 4
~ 2(loggr 60-10ggp5) ~ 2(1-loggy5) ~ 2l0ggn12

1
=5 log,,4=log,,2 (a+b=log,, 15)

log,x=log,,2 = x=2 Ans.
4

logx lo logz
gx _logy _ fog — k(say)
b-c c-a a-b

= logx =k(b-c),logy =k(c-a),log z = k(a—b)

x = gk(b-0). y= ek(e-a) 5 _ kiab)

Q.11

Q.12

Q.13

Q.14

Q.15

K(b—c)+k(c-a)+k(a-b) _ eO =1

T Xyz=¢€
Xaybzc — ek(b—c)a+k(c—a)b+k(a—b)c _ e0 =1= Xyz

2 2 2 .2 2 2
Xb+cyc+aza+b _ ek(b —c“)+k(c“—a“)+k(a“—b?) :eO =1

@

Applying base change theorem,

=|Ogabc \/E 'i'l()gahc\/a +|0gabc\/£
=log,,. /oc - Jca -Jab =log, abc=1

©)
log,15.log,2.109,1/6

log, 15 log, 2 log, 1/6 log, 15
- log, 2 X log, 1/6 x log, 3 - log, 3 -
log. (3 x5)
—Ioge3 =1+log,5
. [1+log,5]=2

S

_ Joo@) _glus@™) 53 at_(a?+1)-2a

az—a—l

7|097(az) —_a-1

(@)Y -(@+1)’
- (a2 -a-1)
©)

x<0;

—a?+a+1l

Ioglo(—x) = IOglO | X |

squaring log, (-x) =log, A(—x) [x|=—Xx; forx<0
log,(—x) =0 or log,(-x)=1

x=-1 or x=-10

@
Domainx?+4x-5>0
= X e (—0,-5] U1, )
Casel :

X € (—o0,-5]U[1,3)
—ve< +vealswaystrue
o Xe(-0,-51uU[1,3)
.
Casell :
X € [3,00)
. ()

X—3< yx?+4x-5

= X?—6Xx+9<x%+4x-5
o x>t
5
()
(i) M (i) x € [3,0)
.2

Mut Cer COMPENDIUM



Q.16

Q.17

Q.18

Q.19

Q.20

Q) U (2 x e (—o,—5]U[1, )
Ans. (1)

@
log /55 logs (VX% +5+X) >0

log, (VX®+5+x) <1

(X*+5+x)"2<5andx?+x+5>0
= X?+5+x<25

= x2+x-20<0

= (x+5)(x—4)<0

= xe (54

. n=8

@
X?—4>0= X € (—0,-2) U (2, )
log,(x*—~4)>0=>x*-4>1=x*-5>0

=X e (=0,—/5 ) U (4[5 ,%)

Now

log, ;log, (x*~4) >log, 1= log,(x*—4) <1
x?—4<5=x>-9<0 X e (3,3

.. Ans.: (_3, _JE) U (JE 3)
@

log, ,(x-2)>-1
1-x>0=1>x=X e (—0,1)—{0}
X—2>0=x>2Nosolution.

@
2—log, (x*+3x) >0

log,(x*+3x) <2
=>x*+3x<4
-4 3 0 1

=>x?+3x—4<0

=>xX+4)x-1)<0

=xe[41]

and x2+3x>0=X & (—o0,-3) U (0, )
Ans.: [4,-3)U (0, 1]

©)

5 -100
LetN= (Zj

10
= log, N =-100log,, ( Ej -_100 (mglo (7) —logy, 4J
4

MATHEMATICS

=-100(1-3log,,2)
=-100(1-3x0.3010)=100(-0.9030)=—100%0.0970=9.7
=-10+0.3=10.03

.. Number of zeroes=9Ans.

Q.22

Q.23

Q.24

Q.25

Q.26

Basic Mathematics and Logarithm

@

©)

N =(75)"°

log,,N=-10log (75)
=-10[log,,25+l0g,, 3]
-10[2log,,5+log,, 3]
—-10[2{log,,10-log,, 2} +log,, 3]
—10[2{1-0.301} +0.477]
—10[0.699x 2+ 0.477]
—10[1.398+0.477]

—10[1.875]

—-18.75 = characteristicof N=—19=p
. Number of zerosafter decimal
=lp|-1=}19|-1=19-1=18.

@

Since(X2+Xx-2) - (x2- 2x - 8) =3x + 6= 3(x+2)
S (2-2x-8) (2 +x-2)<0
ie X-4dx+2)(x+2)(x-1)<0

+ + - +

1

-2E
. Solutionsetis [1,4] u{-2}

@

x-1-1|<1

=>-1<x-1]-1<1

=0<x-1|<£2

=-2<x-1<2

=-1<x<3

o Ans.: x e[, 3]

@

y = [2X X =2||= | 2x H(2—X)|F|3x —2| asx < 0 hencey = 2—
X

@
2x — 2007
X2

X+1
0<2x—-2007<x+1
0<x<2008
also2x—2007>0
x>1003.5 orx>1004 .......... 2
from(1) and (2)
1005 integers

1004 2008

@
Given, Mzo
4—|x|

=3 |x[g0and4-|x|<0

or 3-|x[>0and4—-|x <0
=|xp3and|x >4
or|x|K3and|x|< 4
=|x|>4or|x K3

= X € (—o0,-4) U[-3,3] U (4,x)
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Q.27

Q.28

©)
2 4
Dividing R at 5 ,5 and 2, analyse 4 cases. When
2
X< 3’ the inequality becomes

2-3X+4-3x+6-3x>12
implying -9x > 0= x <0
when x > 2 theinegality becomes
X—-2+3x—4+3x-6>12
Implying Ox > 24— x >8/3

Theinequality ininvalid in the other two sections.

c.either x<0orx>8/3

©)
2log,b=1log,alog,c
= 2log b=log,ac
= b?=ac. Ans

EXERCISE-III

NUMERICAL VALUE BASED

Q1

0000

4x+5
X 6—5x
We must have

log

4x+5> 4x+5<
6-5x  5x-6

XE[—_5 §j
= 4’5

Alsox>0andx =1

6
0,—=|(-41 i
xe[ 5) o -(0)

Casel: 0<x<1 (i)
o (4x+5j<_1
9| 6—5x
4x+5 1
—>_

6-5x X

4x+5 1
-=>0
6-5x X

0

4x2+5x+5x—6>O
= x(6—5x)

4x% +10x -6

0
= X(5x —6) <

2(x+3)(2x-1)

0
= x(5x-6) <

Q.2

Q3

Q4

= xe(-3 O)U[%gj ..(iii))

From (i), (ii) and (iii), we get

PREN

Casell: x>1 (V)

log 4x+5 <1
* 6-5x

4x+5<1
6-5x X

= X e(—oo,—3)u(0,%ju(g,ooj

From (i), (iv) and (v), we get
Xe ¢

=

Thus, x € (Elj
2

5625
Let log,x=a log,y=bh and log,z=c

Here  xyz=10%
= log,x+log,y+log,z=81

ie atb+c=81 (1)
Also  alb+c)+bc=468
ab +bc+ca=468 (2

Now, &+b2+¢* =(a+b+c)2—2) ab

=(81)°-(2)(468)
=6561-936
=5625 Ans
0001
Let x+|x-2|=y

.. Equation becomes
log,y?=log,(Sy —6)

= y*=by-6

= y?-5y+6=0

= y=2or3

Ify=2

then X +|x-2]|=2

= 0<x<1lu l<x<£2
If y=3

then X +|x-2]|=3

5o
= x=7 only

Hence number of integral solutionsis 1.

0054
log,M =a +b andlogM =a,+b,

© M= 34" gnd M = 5%2*"

Mut Cer COMPENDIUM



Q5

Q6

MATHEMATICS

P <M<3! and 5% <M <5%*
S a3a,=6=1x6=2x3=3x2=6x1
Leta =1landa,=6
F<M<3FE  and 5P<M <5
So thereisno common valueof M for (1, 6) soonly 3 x
2 is satisfy the both number a, =3, a,=2
F<M<3F and 52<M<5?
Number of integers=54 and 100
Sovaueis54.

0002
Letlog,45=log, 403 =k

45=(3x)*, 4073 =(4k)"

on (s =5

7\
Nlw
N—
N w

Il
7\
Nlw
N—
~

=~

1
N w

3
log, 45=—
g3x 2
3
45= (3)?
squaring both sides

45%x 45=(3x)®
x3=75

log, x* =log, 75

= log,49<log, 75<log, 343
= 2<log,75<3 ;

Characteristic=2.

0006

y = \/Iogz3-I09212-I0g248-I0g2192+16 —log,12 -
log,48+10

= Jlog,3-(2+1og,3) (4+l0g,3) (6+log,3) +16 —

(2+log,3)(4+log,3)+10
Letusputlog,3=x
= JX(2+x)(4+x)(6+x)+16 — (2+x)(4+x)+10

= \/(x2+6x)(x2+6x +8)+16 — (x2+6x+8)+10
Put again x?+ 6x = o

= Jo(a+8)+16 —(a+8)+10
= Jo? +80.+16 — (0. +8) +10
= J(a+4)" —(a+8)+10

= (a+4)—(a+8)+10=y=6.

Q.7

QS8

Q9

Q.10

Basic Mathematics and Logarithm

0005
Let 3>y =t

3
= 3t=—--8 = 3?+8t-3=0

-

B 1
= t=-3, 3
Butt= —3 (rgected)
So, 3V =t=31
= 2X-y=-1 ... @

Again, IogG| 2x%y — xy2| =1+log,(xy)
= IogB|xy(2x—y)|=l+Iogﬁ\/@

= logxy | = loge(6+/xy)

= xy=36 ... 2

. Onsolving (1) and (2), weget x=4 and y=9
= |x-y[=5

0007
1 1
As, +
|°9a(2_ ﬁ) Iogb[\/fg_ﬂ
+

=log, sa+log ;b
V3+1

= Iogz_fga+logz_ﬁb:Iogz_\/é(ab)

1
Now, (2+\@)'°gz—ﬁ(ab) =5

= (2—@)0%’&(%) = 1

12
1 1
= 5—5 = ab=12
As a, bareco-primenumbers, so eithera=4,b=3or
a=3,b=4.
Hence, (a+b) =7.Ans.

0003
N=10"; p=log, 8—log, 9+ 2log, 6
p=log (8—:6) = log,,32

o N =10%0% = 32
Hence characteristicof log,32is3.

0009

We have,

2%-8.2¢+15=0 = (2*-3)(2-5)=0 = 2*=3 or
=5

Hencesmallest x is obtained by equating 2x=3

= x=log,3

So, p=1log,3
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log, 9
Hence, 4° = 2719923 - 2'%%2%-¢

PREVIOUS YEAR'S

MHT CET
Q1L (O
Q2 (1
JEE-MAIN
PREVIOUS YEAR’'S
01 [15]

36=2%x32

toget GCD (n, 36) =2

Power of 2 n must be exactly 1

= Number isdivisible by 2 but not divisible by 4 and
not divisibleby 3 aslo.

Total 3digitsnumbers.

= (divisibleby 2) —(divisible by 4)

—(divisibleby 3) + (divisibleby 12)
=451-226-150+75

=150

Q2 (8
a,—19"-12"

Slog —any 3109 -12°) - (19° -12°)
57, 57(19° - 12)

_19°(12) -12°(19)
T 5719°-12°)
_19x12(19° ~12°)
T 57(19°-12%)
=4

Mut Cer COMPENDIUM



Sets

SETS

Q.1

Q.2
Q3

Q4

Q5

Q.6

Q7

QS8

MATHEMATICS 9

EXERCISE-1 (MHT CET LEVEL)

(€)

A collection of well defined objectswhich aredistinct Q9 )

and distinguishable. n (M alone

@ ( )

Not awell defined collection =n(M)-n(M nC)—n(M nP)
®) o +n(MCAP)
. X € N and xisaprime number

where3 < x <5 sovoid set. =100-28-30+18=60

€

A={¢,{¢}}

P(A) = set containing all subsets
={o.{0}.{{¢}}.{o.{0}}
(=4§¢,{¢},{{¢}},A}

conceptual
x
@ Q10 (2
Number of proper subsetsof A= on _q Given set can bewritten as
Given:A={1,2,3,4,5} (A-B)u(B-A) =(AuB)-(ANB)
Heren=5 (By definition of symmetric difference)
. no of proper subsets= 25 _1 Hence, (A\B) U (B\ A)=(AUB)\(ANB)
@ Q1L @

Q12 (3
A:[X:XER,—1<X<1] Q.13 8

Q14 @
B=[x:xeR:x-1<-1lor x—1>1] A={x:x2=4} ={+2,-2}

B={x:x?-5x+6=0} ={2,3}

=[x:xeR:x<0o0rx>2] o AUB={-223}
. AUB=R-D, Q15 (@
where D=[x:x e R,1<x < 2] N,={an:ne N}

N,={6n:neN}={6,12,18,24,....}
N,={8n:ne N} ={8,16,24,32,....}
(1 o NgnNg={24,48, ......... }={24n:ne N}

FromVenn-Euler’s Diagram. Ne Ny =N,
; Q16 [3
(AUB) (A-B)U (B—A)=(AUB)—(ANB).
Q17 [2
ANnBcAcCcAUB, . AnBcAUB
A B Q.18 (1
AN B ={23,4,8,10} N{3,4,510,12}
- (AUB) U(A NB)=A ~{3,410}, AnC={4}.

S(ANB)U(ANC)={3,4,10}.




Sets

Q.19
Q.20

Q.21

Q.22

Q.23

Q.24
Q.25
Q.26
Q.27
Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

)

It is obvious.

@

ANnB' =A={1275}

2

Givenn(A)=m& n(B)=n

N, —Ng=56=2"-2"=56
Checkingoptions: m=6, n=3

@

X
A= {XZEEZ,OSXS].O}:{O, 2, 4, 6, 8, 10}

B ={x:xisonedigit primenumber}={1, 2, 3,5, 7}

X
C= {X:§€ N,XSlZ} ={3,6,9,12}

~An(BuU Q)
={0,2,4,6,8,10} ~{1,2,3,5,6,7,9,12}={2, 6}

(1)

Minimum value of
n=100 - (30 + 20 + 25 +15)) =100 —90 =10 -

3

@

3

3

©)

n(AnB) =n(A) +n(B) —n(A’' " B’)
=200+300-100

n(AnB) =400

Now n(A'n B') =U —n(A U B) (De marganistans)
=700-400=300

(3]

n(A° n B®) =N[(AUB)] = nU)-n(Au B)

= n(U) - [n(A) + n(B) — n(A N B)]

=700—[200+ 300—100] =300.

(3]

n(3) =20, n(2) =50,n(C~B)=10

Now n(Cu B)=n(3) +n(2) —n(C N B)
=20+50-10=60.

Hence, required number of persons = 60%.

©)

Since Ac B, . AuB=B.

S0, n(AUB)=n(B)=6.

@

n(A)=10,n(B) =6,n(C) =5

& N(AnB)=nBNC)=n(CnA)=0

~ NANnBNC) =n(A) +n(B) + n(C) =
2

3
XN (Y uX) Clearly Y U X issuperset of X
2 (Y uX") & X haveno common element.

Lo=0

Q.34

Q.35

Q.36

Q.1

Q.2

Q3

Q4

Q5

(©)

n(A'nB)=n[(AuB)] =n(U)-n(A UB)
=n(U)—[n(A) +n(B) —n(A N B)]
=700-[200+ 300-100] =300

@)
n(A)=3;n(B)=6
* n(AuB)=n(A)+n(B)-n(ANB)=3+6-n(An
B)
~ N(AuB)=9-n(ANB)
o [n(AuB)] ., =9-[n(ANB)] ,=9-3=6
(©)
Clearly (A x B) n (B x A) containsthose elementsof A
& B only, whichonecommoni.e. b, c,d

(bxb), (bxc), (bxd),
o (AxB)n(BxA)=1(cxb), (cxc), (cxd),
(dxb), (dxc), (dxd),

Hence 9 elements.

EXERCISE-1l (JEE MAIN LEVEL)

@

A={234..... }
B={0,1,23....... }
AnNnB={23}

Then AnBis{x:xeR,2<x<4}
4

ANn(ANB)X=An(A°UB")

=(ANA®)UANB®) ¢U(ANBY)=ANB®

(©)
Since, y=¢* and y = x do not meet forany x ¢ R
. AnB=¢.
@
& 8 &
A=|3 a5 8|vge{01}
& 8 &
[2]
Since, 4" -3n-1=(3+1)"-3n-1
=3"4+"C,3" +"C,3"? + ... +"C, ,3+"C, - 3n-1
="C,3%+"C,.3% +..+"C,3",("C, ="C,,,"C, ="C, , etc.)
=9["C, +"C4(3) +..... +"C,3" 1]
s 4" _3pn_1 isamultipleof 9for n> 2.
Forn=14"_3n-1=4-3-1=0,
For=n=2,4"_31-1=16-6-1=9

10
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Sets

Q.6 @ =n(1)-[n(ANB)+n(A NnC)—n(ANBNC)]
Let B, H, F denote the sets of memberswho areon the =4000—[500+400—200] =4000—700=3300.
basketball team, hockey team and football team Q.10 [2]
respectively. sy =e*, y=e*will meet,when ¢x _ g
Then wearegiven n(B) = 21,n(H) = 26,n(F) = 29 5

=e*=1.x=0y=1
nHNB)=14 ,n(HNF)=15, n(FNB)=12 - AandBmeeton (0, 1), -
and NBNHANF)=8. Q)
We havetofind n(BUH UF). 3N ={x e N : xisamultipleof 3}
To find this, we use the formula 7N ={x e N :xisamultipleof 7}
nBuHUF)=n(B)+n(H)+n(F) 3N N7N ={x eisamultipleof 3and 7}
-NnBAH)-nHAF)-n(FAB)+n(BNHANF) ={x e N:xisamultipleof 3and 7}
Hence,n(BUH UF)=(21+26 +29)— (14 +15 +12)+ 8 = 43 ={x e N :xisamultipleof 21} =21N.
Thustheseare43 membersinall.
XcYie, XuY=Y. (€)

Q.7 ©) From \enn-Euler’s Diagram,
U={x:x>—6x*+11x>—6x° =0} u
Solving for valuesofx, weget
u={0,123}

A={x:x>-5x+6=0}

Solving for valuesof x, weget Clea '

A:{2,3} ealy, {(A-B)u(B-C)u(C-A} =AnBNC.

andB={x:x?-3x+2=0} &)

Solving for valuesof x, weget A(A U B) = n(A) + n(B)— n(A B)

B={2 1} 0.25 = 0.16 + 0.14 —n(A N B)

AnB={2% — n(AnB)=0.30 - 0.25 = 0.05 .

S~ (AnB)'=U-(ANB)
(€)

={0123 {2 ={013 L et A denotethe set of Americanswho like cheeseand
let B denote the set of Americans who like apples.
L et Population of American be 100.

Q8 (2 Then n(A) = 63,n(B) = 76

om_9on_112 = 2" (Zm—n) =16.7 Now, n(A U B) = n(A) + n(B) - n(A B)
n m-n 4 73 =63+76—H(Aﬁ B)

"2 (2_ -)=2/(2"-1) . n(AUB)+ n(An B) =139

comparingwegetn=4andm-n=3 s n(AB)=139 _n(AUB)

=n=4andm=7 But n(A U B) < 100

Q.9 2 .. —-n(AuU B)=-100

n(1) = 40% of 10,000=4,000 . 139 —n(AuU B) > 139 — 100 = 39
n(2) = 20%of 10,000 = 2,000 A>3 e, 30 <A B
n(3) = 10%of 10,000= 1,000 - NANB)=39 1.8, 39 <n(ANB)
n(ANB)=5%0f10000=500 == 0
n(B N C) =3% of 10,000 =300 Agan, AnNBc AANBcB
n(CNA)=4%of 10,000=400 . n(AnB)<n(A)=63 and n(AnB)<n(B)=76
n(A N B~ C) = 2%of 10,000= 200 A B)< 63 ’
Wewarttofindn(A ~ B°~ C) =n[A n (B U C)] - NANB)< o1
=n(1)—n[A N (BUC)]=n(L)—n[(A "B) U Then, 39 <n(ANB)<63=> 39 <x <63.

(ANQ)

MATHEMATICS 11



Sets

Q.15

Q.16

Q.17

Q.18

@
n(C) = 224,n(H) = 240,n(B) = 336
n(HNB)=64,n(BNC)=80

nHNC)=40, nCnHANB)=24
N(C*NH®AB®)=n[(CUH UB)]
=n(L)-n(CuUH UB)

=800 —[n(C) + n(H) + n(B) — n(H n C)

-n(H N B)-n(C N B)+n(C nHNB)

=800 —[224 + 240 + 336 — 64 — 80 — 40 + 24]
=800 — 640 =160 -

@

Let n(P) = Number of teachersin Physics.

n(M)= Number of teachersin Maths

n(Pu M)=n(P)+n(M)-n(P M)
20=n(P)+12-4 = n(P)=12.

(4)

Wehave
n(AuBuUC)=n(A)+n(B)+n(C)
-n(AnB)-n(BNC)-n(CNA)
+n(ANnBNC)
=10+15+20-8-9-n(CnA)
+n(AnNBNC)
=28—{n(CnA)—-n(ANBNC)} ..(I)
Sincen(CNnA)>n(AnBNC)
Wehaven (CnA)—-n(ANnB N C)>0..(ii)
From (i) and (ii)

n(AuBuUC)<28 (D)
Now,n(AuB)=n(A)+n(B)—-n(ANB)
=10+15-8=17
andn(BuC)=n(B)+n(C)—-n(BNC)
=15+20-9=26
Sincen(AuBuUC)>n(AuC)and
n(AuBuUC)>n(Bu C), wehave
n(AuBuUC)>17andn(AuBuUC)>26
Hencen(AuBuUC)>26

(V)

From (iii) and (iv) weobtain
26<n(AuBuUC)<28

Alson(A U BuU C)isapositiveinteger

S~ NAuUBUC)=260r27or 28.

(3]
n(Ax B) = pq

EXERCISE-III

NUMERICAL VALUE BASED

Q1 (0012
X nY={1,24,5,8,10,20,25,40,50,100, 200}
~nXNY)=12

Q2  (0060)
Given, n(M)=100,n(P)=70(C)=40

n(M N P)=30,n(M N C), 28,
n(P N C)=23andn(M N PN C)=18
~ nM NP NC)=n[M N (PN C)]
=n(M)—-n[M N (PN C)]
=n(M)—-[n(M N P)+n(M " C) —n(M N PN C)]
=100—[30+28-18] =60

Q.3 30000
Let the total population of town be x.
Phone  Scooter
\\ 65%
25% 6500‘, 15%
%
" @+Q—1500+@= X
100 100 100
105x
= m — X =1500
X _ 1500 =30000
=~ 100 - X
Q4 (0009)
Given, n(A)=4,n(B)=5andn(AN B)=3
~ n[(AxB)N (BxA)]=3?=9
Q5  (0008)
ANB={2,4
{ANB} c{12,4{324,6,24 {1,324
{1,6,2,4 {6,324 {24 {13624 cAUB
= n(C)=8
PREVIOUS YEAR'S
MHT CET
Q1 (@
Q2 (2
Q3 (9
Q4 (2

12
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JEE-MAIN

PREVIOUS YEAR’'S

Q1L (2
A:xe(-31) B:x € (-, 1) U[3,)
(A)A-B=(-11)

(B)B—A=(—,-3) U [3,00) = R —(-3,3)

Q5

Sets

[107]
Let A={TcA:1e¢T}
B,={TcA:2¢T}
So, B=A,UB,
n(B)=n(A,uB,))
=n(A)+n(B,)-n(A,NB)

(OANB=(=3,-1) =26426_25=06
(D)AUB=(-x,1)U[3, 0] C={T c A:sumof al theelementsof T isaprime
=R —[L3] number}
So, option B isincorrect 2->{2}
3—-{1,2}{3}
Q2 [1 5->{5}.{41.{32
S={4,6,9}, T={9,10,11, ..., 1000} 7—>{7},{6,1},{52},{4,3},{1.24}
A{a+a+..+a keN}&aeS 11-5{47{56 {137} {146} {23 6} {245} { 1,235}
Here by the definition of set ‘A 1B-{671 {1571 {742 {652 {1237} {1246} {1345}
A={a:a=4x+6y+9z} 17—{467 {1367 {1457 {2357 {2456 {12347} {12356
Except the element 11, every element of set T isof the 19->{76514{12367}{ 7642{ 12457} { 7543{ 13456}
form4x + 6y + 9z for somex, y,ze W 23—{76541}{764,321} {76532
S T-A={11} So,n(B U C)=n(B) +n(C)—n(B ~ C)
=96+42-31
Q3  [7073 n(Bw C)=107
Required no. =Total —no character from{1,2,3,4,5}
= (10°—5°) + (107 —57) + (108 —5°)
=10° (1+ 10+ 100) —5° (1 + 5+ 25)
=10°x111-5°%x 31
=26x55x111-55x 31
=55 (25x 111-31)
=55x 7073
S.o=7073
Q4 [117]
Total subsets of A
=2'=128
number of subsets of Awhen CNB=¢
=2=16 (Cissubset of {1,2,4,5})
required answer =128-16
=112
MATHEMATICS 13




Relations and Functions

RELATIONS AND FUNCTIONS

Q.1
Q.2
Q3

Q4

Q5

Q7

QS8
Q.9

Q.10

Q.U

Q.12

EXERCISE-lI (MHT CET LEVEL)

o RELATIONS NN

A relation from P to Qisasubset of Px Q. and X +x° =1, y*+72° =1
(©) .

R=AxB =>x+z =1

(O

But X* + y° = 2L %2 =
n(A><A)=n(A).n(A):32:9 u X" +y 1:>y + X 1

. Q13 (@
So, the total number of subsetsof aAx A is 29 and a Q14 @
subset of isarelation over the set A. Q15 (3
) Wehave, R={(1,3); (1,5); (2,3); (2,5); (3,5); (4,5)}
A={2406}, B={2,35 rR!=1{31),572,(32),(572);(5,73); 54}
.. Ax Bcontains 3x3=9 elements. Hence RoR ={(3,3);(3,5); (5,3); (5,5)}.
Hence, number of relationsfromAtoB _ »9. Q16 (2
)] R={(2,1),(4,2),(6,3),......}.
It is obvious. So, pt ={(1,2),(2,4),(3,6),....}.
Q6 @ Q17 (1)
A={2,4,6};, B={23,5} Q.18 ?3)
. Ax Bcontains 3x3—9 elements. Q19 &
Hence, number of relationsfrom AtoB _ 29 . Q20 (9
M Q21 (1
SinceRisreflexivereaionon A, therefore (a,a) € Rfor Wefirstfind R, wehave
dl gen. R ={(5,4);(4,1);(6,4);(6,7);(7.3)} . We now obtain
The minimum number of ordered pairsin Risn. the elementsof g-1or Wefirst pick the element of R
@
It is obvious. andthenof r-1.Since (4,5)eR and (5,4)c R, we
@ have (4,4) e R0R

Given, xRy = x isrelatively primetoy.

i -1 -1
- Domanof R-{2,3.4.5) . Similaly, (1,4)e R,(4,1)e R =(11) e R 'oR

A (4,6)e R(6,4)e R =(4,4) e R0R,
since, |a-al=0<1, so aRa,VaeR 4,6)eR (6,7)e R =(4,7)e R'0R
. R isreflexive. Now, (7.6) R (6,4) e R = (7,4) e R"0R,

aRb=|a-blc1=|b-al<1=> bRa
. R issymmetric. But Risnot transitive as
1R2,2R3 but1R3

(7,6)e R(6,7)e R =(7,7) e R 'oR
3.7 eR (7.3 eR'=(33) eR0R,
Hmce! R_10R = {(1: 1)1 (4! 4)1 (41 7)1 (7! 4)1

Lii-SE2 (7.7):,3,3)}.
@)
(3.3).(6,6),(9,9),(12,12),e R Q2 (2

R istransitive as the only pair which needs Domainof f(x) =R~ {3}, andrange{1,-1}.

verificationis(3,6) and (6,12) inR.

— (312)eR Q23 @
@ [x]=1
Obviously, therelation is not reflexive and transitive, (Integers only).

but it is symmetric, because

14 Mut Cer COMPENDIUM




Q.24

@

Relations and Functions

f(x)=log|logx |, f(x)isdefinedif logx|>0 and
-1
—1<5x<1:>—sx 5 x>0 i.e,if x>0and x =1 ([logx|>0if x #1)
11 = xe(0,h)u(L,x).
Hencedomainis {? g} Q33 (D
f(x) =sin{log, (x/2)],
i o B
§n(3-x) Domainof sinxis x e[-1]]
Q25 f(X)=—"F"7
logl] x | -2] 1_x
=-1<log,(x/2)<1= ESESZ:ngg4
Let =sin}(3- _ _
g.(x) sin .(3 X) = -1<3-x<1 . Xe[Ld]
Domainof g(x)is[2,4] 034 (@
andlet h(x) =log]x|-2] = |x|-2>0 Herex+3>0 andx?+3x + 20
=S |X[>2 = x<_2 00 X>2= (~0,—2) U (2,%) Lx>3and(x+1) (x+2)#0i.ex=-1,-2
Domain= (-3, ©) —{-1, -2}
We know that 03 @
(f 1g)(x) = %VX eD;nD, -{xeR:g(x) =0} Thefunction sec”xisdefinedforal xeR-(-1 1)
1
and thefunction isdefinedforal x e R—Z.
Domainof f(x)=(24]—{3 = (23U (3.4] . Vx=I[x] <
Q.26 (9 So the given function is defined for all
f(x) isdefined if xeR-{(-L) u(n|ne2)}.
X =[x ]20= %2 =[x
[ ] ] Q36
whichistruefor all positivereal x and all negative ’ 2
integersx. X —6Xx+7=(x-3)“-2
Q27 (2 Obviously, minimum value is — 2 and maximum o .
Q28 (2 Hencerange of functionis[-2, «].
. Q37
sin(x—3)
f(X):ﬁisdefined £(0) = | log—+
9_X |S-nX| = 3+x>0
(i)-1<x-3<1=2<x<4 and N
= Xxznm+(-D)"'0 =>x=nn .
.. 2
(i)9—x">0=-3<x<3 Domainof f(x) =R —{nm, nel}
Taking common solution of (i) and (ii),
weget 2<x<3 Q38
-.Doman=[2,3) B
029 f(x) =log(vx—4++6-X)
Q30 () = y=x*= logy=xlogx and 6-x>0
y=sn 1[Iog3(iﬂ = —1slog3(—j£1 = xz4and x<6
3 Domainof f(x)=[4,6] .
1 x Q39
= §s§s3 = 1<x<9 = x€[19] f(x) isto bedefined when x2—1>0
Q31 @ = x2>1,= x<-lorx>land 3+x>0
For x=-3 3 |x2-9|=0 SoX>=3 andx#-2
“ D =(-3-2)u(-2,-D) U (L x)
Therefore log|x2—9| doesnot exist at x =—3, 3.
Hence domain of functionis R—{-3, 3}. Q40 (@
Q32 @3 According to question, as ,/gn2x can't benegative.
So the option (2) is correct
MATHEMATICS 15



Relations and Functions

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Domain of function \/sin2x is [nm,nt+/2] .

@

3 3
f(X)=4_X2 +10910(X" =X) . S0, 4_x2 20
= xz+/4

and x3-x>0=x(x?-1)>0 = x>0x>1

5 D=(-10)U (L) —{4}
i.e, D=(-L0)u(@2)u(2,x)

2

The quantity under root is positive, when

—1—\/§§x£—1+\/§.

@
Obviously, here |X|>2 and x %1

i.e, Xe(-0,-2)u(2,x)

@
2 2
log KX 0 XXy
6 6

or x2_5x+6<0 Or (X-2)(x-3)<0.
Hence 2 < x < 3.

€

()x<2 (i) y9-x2>0=|x|<3
or —3<x<3.

Hencedomainis (-3, 2].

@

1+x>20=>x>2-1;1-x>20=>x<Lx#0

Hencedomainis [-1,1]—-{C} .

@
f(X) =VXx—x% +/4+x +J4-x
Clearly f(x) isdefined,if 4+x>0=> x>-4

4-x>0 = x<4
X(1-x)20= x>0 and x<1

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Domainof f = (—0,4] Nn[-4,0) N[0,1]] =[0,]] .

@

Clearly —1< <1

1+

But 2<e*<3=> 3<(e"+1)<4

11
i f(x)=|=,=
Domainof f(x) (4 3]
(€]

The function f(x):,/log(x2_6x+6) is defined

when log(x? —6x +6) >0

= x?-6x+621 = (X-5(x-1)=0
Thisinequality holdsif x<1 or x>5. Hence, the
domain of thefunction will be (—0,1] U[5,0) .

@

Here |x|>1, therefore x e (—o0,—D) U (Y, ).

@

Foritmust |x|-x>0

[x|>x but|x|=x forxpostiveand |x |>x forx
negative. So, domainwill be (-, 0) .

()

f)=VX2-1+VX2+1=f(X) =y, +Y,

Domainof y, =yx?-1=x?-1>0=x?>1
X € (=0, 0) — (-1, 1) andDomainofy, isrea number,
.. Domainof f(x) = (-, ©)-(-11).

()
f(X) _ eV5X—3—2X2

3
=Bx-3-2x%>00Of (x—l)(x—5]20

T o 1 m

- De[1,3/2].

@

Todefine f(x), 9—x2>3= —3<x<3 -.(I)
1< (x=3)<1= 2<x <4 ....(ii)
From (i) and (i), 2< x <3 i.e,[2,3).
@

16
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e Q66 (@
0 5 '
Hencexe(0,5) F(x) = sin‘1(3—x)
log|| x | -2
Q56 @
Let g(x) =sin"}(3-x) = -1<3-x<1
sec 2-|x| >0 . .
2 )= - addomainof secx Domainof g(x) is[2,4]
isxeR—(-1, 1) andlet h(x) =log[|x |-2] = |x|-2>0
Zal LI TR 2-Ixl_ 4 =[X[>2 = x<-20rx>2
4 4 = (co0,— 2) U (2,0)
2—|x]|>4 2—|x|<-4 we know that
f(x
—[x]=2 —[x|<-6 (f/g)(x):%VXEDlﬁDZ—{XGRZg(X)Zo}
[x]|< -2 [x|>6 .
. Domainof f(x)=(2,4-{3 =(2,3)uU(3,4].
Not possible = Xe(—0,—6] U[6, ) Q67 (@
.. XeR-(-6,6)

Q57 4 =sin"Ylo (51 -1<lo (5) <1
#(x) to be defined if y B3)| = =% 5)F
{(log,x)*~5log, x + 6} >0andx >0
i.e. (l0g,x-2) (Iog,x—~3) >0andx >0 NP 1<x<9 = x c[L9].
i.e.log,x<2orlog,x>3andx>0 3 3
i.e.x<10?orx>10°andx>0

< — Q.68 (4 Herex+3>0and x24+3x+2%0
5 10 e x>-3and (X+1)(x+2) %0, i.e X£-1-2
Domain e (0, 10?) U (107, o) . Domain=(-3,0) -{-1-2 .

Q58 () Q69
The domain of function loge{x—[x]} isR, because X2 —6x+7=(x-32-2
[x] isagreatest integer whose valueisequal to or less Obviously, minimum valueis—2 and maximum o .
than zero. Hence range of functionis[—2, «o].

Q5 (@ 070 @

| <1: 91 l<X<3 1
“lslogsx<lig@<x<3=3=x= F(x)=.|log——— = sinx=0
[sinx |
. . 1
. Domain of function = 5,3 . =>xznm+ ()"0

Q60 = x #ng Domainof f(x) =R-{nx,nel}.
()x<2 Q71 (2
(i) V9—-x2 >0 = [x|<3 According to question, as ,/sin2x can't be negative.
or—-3<x<3 So the option (2) is correct
Hencedomainis (-3, 2]. Domain of function 4/sin2x is [nr, N+ /2] .

Q63 @ Q72 (2

2 2
log KX g XX 5y
6 6
or x2-5x+6<0 or (x-2)(x—3)
MATHEMATICS 17

5X — X2

>0 = x>-5x <0=x(x-5)<0

Relations and Functions

1—%>0:>x>1A|so, X=0.

.. Requiredinterval = (—o0,0) U (1,0).




Relations and Functions

Q.73

Q.74

Q.75
Q.76
Q.77
Q.78

Q.79

Q.80

Q.81

Q.82

Hence 2<x < 3.

f(x) = sec(% cos® x]

Weknow that, 0<cos?x <1a cosx=0, f(x)=1
andat cosx =1 =o.l-Bl=a-B.;

1§XS\/§ XE[:L\/E]

S 1<x <42 = xe[L 2]
€

f(x) =1+ .

1
X+=

3
J’_i
2 4

= Range =(1,7/3].

3
2
3
@

f(x) =acos(bx +¢)+d

(i)
For minimum cos(bx +¢) = -1
from(i), f(x)=—-a+d=(d-a)
For maximum cos(bx +¢) =1
from(i), f(x) =a+d=(d+a)
Rangeof f(x)=[d—a,d+a] .

@
As shown in graph

o| Lo (2,0)

AN

y=-1

Rangeis(-1, Q].
@
f(x) = cos(x/3)
Weknow that —1<cos(x/3) <1.
@

X+2
f(x)=
() [x+2|

-1 x<-2
f =
() { 1 x>-2

Rangeof f(x) is {-1, 1}.
@

Q.83

Q.84

Q.85

Q.86

Q.1

Q2

Q.3

Since maximum and minimum values of cosx — sin x

are /2 and —.[7 respectively, therefore range of

f(x) is[-/2, 4/2].
@
R* {asy isalways positive V x € R}
@
X2 +34x - 71
Let —————=
X“+2x-7
= x2(A-y)+2(17-y)x+(7y-71) =0
For red valueof x, B> -4AC>0

=y?-14y+45>0=>y>9,y<5
G

=———— _1<sn0d<
y 2-sin3x l<sinf<1

-1<sn3x<1
1>-sn3x>-1
3>2-sn3x>1

1 1
S<—— <1
3 2-sin3x
1
. range e [5 1}
4
y:Iogﬁ(«/E(sinx—cosx)+5)

—J2+2 <2 (sinx—cosx) < 242
—2+5< /2 (sinx—cosx) +5<2+5

Iogﬁ 3< Iogﬁ[\/i(s'nx—cosx)+5]slogﬁ7
2log3<y<?2
. Range e [2log, 3, 2]

EXERCISE-IlI (JEE MAIN LEVEL)

@

A={2,34...... }
B={0,1,23...... }
AnB={23}

Then AnBis{x:xeR,2<x<4}
Q)

ANn(ANB)Y=ANn(A°UB®)
=(ANA)U(ANB®) ¢U(ANBY)=ANB"°
(€)

Since, y=¢* and y = x do not meet for any x ¢ R
. AnB=¢.

18
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Q4

Q5

Q6

Q.7

Q8

MATHEMATICS 19

@ Q.9
& a8 &
A=|3y & 8|Vae{01}
a8 83 &
(2
Since, 4" -3n-1=(3+1)"-3n-1
=3"4+"C,3"t +"C,3"? + ... +"C, ,3+"C, -3n-1
="C,3%+"C,.3* +..+"C,3",("C, ="C,,,"C, ="C, , eic.)
=9["C, +"C4(3) +..... +"C,3" 1]
s 4" _3pn_1 isamultipleof 9for n> 2. Q.10
Forn=1,4"_3n-1=4-3-1=0,
For=n=24"_373-1=16-6-1=9
@
Let B, H, F denotethe sets of memberswho areon the
basketball team, hockey team and football team
respectively.
Thenwearegiven n(B)= 21,n(H) = 26,n(F) = 29
n(HNAB)=14 ,n(H " F)=15, n(FAB)=12
and nBNHNF)=8.
We haveto find n(BUH UF).
Tofind this, we use the formula
n(BuH uUF)=n(B)+n(H)+n(F)
-nBAH)-nHAF)-n(FAB)+n(BNAHNF)
Hence,n(BUH UF) = (21 + 26 + 29)— (14 + 15 +12)+ 8 = 43
Thusthese are 43 membersinall.
XcYie, XuyY=Y.
&)
U={x:x>—6x*+11x>—6x° =0}
Solving for values ofx, we get
Uu={0,1,23}
A={x:x?-5x+6=0}
Solving for values of x, we get
A={23}
andB ={x:x2-3x+2=0}
Solving for values of x, we get
B={21}
AnNnB={2
~“(AnB)'=U-(ANB)

={0123 {2 ={01.3

@

2" -2"=112=2"(2"")=16.7
n2"(2™ =D = 2 (23 -1)
comparingwegetn=4andm-n=3
=>n=4andm=7

Qu

Q.12

Q.13

Q.14

Relations and Functions

@
n(1) = 40% of 10,000= 4,000

n(2) = 20% of 10,000=2,000
n(3) = 10% of 10,000=1,000
n (A N B) =5% of 10,000 =500
n(B N C)=3%of 10,000=300
n(C nA) =4% of 10,000=400
n(A N B " C) =2%of 10,000=200
Wewanttofindn(An BN C)=nAn (Bu C)
=n(1)-n[An(BuUC)]=n(l)-n[(AnB)uU

(AnC)
=n(1)—[N(ANB)+n(ANC)—n(ANBNC)]
=4000—[500+400—200] =4000—700=3300.

[2]

wy=e%, y=e*will meet,when ¢x _ g~
=e*=1.x=0y=1
.. AandBmeeton (0, 1), ..

@
3N ={x e N : xisamultipleof 3}

7N ={x e N:xisamultipleof 7}
3N N7N ={x eisamultipleof 3and 7}
={x e N: x isamultipleof 3and 7}

={x e N :xisamultipleof 21} =21N.

(©)
From \enn-Euler’s Diagram,

Clearly, {(A-B)uU(B-C)u(C-A)} =AnBANC.

©)
n(A v B) = n(A)+ n(B) — n(A N B)
0.25=0.16 + 0.14 —n(AN B)

= n(AnB)=0.30-0.25 = 0.05 .
©)

L et A denotethe set of Americanswho like cheese and
let B denote the set of Americans who like apples.
L et Population of American be 100.

Then n(A) = 63,n(B) = 76

Now, n(A U B) = n(A) +n(B)— n(A N B)
=63+76-n(ANB)

~ n(AuB)+n(AnB)=139

= n(An B)=139 —n(AU B)

But n(A U B) <100

-.-n(AU B) > -100

.. 139 -n(Au B)>139 -100 = 39




Relations and Functions

Q.15

Q.16

Q.17

Q.18

~“ nAnB)>39 i.e, 39 <n(ANB)

Again, AnBc AANBCcB

~ n(AnB)<n(A)=63 and n(An B)<n(B)=76
~.n(ANB)< 63 .

Then, 39 <n(ANB)<63= 39<x<63.

@)
n(C) = 224,n(H) = 240,n(B) = 336

n(H~B)=64,n(BNC)=80

nHNC)=40, nCnHNB)=24
nC*NH®NB®)=n[(CuUHUB)]
=n(U)-n(CuUH U B)

=800 —[n(C)+ n(H)+ n(B)—n(H N C)

—n(H " B)-n(C nB)+n(CnHNB)

=800 —[224 + 240 + 336 — 64 — 80 — 40 + 24]
=800 — 640 =160 -

@

Let n(P) = Number of teachersin Physics.
n(M)= Number of teachersin Maths

n(Pu M)=n(P)+n(M)-n(Pn M)
20=n(P)+12-4 = n(P)=12.

@

We have
n(AuBuUC)=n(A)+n(B)+n(C)
—-n(AnB)-n(BNC)—n(CnA)
+n(AnBnNC)
=10+15+20-8-9-n(CnA)
+n(ANBNC)
=28—-{n(CNA)-n(AnBNC)} ..(i)
Sincen(CnA)>n(AnBNC)
Wehaven(CnA)-n(ANBNC)>0...(i)
From (i) and (ii)
n(AuBuUC)<28 (D)
Now,n(AuB)=n(A)+n(B)-n(ANB)
=10+15-8=17
andn(BuC)=n(B)+n(C)—-n(BNC)
=15+20-9=26
Sinceen(AuBuUC)>n(AuC)and
n(AuBuUC)>n(BuC),wehave
n(AuBuC)>17andn(AuUBUC)>26
Hencen(AuBuUC)>26

(V)

From (iii) and (iv) weobtain
26<n(AuBuUC)<28

Alson (A U B u C) isapositive integer
S N(AuBUC)=260r27o0r28.

(3]
n(AxB)=pq

EXERCISE-III
Q1 (0012)
X nY={1,24,5,8,10,20, 25,40, 50, 100, 200}
X NY)=12
Q.2 (0060)
Given, n(M)=100,n(P)=70(C)=40
n(M N P)=30,n(M N C), 28,
n(P N C)=23andn(M N PN C)=18
(MNP NC)=n[M N (PN CY]
=n(M)-n[M~ (PN C)]
=nM)-[n(MN P)+n(M N C)—n(M N PN C)]
=100-[30+28-18] =60
Q.3 30000
L et the total population of town be x.
Phone  Scooter
g 65%
25% | 1500] 15%
@+§—1500+62= X
100 100 100
105x
f— m— X = 1500
5x
= ﬁ-lSOO = X =30000
Q4 (0009)
Given, n(A)=4,n(B)=5andn(ANB)=3
~ N(AxB)N (BxA)]=32=9
Q5 (0008)
ANB={24}
{ANB}c{12,4{324 {6,24 {1,324
{1,6,2,4,{6,32,4 {2,4,{1,36,24 cAUB
= n(C)=8
PREVIOUS YEAR'S
MHT CET
Ql @
Q2
Q3 @
Q4 (@
Q5
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Trigonometric Functions

Trigonometric Ratio and Ildentities

EXERCISE-lI (MHT CET LEVEL)

Q1 (@ Q12 @
It is obvious. Q1 @
2 @ 3tanA+4=0 A-_2
Thetruerelationis sin1>sin 1° tanA +4=0=tan =73
Sincevalueof sin 6 isincreasing [0_)%] — §nA=+ tanA —+ —4/3 _4
\/1+tan2A J1+16/9 5
gi 8)) (Q Aisin 2" quadrant)
3
cos snb _ cosb sin and COSA=—r, Thus, 2cotA —5c0SA +SinA
_ - . sSinod cos0
1-tan® 1-coto 1- : 1-© ; (3 o 3),4_2
cos sin 4 5)75 10
_ cos’0 sin®0 Q14 (@
cosf—sin® cosO—sind tnA+cotA =4
— cOSO+SiN6 =tan?A+cot? A + 2tanA cotA =16
Q5 (O =tan’ A +cot’ A =14 =tan* A +cot* A + 2=196
tan1°tan2°....... tan 89°
= (tan 1°tan 89°) (tan 2°tan 889) ......=1x 1x 1....= 1. =tan® A +cot’ A =194.
Q6 (@ Q15 (3
We have, 2 ) )
sin@+cosec0=2 = sin20+1=2sin0 sn“a+sn"p+sn”y
= sn@-2sin0+1=0
— (Sn0-1)2=0 = snf=1 __tan®a  tan®p  ten’y
Required value of sinl® @ + cosecl® 6 = (1)1 + l+tan’a  l+tan’p 1+tan’y
1 _2 [, L_Fi 2 2 2
(1)10_ Tlex 14y 14z (x=tan“o,y =tan“B,z=tan“y)
Q.7 ® :(x+y+z)+(xy+yz+zx+2xyz)+xy+yz+zx+xyz
A+x)1+y)2+2)
I XHYHZHXYHYZHZX+HXYZ
24 N - L+ X)L+ )1+ 2)
O\ (= Xy +Yyz+2zx+2xyz=1)
Q16 (
Sece—é Since sin190° = -sin10°, sin200° = —sin 20°,
N 24 sin210° = -sin30°,sin360° =sin180° =0 etc.
7 Q17 (8
o5 24 25094 49 The expression is equal to
SecO+tand = —+—- = =—
v / ! sin(x—y)+cos(x—y)—\/§ sin(£+x—yj
Lifein second Quadrent than sec6 + tan® = —7 B 4 '
Q8 (9
9 . (m
8_10 8)) Whichiszero,ifs'n(z+X—YJ=0
Qu @
MATHEMATICS 21



Trigonometric Functions

i.e £+x—y—nrc(nel):x—n7c—£+y
€, 2V

= cosz—ﬂ C0S20 = i cos20
6 2

Q18 (3 025 (©
oMo 3m o 2eB=¢g+¢ec
S'“ES"”E:S”‘B .Sin54 = 2c0SB = CoSA +c0SC ... @)
& 2sinB=sinA+snC (i)
oo o J5-145+1 1 Squaring and adding we get
=8in18°.cos36 =~ " a1 "2 coA-C)=1=A—C=0
Q.19 (2 ;hdAs:inCéF—rZ.T]g)and(“)COSB:COSA
COSA +sin(270° + A) —sin(270° — A) + cos(180° + A) SO A=B=A=B=C
COSA — COSA +CcosA —cosA =0 Q26 (3
Q20 @
tanA —tanB
. oM . 23m . 251t . o7m Ztan(A—B):Z( )
sin® g +sin® =t sin® ==+ sin = 1+tanAtanB
3 3 (2tanB+cotB-tanB) _ tanB+cotB
:sin2%+sin2§+sin2§+sin2% 1+ (2tanB+ cotB)tanB 2(1+tanzB)
cotB(tan? B +1
=2(sin2£+sin23—n)=2x1=2 :¥=Cot5
8 8 ' (1+tan“B)
Q21 (4 Q27 &
We know that sin(A +B) =sinAcosB +cosAsinB _ snA+snB C
Asgiven ——————=—
cosA+cosB D
11
vioV© 5 {5V 10
. A+B A-B
5 1 2sn .cosT c
\/_\/7 J5V10 \/_(2+3) \/_ J2 = A+B A—B:B:tanA+B=£
S0 2 2cos .Cos 2 D
2
. . T
sin(A+B)=sn—
4 ZtanA+B
n Thus, SIN(A+B)=——7=—
Hence,A+B=z 1+tan2A+B
Q2 (2
Q23 2C
D 2CD
nArnE  2"3 PRCANCHTY
an A+ tan 2 3 1+—
an(A+B)= =47 =1 D2
1-tan AtanB 1-
2 3
Q28 (2
- A+B=45°= sin 50°—sin 7OO+SiI’IlOO
Q24 () =-200s60°sin10° +sin 10°
(7, (T, =sin10° (1- 2 cos 60°) = 0.
COS | —+ —-sn | —-—
6 6 Q29 (2
cos® A—sin’B= cos(A + B).cos(A — B)
Vs Vs Vs Vs
= COS(EJFQ +€_OJCOS(E+9 _Eﬂgja . cos? 48° —sin?12° = cos 60° .cos 36°
22 Mut Cer COMPENDIUM
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Trigonometric Functions

:1[(1_¢§—1] (1+\/5+1H_QX1_£

2\ 4 8 4 4 4 )| 16 4 16°
cos12° —sin12°  sin 147° Q3% @
Q.30 0, ot 0 . 5
cos12” +sin12° cos 147 Giventhat seco ==
4
_ 0]
:%Hanlﬂoztan%o_tan%o:o o LHE%0/2) 5 _1+tan?(0/2)
+ten 1-tan(0/2) — 4 1-tan2(6/2)
Q31 () = 5-5tan?(0/2) = 4+ 4tan>(0/2)
tan3A - tanA + tan2A 1
Sinceta =2 = 1 " tanA tan2A = 9tn®(0/2) =1 = tan(8/2) =
= tan 3A —tan 2A —tanA =tan 3A tan 2A tanA
Q.37 (D sin40 =2sin26cos20
2 sin4£+sin43—n+sin45—n+sin4ﬁ
Q3 ©) 8 8 8 =2.2sin0cosB(1- 2si nze)
(.. ,7)? 5312 =4sin0(1- 2sin®0)y1-sin%0
- —|{29n“—=| +|2sn
4 8 8
( a2 . Q38 (3 y2++/2+2c0840 =42+ +/2.2c0s% 20
+=||2sin —j +(23in )
8 =+/2+ 200520 = 4c0s?0 = 2cosd -
Q39
2 2
: Sosd e e 2
5 5 Now \/a+b+\/a—b_\/1+b/a+\/1—b/a
+ {(1—005%) +(1—cos—j ] a-b a+b 1-b/a Vi1+b/a
2 2 B 2 _ 2cosX
2 2 2 2 - 2 2, 2. AJcos2x
:1[(1—1j +(1+ij ]+1[(1—1] +(1+ij } Jl_b \/1_tan X \/1_ |n X \/ .
) ) e 2
1 1 3
==@)+=@Q) == _
4() 4() > Q40 (4
Q33 (@ . S(n j
sin3A—-cog ——A
Q34 (4 2 _ sin3A-sinA
. A340 . 0 CosA + cos(r + 3A) ~ cosA —cos3A
c0s20° cos40° cos80° = ssn? 20 _ sr.1160 -1
2°sin20° 8sin20° 8 2c0s2AsinA  cos2A
2sin2AsinA - Sin2A = Cot2A
Q.35 (4 sin36° sin 72°sin108° sin 144°
41 2
=sin?36° sin®72° :%{(2 sin®36°) (2sin® 72°) Q @
1
We have tanA =3
= %{(1— cos 72°) (1-cos 1440)}
11
3=-=
tanA-tan*A o g 12-1 11
1 : tan3A = = = ==
:Z{(l—sm 18°) (1+cos36°)} = 1-tan? A 1.3+ 2 2
4
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Trigonometric Functions

Q.42

Q.43

Q.44

Q.45

= c0s180° + cos180° + cos180° + 4sin90° sin 90° sin 90°

Q.46

Q.47

Q.48

Q.49

©)
I_HS_lsin2A+sinZB+sin2C_2
2 snAsinBsnC

@

We know that A + C=180°, since apBcD isacyclic

quadrilateral. = A =180°-C

= C0SA = c0s(180° — C) = —cosC

= cosA+cosC=0 .. @)
Now B+ D =180°,then cosB + cosD =0
Subtracting (ii) from (i), we get

CoSA —cosB + cosC—-cosD =0.

©)

...(ii)

Trick: For o = B = C = 60° only option (3) satisfies

the condition.

@
A+B+C=270° = A=B=C=90°,

then cos2A + cos2B + cos2C + 4sinAsinBsinC

=-1-1-1+4111=-3+4=1
@

We have x+%: 2cos0 |
Now x3+i3=(x+i)3—3xl(x+l)

X X X X
= (2cose)3 —3(2cos0) = 8c0s’0 - 6c0s0
= 2(4cos3 0 —3cosh) = 2c0s30 -
Trick:Put x =1 = ¢=0

Then x3+i3: 2=2c0s30
X

@
Maximumvalueof f (x) =12 +12 =2

@

Maximum distance — 1/(\/§)2 +@%=2.

Hence, in the graph of function ,/3sinx + cosx
maximum distance of apoint from x-axisis2.

@

coszezgzcos2 Tl=o=nr+l
4 6 6

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

@
We have (2cosx—1)(3+2cosx) =0

1
If 2cosx—1=0, then cosx:E

X=nr/357/3

If 3+2cosx=0, the cosx=-3/2
which is not possible.

@

2co?X+3sinx—-3=0
2-2sin’x+3sinx—-3=0
= (2sinx-1)(sinx—1)=0

. 1 .
:smx:Eorsmx:l
pSp p .
=>X=—=,—,—, L. ° ° o.
6" 6 2 i.e. 30° 150°, 90

©)

2tan?0=sec? 0 = 2tan’ 0 =tan?0 +1
N tan29=1=tan2[£j:>6=nni£_
4 4

@
«/§tan26+\/§tan39+tan29tan39:1

tan26+tan36 1 tan50 - tan ™

= 1 tan20tan30 3 — v =g
35(—):nrc+E:>9: n+E T
6 6)5

@

T
tan20 = coto = tan20=tan (E_gj

~ 20=m+l-9=0=""4T
2 36

©)

114999 Gnotcosa=1
sno sind

— COS 0—= |=cos= = 0-"=2nn+ "
4 4 4 4

T
Hence@ = 2nx or 0= 2nn+§

But 9 = 2nr isruled out.

@

1- cos20 1-(1-2sin?0)
—_— == —2 = 3
1+ cos260 1+(2cos“6-1)

s
= tan?9=3= 0=t

24
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Q.57

Q.58

Q.59

Q.60

Q.61

Q.64

Q.65

MATHEMATICS 25

@
(2cosx —1) (3+2cosx) =0

1 -3
COSX == asS COSX #—
Then, 5 5

. forn=0,x=g,5—:;c
X=2nm+—;
: i)
forn=1, x=E Q.66
3
@
1 3t 5 T 5n
cos0=-—==0=—,— tanf=1=0=—,—
V2 4" 4 AR
5n T Q.67
. Thegeneral valueis 2nn+7 or (2n+1)1r+z
@
tanO:_—lztan(n—E) gnezlzgn(n_ﬂ)
V3 6/ 2 6
-3 n)
and cosf =——=C0§ T ——
2 6 Q.68
- . 5n
Hence principal valueis 0 = 5
&)
2 292 2 2
SeC 6+taﬂ ezg,algjwc e_tan 9=1
- tanze:E:tanz(Ej:e:nniE_
3 6 6
&)
2 1
cot6 + tan 6 = 2 cosecH = SN0 Sinbooso
1 - Q.69
= cosezaorsin92039:2nn4_r§:>6=nn Q.70

2
@

3sin?x +10cosx —6=0
3(1-cos? x) +10cosx —6=0

On solving, (cosx —3)(3cosx-1)=0

Either cosx =3, (whichisnot possible) or cosxzé

@

tan(3x —2x) =tanx =1 = X= nn+%

@ Q71

We have 1—cosezsine.sin%

- 25in2%= 25in9.cosg.sin9

Trigonometric Functions

. 20 0 . 0 . -0
2sin?=|1-cos— |=0 2 29 _
= 2[ 2} :sm2 0 or2sin 2 0

sing—o sjng—o 9—kn 9
= 5= or Z :>2 or

Hence 9 = 2kxOr 9 =4kn kel

@
5-5sin20+7sin?0=6=>2sin’0 =1
.2 1 . of=n T
—=9N“0=—=9n°|—|=>0=nnt—
2 4 4
)
Sin40 = cosh — cos76 = Sin46 = 2sin(46) sin(30)
T

. 1 .
= sin40=0=> 40=nx Of 5'”39=§=S'” s

_nn

B=n+(-)"E=0
= n+(-1) 5 7

nrw nmT
3 +(- 18
12

c0s0 + c0s260 + cos30 =0
= (cos0 + cos30) + cos20 =0
= 2c0s26c0s0+c0s20=0 =
c0s26(2cos6+1) =0

T T Y
€0s20 = 0= cos— 0=— 0=2mrn+—
= 2= VT4 7 "

-1 21 21
Cc0SO = — = coS— 0=2mr+t—
or 5 3 = T 3

1)

)

sin5x +sin3x+sinx =0

= —sin3X =sin5x +sinX = 2siN3X C0S2x
= sn3x=0=> x=0

1 T T
or C0S2X =——=—-C0S| — |=C0S| T——
=53]
s T
2X=2nmt| n—= |=>X=nnt| =
= i (“ 3) i (3)
. T T
For x lying between 0 and E,weget X=§.

@

€0s60 +cos40 +cos20 +1=0
= 2¢0s? 30+ 2c0s30.c0s0 =0
= 4c0s30c0s20c0s0 =0

:39:(2n+1)g; 20=(2n +1)g and 8 =(2n +1)g




Trigonometric Functions

Q.72

Q.73

Q.74

Q.75

=0 =30°,90°150°,45°,135°

@
sin70+sin®-sin40=0
= 2sin40co0s30-sin40=0

sin46(2cos30-1) =0=sin46 =0, cos36:%

T
Nowsin 40=0=40=1 = 9=Z

1 i T
cosP==——=30=—=0=—
and 23 3: 9

@

sinX —3sin2X + Sin3X = CosX — 3C0S2X + CoS3X

2SN 2x cosx — 3sin 2X — 2c0s2x cosX + 3c0s2x = 0
= sin2x(2cosx — 3) — cos2x(2cosx —3) =0

=fsin2x — cos2x) (2cosx — 3) = 0= sin2x = cos2x

T nm T
2x=2nni(——2x)' -4
= 5 e, X > +

8
)
%cose+%sin9:§{dividing by

VB +12 =3

- sin(6+gj:%=sin(%j

0=nn+(-)"Z-Z
= D753

@
Let /3+1=rcosa @d \/3-1=rsina
Then I’=\/(\/§+1)2+(\/§—1)2 =22

CNB3-1 1-(1/43) (n nj o
_\/§+1_1+(1/\E))_tan ==

12
The given equation reduces to

tan 46

T T
2\J2c08(0—0) =2 = cos| 6 —— |=cos—
V2005(6-0) ( 12) 4

I LI T LN S N S
12 4 4 12

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

@

Givenequationis \/3sinx + cosx = 4
whichisof theform asinx + bcosx = ¢ with
a=+/3,b=1c=4.

Here a2 + b? = 3+1= 4 < ¢, thereforethe given
equation has no solution.

S

3cosx +4sinx =6

3 4 . 6
—COSX+—SINX=— = coS(X —0) =
= : £ = S(x —6)

[where 6 = cos %(3/5)]
So, that equation has no solution.
@

cosze—gcose+1:0

(5/2)+[(25/4)-4 _5+3

cos0 =
= 2 4

Rgecting (+) sign,
= cosezlzcos(ﬁjj 0=2nm+l
2 3 3

@
3

1
f(X)=cosx—-x+—=_ f(0)==>0
() 5 10=3

fl = :0—£+l:1_—n<0 -.-n:g nearly
2 2 2 2 7

T
. Oneroot liesin theinterval [Oaﬂ .

)

SeCcX cosbx = —1=> cosbx = —cosx

_ (2n+Drn or (2n-Drn
6 4

=5x=2nn*(n-X) =X

@
We have 815in2x i 81c052x -130

Now check by options, put X = %

then (81)5”'127'[/6 + (81)003271:/6 =30

= (8)Y*+(81)¥* =30 =30=30
Hence (1) isthe correct answer.
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Q82 Q85 (D
We shall first consider values of 0 between

X —X
L ) . Weknow 22 51, (usingAM. > GM.)
9and2nsin9:__:_sm__5in(n+_j ,
2 6 6 But since cos(e*) <1
So, there does not exist any solution.
rSIﬂ(Zrc——j
Q8
7n 11n A B,CareinA. P thenangle B = 60°,
0= s 242
cosB=—-—"——,
1 i 2ac
tane:ﬁztan(gj since A + B+ C=180° and
A+C=2B=B=60°
T T In
tan| m+— L-=—= 2.2 .2
or _
( 6) 6 6 j%:a+2c—b:>az+cz_b2:
The value of 8 which satisfies both the x
7n = b?=a’+c’-ac
uationsis ——
* 6 Q87
7 A =180°-60°-75°=180°-135° =45°
Hence the general value of is 2NT+— a b
6 Now. A —B
Where ne | sin sin
2 b
Qe @ ~ sind5°  sin60°
. 1 . b . i
sne_—E_sn(—gJ_sn (n+gj 2(\/’/2) \/_
=b=
12
1 T i i
tane:ﬁ:tm(gj:tm(ﬁ+gjﬂe=(ﬁ+gj Q88 (1)
Q89 (1

asin(B—C)+bsin(C-A)+csin(A -B)

7
Hence general valueof 0 is 2n7r+€7T
—k(zsinAsin(B—C) =k{Zsin(B+C)sin(B-C)}

Q84 (1)

1 k{Z—(COSZC—COSZB)} =
SinceA.M. > GM (Zsinx + COSX) > SINX ~COSX 2
VL. .~ 2 >+2 2

Q9 @3

SINX+COSX

cosC=2=a?+b?-c?=ab
= gSinX 4 o0SX 505 2 3

. =p?+bc+a’+ac=ab+ac+bc+c?
SINX+COSX

= oSnx | oSk 5 5 2 =Db(b+c)+a(a+c)=(a+c)(b+c)
Divide by (a+c) (b+c) and add 2 on both sides
and we know that sinx + cosx > —/2 =
_ 51 b a 11 3
L gsinxy ook, gl (W2 for X =7 e ™ brc " arc brc arbic’
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Q.91

Q.92

Q.93

Q.94

Q.95

Q.96

Q.97

Q.98

@
4+6—(x/3+1)2

2.2./6

cosO = =0=75°

@
£C=90° £A =30°,c=20,

then a= CS.mA =10 and b= cgnB =103 .
sinC sinC

Trick : Sincethe angles are 30°,60°,90° , therefore
sidesmust be 1:,/3: 2. Hence a=10,b =103 .

@

va’ (cos? B—cos® C) = Ta?(sin* C—sin’ B)
=k’za’(c®-b*) =0

@

b+c c+a a+b
1 12 13
~b+c=10 (i)
c+a=12\ (D))
and a+b=13\ ....(iii)
From (i) + (i) + (iii), 2(a+ b+ c) = 36A
s.a+b+c=181

Now, (iv) — (i) gives, a= 7\

(iv) —(ii) gives,b=6 1

(iv) — (iii) gives,c =5\

@

We have, b=+/3,c=1 /A =30°

=2 (Let)

2 2 2 2 2 2
cosp L D +c’-a V3_(f3)*+1-a
2bc 2 2:/31
- a=1], b=\/§,c:1

b isthelargest side. Therefore, the largest angle

2,2 12 _
Bisgiven by cosB=2*° b _1+1-3_ 1

2aC 211 2

S B=120°
(€)
snB snA . bsnA 8sin30° 2
— =~ =8nB= = ==
b a a 6 3
@
ngnﬂ:stinn_ZB:ZaccosB

2 .2 12
zmuzcz+32_b2

2ca

@

a* +b* +¢* — 2a°c® — 2b%c? + 2a%b? = 2a°b?

=
(@ +b?—c?)? = (J2ab)? = & +b? —-? = +./2ab
a?+b?-c? 2 1
= =t =t+=
2ab 2ab 2

= c0sC = c0s45° or cos135° = C =45° or 135°

J3-1 3+1-23
j \/§+1_ 2 =2-\3

)

(b+c)cosA +(c+a)cosB+(a+b)cosC=a+b+c
From expanding and collecting terms using
projectionrule, a=bcosC+ ccosB

©
©)

sin’B-sin?A =sin?’C-sin’B

- sin(B+A)sin(B—A) =sin(C+B)sin(C-B)

or sinC(sinBcosA —cosBsinA)
=gsinA(sinCcosB —cosCsinB)

Divideby sinAsinBsinC

.. cot A —cotB =cot B —-cotC. Hence the result.

@

1-cosA cosB <1

Fromthegi ion SINC==————
romthe given relation SnASnB

()
= 1<cosAcosB+sinAsinB
= cos(A-B)>1; --cosb#1
. A-B=0o0or A=B

)

1-cos A _sin®A
sn’A  sin’A
S C=90°=A+B=90°0r A =B=45°{by (i)}
Hence,
a:b:c=sinA:sinB:sinC=1:1:/2-

Hencefrom (i), SnC=
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Q.104 (2 QU3 @

1o 1 o2B 102G
:lazsinBsinczl(erl) 2 [ J3+1 a2 b 2™
2 sin(B+C 2 3+1 2
( ) (\/2_\/5) :Zs(s—a)_s(s—a+s—b+s—c)_i
Q105 (1) abc abc abc
QU4 (2

C_[(s—a)(s-b) _ n

data. 2 2 (s—a)(s—c) (s—a)(s—h)
Hence c - gg° . S
Q.106 (1 :E{Since3a:b+c or a+b+c=2s=4g
B /30><6 3 -
2s=a+b+c COS—= == = 2ala=2
2 320 4 QU5 (3
107 (2 . . .
Q @ A A on smA_smB_smC_i:SinA iEI'C
cos’ > sin? 5 =08 = COSA. a b c 2R 2R
108 (2 a b c
Q.109 (3
ab? cosA + ba? cosB + ac? cosA + ca’ cosC e
+bc? cosB + b?ccosC IR =4
= ab(bcosA +acosB) + ac c(cosA + acosC) Q.16 (3
+be(ceosB+beosC)  op 0= 364 64-a2 —0a=10=R=— 3 =2
= abc+ abc+ abc = 3abc 2snA 1
Q.10 (4 Q17 @
Alisrightangled, /¢ - gg° 1
) S:E(a+b+c):21
4A2=4(1abj =a’b?
2 A
QU1 @ A=[s(s-a)(s-b)(s-0)] =84; . T="=4
2nB"CeosBtC 4pB-C QU8 (3
b-c_sinB-sinC _ 2 7 9o _ 2 a=b=c=23
a SinA Zsinécosé cosA N abe
2 2 2 A:[ ]:3\/§sq.cm, R=——=2cm
_ 4 4A
A . B-C
= (b-c)cos—=asin
2 2 Q119 @2
QU2 (@ r:4RsinésinEsinE
2 2 2
/DCB=15°
i3 .. _R_(C_geN°
/CAB=45°and /CDB = 75° = r=4Rsin"30°. {- A=B=C=60}
Let BD=x and AD=35cm. R
=>r==
A 2
35
R Q.120 (O
R a=5k,b=6k and ¢ =5k
15°
c
B o a+b+c  5k+6k+5k sk

2 2
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A \/s(s—a)(s— b)(s—©)
B S_ S

. \/8k (8k —5K) (8K — 6K) (8k — 5K)
- 8k

2 _2x6_
3

_x

r= 4

Q121 (3
Radiusof circum-circle(R)

_a b ¢
- 2s§nA  2snB  2sinC
R: .b = .2

2sinB 2sn30°
Now, areaof circle = 1R? = 4

Q122 (2

ab
R= 4—AC ,where A = /s(s—a)(s—b)(s—C)

a:13,b=12,c=5,s:3—20=15

A=/15(2)(3)10 = 3x2x5=30
_13><12><5_E
© 4x30 2
Q.123 (1)
b=hcot60°,b+ 40 = hcot 30°

30° 60°
40m b

b  cot60°
=~ b140 cota0®

= b=20m

Q124 (&
let h bethe height of tree PQ and breadth of river. PS
be x ft. angle of elevation subtended by atree is60°
. dsowhen heretreats 20 feet, the anglej Becomes
30°als0in APQS

Q

30°
R —20ft— S

8

—X— P

Q.125 (1
Accordingly,

tanE):D: h+6 6

X x+2J3 243

[SincethetrianglesAEC and BDC aresimilar]

=0=060°

A

6m

0 0
2J3m D h c

E

hcoto = (h-100)cotp

_100cot B
cotp—cota
Q.126 (3
Length of ladder = _6\/5 =12m
n60°
Q127 (¥

H=dtanfand H-h=dtana
60 _tanp  _, _60tana—60tnp

60-h tano tan
I “ H=60m
h
B
d
60sin(—a.) ]
=nh :—sinB:”( =cosasinp
C0SaLCoOSp———
cosf
Q.128 (1
64cot6=d
Also (100-64) tan 6=d
or (64)(36) =d? o, d=8x6=48m.

Q.129 (2

o (J3+1)
Required distance = 60cot15 :GOL\@—ﬂ
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Q.130 (1) V3+12 163
(60+h)cot60° = hcot30° = h = 30m o 3+$:16 o
TT 1
S
l H
60°
h .
, L .l
o) h
30°
12m
Q131 (
(H+a)cotp = (H-a)cota Q.134 (1)
) % H = (10tan60° +1.5) = (10v/3+1.5)m
Sn(p—o

C
/ H-a
H

P a
N,
Q
60°
H
h —
10m
c
Q.135 (1)
sin(o. +B) Trick: From H =ltana.tanf, the height of tower is
Using cota +cotf = ————
sinasinf h
h tan 30° cot 60° or 3
and cot o — oot p = NP~ Q.136 (3
snasinf Obviously, the length of the tree is equal to
132 (2
Q @ 10+10y/2 =10 (1++/2)m
d, = hcot30° =500/3,d, = % Q137 (1)
3 (H-h)cot15® = (H + h) cot 45°
_ h(cot15® +1)
o™ (cot15° 1)
h
g0° 30° i5° (Hh)
di d; 2500 45° h
Diameter D = 50043+ 2203 = 220, T
3 3 !
Q133 (2 l

Since h = 2500 and substitute

h =12tan30° =% and H _12tan60° + 2
COt15° = 2+ +/3,Weget, H=2500/3

3
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Q.138

Q.139

Q.140

Q.141

@
By
h

B,
A‘A 5
d 3

B,B, = h=(dtan45° —dtan30°)
Timetaken=10min

d(3-1)
Rete= 4~ 10" \5
- d=%=20(3+x/§)m.

@
Let AC=x=CB,AP=3AB=6x.Let L CPA=q.
1

In AACP.tana = — = =
6Xx 6

0O <X W™

> X

2X

1

tan(a+B)=—==

In AABP, tan(a+p) o3
_ tan(a+B) - tana

1+ tan(a +B) tana

Now tanp = tan{ (a.+p) - o}

11
3 6 _118_
6

19

3
1+ 1 19
6

Wl

@

Let the two roadsintersect at A. If the bus and the car

are at B and C on the two roads respectively, then
c,=AB=2kmb=AC=

3 km. Thedistance between thetwo vehicles=BC=a

km

2, 2 a2
Now cosA:COSGO":u
2bc
1 F+2°-a
—=""° "% sa=+7km
=2 2.3.2

@
O_L
From A CDA,x =hcot6 =3

From ACDB, y=h cot30°= ,/3h

Q.142

Q.143

Q.144

From AABC, by Pythagorastheorem

x*+3 =y?
b \\‘ h(Tower)
yo
X
30, 607
>
B 3 A
h ) , 3/6
—|+F=@Bh)?=h="30

@
., 40
From A O,AB, tan45’ = o = X =40m

A

40m

45° 30°
0, X B y 0,

o_ Y
cot30° = =
From AAQ,B, 0

= y=40 cot 30° = 40./3
Distance between the men = 40+ 40./3 =109.28 M.

@

o
Rei
s+
—> > e— ——
(@)

A

y
Let AD be the building of height h and BP be the hill

h+x X
then tang=——- and tanp=—
y y

h+x
Xcotp

= tang=

= xcotp=(h+x)cotq

_ hcotq
= 77 cotp-cotq
_ hexe hcotp
cotp—cotq

S
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Q3
Q4 3
Q5
12cot® 0 —31cosecH +32=0
=12(cosec’0 —1) - 31cosecO +32=0
=12c0sec’d —31cosecO +20=0
2
AB=AM_BM — AB_AM BM — 12cosec”0 —16.cosec
h h h
0-15cosecH+20=0
E=cot30°—cot45°:h= €0 =60(ﬁ+1)
h J3-1 3-1 = (4cosecH - 5)(3cosecH - 4) =
—, h=30(3+)m 54 43
=C0secH =—,—;..Snf=—,—
4 3 54
Q.145 (1)
Q6 (@
xsin®0+ycos’0=sin0cosh ....(i)
" and XSiNO =y coso .....(ii)
Equation (i) may bewritten as
A
|<— —>|<—60 x—>| Xsin®-sin®0+ycos’ 0 =sin0cos
= ycos0sin®0+ycos’0 =sinfcos
tan60°=;:>§:;:>h:\/§x ..... 0) :>ycose(sin26+0032e):sinecose
1 h = ycosO=sin6cosO..y=sino ..(i)
tan30°: T=60—_:>60 x =+/3h Putting the value of y from (iii) in (ii), we get
(i) XsSinB=sin6-cosb = x =cosO ...(iv)
""" o - Squaring (iii) and (iv) and adding, we get
From equation (i) and (ii), 60— x = /3(+/3x) X2 1y = o 0+Sin? 0 =1
60 _ _ Q7 (b
4_)(:>)(_15 cosA =ncosB and sin A =msin B squaring and
Then h = y3x = h = 15/3 Mmetre. adding, we get 1= n? cos’ B+ m?sin’ B
= 1=n’(1-sin®B)+mM*sin°B
. 2 Nl R 2
EXERCISE-II (JEE MAIN LEVEL) (M =n%)sin"B=1-n
Q8 (@

Q1 @ b 3n .3( T
tano + coto, = a tan X—E cos 7+X —-Sin 7—X
By squaring both side, we get
= tana + cot?o, = a2 -2 cos[x—} tan(sn+XJ
By squaring both sides again, we get 2 2
= tanfa+cotta+2=a'-4a2 +4 _ 3
= tanfo + cotbo = at—4al + 2 _ (=cotx)(sinx) - (-cos” x)

- sinx(-cot x)

Q2 (I 5 5
acos0 +bsin6=3& asin6—-bcos6=4 _ —COSX+C0S” X _ —cosX(1l-cos“ x) — 52X
By squaring both side and adding, we get T Zcosx —cosx -

& +b?=32+42=25
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Q9 (@
Snce,sin6, +sin6, +sin6, =3

Q.17

~.§n6,=sinh, =sinh, =1=>6, = 6, =eg=g

.. €0s0, +c0s0, +cos6, =0

Q.10 (1)

4
tanA = 3 = A — Il quadrant

5sin2A +3sinA + 4 cosA
=10SsinA cosA + 3sinA +4 cosA
=10sinA cosA + 3 SinA + 4 cosA

sinA=—4
5

CosA=—
5

3

-3

-4 -3 —4
=10%Xx — X — +3x — +4x 5

5 5 5
2 12
22

+120
25
Qu (@
Sin24°cos6°-sin6°cos4®  sin(24°-6°)  sinl®&
sin21° cos3%°-sin3%°cos2P ~ sinR1P-39%°) ~ sin(18)
-1

(b)
©
(*)
©
@

1—-cosa +Sha
1+sina

Q.12
Q.13
Q.14
Q.15
Q.16

_1-cosa+sina 1+cosasina
1+sina  'l+cosa+sina

(1+sina)®—cos’ a
" (A+sina)(1+cos+sina)

3 2sna(l+sna)
(I+sna)(l+cosa +sina)

3 2sina 3
1+cos+Sna

Q.18

Q.19

Q.20

Q.21

Q.22

®
/3 = tan 60°= tan (40°+20°)
_ tan40°+ tan 20°

1 tan 40°tan 20°
~.\/3—+/3tan 40°tan 20°
= tan40°+tan 20°
Hence tan 40° + tan 20° + /3

tan 40°tan 20°=+/3

@

Using cosineformula
2sin(0+¢)cos(0—9)=2/2 ..(i)
2cos (0 +¢) cos(0—0) =3/2 ...(ii)
Squation (1) and (2) and then addition

1 9 5
4 —=—

4co§(9—¢)=4 1 2

= cos? (0 —¢)

oo | o

@
m_ Sin(9+2(x)
sind

n

_m+l_ sin(6+2a)+sin®
m-1 sin(6+2a)

-sno
2sin(6 +o)coso
..‘m+1: ( a)_ =tan(6+a)cota
m-n 2sin(6+o)sin®
@
A+B+C=m..tan A+B =tan E—E
2 2 2
A B 1 2
tan—_+tan—_ I =t2 o9
2 —2 —ots=3S = cot
1-tan—.tan— 2 1-=— 7
2 2 33
cC 7
Jfan—=—,
2 9
&)
1-tan?15°
— .-~ =C0S(2x15° =cos30°
1+tan©15°

@

tan?0 =2tan*¢ + 1 ()

34

Mut Cer COMPENDIUM




1—tan@

cos20+sinfhp=———5—
¢ 1+tan?9

+sin?¢

—2tan2¢

1-2tan?¢-1 _
—_— = +
2 (1+tan2 d) S

= +sin? n?
1+2tan? ¢ +1 ¢ ¢

Trigonometric Functions

AL A A
28in—| Sin— + COS—
2 2 2

=tan—.
2

A A . A
2C0S—| COS— +Sin—
2( 2 2)

.33 3
=_sin¢ +sin? =0 Q¥ O
which isindependent of ¢ sint+cost = 5
Q23
3 2tant +1—tan? - 1
COSA = — 2 - =
4 = t 5
1+tan?—
A . A . BA 2
16cos®> — —32sin— sin —
2 2 2 t t t
= 10tan? - +5-5tan> - =1+tan® -
= w—m (cos2A —cos3A) 2 2 2
t t
= 6tan’? - —10tan - —-4=0
16(1 A 2 2
= W—m {(2c08 A —1) — (4 cOS A —3
t t t
2 — — =)=
cosA)} = 3tan 5 6tan > +tan > 2=0
3 9 27 3
=8|1+—|-1692x——-1-4x—+3x—; =3 t t
( 4} { le ><64 ><4} :3tan%(tanE—Z].;.l(tanE—Zj:o
Q24 (2
Q25 (1) t_ t_ 1
02 @ =ty =2ty =-g
Q27 (¥ Q3 @
Q28 (2 @ 3
8-23 El)) IfA+B+C=7n then
. C
Q31 (2 2cos(A +B) cos(A —-B) +cos2C
. _ =-2sinCcos(A —B) + cos2C
Given, 3cos’A+2cos’ B=4 = _28nCcoS(A_B)+1- 28NC
—2c0’B—1=4-3cos’ A—1 =1-2sinC[cos(A-B)+sinC]

_ =-2snC[cos(A —B) +sin[3n/2— (A + B)]]
= c0s 2B = 3(1-cos* A) =3sin® A .....(1) =1-2sinC[cos(A —B)—cos(A +B)]
and 2 cosB sinB=3sinA cosA =1-2¢nC.2sinAsnB
sin2B =3sinA cosA =1-4sinAsnBsinC
Now, cos (A+2B) = cosA cos 2B —sihnA sin 2B Q3% @
=cosA (3sin?A) —sinA (3sinA cosA) =0 f(6) =sin0 + cos’

[using egs. (1) and (2)] =sin’g (1-cos’0) + cos’d
=sin%0 + cos’0 — sin?0 cos?0
= A+2B=" 1 .
2 f(9)=1—z sin?20
032 3 © 0<sin?26<1
' . 1
1+sinA-cosA f(0),,.=1 f(e)mmzl_Z =3/4
1+sinA+ cosA
3
. T g |
25in2%+23inécos% - Rangels [4 }
LA . A__A Q36 @
2sin B + ZsmEcosE Each side of hexagon (inscribethecircle)
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Trigonometric Functions

Thevauesbelongingto [0, =] are

n n3tn /xt 3t O

m '10'4’10'2°10" 4’10’
60° 30°
U

r 117 5rn 13n 3n 17n 7w 19n

Q40 (4
Q41
isequal toradius of circle Q42 (2
each side of dodecagon subtends Q43 @
an angle of 30° at centre of circle Given
and other two angles are 75° & 75° .. PQ = OP cos sin30=4sin0.sin20sin40, where 0<0<n
75°+0Q cos 75° = 3sin0—4sin%9 —4sin@sin20sin40=0

= sin 0 [3—4sin%0 —4sin20 sin 40]
=8in0[3-2+2c0s20—2cos20 + 2 cos 66]
= sinf[1+2cos60] =0

\J3 —1=rC0os75°+r cos 75°

O

= sin6=0 orcosGGz—%

> 60=0,n or 0<0<m

r /30°\r 0,me[0,7] or 0<60 <6m (3rounds)
Number of solutions in 1round =2
total number of solutionsin 6 [0, n]
=2+6=8
Q4 (2
. Given 4 cos®x —4 cos?x — cos(n+x)—1=0
7 75 = 4 003X —4c0s?x + cosx—1=0
Q

50
P J3-1 A.M. of rootsx € [0, 315]
= 400 (cosx—1) + (cosx—1) =0
= (cosx—1) (4cos®x+1)=0
3-1) 1
= o2 =(\/3 -1 = cosx=1 or coszx:—z (not possible)
_ =2nm,nel
= r= /2 X ,
. . 0<2n< 100 e [0, 315]
. VXhICh isthe side of hexagon 0<n<500r [0, 100r]
8'38 8 x=0, 21, 4, 61, ..., 1007
2a0+1+2+3+...+50
4sin0.cosH — 20080 —2+/3 sind +4/3 =0 AM.= [ 51 ]
— 2c080 (2sin0—1)— /3 (2sin0-1)=0 = on 50x51
=— =50n
(2sind —1) (2cos0 — 4/3 ) =0 51 2
.1 B _m 51 lin Q45 (1)
= Snb=-,c0s0=—- = 9_6, 6 6 2cos (n+X)+3sin(n+x)=0
Q39 =2c0oXx—-3sinx=0=2-2sin?x-3sinx=0
Sin99=sin0=9=nn+(-1)"0 — 28X +38NX~2=0= SnX=-2, =

2
o1 T 57
:snx-Z:X—6,—6

If n=2m then 96:2mn+e:>9=%
0 Q46 (3

If n=2m+1then 96 = (2m+1)n -

2 X
:>6=(2m+1)1 We have 8tan §—1+secx
10
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Trigonometric Functions

Q52 (2

Given,

1-cosx 1 1+ cosx
=8 =1+ =

1+ cosx COSX COSX i
. 8cosX— 8008 X = (1+ C0SX)? tan(cot x) = cot(tan x) :tan(a—tan xj

= 9cos’ x—6cosx+1=0 -
cot X = nu+——tan X
= (3cosx—1)* =0= 3cosx-1=0 = S

1 T
:>cosx=§:005a(say):>x:2nnia = cot x+tanx:nn+§
a1 1 I 1 nmt n
S X=2nz tcos | = |,wherenel 5> ———=MM+—_—=— =—+—
3 sin X Cos X 2 sSn2x 2 4
. 1 4
Q47 (4 = sin2x= =
Q48 (4 M. T (2n+dn
Q49 3 2 4
Given sin36 1
'2c0s20+1 2 Q33 (3
Wehave cosx +cos2x +cos3x =0
3sinf—4sin®0 1 or (cos3x +cosx) +cos2x =0
:> -_— = — —_
o _4sin20+1 2 or 2c0s2X.cosx +cos2x =0

or cos2x(2cosx+1)=0

; ;2T — )
= 28n0[3-4sin°0] =(3-4sin0) We have, either cos2x =0or 2cosx +1=0

= (2sin0-1) (3—4sin%0)=0

T
1 — — =
. sinf= = e:nn+(—1)”%,nel Ifcost-O,thean—(2m+1)2

2
or sin29—§:> 0=nn+— mel 2x=(2 +1E I
=72 =t o, me or 2x=(2m )2,me
which does not satisfy the given eguation 1 5
Q50 @ It2 cosx +1=0, then COX = — = = COS“
o 2n 2
tanx+tan | X+ 5 | +tan | X+ | =3 =
3 3 2
v
= 3tan3x=3 X:2nni?,ne|
= tandx=1 Hence the required general solution are
x= &y T el T 2n
= XT3 T ne x=(2m+1)zandx=2nni?,m,ne|

Q51 @

cos70 = cos0—-sin40 Q54 ()

= sin40 = cos® — cos70 Given tan3x —tan2x _
— sin40 = 2sin40sin30 1+tan3xx tan2x

tan(83x—2x)=1
— sin40(1—2sin30) = 0 = tan(3x=2)

I
.'.sin49=00rsin39:% = tanx:l:tanz
n T T
= 40=nnor30=nn+(-1 s = X:nn+znel
P L E+(—1)”1 But at thisvalueof x, tan 2x = oo
- 3 18 which is not acceptable
wXed
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Q.55

@
= 1+sin2x+ 2(sinx+cosx) =0

= (Sin X+€08)* +2(sin X +c0s) =0
= (sin x + cosx)(sin x +2) =0

- Snx+cosx =2 isindmissible.
Snce|sin |<1|cosx| <1

s.8n X+ cosx=0=sn (x+gj:0

T n4
:>X+Z=n7'l::> X=Nw——-

@

(&)

Given

NP +2sin20 +3sin6 +4sin4d = 10in (0, nr)
Using boundary of SM

It'sonly possibleif = 1+2+3+4=10

(Using boundary values)

= sinf=1&sin20=1&sin30=1& sn46=1

T T T T
= +— = +— = +— = +—
0=2mn 2,26 2nw 2,39 2kn 2,49 2pn >

melnelkelpel

6=—0=

r
4

< il ¥[34

x € { } number of solutoinsiszero.
)

@

Givena, +a,C0s2X +3a,sin?x =0
a, +a, (1-2sin?x) +a,sin’x =0
(a, +ay) = (28,—ay) sin’

’ a; +as . 5
sin“x = 2a, - as 0<snx<1
a; +as
<5, . <
2a2—a3
0<a +a,<2a,-g
a,+a3,>0 (i)
2a,-a;20 (1))
- +a,—-a;>0 ..(iii)
Nr<D'
homogenous system of equations
1 1 0|y 0
0 2 -1 |ay|,|0
-1 1 -1||a3 0

Q.60
Q.61
Q.62

Q.63

Q.64

[A]=1(2+1)-1(0-1)+0=-1+1=0
So number of solutionisinfinite

)

@

©)
- A:B:C=3:5:4

. A=45°,B=75°,C=60°
- fromSine-rule

a b _c —k
sinA ~ sinB ~ sinC ~

=

a
I J3+1
V2. 22

30%)

= k(- sin75°=sin(45° +

<
V3
2

oa=

k b:{\/g+1j kv3

E 2\/5 kandC:T

k J3+1 k3
" a+b+c\/§:3 +[W}(+(T] V2

k 3k(\/3 +1)
= m [2+(\/§+1)+2\/§] = 2—\/{ =3b

@
A +B=180°-C=90°
a=2RsinA,b=2RsinB,c=2RsinC
.a’-b*> sin’ A-sin’B
a’+b’> sin? A+sin’B
_sin(A+B)sin(A-B)

sin® A+sin*(90°-A)

[.. A+ B=90°]
o B
:sr_1920 sm(A2 B):sin(A—B)

sin“ A+cos” A

@

LetA, B and C bethethree angles of AABC and
It isgivnethat the anglesarein AP.

.. 2B =A+ Con adding B both the sides,

we get

3B=A+B+C

=3B =180° =B =60°
a’+c® —b?
Now, weknow cos B = ——
2ac
10% +¢? —9?
2x10xc

= c0S60° =

38
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1 100+c¢*-81 _a_ (c+a’-b%)
e

2 20c 2 2ca
2 2 2 w2 2 2
— *-10c+19=0=>c=5++/6 _a-c z—a +b” _b7-c
Q65 (1) a 2a
Q66 (3
Q67 (3 Q71 (4
SineRulein AADE
y bcsin® A
" cosA +cosBcosC A
_ k’sinBsinCsin® A £
" —cos(B+C)+cosBcosC )
k? sinBsinCsin? A
= —— =k2simA=a. D
sinBsinC
P C
Q68 (3
(a+b+c)(b+c—a)=kbc DE _.p
= (b+c+a)(b+c—a) =kbc SinA
= (b+c)?2—a=kbc snA 1
= b?+c?—a?+ 2bc=kbe ~ pE=2 s§ma :2Ax£:é{—=§
= b?+c2-a2=(k-2)bc a R RL 2
72 @
2,2 .2 _ Q
_ b7+c®-a® k-2 Q73 (2
2bc 2
_a+b+c
K_2 AM.= ———
- —1< <1
= 2<k-2<2 = 0<k<4 Altitudesare 22 28 28
Q69 (3 a b c
1 B 3 6
AD:EV2b2+202—a2 H'M'_iJri ¢ ~(a+b+0)
= 4AAD?2=2b%+2c2 - & 2A 2N 2A
= 4BE?2=2c2+ 22 —b?
= 4CF2=282 + 2072 (AM)x(HM)=BF0*H0)  _3x28
. 4AD?+BE?+CF?) =3(&2 + b? + c?) 3 (a+b+c)
y o Q74 (2
_, AD°+DE"+CF” _3 _., Givenc=5,b=12,a=13
BC2+CA2+AB? 4
Q70 (2 B
BM =a/2
BD =ccosB D
a 13
DM:E—ccosB 5
A
A 12 C
b
c
SA_122+52—132 o
. O
D aM C i.ee A=90°
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Q.75

Q.76

Q.77

AltitudeAD = 22 = 2x30 _ 60
T a 13 13

1
{A= EX5><12:30}

s—a=3 (D
and s—c=2
by (1)-(2), weget

c-a=1
(1) +(2),weget2s—a—c=5
= b=5
-+ AABCisrightangledat B
s @+c?=25 (3
. (c—a)?+2ac=25

ac=12 (4
~al+a=12=> & +a-12=0
= (a+4) (a-3)=0
—a=3andc=4.

@

A B 3
. — + — = —¢C.
b cos? 2 acos’ > 2c

s(s—a) s(s-b) 3
b be & ac ~2©¢
s bz em S xee S
= 5 [s—a+s—-Db] = 5 C= ¢ XC=5
at+b+c _3c a+b=2c
2 2 —arh=
=a,c,baeinA.P
@)
AABC,4A=g
C r 1
— = = ==bc
s = e S(SC){AZ}
1
o C - 2" __%c
72 T (@+bic)(@arb-—c) 202+ 2ab
2 2
{.'.a2:b2+C2}

Q.78

Q.79

Q.80

Q.81

2bc c a-b

= 2b(b+a)  aib a-b
cla-b) c(a-b) a-b

a?-b% = ¢2 c

@
o b*-c® _ 4R2(sinZB—sin2C)

2aR 2.2RsinAR

_sinB+C).sin(B-C) .
= SnA =sin(B-C)

abc a’ a

a
= —= 1R: = -

s 23 4N \3a* 3
A _\/§/4a2_\/§a

andr, = =—
s—a al2 2
a a 3
rRir=——:—:—a=1:2:3
Hence, 1 2\/§ 32
@
A
F |Ic)\E
B D C

The foot of the pole is at the centroid is the point of
intersection of mediansAD, BE and CF, which arethe
lines joining a vertex with the mid point of opposite
side.

©)
@

acosA+bcosB+ccosC
a+b+c

40
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Q.84

Q.85

MATHEMATICS 41

R(sin2A +sin2B+sin2C) Q.86

2R(sinA+sinB+sinC)

4sinAsinBsinC A . B . C
=4sin—sin—sin—
2 2 2

= A B
8cos-—-cos—Ccos—
2 2 2

_r

R
@
Givena:b:c=3:7:8

Weknow R= a & r=—
~ 2sinA T s

R as a(a+b+c)

=

T T 2AsinA 1 .2
4x§bcsm A Q.87

_ a(a+b+c)
~ 2bcsin? A
8}

1
{A= besinA} {-a=3kb=Tk,c=

b2 +c2 —a?

-+ COSA =
2bc

_k* 49+64-9 _ 104 _13
Ck? 278 278 14

, 132 27
SLSPA=l-—5 =5
14° 14

R __3B+7+8) k* 3x18x14x14
T F T 2x7x8sin?A K2 | 2x7x8x27

7
=—=—-= Rir=7:2

R _14
r 4 2 Q.88

@
r
INnAOBM, cosA = R Q.89
A
= CoSA+cosB+cosC=1+4nsn E

r r
— +cosB+cosC=1+ —
- R R

= cosB+cosC=1

©)

D

= AP=AD=PD=a
= angle subtended

by aside= —

(- equilateral Au)

©)

Trigonometric Functions

5 +5°-(3v2)°  25+25-18

CsO="o56E - =0
gz 32 _16
€OSP="50 = 25
@
tan30°=h:h=}/\/§km
2
A
10 100
B a2 M a2 c
AM = \[2(100) + 2(100)° — a2
. AM 16
given s e Q)
h _5 5
R @




Trigonometric Functions

Q.90

&)
Let ED =h,ZEAB =«
ZEBD = 2a, ZECD = 3a.
Now, /DBE = ZEAB + ZBEA
= 2a=a+ZBEA
= /BEA =a=ZEAB
= AB=EB=a

Qa1

€)
d=hcot 30° —h cot 60° and time= 3 min.

h(cot 30° — cot 60°)

- Speed = =

per minute

60° 30°
—>
d

It will travel distaneh cot 60° in
hcot60°x 3
h(cot 30° — cot 60°)

=1.5minute

Q.92 (4
Let height of the tower be h m and distance between
—b—sfe—a—y tower and cliff bex m.
A 45°
Similarly, ZEBC=a 1 30°
InAEBC, BC = - E? E 300 C
sina.  sin(180 —3a) 50m
b a a sn3a h
= ==
sna sSn3oc b sin3a 45°
' . *B D
a 3sina-4sn’a .
b sng S 4snta ~.CD=h,BD=x
AB 50
= 4S.n2(x:3—E:3b_a INnAABD, tan45°=ﬁ or 1:7
b b x=50 0)
—sng - P2 30 AE_AB-EB_ AB-DC
4b "EC EC _ BD
- EB=DC,EC=BD
INAEBD, sin 20 = =2 (1 o )
EB — =" or x=50/3-h/3
— ED=a-2sina-cosa J3 X
H Za\/gb_a\/ 3b-a or 50=50y/3- /3 [ From(i),x =50]
4b 4b or h/3=5043-50
3b-a [b-
—2a| 4ba /4—;‘ __50(3-1) L
orh=——~>=50|1-—
) e
=—.,/(a+b)(3b-a)
2b s h= 50(1— ﬁj
3
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Trigonometric Functions

Q9 (M Q98 (3
Q9 @3 .
Q95 (1)
Q9% (3
i)
h-a h
30° 100
h
a - 60°| 45
B 100 C
45 i
o o _
oo ~an6o = h=100+/3
1 _ h-a Height increased by (100+/3 —100)
37 =100(~+/3 —1)
h=hJ3-aJ3 = aJ3-h(/3-1) Q9 (3
A
a3
=h= =al3-
a3 h
he V9
(3-9)
97 (2 30° C/6 a
QY7 @ s ——
INAABC
D:tan60°
X
h=v3x| 1)
2AABD
h
_— = 0 _
oo ~tanser = J3g=x+20
...... @)
from(1) & (2)
INABCD INAACD h= 3 (J3h-20) = 2h=20.3
5 30
e enzesn = |h=10/3
Q.100 (2
2tano _@
1-tan?a X
5
2><; 30
25 x
1-=2
X2
0¥ 0 _
X2 (x2—25)  x = x?=3c¢?-75
75=2%?
A B
x:S\E Z AQB=60° and AQ=BQ
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= ABQisequilateral triangle 100

In ADPQ BC =300 cot 60°= —7=
AQP=h2+AP? V3
2
2oy & 2_.2 300
Q=i = o =] It ABCD N="7=" =100,/3
Q.101
EXERCISE-IlI
NUMERICAL VALUE BASED
TRIGONOMETRIC RATIOS AND IDENTITIES
Q1 0006
InAACP COSHA +sin5A
CosA  snA
_AC _AB/2 1
tna=- 5 =" 5 "o _ SinACOS5A +CoSA SIN5A
InAABP sinAcosA
(ot p)= o8 _1 _28in6A _ 2[3sn2A -4sin’2A]
AP nAB n sin2A sin2A
tan(a +p) = 1 . 1-cos4A
n =6-8sin?2A=6-8- 5
le =2+4cos4A =a+bcosdA
l-tanatanf n a+b=6Ans.
1
on ek Q2 0002
— 1.1 coso
1- —tanp )
2n 2c0s(0—).cos(0+¢) 2(cos’0—sin’ )
1+ 2ntanp T cos(0-¢)+cos(0+¢) T 2cosO.cosd
_on 1 = c0s?0.cos¢ =cos? 0 —sin ¢
2n—tanp n = sin?¢=cos?0 (1-cosd)
an L0 0
n (1+ 2ntanf) = 2n—tanP :>4sm2§ .cosZE:ZCosze.smzz
n+2n?tanp = 2n—tanp
tanp (2n2+1)=2n—n
B 0 ) :cosesec% =2
=557 Q3 0001
Q.102 (1) SincesinA. cosA and tanA are GP.

wehavecos’ A=sinAtanA
—> COot? A=secA

= cot*A=1+tan’A

= COot’A —cot?A=1

A

Q4 0001
Wehave cosec 0 —sin 6 = &
= cos?’0=asin0 & sec® —cosO =b?
= sin?0 =b®cos 6 on simplifying
= 45 = @ (@+b?)=1

p<—T——>0

Q5 (0007
sin®+sin?0 +sin?0=1
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sind (1+sin?0)=1-sin?0
= sin 0 (2—cos’0) = cos’0 = on sguaring

Trigonometric Functions

:1(1+£+1J(_1+f5_—1j

= sin?0 (2 —cos?0)? = cos' 4\ 2 4 2 4
= €080 —4 cos*0 + 8 cos’6 =4
1 1,351 1) 51 1
Q6 0002 4] 4 2| 4 4 16 16
Explanation:
Thevalue of (1 —cot 23°) (1-cot 22°) Q.10 10
(sin23° - c0s23°)(sin22° - cos22°) .
= SN2 Sin22° 5 cosd + 3cos (9+§) +3
J2sin(23° - 45°) A2sin(22° - 45°) n n
= = — -9 in—
Sn23°sin22° 5 cost + 3 (cosb cos 3 smesm3)+3
=2
3
Q.7 0003 =5cose+—cose—ﬁsin9+3
Explanation: 2 2
tan20° + tan40° + /3 tan20° tan40°
V3 = 1—?’cose—ﬁsin9+3
_ §n60°  /3sin20°sin40° 2 2
" c0s20°cos40°  c0s20° cos40° 2
S maximumvaue=3+ /| &5 5
«/5(1+sin20°sin40°j 2 2
= 2 =3
c0s20°sin40° /
=3+ £46=3+7=10
Q8 15
4T 41T 431 451 TRIGONOMETRIC EQUATION
COS” = +C0S"— +C0S" — +COS o Q11 006
Apply sin C + sin D and then solve
—cos4£+cos4£+cos4(£—£j+cos4(ﬁ+ﬁj 2n 5
8 8 2 8 2’8 0=0—,= = Xy
6 3 3 6
=2 0054£+sin4ﬁ} Q.12 0o
. 8 8 Givensin© = 3sin (6 + 2a)
r =snO®+a—-a)=3sn(0+o+a)
=2 (coszg+sinzg)2—25in2§+coszg} = sin (8 + o) coso. —cos( + o) Sina
- = 3sin (0 + «) cosa + 3cos (0 + o) Sino
r 1 2 = —2sin (0 + o) coso. = 4cos (0 + o) sina.
. T
=2 l—E(szj } -sin(0+a) 2sina
- cos(6+a)  cosa
o1 17 3 = tan(0+a) + 2tana. =0
U 4] 2
Q.13 0000
Q9 0065
i 2n 4t 8n 1+Sinx(1_cosxj20
C0OS—.C0S— .COS—.COS—
15 15 15 15
1 . - 8t n = 4+ 2sinx =sin2x = No. sol
:Z 2COSECOSE 2COSECOSE
Q.14 0004
1
== . 3+1 . 3
7, (cOSB0°-+ Cos36Y) (cos120° + cos72°) 1osineys V3 2+ . \4f 10
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sin?x — smx+7:0;

4sintx—2/3sinx—2sinx + /3 =0
On solving we get

V3

S =112, = (a/6, 51/6 /3, 2n/3]

- \/§+1. \/5
2

Q.19
Q.15 0000
sinx cosx [sin?x +sinx cosx + cos?x] =1
= sinXxcosx +(sinxcosx)?=1

SnN?2x+2sn2x-4=0

244/
%Z_H\@,
which is not possible.

Q.20

=sn2x=
Q.21

Q.16 0007

Givenequationis

sinx[4(1-sin?x)—-2sinx—-3]=0

. sinx=0 or 4sin’x+2snx-—
1=0

sinx=0 or sinx=

~1+45
4

V5-1

4

sinx=0 or sinx=

\/§+1
4

or sinx=

..Genera solutionis Q.22

T
X=nr+(-1)"—

X=nm or 10

or X=nm+ (—1)”(—ﬁj ,neZ.
10

Forn=1,2

_13n 17n
X=710 10
Q.17 004
apply sinC +sinD & cos C + cos D then solve
0008
given equation can be written as
3sin0-4sin®0 =4sind sin 20 sin40
henceeithersin6=0 = 6=nn
or 3—4sin0=4sin20sin40
3-2(1-cos26) =2 (cos 20 —cos 60)
or 1=-2cos660

Q.18

60=— 1 = cos o
Ccos ——2—COS3

60 =2 +@
=2nt+ 3

if 0<0 <~ thentotal solution are
On2n4rc5n7rc8n

is8real solutions.

0005
Apply cosC + cos D and then solvex = 30°,45°,90°,
135°,150°

0005

Apply cosC+cosD andsinC+sinD , thensolvex =
x 5n . 9% 18

[ A S

0000

Take, asin(B—C) =asinBcosC—acosBsinC

_@(b%az—cz]_%(c%az—bz]

k 2ab k 2ac

b*+a’-c®-c’-a’+b* b*-c’
2k k

c®-a’

Similarly, bsin(C—-A) =

a’—b?
k
Adding them, we get zero.

and csin(A-B) =

0003

Wehave B+C=180°-A, B-C=60°

B:120—A and C=60°—A
2 2

sinB:sin(180°—B):sin(60+%j

sinC=sjn(60°—%j

Also area of theA:%casinB
_LaorsncsnB=1a -2 lsnBsinC
2 2 \ShA

_a’sinBsinC
2sinA
. A, . A
36)sin(60° ——)sin(60° + —
:l() ( 2) ( 2)
2 snA

12
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Q.25 0000

4sinA = 3(cosA —cos120°) = 3cosA + 3 . .
2 ‘»a, b, c areinA.P. aswell asin GP.

8sinA —6cosA =3. b*=ac
atc=2b
Q.23 0009 (a+c)?=4ac
a:b:c=4:5:6 (a—c)*=0
Leta=4k, b=5k, c=6k a=c
_ 15 = 2a=2b,a=b
2 A A A
s(s—a) (s—b) (s—c) Y"s-a'? s-b'° s-c
~n=r=r(a=b=c)
Jz I R
o
r_lzr_z Hence -2 =0
) e
2 2)\2 Q.26 002
15ﬁk2 cosp PP e -a® _25436-16 3
A4 N7, 2bc 60 4
s (B2 9 1
2 Similarly, cosB=-— and cosC==
16 8
_abc _ (4K)(5K) (BK) _ 8 3 K (Kj
4A 15f 7 " COSA+00SB +cosC= = then | | =2
8 (where () denotes |east integer)
R_J7_16
s V7 7 Q.27 0002
—a 2, g2 2
2 COSGOO = ﬂ , BDZ: 19
m=16,n=7,m-n=9. Ans. 2(2)(5)
x?+3-19
Q.24 004 NowcoleO°=W
a’+16-8
cosB=————
2xax4 D C
V3 a?+8 S
e 3
2 8a 2
= a?-4J3a+8=0
A 5 B
= Xx?+3x-10=0
=Xx=-5,2
B X PREVIOUS YEAR'S
Q1 @
=|a,—a, =4
U Q3 (@
:>|A1—A2|_2><S|n30 x4=4 04 ©
Q5 (@
Q6
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Q7
QS8

Q9

Q.10
Q.U
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18

Q.19

Q.20

@
4
@
(1)
@
(1)
@
(1)
@
@
(1)
@

4
i tand =—
Given, 5
§no=—2 g 3
. \/4—1an COS@—M
4 5
BXx——-3x—
539n0—300s0 Mzi
W, ————= 4 5 14
9n0-+200s0 e+ 2X =
Jia
@
Let3A=A+2A
tan3A =tan (A +2A)
tan 3A = tan A +tan 2A
ANA= 1 tanA tan2A

= tan A +tan 2A =tan 3A —tan 3A tan 2A. tan A
= tan 3A —tan 2A —tan A =tan 3A tan 2A. tan A
@

5
Giventanx = Eandxli&inlll guadrant.

) -5 -12
cosink= —andcosx = -

13 13
A
5 3
B (7 c

X x 1
Now, cosx = 2c0325—1:> cos’ 5= E(cosx +1)

1[—12 1 1) 1
== —+1l|==| — |=—
2\ 13 2\13) 26

X 1
cosS— =, |—
2 26

Q.21

Q.22

Q.23

Q.24

@
Given, sinA + cosA = /2

isinA+icosA =1

T T
= sin—sinA+cosAcos — =0
4 4

@
tan 75°—cot 75°

3 sin75° B cos75°
"~ cos75° sin75°

_ sin’-75°—cos’ 75° _ —2c0s150°

sin75°.cos75° sin150°
, V3
_ —2c0s(90°+60°) _72 _of3
sin(90+60°) 1
2

@
Given,a=sin6 + cos6
andb=sn®*06 + cos*0
So,a8=sin6 +cos*0 +3sin6 cosO (sin 6 +cos0)
and 3a=3(sinb + cos0)
a—3a=sin*0+cos*0 +3sin6cosO

(sin© + cosb ) — 3 (sinb + cos )
=sin®0 +cos*0 +3(sin6 + cos0) (sin 6 coso —1)
=sint0+cos’0 -3 (sin6 +cos0) (L—sin 6 cos6)
=sin®0 + cos®0 —3(sinb + cosh)

(sin?6 + cos’0 — sind.

cos0)
=sin*0 +cos® 6 -3 (sin®6 + cos® 0)

[using identity, & +b® = (a+b) (& + b>—ab)]
=—2(sin®0 + cos® 0)
> a-3a=-2bora-3a+2b=0

@
Wehave, sin x—3sin 2x + sin 3x = cosx
—3C0S2X + CcosX
= (sinx+sin3x)—-3sin2x
=(cosx + cos 3x) —3 cos 2x
= 28N 2X coSX =3 SN 2X = 2C0S 2X COS X — 3 COS 2X
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~>SINA +sinB = Zgn(A;BJcos(A;B]

{2

and cosA + cosB = ZCOS(A *

Trigonometric Functions

+0)

=—cosh. coso — (-sin B) (-sin B)

=—cos’0—sin?@=—(cos’0 +sin20)=—1
[--sin?0 +cos?0 = 1]

Q28 (2
We have, tan 57° —tan12° — tan57° tan12°
= (2cosx —3) sin 2x = (2cosx —3) cos 2X We know that,
=8n2x=cos2x = tan2x=1 (A = tanA —tan B
tan 2x t (nn+£jnez S EAE T L anams
= tanexian 4) = tan A —tanB = (1+tanA. tanB) x tan (A—B)
Put A =57°and B =12°
= 2x=np+ — = tan57°—tan12° = (1+ tan 57°tan 12°) tan (57°— 12°)
= tan57°—tan 12°—tan 57°tan 12°=1
i = tan57°—tan12° —tan57° tan12° = tan 45°
= X=?+— [--1=459
Q29 &
Q25 We have ~(v3cos23—sin 230
We have, e have 3( )
€0s12°+ cosB84° + cos156° + cos 132°
=(cos12° + c0s132°) + (cos84° + cos 156°) _ 2 ﬁ C0S23°— 1 S§n23°
=2 ¢€0s 72° cos60° + 2c0s120° cos 36° 3 2 2
. J5-1 J5+1 2
+ Snl8P=——,c0s36°=— — = 3 (c0S30° C0s23° - N3P sin23)
_AB-1-45-1 2 5
4 4 2 cos30°=—3,sjn30°:l
2 2
Q26 (9 )
We have, = = c0s(30°+ 23°)
COS? X + COS? y —2 COS X COS'Y COS (X +Y) 3
=COS? X + €0’y — 2 COS X COS Y [-.- cos(A+B) = cosAcosB —sinAsinB]
[cosx cosy —sinx siny] 2
[--cos(x +y)=cosx cosy—sinxsiny] = —0c0s53°
= cos? X + COSPy — 2C0S? X COS?y + 2 COS X COS Y SinX 3
siny Q30 _ _
= cos? X + COS? y — COS? X COS? Y We have, (cos o + cosB)* + (sin a. + sin )
—C0S? X COS? Y + 2 COSX COSY SiNX Siny =00s’ o+ Cos* p + 2c0s 0 COSP _ _
= (COS2X — COS? X COS?Y) + (COS? y — COS? X COS?y) _ +dnfo+sn?+2sina
+2C0SX Cosy Sinx siny sinp _ _
= cos? X (1 —cos?y) + cos? y (1-Cos? X) =(cos’ o +sin?a) + (cos’ B +sin*B) _
+2c0sX cosy Sinx sin _ +2[cosa cosp +sina
y sin ]
=sin?x cos?y + sin%y cos’x =1+1+2[cos(a—p)]
+2 COSX COSY SinX siny =2[1+cos (a+p)]
o+
= (sinx cosy)?+(siny cos x)2 = 2{20052 (Tﬁﬂ
+2cosx cosy sinx sin
y o+
=(sinx cosy + siny CosX)? =4cos’ (TBJ
={sin(x+y)}?=sin(x+y)
Q27 Q3l
We have, sin (270°—0) sin (90°—6) Q32
—c0s(270°—0) cos(90°
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Q33 @B
Q34 (2
Q3 (2
Q36 @
Q37
tanx + secx = 2cosx
sinx 1
———+——=2C0SX
COSX COSX Q.2
= 1+sinXx=2c0s*X
= 1+snx=2(1-sn?X)
= l+sinx=2-2sn%*
= 28nm’x+sinx—-1=0
= 2s8i’x+2sinx—-sinx—-1=0
= 2s8nx(sinx+1)-1(snx+1)=0
= (sinx+1=0=2snx-1=0
. . 1
= smx=1,smx=§
Q.3
x=3F y-T
= 276
Q38 (2
Q.39 (o
Q40 (O
Q41 @3
Q42 (2
Q43 @
Q4 @
Q45 @3
Q46 (O
Q47 (O
Q48 (2
Q49 (O
Using sinerule
a b
sinA sinB
cosA cosB
We have, =——
a b
cosA  cosB
~ KsnA KsnB
= KsinBcosA =KsinA cosB
= cosAsinB—cosBsinA=0 Q.4
= sin(A-B)=0
A=B
.. Trianglein anisosclestriangle.
JEE-MAIN

PREVIOUS YEAR'S

Q.1

TRIGONIMETRIC RATION AND IDENTITIES

@)

2sin12° —sin72°

sin12° —sin72° +sin12°
sin12° —{sin72° —sin12°}
sin12° —{2sin30° cos24}

€0S78 —cos42° = —2sin18°sin60°

-2 \/g—lxﬁ

= e —
4 2

_3@-+5)

4

)
16sin20° Sin40°sin80°
= 16sin20°. Sin(60°— 20°).sin(60°+ 20°)

1
(- sin6- Sin(60-6)- sin(60-+ 6) = 7 sin30)

o)) 2

@

COs 2n + COSﬂ + COS(S—Tc
7 7 7

Sin(anj E+@
7 7 7
=" 5 xcos 2
sin=
7

2§n(3n)
_\7)

€)
C0S72° = IST_l

:>1—25in236°:f5—_1
4

= 4-8a?=5-1

= 5-80%=+/5

= (5-80%)2=5

= 25+ 64a*—8002=5
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= 640*—8002+20=0
= 160*—2002+5=0
= 16x*—20x*+5=0

Trigonometric Functions

25in(32n)
- 1) 1

5 i U E
cota=1,secp = —?,Cosﬁ _ %,tan[i: —? 0s 1 TRIGONOMETRIC EQUATION
LA 20-cos0 + /2 =0
3 1 =cos0=20+ /2
tan(oc+[3)=1 4 1 7
+§>< y=20+ .2
Q.6 [80] y=20++/2
e[ L o o i e | i1 G RO 1A (BT LA 01
sinl10 5.2:sm20 sin40° |.sin10° sin(60° —107) sin(60° +10°)
. 1 . L1 . y =050
=sin10" = (cos20° — cos60’).=sin30
2 4
1 1 1 ] ) i 1 -n/2 / n/2
=—.—.—.sin10"| cos20° ——
242 2
1 . . ) Both graphs intersect at one point.
=—(sin30° —sin10" —sin10’)
2
3 Q0 @
1(1 sinx = cos’X
25[5—28in10°j Lety =sinx andy = cos’x
1 . .
=&(1—4S|n10) W
L TN
=———snl0o
64 16 x=0 x=10
1 Total number of solutions=4
Hence & = —
64 Q.10 (2
=16+a1=16+64=80
T —T
i =g Oe|l-n,n|-9=,—
Q.7 © sinBtan0+tan6=sin20, E[ n ﬂ] {2 2}
51 An 3 on T tand(sin6+1)-sin20=0
Let S:ZcosE-cosE-cosE-cosH-cosl—l ino
ﬂe(sineﬂ)—zgnecose:o
cos
Now, cos%z—cos% )
sin[smeJr—Zcose}:O
4 08T — _cos " cos
And COS- 7= ~C0S—7~ Sin6=0 &  Sind+1-2c0s0 =
0, cosB=0
. S= ZCOSE'COSE-COSE-COSS—R-COS@ =,0, sind +1-2(1-sin?0) =0
11 11 11 11 11 sinf +1-2+2sin?0 =0
2sin?0 +sin6-1=0
2sin?0 + 2sinf —sing-1=0
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25in0(sin0+1)—(sin0+1) =0 Q3 @
82

; ; 2sin? 6
(2sin6-1)(sin6+1)=0 8 +825in26 =16
: 4
no= 2 t+6T:16
T \! _g
Sr
No solution O_E — — Q2?0 _
66 g -8

. n(9=5 L g-r3r 5t
T =%, =,0s20 n(5)-44 474" 4
= cos2(—r) + cos2(0) + cos(2r) + cos2(n/6) + cos2(5r/
6) 5 2
1i1e1et L bes Zsin[n+29]cos(n+26)

2 2 4 4
T=4 )
T+n(S)=4+5=9 _—
°€Ssin(“+4e)
Q1 (d) 2
T iy X
Cos 3—sm X=7 COs’2X 22%49
0eS
- l—SiI’IZX: 1 [1-25imX]? = 2[secn + sec3n + sechn + sec’n|
4 4 :_8
= 1-4[=1+4t2—41]
4?=0= sinx=0=x=-3n, —2n,—x,0,7,27,31 n(5) + Zsec(% + 26] COSec (% + 26) =4-8=-4
:7 0eS
Q12 &
14cosec?x — 25in?x=21 —4cos’x Q14 (3
14cosec? = 2sin?x + 21 —4 + 4sin?x 1 8
9 —

14 . - -2
s oS o0+ (m-D) eas(o+ ) 3
Letsin’x =t
14=60+17t _ - i
6t 2+ 17t—14=0 . Sn((9+6)]—(9+(m—1)6j 8
6t>+21t—4t—14=0 =2y - e
(3t=2)(2t+7)=0 cos(6+(Mm-1) g) cos(0 + ?)

L, 2
SN X=—

3

. 2 s'n[eJr@)oos(eJr(m—l)ﬁj—cos{(%@)sin[9+(m—1)£)
sinx=x% 3 ~y 6 6 6 6)_—4

" oos(%(m—l)%)oos(m%] V3

T I
Ifxe(“ 4J =3 tan(Om—j tan(6+(m nEx j——4
m=1 6 \/‘
. 2
smx=\f3—>2value£ofx -
:>tan(9+gj—tane

sinx=—\F—>2 values of x
3 tan 9+E —tan 6)+E
Ans.=4vauesof x 6 6
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Q.19 [3]
tan[6+%j—tan[e+8—n] 2sin?0 —cos20 =0
6 6 =2sinP0-1+2sn0=0

= Sir129=1
3n -4 4
=tan| —+0 |-tan6=—= 1
2 \/§ :>S.n29:i'5
—COto—tanf=—= o_ T 51 7nlln
V3 " 6'6'6 6
T 2c0s’0 +3sin0=0
0=—,— = 2(1-sin?0) +3sin@ =0
36 2520 —3sin0—2=0
Y _r, T :>sin26:_—l,2(rejected)
Bes 3 6 2 2
Q15 [ _Tn Un
Q6 @ 6 6
lcosx|=sinx sum of solutions
LI S
g g = 3n=kn=k=
SOLUTION OF A TRIANGLE
0 m 2 Q20 (1
\/ atb= 7k
b+c=8k
. cta=9k
Total solu. : 8 ~atbro= 12K
c.a=4k, b=3k,c=5k
Q17 (@) AABC will be Right angled triangle
2
Zcos[x +X]=4X+4X
c
LHS<2&RHS>2
Hence, LHS.=2& RH.S.=2
2 b
Zcos[x +X]=2; 4 +4*=2 - 2R=c
5k
Checkx=0 R:7
Possible hence only one solution
Q.18 [16] . (ix4x3]k2 R_5
7008%0 — 3sin?0 — 2c0s220 = 2 p=a_\2 r=k =>-—==
4c0S’0 + 3c0S20 — 2c0520 = 2 s 6k ro 2
2(1 + cos26) + 3c0s20 — 2c0s220 = 2 HEIGHTS AND DISTANCES
205?20 -5¢0s20=0
€0s26(2c0s20 —5) =0 Q.21
cos20=0
0=(2n+1)= (h-20)
4
h
5= {2 30 5 7n]
444" 4
For al four valuesof 6
x2—2(tan?0 + cot?0)x + 6sin?0 =0 4

=Xx?—4x+3=0

«—Y
Sum of roots of all four equations=4x 4 =16 Let height of the tower DC=h
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h h
—:ta|160°=«/§:>y:—
fromADCA y NE (D

fromADMB

—h_2°=tan30°=
y

&1+

h-20=

B BB
3h—60=h
h=30m

y h
3

Q22 (3

w—=—>

X C X Q

LetBC=CQ=x& AB=hand PQ=2h

tanezﬂ, tanE:Z—h
X 8 X

tan© 1

@ 2

1 T 1
tano :Etan(gJ :E(ﬁ_l)

tan? 0 = %(3— 2J2)

Q23 (2
P A
1
8
!
C
T
(@) 8
!
B
E =tan15°
OA

Q.24

Q.25

= OA =0OPcot15°

OP _ tan45° = 0P=0C
oc

Now, op = \/OA? -8

= OP? = (OP)’cot?15° —64

32
= 0OP?= ﬁ(Z—\/é)

@
In APQA

Ten 4=

QA
QA = (h+15) cot 75° ()

R

Now InAARQ tan 60° = —Q

QA =15. cot 60° (2
FromEqg. (1) & (2)
(h+ 15) cot 75°= 15 cot 60°

15( cot 60°—cot 75°)
- cot 75°

(%—(2—@)
T (2-vE)

h=15

15(1—2\/§+3)
"= (2-V3)\3

15
hzﬁxz PQ=h+15

h=103 PQ=5(2V/3+3)

@

o7 O

W€ 8. Y >E

B&e—9—>-A

b
GivenOB=15
3

cosp=—

J13
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2
Vi3 2 4h (x+ﬁh)
= X
X +7h X% +7h? + 2/7xh —4h?

h  4h(x+y7h)

tanp = 2 X x? 4307+ 2/7xh

x% +3h% + 24 7xh = 4x2 + &7xh

3
=
) 3x2+27xh—-3h* =0
2
X X
B 43 27(3) -
B 15 @) h h

tanp = x _~2J7+/28+36
15 h™ 6
2_h X _-27+8 74
3 15 h™ 6 3
10=h
0 X _4-7
15 h 3
- tano = —2
B A : =
9 X7
OA2+AB2=225 h
OA2+81=225
OA=12 2 2x3 3 2-\7
F 4—ﬁ+ﬁ 4+ 207 247 2-47
Am 3
A 3(2-47
12 o :—(4_7 ) = tana=+7-2
tang = 19 Q27  [10620]
12 —800< f(n) <800
12 6 —800< 2n*—n-1<800
cota=75=% 22 —n+799>0
a>0
Q26 D=1-4(2)(799)<0
Always true
B
| nerR
2
i 2h 2n°—n—-801<0
A ,A | 1+ 1+ 4(2)(80)
Qe >z >A n= 2
d=+7h - _1:/6408
tan2azn,tanoc:dz—h: 23, 4
X +X  x++/7h n_ltSO
2tana 4h 4
= tan2a = —=
I-tan*a  x++/7h 7981
L A S
(X + ﬁh)z n e [19.75, 20.25]
ne {-19-18,-17............. 1,01,.......20}
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Q.28

f(n)=2n?—n-1
f (-19) =2 (-19)>-(-19) -1

£(19)=2 (19 - 19 - 1
f(20)= 2 (20)2 - (20) -
1
2[(-19)2+ (-18)%+ ... ... +(200%
-[(-19) +(-18) +o +(-1) +
@... ot
(19) +20] - 40
= 2[400+ 2(%)}— 20-40
=10620
@
P

_ |10
45° d/'B@D M| _
0° X
A R Q
LeeBR=X
In AARB
: 300_5_E —g
sin = d 2 X= 2

X
PM =10-X AARBtan30° == =AR =+/3x

-~ BM=RQ=AQ-AR=10- x+/3

10-x
~d=2x :10(@—1)

10-x
In,ABMP, tan 60° = \/§:>x:5(\/§_1)

Now let areaof trapezium PQRB = % (x+10)
(10-x3)
= %(5\/5—5+10) (10_5(@(./3-1)) )

_ %(5Jé+5) (10-15+5./3)

1
=5 (75-25)=0
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Mathematical Induction

MATHEMATICAL INDUCTION

Q1

EXERCISE-1 (MHT CET LEVEL)

@)

P(n) : a1+ p2n-1 Q4 ©)
P(1) : a + bl =a+b, whichisdivisibleby itself, i.e. by By Induction, P(n) istruefor all n e N.
(a+b).
o P(n): @1+ p?-lisdivisibleby (a+b), andistrue Q5  (b)
forn=1 Whenk=1,LHS=1butRHS=1+10=11
Let P(k) betrue, i.e. P(k) : @¢~1+b*-1lisdivisible by - T(1) is not true
(a+b) Let T(k) istrue. That is
i.e a-1+p&-1=m(a+h) 14+3+5+....... +(2k-1)=k?+10
Now, NOW, 1+3+5+.....+(2k—1) + (2k + 1)
Pk +1)=a*t1+p&+1=gk-1. 2+ pk+1 =k?+10+2k+1=(k+1)?+10
=2 [m(a+b)—b%-1] + b+1 o T(k+1)istrue.
=m(a+b)a®—afb? -1+ p+1 ThatisT(K) istrue. = T(k + 1) istrue.
=m(a+ b)a2—b*-1(a2-b? But T(n) isnottrueforallnd e N, asT(1) isnot true.
=m(a+ b)a2—(a+b) (a—b) b*-1
= (a+ b) [ma2 — (a—b) b*1] Q6
- P(k + 1) isdivisible by (a + b) whenever P(K) is P(n) : cos o cos 2o cos4a ..... 0s 2"~ 1q
divisibleby (a+ b). in?2
Hence P(n) isdivisibleby (a+b) forall n e N. Ans. . _Shea
P(1):coso= <=
2sina
Q2 @ sin4a.
P(n):(n+1)(n+2)...(n+r) . -
P(1):(2) (3) ... (r+ 1) =11 (r + 1), whichisdivisibleby P(2) - cosacos2a =" o
r!
LetP(k): (K +1) (K+2) oo (k+r)=r (m) sn2¥a
PR+ i (k+2) (k+3) ... (k+1+1)=rI(0) LetP(K) : cosa.cos2a.cosdar ..... cosZk‘la=—2k :
L.H.S. of P(k+1) S
=(k+2) (k+3)...(k+r+1) - P(k + 1) : cos o cos 2o cos 4a. .... cos 2Ka =
(k+1D) (k+2)(k+3)....k+r+1) sin2¢+1g
- k+1 2*lsing,
r(m) (K +r+1) L.HS. of Pk +1)
= =rt (0. =C0oS o CoS 20, coS4a ... COS 2% a.
k+1
Thus, P(k + 1) isdivisibleby r! whenever P(k) isdivisible sin 2k o
by r! = o xcos2¥a
' o 2°sina
HenceP(n) isdivisibleby r! forall n e N. Ans. .
[Assuming P(k) to betrue]
Q3 @ ok K okl
P(n) : 49"+ 16n—1 _ 2sin2"o cos2™ a _ sin2" "o
P(1): 49+ 16—1=64, whichisdivsibleby 64 2**+lgng 2**lgng
LetP(K) : 49 + 16k—1=64m =RH.Sof P(k + 1)
o P(k+1) 1491+ 16(k + 1) —1=64) Hence P(n) holdstruefor al n e N,. That is,
L.H.S. of P(k+1)=49¢*1+16(k+1)—-1
=49 (64m—16k + 1) + 16k + 16— 1 sn2"a
[Assuming P(k) to be true] cosa oS 2a cos4a ... cos2" 1o = —2n : . Ans.
= 64(49m) — 48(16K) + 64 siha
=64(49m—12k + 1) = 64
Thus, P(k + 1) is divisible by 64 whenever P(k) is Q-7
divisibleby64. Forn=1, 28 _7n-1=23-7-1=0
Hence, P(n) isdivisibleby 64. Ans, Forn=2,2%"-7n-1=2°-14-1=64-15=49
whichisdivisibleby 49. Ans.
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Q.8

Q.9

Q.10

Q.U

@

f(n)=10"+3-4"*2+k

f(1)=10+3-42+k=10+48+k=58+k
=9x7-5+k

If f(1) isto be divisible by 9, then the least positive

integral valueof k hastobeb5. Ans.

@

f(n)=10"+3-4"*2+5

f(1) =10+48+5=63, whichisdivisibleby 7and 3
f(2) = 100 + 3(256) + 5= 105 + 768 = 873, which is
divisibleby 3.

So, f(n) =10"+3- 4"*2+5isdivisibleby 3. Ans.
@

Let P(n) : x"—1=A(x—k)

Now P(1) : x—1=2, (x—K)

Also, P(2) :x?—1=1,(x—K)

=P(2): (x-1) (x+1)=21,(x—K)

.. Theleast value of k for which the proposition P(n)
istrueisk=1. Ans.

@
B+22 1342°4+33

3
— + + +...(n
1 1+3 1+3+5

Let P(n):
terms)

| z 13+23+ ...... + n3
=P 9 3 5, (2n-1)

n3
P(n):Z(Zr‘;z }
1 n?(n+1)?
= P(n): Z{Zw}

n

= P(n)%z (n2+2n+1)
1 2
= P(n):z[zn +2Yn+ Y )

= P(n): 4{n(n2+1) —n(n+1) (2n+1)+n}

— P(n): % n[3(n+1)+2(n+1) (2n+1) + 6]

. P(n): 2—14 n (2n2+9n +13) Ans.

Q.12

Q.13

@

2 . 2

SN~ NX
LetP(m)= [ =
0 SN X

dx

n/2 .
sin®x
A= '£ sinx o

n/2
_ [snxdx= [~ cosx[F/? =1
0

2 . 2 /2 . 2

sin“ 2x (2sinx cosx)

P | gy =1 g
/2

~ Pp)= | 4sinx cos’x dx

/2
—cos? X / 4
= P@=4|""3 0 =5 =1+

Wl

. ForanyneN,

“/zsinznxd
o= | snx

_ (@n)!
1 (n!)?

Forn=2,

42 41 16 24
= —<—

241 227 3 4

whichistrue.
Letforn =m<2, P(m)istrue.

- (2m)!
m+1 (m!)?

P(2n): -—

i.e

4™ 4m 4mel)
"'m+1 m+1 m+2
(2m)! 4(m+1)
(mhH? (m+2)

Now,
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Q3 6

_ (2m)!2m+D)(2m+2)4(m+1)(m+1)° Let P(n) =n(n + 1) (n+2)

T 2m+)(2m+2)(m)*(m+1)*(m+2 P(1)=1-2-3=6
(2m+D)(@m+2)(mi)¥(m+1)*(m+2) A)=1-2-3-8
[2(m+1)]! 2(m+1)2 Hence, itisdivisible by 6.

T [(M+D'? (2m+D)(m+2) 04 13

Onputtingn=1in11™2+ 122" weget

[2m+D)] 11124+ 122441 = 113 + 128 = 3059

[(Mm+D!]? Whichisdivisibleby 133
>

Hence, for n> 2, P(n) ustrue. Q5 12

Q14 (3

015 (1) Q6 2
Let P(n) = 321= 9" | n+1)"
- 9n:(1+8)n=1+87\‘ Given, n!<[7]
= Choice(1) isthecorrect answer. Ans.

Q16 (O Atn=1 1x1
P(n):n2+n+1 3)2
P(1):1+1+1=3,whichisanodd number=2+1 At n—2, 2!<(_]

Let P(k) : k2 + k + 1= 2m+ 1(an odd number) 2

oo Pk+D):(k+D)2+(k+D)+1=20+1 = 2<2.25whichistrue.

LHS.of Pk+1)=(k+1)2+(k+1)+1

=k2+1+2k+k+1+1 Q7 2
=(k2+k+1)+2k+2 Let P(n)=n! >2t
=(2m+1)+2k+2 P(3)=6>4

[Assuming P(k) to be true] Let P(k) =k! > 2<istrue.

=2(m+k+1)+1 S Pk+1)=(k+2)! = (k' + 1)k!
=2 + 1(an odd number) >(k+1)2t

Hence P(n) = n?+n+ 1isan odd natural number for n >2(ask+1>2)

e N. Ans.

Q17 ()

Sincethereason |1 isobvious, so the greatest positive PREVIOUS YEAR'S

integer which divides the product

(n+11) (n+12) (n+13) (n+14) is4! =24. Ans. MHT CET

1 3

Q18 (@ Q ®
For every n!, ¥ n> 5, endswith 0 and 3*" endswith 1,

-, 3%+3=3% 3 whose unit placeis 7. Ans.

EXERCISE-II

NUMERICAL BASED QUESTIONS

Q.1 120
Given, a=na_,

a,=2a=2 (- a =1given)
a,=3a,=3(2)=6
a,=4(a)=4(6)=24

a,=5(a) =5(24) =120

Q.2 7
20_1=(2%"-1
=8'-1=(1+7)"-1 =1+"C7+"C,’+.+"C7"-

1 =7["C,+"C,7+..+"C 7]

s 2%—1isdivisibleby 7

MATHEMATICS 59



Complex Numbers and Quadratic Equations &
Inequalities

COMPLEX NUMBERS AND QUADRATIC EQUATIONS & INEQUALITIES

Q.1

Q.2

Q3

Q4
Q5

Q7
QS8

Q.9

EXERCISE-lI (MHT CET LEVEL)

€
1+i
1-i

_(+i)@+i) i

SInee 3 = -

T 4n+1
Therefore (Ej =i =iit=i (e =)

@

1+|
1 i

e

Sotheleast valueof m=4{-+i% =1

Ll i @) 2

1-i 1+i 2 2

(as given)

@

584(| +i%+i%+i2 +1) 584

574(| +i%+i%+i2 +1) i°74

=i0-1=-1-1=-2
)
@
@
@
@

N=T-24i =x-iy

Squaring both sides, —7 - 24i = x% — y? —i(2xy)
Equating real and imaginary parts, we get
x?—y2=—7and 2xy =24

. =49+ 576 = /625 = 25
@
1+io
1-ia

1-ia
1+ia

—(A+iB)(A-iB)

A+iB= =A-iB=

_ (1-io)(1+ia)

(Lrio)(1io)

=A?+B*=1

Q.10

Q.11

Q.12

Q.15

Q.16

Q.17

Q.18

@

. -1 -
Giventhat z=—=zz=1= |zP=1=|z1
(©)

Here z+z=(X+iy)+ (X —iy) = 2x (Redl)
and zz = (x +iy)(x —iy) = x% + y? (Redl).
D)

Given z; =1+ 2i, z, =3+5 and Z, =3-5i

(3-5i) (L+ 2i)
(3+5i)

2371 _
Z3

_13+i
© 3+5i

_13+i
T 345

35| _44-62
3-5 34

@

)
C@+i)?
34

13 .9

10

3+4i 3-i 13
3+i  3-i 10
13 . 9 [13 . 9)

| _] —
10 10

Hence conjugate of —~ 10 '10

@

-
1+i
Im(z) < 0, Henceamplitude=—-n/2".

@

i 1o @-p? -2

1+i 1-i 2 2

tan® = b/a]

1+\/§i
amp ﬁ :amp(1+\/§i)—amp(\/§+i)

T
6
()

_1+\/§| 1+\/§| V3+i
_\/§—| \/§| J3+i
_\/§+i+3i—\/§_ii
- 3+1 4
[-tan6=Db/4]

amp (z)=n/2
@
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(—13"5)— 13- 5i 4-9i 10 L )
a9 4-9 = arg3-50) —arg(4-90) =z :(COS__'S'n_) =cosnt—isint=-1.
10 10
Q26 (2
= —tan‘l(ij + tan‘lg =z 4
13 4 4 iz7=-1
a1 a4, \1/4
Q19 @ == =z=(i)
Q20 (4) 7= (O+ i)1/4
lz|l0]=2 . @) 14
T .. T
(Z) n 7 ) 1 Z:(COSE—HS”’]E)
and &9 o) "2 "o ol = (i)
Fromequation (i) and (ii) zZ= cos% +i sin% (using De Moivre's
1z|=|o|=1and = +Z =0 zo+Zo=0 theorem)
() ()
) o, Q27 (2
Z0=-Z0=—00; Zo = —i|® |2= —i.. Sinceimaginary cuberoot of unity are square of each
® other.
Q28 (1
Q21 (A) It is obvious because the cube roots of unity are
3+2i) (3+2i)(3+2i) . .
= -1+i43 -1-i+43
(S—Zi 3-2i/\3+2 1 \/_ \/_
2 2
_9-4+12i ‘E”(Ej Q29 (I
13 13 \13 1+ 0)° - 1+ 02)3 = (0?)® - ()3
\/ 5\2 (12)? =0l +0d=-0’d+0d=-1+1=0
Modulus = (—j +(—j =1,
13 13 030 @
Q22 @
Q23 (2) (1—0)+0)2)5+(1+0)_C02)5
120 1v2 _1e2 o = (-20)° + (-202)° = -320°%0? - 32(0>)%0
—(1-i2 1-(1-1-2) 1+2
1-@-0) ( ) — _32(w? + ) = ~32(~1) = 32
Modulus =1 031 @
10
Amplitude 6= tan 11 =0 1-0+0%)1-0°+0)° = (-20)(-20%)° = -1280.
024 (1) Q32 (@
: . - 33 D)
Using De Moivre'stheorem Q
d _ Q34 (@
(cos® +isin®)" = (cosn® +isinng) and puttingn= Q.35 (3)
0,1, 2, thenweget required roots. Since the coordinatesin complex plane are (2, 3) and
- ” (-1,-1) Hencetherequired distanceisb.
Q @ Trick : We know that the distance between z, and z,
T .. T T .. nm 1 : .
COS— —iSin—=7 COS— +isin—== is |2y — z5 | therefore, the required length
LetCos g ~1SiNqg = 2and Cosyp+isin 5 =7 el
[2+3i+1+i 5.
10 Q36 (d)
1_2 10 . . . .
il —-(z-1z Z—-2-3=X+1y—-2-3=(x-2)+i(y-3
TherefOI’e, 1 — M — (_Z)lo y ( ) ( y )
1-= (z-3
z
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tanl(y__:ajzﬁjy;Sztanﬁzl

Xx-2) 4 x-2 4
=Xx-y+1=0

Q.37 @

z,,z,, Oareverticeof anequlilateral triangle,

sowehave Z' + 2 =22, =2 +2—22,=0
Q.38 (0

5.
Let z =1+i,z,=—2+3 and 23=0+§| Then

X % 11
X Ys =-2 3
3

:1[3—5 +1(2)+1[_10)—4+2—10— 4+6-10_,
3 3)3 73 3

Q39 @B
Given |8+ z]|+|z-8[=16.
Locusisastraight line

Q40 (2
Let z1,2,,z3 bethreecomplex numbersinA.P.
Then 2z, =73 + z3.
Thus the complex number z, isthe mid-point of the
line joining the points z, and z; So the three points
z,,z,and areinastraight line.

Q41 (3

|z-1]=|z+i| = |x-1+iy P=|x +i(y + 1) ]

= (x—1)2+y2 :x2+(y+1)2

= X+Yy=0 i.e, astraight line through the origin.
Q42
[z-3iE2let z=x+iy = |x+i(y-3) 2

Squaring both sides, we get [x? + (y-3)%] = 4
:>x2+y2—6y+5=0

Q43

Here|z-zi 1= x+iy—i(x+iy) 1

= [(x+y)+i(y-x) 1=

\/(x+y)2+(y—x)2 =1

= 2(x?+y?) =1.Hencezliesonacircle.

Q.44 (1
z-3i
z+3i

‘=1:ﬂz—3r42+3|

[if |Z— Zl| = |Z+ 22|, then itisaperpen dicular bisector

of Z and 22] Hence, perpendicular bi sector

of (0,3) and (0,-3) isX -axis.
Q45 (D)
|z-2+i|=|z-3-i]
= |[(X=2)+i(y+D | =[(x-3+i(y-1|

= J(x-22+(y+1? = (x-32+(y-1)? =2

2(2+4—4x+y2+1+2y:x2+9—6x+y2+1—2y

=2x+4y-5=0
Q46 (1
Q47 48

1 1
4 x+;=2:> X+¥—2=0(-.-x¢0)

= x2 _2x+1=0=>(x-)*=0=> x=11.

Q48 (9

X = 2+—1 1
Let 24—
(onsimplification)

= x=1+ \/5
But the value of the given expression cannot be

negative or less than 2, therefore 1, /2 isrequired
answer.

Q49 (1)
Equation a(x*+1)—(a*+1)x =0

sax’-(a®+D)x+a=0

1
= (ax-)(x-a)=0= x:a,g_
Q50
X2/3+Xl/3_2:O
= (X1/3)2 +1(X1/3)—2:O
Let a= Xlla, then a2 +a_2:0:> a=1,—2
Hence x =1,-8 (by g = x/3).
Q51 ()
(1) xlogx(l—x)z -9

=log,(9) =log, @ - x)?(-a* =N = log, N = x)

62
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Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

MATHEMATICS

=9=(01-%x)? =21+x*-2x-9=0
= x2-2x-8=0=> (X+2)(x-4)=0
= x=-24.

&)

Put x —4in x? + px +12 =0, weget
p=-7

Now second equation x2 +px +q=0 have equal

49
roots. Therefore pP° =44 = q oy
@

Given equation

2@ +b?)x? +2@+bx+1=0

Let A=2@%+b?),B=2@+bjand c =1
B2-4AC = 4(a% +b? + 2ab)- 4 .2(a% + b?)1

= B?-4AC =-4(a-h)2 <0

Thus given equation has imaginary roots.

@

Equation 22 _kx + x + 8 = 0 hasequal andreal roots,
then p = b2 —4ac=0-

= (1-k)?-428=0= k2 +1-2k-64 =0

= k?-2k-63=0=k=9,-7.

@

Here(b+c-2a)+(c+a-2b)+(@+b-2c)=0
Thereforetheroots arerational.

&)

The quadraticis (k + 11)x*> —(k +3)x +1=0
Accordingly, (k +3)% —4(k +11)1) =0 = k=-75.
&)

From optionsput k =3 = x?+8x+7=0

= X+D)xX+7)=0=x=-1,-7

means for k = 3 roots are negative.

@

Given equation (1+ 2k)x? +(1—2k)x +(1—-2k)=0
If equation is a perfect square then root are equal
i.e, 1-2k)?-4@1+2k)(1-2k)=0

1 -3

i.e, k= > Hencetotal number of values = 2.
(€)
Givenequation x2 —a(x +1)—b =0
= x?’-—ax-a-b=0>>a+ =30 =-(a+b)
Now (@+1)(B+D)=aBf+a+fB+1

= (a+b)+a+1=1-b
@

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Complex Numbers and Quadratic Equations &
Inequalities

©)

()

a+ﬁ—2(m22+1) m>+1 L @)
2

and aﬁ=m +;n L (i)

Therefore o2 + g2 = (o + B)? - 2a8

2(m4 +m? +1)

=m?+1)? -
( ) 2

=m*+2m? +1-m* -m? -1=m?

@
a, B betherootsof y2 _ox.3-0, thena+p=2
and «f = 3. Now required equation whose roots are

Lt (LLJ L o

a2 az ’BZ

x? 2+l o
A 9 = 9x?+2x+1=0-"

@

-, 2
Under condition, - 3= 1= 3

@

1
Let first root = ¢« and second root =

Then ol X =k=5,
a 5
@
1
Let rootsare « and ;,than

1 k+2 k+2
a.—= =1= = k=
a 2k+1 2k +1

(©)

According to condition
2m-1
m

@

Giveneguation 4x2 +3x +7 =0, therefore

=—1:3m=1:m=%

3 7
a+ﬁ=*z and aff =—

4
1,1 _a+B_-3/4_-3 4_ 3
Now "3 =" ~ 714 4 7 7-
@
Given equation can be written as
(6k +2)x2 +rx+3k-1=0 ... (i)




Complex Numbers and Quadratic Equations &

Inequalities

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

and 26k + 2)x2 + px +2Bk-1)=0 ... (i)
Condition for common rootsis
12k+4 p 6k-2

=P_2"7c_5 Che
6kr2 r 3k_1 -or&-p=0

€)

Let roots of y2 _cx4d=0be a g then roots of Q.79
x2 —ax+b=0be o«

“a+B=caf=da+a=aa’=b

Hence2pb + d) = 2(a? + o) = 2a(x + B) = ac

@

Let a isthecommon root,

O a?+pa+q=0 .. 0)

and a2+qa+p:0 (II)

from (i) —(ii),

:>(p—Q)0¢+(q—p).=(.):a:1 080
Putthevalueof o in(i), p+q+1=0.

@

X2 —4x<12

= x2-4x-12<0= x2-6x+2x-12<0
= X-6)(X+2)<0 = 2<x<6-

@)

According to given condition,

Q1
4a” - 4(10-38) <0 =a? +3a-10 <0
=@+5@-2<0= 5<a<2.

@
Given, x+2>yx+4 = (x+2? >(x+4) 02

=S x2+4x+4>x+4 =>x%>+3x>0

= X(X+3)>0 =>x<-30rx>0=x>0.

&)

Putting x = 5

2(5)° —14(5)* + 31(5)° —64(5)2 +19(5)+130 =0
Hence x = 5 satisfies the given equation.
Thus 5 isaroot of the equation.

1

@ 03
If x2-6x+10=(x-3)?+1

For real x, least valueof (x —3)2 +1is1.

@

Let f(x)=5+4x-4x? =y = 4x?-4x-5+y=0
Sincexisreal,s0 g2 _4AC >0

= 16 - 4.4(-5+Yy) >0

= 16-16(-5+y)20 = -5+y<1=y<6

Hence maximumvalueof yis6.

@

Lety = x? -6x+13 = x? —6x+13-y=0

Q4

Itsdiscriminant D > 0= 36 —-4(13-y) >0
=36-52+4y>0=>4y>16=>y>4
Hencey isnot lessthan 4.

Aliter 1 x? -6x+13=(x-3)* +4
Obviously theminimum valueis4.

@
b>a
both rootsliesin (a, b)

\ /(xfa)(xfb)=0
7b "X

y=-1
\‘.‘ /(xa)(xb)+1=0
@

f(X)=x2+(@a-1)x+a-4
£(0)<0
#-4<0=ae(-22. ]

EXERCISE-IlI (JEE MAIN LEVEL)

@
S=1+i%+i% 4o ti? =1-141-14 .+ (-])"

Obviously it depends on n.
Hence cannot be determined unless is known.

3
If z(:)x+iy isthe additiveinverseof 1_j then
(x+iy)+(@-i)=0= x+1=0,y-1=0
= x=-1,y=1
-. Theadditiveinverseof 1_jiS z=_1+i
Trick: Since 1—-i)+ (-1+i) =0+ Oi.
@

64
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Q5

Q.6

Q.7

Q8
Q9

MATHEMATICS 65

Hence, to make the real number the least positive
integar is2.

Q.10

@ [

(v/5+12i ++/5-12i)(v/5+12 ++/5-12i)
(V5+12i —+/5-12i)(/5+12i ++/5-12i)
54121 +5-12 + 2y5+12i4/5-12i
- 5+12i —5+12i
10+2x(+13) 3. 2i

=—— ——=-—_lor

24 2 3 -

)

( 1 +i) (3+4ij
1-2i 1+i/\2-4i

Complex Numbers and Quadratic Equations &
Inequalities

)

i]50_ \/§+|\/§ 50

z,) | J3+i

(JB3asi)) 25_' 3(2i) T‘“’
J3+i __3—1+2\/§

25+ 25
37

3 jzs B
1+\/§ - (_2(02)25

ofe) (227

{ 142 3-3 }[6—16+12i+8i} 3Y*(J3 1.
12+2% 1211 224 42 :(E) - 15!

_ (2+4i +15—15ij (—1+ 2ij
- 10 2

_(17-1%)(-1+2) 5+45 1 9.

—+=i
20 20 4 4
®)
. . C2 2 o Q1
Let V3—4i = x+iy = 3—4i =x“ —y“ +2ixy 012
:XZ_y2=3’ 2xy=—4 ...... (I)
= (2 +y?)? =P -y?) 2+ axPy? = (% +(-4°= Q.3
5
:x2+y2 =5 (II)
Fromequation (i) and (i) x2 = 4=>x =+2,
y? =1 =y =11 Hence the square root of (3 4i)
is £(2-1i)
®
&)
|z|-z=1+2i Q.14
o . . : Q.15
Let z=x+iy,therefore [ X +iy |-(X+iy) =1+ 2i Q.16
Equating real and imaginary parts, we get Q:17

[2. .2 - _3
X+y —x:landy——2:>X—§

3 ..
Hence complex number z = 5 2i

50
Hence, (ij liesin thefirst quadrant asn

z,

both real and imaginary parts of this number are positive.

@
)

@)y [24] V2 x5
(1+|)m_ll+ll3+i_ @ =
@

|z|=1:|x+iy|=1:>x2+y2=1

_z-1 (x—1)+iyx(x+1)—iy
Cz+1 (x+D)+iy  (x+D-iy

_(x2+y2—1)+ 2y a 2y
(x+1)2+y2 (x+1)2+y2 (x+1)2+y2

('.-x2 + y2 =1)
.. Re(w)=0.
)
@
@
@

Wehave | z; |=1 and z, be any complex number.

Z1—22|=|21—22|
1-2Z Z
122 ‘1__2

Al

A 2
Sz =|z7g |




Complex Numbers and Quadratic Equations &
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2-2
ﬁl 7|, Giventhat -+|7;|=1 Q.23 (9
. T T
:|21—22|:|21—22|: S'ng+|(1_COSEj
|21-25| |21-22|
T T on. o T
= 2Sin—C0S— +i2sin® —
Q18 (4 10 10+I 10
Q19 (@
Letz=x:+ly -Zsin£[005£+isin£)
~]z+3=i|=|(x+3)-i(y-1)=1 - 10 10 10
:>\/(x+3)2+(y—1)2 =1 () n™
10 _ign ™
cagz=r=tanY=x For amplitude, tan 6 = s 10
X 10
:X:tanfr:O: y=0 ..(i) o
X . ) B = 0=_=
From equations (i) and (ii), we get 10
x=-3,y=0..z=-3 Q24 (2
2
=[d=}d=3 025 @
= 2
Q.20 (3 25 lzfz
Roots
-1y —
| 4(2-i)+\[16(21) + 8(1+1)(5+3) = ag(z ) =ag(z) = ag(z)
B A1+i) =2z =k (k>0
.26 2
_4—i0r —i 3 5i r—l—i 8.27 24))
1+i 1+i 2 2 Q.28 8
21 Q.29
Q @ e Q30 (@
z=1+2i=|z|=V1+4=+/5
_ |zl 4% +(-3)% =5
w f(z )— - 22 17_11__3 5 Let z, bethe new vector obtained by rotating z in
1=z —(1=2) the clockwise sense through 1gg° , therefore
6-—2i _6-2i  3-i
T1-(1-4+4) 4-4i 2-2i z,=e""z
. . z, =(cosn—isinm) (4-3i)
_1f(2 |:| 3-1 |: |3—i] =(=1) (4-3)
12-2i| |2-2i] =—4+3i
2,=3(z)=3(4+3i)=-12+9i
V911 B |z|
= === Q31 ()
Vva+4 2 2
3 i 15.
Newz:E(—4+5|)e :6—?I
Q22 02
,_ Lt E .
Let 2 _—\/_ - amp(z) or arg(2) Given that Z:ﬁ2+| :§+1|
f/<1+f)] 4 J3
tan '3 = iz=_1,i¥3_
[ 1H1+~/3) 66 = 12 S = YMut Cer COMPENDIUM




Now

269 _ 24(17)2 — (iz)4(17)z — (0))682, (,', i4n _ 1)

0)69 (603)23 1

& —

Complex Numbers and Quadratic Equations &
Inequalities

Given, Sin{(oalo + u)23)7t —%} = sin[(co + oaz)n —%}

Aliter : z:—+i1:cos£+isin£ Q39 3
2 2 6 6 Q40 (3
41 1
269—(cos£+isin£j69—cong—nJrisin% ? o
- e ) T e 6 z-8|_, [x+iy-5)]|_,
|z+5i| |x+i(y+5)|
:cos(lln+£)+isin(117c+£):0+i(—1):—i |z 1z
2 2 : =|x+i(y=-5) |=|x+i(y+5|,| " [5_|~
Z3| |z2|
Q33 (@ = x2+25-10y +y? =y? + x? + 25+ 10y
Q34 (O -
= 20y=0= y=0
6 6 6 6
(@HJ {i_ﬁ] _(—1+\/§iJ {_1_@] Q42 @
2 2 ) \ 2 2 . _1( yaj n
- iyi=—=tan | — | =—
1 argf(c-2) viy} =T st 2| -7
= 5l©)°+(©9)°]=H©)* + ©)] vy x
! = =tan—==1 = x—-a=y
X—a 4
- m_—1+\/§i C02_—1—\/§i
o2 T 2 Q43  (d)
Q44 (9
=-(1+1)=-2 Z-2-3i=x+iy-2-3i=(x-2)+i(y-93)
Q3 tan‘l(—y_3]:£:y_3:tan£:1
2 x-2/ 4 x-2 4
(x - y)(xo - y)(xo® —y)
= X-y+1=0.
= (xzoa — Xy — Xyo + yz)(xaa2 -y)
=x3-x%y(1l+ 0 +02) +xy’(1+o+02)-y° Qas @
=X3—y3 ('.'1+u)+0)2=0) 7 i
Q36 (1) | =1=lzk 23
Z_f
B+o’+0h°=B+0?+0)°=(3-1)° =64 3
Q37 (@ Clearly locus of zisperpendicular bisector of line
o4 = 0),008 — w2etc. 39,50 7hfactorsare each joining points having complex number 0 +i0 and
equal to 1% and 4, 6, 8" factors are each equal to 0 [
o, T3
L.H.S = (—20)(-202)(~20)(-202).....to 2n factors Hencezlieson astraight line.
Q46 (1
= (2%203)(2%63)......to nfactors Let @ =—1+5z,then @ +1="5z
:(22)”=22” =|o+1E5|zE5%x2=10 (- |z|=2 given
value)
Thusw liesonacircle.
Q38 B Q47 (2
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z-1 x+iy-1 (x +y2 l)+2|y
z+1 x+|y+l (x+1) +y

We have

a1y

z-1
Therefore arg—— = tan
z+1 X2+y2_

Hence tan‘l#zE
x“+y“-1 3

> T3
X“+y“-1 3

= x2+y2—l:iy:> x2+y2—£y—1:0

e 7

Whichisobviously acircle.
Q48 (2

o z-2) ©
Put z=x+1iy inarg 742 =g

arg((x—2)+i_)’j:£
xX+2)+iy) 6

arg((x — 2) +iy) — arg((x + 2) +iy) =%

tanlY gl Y _T
X—2 X+2 6
y y
tan L X=2 x+2|_T
y? 6
1+ 5
X° -4
Xy + 2y — Xy + 2y n 1
= =tan—=—
x2+y?-4 6 3
=x2+y2—4\/§—4=0
Whichisequation of acircle.
Q.49 (d
Real part of — |sg|ven by
1 z+2 z+2
2| Z- 1 z 1
z+2 z+2

=8

= 7Z-7+22-2+77Z+2Z-72-2

Comparing with the equation

ZZ+az+az+hb=0,we get a:—g andb=2.

Thus, the locus of z given by the equation

() isacircle with centre g and radius :%

Q.50 (1
Givenequationis x* — 2x° + x—380=0

:(x2 —x—20)(x2—x+19)=0

= (x=5)(x+4)(X* - x+19)=0

Hence, the required roots of the equation are

5-4

Q.51

Q.52

Q.53

1+5/-3
2

S

Given x2 4 x+1=0
1 . 1 =1 .
X = E[—1¢|\/§] = E(_“'ﬁ)i(_l_'ﬁ) - 0,0°

But alg :(019 :a)and ﬁ7 :a)l4 :a)z,
Hencethe equation will be same.

&)

Wehave 4ax2 + 3px + 2c = 0 Letrootsare ¢ and g
Letp = g2 _aAC = 9b% —4(4a)(2c) = 9b® — 32ac
Giventhat, @+b+c)=0=b=—(a+0c)

Putting this value, we get

=9(a+c)? - 32ac = 9(a-c)? + 4ac -
Hencerootsarereal.

@

Given| x|? -3] x| +2=0

Here we consider two cases viz. x <0and x > 0
Casel : x <0 Thisgives x2 ,3x 1 2-0

= X+2)(x+1)=0=>x=-2-1

Also x = -1,-2 satisfy x <0,50 x = —1,—2issolution
in this case.
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Casell: x> 0.Thisgives y2 _3x,2_0

= X-2(x-1)=0=x=21,%0 x = 2, 1lissolution
in this case. Hence the number of solutions are four
iex=-112-2

Aliter 1| x]* =3| x| +2=0

= (x| -D( x|-2=0

= | x|=1land| x|=2= x =11, x =+2.

Complex Numbers and Quadratic Equations &
Inequalities

0LandB

1-B

X=
Hence 1—o

Q.57 (@

Giveneguationis(x—a) (x—b)
+(Xx=b) (x—¢) +(x—c) (x—a) =0
= 3x* —2(b+ a+ C) x+ ab+ bc+ ca=0

Now, hereA=3,B=-2(a+b+c)C
=ab+bc+ca

Q54 @
Rootsof x2 —8x +(a? —6a)=0 areread. SOp >0 ~.D=+B*-4AC
= 64-4(@%-6a)>0=16-a2+6a>0
=/ (=2(a+ b+c))* —4(3)(ab+ bc+ca
= a’-6a-16<0= (@-8)@+2)<0 \/( ( ) 3 )
Now we have two cases. _ \/4((a+ bt C)Z —12(ab+ bc+ ca)
Casel: (a-8)<0and (a+2)=0
= a<ganda>-2 —2\Ja? + b2+ 2 —ab—bc—ca
Casell : (@a-8)>0and (a+2)<0
= a>gand 5 < _2butitisimpossible 4,1 2 2 2
Therefore, weget 2<a<g =2 E{(a—b) —(b-0)*+(c-a)} >0
Aliter : Students should note that the expression 058 @
(x — a)(x — b){a < b} will belessthanor equal tozeroif .
x e [a,b] or otherwise x ¢ [a,b] . Sum of roots o + B = —(a+ byand af = ;b
Therefore(a-8)(a+2)<0 , 2 and , .
ie, {a-(2}@-8)<0=ac[-28]. = @+ p) =@+b At (a-f)" =a®+ 7 - 20p
= 2ab-(@% +b?) = —(a-h)?
Q55 (B Now the required equation whose roots are
Given expression x2? +2x+2xy +my —3 can be (a+p)?and (o - p)?
written as x?2 + 2x( +y) + (my — 3) x*—{(a+BY +(@— By} x+(@+ BP@- B =0
But factors are rational, so g2 _4ac is a perfect — x2 —{(a+b)? —(a—b)?} x—(a+b)2@a-b)? =0
uare.
* = x? —4abx —(@®> -b%)?> =0
Now 4{1+y)2 - (my - 3){> 0
=4y?+1+2y-my+3>0 Q59 (4
= y242y-my+4>0 oz+,8:——ozﬁ:E
Hence 2y — my = +4y {asitis perfect square} a
= 2y-my=4y=>m=-2. 2 L2 (b%-2a0)
=4y and ol p? =270
Now taking () sign,weget m =6 . a
a B
Q.56 (d) aB+b  aa+b . 2@atb)+p@s+b)
The second equation can be rewritten as Now @B +b)(@aa +b)
X 2 X
(5] ol e e—
x+1 x+1 _aa’+peba+p) - a? a
X apa’ +ab(a + B)+b? [ﬁ]a2+ab(—§]+b2
and hence isroots correspond to —— = &
P X+1
X __b®-ac-b®* -2ac 2
and ——=B. a’c-ab® +ab? a%c a’
X+1
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Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

©)

Let o and g betworootsof g2 i px+c=0

b
Then a+ B =-—and af = —
a a

2 2 2 b’ c
= a°+p°=@+p) —20=—-2—
a a

So under condition ¢ + g = a® + 82

b b?-2ac
= ——=

a a?
©)
Asgiven, if «,p aretheroots, then o+ g =p and
aff =8
e+ p)F - (@~ p)* =4ap
= p?-22=48)=p>=36=>p=16
©)
Let o, p arerootsof x? + px+q=0
SO a+p=-pand o =q

= b(a+b) =2ac.

Given that (0!+ﬁ)=3(a—ﬂ):—p:05—,3=_—;
NOW (@ — §)? = (@ + )? ~ 4aps

2

p

= p? —4qor 2p2 =9q.

@

Letrootsare o and g
a+p=2and ¢+ B3 =98

Lo+ B =+ P)a’ ~ap+ )

= 98 = 2| + B)? - 3] = 49 = (4 - 3ap)

= aff =-15

Thus equation is 2 _ox _15-0-

S

Let o, 8 betherootsof 42 ,px+c=gand o', be
therootsof x2+gqx+r=0.

Then a+ g =-b,af =c,a+f'=-q,a'f'=r

_al

a+ a'+ '
Itis given that %_Fj_ﬂ_ B

a-p B a'-p'
b2 q2

@+p)y?  (@+B) N _
b%2-4c q?-4r

= @-pB°

(@'-p")?
= b%r=q°c

@

a 2 2B

Letrootsare a, 8 S0, FZEDQZT
m
. a+ﬁ—E

2p _m_ 58 m .
:?Jrﬁ—lz 3 ()
S5 2B, 5 52 5
and af =5 = —~F=35 =P =3
= f=45/8

... 5 |5
Put thevalueof gin (i), 3-\/;=%: m =5410 -

Q.66 (d)
1 1 1
Xx+a X+b x+c
or x* + (a+b)x+ab=(b—a)x+(b—a)c

Or x* + 2ax+ab+ca-bc=0
Since product of the roots =0

C
Ab+ca-bc=0; d =——

b+c
2bc
Thus sum of roots=-2a = ——
b+c
Q67 @
Q.68 (d)
We have

x®+1= (x+1)(x® - x +1) Therefore, a.andB

arethe complex cuberoot of -1so that we may take
o =— and

B=-n’, where ® #1isacuberoot of unity.
ThUSalOO — (_O))lOO — (Dand BlOO _ (—0)2 )100 _ (;)2,
sothat therequired equationisx® + x +1=0

Q.69(3)
3p

Given quadratic egn. is X° + pX + 0

SO,OH'B:—D, OCB::%F_)

Now,given|a—[3|:\/ﬁ =>a-p

= +./10

= (a+B)?=10= o?+ 3?20 =10
= (a+B)?—4apf =10
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Q.70

Q.71

Q.72

Q.73

Q.74
Q.75
Q.76

Q.77
Q.78

MATHEMATICS 71

3 Q.79
- p2—4x7p:10 — p?-3p-10=0

=>p=-25=pe{-275}

@

Let therootsbe «, 8; 5,y and y,a respectively.
a+ﬁ=—p,ﬁ+y=—q,y+a=—l’

Adding all, weget a =—(p+q+r)/2 €tc.

@

Let a beacommon root, then
a?+ac+10=0 e 0]
and ¢2+pbe-10=0 .eew (i)
form (i) —(ii),

(a—b)a+20:0:>a:—£
a-b

Substituting the value of «in (i), we get

2
0 +a|— 20 +10=0
a-b a-b

= 400 - 20a(a—b)+10@-b)2 =0

Q.80

= 40-2a’ +2ab+a?+b%?-2ab=0
Q.81
=a?-b2=40.

@
Expressionsare y2 _11x +a and x2 _14x + 25 Will
have acommon factor, then
X2 X 1
= = =
—-22a+l14a a-2a -14+11

Q.82

a)’ _8a _a 8a_
= 3 9 3:>a—, .

Trick : We can check by putting the values of a from
the options.
@

x2 —3x + 2 befactor of x* —px2+q=0

Hence(x®> -3x+2)=0 = (x-2)(x-1)=0

= x = 2,1, putting these values in given equation Q83

so 4p-q-16=0 .. @)
and p-q-1=0 .. (i)
Solving (i) and (ii), weget (p, 0)=(5, 4)

()

(©)

(b)

4
4

Q.84

Complex Numbers and Quadratic Equations &
Inequalities

@
Casel: When x 1 2>0i.e. x>-2,
Then given inequality becomes

X2 -(x+2+x>0 = x>-2>0=|x|>+2

= x<—\/5 or x>ﬁ

As x>-2 therefore, in this case the part of the
solution set is [-2,-2) U (W2, ).

Casell: When x + 2<0 i.e. x<-2,

Then given inequality becomes x? + (x + 2)+ x >0

= x2+2x+2>0 = (x+1? +1> 0, whichistruefor

all rea x
Hence, the part of the solution set in this case is

(~o0,—2] . Combining the two cases, the solution set is
(02U ([-22] U (2,%) = (0—2) L (2,%).

@

Givenequationis y3 _ 3y +2-0

= x2x-D+x(x-1)-2(x -1 =0

= X-DX?+x-2)=0=> X-DYX-(x+2)=0
Hencerootsare 1,1,-2

()

Let y:xz.Then x=\/§
~x3+8=0=y%24+8=0

=y’=64 = y*-64=0

Thus the equation having roots ¢2, 42 and y?2is
x3-64=0-

©)
If a, B, y aretheroots of the equation.

x3—px2+gqx-r=0

BB vyt -2t
pq-r

Given, p=0,g=4, r=-1
2
p°+q_0+4_,

pg—r O0+1

@
We know that the roots of the equation

ax® +bx? +cx+d =0 follows apy =-d/a
Comparing above equation with given equation
weget d=1a=1

S0, afy=-10ra®p33=-1.

€)
x2-3x+4

Lety=
Y x2+3x+4




Complex Numbers and Quadratic Equations &
Inequalities

Q.85

Q.86

= (Y-Dx%2+3(y+Dx+4(y -1 =0
For xisrea p>g

= 9(y+1)?-16(y-1)%>0
= —7y?+50y-7>0=>7y?> -50y+7<0

= (y-7Ny-1<0
Now, the product of two factorsis negative if onein
—ve andonein +ve .

Casel: (y-7)20and (7y-1)<0

1 L .
= yx7and Y <— . Butitisimpossible

Casell: (y-7)<0and 7y-1)>0

1 1
= y<7and y27:>75y37

. . o 1
Hence maximumvalueis7 and minimumvalueis =

7
@
Lety= x22+34x—71
X +2x -7
= X2y -1+ 2y -17)x+(71-7y)=0
For real valuesof x, itsdiscriminant p > o
= 4y -17)* -4y -)(71-7y)> 0
= (y?—3+y+289)-(7T1ly-7y?>-71+7y)> 0
=y -14y+45>0=(y-5)(y-9>0
Itis possiblewhen both y -5 andy -9 arenegative
or both positive. Let y-5<0=y<5 and
y-9<0=y<9.
Hencey<s .. @)
If y-520=>y>5andy-9>0=y=>9
Hencey>9. .. (i)
Thereforey does not lie between 5 and 9.
(b)

Asgiven aand be are the roots of theeqution x?+ax +
b=0

= sumof roots,a+b=-a

=b=-2a Q)

and product of roots, ab=hb

=ab-b=0

=b(a-1)=0

ifb=0thena=0

ifbz0thena=landb=-2

S0, the expression will be,

f(x) =x2x-2
2 2
22
2 2

= x2+2.£x+
2

9

4

1 2
X+ =
3

1 2
So, f(x) will be minimum, if [X+§)

:>f(x):(

1

i.e.whenx
2

= minimum value of function —Z

Q.87 (9

Q.88

Sinceb, c,>0
Therefore oo+ =-b<0 and afp=-c<0

Since product of the roots is —ve therefore roots must be
of opposite sign.
(d)

X
x?—5x+9
=Xy —(5y+1)x+9y=0
for red x, Discriminant=b?—4ac>0
(5y +1)?—-36y2>0

1
1}

= (by+1-6y) (5y+1+6y)>0
=(y-1)(11y+1)<0= ye{_—

Lety=

=(y+1)(11y+1)=0
11°

EXERCISE-III

NUMERICAL VALUE BASED

Q1

Q2

0004
z=z+iy
= 72=x2-y2+2ixy

= Re(zd)=x2-y2,|z| = ’x2+y2

3
=x2-y2=0, x2+y2=3 = x2=y?= 2

3
We have |z _Z
2

4 5
3| B |23_Zl| B |Zl_22|

=k (let)
9 16 25
- |22_23|2 - |23_21|2 T |z-z,|

2 =k2
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Q3

Q4

_9
Now |Zz_23|2 =k?2

9
- =Kk2(Z, - Z3) @
22_23 2 3

[As |z]P=2Z]
16
"lly |23_Zl |2 =k2
%
= 2z =k (z3-27) (2)
25
Iy iz —z,p =¥
%
= 7z =K(z-2) e

Onadding (1), (2) and (3), we get
9 16 25
Z,=2; 23724, 4,77,

=k2

(Z-2+%-%+2-2,) =0Ans

0010
From the hypothesis we have
B[l e

1) (iv/3
where o = YRy which is a cube root of

unity. Now z% = (iw)%® =—ie? (since v®=1) andi®” =
3=,
Therefore, 2B+ =1+ =(H) (0)=in
(295+i67)94=(i0))94=i2u)=—(0
Now -—-o=z"=(o)" = i"-o™'=-1 = n=2,
6,10,14, ...... and n-1=3,6,9, ......

Therefore n=10 istherequired least positiveinteger.
0002

Let z=x+iy
z+Z=2|z-1]

= 2X=2(x-1)*+y?

= y2=2x-1 ... 0)
For z,andz,
yZ=2x-1 ... (i)
y2=2x,-1 .. (ii)
By equation (ii) and (iii)
Yi = Y5 =2%=X%,)
= (Y=Y (V1Y) = 20X —=X,)  .oe. (iv)

Q5

Q6

Q7

Complex Numbers and Quadratic Equations &
Inequalities

. T

Agan arg(zl—zz):z

¢ 1 Yi—Y, _E
= an —Xl—Xz =2

Yi—Y,
= X, — X, =1 L. ()
By equation (iv) and (v)

Y1 tY,=2
= Im(z,) +Im(z,) =2
K7
z= aeR
o*—B+i)a+m+2i=0
oa®-3a+m=0 & —-a+2=0
a=2
8-6+m=0 = m=-2
= oat+mt=32
PO

N = (a+ib)®—107i
= (& — 3ab?) + i[3a2b— b¥] — 107i = Positiveinteger
3eb—b*~107=0

b(322-b?) =107
b=1 32-b*=107 107 isprime
=a=6 orb=107 32—-(107)°=1

ais not integer not possible
a=6 b=1
N=216-3x6=216—18=198.

0001
If o and B aretherootsof quadratic equation x2—x
-1=0
thena?—oa—-1=0andp?-p-1=0
a —a
For 201292010
011

2012 _ 2012 2010 _ 2010
(@™ =p7) (@™ -pTT)

(a—B) (a—P)

= (021 l32011)
(o—P)

2012 _p2012_ 2010 | 32010

=
201 _g2011

a2010(a2 _1) _ BZOlO(BZ _1)
= aZOll_BZOll

(12010((1)—[_))2010([_))) 1 .
= -+
(12011—[32011
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Q.8 0000
If theequation (x2+ 2a+ b?) (x2+ 2bx + ¢) = 0 hasfour
distinct real roots then
422 —-4%>0 ()
and 4b°—4c?>0 ()
By (i) & (ii)
&>b?>c? ... (iii)
For equation x2 + 2cx + & = 0 then
Discriminant = 4¢2 —4a?
= (¢-&)
=—ive (c2-a2<0)
Since equation has no real roots. Ans. |

Q.9 0012
x2=3x+y=0 (D)
Let herootsare o + 3,
x3—4x2+gx=0 (2
One root of the equation is zro and other root is
repeated then roots are
0, B, B, then
Sumof roots2p3 =4
p=2
o+ B =3 by equation (1)
: a=1
b=ap=2
q=0B +B2+Po=p=4
2(b+g)=q4+2)=12. Ans.

Q.12

Q.10 0008
IfabceR
a+tb+c=6then(a+hb)=6-c
ab+bc+ca=9 ab=9-c(6-c)
L et the eugaiton where roots are aand b then
X2—(6-C)x+9—c(6-c)=0
for real x discriminant should be>0
(6—c)2—4[a—c(6—-C)] =0
=3c¢?<12¢c
=ce[0,4]
If exactly oneroot of equation
F(x) =x2—(m+ 2)x + 5m=0lie between [0, 4] then 01
f(0)f(x)<0 Q'2
=5m(m+8)<0 ’
me (-8,0)
Now forx=0,x>—2x=0
x=0,2
for m=-8,x?+6x—-40=0
x=-10,4
~.me (-8,0]
No. of integral valuesare 8. Ans.

Q1 10
a.p=b;y6=b-2
= apyd =b(b—-2)=24

=

1
bx?+ ax + 1 =0 hasroots o

(b—2)x?—ax + 1 =0hasroot

= Ik
| =

0003
cos?x+(1-a)cosx—a&<0 V xeR
Let t=cosx e[-1,1]
f(t) =2+ (1-at—a?
f-1)<0
1-(1-a)-a<0
-1 1

& 1+(1-a)—-a2<0

aa-1)>0 & a+a-2=0
(a+2)(a-1)=>0

finalyae (—o0,—2] U[1, )

eyl + kgl = 21+ 1= 3

& f(1)<0

PREVIOUS YEAR'S

MHT CET

S
@

<\/§+i)2(3i+4)2

Given Z=
ven (8+6i)

(3+1) (3 +ay

Zl =
Now, | ‘ (8+6i)° ‘

NEANEA

:\(m)g“(a”ﬂ{

(8+6i)

|

Z, Z,
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_‘\/§+i‘3|3i +4|2

8-+ 6 i

=l2']

(\/;1)3<\/9+16)2
(Vo +36)

(2°(5) _10%2
(10 (10

=2

Q3 @
3

— = a+ib
" 2+c0s0+isind

Given

3[(2+cos0)—isino |

=a+ib
(2+cose)2 +€in’0

3[2+cosB—isin6] )
= =a+ib
5+4cos0

Qe 3(2+ cose)
= " 5+4cos
3sin0d

and — 5+4cos6

6+3c0s0 9sin?0

- (a-2p+ b= (m

—4-5c0s0)’ +9sin?0
( )
(5+ 40059)2

_ 16+ 25¢c0s’ 0 +40cos6 +9sin’ 6
(5+ 40036)2

_ 16+ 25c0s” 6 +40cos0+9
(5+4cos6)’

~ (5+ 4cose)2 1

~ (5+4cosb)”
Q4  (§
Q5 @
Given, 20.=—1-i \[3and2p =-1+i/3
\ ot+tp=—landof=1

7 7
Now, Sac* + 5%+ 5 =Sl{ (a+B)*—2ap)T+ o 5

s
(5+4cos6)

Q6

Q.7

Q8

Complex Numbers and Quadratic Equations &
Inequalities

= S[{ (A7 2% 12 (1) + 1

=5[(1-2)2-2] +7=2
@

Given, =1=|z-5i|=|z+5i]|

-+ If[z—z|=|z-z], thenitisaperpendicular bisector
of z and z,.

.. Perpendicular bisector of (0,5) and (0,-5) is X-axis.
@

Letz, =x, +iy,,z,=x,+iy,andz,=x_+iy,

A, +7Z
. Z — 2 3
Given, 1 —k+1
(X iy, )+ (X +iY,)
X, +iy, =
= 1 Arl
: AX, +AlY, + Xy +iY,
X, +iy, =
= 1 y1 Ll
. A, + X, 1(AY,+Ys)
X, +iy, = +
= Y A+1 A+l
_AX, X MY, Y,
1T AT

Hence, z, (pointA) dividesz, (point B) and z, (point C)
intheratioX : 1.

.. B,Aand Carecollinear.

So, the distance of point A from thelinejoining points
B and Ciszero.

@
2
+1y 1
= -2—=i
We have, 9 ( 3 j
(X+iYJ_|:_1(6+i):l2
= 9 3
- Liy:5(36+i2+12i)
9 9
1 .
= 5(36—1+ 12i)
X +i 1 .
- 5 Y - 5(35+12)
On equating real adn imaginary parts, we get
x=35
and y=12

x—y=35-12=23

MATHEMATICS
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Complex Numbers and Quadratic Equations &

Inequalities

Q9 @
Giventhat, (x—1)3+8=0
= (x=1)3=(-23°
x—1Y’ x-1 13
=1 2= =(1
= (5] =)

X— Q.3
<. Cuberootsof | ——~ Jarel, » and »®.
Cuberootsof (x—1) are—1, 1-2m and 1 - 202

Q10 (1
Qu (@
Q12 @
Q13 (1
Q1
JEE-MAIN
PREVIOUS YEAR’'S
COMPLEXNUMBERS
Q1 @
z+ Z=i2+ 2
Consider z=x +iy
2x=(i + 1)(x2—y?+2xyi)
= 2x=x2—y?—2xy and x2—y?+2xy =0
= 2X=—4xy
:x=00ry=7
Casel:x=0=y=0s0z=0
-1 A4
Case2:y= > Q
=4x? -4x-1=0
(2x-1)2=2
2x-1=%+2
_1+42
2
HereZ = 1JM/E—I—orZ= ﬂ—l—
2 2 2 2
Sum of squares of modulus of z
2 2
o+ 1++2) +1+(1—ﬁ) ¥1_8_,
4 4 4
Qz (9

Given1+x2+x4=0
(2+x+1)(x2—x+1)=0

®
X? +X +1:0/
N2

oo, o?arerootsof x2+x+1

x2—x+1:0< ,

—@

—®

—w, —w?arerootsof x2—x+1=0

SLO=m

alOll + GZOZZ _ a3033 = ((0)1011 + ((,0)2022 _ (0))3033
= ((03)337 + ((03)674 _ ((03)1011

=1+1-1=1{- o’ =1

©)

complex number z suchthat |z| = 3

S ag(z-1)—ag(z+1) = %

[80]

[7-3<|

(x=3)2+y?<1
7(4+3i) 7 (4-3i)<24

A4Z+Z)+3i(2-27) <24
4(2x) +3i (2iy) <24
8x—6y <24

iJrlgl
3 4

centre=13,07
rat =1
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Complex Numbers and Quadratic Equations &

Inequalities
(4x_3y: ]_2) / |/—\

(0,4) A . }
Lol (20 (5,0)
2 (4, 0; Lower Extremity of vertical diameter of
circe—(4,1)
(4-2)° 1

Putinellipse => —+=-1
9 5

/]

v 9 5
L L 29
PdividesAOin4:1 :E—1<O
12 4 i
_| == Two solutions
O"B‘(5’5j
25(a+B) Q7  [40
(12+4) 1<|Z2-3+2i|<4
25 5 5
16 4
*\s /)
o
=80 ' (ab

Qs 4
2+z+1=0=>z=0,»’
z (z" +(_1)”in] 1<(a-3)*+(b+2)°<16
n-t z (0,£2), (22,0), (+1,%2), (+2, +1)
(¥2,%3), (3%, +2), (+1,+1), (24, +2)

15 15
S S 21” LIy (£3,0), (0, £3), (£3, +1), (+1, +3)
n=1
15 15 1 15 1 Q‘8 [3]
2n n
=2 0"+) FJFZQ D ["Fg} 1-isina
net i " 15 oisng, ispurely imaginary =
) ST SRR S .
el n=1 n=1 1-isna
= (@ + &t + @ +....0%°) + (0 + 0 + & +.....0") S0 1 Jising X
+(-1+1-1+1...-1)]
=0 (1 + @+ @ +....0°) + o(l + © + @ +....0'*)-1] 1-2isino._1-2sn*a-3isina
. . - . 2
2£1_®15j (1_0)14j 4 1-2isina 1+4sn°a
—|® +o -
1o 1o _1-2sin’a_ 3isina
= |2(0) + (1 + w)—1| 1+4sina 1l+4sin’a
Z|w*+o-1|=|-1-1|=2 .,
1-2sin“a 2
N T Tt
QG (3) 1+4sin“a
Ci(x—4)*+(y—3)*=4 5n n Tn
2 2Ty
E:M+y——l

9 5
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Complex Numbers and Quadratic Equations &
Inequalities

1+icosp

W mispurelyreal

l+icosp 1+2icosp _1- 2cos’ B + 3i cosP
1-2icosp 1+2icosp ~ 1+ 4cos’p

3cosp

3r
————=0=cosf=0=PB=—
= 1+4cos’p b =7

Now z, =sin2a+ icos2f

5n 3n .
utoo =—,p=—,z _=1-i
p 4 B 2 ap
n 3n .
Now put o = 7,B=7,Zab =-1-i

b iz +i =i i 1
wpes |0 iz, A=) A+ Ty FiIE1-DE Qo

op

=(i+1 +1—_i+ i +1+ e
=)+ gy i2

1
i(—1-1) =1
Q9 [q

|2°|= 2] 2"

=lz=

?=7=2722=1

S ZEopro?
?=(1+o)"=(-0?)"

Least natural valueof nis6

Q.10 ()
2 +(2)° = (2+3)° + (2-3)°
=2(°C,25+5C,2%(30)2 +°C 2(3i)’)
=2(32+10x 8(~9) +5x 2 x 81) = 244

Qu @
|z2 +|z2 —1“2 =|z2 —|z2 +J“2
3(22+|22_]D(22+|22_]D
=(2,-|z, +1)(z [z, +1))

=27, | 2242, -1|~2,(22— | 2, +1|) + (| 2, -1| + | Z, +1])

=lz,+1fz,-1f
:>(22+72)(|22—:q) (|z +]j) (z,+2,)
5 2,+Z,=0orz,-1]+|z,+1|-2=0

= Z,lieonimaginary axis. Or onreal axiswithin[-1,1]

1
Also |z, -3 = lieon circle having center (3,0) and

Q.13

radius —.

| .= E—l:§
2Imin 2 2

Clearly |z,~z
@

vV =|zP + [z-3) + |z-6i]

=X2+y?+ (X=3)* +y2+x* + (y—6)
=3x2+3y?—6x—12y +45
=3(x2-2x +y2—4y) +45
=3(x-1)2+3(y—2)?+30
=3z(1+2)PF+30
Minimumat z, = (1+ 2i) and minvaluev, =30
Now, |22§ -Z +3|2 +V2

[2 (-3 +4i) —(1-2i)*+ 37+ (30)?
[-6+8i —(— 11+ 2i) + 3)?+900
[-6+8i +11—2i + 3>+ 900
=|8—6iP+900

=64+ 36+900=1000

[0

2*+z=0

(x+iy)*+(x-iy)=0
2_y2+2ixy +x—iy=0

(-y?+x) +i(2xy-y)=0

y=0
X2+x—-y?=0& y(2x-1)=0

X:}

2

Casel : X=—
1+——y2=0:>y2=—:>y2=—:>y=i£
4 2
1,81 45
2 2’2 2
Casell :y=0

x2+x=0=x(x+1)=0
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Q.14

x=0,-1
z=0,-1+0i
Re(2) +Im(2)) =
.. (Re(2)+Im(2)) 016
(1+1+0 1] [£—£+0+0J
2 2
=0+0=0
QUADRACTIC EQUATIONS
@
+Ax-1=0
rootsarea & B
-\ -1
+B=— & af=—
oa+p 3 of 3
1 1
glven_z E:15
0L2+[32
asz =15
, Q.17
(a+PB) —2ap
. 15
(o)
)3
3—23_15 A2 2 15
1 —+5=
(—j 9 3 9
3
A2+6=15
A2=9
A=13
=eq. will be 3x2+3x—1=00r 3x23x-1=0
o+p=-1, aﬁz% a+[3:1&a[3:%1
whenA=3 when A =-3 Q.18
o +P% = (a+B)° —3oB(a+B) o +B=(or+B)~Bup(a+p) '
3 -1 3 -1
=(-1)°-3 —|(-1 =(1)-3 —|(1
G ) R e
=—1-1=-2 =1+1=2
- 60’ + B2)?=6(-2)? - 6(0+B%)=6(2)
=24 =24

Q.15

MATHEMATICS 79

@
(€-2)(e+2)(3e-1)(2e—1) =0

eXle

3'2
—KZEEEE
X=(n2, (n3, (N5

X=/n2,—¢n3,—¢n2

Complex Numbers and Quadratic Equations &
Inequalities

sumof al root's= /n2—-¢n3—-/n2
=—/n3

4
P+q=3
= (P+0)*=9
= p*+ o+ 2pg=9
given p*+q*=369
(P*+ ?)*—2(pa)* = 369
= (9-2pa)=2(pg)* = 369
= 81 —36pq + 4p°q?— 2p%g? = 369
= 2(pg)>-36(pq) —288=0
= (Pg)-18(pg) —144=0

pg=24,-6
if pg=24
p? + g% = 9—2(pq) = —ve(not possible)
takepq=—6
-2 2 2

SREIOR

P qg p+q 3
[45]

81

e*—11e'—45e>* + > =Q]

81
(€9°-11(e)*—45+ =0]+
e=t
2t3-22t?+81t—90=0
ttt,=45
gh.e et =45
ex1+ x2+x3:45
log, (" *2**) =log 45
X, +X,+X,=10945
log,P==1og 45
P=45
(36]
x=0is not the root of this equation so divide it by x2

3 1
X2 —3x—2+= +—=0
X X
1 1
X+ -2+ 2—3(X——)—2:0
X X
2
1 1
(x——) —3(X——j=0
X X
1 1
X X
—1=0. x2-3x-1=0
x=%1 ¥+6=3
o 13 B:_l '\{6:—1




Complex Numbers and Quadratic Equations &

Inequalities

Q.19

Q.20

Q.21

Q.22

o+ B +y+ 8
= 1= 1+Hy+0)((y+0)*-3vd)
=+3(9-3(-1))=3(12)=36

@
o
x4+x3+x2+x+1:?\<[3
5 Y
(x=D) (x*+x3+x2+x+1)=(x-1).0
X°-1=0=[x’ =1 = o® =p*=y* =5 =1
NOW S = a2021 + B2021 + ,Y2021 + 62021 = 20,2021

S=Za(ad)*°

S=3o()

S=ZXa

S=-1

[16]

P=a"-p" x2—x—4=0

P:I.SPJ.G — RL4RLS — Plzs + P14pls (1)
RsPa

AsP -P_ = (a"=B") —(a"=1—p™Y)
=am(o?—a) —BHBP)

= 4(an—2 — Bn—Z)

Pn - Pn—l = 4Pn—z

Hence, expression (1)

P].G(PlS — I:)14) — P15(Pls B '314)

RaP

— (Pl5 — P].4)(P:LG — I:)15) — (4Pla)(4pl4)
RaPa RaRs

=16

(3]
oa?+f2 = (a+p)’—2ab
=(3-a)?-2(1-2q)
=a&-6a+9-2+4a
=&-2a+7=(a-1)?6>6

[272]
(pPx—0)? +(gx—r)*=0
px—q=0,2x-r=0

x=d_T1
p 2

Now root’sof equation x>+ 2x—-8=0
X=-4,2
.. qand p one not of same sign
... 3_12_4

P q

2 2
920 _om

p

[3

X —x2—x+ 1) +Xx(3x3—4x2—2x+4)—-1=0
=(Xx=1)*(x+1)(x°+3x-1)=0
=f(x)=x°+3x-1

=f'(x)=5x*+3

=f'(x)>0 f(x)T

Total = 3 distinct real root’s
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Linear Inequalities

LINEAR INEQUALITIES

Q.1

Q.2

Q3

Q4

Q5

Q6

Q7

MATHEMATICS

EXERCISE-lI (MHT CET LEVEL)

)

Since, Ravi hasto buy ricein packets only, he may not
be able to spend the entire amount of Rs. 200 because
200 isnot amultiple of 30. Hence,

Rule-2: Both sides of aninequality can be multiplied
(or divided) by the same positive number. But when
both sides are mutliplied or divided by a negative
number then the sign of inequality isreversed.

30x < 200
Q8 (3
(3) _ Wehave, 4x + 3<6x+7
Let x denotesthe number of registersand y, the number or 4AX—6x<6x+4—6x
of pens which Reshman buys, then the total amount oF 2x<4 or X>-2
spent by her is Rs (40x + 20y). In this case, the total i.e., al therea numberswhich aregreater than—2, are
amount spent may be Rs. 120, then the solutions of the tgiven inequality. Hence, the
40x +20y <120 _ solution set is (-2, )
Note: The statement 40x + 20y < 120 consists of two
statements40x + 20y < 120 and 40x + 20y = 120, where Q.9 A
40x + 20y < 120isaninequality and 40x + 20y =120is We have
an equation.
5-2x X &
© 2(53 2X) " 30
or —2X) <X—
2X+3< 4X_1:>—16x<—1l or 10—4x<x-30
5 or -5x<-40, i.e, x>8
11 Thus, al real numbersx which aregreater than or equal
—=16X>11= X>— to 8 are the solutiosn of the given ienquality
16 i.e,Xe[8,0)
11 Q10 (1
X —, )
3x-4 > X+1 1
) 2 4
Two real numbers or two algebraic expressionsrel ated 3—4 x_3
by thesymbol ‘<*, ‘>’ ‘<’ or *>’ formsan inequality. or >—
For Example, 30 < 200, 40x + 20y < 120, 40x + 20y < 120 2 4
etc. or 2(3x—4)>(x—3)
or 6x—8x=x-3
) or 5x>5 or x=1
3<5; 7> 5arethe examplesof numerical inequalitites 'I_'he graphical representation of solutionsis givenin
while x < 5;y > 2; x > 3 are the example of literal figure.
Inequal tites. T 432-10123456"
@) _ QU (1)
3<5<7(readasSisgreater than 3andlessthan 7), 3 Let x be the marks obtained by student in the annual
<x <5 (read asx isgreater than or equal to 3 and less examination. Then,
than 5) and 2 < y < 4 are the examples of double
inequalities. 62+48+X oo
3
4 or 110+x>180
We state the following rulesfor solving an inequality. or X=70
Rule-1: Equal numbers may beadded to (or subtracted Thus, the student must obtain aminimum of 70 mariks
from) both sides of an inequality without affecting the to get an average of atleast 60 marks.
sign of inequality.
81



Linear Inequalities

Q.12

Q.13

Q.14

Q.15

(€)
Let x bethe smaller of thetwo consecutive odd natural
number, so that the other oneisx + 2. Then, we should
have
x>10 ... @
and x+(x+2)<40 ... (i)
Solving (i), we get
2X+2<40
ie, x<19 .. (iii)
From (i) and (iii), we get
10<x<19
Sincex isan odd number, x cantakethevalues 11, 13,
15, and 17. So, therequired possible pairswill be
(11,13),(13,15),(15,17),(17,19)

Q.16

@
Wehave, 3x +8>2
Adding -8 on both sides,
3x+8-8>2-8

= 3x>-6
Dividing by 3 on both sides,

33X _ -6

—_— > JR—

3 3
= x>-2
() When x is an integer, the solution of the given
inequaity is{-1,0,1, 2, .......... }.
(i) Whenx isareal number, the solution of the given
inequality is(—2, «). i.e., al the numberslying between
—2 and oo but —2 and oo are not included.

Q.17

Q.18

@

Wehave, 4x +3<5x+7

Transferring theterm 5x to LHS and theterm 3to RHS,
IX—-5x<7-3 = —x<4 = x>-4

With the help of number line, we can easily look for

the numbers greater than — 4.

o—>

—0 65 432 +»

. Solution set is (4, «©) i.e., al the numbers lying
between —4 and o but —4 and oo are not included as
xX>-4.

@
Wehave, 3x—7>5x—1
Trandferring theterm 5x to LHS and theterm—7to RHS.
Dividing both sides by 2,
3X-5x>-1+7
= -2X>6
2X < 6
T 202
= X<=3
With the help of numebr line, we caeasily look for the
numbers less than —3

Q.19

.4

5 4 -3 oo

. Solution set is (—wo, =3) i.e., al the numebrs lying
between —o and —3 and but —o and —3 are not included
asx<-3.

éu A

4
Wehave, 3x—3<2x -6
Trandferringtheterm 2x to LHS and theterm—3 ot RHS,
X—2x<-6+3
X<-3

.4

én A U

4 -3 +oo
. Solutionset is(—o, —3].

&)
Wehave, 3(2—x)>2(1-X) =6—3x>2—-2x
Transferring the term 2 to LHS and the term —3x to
RHS.

6—2>-2x+3X
= 4>x = x<4

& a
< .

&

— -1 0 1 2 3 4 +»
. Solution set is (—o, 4].

©)

Wehave, 2(2x + 3)—<6 (x—2)

= 4x+6-10<6x-12

= 4X—-4<6x-12

Transferring theterm 6x to LHS and (—4) to RHS,
4X—-6x<-12+4

= —2X<-8

Dividing both sides by —2

-2Xx -8
_>_
-2 =2
= x>4
o >
—0 4 5 6 o0

.. Solution setis (4, )

©)

Wehave 37 —(3x +5) > 9x -8 (x—3)
(37-3x—5)>9x—8x+24

= 32-3x=x+24

Tranderringtheterm24to LHSand theterm (—3x) toRHS,
32-24>x+3x

= 8>4x

= 4x<8

Dividing both sides by 4,
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Q.20

Q.21

MATHEMATICS

L4

élk r 3 U

01 2 +o0
-.Solution set is(—,2].

@

Q.22

Linear Inequalities

)

Wehave, 3x—2<2x +1

Transferringtheterm 2x to LHSand theterm (-2) to RHS,
X—-2x<1+2 = <3

—0 12 3 +00
All thenumberson theleft side of 3will belessthaniit.
.. Solution setis (— oo, 3).

5x-2) (7x-3
We have, %( X3 ) ( X5 ) Q23 (1)
Weh x>(5x—2) (7x-3)
X 5(5x—2)-3(7x-3) enave 2= 3 5
2° 15 Taking LCM inRHS,
= 15x<4[(25x—10)—(21x-9)] X 5(5x —2)—3(7x—3)
= 15x<4[(25x—10)-21x+9 Pl 15
= 15x<4[4x-1] ~10—
. 15x<16x—4 - 5225x 10-21x+9
Transferring theterm 16x to LHS. 2 15
15x—16x <-4=>-x<-4 X (25x — 21x)—(10-9)
Multiplying by — 1 both side, we get = 5 15
x>4 o R XS 4x -1
) > =~ 2715
0 4 5 6 % = 15x>2(4x—1)
.. Solution set is (4, «). = 15x>8x-2
Transferringtheterm 8x to LHS,
2 15x—-8x>-2 = 7x>-1
2X—1>(3X_2J_[2_X D|V|3|ngbc;th5|desby7,
Wehave, T3 =T X2 o X222
Taking LCM inRHS, T 7 .
2x—-1_ 5(3x—2)-4(2-x) 0 1.2 0 1 +o0
> 7
3 20
. . _2
N 2X—1>(15X_10)_(8_4X) . Solution set is [700j
3 20
2x-1_15x-10-8+4x Q24 (2
= > . L .
3 20 Let Ravi got x marksinthird unit test.
ox—1 19x-18 .. Average markes obtained by Ravi
= T3 2 _ Sumof markesinall test
= 20(2x—-1)>3(19x-18) Number of test
= 40x-20> 57x—-54
Transferring the term 57x to LHS and the term — 20 to = 70+75+X = 145+ X
RHS 3 3
40X —57x >—54+ 20 Now, it is given that he wantsto obtain an average of
— 17x>-34 atleast 60 marks.
Dividing both sides by — 17, Atleast 60 marks meansthat the marks should be greater
_17x < -3 than or equal to 60.
17 - -1 e, 1453” > 60
= xgﬁ:xgz = 145+x>60x3
-17 = 145+x>180
< . Now, transferring theterm 145to RHS,
< . x>180-145
—0 1 2 +00 = x>35
. Solution setis (-, 2]. i.e., Ravi should get treater than or equal to 35 marksin
third unit test to get an average of atleast 60 marks.
.. Minimum marks Ravi should get = 35
83
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Q.25

Q.26

Q.27

2
L et Sunitagot x marksin thefifth exam.
Average markes obtained by
Sumof markesindl exams
Nurmber of exams

Sunita=

_87+92+94+95+x  368+X

- 5 5
Now, it isgiven that Sunitawantsto obtain gradeA for
that her average marks should be greater than or equal
t0 90.

368+ x

ie, >90=368+>450

Transferring theterm 368 to RHS,
X >450—368
= x2>82
i.e., Sunitashould get greater than or equal to 82 marks
infifth examto get gradeA.
. Minimum marks=82

@
Let thenumbersare2x + 1 and 2x +3. Then, according
to the question,
2x+1<10 and 2x+3<10
= 2x<9and 2x<7

Also, 2X+3+2x+1>11
= 4x+4>11
= 4x>11-4
7
= x> 4
Now, plotting all thevaluesof x online.

O

(]

én AA
® NNT
N~T
N|oT
\

v

From the graph, it is clear that x e (%g] in which
integer valuesarex =2 and 3.

Whenx =3, thenumbersare(2x3+1,2x 3+ 3)=(7,
\glzlhenx:Z,thenumbersare(Zx2+l,2>< 2+3)=(5,
2> Required pairsare (5, 7) and (7, 9).

@
Let numbersare2x and 2x + 2
Then, according to the question,

2x>5 x>§
= X775

Q.28

Q.29

and 2X+1>5 = 2x>5-2
= 2X >3 = x>3/2

and 2X+2X+2<23 = 4x<23-2
= 4x<21
.
= X<,
Now, ploting all these values on number line.
[ >
L S
s 3 5 2 o
2 2 4

521
From abovegraph, itisclear that X e (57] inwhich
integer valuesarex=3,4,5
Whenx =3 pairis(2x3,2x3+2)=(6, 8)
Whenx =4 pairis(2x4,2x4+2)=(8,10)
Whenx =3pairis(2x5,2x5+2)=(10, 12)
.. Required pairsare (6, 8), (8, 10), (10, 12).

©)

L et the shortest side be x cm.

Then, according to the given condition,

Longest side=3x cmand third side=(3x—2)cm
Now, perimeter of triangle> 61i.e., such of all sides>
61

= X+3x+3x—-2261

= 2+7Xx -2>61+2

= 7x 263

> — 22—

= x>9
.. Minimum length of the shortest sideis9 cm.
2
L et the shortest side be x cm.
Then, by given condition, second length = x + 3cm
Thirdlength=2xcm
Also given, total length =91
Hence, sum of all the three lengths should be less
than equal to 91.
X+X+3+2x<91
= 4x+3<91
Subtracting (-3) to each term,
—3+4x+3<91-3
= 4x <88

= x<22cm (D)
Third length > second length +5
Again, giventhat2x > (x +3) +5
2X> X+(3+5)

Transferring thetermx to LHS,

2X—Xx28 = x=>8 ..(ii)
From Egs. (i) and (ii), length of shortest board should
be greater than or equal to 8 but less than or equal to
22i.e,8<x<22.
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Q30 (2 Q38 (4
A line divides the cartesian plane into two parts. Wehave, 40x + 20y <120,>0y >0 (D)
Q31 (1) In orde_r todraw the graph of theinequality (i), wetake
II(Each partinwhich alinedividesthe cartesian planeis Sgﬁgglgf ia;/ngo),/ogir'lsff;alt?]glie;‘neeqluglr;?ycg;ecnlgt\./vhether
nown as half plane.
Q32 (O
A vertical linewill dividesthe palen in left and right
half planesand anon- verticd linewill dividethepalen
into lower and upper half planes.
Q33 (3
A pointinthe cartesian planewill either lieonalineor
will liein either of the hafl planes| or 11.
Q3 (1
All points(x, y) satisfying ax + by = ¢, lieonthelineit
represent.
Q35 (3 . A N
If apoint P(a, B) lieonthelineax + by = c, then it will X5 1 2 N4 5
satisfy ax + by = ¢, i.e., ao + bp = c. All thepointslying ;; \
Onut;?JI;ne’ a + by = cis the solution to the given We observe that x = 0, y = 0 satisfy the inequality.
€ ' Thus, we say that the half plane | isthe graph of the
Q36 (3 inequality. Since, the points on the line also satisfy
Thegraph of theinequality ax + by >cwill behalf plane theinequality (i) above, thelineis also an part of the
| (called solution region) and represented by shading graph.
half plane/not including thepoint onthelineax + by =c. Thus, the graph of the given inequality is half plane |
including thelineitself. Clearly, half planell isnot the
Q37 (1 part of the graph. Hence, solutions of inequality (i)
Given, 40x + 20y < 120, x and y arewhole numbers. will consist of al the points of its graph (half plane
To start eith, let x = 0. then, LHS of giveninequality is linculding theline).
40x + 20y =40 (0) + 20y = 20y Also, sinceitisgivenx >0,y >0, x andy can only takd
Thus, wehave 20y <120 positivevaluesin half planel.
o y<6
For x =0, thecorresponding valuesof y canbe0,1,2, Q.39 (2
3, 4, 5, 6 only. In this case, the solutions of given Graph of 3x + 2y = 6 is given as dotted line in the
inequality are(0, 0), (0, 1), (0, 2), (0, 3), (0, 4), (0,5), and figure.
(0,6). Thislinedividesthe xy-planeintwo half planes| and
( I1. We select apoint (not ontheline), say (0, 0), which
1 liesin oneof thehalf planes(seefigure). Now, determine
whether this point satisfiesthe given inequality or not.
We notethat 3(0) +2(0) > + or > 6, whichisfalse.
‘\9}." YA
: " 3
4 \\6\‘”2“ 5
3 AT I
2 37,
! 21 ™,
X0 12%5 141
v '

o '3 o ) X' ¢—azt——t—t—t—t——+—>
Similarly, other solutions of giveninequality whenx = 1 234567
1,2and3are(1,0), (1, 1), (1, 2), (1, 3), (1, 4), (2, 0),

(2,1),(2,2),(3,0). Y'Y 4
Thisisshownin abovefigure. Statement (b) isincorrect, Hence, half plane | is not the solution region of the
sincex andy arewhole numbers. x and y can only take given inequality. Clearly, any point on the line does
values {0, 2, 3 ...:0}. Given shaded region shows not satisfy the given strict inequality. In other words,
negative aswell asfractional valuesof x and y. the shaded half plane Il excluding the points on the
lineisthe solution region of the inequality.
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Q.40

Q.41

Q.42

@
Graph of 3x - 6 =0isgiveninthefigure.

YA A

-

PAAS)
w-
H
[GF

Y¥

We select apoint say (0, 0) and subtituting itin given
inequality, we see that
3(0)—6>00r-6=>0whichisfase

Thus, the solution region is the shaded region on the
right hand side of thelinex = 2.

@

Wehavethegiveninequality,2x +y >6.......(1)

Sep | Consider theinequation asastrict equationi.e.,
2X+y=6

Sep Il Findthepoint on X-axisand Y-axisi.e.,

X 3 0
v 0 6
Sep |11 Plot the graph using the above table.

Sep 1V Take a point (0, 0) and put it in the given
inequaiton (i), weget 0+ 0> 6, whichisfalse, so shaded
regionwill beaway fromtheorigin.

<

Here, shaded region showstheinequality 2x +y > 6

Note Theregionissaidto bebounded, if itisenclosed
otherwise it is unbounded.

©)

Thegiveninequation—3x +2y >—6

Sep | Consideretheinequation asastric equationi.e.,
-3X+2y=—6

Q.43

Q.44

Sep |1 Find the point onthe X-axisand Y-axisi.e.,
Sep |11 Plot graph using the abovetable.

Sep 1V Take a point (0, 0) and put it in the given
inequation (i), weget0+0>-6

Which is true, so the shaded region will be towards
theorigin.

Hence, the shaded half plane | including the point on
thelineisthe solution of given inequality

(©)

Thegraph of linear equation x +y =5isdrawn figure.
We note that solution of inequation (i) is represent by
the shaded region above theline x +y =5, including
point on the line.

On the same set of axes, we draw the graph of the
equation x - y = 3as shown in figure. Then, we note
that inequality represents the shaded region above
thelinex-y=...... including the points on theline
Clearly, the double shaded region, common to the
above two shaded region is the required solution
region of the given sytem of inequalities.

@
Wefirst draw the graph of thelines5x + 4y = 40,
x=2andy=3
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Then, we notethat theinequality (i) represents shaded
region below the line 5x + 4y = 40 and inequality (ii)
represents the shaded region right of line x = 2 but
inequality (iii) representsthe shaded region above the
liney = 3. Hence shaded region (figure including all
the point on thelines are al so the solution of the given
system of the linear inequalities.

In many practical situations involving system of
inequalitie the variable x and y often represent
guantities that cannot have negative values, for
example, number of unit produced, number of articles
purchased, number of hour worked etc.

Clearly, in such cases, x > 0, y > 0 and the solution
region liesonly in thefirst quadrant.

Since, the region is enclosed, so it is bounded.

Q.46

Sepl

Sepll

Linear Inequalities

@

The given system of inequalities
2xX+ty>4

X+y<3 (i)
2x-3y<6 ...(ili)
Consider the inequations as strict equations
i.e,2x+y=4

X+y=3

2Xx-3y=6

Find the points on the X-axisand Y-axisfor,
2xX+y=4

i)

X 0 2

y 4 0
andx+y=3

X 0 3

y 3 0
and 2x—-3y=6

X 0 3

y —2 0

Sep |11 Plot the graph using the above tables.
Sep IV Takeapoint (0, 0) and put it intheineguation (i), (ii), and

(iii), we get

0+0>4 (fdse)

So, the shaded region will be away from origin
0+0<3 (true)

So, the shaded region will be towards origin
0-0<6 (true)

So, the shaded region will be towards origin

Q45 (2
Consider 8x + 3y = 100. We observe that the shaded
region and the origin lie on the same side of the line
and (0, 0) satisfies 8x + 3y < 100. Therefore, we must
have 8x + 3y <100 aslinear inequality corresponding
totheline8x + 3y = 100. Also, shaded regionliesin the
first quadrant only. Therefore, x > 0, y > 0, Hence, the
linear inequalities corresponding to the given solution
are
8x+3y<100,x>0,y<0.
\‘
\ Thus, common shaded region shows the solution of
X'€ o) 5l >X theinequalities.
X
&, Q47 ()
% The given system of inequalities
X—2y<3 ()
2 X +4y>12 ()]
Y’ x>0 L. (iii)
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Sepl

Sepll

Sepllil

SeplV

Q.48

y>1
Consider the inequations as strict equations
i.e,Xx—-2y=3,3x+4y=12x=0,y=1

Find the point on the X-axisand Y-axis

for x—2y=3
X 0 3
y -3/2 0
and3x +4y =12
X 0 4
y 3 0

Plot the graph using the above tables

(i) For x—2y = 3and 3x + 4y = 12 usethe abovetables.
(i) Graph of x =0will beY = axis

(iii) Graph of y = 1, will be line pardlel to X-axis,
intersecting Y-axisat 1.

Taking apoint (0, 0) and put it in the the inequations

(i) and (ii),
0-0<3 (true)

So, the shaded region will be towards origin and
0+02>12(fdse)

So, the shaded region will be away from the origin.
Againtakeapoint (1, 0)
put it in the inequations (iii), we get
1>0 (true)
So, the shaded region will be towards origin.

5 .
e
\\\\\\\ 2\

Yy
N\
TN\

.,,///// X

Andapoint (1, 0) put it in theinequations (iv), we get
0>1 (fdse)

So, the shaded region will be away from the origin.

Thus, common shaded region shows the solution of

theinequalities.

2
The given system of inequalities

4x+3y <60 (i)
y>2X ..(ii)
x>3 ..{iii)

Step |

Stepll

Step 1l

Step IV

Q.49
@)

(i)

X,y=0 (V)

Consider the inequations as strict equations
i.e,4x+3y=60

y=2x

x=3

Find the point on the X-axisand Y-axisfor
4x + 3y =60

X 0 15
y 20 0
and y=2X
X 0 5
y 0 10

Plot the graph using the above tables,

(i) For 4x + 3y = 60 use the abovetables

(i) Fory = 2x usethetables

(iii) Graph of x = 3 will be straight parallel to Y-axis
intersectin ghe X-axisat 3.

Takeapoint (0, 0). Putitintheinequation (i) and (ii)
0+0<60 (true)

0>3 (fase)
and apoint (1, 1), putting it in theinequation (ii),
1>2 (flase)

Y

Thus, common shaded region shows the solution of
theinequalities.

)

Consider, x + 4y = 80. We observe that the shaded
region and the origin lie on the same side of thisline
and (0, 0) satisfiesx + 4y <80. Therefore, wemust have
X + 4y < 80 as linear inequality corresponding to the
linex +4y =80.

Consider, 3x + 2y=150. We observe that the shaded
region and the origin lie on the same side of thisline
and (0, 0) satisfies 3x + 2y < 150. Therefore 3x + 2y <
150isthelinear inequality correspondin to theline 3x

Mut Cer COMPENDIUM



(i)

+2y=150.

Consider, x =15. We observe that the shadedregion
and origin lie on the same side and (0, 0) satisfiesx <
15. Therefore, x < 15 is the linear inequality
corresponding tothelinex = 15.

Linear Inequalities

EXERCISE-IlI (JEE MAIN LEVEL)

INEQUALITIES

) ST : Q1 3
) ?&iﬁeftgreeszazdgd;ig(l)on liesinthe first quadrant only Singe, maximum number of computers shopkeeper can
Hence, in view of (i), (ii), (iii), (iv) above, the linear sell, is250. Therefore,
inequalities corresponding to the given solution set X+y<250
are3x + 2y <150, x + 4y <80, x < 15, x, y < 0. Q2 (3
Given,3<3t—-18<18
Q50 (4 Adding 18to each term,
The given system of inequalities 3+18<3t—-18+18<18+18
x+2y<10 = 21<3t<36
§+yi10 Dividing by 3to eachterm,
xz%,yzo 2_1<§<§
Sepl  Consider thegiveninequationsasstrict equationsi.e., 3 3 3
X+2y=10,x+y=1,x-y=0 = 7<t<12
andx=0,y=0 , _ Adding 1 to each term,
StepII_Fmd the pointson the X-axisand Y-axisfor 7r1<t+1<12+1
x+2y=10 — 8<t+1<13
X 0 10
y S 0 Q3 (2
and Xx+y=1 Thegiveninequality 6<—3(2x—4) <12
X 0 1 6<—6x+12<12
y 1 0 Adding (-12) to each term,
Forx—y=0 —6 > 6x S 0
X 1 2 -6 -6 -6
y 1 2 = 1>x>0
Seplll Plotthegraphof x + 2y =10 = 0=x<1
X +y =1, x —y = 0 using the above tables . Solution setis (0, 1]
SeplV Takeapoint’ (0, 0)and put it intheinequations(i) and
(i), Q4 (3
0+0<10 _ (_true) N 7x
S0, the shaded region owill be towards origin Thegiveninequality —-3<4— —<18
And0+0>1 (flase) 2
So, the shaded region will be away fromthe origin Adding (—4) to each term,
Again, take a point (2, 2) and put it inthe inequation 7x
(iv), we get -3-4<4-—-4<10-4
2>0,2>0 (true) 2
S0, the shaded region will betowards point (2, 2). _7x
= —7<—<14
2
-2
Multiplying by (7] to each term,
—7x(_—2] > —ZX x(_—zj > x(_—zj
7 2 7 7
= 22Xx2-4 = —4<x<L2
. Solution setis[—4, 2].
Q5 @
M I. Thegiveninequality 2<3x—4<5
Andtakeapoint (0, 1) and put itin theinequation (iii), = 2+4<3x<5+4
we get = 6<3x<9
0-1<0 Dividing by 3in eachterm,
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7 ©)
6_3x_9 Q
§S?S§ We have the given inequalities as
2(x—1)<x+5 and 3(x+2)>2-x
.:>25x§3 ' Now, 2x—2<x+5
<. Solution setis[2, 3] Transferring theterm x to LHS and theterm — 2 to RHS,
I1. Thegiveninequality oX—2<X+5
3x = X<7 ()]
—12<4-—<2 and 3(x+2)>2-x
= 3X+6>2-X
— -12< 4+3_X <2 Transferring the term (— x) to LHS and the term 6 to
5 RHS,
Adding (—4) to each term, = 3X+X>2-6
3x = 4x > -4
-12-4< 4+g—4£ 2-4 Dividing both sides by 4,
-4
~ -16< %X <-2 >
= x>-1 (i)
- S = Draw the graph of inequalities (i) and (ii) on the
Multiplying by 3 to each term, number line.
[« »
162 <0< 2. < —t—t—t—t—t—+—+—o—>
3 53 3 0 1 0123 4567 +
80 ex< 10 < °
= T3 =Ty Hence, solution set of theinequalitiesarereal numbers,
x lying between —1 and 7 exculding— 1and 7.
Soluti : (_@ _E} }_@ __10} ie,—1<x<7
- Solution setls | =305 of T3y - . Solution setis(~1, 7) or]-1, 7.
Q6 (2 Q8 (3
Giveninequality is5x +1>—24. Wehave, 2x-7<11and3x+4<-5
Adding (- 1) on both sides, Now, 2x-7<11
—14+5x+1>-24-1 Adding 7 on both sides,
— Bx>-25 2x<11+7 = 2x<18
Dividing both sides by 5, Dividing by 2 both sides,
o5 x<9  ..()
X > — and X+4<-9
S Adding (—4) on both sdies,
= X>-5 3x<-9
Also, Sx=1<24 ..(I) Dividing by 3 both sides,
Adding 1 on both sides, x<=3 .(ii)
1+5x-1<24+1 Draw the graph of inequations(i) and (ii) on the number
= b5x<25 line
25 - —0
= X<€:>X<5 ...(ii) -3
Draw the graph of inequations (i) and (ii) on the number < _% 5 >
line. <
. R 9
P o N Hence, solution of the system of linear inequations
o 6-5-4-3-2-1 01 2 34656 +uw areral numbers|lessthan -3 excluding — 3.
< o .. Solution set is(— o, —3).
Hence, solutionsof the system arereal numbersx lying
between-5and 5 excluding—-5and5i.e,,-5<x<5.
- Solution setis(-5, 5) or |5, 5[. Qs (@
Wehave, x| <3
= —3<x<3 (- X|<a=-a<x<a)
90 Mut Cer COMPENDIUM
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|x=2]

Q10 @ >0
Wehave, [x|>b, b>0 x-2
= x<-b and x>Db —Ix=2l,, _ -
= Xe(-0,—b)Ub,®) o 20 (ek2==(x=1),ifx<2)
= -1>0
eQu @ Which is not true.
X—-2 Casell Ifx>2
We have, ———-2>0
X+5 [x-2]
Y >0
- X—-2-2(x+5) -0 ,
X+S XZ2l, 0 (o x2=x—2ifx>2)
X—2-2x-10 X-2
s 0 = 120
Which istrue.
—(x+12) 20 Also, given expression is not defined at x = 2, since
X+5 denominator at x =2is0. Thereisno solutionat x = 2.
Multiply by (- 1) on both sides, Hence, x > 2istherequired solution. i.e., X € (2, )
x+12_ Q14 (2
X+5 We have,
Given inequality will belessthan O intwo cases. a<b
Casel and c<0
(x+12)>0 and x+5<0 Dividing both sides of a< b by c. Since, cisanegative
= x>-12 and x<-5 number, sign at inequality will get reversed.
(-.-%> 0= aandbareof oppositesignsj Hence, "_i>9
c c
Casell
(x+12)<0and x+5>0 Q15 (2
or x<—12 and x>-5 (not possible) Wehave, p>0,q<0
. =12<x<-5 q<0
ie,xe(-12,-5) Adding p on both sides,
p+q<p
Q12 (3
Wehave, |[3—-4x|>9 Q16 (1
= 3-4x<-9or 3-4x>9 Wehave, —3x +17<-13
(s X|za=>x<—aorx>a) Subtracting 17 from both sides,
Subtracting 3 from both sides of each inequality, -3 <-13-17
3—-4x-3<-9o0r 3—4x-3>9-3 = —-3x<-30
—4x<-12 or —4x>6 Dividing both sides by (- 3),
Dividing by (—4) on both sides of each inequality, x>10
L"X>__12 ﬂ<£ = X e(10,x)
-4 -4 -4 -4 Q17 (2
3 The number line represents
X=30r X<—_
2 9. [9 j
X>=ie,Xe|=w
3 2 2
XG(—OO,—E]U[S, 0) Q18 (2
To earn some profit, we must have
Q.13 (2) R(X)>C(X)
= 60+2000>x+4000
We have Ix=2],, Subtracting 20x from both sides,
T ox-2 40x +2000> 4000
Casel Ifx<2 Subtracting 2000 from both sides,
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Q.19

Q.20

Q.21

Q.22

Q.23

40x>2000
Dividing both sides by 40,

= Xx>50

©)

Wehave, [x+3|>10

= X+3<-100r x+3>10(-- [x|2a=x<—aorx>a)
= X+3-3<-10-30rx+3-3>10-3 =X
<13orx=>7

= Xe(-0,-13|u][7,»)

©)

L et breadth of rectangle bex cm.

.. Length of rectangle = 3x

Perimeter of rectangle= 2 (Length + Breadth)
=2(x+3x)=8x

Given, Perimeter > 160cm
8x>160cm

Dividing both sides by 8,
x>20cm

©)
We know that, [3—x|>0vx e R

Adding 7 on both sides,
[3—x|+7>7

= f(x)>7

- Minimumvalueof f (x)is7.

@

Wehave, 2<|x—3|<4

Casel If x<3,then
2<x-3|<4

= 2<{x-3)<4

= 2<—xX+3<4

Subtracting 3 from both sides,
-1<x<1

Multiplying (1) on both sides,
—1<x<-1

= xe(-11]]

Casell If x >3, then
2<x-3|<4

= 2<—xX+3<4

Adding 3 on both sides,

= 5<x<7

Hence, the solution set of given inequality is
xe(=1,1u[5,7)

@

Let x bethe smaller of two consecutive even positive
integers. Then, the other eveninteger isx + 2.

Given, x>8andx +x+2<25

= x>8and2x +2<25

= x>8and2<25

Q.24

Q.25

Q.26

23
= x>8and X<7

= x=10
Hence, there exists only one pair of even integer (10,
12).

@)

The shaded region in the figure lies between x = — 3
and x =3 notincludingthelinex =—3and x =3 (lines
are dotted)

Therefore,-3<x<3

= [X|<3(-: X|<a« —a<x<a)

@

Given,2x—-3>0

...... 0]

= 2X>3
Y
AN

3 X'«
> — O

= X >
A 4
Y

3
First, draw the graph of thelinex = > Consider the

point O(0, 0). Putting x = 0in Eq. (i),
2(0)-3>0

= 0-3>0

= 330, whichisnot true

Hence, given, inequality represent the half plane made

3
by thelinex = =, which does not contains origin.

2

)
Giveninequalitiesare
X +4y>12 (D)
y>1 (i)
x>0 (i)
Theline corresponding to (i) is
X +4y=12 (i)
Tablefor 3x +4y =12

X 4 0

y 0 3

Draw the graph of theline 3x+4y=12
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-- 3(0) +4(0) > 12i.e.,,0> 12, whichisnot true.

. Inequality (i) represent the half plane made by the
line (iv) which does not contain origin .

Inequality y > 1 represent the half plane made by the
liney = 1 which doesnot contain origin (- 0>1isnhot
true)
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3x+4Ay=12

Inequality x > O represent theright side of the Y-axis.
Hence, the shaded part is common to all the given
inequalities.

Linear Inequalities

X-
%,
/Zo!l) ﬁ—x %

.+ 0-0<1i.e,0<1, whichistrue

Therefore, inequality (i) represent the half plane made
by theline (vi), which contains origin

Now, 0+2(0) <8i.e.,0< 8, whichistrue. So, inequality
(i) represent the half plane made by line (vii) which
contain origin.

Also, x>0,y > 0 represent theregion in 1 quadrant.

@ Theregion commonto (i), (i), (iii), (iv) and (v) isthe
Giveninequalitiesare shaded region which is bounded.
X-y<1 (i)
X+2y<8 (1)) Q28 (2
x+y=2 (i) (i) Consider the line x + y = 8 We observe that the
xz0 (V) shaded region and origin lie on the same side of this
y=0 (V) lineand (0, 0) satisfiesx +y < 8. Therefore, x +y < 8is
Thelinescorresponding to (i), (ii) and (iii) are the linear inequality corresponding to thelinex +y =8
x-y=1 (Vi) (i) Consider x +y = 4. We observe that shaded region
X+2y=8 (Vi) and origin are on the opposite side of this line and
2&x+y=2 ..(viii) (0,0) satisfiesx +y < 4. Therefore, we must havex +y
Tableforx—y+1 > 4 aslinear inequalities corresponding to theline x +
X 1 0 y=4 . :
i) =] (iii) Shaded portion liebelow theliney =5. So,y <5is
y the linear inequality corresponding to y=5
Tableforx+2y =28 (iv) Shaded portionlieon theleft sideof thelinex =5.
Sox < 5isthelinear inequality corresponding to x=>5.
X 8 0 (v) Also, the shaded region lies in the first quadrant
y 0 4 only. Therefore, x>0,y >0.
Tablefor 2x +y=2 Inview of (i), (ii), (iii), (iv) and (v) above the linear
inequalities correspondinfg to the given solutions are
X+y<8,Xx+y>4,y<5x<5x>0andy>0
X 1 0
y 0 2
Draw thegraph of line (vi), (vii) and (viii).
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